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Plenary Lectures

MoM
NEW TRENDS IN MASS SPECTROMETRY INSTRUMENTATION
Keith R. Jennings
Institute of Mass Spectrometry, Dept of Chemistry, University of Warwick, Coventry, U.K.

y
/

Despite mass spectrometry being one of the oldest analytical techniques still in use, the pace of its
development and the range of problems to which it is applied continue to expand. This lecture will
describe selected topics representative of the many advances recently reported.
Electrospray
ionisation (ESI) and matrix assisted laser desorption ionisation (MALDI) allow one to obtain spectra
from a few femtomoles of samples of relative molecular mass of several hundred thousand, a
development of considerable importance in medical, biological and environmental mass spectrometry.
Exciting improvements in mass analysers are exemplified by the new generation of time-of- flight
(TOF) and Fourier transform ion cyclotron resonance (FT-ICR) instruments. TOF mass analysers
have a very high upper mass range and a resolving power in excess of 5000 when used with a
reflectron. Their pulsed mode of operation makes them ideal for use with a MALDI source. The
major features of the FT-ICR mass analyser are a mass resolving power well in excess of a million
and an upper mass range of about 30,000 amu, allowing for the first time the observation of ions of
RMM in excess of 20,000 at unit mass resolution.
A number of novel tandem mass spectrometers have been described The ion trap (IT) has been used
to store ions prior to mass analysis by a TOF analyser, improving both the sensitivity and resolving
power of the instrument. Since the above ionisation methods rarely provide structural information,
there has been considerable activity in devising new types of tandem mass spectrometers such as
Quad/IT, TOF/TOF and EB/TOF that make use of collision-induced decomposition, surface-induced
decomposition or photodissociation of ions produced in the source. Several other combinations of
mass analysers have been described to facilitate the study of different aspects of the chemistry of
ion-molecule reactions.
Examples illustrating each of the above topics will be presented and discussed

MoA
PHYSICAL CHEMISTRY OF ION REACTIONS
Peter J. Derrick
Institute of Mass Spectrometry and Department of Chemistry University of Warwick
Coventry CV4 7AL England
Physical chemistry has been called "anything to do with kT" Mass spectrometry in its purest
form as a beam experiment has limited need for Boltzmann's distribution, and "kT" has no essential place
in theories such as quasi-equilibrium theory (QET). Molecular size is, however, always very much a
factor, and maybe especially relevant with gaseous ions formed directly from the liquid or solid state. The
internal energies of large molecule ions (100's or lOOO's of degrees of freedom) can be high in absolute
terms, and may resemble the thermal distributions of their neutral precursors. This innate energy may be
much larger than energies deposited by subsequent collision or irradiation of the molecule ions. Basic
physico-chemical questions concerning how energy is used to promote chemical reactivity take on fresh
significance, when numbers of internal degrees of freedom are very large
Collisions of very large ions with neutral gases exemplify the considerations. The assumption
of ergodicity may not be secure following localised energy deposition. Deposition of energy by collision
may be dependent upon the prior degree of excitation of an ion, and reaction rates may not be
independent of the nature of energy deposition Capture of neutrals by large ions is now a recognised
phenomenon, which is of interest because here the amount of energy deposited is defined. Multiphoton
ionization of large molecules holds special attraction, because of the extremely high densities of states
implicated in processes
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TuM
Computational Methods in Ion Chemistry.
Applications to Unimolecular and Bimolecular Reactions of Organic Ions.
Einar Uggerud
Department of Chemistry, University of Oslo, P.O. Box 1033 Blindern. 0315 Oslo 3,
Norway.
Can the chemical ionization mass spectrum of a given compound be computed a priori '!
The answer to this question is for the time being a modest no, except perhaps for some
small molecules. It will be shown in the lecture that suitable computational schemes (ab
initio quantum chemical procedures, RRKM, reaction dynamical methods) provide very
valuable insight to the elementary steps involved during proton transfer and subsequent
fragmentation. With the advent of even more powerful computers and more efficient
schemes for calculation, the answer to the introductory question will hopefully be yes
some time in the near future.
Examples will be taken from the literature and from the authors laboratory. A video film
showing the detailed motions of the individual atoms both during proton transfer and
during unimolecular fragmentation will be presented. The examples will also highlight the
key role of the proton as a catalyst.

TuA
MASS SPECTROMETRY OF CLUSTERS
T.D. MARK
Institut fur Ionenphysik, Leopold Franzens Universitat, Technikerstr.25,
A-6020 Innsbruck, Austria
Virtually every experiment with clusters relies on mass spectrometry as the
major tool for investigating the properties of this special state of matter. Although
atomic and molecular clusters have been studied for many years, the past 15
years have been marked by a veritable explosion of cluster research, brought
about by the combination of the supersonic jet expansion technique with mass
(and optical) spectrometric methods. The use of mass spectrometric methods has
been crucial for many exciting discoveries in this new field of science and at the
same time has led to important developments in the art of mass spectrometry.
The field of cluster science is certainly a very broad one, motivated by both
the potential applications and the interest in clusters (between the gas and the
solid phase) in their own right. The present review will be concerned with the role
of mass spectrometry in selecting and identifying cluster ions on the one hand and
studies of their properties such as stability, structure and reactivity on the other.
Because of the many studies and large number of results it will be
necessary to select specific examples representative of the whole field to illustrate
its fascinating evolution.
Work supported by the Osterreichische FWF and BMWF,Wien.
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Laser Mass Spectrometry: MALDI and Other Applications
Franz Hillenkamp
Institut fiir Medizinisehe Physik und Biophysik, Universitaet Muenster
Robert-Koch-Strasse 31. D-48149 Muenste'r, Germany
Since its introduction at the 1 Ith International Mass Spectrometry Conference 1988 in Bordeaux
Matrix-Assisted Laser Desorption/Ionization Mass Spectrometry (MALDI-MS) of large organic
molecules has found widespread application mainly for the analysis of proteins. The application to
other groups of molecules such as polynucleotides, carbohydrates and glycoconjugates and synthetic
polymers has been demonstrated. MALDI ion sources have mostly been coupled with Time-of-Flight
(TOF) analyzers, but recent results demonstrate that a combination with other mass spectrometers, in
particular with FT-ICR instruments is also possible and can lead to a significant improvement of the
mass resolution.
Sample preparation still is a key issue in MALDI-MS. Very recent publications suggest that suitable
sample preparation can result in significant improvements of reproducibility, sensitivity, mass
accuracy and tolerance towards standard sample contaminants such as buffers or detergents.
The latest status of the technique will be reviewed in the lecture.

WeA
Electrospray lonization and Fourier-Transform Mass Spectrometry of Biomolecules
Fred W. Mnl affertv. Michael W. Senko, Steven C. Beu, Daniel P. Little, Peter B. O'Conner, Russell
A. Chorush, Troy D. Wood, J. Paul Speir, and Neil L. Kelleher
Chemistry Department, Baker Laboratory, Cornell University, Ithaca NY 14853-1301
With electrospray ionization (ESI), mass spectra can be obtained from molecules as large as 200
kDa, even with on-line coupling to separation devices. Further, the high number of ionic charges (z) is
advantageous for Fourier-transform mass spectrometry (FTMS), for which resolving power (RP)
decreases linearly with increasing rn/z values. This combination provides ± 50 ppm errors for molecular
weight determination of t-RNAPhe (25 kDa), a DNA 100-mer (31 kDa), and albumin (66 kDa), with RP >105
easily identifying adducts and impurity peaks that, wnpn unresolved, shift erroneously the rnass centroid
of the molecular ion peak. For many large proteins,
the mass spectrum indicates impurities or incorrect
published sequences . High resolution (RP >105) mass spectra covering a 100 kDa mass range can be
obtained with the introduction of only subfemtomole samples, and a special sample handling system gives
spectra from subpicomole amounts of submitted samples
These ESI ions can also be dissociated to provide sequence information. Sustained OffResonance Irradiation shows the highest efficiency
for ubiquitin (8.6 kDa) ions, forming 92% sequence
peaks to make possible MS/MS/MS and MSn. Infrared multiphoton dissociation can deposit specific
amounts of energy, easily generating breakdown curves for optimum product selection, and has been
especially useful for "boiling off" non-covalent adducls. MS" provides extensive sequence information for
carbonic anhydrase (29 kDa) and C- and N-terminal region data for 45 and 67 kDa proteins. Conventional
nucieotide sequencing exhibits high (-1 %) error rates that can seriously compromise their application, such
as in the human genome project. Dissociation of mulliply-charged molecular ions provides complete
sequence information from nucleotides as large as 14-mers and extensive data up to 50-mers.
D2O exchange of multiply-charged cytochrome c ions using high-resolution spectra of the product
species gives evidence for six stable conformers in the gas phase. Infrared activation of cofiformers
causes denaturation, while two higher charge states reduced by amines fold to two other conformers.
References: Senko, M.W.; Beu, S.C.; McLafferty, F.W. High Resolution Tandem Mass
Spectrometry of Carbonic Anhydrase, 29 kDa, Anal. Chem. 1994, 6JS, 415-417. Little, D.P.; Chorush,
R A • Speir J P.; Senko, M.W.; Kelleher, N.L.; McLafferty, F.W. Rapid Sequencing of Oligonucleotides by
High-Resolution Mass Spectrometry, J. Am. Chem. Soc. 1994, U 6 , 4893-4897.
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PHARMACOLOGICALLY RELEVANT PROTEINS: STRUCTURE ANALYSIS
AND FUNCTION.
Catherine Fenselau
Structural Biochemistry Center, University of Maryland Baltimore County, Baltimore, MD 2I22S
The enormous power of mass speclrometry for ihe rapid and accurate analysis of the
primary structure of modified proteins will be illustrated with analyses of I) superoxide dismuiase
derivatized with polyethylene glycol for u.se as a therapeutic agent. 2) covalent sequestration by
metalloihionein as a mechanism in acquired drug resistance and 3) post-translational modification of
microsomal glucuronyl-transferase. Tandem mass specirometry, laser desorption, electrospray
ionization and fast alom bombardment were used in this work.

FrM
Mass Spectrometry combined with other methods
Patrick J. Arpino
Institut National Agronomique. 16, rue Claude Bernard, F 75231 Paris Cedex 0 5
Over the recent year, a major trend has been toward the juxtaposition of an ever growing number
of analytical methods, and the development of so-called 'hyphenated techniques*, even if the excess of
generated mysterious abbreviations (HTGC/MS/MS, etc.) can be criticized. For example computerized
GC/MS is considered as the paradigm of a rapid analytical instrument for the characterization of a wide
variety of chemicals. However, the drawbacks of combined methods are often underestimated. It was
already observed 2 0 years ago that the overemphasis of the mass spectrometer as the major instrument
for identification had relegated the gas chromatograph to the secondary role of a separation device. The
same can be said today. Very of tea scientists view combination mass spectrometry with other separating
techniques as an incentive for designing ingenious interfaces. However, the real objective is often
automation that eliminate operator actioa or even presence, and instrument simplification so that
manufacturing and operating cost can be reduced. In general, the major interest of combined methods is
to provide new features that are not possible with separated techniques, and the examples showing very
successful couplings are well known. Nevertheless, drawbacks also exists when interesting options of
one of the combined analytical techniques are left aside, as it will be shown with some examples.
Some general truth need also to be underlined : not all theoretical coupling ends in a routine
instrument; the on-line addition of two successful technique does not always result in a viable machine
with new possibilities; the mass spectrometer cannot promote a technique with a limited application
domain. Some inherent limitations o' capillary SFC/MS and LC/MS interfaces prove the validity of these
general statements.
Finally, we shall examine the recent explosive development of mass spectrometric methods that
can directly analyze ions in liquid solutions with its consequences on the development of new combined
methods. (LC/MS. CE/MS, etc.). The inclusion of electrospray ionization in mass spectrometric
techniques broadens but also blurs the concept of hyphenation in instrumental research - dissolution into
a liquid solvent is an analytical method of sample preparation, thus any analysis by electrospray MS is
already an hyphenated MS method -.
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MoA LR1
Ion/Surface Collisions Leading to Dissociation and Reaction
R. G. Cooks, T. Ast, S. A. Miller and T. Pradecp
Department of Chemistry, Purdue University, West Lafayette, IN 47907
Collisions of polyatomic ions at surfaces can result in conversion of translational to internal
energy and hence to fragmentation of the excited projectile. This process of surface-induced
dissociation (SID) occurs for ions in the tens of eV translational energy range and can be used to
characterize the ion. Two main types of instruments are used (i) those in which the collision occurs
in an in-line fashion between two analyzers of a conventional tandem mass spectrometer, and (ii)
those in which the analyzers are orientated at a substantial angle to each other. A number of
different types of mass analyzers have been employed for the study of ion/surface collisions
including multiple quadrupolcs, tandem time-of-flight, ion traps, hybrids and multiple sector
instruments. Particular attention has gone to instrumentation designed for selection of incident and
scattering angles, and for measurement of scattered ion velocities as well as their masses. This
information has allowed characterization of the energy partitioning between translational and
internal energy in SID. A variety of other ion/surface processes occur, including those in which
electrons, atoms or whole chemical groups are transferred between the projectile and the surface.
These ion/surface reactions can serve as a means of surface characterization. Detailed mechanistic
studies on ion/surface interactions require that the surface as well as the ion be well-characterized.
This has led to experiments in which terminally functional ized self-assembled monolayers are
employed as targets. Of particular interest are reactions in which heteroaromatic ions abstract alkyl
groups from suitable surfaces by a mechanism which is initiated by electron transfer between the
ion and the target surface and those in which metal projectile ions (e.g. W* at 30 eV) pick up
multiple F atoms from perfluorinated surfaces. The latter reactions occur with high efficiency, thus
creating a large number of radical sites at the surface. These sites can react with the projectile,
its fragments, or with a neutral reagent introduced for the purpose, thus effecting a chemical
modification of the surface. In addition to representing a method for creating well-defined
surfaces, which may not be easily made by conventional techniques, this procedure allows chemical
writing on surfaces, potentially with a variety range of functional groups.

MoA LR2

Fullerene Chemistry
Helmut Schwarz, Department of Chemistry, Technical University of Berlin, D-10623 Berlin (FRG)

The following topics will be addressed:

(1)

Concepts versus facts on the mechanism(s) of fullerene formations

(2)

Coalescence phenomena (giant fullerenes, "onion" clusters)

(3)

Coulomb explosions and ion-molecule reactions of multiply-charged fullerenes

(4)

Chemistry and physics of endohedral carbon clusters
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MASS SPECTROMETRY IN PROCESS CONTROL AND MONITORING
Sandor Bohatka
Institute of Nuclear Research of the Hungarian Academy of
Sciences (ATOMKI) Debrecen, Bern ter 18/C, H-4001 Pf51.
Mass spectrometers are specially suitable for multicompcnent analysis. Improved MS designs,
reliable and easy to use personal computers and softwares enhance the inherent capabilities of MS
systems, meeting the rigorous demands of industrial users. They claim a large dynamic range (ppb
- percent levels), fast, on-line analysis, multiprobe sampling, automatic operation, negligible
down-time, flexibility (possibility of new programs when changing conditions or aims require it),
robust construction and simple use. Sampling is a crucial point of the systems. There is a great
variety of sampling and ionization methods. Hyphenated systems (GC/LC-MS, MS-MS, etc.) are
devoted to extend the limits of sensitivity and specificity.
The field of application is large and rapidly increasing: production control of aerospace and
nuclear materials, semiconductor devices, thin films, bioprocesses as well as monitoring trace
components in gases and liquids, monitoring chemical reactions, biological activities of plants and
microorganisms, thin film deposition and environmental pollution.
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The Return of Time-of-Flight to Analytical Mass Spectrometry
Michael Guilhaus
Department of Analytical Chemistry, The University of New South Wales, Sydney,
2052, AUSTRALIA
This lecture will address a number of questions which are relevant to the history of
TOFMS and, in particular, its current and future roles. TOF mass analyzers were
displaced by quadrupoles and magnetic sectors in the 1960's and 1970's but there is a
renaissance of TOFMS now. The facilitating technologies of high speed timing
electronics, fast computers, ion-reflectors, orthogonal acceleration technologies and
tools for modeling ion optics have all played important roles in bringing TOFMS back.
These advances have made possible improvements in mass resolving power,
sensitivity and speed of obtaining the mass spectrum. For some, however, questions
remain: Does TOFMS offer real advantages over scanning technologies? What are the
current limitations and challenges for wider application of TOFMS in analytical mass
spectrometry? Will TOFMS once again play a major role in mainstream analytical mass
spectrometry? If so, which applications will we see commercialised next?

TuM LR2

Stereochemical Effects in Mass Spectronetry
Aaher Mandelbaum
Department of Chemistry, Teohnion - Israel Institute of
Technology, Haifa, Israel
Stereochemical effects play an important role in understanding
the behavior of gas-phase cations and anions. They provide
reliable information on the structures and detailed mechanisms
of dissociation processes of organic ions in the gas phase.
The results of recent and current mass spectral research works
dealing with stereochemical effects will be presented. Some of
the topics will be: Steric effects in protonation processes
under
CI
conditions,
anchimeric
assistance in various
stereospecific fragmentation processes of gas-phase ions, the
effect
of steric strain on fragmentation,
stereospecific
intramolecular proton transfers.
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TuM LR3
MASS SPECTROMETRIC ANALYSIS O F INORGANIC SOLIDS: GDMS AND RELATED METHODS

R. GIJBELS, M. VAN STRAATEN, A. BOGAERTS
UNIVERSITY OF ANTWERP (UIA), DEFT. CHEMISTRY, B-2610 ANTWERP-WlLRUK, BELGIUM

In recent years, glow discharge mass speclrometry (GDMS) has become an interesting alternative for
direct ultrasensitive multielement analysis of electrically conducting solid samples. There exist several
commercial instruments; when equipped with a double focussing mass spectrometer, they offer (1)
detection limits down to the sub-ppb (ng/g) level; (2) isotope ratio analysis and isotope ratio capability
(RSD ca 0.1 %); (3) a dynamic range of at least 10 orders of magnitude; and in general: (4) virtually
complete elemental coverage; (5) uniform elemental response, hence effective standardless
semiquantitative analysis; (6) possibility for quantitative depth profiling of flat and cylindrical samples.
Problems include the occurrence of mass spectral interferences (e.g. argides with the noble discharge
gas, also oxides and hydrides), even at high mass resolving power. Cryo-cooling or the choice of
another discharge gas helps prevent a number of these. Examples will be given. Non-conducting
samples cannot be analyzed as such in a DC glow discharge; mixing with a conducting powder (for
powdered samples), coverage of the (flat) insulating solid with a secondary cathode, or the use of a
radiofrequency discharge offer possible solutions. Examples will be given.
In this presentation, the current status of GDMS will be reviewed, with emphasis on current capabilities
and shortcomings, and in comparison to other, related techniques such as inductively coupled plasma
mass spearometry (also with laser ablation sampling), and with the older spark source mass
spectrometry.
Parallel to the empirical and purely analytical work, there is the approach to understand more
completely the generation and distribution of sputtered atoms and ions in the discharge and their
sampling into the low pressure region. This can be done by physical measurements, plasma-diagnostics
and mathematical modeling. Fluid models, kinetic models and Monte Carlo simulations will be
presented.

TuA LR1
MASS SPECTROMETRIC APPROACHES TO THE CHARACTERIZATION OF TERTIARY
AND SUPRAMOLECULAR STRUCTURES OF BIOMACROMOLECULES
M. Przybylski
Fakultat fur Chemie der Universitat Konstanz, P.O. Box 5560 M731, 78434 Konstanz,
Germany
While X-ray crystallography and multi-dimensional NMR have developed as the most powerful domain methods for the determination of tertiary structure of biomacromolecules, there is a
considerable need for complementary methods, particularly those capable of providing information on site-specific chemical properties of macromolecular solution structures. The
development of efficient "soft" desorption-ionization methods has led to a breakthrough in the
direct mass spectrometric analysis of biopolymers, in particular proteins; fast atom bombardment (FABMS) and plasma desorption (PD) enabling determinations of smaller (< 30 kD)
while electrospray (ESMS) and laser desorption (LDMS) of large ( » 1 0 0 k D ) molecular
weights A new approach has been developed by combination of selective protein-chemical
modification reactions with direct mass spectrometric peptide mapping of multi-component
proteolytic mixtures which enables the identification of functional modification sites and their
relative reactivities Applications of tertiary structure-selective modifications as "chemical
probes" yield access to the molecular characterization of surface topology and microenvironment effects (such as intramolecular catalysis) in protein tertiary structures (Proc. Natl. Acad.
Sci. USA 1992, 89, 5630) Initially studied with proteins of known X-ray structures, this approach has recently been extended and applied to the characterization of specific supramolecular structures, such as occurring in antigenic determinant complexes. Moreover, the recently discovered feasibility of ESMS to the direct analysis of specific, non-covalent biomacromolecular complexes is leading to exciting new perspectives for supramolecular chemistry, which
currently lacks analytical methods of molecular specificity. Hitherto successful studies by
ESMS in physiological-like solutions will be summarized, including enyzme-substrate/-inhibitor complexes, supramolecular structures of leucine zipper-type proteins, and
double-stranded and other supramolecular polynucleotide complexes.
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TuA LR2
STUDIES OF MOLECULAR DYNAMICS BY MASS SPECTROMETRY
D. MATHUR
Tata Institute of Fundamental Research, Bombay 400 005, India
Quantitative insight into molecular potential energy functions which govern
the dynamics of chemical transformation processes continues to elude physicists and chemists. Despite many far-reaching strides that have been made in
development of experimental techniques in the course of the last decade, an
active need continues to be felt to develop new methodologies for initiating
molecular dynamics studies which are performed on a microscopic level, <Wlision by railmira. We focus attention on two such methodologies: new studies
of excitation and dissociation dynamics of small molecular ions by means of
translational energy spectrometry (TES) and quadrupole mass spectrometry
of ionisation and dissociation phenomena in the interaction of small molecules
with very intense laser fields. It will be shown how TES experiments are beginning to provide new insights into molecular excitation and fragmentation
processes new information on even the lifetimes of metastable molecular states.
Mass spectrometry of molecular dissociative ionisation induced by laser fields
which are as strong as internal molecular fields is a new area of activity which
has started yielding answers to fundamental questions on how the dissociation
dynamics proceeds: does ionisation occur first, to be followed by dissociation
of excited ionic states, or does a molecule in an intense field dissociate first and
the fragments are subsequently ionised ? Recent intense-laser mass spectrometry experiments which relate the dissociation dynamics to molecular structure
will be described.

TuA LR3
Surface Analysis by Mass Spectrometry
V.T. Cherepin
Institute for Metal Physics, Academy of Sciences of Ukraine
36, Vernadsky blvd., 252142 Kiev, Ukraine
Composition, structure, and the electron properties of a solid surface are the most
fundamental data for surface physics and chemistry. Mass spectrometry has proven to be the
most powerful technique for studying the composition of the surface as such, composition of
the subsurface layers, adsorbed species as also mechanism and kinetics of reactions in which
surface plays dominant role, e.g., catalysis and corrosion.
The most efficient is probing the surface under investigation with the ion beams in
various ion probe sputter-based techniques. SIMS is the classical example of the surface,
microtopographical, and depth profiling analysis.
An overview will be given about the progress in instrumentation, understanding the
ion formation mechanism, data presentation with particular emphasis on the ultimate
sensitivity, lateral and depth resolution.
Increasing sensitivity and reducing matrix effects is the objective of various
postionization techniques, such as electron beam, plasma, multiphoton nonresonant and
resonant ionization, which are currently developed at a large scale.
The solid surface is used as a substrate for the surface analysis by SSIMS of the
organic and inorganic monolayers with sensitivity of the order of 10'' monolayer.
Another application is mass spectrometry of thermodesorption or electron
stimulated desorption and combination of the surface and gas spectrometry for study of catalytic reactions.
Various analyzers used in the mass-spectrometric surface analysis such as static,
quadrupole, and TOF are compared for application in microprobes, microscopes, and surface
analyzers. Depth profiling, two- and three-dimensional analysis are discussed.
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Recent progress and future trends in the research of ion dissociation dynamics
Tomas Baer
Department of Chemistry; The University of North Carolina
Chapel Hill, NC 27599 "290; USA
Progress in ion dissociation dynamics has come about because of both experimental
as well as theoretical advances. Experimental studies with cold molecules have made it
possible to explore the dissociation dynamics with much greater precision than previously
possible because of the suppression of the broad distribution of internal energy states. This
increased precision coupled with the ability to model the reaction with ab initio calculated
molecular ions and transition state structures now makes it possible to obtain quantitative
comparisons between measured and calculated rate constants [k(E)] with nearly no
adjustable parameters. Faster computers have permitted a concomitant improvement in the
level of ab initio calculations. Calculations at the so called G2 level have reduced the errors
to about 4 kJ/mol. We have now reached the state at which it is easier, quicker, and
cheaper to calculate the heat of formation of a particular ion than it is to measure it.
Similar advances in the study of cluster ions permits us now to understand how clusters
ionize and dissociate. Frequently internal ion-molecule reactions release heat which results
in the evaporation of monomer units until a stable cluster ion results. The Klots evaporative
ensemble theory is particularly useful for determining the binding energy of monomers to
large ionic clusters. The fullerenes, the most famous of which is C M , remain one of the most
thoroughly studied classes of molecules. Interesting new results indicate that under certain
conditions, these molecules ionize by slow (ps) thermionic emission rather than
photoionization. Is this a general phenomena for all large molecules? Finally, advances in
the study of collision induced dissociation of very large ions has lead to some interesting
new ideas about energy transfer in such systems.

WeM LR2
ATMOSPHERIC PRESSURE ION SOURCES, PHYSICO-CHEMICAL
AND ANALYTICAL APPLICATIONS
Masahiko Tsuchiya
Yokohama National University, Hodogaya-ku, Yokohama 240 Japan

Ion sources working under atmospheric pressure are now popular and
provide prosperous soft-ionization techniques, such as atmospheric pressure
chemical ionization (APCI), ion spray and electrospray ionization (ESI).
ESI
has enabled us to measure large biomolecules as multiply charged ions. These
also provide useful interfaces for LC/MS combination and CID ability of itself,
resulting in rapidly expanding application fields in mass spectrometry. A
variety of ion-molecule reactions, however, occurs under atmospheric pressure
and the interactions between solutes and solvent (matrix) molecules should be
investigated in order to apply these to various kinds of actual samples.
Another AP ion source developed by the author's laboratory (referred to as
liquid ionization (LI)) utilizes excited argon atoms to ionize samples (liquids)
placed on the needle tip whose temperature is increased during measurement.
The LI is useful for understanding basic mechanisms and analyzing a mixture:
l)Since each compound has optimum temperature for desorbing ions, rough
separation of solutes can be realized by programming the sample temperature.
Thus, a mixture is analysed and the effects of temperature on desorption and
the interactions between solute and matrix molecules are investigated. 2)Since
ions are produced at the liquid surface, informations about clusters exist
under atmospheric pressure are obtained. For instance, differences in the size
distribution of ethanol-water cluster ions between wines and ethanol-water
mixtures were +distinguished. The stability and structures of cluster ions
(CH3COOH)cH3O in acetic acid-water mixture observed by the LI-MS agreed
well with the results of calculation by AMI. 3)Since any solvents can be used,
nonpolar compounds are measured with nonpolar solvents. The effect of proton
affinity and the role of a solvent(matrix) on the ionization and desorption are
easily understood. 4)Insoluble compounds like oligomers were measured with an
adequate matrix like alkanes. 5)AP ion sources are easily exchanged.
This presentation will review advantages of AP ion sources, the mechanisms
of ionization and desorption (vaporization), and the roles of matricies.
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WeM LR3
H I G H TEMPERATURE MASS SPECTROMETRY
L. Gorokhov
RUSSIA

WeA LR1
Ion-neutral reorientation and ion-neutral complexes in the unimolecular reactivity of
organic ions in the gas phase.
Pierre LongeviaJle
(Institut de Chimie des Substances Naturelles. CNRS. Gif sur Yvette. France.)
During the stretching of a bond whose complete rupture leads to fragments I (ion) and N
(neutral), the internal energy of the incipient ion-neutral ensemble explores all accessible levels
of the potential energy surface. These levels may correspond to more or less stable structures in
which the original I-N covalent bond has been replaced either by proton-, n-bonding, weak ioninduced-dipole interaction ("ion-neutral complexes" sensu law), or by a new covalent bond.
The formation of these intermediates may involve, above a specific threshold, a mutual I-N
reorientation induced by ion-dipole attraction (the name "ion-neutral complex" is also applied,
sensu stricto , only to intermediates which actually have both the structure and the energy
required for I-N reorientation).
I-N reoriented intermediates may suffer specific, thermochemically allowed reactions. In
order for the products of such reactions to be detectable, the populations of I-N-reoriented
intermediates in the corresponding reactant configurations should be large enough,
1°) When the neutral has a permanent dipole, the stabilisation energy brought about by I-N
reorientation may be important and the resulting I-N configuration, largely popujated. When
ions in this new configuration suffer a speciflc reaction, the latter is usually dominant. When
they dont, they may oppose an entropic impediment to another reaction.
2°) When the neutral has no permanent dipole, the stabilisation energy due to ion-induceddipole interaction is weaker, although increasing with the size of the neutral. In that case,
instead of one preferred reoriented structure, a number of closely stabilised structures may exist
with different and easily interconverting I-N configurations. This number increases presumably
with the size of the neutral. Some of these configurations may open one (or more) specific
reaction pathway (s). The abundance of the products of these reactions depends on the
populations of the parent ions which are in the respective reactant configurations. In these
conditions, some reactions, although thermochemically allowed, may be cancelled by "entropic
dilution".
This general scheme will be illustrated by competing losses of alkane and alkyle radicals
from primary amines of different sizes, from small aliphatic to steroidal.
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WeA LR2
MASS SPECTROMETRY OF OLIGOSACCHARIDES AND RELATED SUBSTANCES: RETROSPECTS
AND PROSPECTS
O.S. Chizhov
N.D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences
Moscow, Russia
The following topics will be discussed in the lecture:
a) Sources of oligosaccharides and their derivatives; their role in living cell;
problems connected with isolation and separation of oligosaccharides; microheterogeneity; pretreatment of the samples; derivatization;
b) What means "to establish a structure of an oligosaccharide"? Modern methods
allowing to get necessary information; analysis of their advantages and
disadvantages;
c) GC/MS as a tool for identification of degradation products of oligosaccharides;
d) Volatile derivatives of oligosaccharides: methyl ethers, acetates, trimethylsilyl- and other alkylsily] derivatives, trifluoroacetates, etc.; their El, CI,
FAB, FD, SI and MALD mass spectra; additional information provided by CID and
MIKE spectra; achievements, limitations, drawbacks;
e) Unprotected oligosaccharides and oligosaccharide derivatives with modified
reducing end; electrospray, FD, FAB, PD, SI and MALD positive and negative ion
mass spectra; CID, MIKE and other optionals;
f) Comparison of the different methods, prospects of further developments in the
field of oligosaccharide mass spectrometry;
g) Conclusions.

WeA LR3
Magma degassing in view of stable isotopes
Minoru Kusakabe
Institute for Study of the Earth's Interior, Okayama University
Misasa, Tottori-ken 682-01, Japan
A volcanic eruption is essentially a degassing process of magma. The volatile
materials present in magma greatly influence its physico-chemical evolution.
Water, for example, lowers the temperature of mineral crystallization, reduces its
viscosity and density, and so facilitates its ascent. Vesiculation and subsequent
bubble growth supply the energy required for further magma ascent and eruption.
Thus, the geochemistry of volatiles in magma constitutes an important part of
volcanology.
The loss of water from magma, or degassing, greatly affects its D/H ratios as
shown by the recent field studies of the glassy ejecta from rhyolitic magma. This is
due to large hydrogen isotopic fractionation between vapor and water in silicate
melts. It is surprising that large fractionation still remains at magmatic
temperatures. The hydrogen isotopic variation during degassing may be
complicated, because water in silicate melts exists in the form of hydroxyl groups
and water molecules, and their relative proportion increases as degassing proceeds.
Significant carbon isotopic fractionation is also recognized between gaseous and
dissolved CO2 in the basaltic melt.
Application of precise and detailed hydrogen and carbon isotopic analyses of
volcanic glasses is a new and promising tool for modeling the magma degassing
processes. Recent developments in stable isotope geochemistry of magma degassing
will be reviewed.
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ThM LR1

PHARMACOLOGICAL APPLICATIONS OF MASS SPECTROMETRY
Giovanni Galli
Institute of Pharmacological Sciences, University of Milan, Milan, Italy.
Advances in the applications of mass spectrometry in the pharmacological area have been
particularly impressive during the last decade both for the involvement of this technique in
studies on drug kinetics and metabolism and for its role in the elucidation of the mechanisms by
which the drugs act at the molecular level. Soft ionisation methods have a prominent importance
in more recent studies, particularly when interaction of the drugs with endogenous targets is
considered. Nevertheless, conventional El techniques are still of great importance and more
widely utilised. Focusing this presentation on cholesterol metabolism and on the drugs
employed in its regulation under pathological conditions, the involvement of mass spectrometry
in this field of interest will be considered. In particular, MS methods for the evaluation of
enzyme activities modulating cholesterol metabolism and structural elucidation and kinetics of
important hypolipidemic drugs such as the vastatins, their interaction with glutathione and
evaluation of their possible effects on important processes such as protein prenylation will be
reviewed as far as MS analysis is concerned. Moreover, application of MS for the evaluation of
oxygenated derivatives of cholesterol and of drugs influencing their formation will be
considered in view of the importance of these compounds in initiation and progression of
atherosclerosis.

ThM LR2
Ion Trap: an Instrumental Approach with High Capabilities and Unique Features
by
Pietro Traldi
CNR, Area di Ricerca, Corso Stati Uniti 4
I-35O2O Padova, Italy
The recent literature on ion trap has led to a general view on the ion behaviour into the trap12 and has shown the
enormeous capabilities of this simple device, which can be summarized as follows:
i) High sensitivity;
ii) Wide mass range (up to 21.000 Da):
iii) Ion generation into the trap by electron and chemical ionization: effective injection of ion generated from outside
sources by APCI. ES, Maldi; effectiveness in ion-molecule reaction studies;
iv)Product ion spectroscopy (MSn) by different ion decomposition methods (collisions with buffer gas. photon
irradiation, interaction with surfaces):
v) Unequivocal determination of the real fragmentation pathways;
vi) Ultra high resolution (106):
vii) Evaluation of the polarizability (in terms of both electronic and dipolar contributions) of gaseous ions;
viii) Handling ease:
and, not from literature but form the market:
ix) Low cost.
By the above points it seems that ITMS is "an instrument for all the seasons", capable of performances usually thought
as typical of complex, expensive multisector (or multiquadrupole) machines or of FT 1CR instruments
Consequently, it would be expected a wordwide distribution of ion trap and its extensive applications in both
fundamental studies on ion structure and reactivity and in analytical applications: many examples prove that this
expectation has been partially satisfied. However a statistical analysis of the literature data in the last three years
shows that the routinary use of the ion trap is still mainly limited in the GC/MS field, also if a version with higher
capabilities is marketed from about a decade The reasons for such a discrepancy will be analyzed and discussed in
detail
1) R. E. March and R.J. Hughes, Quadrupole Storage Mass Spectrometry, Wiley, New York (1989)
2) S. A. Laramert, CD Cleven and RG. Cooks, J. AM Soc. Mass Spectrom. 5,29 (1994)
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HIGH-ACCURACY MASS DETERMINATION OF STABLE AND UNSTABLE
ISOTOPES
H.-Jiirgen Kluge
GSI, D-64220 Darmstadt and Physikalisches Institut, Universitat Heidelberg, D-69120 Heidelberg,
Germany
Penning traps have been proven to be very effec- required for injecting ions into a trap, for cooling
tive instruments for high-accuracy mass determi- them, and for detecting their cyclotron frequency.
nations. With these devices the mass ratios of a
number of stable or long-lived light particles, for [lj Schwinberg, P.B. et al., Phys. Lett. A81
example the electron and positron, electron and (1981) 119
proton, proton and antiproton, helium-3 and tri- [2] Van Dyck, R.S. Jr. et al., Bull. Am. Phys.
tium, other light ions and the molecules N2 and Soc. 31 (1866)244
CO, have been determined to very high accuracy [3] Gabrielse, G. et al., Phys. Rev. Lett. 65
(1990) 1317
[1-6].
Today, an accuracy in the mass determination of [4] Van Dyck, R.S. et al., J. Mod. Optics 39
6m/m * 1 • 10~10 has been obtained for stable (1992)243
isotopes [6]. For short-lived isotopes [7] produced [5] Cornell, E.A. et al., Phys. Rev. Lett. 63
at on-line isotope separators, the accuracy is typ- (1989) 1674
icaiiy Sm/tn a; 1 • 10'1 due to (he limited sam- [6] Natarajan, V, et a!., Phys. Hev. Lett. 71
ple size as well as beam time in the on-line runs. (1993) 1998
Mass spectrometry of highly charged ions in dif- [7] Stolzenberg, H. et al., Phys. Rev. Lett. 65
ferent charge states have been performed recently (1990) 3104, and to be published
[8j Borgenstrand, H. et al., submitted to Physica
[8] with an accuracy of same parts in 109.
A review will be given on these recent develop- Scripta (1994)
ments. The different techniques will be discussed

ThA LR1

PROTON AND CHLORIDE IN AFFINITIES OF u,&-ALKANEDIOLS
John A. Stone
Chemistry Department. Queen's University, Kingston, Ontario Canada K7L 3N6
a,5)-alkanediols are bidentate liquids which may form cyclic structures when they associate
with anions or cations. The usual test for cyclisation is a determination of the entropy and
enthalphy changes in the association reaction and comparison with data for association
reactions of appropriate compounds for which cyclisation is not possible.
Experimentally this requires a measurement of the equilibrium constant for the association
reaction over a range of temperatures (-RT InK = AG° = AH0 - TAS"). ab initio calculations
at a sufficiently high level may also be used. Ideally, data should be obtained by both
methods.
The results of high pressure mass spectrometric determinations of the association of
a,5)-alkanediols (D) to both the proton to yield DH* and D.H'and to chloride ion to yield
DCI and D2CI" will be described. New and literature results of ab initio calculations on the
assocation reactions will be discussed in the light of the experimental results.
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THE CHARACTERISATION OF SYNTHETIC POLYMER SYSTEMS
Prof J H Scrivens
ICI Materials, PO Box 90. Wilton, Cleveland, England, TS90 8JE
Much of modem mass spectrometry focuses understandably on the very important area of biological studies
and many technical developments such as laser desorption, electrospray, LSIMS and improvements in time of
flight spectrometers have greatly increased the utility of mass spectrometry in the characterisation of these
systems. The mass range available to the technique has improved to the extent that molecules in the 105 dalton
regime are now accessible to direct analysis. The area of synthetic polymer research, which is of significant
commercial relevance, has not benefited from these developments to the same extent. The nature of the
chemistry' of modern polymeric systems is quite different to that of the biological field and different
experimental approaches are required.
The information required when characterising a synthetic polymer system includes:- the nature of the
polymeric species, the average molecular weight, the molecular weight range, the end groups, any additives or
process residues that are present and the subsequent behaviour of the system under process or stress
conditions. In order to obtain this information a combination of direct and indirect methods have been
employed. Field desorpt'^n has been found to be a good match to the essentially non-polar nature of these
systems giving detailed information up to the 10' dalton range. Laser desorption has found some utility for
certain polymeric systems and shows considerable promise. LSIMS has been used primarily for the
characterisation of oligomeric and additive components and, in combination with tandem mass spectrometry
approaches, can provide significant structural detail. Most of the work performed in this area relies on indirect
methods where the polymer system has been broken down into lower molecular weight fractions by either
chemical or thermal means. These fractions are then characterised by the direct methods already mentioned or
by traditional mass spectrometry approaches such as GC-MS or direct probe El or CI methods. Inference
regarding the intact polymer system is then made from these results, either directly, or using chemometric or
other methods.
Examples covering the various experimental approaches described above will be presented with details of their
utility in synthetic polymer characterisation. Emphasis will be given to the areas of field desorption, MS-MS,
thermal methods, laser desorption and chemometrics.

ThA LR3
New Developments in Environmental Mass Spectrometry
D. Barceld
Dept. Environmental Chemistry (CID-CSIC)
Jordi Girona, 18. 08034-Barcelona (Spain)

Thermospray (TS) and electrospray (ES)-using a megaflow interface on a VG Platform instrumenthave been evaluated for the determination of thermally labile pesticides e.g., carbendazim,
methiocarb, trichlorforn, carbofuran transformation products (TPs). and other pesticide TPs in natural
waters including phenolics. All the systems used were optimised for the different pesticides to be
analysed, the effect of eluent additives and vaporizer temperature (75-105°C) was investigated for
carbamates in TS. When TS was used in combination with LC/MS/MS then the collision gas pressure
and energy were also optimised for a variety of triazine and TPS. The extraction voltage (20-40V)
capillary tip voltage (2-4 kV) eluent composition (methanol or acetonitrile with water) at a flow rate
of 0.3 ml/min was studied for a variety of thermally labile organophosphorus and carbamate
pesticides using LC/ES/MS. In each case the ion formation was investigated. The abundance of
[M + H-CH3NCH0P. Fragment ion and molecular ions such as IM + HI* and [M + NaP was
investigated under the above described experimental conditions.
Solid phase extraction (SPE techniques were applied using various sorbents: C-18 and styrene
divinylbenzene Empore disks as well as cartridges filled with the same sorbent material. The disks
were either used off-line or on-line with LC/MS time-scheduled SIM. Levels varying from 10-400 ng/l
were determined in natural water by preconcentrating either 1 liter (off-line) or 100 ml (on-line) of
water sample. Calibration graphs were constructed and were linear over the quantitation range of
study. Using ES better sensitivity was observed for carbamates and especially for their TPs. that
could not be detected under TS. In addition to that, ES provided no thermal degradation of
carbendazim and trichlorfon, two pesticides that offer problems with TS. The combination of SPE
with LC/MS in the various modes permited the determination of a variety of pesticides and their TPs
in various european natural waters (ground, river and estuarine) from France, Spain and Slovakia.
LC/MS/MS using the neutral loss and daughter ion scan modes and selected reaction monitoring has
also been applied to the unequivocal identification of degradation products of atrazine after UV
irradiation in water.
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MASS SPECTROMETRY IN CLINICAL CHEMISTRY
S. Lindstedt

SWEDEN

FrM LR2

EVOLUTION OF CLUSTER PROPERTIES TOWARDS BULK BEHAVIOR
Olof Echt
Physics Department, University of New Hampshire, Durham, NH 03824, USA
Cluster science has progressed tremendously during the past decade. Electronic and optical spectra,
magnetic properties, dissociation energies, and chemical reactivities are routinely being probed, to
name just a few examples. Some of these studies extend to systems with 1000 to 10000 atoms, hence
they provide a link to the mesoscopic world, where particles of a few nanometer diameter (quantum
dots) are considered to be zero-dimensional. The rate of convergence to bulk properties usually
depends on the system and the property under investigation. Also, ihe transition to bulk behavior is
not always monolonic, due to structural and quanta! effects. Furthermore, while cluster size is often
known accurately, cluster temperature is another essential parameter which is much harder to control.
In this contribution we shall review recent experiments probing electronic shell and supershell
structure in simple metal clusters, stability and decay of highly charged metal clusters, and the onset
of thermally activated electron emission (thermionic emission) from small clusters.
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Mass Speclrometry in Space
Fncdrich G Riidcnaucr
. I ustniw Ri'warch ('tr Scibi-rstlarJ. . I -2444 Si-ihcrstliirf
"Muss spcclrometr> in space" refers lo mass spcclrometric measurements performed in - silu on a spacecraft
(S\C) rather than lo measurements on space - related samples performed in a ground laboratory In - situ
measurements ma> be divided into three classes
1
2
i

those performed on S\C cruising in interplanetary space . c g to characterize energ) and mass distribution in
the interplanetary plasma
those performed in the viciniu or on the surface of planclan or comctan. bodies lo investigate the
composition of (he atmosphere or llie (ejected) surface mailer
Ihosc performed inside a permanent!) manned space station uherc the mass spcctromcier aclualK is part of
the instrumentation of an m - orbit material science laboraton

A survey of selected missions earning mass spcclromclnc apparatus and the rationale for doing these Ivpcs of
mcasurmenls uill be given Details of the instrumental design will be presented and the particular requirements for a
space - born instrumenl uill be discussed Where available, in - (light mass spcclra will be shown and the cosnio physical information extracted from the data will be discussed.

FrA LR1
MASS SPECTROMETRY I N CANCER RESEARCH
John Roboz
Mount Sinai School of Medicine, New York, NY, 10029, U.S.A.
After discussing a few relevant concepts of research in cancer medicine, three major
research areas will be reviewed: carcinogenesis, antineoplastic chemotherapy, and tumor
immunology. In each case, a brief general review will be followed by representative
applications and a summary including advantages, shortcomings, and prospects.
Identification, metabolism, and dosimetrv of carcinogens. The general review will
include genomic components, basic theories, and surveys of environmental carcinogens in
water, air, and food. Illustrative applications will be from research on active and passive
smoking: (a) Quantification and metabolism of nicotine; (b) Hemoglobin adducts as
biomarkers of exposure to and metabolic activation of tobacco-specific nitrosamines.
Anticancer chemotherapy. After a brief review of the cell cycle and cell kill hypothesis,
representative applications will include: (a) Quantification and comparative MS/MS and cone
voltage decomposition studies on vinca alkaloids; (b) Pharmacokinetics and metabolism of
aromatase inhibitors; (c) Serum and urine D/L arabinitol ratios in the diagnosis and
monitoring of disseminated candidiasis in bone marrow transplantation.
Tumor Immunology. Antigens responsible for inducing cytotoxic T cell mediated
immunity are small peptides (derived from cytoplasmic proteins) bound to major
histocompatibility complex, MHC, molecules. A very large number of peptides, most at
fmole concentration, can be extracted from particular Class I and II MHC using highresolution capillary HPLC or CE techniques. Examples will be shown for the determination of
the molecular weights and sequences of several peptides by electrospray MS and MS/MS,
leading to such distinct structural information as consensus residues (binding motifs) and
extent of allowed variation. Because intracellular proteins coded by mutated oncogenes,
which are required for maintenance of the transformed cells, are targets for immunotherapy,
the characterization of T-cell epitopes are important in anti-cancer vaccine development.
Supported by the T.J. Martell Foundation for Cancer, Leukemia, and AIDS Research.
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NEW DEVELOPMENTS IN THE MASS SPECTROMETRY OF NUCLEIC ACIDS AND THEIR
CONSTITUENTS
Magda Claeys
University of Antwerp (U.I.A), Department of Pharmaceutical Sciences, Universiteitsplein 1, B-2610
Antwerp, Belgium
The aim of this lecture is to review the research activity over the last few years in the mass spectrometric
analysis of nucleic acids, their constituents and xenobiotically altered derivatives.
A considerable breakthrough has been made for the analysis of highly polar oligonucleotides as a result of
the further development of elect rospray (ES) and matrix-assisted laser desorption ionization (MALDI) mass
spectrometric techniques. The state-of-the-art of both ionization techniques for the formation of large
oligonucleotide ions will be presented.
With respect to ES, it is worth mentioning that the direct observation of a DNA quadruplex and the noncovalent interaction of an antitumor agent (i.e., actinomycin O) with DNA, have been demonstrated using
this technique. The techniques of MALDI and ES have been applied to various biuiugical problems,
including the analysis of antisense DNA oligonucleotides, oligonucleotides formed in sequencing
experiments andribonucleicacids. The fragmentation of ES-generated molecular ions has been studied by
tandem mass spectrometric techniques and a systematic ion nomenclature for the product ions has been
introduced.
Another area of major research interest is the detection and characterization of xenobiotically altered DNA
bases because the primary basis for mutagenic/carcinogenic activities of many xenobiotics is modification
of DNA. Examples of recent work in this field on the sensitive and specific detection of xenobiotically
altered DNA bases will be presented. In addition, the structural characterization of isomeric DNA adducts
using tandem mass spectrometric methods will be reviewed. Furthermore, the sensitive determination of
nucleoside base metabolites formed as a result of DNA damage will be discussed.

FrA LR3
DOUBLY AND MULTIPLY CHARGED IONS
k'aroly Vekey
Central Research Institute for Chemistry. H-102S Budapest. Pusztaszeri ut 59-67, Hungary
The area of doubly, and in general multiply, charged ions is a particular field of mass spectrometry.
They can be characterised by the same experimental techniques, and their chemistry is governed by
similar rules, as Iheir singly charged counterparts. There are some additional features characterising only
multiply charged ions, like charge separation reactions. In spile of these, multiply charged ions arc
relatively seldom studied - the main reason being their low abundance (typically 0.1 - l()°o that of singly
charged ones) in 'conventional' mass spectra. Elcclrospray ionisation, however, produces multiply
charged ions in high abundance, and their use have become very important for determination of
molecular mass of large compounds. As multiply charged ions become readily available, it seems likely
that they will find more applications in structural and analytical studies. Most of our information today is
on doubly charged ions - (his is also likely to change. The present review docs not cover atomic or diatomic ions and molecular mass determination, the applications discussed fall into ihrec main categories:
1) Characterisation of multiply charged ions: Charge permutation reactions (charge stripping,
electron capture, etc.) give information on the structure, energetics and reactions of multiply charged
species. A particular example of this technique is double electron capture, suitable lor the determination
of electronic states of doubly charged ions. Kinetic energy release in charge separation reactions gives
information on the geometry of the decomposing ion. Quantum chemical calculations have an increasing
potential for the understanding of doubly charged ion structures.
2) Identification oftsomers by doubly charged ion spectra: It is often successful, even in cases where
singly charged ion spectra are identical. It seems lhal doubly charged species are often more immune to
izomerisations, than their singly charged analogues.
3) Use of multiply charged ions for peptide sequencing: The limited number of examples suggest
that doubly or multiply charged ion fragmentation may contain more sequence information, than that of
singly charged ions. A further important advantage is that larger pcplides can be studied by MS-MS
fragmentation using multiply, than singly charged ions.
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Two-photon REMPI of guaiacol and 4-methylguaiacoJ:
determination of energy barriers for inethoxy-group rotations
Simon W. Konijn, Ruud J.J.M. Steenvoorden, Piet G. Kistemaker and Tina L. Weeding.
FOM Institute for Atomic ami Molecular Physics, Kruislaan 407, 1098 SJ Amsterdam, The Netherlands.
In a laserionization-TOF mass spectrometer the molecular-ion yield of guaiacol (2-methoxyphenol) and
4-methylguaiacoI has been measured as function of the photon energy in the range of 4.40 to 4.50 eV
(564 to 545 nm ). To obtain high spectral resolution the molecules are cooled to a few °K in an adiabatic
expansion prior to the ionization. Resonant one photon excitation of the molecule from the ground state
So to a specific rotational state in S l is followed by excitation into the ionization continuum by a second
photon. The populated rotational states in S] are the hindered rotations of the meihoxy-group. We
determined the potential energy surfaces and corresponding energy levels for the internal rotations in
both the So and Si states. First the potential surface in S() was obtained via molecular mechanics
calculations.and the rotational levels by solving the Schrodinger equation. The potential energy for the
hindered methoxy rotor is described by a term V ] (I -cos<j>)/2 due to the interaction with the hydroxy
group and a term V2( l-cos2<)))/2 due to the interaction with the ring. The barrier height V ] is found to be
strongly dependent on the hydroxy group orientation. Two rotational isomers for guaiacol were found.
When the hydroxy-group points away from the metboxy group, the values are V] =146 cni'l, V2=580
cm"' and when the hydroxy group points towards the methoxy-group V i=1074 cm"', V2=550 cm" * for
So- From these values and from the measured wavelengths for REMPI ionization we could describe the
potential energy surfaces in the first electronically excited state Si with Vi=238 e n r ' , V2=560 cm"'
and Vi=l 100 cm"1, V2=500cm"1 respectively.

MoA2
Suirine, CH,=S=O; Its Heat of Formation, Bond Strengths and Basicity
Paul J.A. Rultink', Peter C. Bui-gtrs*, Graham A. McGibbon* and Johan K. Terlouw*
' Theoretical Chemistry Group. University of Utrecht, The Netherlands. 4 Hercules European Research Center B.V..
Barneveld. The Netherlands and • Department of Chemistry, McMaster University, Hamilton, Canada
Sulfines. R,R,C=S=O, are key compounds in Allium chemistry. For example Z-propaneUiial S-oxide (ethyl sulflne) is the
onion lachrymalor factor (Brodnitz and Pascals, J. Agric. Food Chem., 19 (1971) 269). Although the parent, CHj»S-O,
"sulfine", has been prepared and characterized (Block et al. J. Am. Chem. Soc., 98 (1976) 1264; Block et al., Angew.
Chem. 88 (1976) 380), there is a dearth of information of fundamental properties of sulfines. For example, their proton
affinities, or even their protonation site, as well as their heats of formation (AH,) ate unknown. Recent ab inilio
calculations (Gozzo and Eberlin, 41st ASMS Conference on Mass Spectrometry, San Francisco (1993) Abstract #974a)
indicate that O-protonated sulfine, CH^S=OH*, 2. is more stable thermodynamically, by 20 kcaVmol. than the Cprotonated form. CH,-S=O\ 1, and this would imply that the more basic site of sulfine is the oxygen atom.
We have observed from colJisional activation experiments that dimelhylsulfoxide (DMSO) radical cations CHjS(»O)CH,*can shed CH, via two distinct channels. At rate constants > 10* s'1 the reaction is a simple cleavage process to produce
CH5S=O* (Turecek et al. J. Am. Chem. Soc., I l l (1989) 7696). However metaslable DMSO ions (rate constants < 10 s
s 1 ) first undergo a 1,3 hydrogen shift to the act form which then dissociates to produce CHj=S=OH\ 2. This would
indeed imply that 2 is more stable than I. The Appearance Energy (AE) for loss of CH, from DMSO had been measured
previously (Zha et al. InL J. Mass Spectrom. Ion Processes, 83 (1988) 1) and the derived heat of formation (AH,« 176
kcal/mol) of the product ion was, quite reasonably, assumed to correspond to 1; however the above results indicate that
this value may actually correspond to 2 , not to 1. An independent method to assess heals of formation is by quantum
chemical calculations (L. Radom, Org. Mass Spectrom., 26 (1991) 339), provided an experimental reference is available.
We have used ab inilio MO calculations to determine AH, of 2 (and 1) using the experimentally known dissociation limits
CH,* + SO and CH,' + SO* as anchor points. Elaborate wave functions were needed to treat the imbalance that arises
when dealing wiih systems that have different spin properties. Using CASSCF geometry optimizations and MR-SDCI
calculations with the CAS configuration as reference space (+ ZPVE) we calculate AH, (2) = 177 kcal/mol. This lends
great support for our conclusion that the measured AH, (176 kcal/mol) corresponds to 2. For 1 we calculate AH, = 199
kcal/mol. Next, the energy of CH,=S=O was calculated, relative to experimentally known closed shell products (CS +
HjO. CO + HjS. OCS + Hj). At the lime of writing preliminary calculations indicate a AH, of sulfine of c. + 6 kcal/mol,
which represents a significant revision upwards of a previously estimated value. - 12 ± 5 kcal/mol (Benson, Chem. Rev.
78 (1978) 23); thus sulfine has a remarkably weak C=S (and weak S-O) bond. From the above the proton affinity (PA)
of sulfine can be assessed, PA= 196 kcaVmol, making it almost as basic as ketene.
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Thermochemistry of fro^mentation processes of the compounds
p-XCgH^CHgOCOMe and p-XCgH^CHgOCOPh under photon impact
V.M.Orlov, D.A.Ponomarev and V.V.Takhistov
St.Petersburg Poresb Technical Academy, Russia
Photoionization mass spacbrometry was applied to measure appearance
energies (AEs) of MeCS0 + cation (iHf = 149.5 kcal mol~ (lit)) originating from PhCHgOCOMe (I)(A1S = 10.93 e V ) , p-MeOCgH^CHgOCOMe (II)
(AE1 = 10.86 eV; A E 2 = 11.39 e V ) , and p-NOgCgl^CHgOCOMe (III) (AE =
9.58 eV) with a hope to get the values of the heats of formation of
XC,H.CELO"free radicals. The calculated heats of formation of free
6 4 2
4
_..
radicals from I (28.2 kcal mol ) and II (-10.5 kcal mol
for A E ^
exactly correspond to the values, estimated by additive scheme 27.2
and -9-9 kcal mol , respectively. The estimated value of dH-(p-N0 2 C 6 H 4 CH 2 O') is 23.5 kcal mol" 1 with AE(CH 3 C=O + ) = 10.9 eV instead of
AE
= 9.58 eV. Possible fragmentation pathways with formation of
different neutral fragments are discussed for this compound. Reasonable scemes of isomerization and fragmentation of the molecular ions
of the p-MeCgH^CHgOCOPh and p-MeC^CHgOCOPh is discussed by the same
way from its AEs and AP(PhC=O + ) values.

MoA4
Energetics and Dynamics of Intermolecular Proton Transfer Processes
Heinz-Hermann Bueker, Trygve Helgaker and Einar Uggerud
Department of Chemistry, University of Oslo, P.O.Box 1033 Blindern, N-0315 Oslo. Norway
Intermolecular proton transfer AH+ + B —> A + BH + is one of the most important
reactions in chemistry1). The reaction enthapy AH = PA(A) - PA(B) given by the
difference of the proton affinities of A and B puts an upper limit to the internal energy
of the product ions BH + . Since this is the energy available for further reactions of BH + ,
e.g. in Chemical Ionization, it is very interesting to know its exact amount. However,
up to now the exact internal energy of product ions has been determined in only a few
cases2). In order to gain more insight into the energetics and dynamics of proton
transfer we have investigated the reaction H3O+ + NH3 —> H2O + NH4+ as an
example of a highly exothermic proton transfer. The method used allows the calculation
of classical trajectories on the ab initio potential energy surface-*). The equations of
motion are integrated on a sequence of model surfaces constructed from analytically
calculated gradients and Hessians, so that the explicit calculation of the whole surface is
avoided. The results make it possible to differentiate between the amount of energy
released as kinetic energy of the products and the amount transferred as internal energy
to each of the produkts A and BH+.
References
1) Uggerud, E. Mass Spectrom. Rev. 1992,11,389.
2) Bowen, R.D.; Harrison, A.G. Org. Mass Spectrom. 1981,16,159.
3) Helgaker, T.; Uggerud, E.; Jensen, H.J.Aa. Chem. Phys. Lett. 1990,173,145.
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Reaction Window in the Single-Electron-Capture by NH3 2 + .
Bernard Levht and Antuan Hoxha
Departement de Chimic, Bat B6, University de Liege, B. 4000 SART-TTLMAN (Belgium)
Single-electron-capture (SEC) by NH32"1" with rare gases (He, Ne, Ar, Kr, Xe) and benzene,
N H 3 2 + + G -» NH3 + + G + , has been investigated using a MS9 double-focusing mass
spectrometer. The main results are listed below.
(i)

The SEC cross section goes through a maximum within a reaction window [1,2] centred at
an exothermicity of approximately 4 eV. This corresponds to a target-projectile distance for
the charge transfer of about 3.5 A.
(ii) The average internal energy of NH3 + ions resulting from SEC has been obtained both via
translational energy loss measurements and via an analysis of the daughter ion spectra. The
agreement between both methods is good and shows that the lowest the ionization energy of
the target, the most probable the excitation of NH3 + to the A 2 E state. With
benzene (ionization energy = 9.25 eV) as the target gas, however, the excess energy is
converted partly to internal energy of C6H6 + , leading to its F 2 Aig state.
(iii) A model based on the Landau-Zener nonadiabatic formalism, including one entrance
channel (1>4H32+ + G) and two exit channels (NH3+ X 2 A2" + G+ and NH3+ A 2 E + G + )
accounts qualitatively for the observed results in the case of exothermic single-electron
capture. This model is not appropriate for slightly exothermic or endothennic charge transfer,
i.e, in the present case, for the Ne and He target gases.
1.
2.

V.R. Marathc and D. Mathur, in D. Mathur (Ed.), Physics of Ion Impact Phenomena,
Springer-Verlag, 1991, p. 225; F.M. Harris, ibidem, p. 199
D. P. Almeida and M.L. Langford, Int. J. Mass Spectrom. Ion Proc. 96 (1990) 331

' Chercheur qualify du Fonds National de la Recherche Scientiflque (Belgium).

MOA6
Reaction Dynamics of Singly- and Dcubly-Charged Dichlorocarbene Ions.
Bernard Levht and Dimitri HautoL
Departement dc Chimie, Bat B6, University de Liege, B.4000 SART-TILMAN (Belgium)
The reaction dynamics of the dichlorocarbene cation and dication has been studied via
tandem mass spectrometry using the following techniques on a MS9 mass spectrometer equipped
with one collision cell in each field-free region: daughter ion spectroscopy, determination of the
kinetic energy release distributions (KERD) of the fragments, appearance energy measurements.
MNDO calculations have been performed to help in the interpretation of the experimental results.
The heat of formation of CCl2 2+ deduced from its appearance energy is equal to 2741
kJ/mol, in good agreement with earlier appearance energy measurements [1] and with charge
stripping data [2]. The collisionally activated dissociation (CAD) CCl22+-> CC1+ + C1+ has been
investigated with different target gases (He, Ne, Ar, Kr, Xe, N2, CCI4 and C6H6). The KER
associated with this reaction varies between 3.9 eV (target gas: He) and 3.5 eV (target gas: Xe).
According to MNDO calculations, this reaction involves a spin-orbit coupling between the ground
state and the first triplet state which correlates directly with the CC1+ (X iX"1") + Cl+ ( 3p) lowestenergy asymptote. The calculated crossing lies at 4.4 eV above the fragment energy, in
satisfactory agreement with the observed KER value.
The single-electron capture (SEC) CCl2 2+ + G -» CCl2+ + G + process is competitive with
CAD. The loss of Cl following electron capture is characterized by an average KER in the 0.4 1.0 eV range, depending on the target gas. Based on the KER values and on the branching ratios,
the amount of internal energy deposited in CCl2+ varies in the sequence: He, Ne > CgHs > Ar >
Xe > CCI4. He and Ne display a very different behaviour from the other gases: this results most
probably from the fact that SEC with He and Ne is endothennic whereas it is exothermic with the
other gases: a switching from the Demkov model to the Landau-Zener model should take place.
The KERD curves for Cl loss show a bimodal behaviour with all target gases. Different
hypotheses for the assignment of the excited state involved will be discussed. The SEC data will
also be compared with CAD data on the singly-charged ion.
1. K. Leiter, K. Stephan, E. Mark and T.D. Mark, Plasma Chem. Plasma Process. 4 (1984) 235
2. M-L. Langford, M. Hamdan and F.M. Harris, Int. J. Mass Spectrom. Ion Proc. 95 (1990) 243
$ Chercheur qualifid du Fonds National de la Recherche Scientifique (Belgium)

•21-

13th IMSC, Budapest 1994

Monday, 29 August

Session A

MoA7

The Method of Negative Molecular Ions Resonant States Interpretation
Aitdrey V. Pogulay and Victor I. Kkvosteuka
Physics Department, Ufa Research Center of HAS, Initsiattvnaya str,, 12, build.6, 450065, Ufa, Russia.
In the given work we've made an interpretation of resonant states (RS) of negative molecular ions
(NMI) using the energy distance coincidence between the RS and corresponding ionization energies
determined by photoelectron spectroscopy. As it was been shown earlier, this coincidence means that RS
electron configurations differ only by the location of unpaired electron on the occupied molecular orbital
(MO). We determine the types of occupied and unoccupied MOs that take part in the formation of given RS
using the principle of nodal properties conservation in the course of NMI dissociation onto the fragments. For
the ascertaining the parent state for the RS considered we use the electron-impact and optical spectra of the
proper neutral molecule.
The proposed method was applied to the NMI of CS 2 . the experimental data of which were taken from
literature. It was shown that the RS in C%{" are formed by the core-excited Feshbach resonance mechanism
of the inter-shell type involving singlet excitation of a molecule and capture of an additional electron into the
M y symmetric Rydberg orbital R(ai)* produced by the singlet polarization potential.
Further, the proposed method of RS interpretation was applied to the row of pefrluoroolefines, the
negative ion mass spectra in the mode of resonant electron attachment and photoelectron spectra of which
was firsdy obtained. In the given row there exists die RS series, the energy distances between RS of the series
being coincide with the proper ionization energy differences as determined by photoelectron spectroscopy.
Furthermore, for the perflurodecene molecule the long lived molecular ion RS are attributed to the considered
scries. The spectroscopic states of RS forming the series were established.

MoA8
Time Dependent Relative Peak Intensities in El-Mass Spectra.
Ken Hemming Hansen
Physical Biochemistry Group, Institute of Biochemistry, Odense University, DK-5230 Odense M, Denmark.
In membrane inlet mass spectrometry (MIMS) or GC-MS systems, in which a continuous flow
of analyte enters the mass spectrometer, the fragments from a compound should always rise and fall
synchronously. In the present work MIMS measurements on phenoxyacetic acid (POAA) demonstrate, that vacuum surfaces can have a pronounced effect on the dynamics of the fragments.
Electron impact ionization of POAA (M + at m/z 152) is known from standard spectra to produce
a peak at m/z 94 (phenol), but MIMS measurements give completely different response times for
these two peaks. This means, that the mass spectrum changes with time. The final relative peak
intensities and the time it takes to reach these intensities depend on the flow rate of analyte
molecules through the membrane into the vacuum - i.e with POAA concentration in the liquid in
front of the membrane. When the POAA concentration is increased from 1 to 10 g/1, the intensity
of m/z 152 relative to m/z 94 changes from 1:3 to 1:0.9. The 10-90% response time for m/z 152
is 78 min at 1 g/1 and 12 min at 10 g/1.
The difference in response time for the two peaks and the difference in final relative peak
intensities can be explained by surface induced decomposition of POAA to phenol prior to ionization and to the different surface sticking propoities of the two compounds. The relative intensities
change until a thin film of constant composition of phenol and POAA covers the vacuum surfaces.
The time it takes to cover the surfaces depends on the flow into the vacuum. At steady state a
POAA molecule adsorbs and decomposes only when a phenol molecule desorps from the surface.
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Comparative Study of Cationic Polymerization in Clusters and
in the Gas Phase
M. Samy El-Shall*, George M. Daly and M. Meot-Ner (Mautner)
Department of Chemistry
Virginia Commonwealth University
Richmond, VA 23284-2006
Kinetic and equilibrium data were obtained for ionic reactions in the i - s
system between 200 and 400 K by pulsed high pressure ( 2 - 6 mbar) mass
spectrometry. The reaction of i-C4Hs + with i-C4Hs yields t-C4Hg+ in competition
with the adduct (i-C4Hs + )i-C4H8 which predominates at low temperatures. A
limiting association energy of AH° < -32.6 kcal/mol suggests that the adduct
(i-C4H8 + i-C4H8 is a covalently bonded octene ion, and bracketing experiments
identify it as the ion of an octene with an IP of 8.55 + 0.15 eV. The covalent structure
is also consistent with reactivity by H2 transfer to i-C4H8, yielding an inreactive
CsHi4+ ion that effectively terminates the radical ion branch. In the carbonium ion
branch of reactions, consecutive associations are observed, with decreasing rate
coefficients for the consecutive steps. The first two addition steps are reversible. A
novel reaction, H2 transfer from carbonium ions to olefins, is also observed.
The gas phase results are consistent with the reactions observed following
the ionization of isobutylene clusters (C4H8)n- The effects of cluster size distribution
and excess energy of the ions on different reaction channels will be discussed.

MoA10
Gas Phase Metal Catalyzed Polymerization :
AI+ / t-BuCI / Isobutylene System
M. Samy El-Shall* and George M. Daly
Department of Chemistry
Virginia Commonwealth University
Richmond, VA 23284-2006
Catalyzed cationic polymerization within isobutylene clusters has been
observed in the presence of AI+/(CH3)3CCI. The predominant reaction between AI+
and isobutylene clusters (C4Hg) n involves simple clustering around the metal
cation. In the presence of (CH3)3CCI, the carbonium ion t-C4Hg + is observed
following the formation of AICI. Several polymerization channels such as tC / , H 9 ( C 4 H 8 ) n + . t-C4H 9 (C 4 H8)n + (CIAI), t - C 4 H 9 ( C 4 H 8 ) n + ( C I C 4 H 9 ) and tC4Hg(C4H8)n + (CIAI)(CIC4Hg) have been observed. The dependence of these
reaction sequences on the cluster size, excess energy of the AI+ and the
concentration of t-BuCI will be presented. The role of ion pairs in stabilizing the
cationic chain will be discussed. Clusters provide a valuable and feasible approach
for understanding the mechanism of cationic polymerization, and how the size of
the polymeric ions is controlled in such a process.
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Isomerization of C 4 H 4 radical cations by photodissociation and ab initio molecular orbital calculations.
G. Koster and W.J. van der Hart,
Leiden Institute of Chemistry, Gorlaeus Laboratories, Leiden University, P.O. Box 9502, 2300 RA
Leiden, The Netherlands
The isomerization of C4H4 radical cations has been studied before by different methods (see,
e.g., Refs. 1 to 3). In the present work the previous photodissociation study 11] has been extended by
laser irradiation at different wavelengths of fragment ions produced from 1,5-hexadiyne. The laser irradiation either started immediately after ion formation (vibrationally excited ions) or after a trapping
time of 10 seconds (thermal ions). The results will be discussed in the poster.
In addition, ab initio molecular orbital calculations on the possible ion structures and the
isomerization barriers have been done. According to these calculations the cycfobutadiene radical
cation, one of the four possible classical ion structures, very probably, cannot isomerize to other
structures via a barrier below the dissociation limit. The other classical ion structures, 1,2,3butatriene, vinyl acetylene and methylene cyclopropene, are connected through a low-energy
isomerization to the non-classical CH2CCHCH radical cation, which has a heat of formation only
slightly higher than that of the classical ion structures. A further non-classical ion structure,
CH3CCCH, which can be formed from the vinyl acetylene ion by a 1,2-hydrogen shift, has a similar
heat of formation and may also be involved in the complicated isomerization of stable C,H 4 radical
cations.
1.
2.
3.

W.J. van der Hart, Org. Mass Spectrom., 23 (1988) 187
M. Zhang, B.K. Carpenter and F.W. McLafferty, J. Am. Chem. Soc, 113 (1991) 9499
B.J. Shay, M.N. Eberlin and R.G. Cooks, J. Am. Soc. Mass Spectrom., 3 (19921 518

MOA12
Ab initio Calculations on Hydrogen Shifts in Ethene, Allene and Propyne Radical Cations.
W.J. van der Hart, Leiden Institute of Chemistry, Leiden University, P.O. Box 9502. 2300 RA Leiden,
The Netherlands
Hydrogen shifts in the ethene, allene and propyne radical C3tions can be considered as
prototypes for hydrogen shifts in larger ions such as C,H,' isomers 111. In the present work it is
shown that ab initio calcultions on these reactions give results which differ from those obtained in
previous work |2,3,4],
In contrast to previous semi-empirical 121 and ab initio calculations with symmetry restrictions
(31 the present results show that CHj-CH" obtained from the ethene radical cation by a 1,2-hydrogen
shift is only stable at the SCF level. SCF calculations at the 6 - 3 1 G * * level give a well depth of a few
kcal mol' but a subsequent geometry optimization in configuration interaction calculations including
single and double excitations (CISD) shows that the ion is unstable with respect to isomerization to
the ethene radical cation.
A 1,2-hydrooen shift in the allene and propyne radical cations leads to the CHS-CH-CH radical
cation. According to previous results |4l the bond angle for the terminal C-C-H group should be about
180 degrees. In the present work it was found that also this structure, which has the unpaired electron in a pi-orbital, is only a minimum at the SCF level but is unstable at the CISD level. A much lower
energy was found for a structure with a bend C-C-H group which has the unpaired electron in a
sigma-orbital. This structure can be described as an allyl cation with one of the terminal hydrogens
removed. Clearly, the barrier for a 1,2-hydrogen shift in the allene radical cation is determined by a
curve crossing of two low-lying states of pi- and sigma-symmetry.
From these results we conclude that product ions resulting from shifts of hydrogen atoms of a
double bond in a radical cation are only stable if the product ion has a possibility to relax to a more
stable ion structure.

1.
2.
3.
4.

W.J. van der Hart, Int. J. Mass Spectrom. Ion Processes, 130 (1994) 173
M.J.S. Dewar and H.S. Rzepa, J. Am. Chem. Soc, 99 (1977) 7432
C. Sannen, G. Raseev, C. Galloy, G. Fauville and J.C. Lorquet, J. Chem. Phys., 74 119811
2402
G. Frenking and H. Schwarz, Int. J. Mass Spectrom. Ion Phys., 52 (1983) 131
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Photoionization of aliphatic and cyclic amines.
G.Bouchoux(a), F.Penaud-Berruyer(a), C.AIcaraz(b), O.Dutuit(b) and H.Palm(b).
(a)DCMR, URA1307/CNRS, Ecole Poly technique, 91128 Palaiseau, FRANCE.
(b)LURE, LPCR, University Paris-Sud XI. 91405 Orsay, FRANCE.
A series of aliphatic amines and cycloalkylamines has been investigated by
photoionization experiment using the synchrotron radiation. True threshold energies for
both ionization and dissociation processes and related heats of formation are deduced
after consideration of the initial thermal energy distribution of the molecule.
Convolution of this distribution with a linear threshold law leads to a modeling of the
experimental ionization efficiency curve and to a precise determination of the threshold
energy. For some specific examples, comparison is made with a method based on the
determination of the crossover point on the i,reakdown graph of interest.
Molecular orbital calculations are used in order to provide other informations
on the structure and the energy of the molecules and on the potential energy profile
associated with the dissociation of the ionized species. RRKM theory was used to
estimate the relevant critical energy and frequency factor of the dissociation.
From the dissociation energetic of aliphatic amines, the OK and 300K heats of
formation of various immonium ions IR2C=NR2] + have been obtained and compared
with previous estimatesO). The cases of conjugated [R2C=CH-CH=NR2J + immonium
ions have been also explored and the first available values for the heats of formation of
these species will be given. Similar data on the neutral imines R2C=CH-CH=NR will
be deduced using the deprotonation enthalpy of [R2C=CH-CH=NR2] + ions measured
on a Fourier transform mass spectrometer by a bracketing technique.
Comparison between experiment and theory shows, in the cases of
cyclopropylamine and cyclobutylamine, that the fragmentations are preceded by a ring
opening leading to a more stable intermediate structure. An estimate of the heat of
formation of this open form will be given.
(1) F.P.Lossing. Y.T.Lam and A.Maccoll. Can. J. Chem. 59, 2228 (1981)

MoA14
Influence of Experimental Parameter! on Thresholds for Production of Gaseous Ions formed in Matrix Assisted Laser
Desorption Ionisation Mass Spectrometry.
Jonathan D.Haywood and Peter J Derrick
Warwick Institute of M « H Spectrometry, Department of Chemistry, University of Warwick, Coventry, CV4 7AL U.K.
Since the initial experiments of Karas and Hillenkamp [1] in ultra-violet matrix-assisted laser desoiption mass spectrometiy,
many factors that affect the efficiency of desorption/ionisation have been discussed. Probably the most predominant of these
is the sample preparation. For example, in the case of the solid matrix system, the analyte-molecule ion has been found to be
very sensitive to the matrix-analyle ratio and the sample drying method [2], With the discovery of the matrix-ion suppression
effect for solid matrices [3] and the field effects in the liquid matrix system, the proposed mechanism in which the analyte
molecules are firstly vaporised and then scavenge charges at a distance above the sample surface has been strengthened.
Recent work by Yau [4] et.al. has given more detail into the laser energy requirement (or threshold fluence) for the
formulation of positive and negative molecule and matrix ions in MALDI. The results showed that there was a shaip onset
for the production of positive and negative molecule and matrix ions. The general behaviour observed was that the intensity
of the analyte ions rose sharply with increasing energy reaching a maximum and then falling sharply to zero thereafter. The
range of energies in which this occurred did not exceed 5jJ. The intensity of the matrix ions also increased with energy, but
continued to rise when that of the analyte dropped. Furthermore, the threshold fluence for a solid matrix (sinapinic acid) was
slightly greater than that for a liquid matrix (3-nitrobenzyI alcohol).
The work discussed here is a continuation of these threshold experiments. The principle aim was to establish'which
experimental parameters affected the threshold for production of gaseous ions. The primary parameter investigated was the
temperature of the sample whilst in-situ. The temperature of the sample is controlled by means of a specially designed probelip, in which has been embedded a pettier module that can either pump heat to or from the sample stage thus beating or
cooling the sample.
[1]
[2]
(3]
[4]

MKaras and F.Hillenkamp, Anal. Chem., 60,229, (1988)
T-W.D.Chan, A.W.Colbum and P.J.Derrick, Org. Mass Spectrom., 27,53, (1992).
T-W.D.Chan, A.W.Colbura and P.J.Derrick, Org. Mass Spectrom., 26,342, (1991)
P.Y.Yau, PJ.Cullis, T-W.D.Chan and A.W.Colourn, Chem. Phys. Letters.. 202, 93, (1993)
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Formation of Gueoui Ions in the Process of Matrix Assisted Laser Desorption/Ioniution
E.Scrivener, P.Y.Yau and Peter J.Derrick
Institute of Man Spectrometry, Department of Chemistry, University of Warwick, Coventry, CV4 7AL U.K.
Matrix Assisted Laser Desorplion/Ionisation (MALDI) is now a highly successful and very powerful mass spectrometry
technique which allows the production of intact molecular ions from very large organic molecules [1]. Its application has
been particularly successful in the field of biological analysis (for example, in the study of proteins and peplides).
Knowledge of the fundamental mechanisms for gaseous ion production in MALDI is still far from complete. The
dependence of analyte ion signal on laser fluence or irradiance has been studied previously [2] and the observed fluence
threshold for ion production is thought to be a key factor in the understanding of the ionisation process.
A MALDI set-up incorporating a linear time of flight mass spectrometer and an excimer-pumped dye laser system
operating at a wavelength of 343nm, formed the basis of this work in which the process of analyte ion formation was
examined. The effect of instrumental parameters on the fluence threshold for ion formation was studied using a
sample/matrix system of the protein, bovine insulin in a large excess of sinapinic acid matrix. In particular, the magnitude
of the electric field in the region where the ions are formed, as found to influence the observed fluence threshold. The
possible consequences of this on the mechanism of gaseous ion formation are discussed.
[1J
[2]

F.Hillenkamp, M.Karas, R.C. Beavis and B.T.Chait, Anal. Chem. 63 (1991) 1193A
P.Y.Yau, T. W.D.Chan, P.G.Cullis, A.W.Colburn and P.J.Derrick, Chem. Phys, Lett. 202 (1993) 93 and references
therein

MOA16
Comparison of APCI and Electrospray Mass Spectrometry
Robert D. Voyksner and Jeffrey Keever
Analytical and Chemical Sciences, RTI, P.O. Box 12194, RTP, NC 27709 USA
Atmospheric Pressure Ionization (API) is becoming one of the most employed techniques
for performing on-line LC/MS of organic compounds. The choice of using an API interface
under ion evaporation conditions (e.g., electrospray) or APCI using a corona discharge offers
extreme versatility in the compounds that can be ionized and separation conditions that can be
handled. This paper will evaluate APCI and electrospray for several classes of pharmaceuticals
(tetracyclines, sulfa drugs, beta-lactams, aminoglycosides), comparing sensitivity, spectral
information, background and solvent constraints for the respective techniques.
Preliminary findings from this work show that electrospray was capable of generating
[M+H]+ ions from the classes of compounds evaluated. The spectra acquired were relatively free
from background peaks, and structural information could be obtained based on the capillary exit
voltage to generate fragment ions by CID in the transport region. The sensitivity achieved in
electrospray was dependent on the solvent and addition of an acid modifier to decrease the pH.
On the other hand, APCI did not produce or produced weak [M+H]+ ions of thermally
labile compounds. Non-volatile salts also performed poorly under APCI. Additional
fragmentation if needed could be obtained as described with electrospray, by increasing the
potential on the capillary exit. The APCI spectrum usually contained more background ions from
solvent/buffer clusters. APCI was less dependent on solvent or solvent additives or flow rates.
ACKNOWLEDGMENTS
This work was supported by the Food and Drug Administration under Cooperative
Agreement Number FD-U-000589.
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Hypervalent Radicals by Neutralization-Reionization Mass Spectrometry
Scott A. Shaffer, Ming Gu, and Frantisek Ture£ek"
Department of Chemistry, BG-10, University of Washington, Seattle, WA 98195, USA
Hypervalent radicals (HRad) are transient species in which one of the constituent atoms has
nine electrons in its valence shell and thus violates the octet rule. HRad are the presumed
intermediates of radical substitution reactions and one-electron reductions of onium salts, but their
existence in the condensed phase has been speculative. In the gas phase, HRad are generated by
collisional neutralization of stable even-electron ions of keV kinetic energies and studied by
neutralization-reionization mass spectrometry (NRMS).
Several HRad have been generated in our laboratory and characterized by their spectra and
ab initio calculations. Trimethylhydrogenammonium, (CH3),N'H, is formed as a metastable species
by collisional neutralization with CH3SSCH3 of (CH3)3N*H. The radical is calculated to be kinetically
unstable in its 2A, ground electronic state, which is predicted to dissociate completely by N-H bond
cleavage. The radical shows an unusual inverse isotope effect in its dissociation by loss of methyl,
which is presumed to occur from a molecular-Rydberg doublet excited state.
Tetrahydroxyphosphoranyl radical, P*(OH)«, and all its deuterium-labeled derivatives were
generated by neutralization with (CH3)3N of the ubiquitous P*(OH)4 cation and its labeled analogs.
In spite of its inherent stability, as predicted by ab initio calculations, the radical dissociates
completely by loss of hydrogen to form phosphoric acid, which further loses OH and H2O. Loss of
OH from P*(OH)3 is a very minor process that forms P(OH),. The latter molecule was generated
independently and found to be a stable species under NRMS conditions. Ab initio calculations predict
large stereoelectronic effects in the dissociations of P*(OH)« by O-H and P-0 bond cleavages. The
kinetic instability of P*(OH)4 formed by vertical neutralization of P*(OH)4 is due to very large
Franck-Condon effects that stem from the different equilibrium geometries and symmetries of the
cation and the radical. The question of the relative stabilities of PH=O «• P-OH tautomers is
addressed for neutral molecules and cation-radicals.

MOA18
Electrospray Ionization of Metal Complexes: Fundamentals and Applications
Christine L. Gatlin, William H. Cusworth, III, and Frantisek TureCek"
Department of Chemistry, BG-10, University of Washington, Seattle, WA 98195, USA
Electrospray mass spectrometry of stable complexes of Fe2*, N P , Cu% and Cu2* has been
utilized for fundamental studies of the ionization process, and for monitoring the copper content in
hydrocarbon matrices. Dissociations of Fe"(bpy), and Ni2*{bpy), complexes (bpy = 2,2'-bipyridyl)
upon electrospraying their methanol-water solutions are governed by their solution chemistry, as
established by deuterium isotope exchange in solution and collision-induced dissociation in the gas
phase. The formation in electrospray of the dissociation products, e.g., bpyH* and ¥s?*(bpy)2 from
Fe"(bpy),, depends on the local acidity in the micro-droplets which differs form that of the bulk
solution. The intensities of bpyH' ions detected by mass spectrometry are linearly proportional to
the bpy concentration in solution up to 10' M, but do not follow the equilibrium concentration of
bpyH' due to the bulk solution acidity. A lO'-lO'-fold increase of acidity from the neutral bulk
solution is found in electrospray droplets corresponding to pH 2.6-3.3. The H3O* ions formed by
electrospray are estimated to be confined in a -5 to 27-nm thick surface layer not to exceed the
Rayleigh stability limit.
Stable neutral complexes of Cu2f ions with propane-1,2-diamine-bis-salicylaldimine (DMD)
are protonated by electrospray and detected by mass spectrometry. Cu* salts were found to form a
characteristic Cu*(bpy) complex, which is detected by electrospray MS. A new method is presented
that allows monitoring of total dissolved copper in non-polar solvents, as applied to jet fuel.
Detection limits and linearity of the electrospray currents for copper complexes have been
investigated and will be discussed.
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On the mechanism to generate large gas-phase molecules by
laser desorption
Pierre Voumard, Qiao Zhan and Renato Zenobi
LPAS, Swiss Federal Institute of Technology (EPFL), CH-1015 Lausanne,
Switzerland
The analysis of fragile biomolecules by mass spectrometry is limited by our
ability to vaporize and ionize such compounds. Lasers have been playing an
increasingly important role in this area and gave rise to different mediods,
e. g. laser desorption mass spectrometry (LDMS), matrix-assisted laser
desorption/ionization (MALDI), or laser desorption/post-ionization mass
spectrometry (L2MS). In the latter case, laser-induced thermal desorption
from a surface is used for intact vaporization of molecules with molecular
weights of several thousand atomic mass units. To understand and optimize
the conditions required for nondestructive and efficient desorption we
investigated the energy content of desorbing molecules. Measurements of
internal and kinetic energy will be presented for the model system
aniline/quartz. Vibrations and rotations are studied by resonance enhanced
multiphoton ionization (REMP1) spectroscopy, while kinetic temperatures are
deduced from time-of-flight distributions.

MoA20
DISCREPANCY BETWEEN CALCULATED SOLUTION PHASE EQUILIBRIA AND
CHARGE STATE DISTRIBUTIONS OBSERVED IN
POSITIVE ION ELECTROSPRAY MASS SPECTROMETRY
Guangdi Wang and Richard B. Cole*
Department of Chemistry, University of New Orleans, Lakefront, New Orleans, LA 70148 USA
Two peptides, bradykinin and gramicidin S were used to investigate the relationship between
protonation in the solution phase, and charge state distribution observed in electrospray ionization (ES)
mass spectra. The degree of protonation in solution was estimated using acid-base equilibrium
calculations. Protonation in solution was varied by adjusting pH, solvent composition, and peptide
concentration. Major disparities were observed between calculated solution-phase peptide protonation
and the charge state distributions observed in ES mass spectra. The [(M+2H)2+]/[(M+H)+] calculated in
solution was larger than the abundance ratio (M+2H)2+/(M+H)+ in ES mass spectra of all acidic aqueous
(pH<6.5) and non-aqueous solutions; in basic aqueous solutions (pH>9.5) the opposite was true. At
high pH, electrophoretic droplet charging may reduce the activity of OH' in positively charged droplets.
The results at low pH imply the existence of a limiting effect in the electrospray ionization process which
largely attenuates the degree of charging in the gas-phase as compared to solution. The increasing
intermolecular coulombic repulsion between charge carriers (protons) on adjacent molecules at
progressively later stages of charged droplet evaporation was speculated to be responsible for this
limiting effect.
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CONSTANCY OF ANALVTE CHARGE STATE DISTRIBUTIONS WITH
DIVERSE SPECTATOR ELECTROLYTE CONCENTRATIONS IN
POSITIVE AND NEGATIVE ION ELECTROSPRAY MASS SPECTROMETRY
Guangdi Wang and Richard B. Cole*
Department of Chemistry , University of New Orleans Lakefront, New Orleans, LA 70148 USA
The variability of ESMS charge state distributions is investigated for a number of analytes when
the ionic strength of their solutions is altered over a wide range. Solution ionic strength was adjusted by
adding varying amounts of electrolytes NRjOAc, CsCl and/or (n-QHtj^N+Cl" to protein solutions of
myoglobin and lysozyme. Measured solution pH values were found to be nearly constant over the entire
range of CsCl and (n-QH^N+Cl- addition, and a slight increase in pH was observed upon NH4OAC
addition. Analyte intensity in positive ion ESMS reproducibly decreased as the solution ionic strength
increased. However, analyte charge state distributions remained quite constant despite four orders of
magnitude of variation in ionic strength. In negative ion ESMS of phenolphthalein diphosphate (free acid
form) and eosin Y, analyte charge state distributions also exhibited only minor variations while signal
intensity decreased dramatically with increasing solution ionic strength upon addition of CsCl. These
observations in positive and negative ion ESMS suggest that "spectator" electrolytes present in solution
have no significant effect on the degree of multiple charging. The formation of multiply charged ions in
the gas-phase thus appears to be independent of the efficiency of yielding gas-phase ions in the presence
of high levels of spectator electrolytes.

MOA22
Mass Analysis and Reactions of Large Individual Ions by Electrospray
lonization Fourier Transform Ion Cyclotron Resonance Mass Spectrometry
S.A. Hofstadler. G.A. Anderson, R. Bakhtiar, J.E. Bruce, R. Chen, X. Cheng, D.W. Mitchell,
A.L. Rockwood, M.G. Sherman, H.R. Udseth, S. VanOrden, Q. Wu, and R.D. Smith
Chemical Sciences Department and Molecular Science Research Center Pacific Northwest
Laboratory, Richland, WA 99352
Electrospray ionization (ESI) is widely recognized as a highly efficient "soft" ionization
technique which, under the appropriate conditions, produces multiply charged molecular ions
from a wide range of compounds. While the electrospray process is effective for species with
molecular weights well in excess of 1 MDa, conventional approaches to the mass analysis of
electrosprayed ions have been limited to species weighing approximately 200 kDa or less,
primarily due to sample heterogeneity and the limited resolving power and m/z range offered
by quadrupole mass analyzers. The coupling of ESI to Fourier transform ion cyclotron
resonance (FTICR) mass spectrometry provides the opportunity to trap and analyze individual
multiply charged macro-ions. The non-destructive detection method utilized by FTICR allows
ion remeasurement and the ability to follow slow ion-molecule reactions of individual ions. A
time resolved ion correlation, TRIC", has been developed in order to follow reactions of
individual ions over the course of a single transient. This technique allows accurate mass
measurements to be derived from the measured mass to charge ratios of several charge
states of the same ion. Several examples of mass analysis of large ions will be shown
including ions from a nominal 5 MDa polyethylene glycol) sample. These novel methods for
individual ion analysis expand the mass range of mass spectrometry by at least two orders of
magnitude and may provide significant insight into the heterogeneity, thermodynamics, and
kinetics of large gas phase ions.
This research was supported by internal PNL exploratory research and tha Director, Office of Health and
Environmental Research, U.S. Department of Energy. Pacific Northwest Laboratory is operated by Ballelle
Memorial Institute for the U.S. Department of Energy, through contract DE-AC0S-76RL01830
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FORMATION OF THE PROTONATED PHOSPHONATES IN ION TRAP
MASS SPECTROMETER UNDER ELECTRON IMPACT CONDITIONS.
N.Mechin1, J. Plombey2, R. March2 and T. Blasco1, J.C. Tabet1*,
Laborotoire de Chimie Organique Structural, ERS 73, U.P.M.C, Paris, FRANCE
Department of Chemistry, Trent University, Peterborough Ontario, CANADA.

1

Formation of (M + H ) + ions can be observed in addition to odd-electron M + ° ions under
electron impact conditions. In particular this occurs when the sample pressure is increased. This
process is favored with aliphatic molecules containing oxygen or nitrogen since the alkyl fragment
ions of such species have relatively high gas phase acidities and are able to readily transfer a proton. In mass spectrometers depending on ion storage, such as ion trap instruments and ion cyclotron resonance spectrometers, the problem is more easily observed since long residence times
result in ion-molecule collisions even at low sample pressure.
In particular, phosphonate compounds, which can be highly toxic and should be detected at
low levels in order to be identified and qualified, are characterized by a (M+ 1)/(M) ratio higher
than that predicted for the natural B C isotopy. However, all expected fragment ions classically
observed in IE mass spectra are detected whithout modification of the ion relative abundance.
MS/MS experiments show that the MH + ion intensity depends on (i) the experimental conditions
of the sample ion preparation and (ii) the ion residence-time in the ion trap mass spectrometer.
This behavior suggests that directly the M + o gives M H + by ion-molecule reactions with the phosphonate neutral and less probably with fragment ions. In fact, the proton transfer reaction is sufficiently exothermic. In addition, when ion storage times are very long (several ms), the (2M+H) +
dimeric species appears strongly. This result suggests that the application of a cooling time (along a
qz axis) yields collisional stabilisation of ionic species (i.e. a decrease of internal energy of the produced ions). These new results will be discussed. Furthermore, ion-molecule reactions from epimeric compounds will be presented and the increase of stereochemical effects relative to that observed in the collision cell of triple quadrupoles will be discussed.

MoA24
The Hydrogen Bridged Ions, [CH 3 C=O"-H-"O=CH 2 ]' + , [CH 2 =C(H)O-"H"-O=CH 2 J' + and
[ C H 3 C ( H ) O — H — O = C H ] # + and the lon-Dlpole Complex

ICH3C(«O) + —O(H)CH 2 *] : their

Role In the Dissociation Chemistry of Ionized Acetol, CH 3 C(=O)CH 2 OH'+
M. George, John L. Holmes , Carol A.Kingsmill, Dennis Suh, and Johan K. Terlouw
Department of Chemistry. University of Ottawa, Ottawa. Ontario K1N 6N5. Canada, and Department of
Chemistry, McMaster University, 1280 Main Street West, Hamilton, Ontario L8S 4M1 Canada.

The remarkable unimolecular chemistry of the acctol cation radical, CH3C(=O)CH2OH'+ (4) has been
studied by a wide range of mass speclromctric experiments. A detailed analysis of the D-labelled
isotopomers of 4, CH3C(=O)CD2OH#+ and CH3C(=O)CH2OD'+, shows that the hydrogen bridged ion
[CH3C=O»~H"«O=CH2r+ (3a), a key intermediate on the (related) methyl acetate (I) hypersurface, does
not participate in the low energy rearrangement reaction: 4 -» CH3CHOH+ + HC=O*. Integration of the
experimental information with the results of ob initio molecular orbital calculations (executed at the
MP3/6-31C//4-31G + ZPVE level of theory) provides evidence that the loss of HC=O* from 4 involves
isomerization into the ion-dipole complexes CH3C(=O)+~«O(H)CH2* (4a) and CHjC(=O)H"+"«O=CH2 (3b).
It is further concluded that the acctol and methyl acetate hypersurfaces have no common feature.
The calculations also predict that [CH2=C(H)-O»~H»"O=CH2J*+ (6), another stable -o-H»~0- hydrogen
bridged isomer, does not communicate with 4 or 3a. This isomcr was independently generated and
characterized : at elevated energies it behaves as a vinyl alcohol ion-formaldehyde complex and the
experiments confirm that it does not communicate with either the acetol or the methyl acetate
hypersurface.
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Diaminocarbene, Aminohydroxycarbene and Dihydroxycarbene : Their Formation in the
Gas-phase by Neutralization of the Cations

H 2 N-C-NH 2 '+, H 2 N-C-OH'+ and HO-C-OH* +

Graham A. McGibbon, Carol A. Klngsmlll, Peter C. Burgers and Johan K. Terlouw
Department of Chemistry, McMaster University. 1280 Main Street West. Hamilton, Ontario L8S 4M1 Canada,
and Hercules European Research Center BV, Nijverheidsweg 60, 3771 ME Bameveld, The Netherlands.
The prototype imidic acid, formimidic acid, H-N=C(II)-OII, 2, as well as aminohydroxycarbene, 3, both
isomeric with formamide, 1, have been generated in the gas-phase by one-electron reduction of the
corresponding radical cations. From a detailed analysis of collision induced dissociation (CID) mass
spectra, in particular MS/MS/MS data from D and

1S

N labelled isotopomers, it was possible to assign

structures to ions and to ascertain that, for each, ion beams could be obtained which were free from
the other two isomers. Reduction of these ions in Neutralization-Reionization (NR) experiments
produced intense survivor signals. By combining the information contained in CID mass spectra of
the survivor ions with that from labelling experiments, the existence of 2 and 3 as stable molecules in
the gas-phase could be established. In addition, we find evidence for the simplest amide-iminol
(laclam-lactim) tautomerism, i.e. 1 • * 2. The same strategy was applied to the diamino- and
dihydroxy- analogues of I"+. 2'+ and 3*+, all of which could be generated as isomerically pure ions,
whose structural integrity could be shown to be retained in the NR process. The experimental findings
on the ions and neutrals concur with previously published ab initio MO studies which were
supplemented by our own results. Proposed AHr values for the carbenes H2N-C-NH2 (from
GAUSS1AN-2 theory), I^N-C-OHand HO-C-OH arc 39.3, - 5, and - 49.8 kcal/mol respectively.

MoA26
Reactivity of [C3H7OJ+ ions: a combined FT-ICR and MO approach.
H.E.Audier, G.Bouchoux, P.Mourgues, F.Penaud-Berruyer, DCMR, URA1307/CNRS,
Ecole Polytechnique, 91128 Palaiseau, FRANCE.
J.Tortajada, Laboratoire de Chimie Structural Organique, University Paris VI, 75006
Paris, FRANCE.
The concept of "weakly coordinated cations" was first introduced by Bowen and
Williams to describe the reactivity of ions [CH3CH2CHOH]+, 1 and [CH3CH2OCH2] + ,
2. These two ions undergo the same low energy reactions leading to IC3H5I"1" and
[CH2OHJ+ fragment ions. This identical behaviour was explained by supposing that 1
and 2 interconvert via ion-neutral complexes in wich neutral ethylene and neutral
formaldehyde are bonded by a proton. The present study brings new informations on
this system by two ways:
-bimolecular reactions between [CH2OHJ+ and C2H4 and a variety of labeled
derivatives were performed in a FT-ICR mass spectrometer,
-ab-initio molecular orbital calculations have been done up to the MP2/631G*//6-31G*+ZPE level.
The main conclusions deduced from these data are:
-the isomerization path of lowest energy between 1 and 2 involves twe ionneutral complexes, an hydroxylic proton bonded association of |CH2OH] + and C2H4,
and a complex looking like a corner protonated cyclopropane);
-a 1,2 and a 1,4 hydrogen migrations allow 1 to dissociate into | C 3 H s | + and
H2O, the last reaction constitutes the rate determining step of the overall process;
-the complete hydrogen scrambling observed for unimolecular decomposition of
1 and 2, and for bimolecular reactions studied here by FT-ICR, is explained by the
reversibility of 1<=>2 isomerization.
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Reactivity of [C3HsN]+ ions: a combined FT-ICR and MO approach.
G.Bouchoux, F.Penaud-Berruyer, DCMR, URA13O7/CNRS. Ecole Polytechnigue,
91128 Palaiseau, FRANCE.
J.Tonajada, Laboratoire de Chimie Structurale Organique, Universit6 Paris VI, 75006
Paris, FRANCE.
The isomerisation/dissociation processes of immonium ions [CH3CH2CHNH2]+
and |CH3CH2NHCH2]+ have been imerpretedO) by the following mechanisms:
H
CH,C
2 CH 2 -NHCH

CH 3 CH 2 NH=CH 2

CH2CH2CH2NH

NH=CH 2

CH2=CH2 + NH2=CH2

M.2

H
CH 3 CH 2 CH=NH 2

*

CH3CHCH2NH2

H,

+ NH3

CH2=CHCH2NH3

The aim of the present study is to bring new, both experimental and theoretical,
pieces of information on this system. First, bimolecular reactions involving the
dissociation products |CH2CHCH2j+ and NH3 were examined in a Fourier transform
ion cyclotron resonance mass spectrometer. Second, the reaction pathways depicted
above have been explored by molecular orbital calculations conducted at the MP2/631 lG*//6-31G* level.
(1) R.D.Bowen, Mass Spectrom. Rev. 1991,10, 225.

MoA28
Gas-phase basicities of carbonyl compounds: lactones.
G.Bouchoux, D.Drancourt, D.Leblanc, DCMR, URA1307/CNRS, Ecole Polytechnique,
91128 Palaiseau, FRANCE.
M.Yanez, O. Mo, Departamento de Quimica, Univesidad Autonoma de Madrid,
Cantoblanco, 28049 Madrid, SPAIN.
The lactone group is present in a number of molecules of chemical or biological
importance. However few is known about their intrinsic properties. In this study we
present the gas-phase proton affinity of a series of P-, y-, 5- and e-lactones. The
measurements have been made using the equilibium technique in a Fourier transform
Ion Cyclotron Resonance spectrometer. The results show that:
1°) an increase of the ring size is accompanied by a large incease in basicity,
2°) with the exception of (3-propiolactone, the lactones are less basic than the
corresponding aliphatic esters
3°) a double bond in position a,p doesn't alter the basicity of y-, 8-lactones.
Theoretical calculations of conformations, energies and electronic charge
density at the carbonyl oxygen have been performed to provide informations upon the
protonation process. Two effects are responsible of the observations. First, a good linear
correlation is found between the protonation energy and the charge density at the
oxygen atom of the carbonyl group. Furthermore, the later correlates also linearly with
the CCO bond angle as a consequence of the hybridisation change of the central carbon
atom. A second, less important, effect is the occurence of a bonding interaction
between the added proton and the ether like oygen atom. This stabilizing interaction
increases with the ring size. A comparison will be made with previous theoretical
studies on p-propiolactone, y-butyrolactone and 5-valerolactone (1,2).
(1) K.B.Wiberg and R.F.Waldron, J. Am Chem. Soc. 113 (1991) 7705
(2) M.C.Bordeje, O.Mo, M.Yanez, M.Herreros and J.L.M.Abboud, J. Am. Chem. Soc.
115 (1993) 7389
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Direct loss of a radical within a [radical cation, molecule] proton bonded complex
H.E. Audier, D. Leblanc, P. Mourgues and T. B. McMahon
Ecolc Polytechnique, Palaiseau (France) and University of Waterloo (Canada)
When observed, the loss of a radical within a [radical cation, molecule] ion-neutral complex has
generally been shown to be consequence of a covalent bond formation. For instance, the reaction of
propene+* with ethanol lead to [CH3CHOH+, iso-C3H7» ] complex. This complex gives methyl-3
butanol-2+- followed by methyl loss.
Results:
(i) By reaction of C2H5OC2H5+- with different neutral M in a FT-ICR cell, a product corresponding
to C2H5- loss from [C2H5OC2H5+-, M] complex is observed [M=H2O, C2H5OH, CH3C=N,
HCO2CH3, CH3-O-CH3, CH3COCH3]
(ii) When C2D5OC2D5+- reacts, C2D5- loss is observed.
(iii) The corresponding product ion is shown to have the structure CH3CHO—H+—M from collision
induced measurements.
Discussion:
(i) The first step of the reaction is the isomerisation of C2H5OC2H5+- to its a-distonic ion within the
[C2H5OC2H5+-, M] complex.
(ii) This process leads to the [CH3CH2OCHCH3—H+---M] proton bonded complex which yields
MH+ when PA[M] > PA[CH3CH2OCHCH3].
(iii) This intermediate can also eliminate C2H5- to yield the [CH3CHO—H+—M] product ion. The
driving force for this last reaction is the very strong stabilisation energy of the product ion which is
around 30 kcalmol"1 when PA[M] # PA[CH3CHO].

MoA30
Catalyzed Isomerization of Simple Radical Cations in the Gas Phase
H.E. Audier, D. Leblanc, P. Mourgues, T. B. McMahon and S. Hammerum
Ecole Polytechnique, Palaiseau (France), University of Waterloo (Canada) and University of
Copenhaguen (Denmark)
It is well known that isolated gas phase a and (3-distonic radical cations and their conventional
molecular ion counterparts do not spontaneously interconvert. From recent experimental evidence,
obtained using magnetic sector and FT-ICR mass spectrometers, we will show that the interconversion
of molecular ions and their a -distonic isomers can be catalyzed by interaction with appropriate neutral
molecules. Among the data to be presented are:
(i) When CH3OH+- ions are allowed to interact with H2O in a chemical ionization source prior to
magnetic mass selection the CID spectrum clearly shows that the interaction has induced an
isomerization of this molecular ion into • CH2OH2+
(ii) Correspondingly the bimolecular reactions of CD3OH+- with CH3OH in a FT-ICR cell result
in a 1:1 transfer of H + and D + to the neutral methanol. Likewise a 1:1 transfer is also observed when
CD3OH+- reacts with CH3OD. These results show that, prior to the proton transfer, the methanol
radical cation isomerizes into its a -distonic isomer.
(iii) In a similar fashion interaction of CH3CH2OH+-, CH3OCH3+-, CH3NH2+- and CH3Br+with selected neutral molecules will be shown to induce an analogous isomerization to the
corresponding a -distonic isomers.
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Evidence for Non-Covalent Gas Phase Ion Neutral Complexes of the Form [CH3"1", CH3OH] and
[CH3+, CH3OCH3]
H.E. Audier, G. K. Koyanagi, T. B. McMahon and D. Tholmann
Ecole Polytechnique, Palaiseau (France) and University of Waterloo (Canada).
The metastable dissociation of (CH3)2OH+ and (CH3)3O+ ions has been shown to proceed via the
loss of CH4.
CH3+
+
(CH3)2O
->
CH3OCH2+ +
CH4
[I]
CH3+
+
CH3OH
->
CH2OH+
+
CH4
[2]
In a previous presentation 13we demonstrated that in a FT-ICR cell reaction of 13CH3+ with CH3OCH3
gives losses of CH4 and CH4 in a ratio of 56:44 whereas a mechanism involving formation of a
symetric trirnethyloxonium ion intermediate would yield the two isotopic methanes in a statistical 2:1
ratio. On this basis it was concluded that, under FT-ICR conditions, two processes occur in parallel
during the interaction of methyl cation with dimethylether. The first of these involves covalent C-0
bond formation to give the oxpnium ion which subsequently undergoes unimolecular dissociation via
elimination of methane to give the methoxymethyl cation. The second involves formation of a
significant more weakly bound, ion-neutral complex in which, in effect, hydride abstraction from the
ether by methyl cation takes place.
In the present contribution we wish to report additional new evidence for the formation of such
weakly bound ion-neutral complexes, both in the reaction of CH3 + with dimethylether as well as with
methanol. This new evidence includes:
(i) reaction of several deuterium and I3 C labelled methyl cations with a variety of similarly labelled
dimethylethers and methanols. For example, I3 CH3 + is found to react with CH3OH 10 give CH4 and
13
CH4 losses in a ratio of 43:57. This non-statistical ratio of methane losses is reproduced in every
isotopic variant of these two reactions studied.
(ii) ab-initio calculations which clearly show that non-covalent [CH3"1", CH3OH] and [CH.3+,
(CH3)2O] complexes do exist which correspond to stable minima on the respective potential energy
surfaces. In both cases these complexes involve a structure in which a hydrogen atom of the methyl
cation is weakly bound to the oxygen of the neutral molecule. Although the stabilization energies of
the complexes are substantially less than those of the corresponding covalently bound isomers they do
lie significantly below the energies of the separated reactants.

MoA32
Mass Spectral Fragmentation of Some Fluoro Derivatives of
1,4-Butanediol
Gy. Horvath and E. Koltai 1
Institute for Drug Research Ltd., H-1325 Budapest, P.O.Box 82, Hungary
1
Present address: Institute of Isotopes Co. Ltd., Budapest, Hungary

To conform to a kind of periodicity in the subjects of our papers presented on IMSC-s
we decided to recur to the mass spectral fragmentation of 1,4-butanedio! derivatives, some
aspects of which have been dealt with on the 9"1 IMSC in Vienna1'. Prior to that we have
reported on halogenated ct,8-diols, including 2,3-dibromo-butanedioI2' and on 1,4-butanediol itself ".
In this paper we report on the fragmentation of 2,2-difluoro- and 2,2,3,3-tetrafluoro1,4-butanediol upon electron ionizatioti using their 70 and 12.5 eV mass spectra,
measurements on the decomposition of metastable ions and spectral data of O-deuterated
analogues.
The original aim of this work, i.e., to get a deeper insight into the nature of the
rearrangement reactions occurring in the molecular- and fragment ions of 1,4-butanediol
could scarcely be accomplished because of the great inclination of these fluorinated
derivatives to lose HF rather than H2O, so dominant in the fragmentation of 1,4-butanediol.
Consequently, the most part of this paper deals with processes involving the loss of HF.
1) Gy. Horvath, E. Koltai, J. Kuszmann, Inl. .1. Mass Spectrom. Ion I'liys. 47. 355 (1983)
2) Gy Horvath, J Kuszmann, Org. Mass Spectrom. 6, 447 (1972)
3) Gy Horvath, J Kuszmann, Org. Mass Spectrom. 12. 45 (1977)
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ELECTROMEMBRANE ION SOURCE FOR MASS SPECTROMETRY
Boris S. Yakovlev, Victor L. Talrose and Catherine Fenselau
Institute of Energy Problems of Chemical Physics, Russian Academy of Science and Department
of Chemistry and Biochemistry, University of Maryland Baltimore County.

A membrane consisting of polymeric film densely perforated with 10^ -103

A wide channels is used as the interface between a solution at atmospheric
pressure and the vacuum chamber of a mass spectrometer. The "atmospheric"
side of the membrane was lubricated by the thin layer of glycerol. It is shown that
an electric field can stimulate ion emission from the liquid sample directly into
the vacuum. Emitted ions, for example of glycerol, acetylsalicylic acid and
nicotinic acid, were studied by reflectron type TOF MS. It was possible to obtain
intense mass spectra of clustered and declustered ions depending on
experimental conditions
The results are discussed in terms of
electrohydrodynamic ionization at the sharp tops of millions of needles formed by
the liquid penetrated through the channels.

MoB2
The use of a membrane interface for the direct coupling of pyrolysis and mass spectrometry
R.J. Vreeken, R. Houriet
Laboratoire de Technologie des Poudres EPFL, CH-1015 Lausanne, Switzerland
The direct coupling of pyrolysis to mass spectrometry, PY/MS, is an efficient tool for characterizing
various types of involatile materials or additives used during their processing. However, when
pyrolysis is conducted under controlled atmosphere such as oxydising conditions, PY/MS may not be
performed since the oxygen atmosphere will damage the mass spectrometric analyser. The same
limitation occurs in the MS sampling of volatiles produced during thermal analysis carried out in air or
oxygen.
In order to circumvent this disadvantage, we have developed an interface based on a membrane
material. The pyrolyser (CDS 2000 Pyroprobe) is continuously flushed with a flow of carrier gas, wether
inert (He, Ar, N2), reducing (H2) or oxydising (air, Q2)- The output flow of the pyrolyser enters the
interface where it flows around a membrane tubing made out of dimethyl vinyl silicone copolymer
(Silastic, Dow Coming). The interface is placed in the oven of a gas chromatograph in order to control
its temperature. The analytes permeate to the interior of the membrane which is connected to the mass
spectrometer (Ion Trap Mass Spectrometer ITMS, Finnigan) via a deactivated fused silica tube.
Experiments were carried out with a sample of Kraton 1107 isoprene-styrene block copolymer dissolved
in hexane. Pyrolysis of Kraton is known to produce four major compounds consisting of isoprene,
styrene and two isomers of limonene (C10H16). This system allowed us to test the selectivity of the
membrane towards these compounds since permeation through the non-polar membrane material used
depends among others on the polarity of the analytes. The results have shown that all four compounds
pass through the membrane with styrene showing a higher permeation rate than isoprene due to the
latter being somewhat more polar.
The effect of molecular weight upon permeation rate could also be demonstrated using a test mixture of
low molecular weight alkenes (from ethylene up to 1-hexene) which showed a decreasing permeation as
a function of increasing molecular weight. Further studies of pyrolysis in air were also carried out.
These results demonstrate that the membrane interface provides a simple and versatile means for
connecting any experiment taking place at atmospheric pressures to a mass spectrometric analyser.
More work is required to study the selectivity of membrane materials for the permeation of analytes of
varying polarity.
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NEW MEMBRANE INLET SYSTEM WITH ACCUMULATION
A.A.Rivlin
The injection of volatile organic pollution from aqueous solution into mass spectrometer -for subsequent analysis is successfully decided now by so—colled membrane inlet system. The keynote o-f the method is diffusion of organic components directly from
the water solution into the ion source o-f mass spectrometer through the silicon membrane. Standard membrane inlet system is good
for aromatics, but it possesses a low sensitivity in relation to
alcohols, for example. It limited the utility of method.
On the other hand, the best results on the sensitivity s.re achieved at the preliminary concentration o-f organics from water on
the sorbent.The disadvantages of this system (impossibility o-f online analysis, high error and duration) are determinated by division of sample preparation and analysis in time and in space.
New inlet system AMIS combined the best Df both methods, completes the advantages of membrane inlet by the opportunities o-f sorbtion technics. Obtined results showed the essential increasing of
sensitivity of MS monitoring by AMIS. AMIS characterized also by
good repraducibi1ity and small error.-

MoB4
DEVELOPMENT OF MEMBRANE INLET MASS SPECTROMETRIC METHOD FOR THE
ADVANCED MOBILE ANALYTICAL LABORATORY
Vesa Virkki1, Raimo Ketola', Marja Ojala', Tapio Kotiaho', Veikko Komppa1,
Arne Grove2 and Sergio Facchetti'
1. VTT, Chemical Technology, P.O. Box 1401. 02044 VTT, Finland
2. DTI, Department of Chemistry, P.O. Box 141, 2630 Taastrup, Denmark
3. Joint Research Centre - C.E.C, 21020 Ispra (Varese), Italy
On-site chemical analysis is becoming more and more important due to growing knowledge
of toxicity of various chemicals and due to growing demand for cleaning of contaminated sites. As
an answer to this demand an Advanced Mobile Laboratory (AMAL) has been developed in the
EUREKA/EUROENVIRON subproject EU 674. The aim of this project has been to use the latest
analytical techniques and therefore a membrane inlet mass spectrometric (MIMS) method was also
developed in the project.
The developed membrane inlet mass spectrometric method uses a helium purge type of
membrane inlet. This type of inlet was chosen since it can be used with commercial GC/MSinstrument without any modifications to the instrument. The membrane inlet is simply mounted into
the GC oven and the sample stream from the membrane inlet is conducted to the ion source of the
mass spectrometer with a short silica capillary column. Development of the method involved
optimization of several operation parameters, measurement of detection limits and linearity of
response. The results show that many environmentally significant volatile chlorinated or aromatic
compounds can be measured directly from water samples at low ppb levels and that the linear
dynamic ranges of several orders of magnitudes can be achieved. The method has already shown to
be very good for analysis of real ground water samples in the developed mobile laboratory Results
of these studies will be presented.
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MoB5
MEMBRANE INLET SYSTEM COUPLED WITH A SMALL QUADRUPOLE MASS
SPECTROMETER.
D.Ristoiu1, C.Cosma1, Tania Ristoiu', N.Lupsa1
1)-University Babe3-Bolyai, Faculty of Physics, Ro 3400, Cluj-Napoca,
Romania, 2)-Technical University, Dept.Physics, Ro 3400, Romania, 3 ) ITIM Cluj-Napoca, P.O.Box 700, Ro 34O0, Romania.
A membrane inlet system for the direct analysis of organic
compounds in aqueous samples has been designed, built and coupled to
a Quadrupole Mass Spectrometer (QMS) manufactured in our laboratory.
The main features of the QMS are: mass range 1 — 100 amu ,
resolution better then 2H, (calculated at 10 % of -the valley),
sensibility of 10"' A/mbar on the Faraday cup detector and 10 A/mbar
on the Channeltron Electron Multiplier (CEM) detector (for N, at an
emission current of 1 Ma). The sean3 speeds are adjustable from 10 '
to 10 s/amu, the emission current is adjustable from 50 fi A to 1 mA
and electron energy from 5 eV to 100 eV, 0,2 amu repeatability was
obtained for a 8 hour work over the whole ma3a range and ± 1% for the
peak height at constant pressure, the smallest detectable partial
pressure is better than 1 ppm with CEM.
A specialised thermostated membrane inlet system was developed to
convey the gas flux samples directly into the ion source of the QMS.
The membrane inlet - ma.33 spectrometer signal is proportional to
diffusion rate of analyte through the membrane. The materials used for
membrane are Teflon for measurement of dissolved gasses in water and
silicone rubfc-jr for measurement of volatile organic compounds in
water.
The beat sensitivity and response time were obtained with flat
membranes with thicknesses between 0,15 and 0,75 mm. Measurements were
made by using the continuous monitoring plug-flow system. The results
show that high flow-rate3 are preferred since yield a better
sensitivity.

MoB6
INTERFACING A MICROPROCESSOR SYSTEM TO A QUADRUPOLE MASS
SPECTROMETER
N.Lupsa1, D.Ristoiu2, V.Hirel1, C.Cosma2, Tania Ristoiu3
1)-ITIM Cluj-Napoca, P.O.Box 700, R0 3400, Romania, 2)-University
Babes-Boiyai , Faculty of Physics, R0 3400, Romania, 3)-Technical
University, Dept. Physics, RO 3400, Romania.
A
simple
microprocessor
controlled
quadrupole
mas3
spectrometer (QMS) system has been designed and manufactured in our
laboratory. The system, consist of three parts: 1) a home made small
size QMS; 2) interface; 3) a Z80 Central Processing Unit (CPU) with 64
kb memory. CPU serves to operate all the functions of the system. The
unit supplies the voltages required for the ion-source, RF stage and
electrometer amplifier. The units for data acquisition and recording
are also connected to the control unit. All input data, supplied by
the console are digitally accepted and transmitted. The plug in
modules are connected to a da+.a bus. An auto-control module can store
different programs. Each mass channel can be individually allocated
with
a
variety
of
control
parameters
such
as:
emission
current,amplifier gain,time spent scanning through a mass peak etc.
Software of the QMS system is used for: the automatic selfcontrol and calibration, the preliminary treatment of the masaspeetrometric information, the estimation of the information obtained
(with account for a data base and an expert experience), and the
active response to the results of measurements.
The power supply and electronics provide a completely automatic
mode of operation which makes it possible to perform quantitative
measurements of the ultimate permissible concentrations of the
particularly
controlled contaminants in the atmosphere. The
sensitivity to the pollutions in air is better then 10 ppm. The
results show that the whole system is stable and reliable and can be
satisfactorily used for routine analysis .
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High Mass Capabilities of Electrospray when interfaced to a Magnetic Sector Mass Spectrometer.
Woolfitt, A.R., Bott. PA.
Fisons Instruments pic, VG Analytical, Manchester M23 91 .Ii. UK.
Iilectrospray interfaces have been lilted to quadrupolc mass spectrometers for several years and
have demonstrated the power of this ionisation method lor determining the molecular weights of
biomolcculcs. However, because of the inherent mass range limitation of quadrupole mass
spectrometers, it is now becoming apparent that some information may be lost because of the inability to
observe higher m/z multiply charged clusters. For example many proteins exist as multimers under
physiological conditions, often involving weak interactions. Such native proteins typically carry far
fewer charges than the denatured forms observed by 'classical' electrospray using high organic, low pH
solvent sytems. Also electrospray of polymers demonstrates Ihe utility of being able to record mass
spectra at high mass.
To investigate the usefulness of the higher mass capabilities of a magnetic sector mass
spectrometer the analysis of polymers and some multimeric proteins will be presented. For example,
polypropylene glycol-4000 is readily ionisable by elcclrospray and a mass spectrum can be obtained
where the singly charged monomeric ions are observed up to 7500 Da. Bovine serum albumin dimer
which is covalently bonded was analysed by dissolving in water and watermelhanol, 1% acetic acid
solvent systems. With only water as solvent, the native dimeric form of this protein is readily apparent,
with multiply charged states appearing at 5000 in the mass spectrum, whilst with the acidified solvent,
this information is lost. Concanavalin-A (ca. 26 kDa., monomer) is a lectin which exists in the natural
state in a dimer/tetramcr equilibrium. Data will be presented showing that this protein can be ionised
intact via the electrospray interface to give multiply charged ions in the mass range 4500 , if the pH of
the solvent is greater than 7.

MoB8
ESI MASS SPECTROMETRY COUPLED WITH SIZE EXCLUSION CHROMATOGRAPHY
Las/lo Prokai and William J. Simonsick, Jr.'
University of Florida, Gainesville, FL 32610-0497, and 'DuPont, Philadelphia, PA 19146, U.S.A.
Chromatographic methods arc among the most prevalent techniques used for the analysis of
polymer composition and for the determination of the molecular weight distribution. In size or steric
exclusion chromatography (SEC), molecules fractionate according to their size in solution. Commonly
called gel permeation ehromaiography (GPC) when applied to synthetic oligomers and polymers, the
technique has been the method of choice to characterize polydisperse samples and to obtain average
molecular weights. There have been few attempts to apply mass spcciromctry and GPC jointly.
Electrospray ionization (ESI) mass spcciromctry is an emerging technique that is suitable for coupling
with liquid chromalography. The technique poses no limitation regarding the use of mobile phases
common to GPC/SEC such as tetrahydrofuran and alcohols. In this report, we demonstrate that ESI
mass spectrometry is compatible with the GPC/SEC conditions applied to the routine analysis of
synthetic oligomers and polymers, and the coupling offers specific benefits for the mass speclromeiric
analysis of polydisperse mixtures, and allows for obtaining accurate molecular weight calibration in
GPC. Most synthetic polymers have no acidic or basic functional groups that can be utilized for ion
formation through acid-base equilibria. Cationization has been the preferred technique for producing
gaseous ions from synthetic oligomers and polymers by desorption ionization. A small amount (10*
to 105 M) of appropriate inorganic salt .such as sodium acetate or sodium iodide dissolved in the
mobile phase docs not impair the chromatography and affords meaningful ESI mass spectra. Because
commercial GPC columns operate at 0.1-1.5 ml/min flow rate, thus effluent splitting was achieved with
a T-junction that supplied only about 8 to 10 ul/min flow to the source to sustain stable electrospray
conditions. Since ESI mass speclrometry uses only a very small fraction of the effluent, conventional
GPC detectors such as a differential refractive index (RI) detector can also be operated in parallel.
Because of multiple charging in ESI, we have been able to extend the technique to higher molecular
weight polymers such as poly(ethylene oxides) with average molecular weight beyond 5,000 Da.
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SUPERCRITICAL FLUID INJECTION AS AN IMPROVED SAMPLE
INTRODUCTION TECHNIQUE FOR THERMALLY LABILE COMPOUNDS
Dar-Der Ju, Yan-Zin Chang, Guor-Rong Her*
Department of Chemistry, National Taiwan University,
Taipei, Taiwan, Republic of China
Supercritical fluid injection has been studied as an improved sample introduction
technique for the mass spectrometric analysis of thermally labile organic compounds.
Sample was first dissolved in supercritical fluid and then introduced into mass
spectrometer through an integral restrictor interface. It is believed that the expansion
of supercritical fluid solution at the end of integral restrictor will result in thermally
"cold" molecules. These "cold" molecules are then ionized with soft ionization
methods such as ammonia chemical ionization or electron capture negative chemical
ionization. Because the molecules are thermally cold during evaporation and soft
ionization methods are used, little fragmentation is expected. Preliminary data with
permethylated glycosphingolipids and fullerene derivatives showed that this approach
compared quite favorably with the spectra obtained with fast atom bombardment
ionization and desorption chemical ionization.

Mo BIO
Sonic Spray interface for CE/MS and LC/MS
A. Hirabayashi, M. Sakairi, and H. Koizumi
Central Research Laboratory, Hitachi, Ltd., Kokubunji, Tokyo 185, Japan
We have developed a novel spray ionization method for interfaces of capillary
electrophoresis/mass spectrometry (CE/MS) and/or -liquid chromatography/mass
spectrometry (LC/MS). This method is called "Sonic Spray" ionization. Although a cross
sectional view of the ion source is similar to that of ion spray, no electric field is applied to
the ion source: A solution introduced through a fused-silica capillary is sprayed under
atmospheric pressure with nitrogen gas flow coaxial to the capillary. Desolvated ions as
well as droplets are produced from the solution by the spray and the ions are analyzed
with a double-focusing mass spectrometer. It is found that the detected ion current
depends on the gas velocity: The ions are detected at a velocity higher than 220 m/s and
the ion current has a maximum at the sonic velocity for nitrogen gas (334 m/s). Above the
sonic velocity, the ion current decreases with increasing velocity. In the supersonic jet, a
shock wave is genera*"'', so the solution is likely to be transferred mostly as large droplets,
not as fine droplets which are likely to form the ions. Furthermore, the ion current depends
on the thickness of the capillary of the ion source: The smaller the thickness, the higher is
the ion current when the inner diameter of the capillary is constant. On the other hand, the
ion current is almost independent of the gas flow rate. Preliminary results obtained from
solutions of peptides and other biological molecules are given in order to discuss the ion
production mechanism.
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Modulated Supersonic Molecular Beam Mass Spectrometry
The RIS0 Approach
Helge Egsgaarda and E. Lund Thomsenb
a

Department of Combustion Research
Environmental Science and Technology Department
Riso National Laboratory, DK-4000 Roskilde, Denmark.
b

Supersonic molecular beam systems reveal a number of unique properties, e.g.
the higher density attainable compared to that of effusive sampling and the
efficient thermal quenching during the adiabatic expansion to supersonic
velocity. Modulation of the molecular beam greatly enhances the sensitivity and
facilitates the detection of highly reactive species, e.g. free radicals at low
concentration levels. Thus, modulated supersonic molecular beam mass
spectrometry has become one of the most powerful! methods in studies of
elementary reactions involving, e.g. O, H and OH radicals and, hence, directly
related to atmospheric and combustion chemistry.
At RIS0 a modulated supersonic molecular beam mass spectrometer has been
constructed based on Extrel C-50 components. To obtain a direct and absolute
determination of the initial radical concentration the system is completed with
an electron paramagnetic resonance spectrometer.
The performance of the system will be illustrated by investigations of beam
characteristica and w'.c-cted examples from radical /molecule reactions.

MOB12
Improved Atmospheric Pressure lonization Interface for LC-MS
BA Andrien, JF Banks, EE Gulcicek, JP Quinn and CM Whitehouse
Analytica of Branford, 29 Business Park Drive, Branford, CT 06405
A robust and universal atmospheric pressure ionization (API) interface has been
designed for routine, research grade performance on a variety of mass spectrometer
platforms. This interface can be operated at low ion energies for use on quadrupoles, ion
traps, TOF systems and Fourier Transform instruments, as well as at high ion energies for
use on magnetic sectors.
A single spray chamber accomodates the use of three separate and complementary
ionization techniques. (1) Nebulization enhanced electrospray ionization allows high
sensitivity detection of biopolymers with liquid fiowrates of 1-1000 ul/min. (2) Atmospheric
pressure chemical ionization (APCI) allows the detection of picogram levels of species
which are generally non-polar in solution, and at liquid fiowrates as high as 15C0 ul/min.
(3) Ultrasonically assisted Electrospray ionization (Ultraspray™) provides the user with
enhanced ionization capabilities for demanding LC conditions, including during the use of
purely aqueous solvents. The high stability of the Ultraspray nebulization process
provides an ideal medium to observe both species conformation and the binding of noncovalent complexes in various solvent chemistries.
Each of these methods makes use of a dielectric capillary and countercurrent drying gas
to afford maximum desolvation prior to analyte introduction into vacuum. Enhanced
transfer optics allow for very high efficiency detection of ions created at atmospheric
pressure. For larger biopolymers, the resultant mass spectra are characterized by very
high mass accuracy by virtue of their multiply charged profiles.
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DBx"-5mss A Special Fused Silica Capillary Column for GC/MS
Analyses; determination of pesticides in trace level.
G.Gaspar1 and E.Pcselier=
Technical Support Europe and 2c isan= Instruments S.A.
85 Av.fi>-i=tideBriand, °*11"' Arcue:! CedeThe DB™-5r = is a chemically inert, low bled 5:'.-pheny! column
certified for GC/MS. Its characteristics allow to optimize the
GC/MS analyses: increased sensitivity through lower cnemical
activity and better peak shape, broader practical application
to adress a wider range of anaiytes, and improved accuracy by
lowering column bleed. As an added advantage, while DB™-5ms i =
ha<=<=ri O" =><-: Hnti'^ly new pel /s™r -y-tom sr.ti prcc = ;^, t^c
retention behavior is, in most rza?.iE?=, indistinguishable Y"-om a
typical 5'/. phenyl column.
As an e::emple, authors describe an application for pesticide
analyses. To increase the sensitivity, .? special injection
technique was used: this is a derived version of the "on
column" technique, it permits to inject several hundreds of
microliters of the sample directly into the GC capillary
column. By injecting 100 u-1 of a 100 ppt concentration level
sample, the value of 85 was obtained as signal/noise ratio for
atr-azine. A bench top GC/MS quadrupole system was used with
Selected Ton Monitoring.

MoB14

Characterisation of a Novel Ion-Emitter for FT-ICR
Iris Spiess', Klaus G a r b a d e 1 , Albrecht G l a s m a c h e r s 2 a n d Karl Peter W a n c z e k '
'Institute of Inorganic and Physical Chemistry, University, D-28334 Bremen, Germany
Ruhr-Universitat, D-44780 Bochum, Germany

2

A multi-layer ion-emitter of a high net heat capacity is characterized by
studying fragmentation of various organic compounds.
The emitter is fixed on a probe rod to achieve a fast sample introduction
and exchange, lonization is induced by a fast discharge of a capacitor.
Because of the high heat capacity of the emitter, we exclude the
possibility of a thermal ionization. The advantages are mechanical stability
and a low threshold voltage for the ionization.
In the present part of the study fullerenes were used to characterize the
fragmentation behavior of the emitter. The investigation was performed
using a Bruker Spectrospin FT-ICR-Spectrometer equipped with a
superconducting magnet of 7.02 T.
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An Enhanced Performance Kleclrospray System tor Magnetic Sector Mass Spectrometers
Boll, P.A., l>ugh,J., Woollilt. A.R.
Fisons Instruments pk, VG Analytical. Manchester M23 9I.K. UK.
A new high sensitivity Fleclrospray Al'el interlace has been developed lor the V(i AutoSpec
series of magnetic sector mass spectrometers. An R.l ; . only hcxapole lens has been incorporated into
the intermediate pumping stage to provide an extremely clticicnl ion transfer system between the iirst,
mechanically pumped region and the third, high vacuum region. The hcxapole lens is also more tolerant
of higher pressures than the original transfer lens system, thus allowing the skimmer apertures to be
increased. Large increases in transmission have been achieved, particularly for low mass ions: factors ol
1000-fold, 100-fold and 10-fold have been measured lor the telrabulylammonium cation (242 Da.,
singly charged), gramicidin-S. (1171 Da., doubly charged) and myoglobin. (17 kDa.. multiply charged),
respectively. Further improvements include the routine use of pneumatically assisted electrospray,
which when combined with a chicane-type of counter electrode, facilitate the production of stable and
reproducible ion currents that are essentially independent ol solvent How rates in the range of one to
lOOUpl/minutc.
This paper will demonstrate the improved performance by presenting uselul detection limits and
by showing the high resolution capabilities given that there is now sullicicnt ion current available to tune
the analyser to resolving powers up to 20000, (10% valley delinition). With the standard photomultiplier
system, good quality mass spectra arc obtainable from less than one picomole of bovine serum albumin,
(ca. 66.5 kDa.), whilst only 10 lemtomoles are required to obtain a similar spectrum using the focal
plane detection system. For small proteins, (molecular weight less than 20 kDa.), the charge state of a
particular multiply charged cluster can readily be obtained by data acquisition at resolving powers of
between 10 and 20000, optionally followed by post-processing using Maximum Knlropy software to give
a significant further apparent resolution enhancement. Data are presented for myoglobin at 15000
instrument resolving power showing that the charge stale may be easily determined.

MOB16
Multi-purpose ion source designs for FT-ICR-MS.
R.M.A. Heeren en Jaap J. Boon
FOM-Institutc for Atomic and Molecular Physics. Kruislaan 407 1098 SJ Amsterdam, The Netherlands
We developed a new easy to use, hydrocarbon free vacuum system tor use with a Bruker-Spcclrospin APEX
70c, 7T FT-ICR-MS equipped with an in house designed switchablc EI/CI ion source. We have the also
equipped the instrument with a Brukcr Infinity(TM)Cell thus improving the sensitivity. A differential pressure
of 5 orders of magnitude between the ICR-ccll region and the source can be maintained, with a three stage
differential pumping scheme, without using cryopumps. A UHV base pressure in the ICR<elI of < 10-10 mbar
with a source vacuum chamber pressure of 10-5 mbar was achieved during CI operation, using a combination
of (hybrid) turbo-drag pumps and a titanium sublimation pump, backed by oil-frcc diaphragm pump. During
El-opcralion, the source pressure amounts to 10-7 mbar, with a cell pressure in the low 10-11 mbar range.
A wide variety of ionisation techniques can be used in the same source housing. Using different types of probes
its is possible to perform SIMS, FAB, MALDI, VUV-ionisalion , El and CI, without breaking vacuum and
rcoptimising (he system. Several examples will be shown in a comparative study between these ionisation
techniques on FTMS and two sector instrument. In stead of this versatile ion source, it is also possible to
mount our own design clcctrospray source. Because of the improvements in our vacuum system only one
additional differential pumping step sufiiscs (0 overcome the pressure difference between atmosferic ionisation
and 10-10 mbar detection. Some ion trajectory calculations for this particular clcctrospray source will show
that it is of extreme importance to properly define the electric field between desolvation capillary and skimmer.
New in this approach is the possiblity to mount an atmosfcric laser desorption interface on (he electrospray
housing. In this interface we use a separated desorption and ionisation scheme. Molecules of interest arc laser
desorbed in an argon atmosphere, and transported through a teflon tubing where they arc confined in a laminar
gasflow. The formed pulsed molecular beam is subsequently ionised in a low pressure region, cither by electron
impact or photoionisation. This minimizes ion losses in the high pressure chamber containing the nozzle and
skimmer. This chamber is also used as the first differential pumping stage. We will show first results with this
technique, showing the possiblitics it offers for spatially resolved atmosferic mass spectromctty.
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Electron Impact and Hyerthermal Surface Ionization Mass Spectrometry In Supersonic
Molecular Beams
Shai Pagan and Aviv Amirav.
School of Chemistry. Tel Aviv University, Tel Aviv 69978, Israel
The electron impact mass spcctromeiry of straight chain alkanes (C8Hi8-C)oH82)and several
alkane derivatives was studied through their sampling with supersonic molecular beams (SMB).
Direct sample insertion, gas chromatography sampling and ullrafast 50 cm short column gas
chroniatography sampling were used.
The 70 eV mass spectra of all the alkanes was characterized by a pronounced or dominant
molecular weight peak, together with all the fragment ions normally exhibited by thermal 70
eV EI-MS. In contrast, the NIST library spectra off all these molecules did not show any
molecular weight peak. Improved library search could be achieved by using the molecular
weight information while ignoring its intensity. The elimination of the intramolecular
thermal vibrational energy also allowed the control over the degree of molecular ion
fragmentation by the reduction of the electron energy. This was achieved with minimal loss
of
molecular weight peak intensity, due to trade-off of ionization ^cross section and
molecular ion degree of fragmentation. Mass spectra with practically M* peak alone were
achieved with large alkanes.
llie GC-MS and fast GC-MS of Csllis-OoHs: was studied, and in contrast to conventional
GC-MS, no peak tailing was observed with all these molecules, combined with up to three
orders of magnitude enhanced M* peak height. The minimum delected amount (MOA) with 70 eV
FI was 60 femlogram of eicosane detected by single ion monitoring at its M+ peak.
We have also studied the hyperthermal surface ionization (HSI) of polycyclic aromatic
hydrocarbons, and explored the use of HSI for the selective aromatic molecule ionization. A
controlled selectivity of 10 anlhracene/dccane was achieved, with only a factor of 4
reduced HSI yield of anthracene at reduced molecular kinetic energies. HSI was found to be a
very sensitive ion source with minimum detected amount of 400 attogram of deutcraled
anthracene through its single ion monitoring quadrupole mass spectrometry detection. HSI of
organic molecules having a group with a high electron affinity resulted in a high efficiency
negative ion formation of thai functional group such as I, Br, Cl, F, NO*2, CN, PO2.

MOB18
A NEW TYPE OF GRAPHITE FIELD DES0RPTI0N EMITTERS
WITH ENHANCED THERMAL STABILITY
M.V.Koeevich, V.A.Pashynskaya, V.S.Shelkovsky
B.Verkin Institute for Low Temperature Physics and Engineering of the
Academy of Sciences of Ukraine, 47 Lenin Av., Kharkov 310164, Ukraine
A new extremely simple method of preparation of field ionization/
field deeorption (FI/FD) emitters is proposed, based on the use of
fracture surface of a graphite rod. The field strength provided by
the sharp edges of graphite microcryetallites exposed on the fracture
surface is sufficient for effective FI process. The macroscopic
dimensions of the working area of graphite rods (fractions of a millimeter) in comparison with activated wires (micrometers) provides high
mechanical, electric and thermal stability of the proposed emitters.
Due to the latter the temperature of graphite emitter may be easily
controlled in a wide range by emitter heating current measured in
amperes and the problem of its direct measurement is also solved by
the possibility of the use of a thermocouple, which facilitates the
study of various temperature-dependent processes [1].
The examples of the applications of FI/FD graphite emitters to
the analysis of some bio-organic compounds, alkali metals, fullerenes, and the thermodegradation of drugs will be presented.
The widespread interest in the development of new technologies
involving different forms of carbon including graphite stimulates a
new area of the harnessing of the proposed technique to the material
research. Namely, a FD emitter may be made from the graphite sample
under study, providing the direct determination of admixtures and
inclusions in the material by their "self-desorption", which will be
illustrated by the results of the analysis of polymethylsiloxanesand dyes-containing graphites.
1. M.V. Kosevich, V.S.Shelkovsky, Rapid Commun. in Mass Spectrotn.
I (1993) 805.
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DESIGN AND PERFORMANCE OF A NEW ESI SOURCE FOR SECTOR MS
Jorg Hau and Michael Linscheid
ISAS Inslitut fur Spektrochemie
POBox 101352, D-44013 Dortmund, Germany
For a sector field MS an electrospray ion source has been designed. The source comprises
three vacuum stages, the first pumped with a roughing pump, the second and third
evacuated using turbomolecular pumps. In order to avoid discharging a resistor chain was
included in the roughing line. Desolvation of clusters is achieved by means of a directly
heated steel capillary according to B. Chait's design; the exit of the capillary can be
adjusted in operation by a set of screws made from insulating material. The entrances to
the vacuum stages are simply holes of 0.6 and 0.9 mm diameter, resp.jn thin aluminum
plates, which performed superior to normal skimmers in our hands. The source body and
flanges were machined from makrolon polymer, giving sufficient stability and electrical
insulation. The ion optics of the source consists of two sets of static quadrupoles, the
potentials of which are under computer control.
The ion optics and the optimization of the parameters will be discussed together with some
theoretical and practical implications.
Further, we will demonstrate the performance of the source by means of several examples
such as proteins, drugs and organo-metallic species.

MoB20
Geometrical Structures in Elcctrospr.-iy lonization
Charbonnier. F . Mo. H.. Rolando-. C . •Sablier, M.. Saru. P.
Ecole Normale Superieure, Departement de Chimie
24 rue Uiomond 75005 PARIS FRANCE
We recently dcucriliudt 11 Ihc characteristics of eloclrofrpruy current, which led to the conclusion that
droplets emission is a fast "pulsated" process, with a frequency up to 300 kHz (depending on spraying
conditions).
During the.evaporation process between the needle tip and the collector (Icm or less, high voltage off,
charged droplets are able to get organized in ;i relatively short time ol" flight (0.1 to lms): on the collector,
recovered products create geometrical figures. Such structures are likely to be due to attraction/ repulsion of
charged droplets and depend on varied factors. We usually observed from two to six "petal" patterns,
arranged in a circle with the center in the needle axis
Effects of the different parameters ^nature of electrolyte, solvent, needle-collector distance, high
votage value, analyte solution flow) on the geometry of these symmetrical structures will be described.
Short chained olefins prove able to form "coral" like structures at the needle tip when submitted to
electrospray process. At relatively low voltage (about 2600V), a droplet is formed, which hangs on the needle
tip; then, at slightly higher voltage (about 2800V), under regular solution flow, the droplet is teared out from
the needle towards the collector and a fractal like structure appears: "corals" begin to grow, with numerous
ramifications of very short life time, exhibiting a fractal-like appearance. Increase of high voltage leads to
vanishing of corals.
Effects of spraying conditions and analyte structure on the phenomenon will be described.

(1) Charbonnier, F.; Rolando, C; Saru, F. and Hapiot, P.; Pinson, J. Rapid Commun. Mass Spectrom. 1993,
7, 707-710
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A N e w Design of Electrospray Ion Source for High Flow Delivery
Beaugrand, C ; Charbonnier, F.; Saru, F.; Rolando, C; 'Sablier, M.
Ecole Normale Superieure, Departement de Chimie,
24, rue Uiomond - 75005 - PARIS - FRANCE
Increasing sensitivity and liquid flow acceptance of electrospray ion sources is a major challenge in
instrumentation. To start with, we have designed and optimized an electrospray ion source using the
capillary heated device described by Chaitt et al (1), three stages of pumping as described by Fenn et al (2)
and a RF-only quadrupole for ion transfer. The two first stages are pumped respectively by a 33 and a 12
cubic meter per hour mechanical pump. The RF only qudrupole region is pumped by a 700 liter per second
diffusion pump backed by a 12 cubic meter per hour mechanics pump. This ion source is fitted on a Nermag
RIO-10 quadrupole mass spectrometer. In this configuration the vacuum is roughly 2.10-4 ton- in the RF-only
quadrupole area, when the source is equipped wilh a 0.75 mm diameter capillary. Overall this electrospray
ion source gave results similar to those described in the literature.
A major improvement has been achieved by changing the capillary tube by a porous one of the same
length pumped by a mechanical pump. This device with a first pumping stage near atmospheric pressure
allows a great increase in the gas flow since the yield of most pumps rises as the pressure increases. Using
the same diameter for the capillary and the skimmers the pressure in the RF-only quadrupole area is about
one tenth of the conventional design.
Two optimizations of this new source will be presented: increasing sensitivity and liquid flow at
constant pumping, reducing the pumping requirement at constant sensitivity.
This new cleclospray ion source is reminding of the Bicmann-Watson separator although the working
conditions are very different.
(1) Swappan K. Chowdhury, Viswanaliiam Katta and Brian T. Chaitt, Rapid Comm. Mass Spectrom 4,81
(1990)
(2) Takashi Nohmi and John B. Fenn, J. Am. Chem. Soc 114, 3241 (1992)

MoB22
Evidence of the High-Frequency "Pulsated" character of Electrospray Current
Charbonnier, F.; Hapiot, P.; Mo, H.; Pinson, J.;
Rolando, C.; *Sablier, M.; Saru, F.
Ecole Nonmilu Supciieurc, Dcpartcmcntde Chimie,
24, rue Lhomond - 75005 - PARIS - FRANCE
We recently described(l) an experimental device allowing studies of fast processes up to 1 MHz , for
investigating the time-dependent structure of an electrospray current. In almost every case (various
electrolytes and solvents), a discontinuous and roughly periodic intensity has been observed (groups of
peaks) for the current at the needle. Averaged spray intensities (in the commonly described range, 0,1 to 1 p.
A) increase with increasing high voltage seemed to be mainly related to the increase in "pulsation frequency"
rather than to the instantaneous current amplitude (roughly constant). The frequency of charged droplets
emission has been estimated of the order of 300 kHz. The fine structure of the current intensity (shape of a
peak) suggested the charging process of a capacitor: rapid charging of the liquid surface, ejectionxpulsion of
droplets (intensity maxima), then slow decrease of the current, corresponding to liquid neutralisation by
charge-transfer process.
The effects of the different parameters (nature of the electrolyte, solvent, geometry and high voltage)
on the current characteristics will be described.
During their migration through the electrostatic field towards an orifice into vacuum, with
simultaneous evaporation, the ion current enterinc the vacuum might retain a periodic structure. We
designed a novel special electrospray interface to perform measurement ofeleclrospray currents, from needle
to nozzlze and from nozzle to skimmers. It is the aim of our actual work to compare these currents.
The "pulsated" character of eleclrospray ionizalion will lead to a greatly enhanced sensitivity using
synchronous detection.
(1) F. Charbonnier, C. Rolando, F. Saru and P. Hapiot, J. Pinson, Rapid Commun. Mass Spectrom. 7, 707-710
(1993)
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Losses of alkane and alkyl radicals from ionized 2- and 3-amino n-alkanes of low
internal energy.
Guy Bouchoux (Ecolc Polylechnique Palaiseau) and Pierre Longevialle (ICSN-CNRS Gif sur
Yvcllc France).
Two series of aliphatic amines, ihe 2- and 3-amino n-alkanes, have been studied by
MIKE spectromciry :
CH3CH(NH2)R
CH3CH2CH(NH2)R R = n-alkyl chain
Ionized amino-2 n-alkanes may lose either R« (alkyl) or RH (alkane) after transfer of
a H atom from C(I) to Ihe incipient radical, leading to m/z 44 or m/z 43 fragment ions
respectively'. The loss of CHi*. more energy demanding, is not observed. The loss of alkanc
has been found to compete with the loss of the corresponding alkyl radical only when R =
ethyl (86%) and propyl (53%). In the case of R = butyl, the loss of alkyl (m/z 44) largely
dominates, and the loss of alkane rapidly vanishes in higher homologs.
Results of molecular orbital calculations on ionized isopropylaminc and 2butylamine will be presented in conjonction with thermochemical data for a tentative
interpretation of this surprising observation.
Higher homologs of this series (from R =hexyl and above) show two other
interesting fragment ions : |M-C2H5)+ and m/z 58 deriving from the initial 1, 2- transfer of
the amine group from C(2) to C(3) in the parent ion. The absence of these ions in the spectra
of lower homologs is in keeping with the mechanism proposed by Audier ct al.2 for the 1,2transfer of NH2 in 1-amino (n)alkanes.
In amino-3 (n)alkancs, the cc-cleavage leading to the loss of ethyl or ethane is found
to be largely dominant over the alternative a-cleavage. Only when R = propyl, the losses of
propyl and propane appear to compete to some extent (3 and 15% respectively) with the other
a-cleavage.
l.J.F. Litton, T.L. Kruger and R.G. Cooks, J. Am. Chcm. Soc.(1976) 98 2011.
S. Hammerum, K.F. Donchi and PJ. Derrick, Int. J. Mass Spectrom. and Ion Phys.
(1983)47 347.
2. H.E. Audier, G. Sozzi and J.P. Denhez, Tetrahedron (1986) 42 1179.

MoB24
A New Electrospray Ion Source for Sensitive ESMS or ES - MS/MS
Investigations - the Micro Electrospray
Matthias Wilm and Matthias Mann
Protein and Peptide Group, European Molecular Biology Laboratory,
Meyerhofstr. 1, D-69117 Heidelberg, Germany
Theoretical investigations in our group led to the result that the diameter of the
emission zone for droplets at the tip of a Taylor Cone is proportional to the 2/3 power of the
flow rate. Therefore, a reduction of the mean droplet size can be obtained by reducing the flow
rate. Based on this concept we have constructed a new electrospray source, the micro
electrospray. Its key feature is a gold plated, extruded glass capillary with an orifice diameter
of only 1 to 3 Jim positioned 1 to 2 mm in front of the orifice to the vacuum system.
Spraying with the new source is more stable than with conventional sources. Aqueous
solutions can be used in positive or negative mode without the assistance of a sheath flow or
a nebulizer gas. Even pure TFA solutions can be sprayed. With very viscous solutions, for
example solutions with a high NaCl load, a positive air pressure can be applied to the
capillary to adjust the flow rate through the capillary to the spray rate. The independence
from the solution composition facilitates the investigations of samples which are difficult to
dissolve in standard electrospray solvents.
The flow rate of the micro electrospray was measured to be below 25 nl/min with full
signal intensity. This fact allows mass spectrometric investigations even in MS/MS mode
using only 0.5 ul sample. Long investigation times of for instance 20 minutes on these small
volumes make it possible to optimize the collision energy and to choose high resolution and
small step widths. Thus, a tryptic peptide of lysozyme could be fragmented and sequenced
using less than 100 femtomoles of material.
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The Use of Atmospheric Pressure Ionisation (API) Mass Spectrometry fur a Structure
Characterisation Service
Caroline D. Bradley and Alan W. Payne
Analytical Laboratories, Research Division, Kodak Limited, Harrow, U.K.
We are using a triple quadrupole mass spectrometer equipped with an atmospheric pressure
ionisation (API) system to characterise a wide range of samples for our synthetic chemists.
Examples will be shown of the application to photographic colour coupling compounds,
surfactants, sugar derivatives etc. where mass spectrometric characterisation using other
ionisation techniques proved troublesome. Spectra from the API technique will be compared to
those from other ionisation techniques in terms of information content and sensitivity. Inherent in
the API device is a robust liquid chromatography interface and by adding an autosampler to the
LC we are able to use the mass spectrometer for a more automated means of analysis. These
analyses are made using loop injections but we are also using the system to offer our chemists a
more routine LC separation service. The results of typical LC-MS analyses will also be illustrated.
The API techniques generally produce simple spectra for our "small" molecules and it is
frequently necessary to increase the structural information available from the spectra by producing
fragment ions. This can be achieved by means of variation of the cone voltage of the API interface
or by conventional MS/MS analysis with collisionally activated decomposition in the RF-only
analyser of the triple quadrupole mass spectrometer. A critical assessment of these two methods
will be presented.

MoB26
Identification and characterization of reagent ions in supercritical fluid
chromatography - mass spectrometry (SPC-MS)
Dag Elteberg & Anja M. Jablonska

Supercritical fluid chromatography, applied with long packed capillary
column, was coupled to a mass spectrometer by the direct fluid interface.
This interface design allows the expantion of the supercritical fluid to
occur at, or close to, the entrance of the ion source. Thus, the mobile
phase is ionized in the ion source and funtions as a reagent gas. Two
different mobile phases, CO2 and 1120, were applied and their cations and
anions were identified. The pressure dependence of the reagent ions was
also investigated. The potential of mobile phases, used in SFC system,
as reagent gases has been proposed for two reasons:
1. Because the mobile phase is always present in tha ion source it may
be used as a reagent gas as well.
2. The introduction of supercritical fluid ini:7 ths ion source produces
gas phase molecules with "lov=r" thermal ensrgy, as a result of cooling
coused by adiabatic expantion. Thus, the production of thermalized
electrons is more efficient, which is an advantage whsn electron
capture (EC) is utilized as an ionization technique.
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Dimer Evaporation from Protonated Carboxylic Acid Clusters and Mixed Clusters
Wan Yong Feng and Chava Lifshitz
Department of Physical Chemistry, The Hebrew University of Jerusalem,
Jerusalem 91904 Israel
Cluster ions formed in a temperature and pressure variable ion source have been studied
by tandem mass spectrometry. Cluster series observed included: (RCOOH)/'
+

+

(RCOOH).H , (RCOOH),(H2O).H , ( H C O O H W C H J C O O H ^ H ;

(R=H, CH3),

(RCOOH), CH 3 CO + . Their

collisionally activated and unimolecular dissociations demonstrate three patterns: RCOOH, H2O
and (RCOOH)2 evaporation. Formic and acetic acid dimer evaportion takes place at n s 6 for
(RCOOH)DH+ and n+m &6 (m=l,2for (RCOOH)B(H2O)nH+).
step reaction was verified by reionization
measurements.

Dimer evaporation as a single

of the neutral and by kinetic energy release

Primary CAD channels are H2O loss at n ^ 3 and HCOOH loss at n&4 for

(HCOOH)n(H2O)H+.

A "proton switch" model is adopted to explain their structures: Open chain

with H2O in the periphery at low n and ring chain with H 3 O + core ion at high n. Kinetic energy
releases were measured
(HCO0H) o (Hj0)H +

and employed to extract binding energies for (HCOOH)BH+,

and (HCOOH)D(H2O)2H+.

The monomer and dimer binding energies are

equal for (HCOOH)nH+ at n=6-8. Thermochemical calculations suggest that the formic acid
dimer evaporates as an open chain species, rather than a cyclic one. Dimer evaporation has
recently been observed for liquid carboxylic acids. This attribute of condensed phases is already
observed at n = 6 for the clusters.

MoC2
Structure elucidation of two minor impurities in bulk allylestrenol by mass spectrometry
J. Brlik, A. Csehi, S. Gorog and Gy. Horvath*
Chemical Works of Gedeon Richter Ltd. H-1475 Budapest, 10, P.O.B. 27, Hungary
"Institute for Drug Research Ltd. H-1325 Budapest, P.O.B. 82, Hungary
Allylestrenol (I) is the active ingredient of several pharmaceutical preparations (e.g.
TURINAL of Richter) having gestogenic activity and successfully used in threatened and habitual
abortion. During the quality control of one of the batches of crude allylestrenol two unknown
impurities occurred in the HPLC chromatogram.
CH2-CH=CH2

The mass spectrum of allylestrenol has been mentioned previously (1). The El mass spectral
fragmentation of several other 17-OH, 17-alk(en,yn)-yl steroids has been discussed in some detail
(2,3).
In this paper we report on the fragmentation of I proposed on the basis of high resolution,
metastable and low eV measurements and deuterium labelling.
This fragmentation pattern allowed us to determine the structures of the two minor impurities,
as being 17ct(2-propenyl)-3,5-estradien-17-ol and 17a(2-propenyl)-4,8(14)-estradien-17-ol.
1. C. J.W. Brooks, B. S. Middleditch: Some Aspects of Mass Spectrometry in Steroid Analysis, in
Modern Methods of Steroid Analysis (E. Heftmann, Ed.), Academic Press, New York, 1973
2. Gy. Horvath and G. Ambrus, 1976. Adv. Mass Spectrom., 78B, 1290
3. Gy. Horvath, Adv. Mass Spectrom., 1989. Vol. 11 A, 896
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NUCLEOPHILIC SUBSTITUTION INDUCED BY NH3 AND CH3NH2 ON THE CIS/TRANS
EPIMER1C DIOLS IN COLLISION CELL OF TRIPLE QUADRIPOLE INSTRUMENT.
V. Gervat, C. Boiirhis, M.C. Perlat, F. Fournier et J.C. Tabet,
Luboratoire de Chimic Organique Structurate, ERS 73, University of
Pierre and Marie Curie, 4 Place Jusssieu, Paris Cedex 05, FRANCE.
Generally, nuclcophilic substitution investigated in the gas phase from positive species involved ion-molecule reactions occuring under CI ammonia condition. It has been shown that the
Sjv|i/Sjsj2 orientation depends upon stereochemistry of the reactive site leading to (M + NII4-H2O)+
(noted as MsH+). For instance, the S^i pathway was favored from trans 1,2-indanediol rather than
the stereospecific SN2 process which is mainly produced from the cis epimer. However, presence of
various species such as MH*, and (M + NH4)+ and (MH-H2O) + does not allow to clarify origin(s) of
the ion-molecule reaction. A similar situation characterizes reactions occurring in collision cell and
involving either dissociation or association (or substitution) with NH3 introduced in collision cell.
Alternatively, from the selected (M+NH,j)+ ion, the mechanism is difficult to be rationalized.
In order to obtain additionnal mechanistic informations, reactivity of the selected (M+NH 4 ) + ion
towards methylamine is investigated in collision cell from low kinetic energy ions. The ERMS studies show that at low E ^ n values, both sN2 an SNi pathways are produced in competition to yield
(MH+CH3NH2-H2O) + and (MH + NH^-I^O)4, respectively. This behavior differs to that observed at
higher collision energy conditions where dissociative processes are enhanced. Orientation of reaction according to stereochemistry of reactive site (benzylic one) will be discussed through kinetic
and thermochemical factors. In addition, introduction of formiate group at homobenzylic position
increases polarisability and thus reactivity of this position which leads to (Mll + NH3-H2O) + and
(MH + NH3-HCO2H) + . Different aspects of the reactivity of formiate towards ammonia and methylamine will be discussed according to the initial stereochemistry and the initial kinetic energy.

MoC4
ACIDITY CONTROL ON INTERNAL PROTON TRANSFERS ON THE ION-DIPOLE
COMPLEXES PREPARED FROM [M-H]' OF DIPHENOL ESTERS OF FATTY ACID.
F. Fournier, M.C. Perlat et J.C. Tabet*
Laboratoire de Chimie Organique Struclurale, ERS 73, U.P.M.C., Paris Cedex 05.
In previous studies, it has been shown that deprotonated phenol ester of fatty acids
isomerized into ion-dipole complexes prior to collision. This process was oriented according to the
negative charge location and two isomeric forms competitively were generated. Decomposition of
each one was considered occurring via one or two consecutive proton transfers to give rise to
formation two pairs of complementary ions. However, the orientation of competitive
decompositions was not enterely clarified and it was assumed that they should depend upon the
reversibility of the second proton transfer. Nevertheless, the strong acidity of fatty acids relatively
to phenols does not allow to verify this assumption.
The increase of phenol acidity towards that of RCOOH should be very useful to confirm the
previous considerations which should offer a more detailed description. For such purpose, the behavior of ortho diphenol derivatives (as HO(HO)Ar-CH2O2C-CH2R with R= -CH2Ar, -(CH2)2Ar
and (CH2)i4-CH3) are investigated. From the experimental results, it appears that both the a' and
f ion-dipoles are produced since their diagnostic ions characterize the low energy CID spectra:
Deprotonation.
-O-(HO)Ar-CH2-O-CO CH 2 -R --: [O=(HO)Ar=CH,,-OCOCH 2 R]
at me phenol site
ion a
HO-(HO)Ar-CH-.-OCO-C(R)H- -> [HO-(HO)Ar-CH2O",O=C=CHR]
ion at
Dep
site
enc
long
ionij'
These isomeric g' and b! forms are distinguished by labelling loss either at phenol position or at
enoJizable site and then, they can be selected to be submitted to CID in order to analyze each specific decomposition according to the initial labelling. Increasing of the acidity of the phenol site
orients the decompositions of complexes via a particular pathway and consequently, the CID spectra are completely modified. The role of relative acidities and other different structural factors will
be discussed to allow a better rationalization of the fragmentations of these aromatic esters.
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GC/MS Localization of Double Bonds in Olefins by Halogencarbene Addition
Markus Howald, Stefan Schiirch, Hans Gfeller and Urs Peter Schlunegger
Institut fur Organische Chemie, Freiestrasse 3, CH-3012 Bern, Switzerland
A novel efficient method for the localization of double bonds in olefins by GC/MS has been
developed. It is working in the microgramme range. In a first step bromofluorocarbene is added to
the double bonds by a phase transfer reaction. The mass spectral fragmentation of the resulting
halogencyclopropane derivatives - which may be separated by gas chromatography - follows strict
rules allowing for a straight assignment of the original position of the n-system. The interpretation
of the mass spectra can be done by using a flow chart decision system.
Various alkenes have been tested, and results will be demonstrated.

MoC6

2

CHARACTERISATION OF CHLORINATED FATTY ACIDS BY MASS
SPECTROMETRY
J.E.Milley1, S.Ayer1, C.M.Musial2, R.K.Boyd1 and J.M.Curtis1.
1
National Research Council, Halifax, Nova Scotia B3H 3Z1, Canada.
Charles Musial Consulting Chemist Ltd., Armdale, N.S. B3L 4J2, Canada

It has been shown that in organic extracts of fish tissue, there are large
discrepancies between the total chlorine concentration (as determined by neutron
activation analysis) and the concentration of identified organochlorine pollutants
such as PCB's chlorinated pesticides, chlorophenols etc.[1]. The latter might
typically account for only 10-15% of the total extractable organochlorine in fish. It
was suggested that a proportion of the remaining unidentified organochlorines
might be accounted for by chlorinated fatty acids. As part of a study of the
unidentified organochlorines in the total lipid extracts of marine organisms, we are
attempting to identify chlorinated fatty acids following lipid class fractionation. As
a preliminary step it has been necessary to synthesise a number of chlorinated
fatty acid standards.
Here we report a comparison of techniques to determine chlorinated fatty acids by
mass spectrometry. Molecular ions were not observed using either positive ion El
or Cl. In contrast, methane negative ion chemical ionization resulted in abundant
[M+CIF ions and hence GC/MS of the chlorinated fatty acid methyl esters might be
an appropriate method. However, it was found that spectra were difficult to
reproduce and changed dramatically with ion source temperature.
A more
satisfactory approach is to use LC/MS with negative ion APCi . In this way
detection limits for chlorinated fatty acids of around 1 ng in full scan mode were
obtained for dichloro- C18 fatty acids spiked into iipid extracts.
[1] C. Wesen, G.E.Carlberg, K. Martinsen, Ambio, 36, 19 (1990)
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The Benzyne Mechanism in the Gas Phase Ion/Molecule Reactions of Haloarenes
Harrald V. Linnert and Jose M. Riveros
Institute of Chemistry, University of Sao Paulo, Sao Paulo, Brazil
Strong gas phase bases (NH2", OH") react with bromobenzene and iodobenzene by abstracting a
proton to yield the corresponding C^H^X" ion which readily yields benzyne by a halide transfer of a
reaction with other substrates, or by slow collisionally induced dissociation in an FT-ICR spectrometer.
This latter process can be considered as a stepwise benzyne type mechanism. These same reactions with
o-, m-, and p-C^IfyDBr reveal that abstraction occurs statistically from all positions in the ring without
measurable isotope effect. The subsequent reaction of the halophenide ions suggest that all the
dehydrobenzenes can be generated in these reactions.
The reaction with MeO" has been previously reported (Riveros, Ingemann and Nibbering, JACS
1991,115, 1053) and generates directly benzyne by an elimination process.
MeO" + C 6 H 5 B r -> C 6 H 4 + (CHjOHBrl"
This same reaction with the monodeuterated bromobenzenes reveals that the above reaction is exclusively
a 1,2-eIimination reaction yielding only the o-benzyne The slow endothermic proton abstraction reaction
also confirms in this case that abstraction occurs almost exclusively from the ortho position.
Subsituted bromobenzenes display a substantially different reactivity pattern much alike what has
been observed in other substituted halobenzenes, and no evidence has been obtained for the occurrence of
a benzyne type mechanism.
The extension of this work to the 1- and 2-bromonaphtaIene reveals very similar behavior to
bromobenzene. By suitable bracketing of ion/molecule reactions it has been possible to derive a value for
the heat of formation of naphthyne, C j 0 H 6 .
* Supported by the Brazilian Research Council (CNPq) and the Sao Paulo Science Foundation (FAPESP)

MOC8
FRAGMENTATION PATTERN OF SOME a-ARYL-VINYLETHERS: OBSERVATION OF A
"MCLAFFERTY + 1" TYPE REARRANGEMENT
B. Gioia, M. Colombo, L. Franzoi and E. Arlandini
Pharmacia - Farmitalia C. Erba R & D/Analytieal Chemistry - 23014 NERVIANO (MI) - Italy
Some a-aryl-vinylethers of general formula I (where R = NO2, CN, COCH3, COOCH,, H, CH3 and
OCH,), obtained by regioselective arylaticm of acyclic eool ethers catalyzed by palladium complexes "•*>,
have been examined by GC-MS. Their election ionization (El) mass spectra show molecular ions of low
intensity and more abundant [M - CH3]* ions. The most interesting
feature is the presence of fragments corresponding to the loss of 55 and
CH 2
56 mass units from [M]* , clearly deriving from the butyl side chain:
the origin of these ions can be attributed to the occurrence of a
"McLafferty rearrangement" and of a "McLafferty + 1 double
hydrogen rearrangement" on the double bond of the vinyl ether. In
particular the double hydrogen rearrangement, which is considered
characteristic of the ester and similar functional groups0', has been
A
previously observed also in vinyl ethers but with much lower
intensity'41.
Moreover the intensity of the ions deriving from these two
I
rearrangements may be correlated to the electron-withdrawing or
electron-releasing properties of the substituent bonded to the aryl
group, suggesting a possible explanation for their unusually high intensity.
REFERENCES
1) W. Cabri, I. Candiani, A. Bedeschi and R. Santi, Tetrahedron Lett., 22, 1753 (1992).
2) W. Cabri, I. Candiani, A. Bedeschi, S. Penco and R. Santi, J. Org. Chem., SI, 1481 (1992).
3) F. W. McLafferty, "Interpretation of Mass Spectra"; Third Edition; University Science Books, Mill
Valley 1980; p. 73.
4) F. W. McLafferty, Anal. Chem. 3_i, 2072 (1959).
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Unidirectional Triple Hydrogen Migration of Long Chain Alkyl and
Alkenyl Benzoates under Electron Impact Conditions.
IoanOprean1, Ingrid Buhrow2, Wolfram Schafer2
') Institute of Chemistry, Cluj-Napoca, Romania
2
) Max Planck Institut fiir Biochemie, Martinsried, Germany
Studying El induced fragmentation of long chain alkylesters of trimellitic anhydride and
imide, Meyerson et al1) and Djerassi et al 2) observed an unidirectional migration of three
hydrogens from the alkyl chain to the charged aryl moiety. Winik et al 3) presented a
'flexible chain model' for explanation.
Our results with different series of alkylesters
//—*.
-COOH,

+H

R: R'-C6H4-N=N- (R'r Cl, NO 2 , H, N(CH3)2), C6H5-CH=N-, C 6 H 5 -N=CH,
-NO2, -CN, -CHO, CH3CO-, C6H5CO-, -NH2, -N(CH3)2
demonstrate:
a) only electron withdrawing substituents induce triple hydrogen migration; the intensity
of the rearrangement ion depends from the Hammett value of the substituent.
b) the dependence of the intensity of the rearrangement ions from the length of the alkyl
chain (C6-C24) differs from that found for trimellitic anhydride '- 2 ' 3 ). So the flexible
chain model may be modified / improved.
" S. Meyerson and L.C. Lcilch, J. Am. Chcm. Soc. 21, 2244 (1971);
> J. Cable and C. Djerassi, ibid. 22.3905 (1971);

2
3

) M.A. Winnik, D. Saunders, G. Jackcwski and R.E. Trucman, ibid 26, 7510 (1974).

Mo CIO
THE LOSS OF METHYL, HYDROXYL AND WATER IN THE EI-MS OF CHALCONE
Ardanaz C , Jofre V., Guidugli F.° and KavkaJ.
Universidad Nacional de San Luis, Facultad de Quimica, Bioquimica y Fannacia, Departamento de Quiraica
Organica, San Luis, Argentina. "Act. Fisons tnst., Milano, Italy.
Interesting results found in previous studies of the MS of flavone, flavonol, flavonone, naphthoflavone and
different derivatives of them, prompted us to undertake the analysis of the electron impact fragmentation of
chalcone (l,3-diphenyl-2-propen-l-one).
ID a previous work developed in collaboration with tbe group of the CINVESTAV (Mexico), we found a
clear interpretation for the (M-l) + ion and its subsequent fragmentations^.
Some fiagments of the EI-MS of chalcone, a simple molecule, were in the present study reinvestigated by
our group. A clear notation for the nwJianicm of formation of the fragments (M-l) + and m/z 13O(2> were found.
The MS of chalcone showed extremely small signals (1-2%), which were attributed to the loss of a methyl,
hydroxyi and water fragments from the (M)"+ and (M-l) + species. These unusual losses from a stnicture like
chalcone can be explained by a rearrangement of the (M)' + and (M-l) + species.
For the (M)' + of chalcone, the experimental data obtained using labeled compounds (2H and I 3 C), high
resolution measurements and linked-scan techniques as well as mass-analyzed ion kinetic energy spectrometry
through coUiaonal experiments by ion-trap spectrometry showed that the rearrangement of chalcone to a
dibenzocycloheptanooe [(5,6-dihydro-7H-dibenzo-{a,c)<yclohepten-7-oDe)) structure was the consequence of the
transfer of two aromatic hydrogens to tbe olefinic linkage.
These rearrangements explain the signals attributed to the loss of ketene and the spectral evidence of a
fluorene km. The loss of carbon monoxide from the rearranged (M)' + explains tbe formation of
dihydrophenanthrene like ions.
From the contraction of the central ring of tbe dibenzocycloheptanone formulation arises tbe keto form of
the 9-trydroxyl-iO-methylphenanuirene. From this structure it is possible to explain the loss of the methyl, bydroxy!
and water fragments. The sequence of losses previously indicated can be also attributed to the fragmentation of the
(M-l) + provided that (M-l) + is a mixture of ions of the flavilium type and its rearranged formulations.
When these signals of the E- and Z- isomers of chalcone are compared an interesting fact can be observed,
the fragment of both isomers shows different intensities. These differences will be discussed.
(1) Kavka J. et al, Org. Mass Spectrom., J9, 502(1984); JL117(1986); 22,479(1987); 26,862(1991); 27,1299(1992).
(2) Kavka J. et aL Rapid Conm. Mass Spectrom., 5,569(1991); 5, 5(1991).
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Fragmentation Patterns of Cyclobutane Derivatives upon Electron Impact limitation

Bela Torok and Iren Kapocsi
Department of Organic Chemistry, JozsefAttila University, Dom ter 8. Szeged, H-6720 Hungary

Cyclobutane derivatives are important building blocks in organic synthcis, especially in the preparation of some
natural product derivatives. Studying these relatively simple molecules allow a better understanding of the fragmentation
properties of the cyclobutane ring. In addition, these data may help to interpret the mass spectra of natural products
containing cyclobutane skeleton.
The following cyclobutane derivatives were synthesized for mass spectromelric studies: carboxylic acids, esters,
hydroxymethyl- and bis(hydroxymethyl)-cyclobulanes, bromocyclobutanes, cyclobutanediols, silyl ethers of the hydroxy
con pounds and alley! substituted cyclobutanes. Mass spectrometric studies were carried out with a Hewlett-Packard 5970
mass spectrometer (coupled with a HP 5890 gas chromatograph) with electron impact ionizalion (70 eV).
Upon ionization several secondary transformations proceed in the mass spectrometer, such as fragmentation and
rearrangement reactions. Fragmentation pathways are generally characteristic for these types of compounds. Loss of the
methyl and carboxyl groups were observed respectively and typical McLafferty rearrangement took place for carboxylic
acids and esters. However, in the fragmentation of cyclobutanediols and their various silyl ethers, fragments due to nontrivial bond ruptures appeared. Symmetric cleavage of cylobutanc ring occured providing only one primary fragment with
m/z: M + / 2 for diols and bis(trimethylsilyl) derivatives.
Typical fragments of the cydobutanc ring can be detected in all cases except for cyclobutanediols and their
derivatives. These fragments are [ C n H 2 n . i ) + ions, but their structures cannot be determined unambiguously on the
basis of mass spectra alone. However, the comparison of standard heat of formation of each possible positively charged
radical ion shows that the formation and existence of corresponding substituted allyl type of cations are the most
probable.
Formation of non-typical fragments can be interpreted (and may be predicted) by bond order calculations. Bond
orders were computed after full geometric optimization by force field and semiempirical quantum chemical methods
which give suitable simulation for the actual events, since ions in the mass spectrometer can be considered as isolated
(gas phase, low concentration).
Acknowledgement This work was supported by the National Science Foundation of Hungary, through Grants OTKA
1885/1991 and T 4311.

MoC12
Rearrangement reactions on £1 ionizatioa of a-pbenykinnanuc add trimethrlsilvl esters; Practical and theoretical aspects
Istvan Palinko 1 ', Gyula Horvath2, Bela Torok1 and Gyula Tasi3
s

Department of Organic Chemistry, JdzsefAttila University, Dom ter 8, Szeged, H-6720 Hungary
institute for Drug Research, Beriinistr. 47-49, Budapest, H-1045 Hungary
Applied Chemistry Department, JdzsefAttila University, Rerrich B. ter 1, Szeged, H-6720 Hungary

3

Trunethylsilvl esters of a-phenylcinnamic acid isomers were studied by the GC-MS method (Hewlett-Packard 5890
equipped with a quadrupole mass selective detector) and high-resolution mass spectrometry (Finnigan MAT 8430). Upon
electron impact (El) ionizalion the molecules underwent several types of fragmentation. The fragmentation patterns for
the two isomers (E and Z) were the same, the relative abundance of fragments only differed. The structures of most
fragments could be rationalized easily. However, there were three fragments {m/z: 135, m/z: 152 and m/z: 237) of
appreciable intensities (8.5-21.6%) whose structures and the mechanisms of their formation were intriguing. Structure
elucidation is reported in this work alongside with suggestions concerning the elementary steps leading to these moieties.
It was indicated in a recent paper [1J that rearrangement reactions could take place upon El ionization of aphcnylcinnamic acid esters resulting in the formation of benzopyrilium ions. We also identified the relevant species (m/z:
295), however, this rearrangement pathway was of minor importance. Here, the very labile O-Si bond was not cleaved. In
most other fragmentation reactions of these compounds the O-Si bonds were cleaved preferentially (m/z: 207). The high
relative intensities at m/z: 281 and m/z: 179 indicated that Si-CH3 and C(olefinic)-C(ester) bond scissions were also facile.
High-resolution mass spectrometry revealed that fragments of m/z: 135,152 and 237 all contained Si. This observation could
be interpreted by rearrangement reactions: after O-Si and Si-CH3 bond scissions, the Si-containing moieties migrated to
other parts of the molecule. Migration was accompanied by CO 2 elimination in the case of fragment m/z: 237 and a
C(olefinic)-Si bond was formed in place of the C(olefinic)-C(ester) bond. Fragment m/z: 152 was formed similarly, except
the target of migration was a detached pbenyl group and a dimethylphenylsilanol ion was produced. The loss of OH
transformed m/r. 152 to m/z. 133. The basicfragmentationpathways could be predicted by semi-empirical (AMI) quantum
chemical method. Bond order calculations on the geometrically optimized molecular ion revealed that the O-Si bond was
the weakest and the Si-CH3 and the olefinic(C)-C(ester) bonds were easy to cleave. A comparison to the AMl-optimized
neutral molecule showed that the parent ion was formed via the removal of an electron from the olefinic double bond. This
ion was involved in theoretically predicted and experimentally found fragmentation reactions and gave rise to various
rearrangements reported in this contribution.
Acknowledgement: This work was supported by the National Science Foundation of Hungary through grant F4297/1992.
[1)

Madhusudanan, K.P.. Murthv. V.S., Fraisse, D. and Bccchi. M., Organic Mass Spectrometry, 26 (1991) 505.
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Differentiation of Two Diastereoisomeric Spirolactones by Tandem Mass Spectrometry
C. Borges*, V C M . Dale**, D. Despeyroux**, K.R. Jennings** and MA. Almosier Ferreira*
•Department of Chemistry, University of Lisbon, R. Ernesto Vasconcelos,
Edif Cl-5° Piso, 1700 Lisboa, Portugal
''Department of Chemistry, University of Warwick, Coventry CV4 7AL, U.K.
Two new potentially bioactive spirolactone diastereoisomers were synthesised, introducing the
Ot-methylene-y-lactone unit into furanosidic derivatives (I). The spectra obtained under electron impact
(El) answer only part of the question related to 'heir respective stereochemistry (2).
In order to differentiate between these isomers, the behaviour of the [M+Cat]* ions (where Cat = H, Li,
Na and K) under high energy CID (collision-induced dissociation) conditions was investigated . It is now
well established that additional structural information can be obtained by comparison of the tandem mass
spectra of the protonated molecule and metal adduct of biomolecules (3).
The CID spectra were acquired on a Kratos Concept IIHH four-sector mass spectrometer fitted with
LSIMS source and scanning array detector. The collision energy was set at 4keV by floating the collision
cell at 4kV and helium was used as the collision gas.
When Cat = H and Li, the results obtained show that differences related to the loss of one or two
molecules of acetone from the precursor ion can be used to distinguish readily between the two
diastereoisomers. Moreover the CID spectra of the [M+Na]* and [M+K]' show striking differences
between the isomers and with the previous MH* and [M+Li]* CID spectra. This therefore illustrates that
attachment of a larger cation completely changes the fragmentation pattern of these compounds.
A similar study has also been carried out on a FTICR instrument. The results obtained will be presented
and compared with the El and CID spectra.
( D A P Rauler. J.A. Figueiredo, I. Ismael, M.S. Pais. A.G Gonzales. J. Diaz and IB. Barrera.y. Carbohyd. Chem.6. 259,
1987
(2) C. Borges. M.A. Almoster Feneira and A.P Rawer, Biomed. Environ. Mass Spectrom., 16, 399, 1988
(3) L.M. Tceschand J. Adams. Org. Mass Spectrom., 27. 931-9-1; .1992.

MoC14
BEHAVIOUR OF DEPROTONATED POLYHYDROXY STEROIDS UNDER LOW COLLISION ENERGY :
STEREOCHEMICAL EFFECTS
M A . POPOTf, F. FOURNIERJ, P. GARCIA I, J.C. TABET2
1. L.A.B, 169 Avenue de la Division Leclerc, 92290 Chatenay-Malabry France.
2. Latwralorre de chimie organique structurale, U.P.M.C (PARIS VI), 4 place Jussieu PARIS cedex 05 France.
20p-Hydrocortisol
is a metabolite of cortisol in the horse as well as 5p'-androstan-3a!ip<- diol-l7one, 5aandrostan - 3 a - 1 lpdiol -17-one. Some other diastereo- isomers were chosen, and a systematic study was carried out
on all of these compounds: 50-androstan 3a, 16a- dial -17one ,5P-androstan -3p\16a-dio! -17one,5P-androstan 3a,15ot-diol-17-one .The use of positive ion chemical ionisation shows interesting differences which are sometimes
difficult to interpret because of the proton migration. Furthermore, the interpretation is not easy because of large
number of fragmentations due to the consecutive losses of H2O molecules. However, the interpretation can be
possible assuming (hat the strength of ring junction is an important factor for orientation of fragmentations.
In negative chemical ionisation, the sensitivity is comparable but fast fragmentations in ion source are less
abundant and stereochemical effects are strengthened. Under low collision e n e r g y ^ n ^ 50eV), two types of
fragmentation mechanisms are observed:
Charge promoted fragmentation.
Remote charge process.
_
The isotopic labelling using N D J as the reactant gas and the study of [Mdi - D ] ions shows that the majority of the
processes is induced by deprotonation in ring D.Furthermore, we can observe the toss of Hi which proceeds
regioselectivly by the 15 position : both [Mdi - D - H2] and [M - H - Hi] exhibit slereochemical effects upon
collisionally induced fragmentation . Consequently we can suppose that the difference of stereochemistry related
in ring A retained after Hi loss. (M - H] is decomposed after loss of Ha in the collision cell like ion [M di - dj "
: Hi loss is regiosetective. The loss of CH« shows that only the angular methyl in 18 position is concerned.
According to these preliminary results, the use of labelling by NDs will be extended to improve explanations of
fragmentation mechanisms.The change of cis A-B ring junction into trans geometry causes spectacular variations
in low collision energy mass spectra.Other stereochemical effects will be discussed in particular the feasibility to
produce H transfer.
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THE STRUCTURE ELUCIDATION OF NOVEL STEREOISOMERS OF TRICYCLIC
SATURATED COMPOUNDS BY GAS CHROMATOGRAPHY-MASS SPECTROMETRY.
Nickolay S. Kulikov, Marina S. Bobyleva
Department of
Moscow, Russia

Chemistry,

Moscow

State

University,

119899,

Structural elucidation of novel isomeric compounds poses
many complicated problems in chemistry. It is especially actual
for polycyclic saturated compounds representing complicated
mixtures of stereoisomers. Identification of known stereoisomers by GC-MS can be carried out using retention indices
and/or mass spectra provided that both
sufficiently differ.
However, the assignment of any novel stereoisomer without an
additional data becomes practically impossible.
As an approach to get over this hindrance we consider the
study of the relationships between the energetics and spatial
structure data of isomers obtained by molecular modeling
methods, the peculiarities of their molecular-ions fragmentation and GC-retention. An important additional structural
data we have obtained by the use for the separation of
stereoisomers
along
with
conventional capillary columns
microbore column packed with graphitized thermal carbon black
(GTCB).
Owing to relationships being found between retention
parameters, in particular on GTCB, and stereospecific features
of fragmentation the structure of novel stereoisomers of
perhydroxanthene,
perhydrothioxanthene
and some of their
structural congeners have been elucidated.

MOC16
STEREOSPECIFIC FRAGMENTATION OF ISOMERS OF SULPHUR-CONTAINING
SATURATED TRICYCLIC COMPOUNDS AND STRUCTURE OF THEIR ISOMERIC
IONS STUDIED BY GC/MS/MS.
Marina S. Bobyleva, Nickolay S. Kulikov, Marina V. Zaitseva
Department of Chemistry, Moscow State University, 119899, Moscow,
Russia
The stereospecificity of the fragmentation of isomers of
investigated compounds I-III is caused by a competition of two
groups of processes. The fragmentation of trans-fused isomers is
characterized by predominant 06-cleavage, while the fragmentation
of cis-fused isomers proceeds mainly through the ^-cleavage.

The collision-induced dissociation of the most abundant ions
produced by these processes has been studied by GC/MS/MS. We have
observed quite distinct dissociation pathways for ions of the
sane m/z produced both from different compounds (I-III) and
stereoisomers and attribute this behavior to the formation of
different
isomeric structures for the ions, which do not
rearrange on the time scale of our experiment. In particular, the
formation of two isomeric structures IV and V due to competing
processes of the middle-rir.g bonds cleavage of compound II has
been established. The different dissociation pathways for the
characteristic ions can be used to differentiate stereo.isomers.
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CYCLOPROPANE FATTY ACIDS :
Location of cycle position by GC-MS .
C. LAGEOT; A. RALAIMANARIVO; J.P. BIANCHINI; I. BOMBARDA; E. GAYDOU
Laboratoire des Aromes . Laboratoire de Phytochimie.
Sciences. St. Jerdme . 13397 MARSEILLE
Cedex 13 .
University

du

Pacifiquc.

Tahiti.

Polynlsie

francaise

Facuiti

des

.

Cyclopropane fatty acids are found in Sapindale plants such as
Litchl . Hydrogenation and methoxylation of these compounds yield
straight and branched chain esters , analysed then by gas
chromatography/mass spectrometry ( GC-MS ) .
Spectra are dominated by four or six peaks , permitting ring location
Analysis of fragmentation
patterns conducts
to these new
structures
:

m = 7

m = 7

m = 5

m = 5
CH3-(CH2)7-CH-CH-(CH2) m -COOH

CH3.(CH2)«rCH-CH-(CH2)7-COOH

<D 9

m = 3

m = 3

m = 1

m = 1

MOC18
SELF-IONIZATION IN THE NEGATIVE ION CHEMICAL IONIZATION MASS
SPECTROMETRY OF FATTY ACIDS.
Valery G. Voinov

Pacific Institute of Bioorganic Chemistry, 690022, Vladivostok-22, Russia.
As it was earlier stated [1] the remote site fragmentation observed in the CAD MS/MS experiments
are to be identical regardless of the ionization method employed for the formation of molecular adduct ions.
We already have presented results, demonstrating remote site fragmentation in the resonance electron capture
mass spectrometry (REC MS) without collisional activation [2]. Here we report on the observation of the
remote fragmentation of the molecular adduct-ions, formed in the chemical ionization processes.
It is known that the formation of ions in a chemical ionization (Cl) source is complex process,
involving both unimolecular and bimolecular collisional reactions, including self-CI ionization. We
investigated aliphatic fatty acids (with palmitic acid Cjg.Q M.W.=256 as a model) in negative ion mode using
CI/EI combined reorganizing source without enhancement gas. At low concentration of the sample in the
ionization chamber (El mode) the peaks of ions (2M-H)\ RCOO", (M-H-H2O)- and (M-H-CnH2n+2)" w e
observed. After pressure increasing (change to CI mode) the additional peaks of ions (M+12)~ m/z 268 and
(M-13)' m/z 243 have appeared. Besides instead of peaks (M-H-C n H 2n+2 )" the peaks (M-H-CnH2n.2)" with
m/z from 117 up to 243 have raised. These ions could be produced by both ion/molecule reactions and
dissociation of the dimmers of carboxylic acids.
To clarify the origin of ions under discussion, the simultaneous registration of four ions in multi-ion
detection mode has been performed. According to the mass fragmentogram the formation of ions pairs with
m/z 243-268 and 25S-S11 occurs by two different ways since ions in the pairs are forming in phase while the
pairs themselves are not. It allows one to conclude that (M+12)* and (M-13)" ions are the result of gas-phase
reactions in self-CI processes and the ions (M-H-C n H 2n .2)' are the one more example of remote
fragmentation, occurring without collisional activation.
1. M.Bambagiotti A., S.A.Coran, F.F.Vincieri, T.Petrucciani and P.Traldi, Org. Mass Spectrom. 21, 485
(1986).
2. a). Voinov V.G., Boguslavsky V.M., Elkin Yu.N., Organic Mass Spectrom., in press;
b). Voinov V.G., This Conference, Abstract N:
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Matrix interactions in LSIMS spectra of two peracetylated 1-thio P-D-glucose
C. Gardrat1, B. Joseph2, P. Rollin2, C. Vitry1-3 and G. Bourgeois3
'Institut du Pin, University Bordeaux 1, F-33405 Talence Cedex
Laboratoire de Chimic Bioorganique et Analytique, BP 6759, F- 45067 Orleans
3
CESAMO,Universit6 Bordeaux 1, F-33405 Talence Cedex

2

LSIMS spectra of peracetylated 1-thio p-D-glucosc la and 1-thio 5- thio P-D-glucose l b were
obtained using a VG-AutoSpec Q apparatus with a 35 keV caesium ion beam in three matrices :
metanitrobenzyl alcohol (NBA), glycerol and thioglycerol.
With NBA two quasi-molecular ions were observed : (M+H)+ and (M+Na)+; with glycerol a
protonated molecule (M+H)+ was detected and with thioglycerol, spectra exhibited quite different ions
corresponding to (M+Na)+, (M+Matrix-2H+Na)+ and (M+M-2H+Na)+.
The products 2 and 3 were synthesized and their LSIMS spectra were examined using a
thioglycerol matrix. These spectra showed cationized molecules corresponding to the ions observed in
the LSIMS spectra of 1.

OAc

0Ac

OAc

Y

OH

0Ac

a: X - O - b: X - S
This phenomenon seems to be an other example of compound-matrix interactions which have
been recently reviewed (1,2).
(1) K. VEKEY and L.F.ZER1LLI, Org. Mass Spectrom., 26, 939-44 (1991)
(2) E. DE PAUW, A. AGNELLO and F. DERWA, Mass Spectrom. Rev., 10,283-301 (1991)

MoC20
FAST ATOM BOMBARDMENT MASS SPECTROMETRY OF 1-O-METHYL HEXOSES AND

DEOXVHEXOSES

Jan W, Dallinqa. Danielle M F A Pachen and Jos C.S. Kleinjans
Universily ol Limburg. Faculty ol Health Sciences. Department ot Health Risk Analysis and Toxicology. Maastricht,
The Netherlands
spectra ol the |M-H)~ ions of both the 1-O-Melhylhexoses

Various «- and |l-1-O-Melhylhexoses and |)-1-O-Methylatom

and the 1 -O-Methyl-deoxyhexoses are completely different

bombard-menl (FAB) mass speclrometry, in combination

Irom the corresponding spectra of the underivatized

with collision induced dissociation (CID).

saccharides.

deoxy-hexoses have been studied using fast

The positive ion collision induced dissociation spectra

The most important fragmentation reaction of the

of the [M+H-CH 3 OH]+ ions and the (M+H-CH 3 OH-H 2 O|*

hexoses and deoxyhexoses. the elimination of a C 2 H 4 O 2 /
molecule 1

ions contain little surprises, when compared to each other

C2H4O

and to the corresponding [M+H-H 2 O) + and |M+H-2HjOl +

completely sup-pressed in the 1-O-Methylsaccharides ions.

ion collision spectra of the underivatized hexoses and

In stead, peaks due to the elimination of a HSO or a CH 3 OH

[M-H|* ions, is almost

molecule, peaks due to the combined elimination of H 2 O or

deoxy-hexoses.

CH 3 OH and a C 2 H 4 O 2 / C 2 H 4 O or corresponding molecule

More pronounced differences are found in the CIDspeclraofthe

from the

and a peak at m/z 59 (C 2 H 3 O 2 -) dominate the IM-HJ" ion

[M+H-CH 3 OH-2H 2 O]+ ions ol the p-1-O-

CID spectra, in a wide variation of relative intensities.

Methyl-deoxy-hexoses. Combination of the various collision
induced dissociation mass spectra and -OD labelling

Again, additional information in regard to the

enables the formation of fragmentation pathways and the

Iragmentation pathways and ion structures is gained from

assignment of ion structures.

OD labelling experiments.

Adding a NaCI solution to the saccharide / matrix mixture
gives rise to the formation of [M+Na| + ions. The CID spectra
of these ions show peaks corresponding to [M+Na-H 2 O] +
ions, [M+Na-CH 3 OH)+ ions, and |M+Na-H 2 C-CH 2 01 + ions.
OD labelling experiments provide information with regard to
the origin ol the eliminated molecules.

1

The negative ion collision induced dissociation mass
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FRAGMENTATION OF BIS(DIMETHYLSILYL)ALKANE IONS IN EIMS
Masao YAMAMOTO, MihoKAWAI, NorikoMURATA.andTakaeTAKEUCHI
Dep. Chem., Fac. Sci., NaraWomen's Univ.,Nara-City,630, JAPAN

We have studied systematically the fragmentation of alkylsilanes which substituted one or two carbon
atoms of straight chain alkanes for silicon atom(s). From the comparison with monosilanes and
hydrocarbons, we have confirmed the formation of some interesting fragment ions, that is, m/z 73 ion
stabilized by a-n conjugation, the ion by the cleavage of Si-C bond, and the ions by the losses of H-atom
and H2-molecule from M**. Moreover, in EIMS of 1,1,2,2-tetramethyIdisilane, we have found the ion of
m/z 73 which is formed by the exchange between an H-atom and a CHj-group on each silicon atom
through the four-membered bridged structure. We propose

n=2

59

86

the results of the fragmentation mechanism forbisfdimelhyl-

CH,
CH,

sflyQafkane ((CH3) 2 SiH-(CH 2 ) n .SiH(CH 3 ) 2 ). When the number

58 73

of CHg-group increases, the fragment ion formed by the

43

exchange between an H-atom and a CH 3 -group mentioned
above decreases. The abundances of

.1

the fragment ions

formed by a rearrangement of an H-atom increase due to the

CH,

103

1

131

ll.[. ! L

n=3

59

146M*'

CH,

CH,

H-SI-(CH2),-SI-H

formation of a cyclic structure. It is reasonable to consider that

CH,

CH,

„ 85 100

these ions are formed via a five-membered ring if n=2 and a
six-membered ring if n=3. Ab initio MO calculations were also
carried out about the ion structures.

CH,

H-SI-ICHJJJ-SI-H

mlz

,ll

11I

I

too

145
I 159
. 1 1160M*MO

MoC22
FRAGMENTATION OF SILASPIROALKANES IN El MASS SPECTROMETRY
Takae TAKEUCHl, Naomi YONEZAKI and Masao YAMAMOTO
Department of Chemistry, Faculty of Science, Nara Women's University, Nara 630, Japan

We have systematically studied the fragmentation mechanisms of alkylsilanes in El mass
spectrometryfl]. In the present study, the fragmentations of the following five silaspiroaikanes
combined with four-, five- and six-membered rings have been studied: (1) 6-silaspiro[5.5]undecane; (2)
5-siIaspiro[4.5]decane, (3) 4-silaspiro[3.5]nonane; (4) 5-silaspiro[4.4]nonane; (5) 4-si!aspiro[3.4]octane.
The El mass spectra of all five silaspiroaikanes showed large molecular ions, [M-C2H4]4" and [M2C2H4]+'. We observed the metastable peaks due to a C2H4 loss from M+* and due to a C^K, loss
from [M-C2H4]+'. This means that the main decomposition process is the consecutive losses of two
ethylene molecules. The relative intensity of the molecular ion decreased with the reduction of ring
size in the silaspiroalkane. In the El mass spectrum of (1), the m/z 126 ion is produced due to a C3He
loss from M+p; the m/z 98 ion is due to a C3H6 loss from [M-C2H4}4"; the valz 12S ion is due to a CH3
loss from [M-C2H4]'1" ; and the m/z 97 ion is due to a CH3 loss from [M-2C2H4]'*".
Since thefragmentationin mass spectrometry starts from the molecular cation radical, we calculated
the molecular cation radical by the ab initio MO method with 3-21G* basis set. One of four Si-C
bonds in 4-silaspiro[3.3]heptane was lengthened by 0.57A from 1.89A in neutral molecule(M) to 2.46A
in molecular cation(M+'). In 4-silaspiro[3.4]octane, one of four Si-C bonds was lengthened by O.61A
from 1.89A in M to 2.50A in M+". From the present result, the initial bond fission occurs in an Si-C
bond of M*\ and the cleavage of an Si-C bond in the smaller ring occurs more easily than that in the
larger one since the strain energy on the smaller ring is larger.
1. T. Takeuchi, Y. Kobayashi, Y. Yokota and M. Yamamoto, Chem. Express, 8 (1993) 661.

•58-

13th IMSC, Budapest 7994

Monday, 29 August

Session C

MoC23
Positive and Negative Ion/Molecule Reactions of Si(OC 2 H 5 ) 4
Maria Lucia Pereira da Silva and Jose M. Riveras
Institute of Chemistry, University of Sao Paulo, Sao Paulo, Brazil
The ion/molecule reactions of the positive ions obtained from Si(OC 2 H 5 ) 4 were studied by FT1CR in order to understand ionic processes relevant to the use of this substrate in microelectronics. The
fragment ions, Si(OEt) 3 OCH 2 + , Si(OE«)3O+, Si(OEt) 3 + and Si(OEt)2(OCH3)+ react to yield the
protonated species. The first two ions also undergo reactions that result in the formation
[Si(OEt) 3 ] 2 OR + by initial elimination of CH3CHO. The latter fragment ions also undergo similar type
addition-elimination reactions by loss of ethylene or an alcohol molecule. For example, the reaction of
Si(OEt) 3 + with the parent molecule yields [Si(OEt) 3 ) 2 OH + and [Si(OEt)3l[Si(OEt)2]O+. These
secondary ions react further by similar mechanisms, and progressive polimerization is observed by
succesive bridging of Si-O-Si moieties. Relative product distribution have been obtained for all cases and
ion structure has been the subject of theoretical analysis.
The ion/molecule reactions of Si(OC 2 H 5 ) 4 with O", OH", RO", NH2% C2H5NH*, (CH3)2N"
and F~ have also been studied by FT-ICR. These anions react primarily by attack at the silicon center as
confirmed by isotopic substitution and the pentacoordinated Si anion is observed with P and EtO' A
particular interesting is observed with F~ and NH2* suggesting an internal nucleophilic displacement
reaction. For example,
NH2" + Si(OC 2 H 5 ) 4 -> NH 2 Si(OC 2 H s ) 3 + C 2 H 5 O41%
-> NH 2 Si(OC 2 H s ) 2 O- + (C 2 H 5 OH + C2H4J 20%
-> NHSi(OC2H5)3~ + C 2 H S OH
26%
-» Si(0C 2 H 5 ) 3 O- + |NH 3 + C2H41
13%
* Supported by the Brazilian Research Council (CNPq) and the Sao Paulo Science Foundation (FAPESP)

MoC24
IDENTIFICATION OF CYCLIC PYROLYSIS PRODUCTS OF POLYSILYLENES BY GC-MS
Marianne Blazso
Research Laboratory lor Inorganic Chemistry, Hungarian Academy of Sciences, Budapest
Polysilylenes, which are silicon chain polymers with various alkyl and aryl substituents, show exeptional
electronic properties, and have potential uses as photo resist materials and as precursors to silicon carbides.
The thermal decomposition of polysilylenes and silylene copolymers generally starts with the formation of
oligomeric cycles. When a mild pyrolysis at about 300°C is carried out in a micropyrolyser coupled direct to a
gas chromatograph - mass spectrometer, mainly cyloteiramers and cyclopentamers are observed as volatile
pyrolysis products of polysilylenes. Thus, a variety of cyclotetra- and cyclopentasilanes were obtained and
identified pyrolyzing polymers and copolymers of differently substituted silylenes.
In this work the electron impact mass spectra (obtained by pyrolysis - gas chromatograpy - mass
spectrometry) of dimelhylsilylene-, methyl-n-alkylsilylene, di-n-alkylsilylene and methyl-phenylsilylene
cyclotetramers and cyclopentamers are compared and the relationship between fragmentation pattern and
substituted modes is discussed.
The ring cleavage observed in the analogous cycloalkanes and also in !he cyclosilaalkanes do not
occur in the cyclosilanes. The molecular ion is relatively intensive, and the methyl group loss is very weak in
dimelhylsilylene cycloolygomers dissimilar from the fragmentation of dimethylsiloxane cyclooligomers which
is dominated by the cleavage of a methyl group. The major fragmentation modes of cyclotetra- and pentasilanes include the elimination of alkyl groups as neutral fragments and that of substituted silanes
resulting in ring contraction. Although the structural isomers of cyclocoolygomers have similar mass spectra,
their isomeric structure were identified based on the relative intensity differences of some characteristic
fragment ions and on the gas chromatographic retention differences.
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GC/MS(/MS) DETERMINATION OF A SERIES OF (POLY)TRIMETHYLSILYL
DERIVATIVES OF NAFBTALENE, ELECTROCHEMICALLY SYNTHETIZED
G. Bourgeois. F. Spirau, F. Benoist, C. Biran, M Bordeau, J. Dunogues, J. Gerval and C. Vitry.
CESAMO - Laboratoire de Chimie Organique et Organometallique (URA N°35 CNRS), University
de BORDEAUX-1, 351 cours de la Liberation, F-33405 TALENCE-cedex, FRANCE
A series of (poly)trimethylsilyl derivatives of naphtalene,
obtained by electrochemical reduction of 1-bromo naphtalene with
trimethylsilyl chloride, were characterized by mass spectrometry.
The reaction mixture was first analyzed by GC/MS and
f
about forty silicon derivatives, containing up to eight trimethylsilyl X "
groups, were identified.

^ f
|J

"jl n H z ' m S i M e 3
j]—•«=-

Among these compounds, two particular types of polytrimethylsilyl (polyhydro)naphtalenes
are noticeable: "peri" (1,8 substitution) compounds and "ortho" (vicinal addition or substitution)
compounds. The peri substituted naphtalenes are characterized by a specific fragmentation pathway:
the elimination of tetramethylsilane (SiMe4, 88 mass units). The elimination of neutral SiNfe} from
the molecular ion, induced by the proximity of the two SiMe3 groups, leads to a four membered ring
daughter radical ion. A similar elimination of HSiMe3 (74 mass units), is observed in ortho
substituted derivatives of naphtalenes and of polyhydronaphtalenes. The structure of the daughter ion
is probably, as previously, a four membered radical ion.
These two particular fragmentation pathways were used to specifically detect, by GC/MS/MS
the peri and the ortho substituted polytrimethylsilyl naphtalenes, directly in complex raw reaction
mixtures obtained by electrochemical reductive silylation The method was particularly suited for
analysis of highly silylated mixtures of aromatic compounds. An hybrid Fisons Autospec-Q mass
spectrometer was used for the neutral losses measurements.

MoC26
THE FORMATION OF SILAETHENE, (CH 2 =SiH 2 ), FOLLOWING THE
FRAGMENTATION OF A NON-ESTER SILICON PYRETHROID INSECTICIDE
Ian A. Fleet, J o h n J . Monaghan* and Lee W. Tetler.
•ICI C&P Ltd, Runcorn Heath, Cheshire, WA7 4QD, UK, and Department of Chemistry,
UMIST, Manchester, M60 1QD, UK.
The non-ester pyrethroids differ from the natural and synthethic pyrethroids in
lacking a cyclopropanecarboxylic acid ester bond, while retaining the 3-phenoxybenzyl
functionality. These "non-ester type pyrethroids" which include silicon analogues are
achiral, broadly insecticidal and have low mammalian toxicities.
The +EI mass spectrum of ethofenprox, (MTI-500) reflects homolytic cleavage
between carbon atoms 1 and 2 of the propyl chain resulting in the formation of a (4ethoxyphenyl)-dimethyl-methyl carbenium ion, base peak at m/z 163, which then expels
ethene from the ethoxy group to give m/z 135. The silicon analogue (SSI-116) of
ethofenprox undergoes a similar homolytic cleavage between the corresponding siliconmethylene bond. Additionally, a further novel fragmentation pathway is observed which
involves the silicenium ion centre and results in the expulsion of silaethene, CH2=SiH2,
and the formation of an ion at m/z 135, isomeric with the ethofenprox fragment ion
tC9HnO]+.
Using high resolution mass spectrometry, and tandem mass spectrometry (MS/MS),
we have investigated this novel fragmentation pathway involving the silicenium ion
centre. Based on the experimental observations, mechanisms have been proposed to
explain the expulsion of silaethene and the formation o-'the ion at m/z 135 in the
spectrum of SSI-116.
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REARRANGEMENTS OF DOUBLY CHARGED IONS FROM 1ELECTROSPRAY
IONIZATION OF PEPTIDES CONTAINING LYSINE OR ORNITHINE.
R.K. Boyd1 and X.-J. Tang2,
National Research Council, 1411 Oxford Street, Halifax, Canada B3H3Z1.
2
Dept. of Biochemistry, Albert Einstein College of Medicine, Bronx, NY 10461.
1

Activation of multiply charged ions by Coulombic repulsion is an old idea with a new
lease on life since the introduction of electrospray ionization of peptides and proteins [1].
Collision induced dissociation (CID) reactions of small multiply protonated peptides, with
charge densities as high as one proton for every 3 or 4 residues, were studied [2] with
a view to extending the facile and structurally informative CID of even quite large doubly
protonated tryptic fragment peptides [3]. In fact the highly protonated peptides were
remarkably resistant to CID, reflecting the fact that multiple protonation requires that
many basic residues (Arg, Lys, Orn) be present and the ionizing protons then tend to
be localized on these basic sidechains rather than mobilized along the peptide backbone
to initiate fragmentations [2]. In the course of this work [2] it was discovered that doubly
charged b fragments from Substance P (RPKPQQFFGLM) undergo a rearrangement
reaction in which C-terminal residues are transferred wholesale to the sidechain of Lys3.
Subsequent fragmentations of these rearranged ions are superimposed on those of the
non-rearranged form, greatly complicating the fragment spectrum. A series of peptides
containing residues of both Lys and its homologue Orn has now been studied in this
context, and the rearrangement phenomenon shown to be quite general. These findings
have important implications for sequencing unknown peptides by mass spectrometry.
[1] J.A. Loo et ai, Anal. Chem. 1991, 63. 2488-2499.
[2] X.-J. Tang et al. Anal. Chem. 1993, 65, 2824-2834.
[3] X.-J. Tang and R.K. Boyd, Rapid Commun. Mass Spectrom. 1992, 6, 651-657.

MoD2
DETECTION OF MIXED DISULFIDES OF 2-MERCAPTOETHANOL WITH
PARTIALLY REDUCED PROTEINS BY ELECTROSPRAY-MS
Michal Svoboda, Walter Meister and Walter Vetter
Pharmaceutical Research, New Technologies; F. Hoffmann-La Roche AG, CH-4002
Basel, Switzerland
For the reduction of disulfide bridges in proteins the reagent dithiothreitol is usually
preferred over 2-mercaptoethanol because of its more negative redox potential. In
addition, the latter's tendency to form mixed disulfides requires a large excess of the
reagent for complete reduction (1).
Such mixed disulfides between protein and 2-mercaptoethanol with MW=
(MWprotein+ n7 8 D) do, however, offer an easy way to count the number of disulfide
bridges in proteins, where the accuracy of mass measurement is insufficient to resolve
this question directly. The critical point in this experiment is the lifetime of the mixed
disulfide under the conditions of the reduction.
Choosing a diluted reagent solution, slightly acidic conditions and reaction temperatures
between 20° and 60°C, the progress of the reduction was monitored periodically during
several hours by following the intensity changes of the original protein, the intermediate
mixed disulfide(s) and the fully reduced protein, in samples of the reaction mixture
directly by ESIMS. Thus, with lysozyme (4 disulfide bridges) for example, up to four
mixed disulfides could be detected during an intermediate period of the reaction.
Calculations using the same reaction constant for all reaction steps suggest that a
maximum number of about 5 disulfide bridges can be detected applying this method. An
increase of this maximum might be achieved with a reagent which forms mixed disulfides
that are more resistant towards reduction.
(1) P.C. Jocelyn (1987), Meth. Enzym. 143, 246-256
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Protein Characterization by using Electrospray lonization Fourier Transform Mass Spectrometry
Authors: Brian E. Winger and Joseph E. Campana
Extrel FTMS, Millipore Corporation
Electrospray ionization Fourier transform mass spectrometry (ESI FT/MS) is a powerful tool for
protein characterization. The inherent high-resolution and accurate mass measurement characteristics
of FT/MS allow for the direct determination of charge by measuring the spacing between the 13 C
isotope peaks. The molecular mass of all species observed in an ESI mass spectrum can be determined simply by multiplying the measured mlz by the charge state and then correcting for the number
of cations attached (typically protons). This feature allows for the direct determination of protein
molecular weight without the need for complicated deconvolution software.
In addition to molecular weight determination, by using capillary/skimmer dissociation in the
electrospray interface and/or MS/MS in the trapped-ion cell, proteins can be dissociated to obtain
structurally significant fragments. Unlike low-resolution mass spectrometers, with FT/MS the complexity of dissociation spectra is simplified due to the ability to measure charge directly. As with the
multiply-charged molecular ions, the mass of singly- and rnulitiply-charged fragment ions can be unambiguously determined. This feature allows for more efficient sequencing of polypeptides and
proteins.
As an example of accurate protein molecular weight determination, a wide mass range ESI mass
spectrum acquired for bovine ubiquitin yielded a measured molecular mass (of the 13 C 5 isotope peak)
of 8564.666 while the calculated value is 8564.631. This corresponds to a mass error of 4.0 ppm
without an internal mass reference. Other examples of accurate protein molecular mass determination
as well as preliminary data on gas-phase protein sequencing will be presented.

MoD4
ELECTROSPRAY MASS SPECTROMETRY ANALYSIS OF OPIOID
PEPTIDE-CONTAINING PROTEINS
Dominic M. Desiderio*, Lin Yan, Genevieve Fridland, and Jin-Lie Tseng
Departments of Neurology and Biochemistry and the
Charles B. Stout Neuroscience Mass Spectrometry Laboratory
University of Tennessee, Memphis
800 Madison Avenue, Memphis, TN, 38163.
Human neuropeptidergic systems are being analyzed by mass spectrometry (MS)
methods, which provide the highest level of molecular specificity for qualitative and
quantitative neuropeptide measurements. Electrospray lonization (ESI) MS methods are
used to analyze opioid peptide-containing proteins in the bovine model system that derive
metabolically from proopiomelanocortin, POMCbovine, 1-265, which contains B-endorphin
(BE1-31). Gel permeation (GP) and RP-HPLC produced partially-purified fractions from
bovine pituitary that showed ME-like immunoreactivity (ME-li) after treatment with trypsin
and CNBr. ESI-MS analysis of one fraction showed two components, with M.W. values of
8440 and 9855 Daltons. The 8440 peak is not trypsin-sensitive. Trypsin treatment of this
mixture, when analyzed by FAB-MS, showed the presence of ions at m/z 558 and 1134
(among others), which correspond to the tryptic peptides BE20-24 (=POMC254-258) and
BE10-19 (=POMC244-253). After HPLC, all tryptic peptides will be sequenced by MS-MS to
locate the opioid peptide-containing protein within the POMCbovine, 1-265 precursor
molecule. NIH GM 26666.
Keywords: Electrospray, opioid, proteins, gel permeation, pituitary, POMC
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Mapping Age-related Changes to Lens Proteins using Elecirospray Mass Spectrometry
Greg W. Kilby, Roger J. W. Truscott, and Margaret M. Sheil
Aust. Cataract Research Foundation, Dept. of Chemistry, Wollongong University, NSW 2522
Australia
The proteins in the nucleus of the lens are amongst the oldest proteins in the human
body, thus changes to these proteins as a result of any internal or external insults accumulate
with age and may in part be responsible for two conditions associated with aging of the lens,
namely senile nuclear cataract and presbyopia.
The major lens proteins, referred to as crystaliins, ate classified into three types a-, (5-,
and y-crystallins. Each class is comprised of up to seven closely-related polypeptides with
molecular weights in the range 20-30 kDa. We are currently using electrospray (ESI) mass
spectrometry to study aged lenses at the molecular level. The first stage of this work has
involved the development of methods for isolating individual crystallin sub-units from bovine
lenses using a combination of gel permeation chromatography (GPC), ion-exchange and fast
protein liquid chromatography (FPLC). ESI analysis of bovine lens proteins has shown, for
example, the presence of an age-related cleavage of serine from the C-terminus of aA and |JB2
crystallins which may indicate there is some carboxypeptidase activity in these lenses. Further,
the presence of a large component of the P fraction with a molecular weight inconsistent with
any of the reported sequences suggests there is an error in one of the sequences, most
probably J}B3. We are currently extending this approach to proteins from aged human lenses to
identify any age-related changes to the proteins before proceeding to cataractous lenses. This
paper will illustrate the considerable advantages of using mass spectrometry to study this type
of complex biomedical problem.

MoD6
APPLICATION OF ELECTROSPRAY MASS SPECTROMETRY IN PROBING PROTEIN-PROTEIN AND
PROTEIN-LIGAND NONCOVALENT INTERACTIONS
B.N. Pramanik. E.C. Huang, L. Heimark, A. Tsarbopoulos, A.K. Ganguly and V.M. Girijavallabhan
Schering-Plough Research Institute, 2015 Galloping Hill Road, Kenilworth, NJ 07033
The noncovalent bindings of protein-ligand, prolein-proiein, and substrate-receptor complexes are
important in biological systems as they carry out the physiological lunctions of the cells. Abnormalities could
arise in a system in case ol failure ot these noncovalent interactions. The detection of these interactions is
fundamental to understanding Ihe mechanism of bioaclivity, as well as developing new therapeutic agents.
Electrospray ionization (ESI) technique represents a significant advancement in the analysis of biomolecules
by Mass Speclrometry (MS). In addition to provide accurate molecular weights on intact proteins, ESI has the
unique ability to sample proteins from its biologically active solution environment, thus making possible to
probe weak noncovalent interactions by MS. In fact, several applications which utilize ESI MS in detecting
protein-ligand and protein-protein noncovalent interactions have been reported (1,2].
We have successfully detected the noncovalent complexes of ras-GDP/GTP and ras-GDP: inhibitor
by ESI MS. This methodology has been extended to probe the protein dimer of Interteron-y (IFN-y). Key to
the successful detection of the noncovalent complexes by ESI MS is the selection of solution conditions for
sample preparation (for example, IFN-y dimer is prepared in pH 9.3 buffer). In this paper, we describe our
research efforts in ESI MS detection ol noncovalent complexes of ras-GDP/GTP, ras-GDP: inhibitor and IFNy dimer. The effects of Ihe solution p H , the organic modifier content, and the orifice potential on
forming/preserving the noncovalent complexes will also be presented. In addition, the determination of Ihe
nucleotide binding sites of the ras protein by ESI MS will be discussed.
1.

2.

(a) Ganem, B.; Li, Y-T. and Henion, J.D. JAm Chem. Soc. 1991, Xll 6294, (b) Li, Y-T.; Hsieh, Y.-L; Henion,
J.D.;Senko, M.W.; McLafferty, F.W. and Ganem, B. J. Am. Chem. Soc. 1993, JJ5,6409. (c) Baca. M. and
Kent, B. J. Am. Chem. Soc. 1992, 114, 3992. (d) Goodlett, D.R.; Camp II, D.G.; Hardin, C.C.; Corregan, M. and
Smith, R.D. Bhl. Mass Spectrom. 1993,22 181.
(a) Ganguly, A.K.; Pramanik, B.N.; Tsarbopoulos, A.; Covey, T.R.; Huang, E,C. and Fuhrman, S.A. J. Am.
Chem. Soc. 1992, J J i , 6559. (b) Huang, E.C.; Pramanik, B.N.; Tsarbopoulos, A.; Reiehsrt. P.; Ganguly,
A.K.; Trotta, P.P.; Nagabhushan, T.L. and Covey, T.R. J. Am. Soc. Mass Spectmm. 1993,A 624. (c)
Ganguly, A.K.; Pramanik, B.N.; Huang, E.C.; Tsarbopoulos, A.; Girijavallabhan, V.M. and Liberles, S. Tetrahedron
1993, 42, 7965.
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Hemoglobin variant analysis by ESMS and MS/MS: a new p" chain mutant 07 (A4) E->Q.
!H. E. Witkowska, 2A. M. Falick, 'B. Lau, ' j . Y. Kim, >K. Kleman, and JC. H. L. Shackleton
1

'Children's Hospital Oakland Research Institute, Oakland, CA 94609, USA.
^Department of Pharmaceutical Chemistry and Mass Spectrometry Facility, University of
California, San Francisco, CA 94143, USA.

The benefits of early diagnosis in treatment of blood diseases has prompted the
majority of States within the USA to institute newborn screening for hemoglobinopathies
and it has created a need for fast and economical rare hemoglobin identification procedures
in order to respond to a growing demand. Incorporation of mass spectrometry into the
repertoire of a hemoglobinopathy laboratory facilitates these characterizations.
We employ ESMS at all stages of hemoglobinopathy evaluation: detection,
confirmation of identity of common variants and full structural analysis of uncommon
mutants. Variant protein detection and measurement of molecular mass is accomplished by
ESMS of hemolysates, preferably performed in an automated manner. If resolution
limitations call for species separation before mass analysis, this is performed either on
hemoglobins (cellulose acetate gel electrophoresis or isoelectric focusing) or on globins
(reversed phase HPLC/ESMS). Proteolytic digests derived from variant hemoglobins are
examined by HPLC/ESMS and peptides of interest are sequenced if necessary either by CID
in the electrospray source or by MS/MS on a Kratos Concept equipped with a dynamic
diode array detector. A new variant was detected in a child of Asian descent during a
routine newborn screening program. It is present at 31% level and the abnormal globin
migrates faster than its normal counterpart in reversed phase HPLC. The mutation was
defined by the MS/MS sequencing on a Kratos Concept instrument and was found to reside
at the surface location within the first p chain helix A.

MoD8
Electrospray-ionization and MS/MS with Fourier Transform Mass Spectrometry for the
Analysis of Peptides and Proteins
Gary H. Kruppa, Catherine C. Stacey , Clifford H. Watson, John Wronka, Frank H. Laukien,
Bruker Instruments, Inc., 19 Fortune Drive, Manning Park, Billerica, MA.
Electrospray ionization (ESI) is widely used for molecular weight measurement of peptides
and proteins. In combination with Fourier transform mass spectromutry (FTMS) ESI gives
both highly accurate mass analysis and high resolution for charge state determination of
an ion from the spacing of the naturally occurring isotopic peaks.
Increasing the potential difference between the capillary exit and the first lens in the
electrospray source causes controllable and reproducible fragmentation of the molecular
ions of proteins and peptides, due to collisional heating. The resulting fragment ions are
mostly of the "b" and "y" series. The ions are produced with different charge states, so the
use of a high resolution FTMS instrument is important for charge state (and hence mass)
determination from the isotopic ratio of the peaks. These ions can be selectively trapped
for further CID or ion-mo'ecule reaction experiments in the cell of the FTMS instrument.
This combination of fragmentation, CID/MS/MS, can be used to obtain extensive
sequencing information on large proteins and to study protein modifications and labeling.
In this poster, we will discuss new applications of CID/MS/MS on an FTMS instrument
for the sequencing of labeled proteins. The high mass accuracy of FTMS enables
unambiguous sequence assignment for most of the resulting fragment ions. The identities
were confirmed by selectively trapping ions and conducting MS/MS experiments to give
sequencing information.
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Quantitative Protein Analysis Using Electrospray Ionization Mass Spectrometry
David M, Bunk and Michael J. Welch
Organic Analytical Research Division, National Institute of Standards and Technology, Gaithersburg,
MD, 20899, USA
Electrospray ionization mass spectrometry (ESI-MS) has become an accurate and sensitive tool
for routine molecular weight determination of proteins. Despite this, the quantitative aspects of ESIMS for protein determination have not yet been explored. This paper reports the results of our
studies of the quantitation of a model protein by ESI-MS.
Through the use of an internal standaid, the effects of matrix (sample pH, ionic strength,
solvent composition, etc.) on electrospray quantitation can be minimized. With chicken lysozyme
as our model protein analyte, we examined several different internal standard proteins, including
Iysozymes from different species (turkey, bovine, and human), and structural analogs (bovine and
human alpha-lactalbumin).
Different quantitative precisions were obtained with each
Iysozyme/intemal standard combination, demonstrating the importance of the choice of internal
standard. Adsorption of the proteins (analyte or internal standard) onto the injector and/or transfer
capillary used for our flow injection apparatus initially proved to be a serious problem, causing large
variations in analyte/internal standard peak intensity ratios obtained for replicate injections. By
choosing an internal standard with similar adsorptive characteristics as the analyte, and by minimizing
adsorption through solvent additives, a CV of 3% was observed for replicate injections (n=15). Dayto-day reproducibility also proved to be excellent: the analyte/internal standard peak intensity ratios
obtained from 25 replicate injections carried out over the course of 5 consecutive days varied by only
3%. Linear calibration curves were observed for lysozyme concentration of 1 to 250 ng/jiL; the limit
of detection is estimated to be 0.1 ng/fxL (approximately 7 nM lysozyme).
These studies clearly demonstrate the potential of ESI-MS to provide accurate, precise, and
sensitive protein quantitation with a high degree of selectivity, afforded by accurate molecular weight
information. With our continuing research in the quantitation of human serum proteins by ESI-MS,
we feel that quantitative ESI-MS will be an important tool for clinical and biochemical research.

MOD10

Electrospray Mass Spectra of Protein Cations formed in Basic Solutions
J.C.Y. Le Blanc, Jianyao Wang, Roger Guevremont and K.W.M. Siu
Institute for Environmental Research and Technology, National Research Council of Canada,
Montreal Road, Ottawa, Ontario, Canada K1A 0R6.
The electrospray mass spectra of gramicidin s cations that originated from 0.2 M solutions of
one out of eighteen nitrogen-containing bases were examined. The relative abundances of the
(M+2H) 2+ to the (M+H) + ion were found to correlate not with the solution pH's but with the
proton affinities of the bases. It was postulated that some of the (M+2H) 2+ and the (M+H) +
ions existed as adducts with the nitrogen bases in solution; these adducts were desorbed into the
gas phase during electrospray and dissociated in the lens region via collision-induced
dissociations to yield apparent proton attachment spectra. Some of these adducts were observed
under nominally zero collision energy conditions.
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HUH.-trusi.ry Mass Spi.-ctromutry: an appi o.,. 1, 1 ui .studym.j in vivo post- trans lat ional
modifications of proteins
M.Ui Luca, I,. Pastorino S, F. Cattab.-n i / I ;;t i Luto .li S c m n z e Farmaculogiche
Universita decjli Studi - Milano (Italy)
V.KAVKKDINO / Howlutt-Paekard - Muyrin (Switzerland;

The biological role of pliosphoproteins depends upon their degree of
phosphorylation. Methods currently available to measure the actual in vivo
pliosphorylation stale of a protein involve indirect procedures based on •}2I>
incorporation.
B50 (GAP - 43) plays a crucial role in neuronal plasticity. The possibility of
elucidating its physiological role requires the measurement of its degree of
pliosphorylation in vivo.
For the analysis of this protein, our interest has been to combine micro HPLC
columns with electrospray to allow the detection of a low concentration of
substance in the presence of a complex matrix, in conditions of low amount of
sample avalability.
The type and the size of the column for HPLC-MS has been selected by taking
into consideration especially the separation of the proteins in the molecular
weight range of interest, and the optimisation of the performance of the
electrospray - MS interface.
This micro-scale separation technique has been successfully applied already in a
preliminary phase of this work in order to optimise the parameters of the
procedure of the B50 extraction.

MoD12
ESI TOF MS STUDY OF THE TRYPSINOLYSIS OF A SUBSTRATE CONTAINING BOTH
SEPARATE AND SEQUENTIALLY ARRANGED Arg AND COR3 Lys RESIDUES.
E.P.MIRGORODSKAYA, 0.A.MIRGORODSKAYA and A.A.SHEVCHENKO. Institute
for Cytology of the Russian Academy of Sciences, 4 Tikhoretsky
avenue, 194O64 St.Petersburg, Russia.
V.I.KOZLOVSKIY. Institute of Energy Problems of Chemical Physics.
Russian Academy of Sciences. 142432 Chernogolovka, Moscow region,
Russia.
The kinetic of tryptic digestion of melittin was studied by the
usage of ESI TOF MS [1]. The ratios of the kinetic constants for the
cleavage of the peptlde bond near the carboxylic groups of separate
and sequentially arranged. Arg and (or) Lys residues which are
susceptible to trypsin
action were determined. It was shown that
trypsin has not manifested the affinity to the hydrolysis of the
peptide bonds inside the Arg, Lys -cluster series in comparison with
the one formed by separately localized Ly3 residue. This feature of
the enzyme demonstrates clearly the preference of the kinetic
approaches to
tryptic mapping of proteins. The kinetic approaches
allow not only to determine the definite structural fragments in
proteins structure, but to determine also their relative location
and the amino acid sequence of the Arg, Lys-cluster series.
1.Mirgorodskaya O.A. et al., Anal.Chem. V.66 (1994) 99-106.
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Structural Characterization of Heparin-Derived Oligosaccharides
by Matrix-Assisted Laser Desorption Ionization Mass Spectrometry
P. Juhasz, A. Rhomberg, and K. Biemann
Dept. of Chemistry, Massachusetts Institute of Technology
Cambridge, MA 02139, USA

Heparin and the closely related he-^aran sulfate are highly sulfated, polydisperse
glycosaminoglycans (GAG). These linear polysaccharides exhibit a wide variety of biological
activities, such as the regulation of blood coagulation, activation of growth factors, inducing
blood vessel formation, etc. Despite all these important functions, little is known of the chemical
structure of GAG heparin and heparan sulfate chains. High degrees of polydispersity and
inhomogeneity render these polysaccharides extremely difficult to characterize. Sporadic efforts
of mass spectrometric studies have been reported using fast atom bombardment (FAB), plasma
desorption mass spectrometry (PDMS), and electrospray techniques. Very poor sensitivity and
extensive cation attachment were common problems in all these investigations.
Our approach utilized non-covalent complexes of heparin-derived oligosaccharides formed
with appropriately selected components of highly basic character. Using the matrix-assisted laser
desorption ionization (MALDI) technique, low picomole to sub-picomole sensitivity was attained
for single component oligosaccharides (up to 16-mers) and simpler mixtures thereof. Because
of the structural constraints of heparin-derived oligosaccharides generated by enzymatic or nitrous
acid depolymerization of GAG heparin, accurate mass measurement unambiguously identifies the
number of saccharide units and the degree of sulfation/N-acetylation. Combination of the
resulting data with the elution pattern obtained by capillary electrophoresis before and after
enzymatic treatment with various heparin lyases was used to characterize heparin-derived
oligosaccharides.

MoD14
Mass Spectrometry analysis of synthetic sulphated oligosaccharides derived from Heparin :
Complementarity of ESI versus LSIMS
F. UZABIAGA*, C. PONTHUS*, M. PETITOU+ and C. PICARD*
*Sanofi Recherche, 195, route d'Espagne, 31036 Toulouse Cedex France
+

Sanofi Recherche, 9, rue du President S. Allende, 94256 Gentilly Cedex France.

Characterization of sulphated polysaccharides derived from Heparin is a difficult challenge because of
their strong anionic character and the lability of N- and O-Sulphate groups. Potentiality of Mass Spectrometry
using FAB-MS or LSIMS was demonstrated for analysis of Heparin oligosaccharides with various matrixes.
More recently, the feasibility of analysis by ion spray was shown on weakly sulphated glycosaminoglycan
oligosaccharides. In the present study, ten synthetic oligosaccharides with a polymerization degree from five to
ten and a sulphation degree from 6 to 16 were analysed by LSIMS and ESI-MS in negative mode. These two
ionization modes were used comparatively to assess their ability to give structural information and their
sensitivity limit.
LSIMS spectra showed base-peak pseudo-molecular ion up to an hexasaccharide having ten sulphate groups.
Increasing polymerization and sulphation degrees leads vety weak ion signal showing losses of sulphate groups
without evident pseudo-molecular ion. The main advantages of LSIMS are the good accuracy of the mass
determination (+/- 0.1 amu) and the ability to obtain, in somes cases, a few informations on the glycosidic
sequence.
ESI spectra were dominated by molecular ion charge state distribution. The maximum number of charge was
largely dependant on the number of sulphate groups present. Then, molecular weight can be deduced. No
information about glycosidic sequence, glycosidic linkages or sulphate positions could be deduced from these
mass spectra (except some sulphate losses). A few nanomoles of material were necessary to obtain negative ion
spectra from these anionic oligosaccharides. Hence, the sensitivity of ESI-MS analyses is at least one order of
magnitude higher than in LSIMS.
Comparative study of LSIMS and ESI-MS for the analysis of sulphated polysaccharides shows that ESI is a
more sensitive technique which allows mass measurements of higher polymerization and sulphation degrees.
LSIMS has the advantage to give more accurate mass determination and, in some cases, structurally informative
fragment ions.
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Micro Electrospray MS/MS and MALDI Meta Stable Decay for the
Sequencing of Carbohydrates
Gert Talbo, Matthias Wilm, and Matthias Mann
Protein and Peptide Group, European Molecular Biology Laboratory,
Meyerhofstr. 1, D-69117 Heidelberg, Germany
Carbohydrates by themselves or as a part of glucoconjugates are attracting
increasing attention in e.g. cell communication or immunology. In biochemical protein
analysis, the glyco part is usually cleaved off the protein and isolated by chromatographic
means. Identification and structural elucidation can be performed by NMR, digestion by
exoglycosidases and comparison to standard retention times. However, each of these
methods has distinct drawbacks such as large sample amount needed or limitation to a few
common structures. Therefore, methods which use very little sample and yield general
sequence information are needed. Mass spectrometry, by producing the molecular weight and
structural information (hexoses, N-acetyl hexoses and pentoses) can identify the
carbohydrate.
MALDI metastable decay has recently been introduced by Kaufinann and Spengler
for the sequencing of peptides. Here we report first results of the sequencing of relatively
large carbohydrates (above 1.5 kDa) with this method. Metastable ions of all types of
carbohydrates investigated so far could be correlated with their sequence.
The micro electrospray source is a miniaturized ion source for ESMS which can spray
a wide range of solutions without any assistance while using only a minimal amount of liquid.
These features make micro ES MS and MS/MS investigations on relatively large
carbohydrates promising. Preliminary results show clear fragmentation patterns which
reveal large parts of the sequence.

MOD16
Micro Electrospray MS/MS and MALDI Meta Stable Decay for the Sequencing
of Oligonucleotides
Matthias Wilm, Gert Talbo, Laura Magris and Matthias Mann
Protein and Peptide Group, European Molecular Biology Laboratory,
Meyerhofstr. 1, D-69117 Heidelberg, Germany
Mature and sensitive techniques exist for the sequencing of nucleotides. However, by their
nature these methods are intrinsicly limited to the analysis of samples of known
composition. In contrast, mass spectrometry is a general detection method for all variants
of the basic units of the oligonucleotides. Thus, mass spectrometry based methods for
structure determination, i.e. MS/MS, of this compound class should be investigated. Here we
show preliminary results of two new methods: microES MS/MS and MALDI metastable
decay.
The micro electrospray source is a miniaturized ion source for ESMS which can spray
aqueous solutions without any assistance in negative ion mode. Using this source the
conditions for the investigations of oligonucleotides with ESMS were improved. Dissolving
the oligonucleotides in 25% aqueous ammonia reduces the tendency for Na adduct formation
and increases the ionization efficiency considerably. Up to a 62mer of DNA could be
observed as a (M-24H)24- while its intensity was larger than any cationized species of this
ionization state. ES MS/MS investigations on small oligonucleotides are possible at the
1 pmole level. The fragmentation spectrum reveals large parts of the sequence.
MALDI metastable decay has recently been introduced by Kaufmann and Spengler
for the sequencing of peptides. Here we report first results of the sequencing of
oligonucleotides with this method. Best results were obtained when the samples were applied
to the target in 3 hydroxy - picolinic acid dissolved in 5 mM Ammoniumtartrate. This sample
preparation method led to ions with less internal energy and thus less fragmentation.
Metastable ions of small oligonucleotides could be correlated with their sequence.
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Micro Electrospray MS anil MS/MS of Oligonucleotides
1

Matthias Wilm , Marek A. Woller2, Luca Montanarella2, Sergio Facchetti2, Matthias Mann1
'European Molecular Biology Laboratory, Meyerhofstr. 1, U-69012 Heidelberg
Commission of the European Communities, Joint research centre, Environment Institute, 1-21020
Ispra (VA) TP 290
Sensitive and fast techniques for large scale sequencing of DNA and RNA exist. However, by
the method of separation and detection these techniques are limited to the identification of linear,
unmodified oligonucleotides. In contrast, mass speclrometry can in principle delect any modification
in the primary structure of oligonucleotidcs. Therefore, methods should be developed to analyze
oligonucleotides with mass spectromelry. Here we present our preliminary investigations of
oligonucleotidcs with a micro electrospray ion source on a triple quadmpole instrument.
The micro electrospray source is an electrospray ion source which has been optimized towards
high sensitivity work. It can spray water without assistance in negative ion mode. Using this source
we found that oligonucleotides can best be analysed when they were dissolved in 25% aqueous NH3.
The high ammonia concentration reduces the tendency for the formation of Na adducts and increases
the ionization probability of oligonucleotides considerably. Detection limits for small
oligonucleotides (n<15) are below 0.1 pmol/ul. A (M-2411)24' ion of a 62mer DNA was observed
whose intensity was larger than that of any calionized form in this ionization state. This fact makes an
unambiguous mass assignment of this relatively large oligonucleoiide possible.
Because of the high ionization efficiency achieved MS/MS investigations on the one picomole
level of oligonucleotides are possible. We investigated differently charged ions of a RNA lOmer with
MS/MS. The MS/MS spectra of the (M-711)7 to (M-3II)3 ions were compared. They show a striking
similarity. Such a result would be expected if even highly charged parent ions result predominantly in
singly, doubly and triply charged ions. Patterns in the fragmentation spectra may reflect large parts of
the nucleotide sequence.

M0D18
An Examination of UV-Matrices for Matrix-Assited Laser Desorption/lonization Analysis
of Phsophodiesther and Phsophothioester Oligodeoxyribonucleotides
Scot R. Weinberger. Lynn Chakel, John Michnowicz, Hewlett Packard Company, 2325 Robb Dr.,
Reno, Nevada, USA
Matrix-assisted laser desorption / ionizalion time-oMlight mass spectrometry (MALDI-TOFMS)
has demonstrated proficiency in the analysis of many large, nonvolatile biomolecules. For the
most part, this analytical technique has shown the greatest degree of success in the investigation
of proteins, peptides, and their glyco-conjugales. When extended to the analysis of
oligodeoxyribonucleolides, the efficiency of MALDI-TOFMS has been thrwarted by the effects of
counter-ion binding and acid-catalyzed base loss.
Alkali metal counterion binding to phosphate groups of oligodeoxyribonucleotides exists in
several conjugative possbililies describable by the polynomial distributions for occupation of a
given phosphate binding site as well as the identity of the counterion at that site. The result is
vast population heterogeneity for the mass of a given oligonucleotide, which seriously hampers
the ability to resolve between an n'mer and an n+1 'mer.
Acid-catalyzed base loss for oligonucleotides has been seen using both ultraviolet and infrared
matrices during MALDI-TOFMS. Studies have indicated that such base loss results from the
breakage of N-glycosidic bonds probably during the desorption event due to a proton transfer
from phosphodiester groups to ionizable bases. This artifactual base loss increases the variety
of ionic species for a given oligonucleolide. diminishing the resolving power of MALDI-TOFMS in
the analysis of long-chain oligodeoxyribonucleotides.
This work examines the efficiency of several different UV-matrices in the MALDI-TOFMS
analysis of phosphodiesther and phospholhioester oligodeoxynucleotides. Methods for
minimizing alkali metal counter-ion formation and acid catalyzed base loss are investigated.
Results using phosphodiesther and phosphothioester oligonucleotides are contrasted.
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METAL ADDUCTS FORMATION IN MATRIX-ASSISTED LASER
DESORPTION-IONIZATION OF OLIGONUCLEOTIDES
J. Guittard, G. Bolbach, A.Brunot and J.C. Blais
Laboratoire de Chimie Organique Structurale, CNRS ERS 73, Universite Pierre et Marie Curie, 4
Place Jussieu, 75252 Paris Cedex 05, France
Metal adducts formation is an ubiquitous phenomenum in MALDI of macromolecular compounds
which can give rise to many artefacts if not controlled. It generally involves sensitivity modifications,
shift and/or broadening of the molecular peak. Presence of metal cations is specially critical for DNA
fragments and organic polymers which carry a large number of negative charges. A systematic study
of the MALDI mass spectra of oligonucleotides in the presence of alkaline, earth-alkaline and
transition metal salts has been undertaken. Measurements were carried out with a built-in-house timeof-flight mass spectrometer using a nitrogen laser (X=337nm) for desorption-ionization [1]
Figure shows »he modification of the molecular peak region in the negative ion mass spectrum of the
oligodeoxyribonucleotide GTTAAC (MW=1791,2) with and without Ni acetate added to the
sinapinic acid (SA) matrix The main effect of Ni acetate addition is the substitution of K (and Ag)
adducts for Ni adducts; the relative abundance of Ni adducts and the number of acidic hydrogen
atoms exchanged by Ni atoms increase with increasing salt concentration. With salts of divalent
metals such as Ba, intense adducts were observed in both the positive and negative modes. Many
other examples will be presented and discussed in the communication.
111 J.C. Blais, G. Bolbach, K. Riahi, A. Brunot and F. Breton, J. Chim. Phys. (1993) 90, 1309

(JTTAAC: SA (1:2000) I

MoD20
DEOXYNUCLEOSIDE BIOCLUSTERS REVEALED BY
PLASMA DESORPTION MASS SPECTROMETRY WITH
Cf-252.
L.F.Sukhodub. L.I.Grebenik. V.D.Chivanov.
Institute of Applied Physics or the Ukrainian Academy of
Sciences, 244030. Sumy, Ukraine.
Using time-of-flight mass spectrometry with ionization by
fission fragments of the radioactive element Cf-252 (Cf-252PDMS) water solutions of the deoxynucleoside (dG. dA, dC,
dT) mixtures have been investigated by transfer of the
microdrop of water samples on the gilt disk of the ion source.
Analysis of the different binar deoxynucleoside mixtures mass
spectra showed that heterodimers (dG'dC. dA'dT) which are,
as known. Watson-Crick pairs of CNA, RNA have the favorable
formation as compared with other nucleoside pair
combinations. In mass spectra the ions (Fig.1) which
correspond to more complex bioclusters - dA*2dT, dA*3dT also
have been detected.
Analysis of all obtained data together with results obtained
earlier, using temperature - dependent field ionization mass
spectrometry [1] permits to conclude that deoxynucleoside
bioclusters in PDMS spectra are hydrogen-bonded associates.
For example, figer 1 shows mass spectrum of the dG-dC
mixture. Peaks are corresponded to: 1 - (2dC+H). 2 (dG+dC+H), 3 - (2dG+H) positive ions.
1 L F.Cukhodub, Chem.Rev. (1987),§7, n.3, p.589-606

H/z
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MASS SPECTROMETRY STUDY OF INTERACTION
BETWEEN ANTITUMOUR DOXORUBICINE AND
FARMORUBICINE ANTIBIOTICS AND
DEOXYNUCLEOSIDES
L.I.Grebenik. V.D.Chivanov, LF.Sukhodub.
Institute of Applied Physics of the Ukrainian Academy of
Sciences, 244030, Sumy, Ukraine.

M 1

The anthracycline antibiotics (AA) refer to the most
perspective antitumor drug groups, it's one of action
mechanism being direct interaction with DNA that reduces
matrix activity of the latter in the processes of replication and
transcription. The typical representatives of this AA group are
doxorubicine (D) and farmorubicine (Fr) which differ by OHgroup orientation in position 4'C of amino suger residue.
Plasma desorption mass spectromelry with Cf-252 is one of
\i\e reliable method for getting information about trie specificity
of
intermolecular
interaction
in the system
of
[(drug)n(biomolecule)m].
In PDMS spectra of Fr and dA, dT. dG. dC (dN) different
mixtures the following ions were detected: [Fr+dA+Hj*.
fFr+dT+HJ*, |Fr+dG+Na+H]\ Unlike Fr, D does not form
heterocluster ions with dA, dT and in the mixture with dG |D+dG+H]*. These differences are determined as it seems by
structure peculiarities of solid phase samples, received by
component cocrystallization on the backing of the ion source.
For example, figure shows mass spectrum of the Fr and
dG mixture. The peak 1 corresponds to the [Fr+dG+Na+HJ*.

m IOOO

UN UN

M/z

MoD22
FAB MASS SPECTROMETRY AND MNDO-H QUANTUM CHEMISTRY METHOD STUDY OF THE
NUCLEOSIDE COMPLEXES
S.A.Aksenov. I E Boldeskul. LF.Sukhodub
Institute of Applied Physics of Academy of Sciences. 244030, Sumy, Ukraine
It was revealed, that relative intensities of the nucleoside complexes peaks in FAB mass spectra depend
upon the nucleoside nature [1]. In order to determine relative concentration of the complexes using mass
spectra the concentration dependences of main peaks in FAB spectra were measured. Nucleoside
concentrations (A,G,C) in DMSO-glycerol solutions varied in 0.8% - 4% range. Curves demonstrate linear
behaviour. Relative complex concentrations lo nucleoside concentrations were: 3% for C-C,
1 % for G-G and 0.4% for A-A.
Then MNDO-H quantum chemical method was used in order to investigate stabilization energy and
structure of various nucleoside complexes and compare with mass spectrometric results. It was found that
thermodynamic stability is decreased in the row (in term of kkal/mol):
dG'dC > dC'dC = dG'dG > dGMA = dA'dT = dG*dT = dA*dA > dT*dT
28.9 23.1 22.4
16.3
14.2
Pairs dG'dC, dC'dC, dG'dG are stabilized by means of three hydrogen bonds (stabilization energy more
than 20 kkal/mol), in their formation it is necessary lo take into account enol/imine tautomers participation.
The tautomers which are less favourable energetically can form more strong H-bonds.
1. L.F.Sukhodub, S.A.Aksonov Observation of Deoxyribonucleoside Intermolecular Complexes in Mass
Spectra with Fast Atom Bombardment //Doklady Akademii Nauk Ukraine -1993 -n.2 -p.96-98 (Russ.)

-71 -

13th IMSC, Budapest 1994

Monday, 29 August

Session D

MoD23
Electrospray MS Analysis of Oligodeoxynucleotides Containing Modified Bases
Dasari M. Reddy, Robert A. Rieger, M. Cecilia Torres, and Charles R. Iden
Department of Pharmacological Sciences, Health Sciences Center, SUNY- Stony Brook, Stony
Brook, NY 11794-3400 USA
Oligodeoxynucleotides may be synthesized routinely by automated techniques using the
phosphoramidite chemistry, and incorporation of modified nucleotides is possible when the
required phosphoramidites are available. A modification must be stable to the conditions of
synthesis, release of DNA from the CPG support, and deprotection in order to obtain a
product. Many modified deoxynucleotides may be incorporated using this approach including
oxidation products, alkylation products, exocyclic adducts, and model lesions for the abasic
site, some of which can be accomplished with commercially available reagents. Other
components which have been incorporated into oligomers using automated synthesis require
extended synthetic protocols and have been reported in the literature.
Electrospray ionization mass spectrometry (ESI/MS) is used routinely to confirm the
synthesis of oligodeoxynucleotides containing modified structures and to identify products of
unstable oligomer degradation. Negative ion mass spectra of HPLC-purified oligomers and
dimethoxytrityl-protected oligomers exhibit a distribution of multiply charged molecular ions.
Molecular masses may be determined from the array of peaks with excellent precision and
serve to corroborate the synthetic sequence and the inclusion of a modified structure within
the sequence. This technique has also proved useful for the identification of products of
unstable oligomers formed during synthesis, deprotection, or purification.

MoD24
OLiGONUCLEOTIDES AND ADDUCTS:
SEPARATION AND DETERMINATION USING CZE/MS
Petra Janning, Wolfgang Schrader and Michael Linscheid
ISAS Institut fur Spektrochemie,
POBox 101352, D-44013 Dortmund, Germany
To study the interaction of drugs with DNA and proteins, a new analysis scheme has been
developed and the results will be presented here. After reaction of the drugs or active
metabolites from xenobiotics (e.g. styrene oxide), the DNA is digested into oligonucieotides
from di- up to hexanucleotides using an unspecific nuclease. The terminal phosphates are
removed with phosphatase and the resulting oligonucleosides are separated into groups of
the same chain length using capillary zone electrophoresis with a alkaline buffer system.
For the detection, either a UV detector or a home made electrospray ion source/sector field
mass spectrometer has been employed. The oligonucieotides are negatively charged,
whereas the platinum complexes gave strong positive ions. Usually, the adducts have
different migration times, thus they are separated from the free oligonucieotides even in the
UV traces. To establish the potential technique, model reactions have been performed
using oligonucieotides of different size and base sequences. We have been able to identify
several adducts from the model reactions such as the known intrastrand complexes of
diammine platinum (II) to Adenylyl-Guanosine and to Guanylyl-Guanosine and adducls of
styrene oxide to different nucleobases. The scheme is capable to separate many different
adducts, giving a rather detailed view of the chemistry of reactive species with DNA. Since
the oligonucieotides are still intact different levels of base sequence specificity are
accessible. So far we have studied DNA from calf thymus, drosophila melanogaster, human
lymphocytes and from homogenates of pig liver. The latter serves as a first step toward the
investigation of adducts to human tissue DNA.
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How to promote the molecular ion formation of underivati/ed
cyclophosphamides?. Plasma Desorplion Mass Spectrometry versus Electron
Impact and Chemical lonisation Mass spectrometrv.
Sophie Bourcier1 Yannik Hoppilliarda, Taraneh Kargar3. Helene Quemin and Odile Ri»alb
a) Laboratoire des Mecanismes Reaciionnels, URA 1307 du CNRS,
Ecole Polytechnique, 91128 Palaiseau Cedex, FRANCE.
b) Laboratoire de Pharmacologie Clinique, Hopital Robert Debre,
48 Boulevard Seruruier, 75019 Paris, FRANCE.
Cyclophosphamide (2-[bis(2-chloroethyl)amino]-tetrahydro-2H-1,2,3 oxazaphosphorine -2-oxide) (CPA) is an alkylating antitumour agent.
The Electron Impact (El) mass spectra of the trifluoroacetylated CPA was reported
earlier (1). Recently, Mcmerency et al.(2)described the Electron Capture Chemical lonization
mass spectra of trifluoroaceryl derivatives of CPA and its metabolites in blood plasma.
Derivatized or underivatizcd CPA and its metabolites are labile compounds and
molecular ions are never observed either in El mass spectrometry or in Negative Chemical
Ionisation (NCI) Mass Spectrometry.
We report the Plasma Desorption (PD) mass spectra and Chemical Ionization (CI) mass
spectra (using CH4 and NH3 as reacting gas) of CPA and its metabolites in urine.
In CH4-CI and in NH3-CI as well, molecular ions are often not observed. The main
and often the only one fragment ion corresponds to the loss of HC1 either from MH+ in CH4CI or from MNH4+ in NH3-CI.
On the contrary, the PD mass spectra exhibit an intense MH+ ion as well as caracteristic
fragment ions including the [MH-HCIJ+ ion. The other fragment ions are diagnostic ions for
the substitution.
(1) C. Lanigue-VIattei. J.L. Chabard, C. Touze and H. Baranoux, J. Chromatoar., 310 407
(1984)
(2) G. Momerency, K. Van Cauwenberehe. P.H.Th.J.Slee. A.T. Van Oosterom and E.A. de
Bruijn, Biol. Mass Spectrom., 23, 149 (1994).

MoD26
BIOANALYSIS OF OR-1364 AND ITS TWO METABOLITES
Pekka Ottoila
Orion Corporation, Orion-Farmos. Orion Research, P.O. Box 65, FIN-0210I Espoo, Finland
OR-1364, 3-(2-acetyl-3-oxo-l-bulenyl)henzonilrile, is a novel locally acting agent, which induces a
marked protection in various animal colitis models.
Data for pharmacokinetic calculations and proof of exposure to the drug in toxicity studies usually
require determination of drug concentrations in blood plasma or scrum. In this case, however, the
intact drug was not found in extracts from whole blood or plasma by either HPLC or GC/MS analysis.
Qualitative GC/MS analysis of the extracts revealed two prominent compounds not present in control
extracts: 3-cyanobenzaldehydc and 3-cyanohenzoic acid. The aldehyde is a predicted degradation
product of the parent compound, and trie acid is an oxidation product of the aldehyde. These two
findings were reliably identified using model compounds, and were concluded to be metabolites of
OR-1364. The metabolites have also been evaluated as drug substance and they have proven to be
inactive.
CHO

COOK

CN
OR-1364

3-cyanobenzaldehyde

3-cyanobenzoic acid

Because of the absence of the intact drug in plasma quantitative analysis had to be focused on the two
metabolites. The GC/MS method developed For this purpose requires as starting material 100 or 200 |il
of plasma, which is, after adding the internal standards (13C'5N-Iabelled analogs), strongly acidified
and then extracted with ethyl acetate. The crude extract is mixed with an on-column methylation
reagent and the mixture is analyzed straight by GC/MS. The calibrated range for the aldehyde is
0.025-5.0 Hg/ml and for the acid 0.025-20.0 Hg/ml. For both analytes, the quantitation level is 0.03
Hg/ml and precision varies typically between 1.5 and 15 % (c.v.). The method was applied to a number
ofpreclinical pharmacokinetic and toxicity studies carried out on several species.
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ISOLATION AND GC-MS IDENTIFICATION OF METABOLITES OF MK-306 FROM
THE URINE OF RAT AND DOG
T.Eriis-Takiicsy, I.Rilz, J.Hegediis-Vajda, K.Kovacs, Gy.Szebeni, I.Szalmdri
CHINOIN Pharm. Chem. Works Co.Ltd. H-1045 Budapest, To u. 1-S.Hungary
The metabolism of MK-306, a novel drug candidate with CNS activiiy was studied in rat and in
dog
-CH2 -CH—CH2 -CH2 H-N-CH2-CH 2 -CH 3
The GC-MS identification of the metabolites was carried out under electron impact and chemical
ionisation at 70 eV. GC separation was performed on a 25 m x 0.22 mm CP-Sil-19 column.
In order to chromatograph these compounds satisfactorily the secondary amine function must be
derivatised; this has been achieved by N-lrifiuoro-acylation using trifluoro-acetic anhydride in the
mixture of ethyl acetate and acetonilrilc.
Results and Conclusion
According to the data obtained in the biolransforniation studies of the l4C-labelled compound, the
major part (75 per cent of dose in 72 hours) of the drug is eliminated in the urine. In consequence
(he identification of (he metabolites was accomplished from the urine. The urine-samples adjusted
to pH=IO were extracted with chloroform then evaporated and derivatised.
As a result of the on-line GC-MS investigations three metabolites and the parent compound were
identified in the urine of dog, two metabolites and the parent drug in the urine of rat. Major
metabolic pathways were found to be in both species: the p-hydroxylation and/or the
desalkylation.
Reference compounds with the proposed structures were synthesised and confirmed again by gas
chromatographic and mass spectral parameters. From the metabolites characterised a metabolic
pathway for MK-306 was proposed.

MoD28
Identification of MX/2/120 Metabolites in Guinea-pig by HPLC-MS and HPLC-tandem MS
A. Triolo', O. Agostini", G. Bonacchi", F. Bonelli0. V. Pestellini", E. Toja"
• A. Menarini S.R.L., Firenze (Italy). " Malesci Istituto Farmacobiologico S.p.A., Firenze
(Italy)" Menarini Ricerche Sud, Pomezia (Roma, Italy)
The metabolism of MX/2/120 (i-methyl-7-neopentylxanthine. MW 236), a new xanthine
derivative endowed with a potent and long-lasting antibronchospastic activity, was
investigated in guinea-pig urine and plasma after i.v. administration of 12.5 mg/kg by HPLCMS and HPLC-tandem MS with thermospray ionization. A first analysis of the crude urine by
HPLC-MS could not give useful information because of the complexity of the obtained
chromatogram. A series of collisionally-activated neutral losses and parent ion scan
experiments was then performed, on the basis of the fragmentation pattern of the drug. The
instrumental parameters were set in order to reveal structural characteristics of the original
drug which could have been conserved in the metabolite structures. In urine, potential quasimolecular ions of possible metabolites were identified, which were then analyzed by
collisionally-activated daughter ion scans. In urine a side-chain carboxylated (MW 266)
metabolite and a side-chain hydroxylated (MW 252) metabolite, as well as the unmodified
drug, were identified, along with a series of unidentified substances whose nature of
metabolites was uncertain. In urine, evidence for the presence of the glucuronide of the
hydroxylated metabolite was found. A second series of HPLC-MS analyses of urines from
animals treated with an equimolar mixture of the drug and a Ni-trideuterated analogue
confirmed the metabolites found and excluded the presence of other metabolites among the
unidentified substances. In plasma the unmodified drug alone was found.
Finally, the structures of the metabolites identified were confirmed by comparison with the
authentic compounds prepared by synthesis.
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METHYLATION OF CLOPAMIDE AND INDAPAMIDE

J.D. EHRHARDT
Laboratoire de Pharmacologie Cardiovasculaire et R6nale, CNRS URA 589, 11, rue Humann, 57000
STRASBOURG, FRANCE
When diuretics have to be analysed by GC or QCMS, if is necessary to derivatise them in order
to improve their volatility. But, when an alcaline aqueous solution of clopamide or indapamide was
reacted with a toluene solution of iodomethane or trideutero iodomethane in presence of a phase
transfer catalyst, several derivatives were formed. The structure of these compounds will be
discussed.
The formation of a tertiary ammonium derivative has to be noticed, as it may not be detected in
GCMS analysis.

MoD30
Investigation of the metabolism and pharmacokinetics
of
anesthetic
drug
Calypsol(Ketamin) by GC-MS and
selective detection GC
B.A.Rudenko, S.A.Savchuk, E.S.Brodsky, N.A.Davydova
V.I.Vernadsky Inst.of Geo- and Analyt.Chemistry,Moscow,Russia
Sklifosofsky Medical Emergency Inet..Moscow,Russia
Technique to determine ketamin and its metabolites in
human blood and urine at the surgical treatment is
elaborated. The pharmaceutical "Calypsol" from
Gedeon
Richter (Hungary) and Merck (USA) was investigated. For
quantitative determination of the drug in body fluids the
deuterated analogue was synthesized
and used as an
internal standard. On the basis of GC-MS results the
metabolic profile of ketamin was investigated. The drug
was found in blood in the form of two isomers. Structures
of the isomeric forms were identified on the basis of
their mass spectra. The isomeric ratio of ketamin in
Pharmaceuticals was established. Electron capture and N-P
detectors were used for . selective GC determination of
ketamin. The selectivity of detection was compared, the
retention
indices
of
isomers were calculated. The
techniques elaborated are in use in Sklifosofsky Medical
Emergency Inst., Moscow for surgical patients treatment
control.
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L C / T S P / M S : a s e n s i t i v e m e t h o d f o r t h e d e t e r m i n a t i o n o f p l a s m a leve.ls
o f e x e m e s l a n e , a n e w s t e r o i d aroinaiase i n h i b i t o r .
C . A j L i . e y i , P.Zugnoni., P. D o s te i t , M . S t r o l i n H e n e d e l t i
P h a r m a c i a - I'armi la I i a C.lirba, V i a p e r i'ogliano, 2 0 0 1 4 N u r v i a n o , I t a l y
Exemestane
( 6-me I liy I enarid ros I ;i- I . 4-<i i ejie-.l, 1 7-d i o n e )
is a n e w
(iromatase i n h i b i t o r c u r r e n t l y u n d e r d e v c l o p m e n t a s t h e r a p e u t i c a g e n t
for e s t r o g e n - d e p e n d e n t
tumors.Pharmacokinetics of exemestane were
p r e v i o u s l y i n v e s t i g a t e d b y IIPI.C ( l i m i t o f q u a n t i t a t i o n l O n g / m l ) in
h e a l t h y p o s t m e n o p a u s a 1 v o l u n t e e r s , a f t e r o r a l a d m i n i s t r a t i o n o f 5 0to
8 0 0 m g d o s e s . In t h e a i m to m e a s u r e e x e i n e s t a n e p l a s m a l e v e l s m u c h l o w e r
t h a n 10ng/inli n e w t e c h n i q u e s w e r e c o n s i d e r e d . A H R G C / M S m e t h o d w a s
f i r s t d e v e l o p e d w i t h a d e t e c t i o n limit o f 0.25 n g / m l a n d g o o d p r e c i s i o n
a n d a c c u r a c y . H o w e v e r ,the m e t h o d w a s u n s u i t a b l e f o r t h e q u a n t i t a t i o n
o f e x e m e s t a n e in p l a s m a f r o m t r e a t e d s u b j e c t s , l i k e l y d u e to t h e
p r e s e n c e o f in t e r f e r i n g m e t a b o I it es in p l a s m a e x t r a c t s . T h e c o m b i n a t i o n
of H P L C w i t h m a s s s p e c t r o m e t r y through a T S P ion s o u r c e w a s e n v i s a g e d
a s a n a l t e r n a t i v e m e t h o d . A fast a m i s i m p l e e x t r a c t i o n p r o c e d u r e f r o m
p l a s m a , f o l l o w e d b y q u a n t i t a t i v e a n a l y s i s o f exeiuestane w i t h a n
appropriate
internal
standard
(<>-methyIandrosta-1,4,6-1riene-3 ,1 7d i o n e ) w a s u s e d . T h e m e t h o d a l l o w e d t h e q u a n t i t a t ion o f e x e m e s t a n e
plasma levels a s low as Ing/ml. Calibration curves performed on seven
different days showed excellent linearity (range 1ng-50ng/mI) a n d a
good r e p r o d u c i b i 1 i t y of the slope. The inlraday p r e c i s i o n , determined
by a s s a y i n g p l a s m a l e v e l s c o n t a i n i n g t h r e e d i f f e r e n t c o n c e n t r a t i o n s o f
e x e m e s t a n e p r o c e s s e d in t r i p l i c a t e , w a s f o u n d t o r a n g e f r o m 0 . 3 % t o
16.4%. tnterday precision a s assessed by analysing plasma samples used
for t h e i n t r a d a y p r e c i s i o n o n s i x d i f f e r e n t d a y s r a n g e d f r o m 5 . 1 % t o
'.'.2%.The a c c u r a c y o f t h e m e t h o d e x p r e s s e d a s t h e p e r c e n t r a t i o b e t w e e n
t h e f o u n d to a d d e d a m o u n t w a s 9 7.K" + 6.y ( c . v . = 7 . 0 % , n = 5 4 ) . T h i s m e t h o d
w a s a p p l i e d to t h e d e t e r m i n a t i o n of e x e m e s l a n e p l a s m a l e v e l s in 1 2
postmenopausal
volunteers
in a b i o a v a i 1 a b i 1 i t y
study
of t w o
different formulations of exemestane.

MoD32
QUANTITATIVE HPLC-MS-MS IN SUPPORT OF A PHARMACOKINETIC STUDY INVOLVING
SIMULTANEOUS CONSTANT RATE AND ACCELERATED INFUSIONS VIA THE INTERVENES AND
INTRAPORTAL ROUTES
'G.D. Allen*, >R. Griffiths. 'R.W. Abbott. TS. Bartlclt. 'v.A. Lewis and >M. Nashand 2 J. Ronlrcc.
'Department of Drug Metabolism and Pharmacokinctics. SmilhKlinc Bcccham Pharmaceuticals, Research and
Development, The Frythe, Wehvyn, Herts, AL6 9AR. 2 Fisons Instruments Organic Analysis Biotech MS,
Tudor Road, Altrincham, Cheshire, WA14 5RZ.
When a drug is given by intravenous or cxlravascul.ir administration then the experimental control is largely
dependent on the test individual and the number of appropriate observations. One approach to reduce the number of
variables that a biological system imposes on these studies and still maintaining some control of the experiment, is to
control the route and rate of drug delivery into the system. Traditionally, constant rate intravenous infusions are
administered to animals to gain pharmacokinctic (PK) information such as clearance, elimination rate and volume of
distribution. During constant rale infusions, plasma/blood drug concentrations increase with lime and eventually
approach a steady-slate, where elimination equals infusion rate. Drug concentration in plasma at steady-stale is
directly proportional to the infusion rate and inversely proportional to the systemic clearance. Single constant rate
infusions although useful, are limited in providing a more detailed picture in to the PK of a drug. If a constant rate
intravenous infusion is simultaneously combined with an accelerated infusion then the ascending concentration-time
profile shows a linear region. Comparison of the slope of this linear region lo the slope generated from a similar
experiment dosing the drug via the hepatic portal vein, yields a measure of the hepatic extraction ratio. The results
from such a dual infusion experiment are presented for a novel anii-aslhmau'c drug BRL 55834, using rats surgically
cannulatcd into the vena cava and hepatic portal vein and dosed with BRL 55834 for 6 h, Blood samples were
collected over 24 h'and analysed by megaflow electrospray ionisation with multiple reaction monitoring using a
triple quadmpole mass spectrometer. In total, approximately 450 samples were analysed (S min/sample) over the
concentration range 1-500 ng/ml during a 1 week period. The results presented, demonstrate the usefulness of such
PK experiments, combined with the speed, reproducibility. linearity and robustness of HPLC-MS-MS in the
pharmaceutical environment.
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Characterization of volatile organic compounds in the air of a coke production plant by
GC/MS
M. Makela*, L. Pyy*, E. Yrjanheikki*, K.Vahakangas+, J. Jalonen++
*Oulu Regional Institute of Occupational Health, SF-90220 Oulu, -t-Department of Pharmacology and
Toxicology, University of Oulu, ++Department of Chemistry, University of Oulu, SF-90571 Oulu, Finland
The first Finnish coking plant started in autumn 1987 in Raahe, Finland. At the same time Oulu Regional
Institute of Occupational Health and Department of Pharmacology and Toxicology at Oulu University together
with Rautaruukki Oy started a large research programm to study the exposure of cokcowen workers to
polycyclic aromatic hydrocarbons. Both personal and stationary sampling together with biological monitoring
are applied (I).
In spring 1992 the air sampling program was expanded to include volatile organic compounds (VOCs).
Annually about 50 samples are collected to charcoal tubes (150 mg) and 5 - 7 samples to Tenax GR tubes
(150 mg). Tenax samples are thermally desorbed to GC/MS to identify the VOCs, whereas quantitation is
done with GC/FID using charcoal samples which arc extracted with carbon disulfide.Tekmar LSC 2000 is
used for thermal desorption, GC separation is done either by Carlo Erba GC equiped with DB624 column (30
m x 0.32 mm i d , 1.6 urn phase tidiness) or Perkin Elmer Sigma 2 dual channel GC equiped with BP20 (25 m
x 0.54 mm i.d.) and BP1 (25 m x 0,54 mm i.d.), mass spectra are produced by Perkin Elmer ITD run at 70 eV
El mode.
The MS identification revealed a distribution of alkanes and a variety of alkylated aromatics. Same kind of
composition has been detected in coal gasification wastcwater samples (2) and as products of coal pyrolysis
(3). The most common and abundant VOCs were: benzene, toluene, ethylbenzenc, xylenes and naphtalene, the
mean concentration of each were about 160 ug/m^ in year 1993. Other compouns identified were: mesitylene,
pseudokumene, limonene and severall other C3 and C4 benzenes; also indenc, alkyl derivatives of indene and
naphtalcne, phenol, benzofuran and benzothiphene were recognized.
1. K. Vahakangas, L. Pyy and E. Yrjanheikki, Pharmacogenetics 2 (1992) 304 - 308
2. D.W. Potter and J. Pawliszyn, J. Chrom. 625 (1992) 247 - 255
3. P.F. Greenwood, E. Zhang, F.J. Vastolaand P.G. Hatcher, Anal. Chem. 65(1993) 1937 - 1946

Mo D34
THE USE OF MEMBRANE INLET MASS SPECTROMETRY FOR
THE ANALYSIS OF CONTAMINANTS IN AIR
Raimo Ketola1, Vesa Virkki1, Tapio Kotiaho1 and Risto Kostiainen2
1. VTT, Chemical Technology, P.O. Box 1401, FIN-02044 VTT, Finland
2. Environmental Laboratory of Helsinki, Helsinginkatu 24, FIN-00530 Helsinki,
Finland
There is a growing need for rapid and sensitive methods of analyzing
hazardous compounds in environment. One important aspect is the analysis of
samples without time consuming extraction and purification. Membrane inlet mass
spectrometry (MIMS) has proven to be an effective technique for on-line analysis
and continuous monitoring of various compounds from environmental samples.
Membrane inlet mass spectrometry has been utilized for monitoring of
contaminants in air. Different inlet and membrane configurations have been studied.
Various operation parameters such as sample flow rate and membrane temperature
have been optimized in order to achieve high detection limits and good linearity.
The method shows fast response times together with detection limits at the \xgfnfl
range.
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The Measurement of Volatile Organic Compounds in Ambient Air and Point Source
Emission by Ion Trap GC/MS
Elizabeth Almasi and Robert Brittain
Varian Chromatography Systems, 2700 Mitchell Dr, Walnut Creek, CA 94598, USA
In order to improve ambient air quality the monitoring of ambient air and the control of point
source emissions is necessary. Both source emissions and ambient air have to be analyzed to
assure that the allowed concentration levels are not exceeded.
In this study, the Saturn Ion Trap GC/MS system was used to perform these measurements.
The system configured for source emission (cone, higher than 5-20 ppb v/v) monitoring is
equipped with a gas sampling valve (GSV), usually with a 250 uL loop. Using a variable splitter
on the inlet, samples with concentrations from low ppb to high ppm levels can be analyzed.
This simple approach is possible because of the inherent sensitivity of the Ion Trap detector.
For ambient air analysis the desired detection limits are in the sub ppb v/v range; therefore,
sample enrichment prior to analysis is required. The GC is equipped with a Sample Preconcentration Trap (SPT) programmable from -190C to 420C to allow the sample
concentration either on glass beads at sub ambient temperatures or with different sorbents at
ambient temperatures. The system was evaluated for air toxics (halogenated and aromatic
VOCs), pofar compounds (alcohols, kefones etc.) and ozone precursors (C2- C10
hydrocarbons). Sample volumes as low as 60 mL were sufficient to achieve 10-30 ppt v/v
detection limits.
Results of point source and ambient sample analysis will be presented, together with
comparison of the different concentration techniques.

MoD36
Photodegradation of Alachlor in water. Identification of breakdown products by GC-MS, LC-MS and
LC-MS/MS
S. Chiron'. J. Abian 2 , M. Ferrer3, F. Sanchez-Baeza1, A. Messeguer3 and D. Barcelo1
Departments of Neurochemistry2, Biological Chemistry3 and Environmental Chemistry1.
CID, CSIC, Jordi Girona, 18. 08034-Barcelona (Spain).
The photodegradation of Alachlor, (2-chloro-2', 6'-diethyl-(metoxymethyl)-acetamide], was
investigated in distilled and river water. Irradiation was carried out under a Kenon arc lamp.
Identification of unknown photoproducts was achieved either by GC-MS with electron impact (El)
or by directly analysing the irradiated solution using an on-line solid phase extraction followed by LCTSP-MS (1) or by LC-TSP-MS/MS (2). A preconcentration step (100 niL) permited to achieve a better
limit of detection and permited to undertake photodegradation studies at low concentration (20/yg/L,
only one order of magnitude greater than that expected in aqueous environment). A total of 7 formed
breakdown compounds may be of concern in the environment. In addition, six hypothetical
photoproducts have been synthetized and their GC-MS and LC-MS spectra were matched with the
spectra of the compounds obtained from the irradiated solution. Hydroxyalachlor and a lactam were
unequivocally identified.
S. Chiron, S. Dupas, P. Scribe and D. Barcelo. J. Chromatogr., 665 (1994) 295.
J. Abian, G. Durand and D. Barcelo. J. Agric. Food Chem.. 1993, 4 1 , 1264-1273.
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LASER MASS SPECTROMETRY OF AMBIENT AEROSOLS IN REAL TIME (LAMPAS)
K.-P.Hinz, B.Spcngler. R.Kaufmann
Institute of Laser Medicine, University of Diisscldorf, P.O. Box 10I007. D4000I Dusscldorf, Germany
Mass spcctromctrical analysis of single particles is of
high importance in various scientific fields such as
industrial hygiene, environmental research and
occupational medicine. Chemical and physicochcmical
reactions of aerosol particles e.g. are predominantly a
result of their individual properties rather than their
mean chemical composition. For understanding
chemical reactions of aerosol particles in the atmosphere
single particle analysis is therefore eitrcmly helpful.
Using an on-line method for particle analysis, on the
other hand, prevents information loss due to collection,
transportation and preparation of panicles.
The instrument developed for on-line analysis of
single panicles uses a direct particle inlet into the ion
source region of a time-of-flight mass spectrometer
/1,2/. Particles pass a differentially pumped nozzle
system. While crossing a cw-laser beam the scattered
light is delected by a photomultiplier. The resulting
signal is used to actively trigger a focused UV laser
(20|im diameter) which evaporates and ioni7.es the
detected particle. Ions are accelerated in an electrical
Held and detected by a microchannel plate detector.
The light scattering system is able to detect particles
down to a diameter of 0.2 nm.
Spectra were obtained from laboratory measurements
of individual particles from ambient aerosol. During
measurements several hundred ambient particles were
mass spcctrometrically analysed with a typical detection
and processing rate of 2 to 3 particles per minute.
Besides predominance of sodium and potassium
containing panicles (about 80%), particles with a
significant amount of aluminum, carbon, sulfatc and
nitrate have been detected (Fig. 1). Most of the analysed

particles from laboratory air might originate from soil
dust or soot.
The instrument includes options for post-source
pulse focussing and reflcctron mass analysis for
improved mass resolution. The whole setup is prepared
to stationary field measurements.

Figure I: Positive ion mass spectrum of an ambient
aerosol panicle
Acknowlegement
This work was supported by the Ministry of Science and
Research, Nordrhcin-Westfalcn.
/I/ Hinz,K.-P., Kaufmann.R. and Spcnglcr.B. (1993).
Proceedings of the 41st ASMS Conference on Mass
Spcctrocnctry and Allied Topics San Francisco, 946
/2/Hinz,K.-P., Kaufmann.R. and Spcnglcr.B. (1994).
Anal.Chcm. submitted

MoD38
Direct Determination of Polynuclear Aromatic Hydrocarbons from Airborne Participates using Laser Desorption
Laser Photoionisation Time-of-Flight Mass Spectrometry (L'TOFMS)
Michael J Dale, Scott J Wright Hid Patrick R R Langridgc-Smith
Department of Chemistry, The University of Edinburgh, West Mains Road, Edinburgh, EH9 3JJ
The carcinogenic and mutagenic properties of many Polynuclear Aromatic Hydrocarbons (PAHs) makes them an
important environmental hazard. In particular, the presence of these species in airborne particulars is of major concern
as the particles can enter the respiratory system and be deposited in the lung. The characterisation of PAHs in such
samples poses significant analytical problems as they are present in complex matrices with a diverse range of
physiochemical properties.
Conventional analytical techniques, such as GC-MS, require that an extensive and time-consuming sample clean-up is
performed prior to analysis. Furthermore, the higher mass PAH components are generally involatilc and are difficult to
recover from a GC column. Alternative desorption techniques such as FAB, SIMS or LDMS often lead to mass spectra in
which the signals derived from the target molecules are indistinguishable from those resulting from the sample matrix. In
many cases, a matrix must be added to the sample to enable a suitable spectrum to be obtained. Two-step laser desorption
laser photoionisation has a number of important advantages over other mass speclrometric techniques, namely i) direct, in
situ analysis, ii) short analysis time, iii) minimal matrix interference, iv) simple miss spectra dominated by the parent ion
and v) a large dynamic range of detection.
We have previously demonstrated that LaTOFMS can be used for the rapid screening of PAHs in contaminated soils [1],
allowing the determination of semivolatile and involatilc species without the need for extensive extraction and separation
procedures to be carried out. In the present work, we present the results of an investigation into the analysis of PAHs
associated with airborne paniculates. Two different sample types were investigated, namely cloud water particulates
collected on polycarbonate niters and street-level aerosol paniculates collected on glass fibre filters. Ttie mass spectra
obtained clearly demonstrate that L2TOFMS can generate readily interpretable mass spectra which show strong signals
corresponding to the molecular ions of a series of PAHs. Mass spectra were obtained using two ionisation wavelengths,
193 nm and 248 nm. The resulting mass spectra exhibited a strong wavelength dependence, the lower mass PAH
molecular ion peaks being favoured over the higher mass components when using 248 nm laser photoionisation.
[1) M. J. Dale, A. C. Jones, S. J. T. Pollard, P. R. R. Langridge-Smith, A. G. Rowley, Environ. Sci. Technol.. 27, 1693,
(1993)
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Direct In Situ Analysis Of Molecular Adsorbates Using Laser Desorption Laser Photoionisation Mass
Spcctrometry (L^TOFMS)
Scott J Wright, Michael J Dale, Kevin F Coslello and Patrick R R Langridgc-Smith
Dcpanmcnl of Chemistry, The University of Edinburgh, West Mains Road, Edinburgh. EH9 3JJ
In situ characterisation of molecular adsorbaics directly from their native surroundings is a challenging analytical
problem. When investigating such complex systems using more conventional techniques it is often necessary to employ
time consuming extraction and separation procedures prior to mass spectral analysis. Direct examination of such systems,
using desorption techniques such as FAB or LDMS, can lead to matrix interference effects, resulting in complicated mass
spectra. The work presented here concerns the development of laser desorption laser photoionisation time-of-flight mass
speclromctry (L^TOFMS) as a sensitive and selective tool for the analysis of organic molecules adsorbed on non-metallic
substrates.
Two-step laser desorption/laser pholoionisalion mass speclromelry (L^OFMS) has a number of advantages over other
mass spectrometric techniques which result from the separation of the desorption and ionisation processes. This
decoupling allows for the independent optimisation of both stages. Firstly, pulsed CO 2 laser desorption facilitates the
volatilisation of intact neutral molecules directly from their host .--bstraie. These molecules can then be photoionised
using a pulsed UV laser, via resonant MPI, before being analysed and detected in a TOF mass spectrometer. The
temporal and spatial separation of the desorption and ionisation steps enables a degree of selectivity in the ionisation since
one can select an ionising laser wavelength which corresponds to a strong UV absorption in the target molecule. This
allows us to descriminatc against species which may be present in the gas-phase as a consequence of ablation of the
substrate material. The mass spectra obtained of [he adsorbed material are thereby less congested and more readily
interpretable.
Several systems have been investigated using this methodology. Aromatic compounds, including important classes of
molecules such as dyes and natural pigments arc ideal candidates for investigation as most have absorption bands in the
UV region of the spectrum, but have vanishingiy small vapour pressures at room temperatures. The work presented
concerns the direct analysis of a number of porphyrin pigments and commercial dyestuffs adsorbed onto synthetic
polymers. The results demonstrate the ability of L^TOFMS to produce simple, readily interprelable mass spectra of the
target species after direct desorption from organic substrates.

MoD40
Volatile organic pollutants in a painting shop
Ivan Vfden, Vladislav Kubelka
Institute of Chemical Technology, Prague, Czech Republic
Department of Mass Spectrometry, 16628 Praha 6, Technicka 5
The quality control of the atmospere arising during the painting and
baking process in a painting shop is basically ruled in the Czech Republic by 2 kinds of legislative regulations. It is the "Air Act" from
1991 in the first place which prohibits the organic emissions from the
whole painting shop to exceed the values 6Omg/m2 of the painted area
expressed as total C value. As for the occupational safety inside the
painting shop, exposure of the workers to the organic pollutants is
ruled by the Ministry of Health of the Czech Republic's "Hygienic regulations" from 1978. The average and top values of permissible concentrations are higher in this list by some three to four degrees of
magnitude in comparison with the list of imissions in normal open air.
The following case is an example of the necessity to analytically
control the organic compounds not only as the total C content. In a
north-moravian industrial plant the exhausts from a painting shop were
measured along with the organic imissions inside the workshop to deter
mine the occupational safety of the workers. The analytical technique
consists of adsorption of the organic volatiles on Tenax TA, followed
by direct thermal desorption and GC-MS analysis. The instrument was a
Jeol DX3O3 with DA5000 data station. During a series of measurements
of exhausts placed on the top of the baking furnace and on it's walls
near the 2 Weisshaupt-burners large quantities of volatile organics
were determined. Most of them are directly evaporized components of
the dyes and solvents used for the painting. In the proximity of the
burners larger quantities of oxidation products were determined, esp.
aldehydes, 2-alkanons, alkyldihydrofurans etc. For the considerable
contents of organic pollutants found int the occupational area mostly
the original dyes and solvents are responsible? the concentrations of
e.g. ethylbenzene, butylcellosolve and others seem to be alarming.
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USE OF MOBILE GC/MS IN THE CHARACTARISATION AND CLEAN UP
OF CONTAMINATED SITES.
S Facchetti

Joint Research Centre - C.E.C.

Ispra Italy

A Gilbert

Fisons Instruments

Manchester U.K.

A Grove B Johansson

Danish Technological Institute

Taastrup Denmark

A Sironi

Fisons Instruments

Rodano Italy

Increased environmental awareness has substantially reduced the uncontrolled release of potentially
toxic substances in recent years. There are still however accidental and illegal releases to consider.
Furthermore there is a legacy of indiscriminate disposal from previous years. In many cases disposal
sites are inadequately documented in terms of the nature and quantity of substances disposed.
The rehabilitation of these contaminated sites is greatly facilitated by the ability to analyse samples
as they are obtained, and modify sampling and clean up strategies according to the results.
A mobile laboratory, including GC/MS instrumentation has been constructed, and used to
charactarise a contaminated site. Operational considerations are discussed, and Held results compared
with those obtained from a previous charactarisation of the same site using traditional static
laboratory analysis.

MoD42
GAS CHROMATOGRAPHY-MASS SPECTROMETRY AS A POWERFUL TOOL IN
ENVIRONMENTAL SURVEY
L. Lelik, E. Bihatsi-Karsai, J. Lefler and G. Vitanyi
University of Horticulture & Food Industry, Central Laboratory
H-1118 Budapest, Villanyi lit. 35-43. H U N G A R Y
The revelation of former contaminations and remediaton of contaminated areas are a challenging and important task of current environmental protection. This cannot be done without applying the most
developed analytical methods.
This present work demonstrates the application of mass spectrometry
and GC-MS technique in qualitative and quantitative analyses of
different contaminants (e.g. petroleum hydrocarbons, volatile
chlorinated hydrocarbons, benzene, toluene, xylene, etc.).
Sample preparation depends on type and contamination rate of samples
(liquid-liquid extraction, SPE, Soxhlet extraction,etc.).
During the last 3 years nearly 5000 samples were investigated, which
originated from a contaminated, industrial area.
Analytical conditions: A HP-5890 capillary gas chromatograph linked
by a direct capillary interface to a VG TRIO-2 quadrupole mass
spectrometer was used. A HP-1 apolar capillary column was applied.
Data processing was done by a DEC PDP 11/53 microcomputer.
This work was supported by the National Research Fund (OTKA No. 605)
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Application of Two-Step Laser Mass Spectrometry to
Environmental samples
Qiao Zhan, Pierre Voumard, and Renato Zenobi
LPAS (batimerit de chirnie), Ecole Polytechnique Federale,
CH-1015 Lausanne, Switzerland
Two-step laser mass spectrometry (L2MS) is a modern analytical method that
features intact vaporization and efficient soft ionization of high-molecular weight
compounds. It utilizes a pulsed CO2 laser for desorption of neutral molecules, a pulsed,
tunable UV laser for resonance-enhanced multiphoton postionization, and a reflectron timeof-flight mass spectrometer for mass analysis. L2MS is a highly sensitive and optically
selective surface analysis method. It can serve as a very powerful tool for the direct
chemical analysis of selected compounds in complex sample mixtures, such as tissue
matrices, polymer materials, environmental samples, and geo/cosmochemical materials.
We applied L2MS to the chemical analysis of adsorbates on aerosol particle surfaces.
Aerosoles were collected from different sites, e.g. in the countryside, in an industrial zone,
by a downtown road and in a highway tunnel. Because of the high sensitivity and optical
selectivity of L2MS, virtually no sample preparation is needed, and spectra can be recorded
in a very short time. Qualitative and quantitative comparisons of polycyclic aromatic
hydrocarbons (PAHs) in different sampling areas were carried out. By scanning the
ionization laser wavelength, two-dimensional UV/MS spectra can be generated for better
identification of the adsorbed species.

MoD44

USE OF A NEW BENCHTOP PARTICLE BEAM LC/MS INSTRUMENT FOR
THE DETERMINATION OF ENVIRONMENTAL CONTAMINANTS
R. Rao

Fisorts Instruments

Manchester, U.K.

In the recent past, the environment has become a major focus for legislation and public concern. Control
of toxic emissions, spillages and dumping of environmentally hazardous compounds has become stricter,
resulting in an increase in prosecutions for organisations which contravene these controls. There is also,
however, the problem of contamination which occurred before the recent heightened awareness of
environmental issues.
Environmentally hazardous compounds of interest cover a wide range of classes including polyaroir me
hydrocarbons, polychlorinated biphenyls and numerous types of pesticides. Particle Beam LC/MS is an
ideal technique for the analysis of many of these type of compounds as it can give structural and molecular
weight information, compound identification and can enable accurate quantitation. Using the mass
spectrometer as a HPLC detector can eliminate the time needed for method development, as characteristic
ions can be monitored for each compound, reducing the need for highly resolved separations.
The use of the new benchtop Particle Beam LC/MS instrument for determination of some commonly
occurring environmental contaminants is discussed, with examples of die structural, molecular weight and
positive identification information that can be obtained.
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Structure analysis of Lantibiotics: chemical derivatization allows complete Edman
degradation. Depiction of the mechanism by ESI-Mass spectrometry.
Helmut E. Meyer , Markus Heber, Bernd Eisermann, Horst Körte, Jörg W. Metzger and
Günther Jung +
Institut für Physiologische Chemie I, Proteinrsequence laboratory, MA 2/143, Ruhr-Universilät
Bochum, D-44780 Bochum, Germany and Institut für Organische Chemie, Eberhard-KarlsUniversität Tübingen, D-72076 Tübingen, Germany
Lantibiotics are antibiotic peptides produced via ribosomal synthesis of precursor proteins by
Gram-positive bacteria. They contain various unusual posttranslational modifications, which
include the formation sulfide rings by lanthionine or ß-methyllanthionine, and 2,3didehydroamino acids. The N-terminus may be blocked by a 2-oxobutyryl group and the Cterminus may be inaccessible in some of the lantibiotics. Due to these modifications the analysis
of such peptides is very tedious. Chemical modifications using an ethanelhiol-contair.ing reaction
mixture and/or trifluoroperacetic acid treatment were used to solve these analytical problems.
Investigating the tetracyclic 22-peptide gallidermin and the N-terminally blocked tricyclic 34peptide PepS as examples, a novel access to the primary structure of lantibiotics is demonstrated.
After performing the reaction with mercaptoethanol an aliquot of the reaction mixture was
analyzed by RP-HPLC coupled on-line to electrospray MS. The electrospray mass spectrum
obtained by averaging all scans recorded during elution of this peak mainly showed the doubly
protonated molecular ions of different gall¡dennin-derivatives. The most intense mass signals
corresponded to species carrying two up to six S-2-hydroxyethyl groups.
These results can be explained by assuming that to each 2,3-didehydroamino acid, to each
lanthionine and to each 3-methyllanthionine bridge, one molecule of mercaptoethanol is added.
The S-vinylcysteinyl residue in gallidermin containing a double bond and a sulphur bridge reacts
with two equivalents of mcrcaptoethanol.

MoD46
Identification of a Tylosin Related Macrolidc.
Anne V. Geeson and Sarah E. Morgan
Lilly Research Centre Limited. Erl Wood Manor. Windlcsham. Surrey-. GU20 6PH. UK.
Tylosin, a 16-membercd macrolidc produced by Streptomyces
strains, is used as a Teed additive for growth promotion and i s a
broad spectrum antibiotic in poultry and swine. In addition to the
main product tylosin A (TA), several related macrolidc; are
produced during the fermentation process' Quality control assays
used during production must monitor the factor distribution, as the
related macrolides have different antibiotic activities and several
suitable HPLC methods have been reported. During the routine
monitoring of a batch of tylosin phosphate concentrate (BP Vet), a
minor impurity eluting immediately prior to TA was observed. A
combination of MS and NMR techniques have been used to
establish the identity of this impurity. Therrnofpray (TS) LC/MS
was found to be advantageous in two respects; development of an
alternative HPLC method compntible with TS (MeCNJljO.TFA)
revealed that the 'impurity' was two species (IA and E ) and both
relative molecular mass (rmm) and structurally important
fragmentation was provided without recourse to MS/MS
techniques.
For both IA and IB, the ion of highest mass suggested a possible
rmm +15u above that of TA with characteristic macrolide hexose
losses. Conservation of the +15u mass shift for (MH-mycarose|+
and fMH-mycinosef*1 suggested the structural modification,
possibly an additional NH. occurcd at the tylonolide nucleus or the
mycaminosc
Additional fragmentation not observed for the
common factors (TB etc.) led to (MH-18]* and rMH-l8-hexose n j+
ions.
Confirmation of the rmm was obtained by off-line
electrospray analysis.
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In order to facilitate analysis, a desmycarosyl-IA/IB rich (35%)
sample was prepared by cold acid hydrolysis followed by
repeated chloroform extraction (pH 6). Acid reflux caused IA
and IB to collapse to OMT TS LC/MS confirmed the +15u
mass shift remained in the desmycarosy] species The 'H-nmr
spectrum showed characteristic multiplcts consistent with the
formation of oxime isomers. I 3 C and 2D methods (COSY and
inverse detected heteronuclear techniques) gave further
evidence that the signals were due to the syn- end antialdoximc isomers at position 18 of the tylonolide nucleus.
To confirm the assignment, tylosin was subjected to oxime
forming conditions in a nmr tube (hydroxylamine.HCI in dodioxan, 90°C). Appearance of the multiplets attributed to
aldoxime isomen with • concomitant decrease in aldehyde
signal was observed. TS LC/MS of the nmr dioxan solution
confirmed an elevated level of the aldoximes of tylosin (and
also the aldoximes of TB and TC).
The formation of the aldoxime was attributed to increased
levels of nitrates present during fermentation, which in turn
may be metabolised giving hydroxylamine as a metabolite.
References
1 H.A.Kirsl, G.M.V- >•*, R.H.Baltz, R.L.Hamill, J.L.OH.
F T Counter and E.E.Ose. J. Antibiot.. 3 i (1982) 133
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NEGATIVE-ION FAST ATOM BOMBARDMENT MASS SPECTRA
OF SODIUM SALTS OF MONENSINS AND RELATED COMPOUNDS
Vladimir Havlicek, Miroslav Ryska,* and Stanislav Pospisil
Institute of Microbiology, Academy of Sciences of the Czech Republic, V'idenskd lOHi, 142 20 Prague.
Czech Republic.

Research Institute for Pharmacy and Biochemistry, Koufimska 1~, 130 60 Prague,

Czech Republic
Monensins represent a group of biologically active polyether monocarboxylic acids Their sodium salts
are described by general formula.

Practically all known appropriate ionization techniques except of FAB in negative-ion mode have been
reported in their structure elucidation. In our study the FAB negative-ion technique combined with
collisionally activated dissociation of [M-H] ions of the following representatives of this group have
been used: Monensin A (R'= - C H 5 , R : = -OH, R'= -CH,), Monensin B (R'= -CH3, R2= -OH, R'= -CH,),
26-deoxy-Monensin A (R'= - C H , , R2= -H, R'= -CH,), 26-deoxy-Monensin B (R'= -CH,, R : = -H, R'=
-CH,), 3-0-demethyI-Monensiii A (R'= -CM,, R'= -OH, R'= -H), 3-O-demethyl-Monensin B ( R ' -CH,. R'= -OH, R'= -H), Laidlomycin
(R'= -CH,, R-= -OH, R'= CH,CH,C0), and
26-deoxy-Laidlomycin (R'= -CH,, R : = -H, R'= CH,CH : CO-). Negative-ion FAB mass spectra are more
suitable for the structure elucidation than the positive ones Characteristic ions in the B/E spectra of
deprotonated molecules of monensins are fragments containing the sodium salt's moiety as products of
subsequent extensive fragmentation of the E, D. and C rings Contrary to monensins. the fragmentation
of laidlomycins starts with the splitting off the sodium salt and ester groups This characteristic feature
might be used to differentiate both substance types

MoD48
Fourier Transform Mass Spectrometry of Eremomycin: A Comparison of Electrospray
and Matrix Assisted Laser Desorption lonization
T. Wyttenbach,1 M. Knobeler.1 L. Silvestro,2 D. Evardi and P. Caravattii
1
Spectrospin AG, Industriestrasse 26, CH-8117 Faellanden. Switzerland
2Respharma. Via Belfiore 57.1-10125 Torino, Italy

Eremomycin is a glycopeptidic antibiotic that has excellent activity against the most important pathogenic Gram
positive bacteria. The structure of eremomycin is well characterized, but it is still not clear whether the molecule is
present in solution as a monomer or dimer and which form should be responsible for its activity. The current study
was undertaken to characterize eremomycin under a variety of conditions in both solution and crystalline forms
using mass spectrometry to perform the analysis
Fourier transform mass spectrometry (FTMS) offers an ideal platform for the study of the structure of biological
molecules such as eremomycin. It is possible to perform high resolution mass spectrometry coupled to
electrospray ionization (ESI) and matrix assisted laser desorption lonization (MALDI) using an external ion source
FTMS. Further advantages of this technique are the excellent mass accuracy and ion trapping capabilities which
make it possible to perform multistage mass specirometry The combination of these two ionization lechniques
makes it possible to study a wide mass range of biological molecules in both the liquid (ESI) and solid (MALDI)
states. The preliminary results indicate thai eremomycin is present in solution as a dimer, but only as a monomer ir
a dihydroxy benzoic acid (DHB) matrix. Fragmentation in the MALDI spectra provide structurally relevant
information that can be enhanced using collision induced dissociation following parent ion selection. Further
studies are underway to more fully characterize and understand eremomycin through FTMS. This example
illustrates (he power of ESI/MALDI FTMS for studying biological molecules, as the combination of resolution, mass
accuracy, sensitivity and structural elucidation capabilities make FTMS an ideal technique for studying biological
molecules.
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Comparison of Thcrmospray and Particle Beam HPLC-MS of a nc« (i-lactam antibiotic and related compounds

M.Scandola, P.Rossato. P.Grossi and M.Petlcgatti.
Drug metabolism Department. Glaxo Ricerchc. Via Fleming 4. 37135 Verona (Italy)
GVI04326B is an antibacterial agent, first member of a new class of tricyclic p-lactam (Tribactam) (1) with a potent
and broad spectrum of activity against Gram-positives. Gram-negatives and anaerobes.

O

XOONa

Structure of GVIO4326B
ll was shown for other P-lactam compounds that chemical and enzymatic degradation led to the same major products
and the principal degradation product coincided with the main metabolite (2).
Methods for preliminary investigation into GVI04326B metabolism have been developed by using Thcrmospray (TSP)
and Particle Beam (PB) HPLC-MS.
The mass spectra ofGVI04326 and its degradation products in water and urine (0-2 hours. 37°C) are described in this
poster.
While for the parent compound the molecular ion was observed both by TSP-MS and by PB-MS, for the major
degradation product only decarboxylatcd fragments were detected by TSP, due lo thermal degradation. Particle Beam
interface was then preferred because, avoiding thermal degradation, provided belter information on the molecular
weight and structure.
1)
2)

B.Tamburini, A.Perboni, T.Rossi. D.Donati, D.Andrcolli. G.Gaviraghi, RXarlcsso, CBismara, Eur.Pateni Appl.
199IEP0416953A2.
Iwata H. Tanaka R. and Ishiguro M. J.of Antibiotics 43(7), 901-903 (1990)

MoD50
FAB-MS/MS OF DOUBLY CHARGED IONS, A USEFUL METHOD IN THE
STRUCTURE ANALYSIS OF BIOMOLECULES
M.Mak and J.Tamas
Central Research Institute for Chemistry of the Hungarian Academy of Sciences,
Budapest, H-1525, P.O.Box 17, Hungary
Formation of abundant doubly charged ions has been observed in the +F
mass
spectra of several biologically active molecules, such as the bisquaternary salts of some
amino-steroidsl' 1 and certain Vinblastine-type antitumor indole-indoline alkaloids.
The fragmentation behaviour of these dications of high stability was investigated by the
2E-CAD-MIKE technique. The singly and doubly charged daughter ions were found to
give information on the structure of the molecule. From the doubly charged fragments,
resulting from the dications by elimination of neutral molecules, the substituents could
be mostly inferred, while the singly charged daughter ions formed by charge separation
reactions were found to be produced by the cleavage of the steroid or indole-indoline
skeleton.
Consequently, the 2E-CAD-MIKE spectra provide more information about the
structure of these molecules than the +FAB spectra, where no cleavage of the skeleton
had been observed.
/ J} M.Mak, J.Tamas, S.Maho, M.Przybykki and ZTuba; AnaJ. Chim. Acta, 241
(1990)289
Financial support from the Hungarian Scientific Research Foundation (contract No.: OTKA 1/3 1770)
is gratefully acknowledged.
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FAST ATOM BOMBARDMENT MASS SPECTROMETRY OF SOLUTIONS OF BIOMOLECULES
AT SUBAMBTENT TEMPERATURE
V.S.Shelkovsky, M.V.Kosevich, O.A.Boryak, I.O.Stepanov
B.Verkin Institute for Low Temperature Physics and Engineering of the
Academy of Sciences of Ukraine, 47 Lenin Av. , Kharkov 310164, Ukraine
In the present work a subambient-temperature fast atom bombardment
ion source for MI-1201E magnetic mass spectrometer ("Selml", Ukraine)
is proposed. The design includes a cryogenic unit cooled by a flow of
liquid nitrogen. A sample in the form of solution may be cooled or
frozen either prior to insertion to the mass spectrometer or directly
in the ion source, and its temperature may be varied in the range of
350-77K. A specific application of this low-temperature technique in
cryobiology is proposed, namely the method of the study of the processes accompanying the freezing of cryoprotector-biomolecule solutions
is developed. An example of investigation of the model systems: water,
water-glycerol and glycerol (as a cryoprotector) solutions of nucleic
acid nitrogen bases is described. The frozen water solutions of nitrogen bases are characterized by a set of water clusters (up to 15
molecules), protonated nitrogen bases and their dimers, clusters of
the bases and dimers with Na and K. The glycerol solution gives only
protonated base signals, monomer and dimer of glycerol itself and no
cationized species. Some other peculiarities of these low temperature
spectra are discussed, in particular the influence of the presence of
the solute on the distribution of water clusters and the lowering of
the temperature the so-called degradation of the glycerol spectrum;
the character of the enhancement of the intensities of water clusters
under acidic pH. An attempt is made to establish the correlations between the mass spectrometric data and cryoprotection process, e.g. the
enhanced yield of alkali metal-containing signals in FAB spectra of
frozen water solutions and the role of inorganic salts in cryoconservation.

MoD52
'fflE FAST ATOM BOMBARDMENT SPECTRA OF THE
132-IIYDROXY CHLOROPHYLL a EPIMERS
R. Kostiainen', K. llyvarincn2. and P.H. Hynninen2
1. Environmental Laboratory of Helsinki, 1 Iclsinginkalu 24, F1N-00530 Helsinki. Finland
2. University of Helsinki, Department of Chemistry, P.O. Box 6, FIN-00014 Helsinki, Finland
The cpimcrs of 132-hydroxy-chlorophyll a were separated and isolated by HPLC
(Kuronen, P., Hyvarinen, K., Kilpelainen, L . and Hynninen. P.I I.. J. Clromatogr. A 645, 1993,93104) and positive ion fast atom bombardment (FAB) spectra of both epimers were recorded by
using 3-nitrobenzylalcohol as a matrix. llic FAB spectra show a very intense M*- ion at m/z 908
and El-type fragmentation. The fragment ions m/z 891 = |M-0H] + \ m/z 630 = [M-phytyl]+-, and
m/z 613 = [M-phytyl-OH]+ are characteristic for both epimcrs. However, the spectrum of epimer
1 exhibits a more intense peak at m/z 891 and the peak ratio of the ions m/z 613 and m/z 630 is
significantly greater for epimer 1 than for epimcr II. These results are confirmed by the FFR 1
metastablc spectra. The results suggest that the loss of the hydroxy group from the 132-chiral
centre occurs more easily from epimer I than from cpimer II. Conceivably, the observed
fragmentation difference is of considerable interest in relation to the determination of the absolute
configuration of the 13 -chiral centre in the hydroxychlorophyll epimers.
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CHARACTERIZATION OF ANTIFUNGAL a-PYRONES FROM FUSARIUM SEMITECTUM
BY FAST ATOM BOMBARDMENT-TANDEM MASS SPECTROMETRY
. _.
.
_ .
Antonio Evidentea, Anna Napoli 0 and Giovanni Sindona0
a) Dipartimento di Scienze Chimico Agrarie, Universita di Napoli "Federico II", PORTICI (NA);
b) Dipartimento di Chimica, Universita della Calabria, ARCAVACATA DI RENDE (CS), Italy
Fusapyrone (1) and deoxyfusapyrone (2) are antifungal metabolites isolated from rise culture of Fusarium
semitectum'. The complexity of the molecules poses some problems in the structural elucidation of 1, 2 and of
their derivatives 3-5 by any physico-chemical method. Molecular weight information on 1-5 can be obtained by (+)
and (-) FAB spectra. The latter provide also structural data related to the presence of the aliphatic chain and of
the carbohydrate moiety linked to the pyrone ring, through the appearance of common fragments due to the
homolytic scission of the C 1 3 - C 1 4 bond, which seems to be a typical process for this class of compounds.

1 R I - H . R2=H. H3-OH.
2 R l - H . RJ=H,R3*H;
3 R1=H. R2=Ac.R3rfl:
4

S

txtensrve losses of water or acefic acid molecules, present in the MIKE spectra and negligible in the spectra of
the primary ions, give insights into the structure of the analytes. The critical energy for the C13-C14 bond
breakage, can be correlated with the heats of formation of the released neutral radicals. Finally, (+) FAB-MS/MS
spectra allows the differentiation of 5 from its isomer 6, bearing the methyl group in the position 2 of the pyrone
ring

'A. Evideme el a].. Natural Toxins, in press

MOD54
Oxidation of NADH Analogues in FAB MS Experiments
Juliusz Rudziriski and Jcrzy Gcbicki
Institute of Applied Radiation Chemistry. Technical I 'nivcrsily. Zwirki .16. OO-O2-I I oil/. Poland
The mechanism of the conversion of NADH (nicotinamide adenine dinucleotide) to N A D + and of
the reverse reaction, in the coenzyme itself as well as in synthetic analogues, has been the subject of
considerable interest in the recent years. Here we report the results of positive ions FAB MS studies
of structural analogues of NADH:
I-benzyl-1,4-dihydronicolinamide (BNAH), l-benzyl-3-acetyl-l,4-dihydropyridine (BAPH),
10-methylacridan (ACH), xanthene (XH) and thioxanthene (TXH).

7CH C H
2

NADH
RDA - ribosc-diphosphatc-adenosinc

BNAH R = NH 2
BAPH R

ACII X =
XH X = 0
TXII X = S

6

BNA

5

+

In contrary to other FAB mass spectra, the spectra of studied compounds in thioglycerol matrix
show intense (M - H ) + peaks and absence (ACH, XH, TXH) or low intensity (BNAH, BAPH) of
protonated molecular ions (M + H ) + peaks. Experiments on mono and dideuterio derivatives as well
as on salts with BNA + and BAP + cations confirmed that in FAB MS conditions NADH model
compounds undergo transformations to NAD + analogues by the oxidation of 1,4-dihydropyridine
rings to pyridine cations. The mechanism of this reaction will be discuss.
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IDENTIFICATION OF THE PHOSPHOUPIDS IN HUMAN CEREBROSPINAL FLUID BY FABMS/MS
Nevena N. Mollova12. Ida Marie (Ki) Moore1, John Hutter3 and Karl H. Schram2
Colleges of Nursing1, Pharmacy2 and Medicine3, University of Arizona,
Tucson. AZ 85721
Hadiation and chemotherapy used as cancer treatment have been associated with a spectrum of
neurological complications in children. The neurotoxicity of cancer treatment may be related to the
central nervous system (CNS) tissue damage following radiation and chemotherapy. CNS cell membrane
damage is expected to induce changes in the cerebrospinal fluid (CSF) phospholipid composition. The
focus of this study is the analysis of CSF phospholipids in order to identify biological markers o( the
treatment related CNS tissue damage in children with leukemia. The commonly used method for
analysis of CSF phosphof/pids is normal phase HPLC. Although HPLC provides separation and
quanlitation of the phospholipid classes, no information is available concerning the type or structure of
the individual molecular species. FABMS combined with tandem mass spectrometry (FABMS/MS) has
proven to be a valuable technique for analysis of phospholipid mixtures. In this work, FABMS and
FABMS/MS were used for analysis of phospholipids in 54 CSF samples collected from 19 patients
undergoing cancer treatment in order to identify markers of CNS cell membrane damage. Normal phase
HPLC was used for separation of phospholipid classes in total CSF lipid extracts. Positive and negative
ion FABMS and FABMS/MS were further applied for characterization of the individual phospholipids in
each HPLC fraction. FABMS/MS was also used for analysis of CSF total lipid extras.
The application of FABMS and FABMS/MS enables: (1) identification of phospholipid class or
classes, (2) structural characterization of the molecular species in each phospholipid class and (3)
characterization of the phospholipid molecular species distribution in an individual HPLC fraction. The
results obtained demonstrated the presence of significant differences in CSF lipid and phospholipid
composition during the cancer treatment: (1) changes in the molecular composition of sphingomyelin
fractions; (2) presence of important diacylglycerol fraction: (3) increase of lysophosphatidylcholine
levels; (4) increase of sphingomyelin/phosphatidylcholine ratio. The increase of sphingomyelin is
consistent with the expected vulnerability of white matter to the damaging effects of radiation and
chemotherapy. The increase in lysophosphatidylcholine and diacylglycerol can be the result of the
expected treatment activated hydrolysis of the membrane phospholipids. The observed changes in the
molecular composition of the sphingomyelin fraction may result Irom free radical initiated processes
associated with radiation cancer treatment. Thus, the application of FABMS and FABMS/MS for analysis
of CSF phospholipids provides important information about the mechanism of CNS cell membrane
damage resulting from the cancer treatment of children with leukemia.

MoD56
Fast atom bombardment mass spcctromctry (FABMS) of some quaternary ammonium salts
as membrane model systems
J. Anastassopoulou\ G. Paul3, T. Thcophanidcs3, M. Bcrtrand1*
••National Technical University of Athens, Chemical Engineering Dcpt., Zografou 15780,
Athens, Greece. bRcgional Centre for Mass Spcctomctry, Chemistry Dcpt., University of
Montreal, Montreal, Canada.
A scries of amphiphilic quaternary ammonium salts have been studied by positvc FAB-MS.
These compounds arc of special interest as they arc known to imitate membrane systems.
The general formula of the compounds studied is:
CH,
-12
N
R

Cll,

Br-

where R -CH 3 . -CH 2 CHj, -(CH 2 )jCN, -CH 3 CO 2 H, -(CH 2 ) 2 CH 3 , (
-CH 2 CH=CH 2

-CII2CO2CII,. (CH 2 ) 3 OII,

It is found that FABMS yields the [M] f parent-molecular ion for each compound. It is
known for ionic sails that [M]* exists in solution through condensed phase equilibrium
processes and that these ions arc simply desorbed upon fast atom bombardment. Also
observed in FAB is an extensive sequential fragmentation pattern which relates to the
decomposition of the alkyl chains, i.e., [M-(CH2)n]* fragments. The presence of the
adduct [2M+Br'J* is consistent with the known behaviour of quaternary ammonium salts
which produce agreggates in water solutions. Quaternary ammonium salts possessing
smaller alkyl chains arc shown by FABMS in the mass range available to form adducts up
to [5fYT4Br]\ FT-IR studies further categorizes the above compounds into those capable
of forming layer assemblies through intcrmolccular hydrogen-bonding (-CH3CO2H,
(CH2)2CO2H, -CH2CO2CH3, -(CH2)3OH) and dipolc-dipolc interactions (-(CH2)3CN) and
the others which through the absence of such interactions form micelles.
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Study of nitrocellulose for matrix assisted laser desorption in function of the wavelength by
FT/ICB/MS.
P. MANUELLI, P. CASSAT, G. KRJER, J.F. MULLER*
LSMCL - IPC, Technopole Metz 2000,1 Bid Arago 57078 METZ Ccdex 3 - France
In connection with the characterization of polymers by laser ionization coupled to mass
spectrometry, we have studied if some polymers could be used as matrices for Matrix Assisted Laser
Desorption Ionization (MALDI)[1].
Among the different models which try to explain the phenomenon of laser ablation, the one
of "moving interface" proposed by Lazare [2] on polymers seems to be relevant to this study.
Our work consisted of optimizing the conditions of matrix assisted laser desorption of
nucleotides and oilier molecules from polymeric matrices. This can be classified along two main
variables :
1. Choice of the polymeric matrix ; characterization of the UV absorption at first in solution
(meihanol), then in film after evaporation of the solvent. For the rcproducibility of the
experiments, it is very important to take care nf ilic homogeneity of the obtained film.
2. Choice and optiniization of mass spectromelrv :
a. A FT/ICR/MS microprobe with a 90 degree laser beam is used ; this specificity is very
important to control the laser irradiance on the sample. Study has shown that an optimal
value of irradiance seems to be around 5 106 W/cm2.
b. The second important parameter is the laser wavelength. The choice of the wavelength
depends on the maximum of the matrix absorption and a minimum of the target molecules.
In correlation with the UV studies, we have shown that it is better to work at 193 nm than
249 nm (corresponding at two wavelengths of excimer laser).
c. We add to the polymeric matrix different compounds like nicotinic acid for helping the
formation of pseudomolecular ion (M+H) + in the plume.
The best results have been obtained at 193 nm on a mixture of Nitrocellulose and nicotinic
acid that allowed a detection threshold of AMP less than 20 pinoles. Other studies have been done
with biomolecules (Amiodarone, gramicidin,...), P cyclodextrin,...
[1]
[2]

Karas M, Hillenkamp F, Beavis RC, Chait BT (1991), Anal Chem, 63, 1193A-1203A
Lazare S, Granier V (1989), Laser Chem, 10, 25

ThC20
Transition fetal Icn Attachment to Non-Polar Polymers Studied Using laser Desorption/Ionization
at 337nn and Tune of Flight Mass Spectnnetry
Ian A. Vami* and ltotert J. Donovan
Department of Oesmstrj, The University of Edinburgh, Vest ffeins Road, Edinburgh, E© 3JJ,
Scotland, IK.
Transition metal ion attachment to light non-polar polymers has been used
successfully to characterize their molecular weight distributions.
Ions were
produced using laser desorption/ionization with a nitrogen laser (337nm), and
+
+
+
time-of-flight mass spectrometry. C r , C u , and A g have been shown to attach
to polystyrene, polybutadiene and polyisoprene. The metal ion may be added to
the polymer in the form of a salt during sample preparation, or may originate
from the sample holder substrate on to which the polymer is deposited during
sample preparation. The use of dopant salts increases the yield of polymer-metal
ion adducts and reduces the threshold laser fluence required for their production,
leading to an improvement in the resolution of the spectra obtained.
The
variation in the molecular weight distribution obtained with different laser
energies has been investigated as has the relative efficiency of both substrate
and dopant metal ion attachment at different laser energies. Transition metal
attachment to non-polar polymers at 337nm may prove very useful for the analysis
of these polymers in view of the number of commercially available laser
desorption/ionization mass spectrometers using 337nm nitrogen lasers.
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Ligation of Fe* with several unsaturated hydrocarbons.
Hansjiirgen Becker,' Helmut Schwarz1. Vladimir Baranov and Diethard K. Bohme
Department of Chemistry and Centre for I'esc-arch in Earth and Space Science, York University, North
York, Ontario, Canada M3J 1P3.

Reactions of Fe + with the unsaturated hydrocarbons elhylene, allene, butadiene, cyclopentadiene, and
benzene were investigated using the SIFT echnique. Fe + was generated by electron impact on Fe(CO)5
at 100 eV, mass selected, injected into hciium buffer gas at 0.35 Torr and 294±2 K, and allowed to
thermalize by collisions with the helium atoms for about 5 msec ( ca. 103 collisions) before entering
the reaction region. Rate coefficients were measured for the primary reactions which all proceeded
by addition. Rate coefficients for the
Fe + /Bfnzene) 2
observed secondary and higher-order addition
reactions were obtained by fitting the
observed product ion profiles as shown in the
Fe *•. I .enzene
Figure for the sequential reactions of Fe h
with benzene. Differences were observed
in the extent of, and the rate coefficients fot,
sequential addition. Possible structures of the
various ligated Fe + ions which were observed
will be discussed in terms of their
coordination behaviour.
1. Institut fur Organische Chemie, Technische
Universitat Berlin, Strasse des 17 Juni 135,
D-10623 Berlin, Germany.

Benzene Flow/101* molecules:.-'

ThC22
Ion-Molecule Cluster Reactions of Oraano-Tin Chloride Compounds using Tandem MS
Techniques
GRAHAM LAWSON. RALPH DAHM AND NAAMAN OSTAH
Chemistry Dept, De Montfort University, The Gateway, Leicester, LE1 9BH, UK

Low energy collision induced ion-molecule reactions involving organotin chloride ions were investigated by triple quadrupoie
tandem mass spectroscopy (MS-MS). Ions derived from compounds of the type R3SnCI and RSnCI3were shown to react
with molecules of water and/or methanol to form clusters of one and two melhanol/water molecules.
Compounds investigated include bulyltin Irichloride, Iricyclohexyltin chloride and triphenyltin chloride. Water and/or methanol
molecules were introduced directly into the reaction zone over a range of different pressures.
The relative rate of formation of the cluster ions was found to be linear with increasing neutral molecule pressure up to an
indicated value of 10mTORR. The yield of cluster ions was also affected by the chosen value of the primary ion energy.
For bulyltin trichloride the maximum cluster yield occurs at around 2eV collision energy. The nature of the substituent (R)
groups was also shown to affect the relative stability of the clusters.
Steric considerations are thought to be the dominant reasons for the limited reactions in the cluster formation.
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Speciation of Orqano Tin and Organo Lead Compounds by MS-MS Techniques
GRAHAM LAWSON and NAAMAN OSTAH
Department of Chemistry. School of Applied Sciences, De Montfort University, The Gateway, Leicester, LE1 9BH, England.
The potential of tandem mass spectrometer (MS-MS) techniques for the quantitative speciation of organometaiiic
compounds of the general formula (RXMCI4.X) has been investigated. MS-MS methods have the potential to provide
specialion without preliminary chromatographic separation and this may be applicable to compounds with a wider range
of volatilities than those where prior GC separation is utilized. Furthermore the analysis time can be significantly reduced
since there are no elution time delays, all the compounds being admitted to the tandem instrument simultaneously.
In the MS-MS instrument the first mass spectrometer (MS1) is used to select ions characteristic of the target compound.
These primary ions are selectively focused into a collision cell where further fragmentation occurs to give secondary ions
in a characteristic mass-inlensity pattern with respect to the selected primary ion. This mass/intensity data is produced by
the second mass spectrometer MS2. Speciation is therefore obtained by monitoring the appropriate secondary ions from
the selected characteristic primary ions. MS1 is therefore providing an initial separation • analogous to the chromatographic
process (in GC-MS) with MS2 providing the confirmatory stage.
Characteristic primary and secondary ion relationships have been determined for a group of closely related compounds and
the information obtained experimentally is sufficiently characteristic that individual components of simple mixtures can be
identified.
These results demonstrate the potential of MS-MS techniques for the speciation of organometaiiic compounds with a range
of volatiles and preliminary studies with model compounds indicates a quantitative capability.

THC24
MASS SPECTROMETRY OF SOME BISMUTH CONTAINING COMPOUNDS.
Bradley Yhard*, Lisa Agocs*, Neil Burford* and Jonathan M. Curtis*.
*Department of Chemistry, Dalhousie University, Halifax, Nova Scotia, Canada.
1
1nstitute for Marine Biosciences, National Research Council, Halifax, Nova Scotia
B3H 3Z1, Canada.
A number of bismuth containing compounds eg. bismuth subcitrate are known for
their anli-Helicobacter pylori (Hp) activity and are used in the treatment for peptic
ulcers. However, currently used preparations contain a complex mixture of largely
uncharacterised bismuth compounds in solution. We are synthesising new
bismuth compounds which can be obtained in the pure form as part of a search
for alternative treatments . This involves characterisation of the pure materials by
a variety of spectroscopic methods including electron impact mass spectrometry
and solution studies using electrospray mass spectrometry.
Here we describe the electron impact and electrospray mass spectra of a number
of known and novel bismuth compounds, including dichloro-, diacetate- and dinitrotriphhenylbismuth, and 2-chloro-1,3-dithiabismutholidine.
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Electrospra.v Mass Spectrometry (KS-MS) in Supramolecular Chemistry :
Characterisation of .\on-ruvaleni Cyclodextrin Complexes.
E. Lamcharfi1, S. Chuilon', G. Kunesch , F. Libot

I. Virelizier .

/ Laboratoire de Chirnie Bioorganique et BwinorRamque. CNRS-URA 13X4, University tie Paris-Sud, Faculti des Sciences
tl'Orsay, Bat. 420, 91405 Orsay cedex, France.
2 Lahoratoire de Pharmacognosie, Service de Spectromftrit tie Masse, CNRS-URA 1310, University R Descartes, Facultf
des Sciences Phannaceuliques et Biologiques, 4, Av. de 1'Obxenaioire, 75270 Paris cedex 06, France.
3 CEA Saclay. Section d'analyse et d'instrumentation spectrometrique, 91191 Gif-sur-Yvette cedex, France.
An ES-MS study of these supiamolecular associations
was undertaken and reliable spectra of a-, P- and DIME-0CD inclusion compounds were obtained under carefully
controlled conditions.
Singly and doubly charged ions were detected in the
spectra of (3-CD and DIME-|3-CD inclusion compounds
while a-CD complexes presented essentially only doubly
charged ions. The careful analysis of several ion peaks
suggests the formation of some complexes with a 2 : 1
host-guest ratio.
ES-MS measurements were made on a Nermag R 1010, a quadrupole instrument with an atmospheric pressure
electrospray source Analytics with a mass range of 2000
for singly charged ions. 50 ul of a solution of the samples
(O.lmmole) in acetonitrile - 0.2x10 mmole 50dium
acetate were introduced at a flow rate of 1.5 u 1/ minute.

The application of electrospray mass spectrometry (ES-MS)
has undergone tremendous growth in the last few years " .
In the course of our studies on the regioseiective hydrolysis
of highly symmetrical diacetates, cyclohexaamylose (a-Cuj,
cycloheplaamylose (p-CD), and heptakis-2,6-di-O-raethyl-|3cyclodextrin (DIME-|3-CD) were used as hosts for a variety of
aromatic, aliphatic and cycloaliphatic compounds (see Figure).

X : phenyl, naphthyl, alkyl, cycloalkyl
CD a-, 0- et 2,6-dimethyl-p-cyclodextrin
Excellent selectivilies (up to 99%) and good yields (3096%) were observed, suggesting the formation of very stable
inclusion complexes via Van der Waals and hydrophobic
interactions.

References
1 - J. B. Fenn, M. Mann, C. K. Meng, S. F. Wong and
C. Whitehouse, Mass Spectrom. Rev. 1990, 9, 37-70.
2 - E. C. Huang, T. Wachs, J. J. Conboy and J. D.
Henion, Anal. Chem. 1990,6 2. 713A-725A.
3 - P. S. Bales, D. Parker, B. N. Green, 1. Chem. Soc.
Chem, Conunun, 1993. 693-696.
4 - E. Lamcharfi, Ph. D. Thesis, University of Paris XI,
Orsay, France, 21 / 12/ 1993.

ThC26
Characterisation of Organoboron ligands by Electrospray Mass Spectrometry when applying
anhydrous solvent
F. Libot*1, H. Virelizier3, 0. Froelich2, M. Bonin2, J.- C. Quirion2 and H. - P. Husson2
/ University R. Descartes, Faculti des Sciences Pharmaceutiques et Biologiques, Laboratoire de Pharmacognosie, Spectromilrie de
Masse, URA 1310 au CNRS, 4, Av. de 1'Observatoire, 75270 Paris cedex 06, France.
2 University R. Descartes, FaculU des Sciences Pharmaceutiques et Biologiques, Laboratoire de Chimie Thirapeusique, URA 1310 au
CNRS, 4, Av. de 1'Observitoire, 75270 Paris cedex 06, France.
3 CEA Saclay, Section d'analyse et d'instrumentation speclromitrique, 91191 Cifsur Yveile cedex, France.
The diazaborblidines and diazaborolidine complex are colourless liquids with very high sensitivity to both air and
moisture. Therefore, their identifications by MS become most difficult, excluding completely the possibility of molecular
ion species, prepared either by chemical ionisation or fast atom bombardment.
However, ES ionisation, under carefully controlcd conditions in anhydrous telrahydrofuran (THF), provides reliable
spectra of the diazaborolidines 2, S, 7 and diazaborolidine complex 3 corroborating 'H, ^C,' ' B NMR data. These ligands
are prepared from different N-tosylderivatives 1,4 and 6 (scheme 1).

a) R = 4-methyl-benzene

R'=H

1

b) R =2,4,6-isopropyl-benzene R'=H

4

c ) R = 4-methyl-benzene

6

R'=CH3

scheme 1
Electrospray Mass Spectrometry is well suited to the characterisation of Organoboron ligands (Chemzimes) and may be used
to any hydrophobic compounds, becoming then a powerful tool to organic chemistry.
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Determination of the Structure of an Ascidian Cyclic Pentide bv El Mass Spectrometrv
John K MacLeod.* David J Bourne, * and Anthony T Carroll"
•Research School of Chemistry, Tlic Australian National University, Canberra ACT 0200, Australia
#Qucensland Pharmaceutical Research Institute, Griffith University, Nathan Qld 4111, Australia

Cyclic peptides from marine organisms have been found to have strong anticancer activity.
Before FAB became a readily available technique. El was used for mass spectrometric studies of
cyclic peptider, Early El work defined fragmentation mechanisms through the studies of cyclic
peptides of known structure and was subsequently used as a tool for structural elucidation. El has
some advantages over FAB which facilitates sequence determination, in particular low
background, higher sensitivity and greater fragmentation. Also, in the El mode high resolution can
be used more readily 10 identify peptide fragments derived from the parent structure.
We have made use of these characteristics to elucidate the sequence of a cyclic octapeptide
from an ascidian by EI-MS since NMR, because of the multiple conformation states of the peptide
in solution, did not allow a definitive determination of structure. The technique involved the mass
measurement of various fragment ions to build up a map of overlapping di, tri, tetra and
pentapeptide ions which narrowed the choice to two structures differing only in the direction of the
chain. The decision between the two was made on the basis of one ion unique to only one of the
two structures. Linked scans confirmed the structure but also illustrated the complexities that can
arise when the peptide has amino acids of similar mass and when there are multiple ring opening
sites.

Th D2
NEW SINGLE AND DOUBLE MUTATIONS IN HUMAN HEMOGLOBIN CHARACTERIZED BY
ELECTROSPRAY (MAXIMUM ENTROPY DECONVOLUTION) AND LSIMS-TANDEM MS
Danielle PROME1, Catherine DEON1, Frederic GALACTEROS2, Henri WAJCMAN 2 a n d JeanClaude PROME1
1
LPTF- CNRS, 205 Route d e Narbonne 31077 Toulouse (France)
2
Hopital Henri Mondor 94010 Creteil (France)
Pathologic forms of human hemoglobin are mostly induced by a single or double point mutations of the
gene. Electrospray mass spectrometry of the intact globins is used as a screening method for the detection or
the identification of new or known variants. However, since most of the mutations involved a single allele,
the normal and abnormal forms of the same chain are simultaneously present. Moreover, the abnormal chain
is often relatively minor as it represents a biologically unstable component. Deconvolution of electrospray
spectra by maximum entropy improves greatly the resolution and allows the detection of components, that
are masked by the peak tailing in the raw data.
A more complete study is performed by peptide mapping using both electrospray and LSIMS on HPLC
fractions. The mass of abnormal peptides tells us on possible aminoacid exchanges, taking account of the
genetic rules. The maximum charge number of peptides, as measured by electrospray, indicates if a
protonation site was modified by mutation.
In the Villeparisy variant, the BT9 peptide was shifted down by 1 mass unit, but ES reveals the loss of a
protonated site. Knowing the peplidic sequence, the mass shift was attributed to the double mutation His •
Tyr (+26) and Asn •*• Ser (-27). Tandem mass spectrometry using a six sectors instrument, was used to locate
the aminoacid exchanges on the peptidic chains. Several other new hemoglobin variants were identified by a
combinaison of MS methods and the results will be presented.

-283-

13th IMSC, Budapest 1994

Thursday, 1 September

Session D

Th D3
DETECTION AND CHARACTERIZATION OF NOD FACTORS BY MALDI. LSIMS AND TANDEM
MASS SPECTROMETRY
Myriam FERRO. Catherine DEON, Nathalie DEMONT. Danielle PROME and Jean-Claude
PROME
Laboratoire de Pharmacologie et Toxicologie Fondamentales du CNRS, 205 Route de
Narbonne 31077 TOULOUSE (France)
Nod factors are lipo-oligochitin components that play a crucial role in soil bacterialegume plants symbiosis. These recently discovered molecules [ 1 ] are secreted by bacteria
from the genus Rltizobium. They induce at very low concentration (1CT13 to 10' 9 M)
morphologic changes of the host plant, cell divisions and organogenesis of a new organ, the
nodule. All Nod factors possess the same lipo-oligosacharidic backbone. Substitutions borne
by this core are recognition elements for symbiosis. A fast and sensitive method was needed
to detect and to characterize these compounds from a bacterial culture medium.
Detection by LSIMS was easy but not sensitive. The characteristic cleavages of the
chitobackbone gave series of ion separated by 203 mass units (N-acetyl-glucosamine
residues). However, successful results can be obtained only after a thorough enrichment of
Nod factors by HPLC. Once purified, these compounds can be structurally characterized by
tandem mass spectrometry.
The direct detection in a solvent extract of the culture medium is possible using MALDITOF mass spectrometry with high sensibility. A lesser effect of contaminants on the ionization
yields is observed. Both the core characterization and the molecular weight can be
determined from different spectra taken by moving the laser beam on the target.
[1] P.LEROUGE et al. Nature. 344, 781-84 (1990)

Th D4
MASS SPECTROMETR1C VALIDATION OF BRAIN DELIVERY OF NEUROPEPTIDES
Las/.lo Prukai and Nicholas Bodor
University of Florida. Center for Drug Discovery. Gainesville. FL 32610-0497. U.S.A.
Due tn the existence of the blood-brain barrier (BBB), intraccllular or iransccllular transport,
i.e., directly through the endolhclial cell membrane, is the principal route into and out of the central
nervous system (CNS). Potentially useful neuropeptides arc both polar and mctabolieally unstable; thus
they do not reach the central nervous system in pharmacologically significant amount. We may only
realize the promise of biologically active peptides to become a future generation of high-efficiency
neuropharmacculicals by overcoming the obstacle represented by the BBB. Our "molecular packaging"
strategy has been the first rational drug design approach for which the brain-delivery of neuropeptides
in a pharmacologically significant amount has been documented.' The strategy underscores the
importance of controlling transport and metabolism in efforts to direct peptide-based drugs to the site
of action. To date, delivery systems based on this concept have been developed for two important
classes of neuropeptides; the synthetic analogs of the opioid pentapeptidc leucinc enkcphalin.1 and of
thyrotropin-rcleasing hormone (TRH).2 The specific feature of the chemical delivery system approach
is thai targeting is achieved through three fundamental steps: 1) crossing the hlood-brain-barrier by
passive transport, 2) retention in the brain or "lock-in" due to enzymatic oxidation (NAD <-» NADH
coenzyme) of the lipoidal 1,4-dihydropyridine targetor to the ionic pyridinium form, and 3) release of
the biologically active peptide by sequential csterasc/lipase and peplidase cleavage. We used
clcctrospray ionization (ESI) mass spcclromctry to detect the locked-in peptidc precursor(s) in the
brains of experimental animals intravenously injected with the solution of the packaged peptide, and
developed in vitro and in vivo assays based on ESI and fast atom bombardment (FAB) mass
spcetromctry to validate the release of the desired neuropeptides in the brain. Supported by NIH/NIA
Grant 1 PO 1 AG10485.
1.
2.

Bixlor. N.; Prokai, L.; Wu, W.-M : Farag, H.. Jonnalagadda. S.: Kawamura, M.; Simpkins, i. Science 1992. 257. 1698.
Prokai, L.: Ouyang. X.: Wu. W.-M.: BcxJnr. N. /. Am. Chem. Soc. in press.
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M«JI Spcctromctric Studies of Traniition-meUl Binding Peptides.
Christopher P.Bali and Peter J.Derrick
Warwick Institute of Mau Spectrometry, Department of Chemistry, University of Warwick, Coventry, CV4 7AL
U.K.
Transition metals have long been acknowledged as having a crucial biological role, both in terms of their incorporation into
biological systems such as enzymes and in terms of their toxicity to living systems. In particular, the interactions between
transition metals and proteins or peptides are of especial importance. Besides enzymes, proteins such as metaUothioneins
(in animals) and phytocbelatins (in plants), relatively light proteins (-6000-7000 amu for metallothioneins, as low as 300
amu for phytochelatins), which can be studied easily by mass spectrometry, are implicated in both the transport and
detoxification of metal ions, most especially zinc, cadmium and copper. In 1956, WUcox and Gurd published and article
[ 1 ] in which they outlined the criteria for transition-metal binding by peptides. In it, they predicted that a peptide rich
histidine or cysteine should exhibit strong metal-binding properties.
The peptide glycyl-glycyl-distidine (GGH) can be used to model the metal-binding sites of serin albumin; a metal transport
protein. By Gurd and Wilcox's criteria, this small peptide QAjl(>9) should exhibit metal-binding properties, and in fact is
capable of binding a large variety of transition metal ions under the correct conditions, with a ratio of 2 peptide residues to
one metal solution studies. The metal-binding properties of this peptide with a number of transition metals have been
studied by a variety of techniques, including liquid secondary ion mass spectrometry (LSIMS), fast atom bombardment,
matrix assisted laser desorption ionisation (MALDI) and tandem mass spectrometry, and the results compared. The results
suggest different metal-binding properties using different ionisation techniques. In LSIMS, unipositive metal ions, Cu+
and Ag+ are most strongly bound with the peptide, whilst in MALDI, tripositive ions Cr3"1" and Pr 3+ , are most strongly
associated with the peptide, along with one or two water molecules.
[1]

F.R.N.GurdandP.E.Wilcox, J.Adv. Protein Chem, Ji,311, (1956)

Th D6
MELANIN BIOSYNTHESIS FROM DOPAMINE. A FAB AND MALDI INVESTIGATION ON THE EARLY
OLIGOMERS.
A.Berlazzo*, C.Costa*, M.Biasiolo*. G.AIlcgri*. R.Scraglia", M Coppola" and P.Traldi0.
* Department of Pharmaceutical Sciences, Padova University, Italy. ° CNR. Area della Ricerca di Padova. Corso Stati Unili 4,
I-35O2O. Padova Italy
Mclanins represent the most numerous class of natural pigments and consequently they have been the object of many
studies, reflecting in a wide amount of literature ' ^.
Their structure complexity and chcmico-physical properties (undesidcred from the analytical point of view as
insolubility and difficulty to purify) make these substances a difficult target Tor any analytical investigation.
Recently, interesting results have been obtained by laser desorption ionizalion (LDI) mass spectromctry. which
allowed a characterization of natural, biosynthelic and synthetic mclanins in term of molecular weight distribution-* All the
analyzed samples were found to be sets of oligomcric clusters with masses in the range 500-35,000, each cluster being
constituted by oligomers differing for small structural moieties (with masses from IS to 200 Da).
However, structural information on melanins could be gained by the study of the melanogenesis; i d the biosynlhetic
pathways which, starting from simple synthons as lyrosinc, dopaminc, serotonin and calhccol. through oxidation reactions,
lead to reactive species (according to Raper-Mason such species should be indolc-5,6-quinone) prone to oligomerize.
In previous studies based on these approaches, we were able to identify, among the rcclion products of dopamine and
mushroom tyrosinasc, many different indolic species invocatcd in the Rapcr-Mason pattern, the structural characterization of
which was achieved by collision spectroscopy *. In the present study we focalized our attention to the presence of higher
molecular weight compounds, which represent early stages of theoligomcrization reaction.
By FAB/MS, leaving aside the prolonated molecule of dopamine at m/z 154, numerous species are delectable up to
m/z 444. Investigations on their structure were carried out by both accurate mass measurements and MS/MS experiments.
Interestingly, by analizing samples corresponding to different reaction times, a linear relationship has been found between the
lime and the abundance of the species at higher molecular weight until one hour of reaction; after this time a clear decrease of
their abundance is observed with their complete disappearance after two hours of reaction. No other ionic species are detected
in FAB conditions This result is in agreement with the formation, for reaction times higher than one hour, of oligomers not
soluble in the FAB matrix and hence not detectable in these conditions. For such reason LDI measurements were undertaken,
showing the formation of oligomeric species with molecular weight in the range 800-1200.
1. R A Nicolaus, Melanins Hermann, Paris (1968).
2. G.Prota, Melanins and Melanogenesis. Academic Press, New York (1992).
3. R. Seraglia. P.Traldi, G.EIli. A.Bertazzo, C.Costa and G.Allcgri, Biol Mass Spcclrom , 22, 687(1993).
4. C.Costa, A.Bertazzo, G.AIIegri, G.ToOano, O.Curcuruto and P.Traldi. Pigment Cell Res.. 5, 122(1992).

-285-

13th IMSC, Budapest 1994

Thursday, 1 September

Session D

Th D7
CHARACTERIZATION OF SURFACE TOPOLOGY IN PROTEIN TERTIARY STRUCTURES
BY MASS SPECTROMETRY COMBINED WITH CHEMICAL MODIFICATION REACTIONS
M.O. Glocker. C. Borchers, W. Fiedler, M. Jetschke, E. Durr and M. Przybylski, Faculty of
Chemistry, University of Konstanz, P.O. Box 5560 M732, 78434 Konstanz, Germany
Understanding the role of structure-function relationships in proteins is today a topic of
intense research. The most commonly used methods for characterizing protein tertiary
structures, X-ray crystallography and multidimensional NMR techniques, both have limitations
determining chemical reactivities of specific amino-acid residues in proteins. We have
developed a new method for the molecular characterization of intact protein structures by
combining specific chemical modifications of amino-acid residues with peptide mapping of
proteolytic mixtures using Plasma Desorption-Mass Spectrometry (PD-MS) and ElectrosprayMass Spectrometry (ES-MS). Acylation reactions were carried out at constant pH 6.5 with up
to 10,000 fold excess anhydride, and the extend of modification was determined by direct
mass spectrometric molecular weight analysis. The Electrospray mass spectra of modified
proteins showed a similar charge distribution as those obtained for native proteins, indicating
that the tertiary structure of the protein derivatives remained intact during the chemical
modification procedure. Mass spectrometric peptide mapping analyses of chemically modified
proteins showed a clear correlation between the surface accessibilities of amino-acid
residues with the experimentally determined chemical reactivities. The mass spectrometric
experiments described here present broad analytical potential in evaluating selectivity of
chemical modification agents, the elucidation of reaction pathways, and the analysis of
protein surface topology. This new approach may, therefore, effectively supplement dynamic
methods for surface topology analysis, such as two dimensional NMR techniques and
structure simulation approaches.

Th D8
Mass Spectrometric Approaches for the Characterization of Conformation and Epitope
Structures of Myoglobin and Hen Eggwhite Lysozyme
W. Fiedler. M.O. Glocker and M. Przybylski
Fakultat fiir Chemie der University Konstanz. Postfach 5560 M731, 78434 Konstanz, Germany
While methods for the analysis of sequential epitopes in protein antigens are well established [1], new
techniques for the chemical structure characterization of topographically assembled, conformation-dependent
epitopes are of high interest. Electrospray mass spectrometry (ESMS) has recently been developed as a
powerful tool in the characterization of tertiary structures of globular proteins and supramolecular complexes [2].
Horse-heart myoglobin and hen eggwhite lysozyme (HEL) as model proteins were used for extensive studies to
obtain precise information about the conformation of by means of ESMS. Conformations! changes of the
proteins depending on pH, temperature and solvent conditions were monitored by characteristic changes in the
charge structures and distributions in ES spectra.
The topographically assemled epitope structures to a human monoclonal anti-myoglobin-antibody (MG-1), and a
monoclonal anti-HEL-antibody raised in our laboratory have been examined. A new approach has been applied
by combining selective chemical modification reactions such as amino-acetylation, or amidation with mass
spectrometric peptide mapping analysis using plasma desorption (PDMS), and fast aiom bombardment
(FABMS) mass spectrometry which provides the characterization of chemical reactivities and surface topology in
globular proteins [3]. Comparing the chemical modification of the native antigens with the modification pattern of
the intact immune complexes indicated specific amino acid residues contained in the epitope structures. In
addition, the epitope regions as defined surface structures of the proteins were confirmed by molecular
modelling studies using established tertiary structure data.
[1.] M. de Macedo Brigido, J. Sabbaga, R.R. Brentani (1990): Immunol. Left. 24,191-198.
[2.] M. Przybylski, M.O. Glocker (1994): Angew. Chem., in press.
[3.] C. Borchers, D. Suckau, M. Mak, M. Przybylski (1992): Fres. Z. Anal. Chem. 343, 64.
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MASS SPECTROMETRIC AND CHROMATOGRAPHIC CHARACTERIZATION OF
SPECIFIC NON-COVALENT DIMERIC COMPLEXES OF THE LUNG SURFACTANT
PROTEIN SP-C
K. Haqelea. C. Maier8, R. Navec, K. Melchersc, K. Muller8, E. Bauer1*, E. Hannappelb,
U. Kriiger0, K.P. Schafer0 & M. Przybylskia
a

Faculty of Chemistry, University of Konstanz, Postfach 5560, 78434 Konstanz, Germany
lnstitute for Biochemistry, University of Erlangen, 91054 Eriangen, Germany
Byk Gulden Pharmazeutika, Postfach 6500, 78434 Konstanz, Germany

b
c

Lung surfactant is a complex mixture of phospholipids and proteins (ca 5-10%) which
coats the alveoli to effect reduction of surface tension, and prevent alveolar collapse.
Among the LSF proteins, the extreme hydrophobic protein SP-C is biologically essential. Therefore, recombinant SP-C has been of high interest as protein component in
surfactant preparations in the therapy for respiratory distress syndrome. Primary structure elucidation of several natural SP-C proteins showed highly conserved sequences
consisting of 35 aa residues, with partially truncated N-terminus and cysteinyl-Spalmitate residues in the N-terminal moiety. The hydrophobic C-terminal domain represents two third of the protein sequence and is thought to be responsible for membrane
attachment. This domain resembles "leucine-zipper"-analogues effecting specific dimerization by strong hydrophobic interactions. The identification of dimeric supramolecular structures in natural, as well as recombinant SP-C proteins, was obtained by electrospray mass spectrometry (ESMS) by means of multiply protonated, odd charge-state
molecular ions, and is assumed to be an important feature for the biological function of
SP-C. The formation of heterodimeric complexes between different SP-C mutants and
model peptides was used to test the specificity of dimerization. Furthermore, molecular
size exclusion chromatography enabled the separation and isolation of monomeric and
dimeric SP-C forms. H/D exchange experiments in combination with ESMS was used
as a tool for probing the protein conformation in solution.

ThD10
MASS SPECTROMETRIC CHARACTERIZATION OF SYNTHETIC PARTIAL
SEQUENCES OF THE AMYLOID-PRECURSOR PROTEIN AND PROTEOLYTIC
APP PEPTIDES RELATED TO ALZHEIMER'S DISEASE
Martina Schuhmacher1. Martina Jetschke1, Jozsef Varga2, Imre Tord2, Katalin Soos2, Marianna
Mak3, Botond Penke2, Michael Przybylski'; 'Faculty of Chemistry, University of Konstanz, 78434
Konstanz, Germany; and department of Medical Chemistry, University of Szeged, and 3Hungarian
Academy of Sciences, Hungary.
Alzheimer's disease is characterized by deposits of B-amyloid polypeptides in the brain parenchym
and in cerebral blood vessels. B-Amyloids are derived from a ca 700 amino acid long precursor
protein, APP, with its C-terminus being part of the APP transmembrane domain. The proteolytic
processing of APP has been shown to occur by a normal extracellular non-amyloidogenic pathway,
and an alternative pathway leading to highly neurotoxic B-amyloid polypeptides, however, molecular
details of these proteolytic pathways are not well understood. Several APP partial sequences
encompassing the N-terminal partial sequences of B-amyloid and the C-terminal region of the
transmembrane sequences of APP have been synthesized, and characterized by fast atom
bombardment (FAB-MS), plasma desorption (PD-MS) and electrospray mass spectrometry (ES-MS)
in combination with protein chemical methods. Furthermore, proteolytic studies of the B-amyloid
polypeptides were carried out with several serine- and cysteine-proteases. The digestion products
were identified by mass spectrometric peptide mapping studies, in an attempt to elucidate a
correlation between the secondary structure of the APP partial sequences, and the proteolytic
selectivity. In addition, molecular modelling studies of APP partial sequences were carried out.
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BIOACTIVE PEPTIDES IN CHEESE: SPECIFIC MONITORING OF CASEIN PROTEOLYSIS DURING CHEESE RIPENING BY
MASS SPECTROMETRY
Pasquale Ferranti1'2, Antonio Malomi 2 , Una Chianese1. Franccsca Baronc 2 . Emilio ltolli' and Francesco Adiieo1
'Uiputimento di Scicnze dell' alimentazkme. Universili di Napoli Federico 11, Naples. Italy.
^Scrvizio di Spemometri* di Massa. UniversiU di Napoli Fcdcrico II, Via Puuini 5. 80131. Naples. lialy.

One of the main events in cheese ripening is casein hydrolysis which gives rise to the formation of peplides of different molecular
weights and to free amino acids. In cheese with high level of casein proteolysis, such as Parmigiano Keggiano and Grana Padano, the
nitrogen fraction corresponding lo medium and low molecular weight peptides shows interesting structural and functional features. Since
these cheeses require at least 12 months ripening, specific and sensitive methods to monitor cheese proleolysis arc needed, mainly to control
the quality of cheese in samples obtained either from the same or from different cheese varieties.
A procedure has been developed for isolating and identifying medium and low molecular weight peptides in cheese, based on
fractionation of protein material using chemical methods (including thricloroacetic acid precipitation and ultrafiltration) followed by
purification of peptides using RP-HPLC. A FAB m i s s spectrometric-Edman degradation strategy has then been applied to identify the
single pepu'de components.
Most of the oligopeptides identified arise from P-tasein. which is completely hydrolysed in cheese within 12 months, as 1 -casein, on
the contrary, appears more resistant than p-casein to enzyme action, and its contribution to the formation of oligopcptide fractions in nature
cheese is smaller, oil- casein, although sensitive to plasmin action, do not give rise to peptides insoluble in 12% TCA: this was explained
by assuming that peptides formed from the es2- casein are rapidly hydrolysed into amino acids and short peptides, as conformed by the
analysis of the fraction soluble in 1 2 * TCA. From the results obtained, some general conclusions can be drawn on the sequential
breakdown of caseins during cheese ripening. Peplides produced from asl - casein and p-casein by the action of plasmin (1 -79 o l -casein and
1-28, I-10S and 1-107 P-cuein) and chymosin (1-22 a s l - casein) are further degraded by intracellular and extracellular enzymes from lactic
acid thermophilic and mesophilic bacteria occurring in cheeses like Grana. From the set of peplides found, which often differ from each
other by one or two reiiduei, uninopeptidase, carboxypeptidase and dipeptidylpeptidase action appear to be present. Fewer peptides were
found in nature cheese, which f uggests that the peptides present at lower times are the chosen substrate for bacterial enzymes and the source
that gives rise to free amino acids in this cheese.
During ripening, several peptides known to be biologically active or containing bioactive sequences are formed from the hydrolysis of
casein fractions. The identification of four peplides containing the sequence 23-34 from a s l - casein in cheese even after six months
indicated that cheese may be a source of peptides with a potential antihypertensive role; in fact, sequence 23-34 (CE| 2) and 23-27 (CE5) of
a s l - casein have been recognised to inhibit the Angiotensin I-converting enzyme. However it's necessary to demonstrate that the bioaclive
peptides found in young cheese, once ingested, really play a physiological role in vivo.
Eight peptides from P-casein, containing sequences with an opioid activity (p-casomorphins, p-cascm 60-67). have also been found in
cheese. The occurrence of 57-77 and 58-77 peptides, even after long time, demonstrates the resislence of this p-cascin region to enzymatic
digestion, probably due to the high number of proline residues (six residues). An in vivo activity still has to be demonstrated for these
peptides, although the same peptides were previously isolated during intestinal digestion of bovine casein.

Th D12
STUDY OF PEPTIDES OF NITROGEN HYDROSOLUBLE
FRACTION FROM GOAT CHEESE
C. Salles, J.L. Le Quere, P. Etievant, INRA-LRSA, Dijon, France.
The important flavour of the hydrosoluble fraction of cheese is well known [1.2].
This fraction contains in particular amino acids and low molecular weight peptides which
have an important part in the taste of foods.So, it is interesting to determine the peptide
composition.
The aim of our present investigation is to purify and identify the peptides
from goat cheese. The hydrosoluble extract was ultrafiltered to eliminate compounds
heavier than 1000 dalton and chromatographied on Fractogel TSK HW-40S (gel
filtration). Peptides were isolated by OPLC and HPLC from th« fractions obtained after
this step and analysed by mass spectrometry, using a Kratos Concept instrument (EB
configuration). The protonated molecules obtained by positive mode ionisation FAB-MS
were analysed by linked scan (B/E), that lead us to the sequence of the small peptides
presents in goat cheese.
[1] Biede S.L., Hammond E.G., J. Dairy Sci., 1979, 62, 238-248.
[2] Aston J.W., Creamer L.K., N. Z. Dairy Sci. Technol., 1986,21, 229-248.
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Multiresldue Method for the Determination of 96 Pesticides by On-line Enrichment
and HPLC/MS Analysis
K. Levsen, D. Volmer and .S. Sennert
Fraunhofer-lnstitute tor Toxicology and Aerosol Research, D-30625 Hannover
A single method has been developed which permits the trace analysis of 96 pesticides from
various compound classes. The method includes an on-line solid phase enrichment, a
uniform HPLC method with methanol/water gradient and post-column addition of an
aqueous ammonium acetate buffer and analysis by thermospray HPLC. 50-100 ml of the
aqueous sample are enriched on a cartridge filled with 40 mg C,8 adsorbent. Except for the
very polar pesticides recoveries are > 60 %, in most instances > 85 % with standard
deviations below 10 %.
The method has been thoroughly validated with respect to linearity (> 10"),
reproducibility {< 10 %) and detection limits. In the scan mode an absolute detection limit
(depending on the agent) of 0,5 - 20 ng has been observed. Using the "selected ion
monitoring (SIM)" method, the detection limit can be lowered down to the low pg range.
Overall method detection limits are in the range of 1-30 ng/l under SIM conditions. Thus,
the limits set in the EU drinking water guidelines for pesticides may be readily verified.
The method has been applied to the analysis of several water samples from wells near
the river Rhine used as raw water sources for drinking water. Atrazine, simazine,
terbutylazine and isoproturon have been identified and quantified. Concentrations are in the
range of 0,01-0,1 ug/l.
As thermospray mass spectra hardly show any fragmentation methods have been
developed to enhance the structural information from these spectra. These include
enhancement of the fragmentation by using high temperatures and in particular by a postcolumn derivatization with aliphatic amines. It is shown how these additional methods can
be used to confirm the peak assignment in the environmental samples discussed above.

Th D14
GC/MS IN THE SWEDISH PESTICIDE MONITORING PROGRAMME
Gun Blomkvist
National Food Administration, Box 622, S-75126 UPPSALA, Sweden
For over ten years, GC/MS has been established as an important tool in the Swedish pesticide
monitoring programme for fruits and vegetables. Within this programme, about 5 000 samples are
analysed annually for residues of more than 200 pesticides and metabolites. Most of these compounds
are detected using GC with selective detectors, i.e. TSD/NPD, FPD and ECD. MS is used as a
complement to these.The two main applications of GC/MS have been confirmation of identity and
identification of compounds which give rise to unidentified analytical responses.
Confirmation of identity is always performed when a sample is suspected to contain a pesticide residue
in excess of the maximum residue limit. Normally, selected ion monitoring (SIM) is performed with
three characteristic tn/z values for each compound. At present, SIM methods for 227 compounds are
available.
When unidentified analytical responses are encountered, an attempt to identify the corresponding
substances is made using GC/MS. Sometimes, these are indeed found to be pesticides or pesticide
metabolites, and as an example the finding of the insecticide pyraclofos will be shown. In many cases
compounds occurring naturally in the plant material have been detected, and this will be illustrated by
the identification of tryptophol and the correspondending acetate in strawberries.
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Laser Ablation / Desorption Fourier Transform Mass Spectrometry of Pesticides
Adsorbed on Solid-Phase Extraction Membranes
C. Masselon 1 , G. Krier 1 , J.F. Muller* 1 , S. NiSlieu2, J. Einhorn* 2 .
1- L.S.M.C.L. - JPEM - Universite" de Melz - 1 Bd Arugo - 57078 METZ Ccdex 3 - France.
2- I.N.R.A - Station de Phytopharmacie - Rtc de Si Cyr - 78206 Versailles Cede* - France

Increasing environmental problems have been created these last decades by the amount and number of
agricultural chemical spread for plant protection. Some of the pesticides used are known to cause surface
and ground-water contamination. In order to detect concentration limits permissible in European
Community countries at (e.g. 0.1 ppb for any pesticide), specific and sensitive analytical methods are
necessary to survey waters for human consumption.
LD-FTMS has already proved its capacity in the analysis of organic compounds adsorbed on different
supports (2). It is herein explored in conjunction with the use of C18 silica reverse phase membranes as
solid-phase extraction support (3) in order to achieve a more direct route for the analysis and to simplify
the management of aqueous samples.
Analysis were performed on a laser microprobe Fourier-transform Mass Spectrometer (4) using an
excimer laser charged with KrF mixture (^=248 nm, pulse duration=25 ns, output energy=25O mJ)
Various pesticides have been adsorbed on C18 silica reverse phase membranes and ablated by the laser.
Their detection limits have been determined. Different ionization processes have been evidenced with
atrazine and hydroxyatrazine respectively. As the pressure in the spectrometer cell is very low (lO'norr),
the technique appears limited by the volatility of the adsorbed compound (e.g. atrazine). In some cases,
the [M+H] + ion signal can be correlated to the concentration of the extracted solution (e.g.
hydroxyatrazine) (5).
1- ECC Drinking Water Guideline. 80/779/EEC, August 30.1980
2- A. Hachimi, G. Krier, S. Peter, E. Poitevin, J.F. Muller and M.C. Schweigeri, Occupationnal Hygiene (submitted)
3- S. Nelieu, M. Stobiecki, F. Sadoun, H. Virclizier, L. Kerlioas. J. Einhorn, Analusis, 22,70 (1994)
4- J.F. Muller, M. Pelleticr, G. Krier, D. Weil and J. Campana, Microbeam Analysis, ed. by P.E. Russcl, San francisco
Press, 1989, p. 311
5- G. Krier, C. Masselon, J.F. Muller. S. Nelieu and J. Einhorn. Rapid Comm. Mass Spectrom.. 8, 22 (1994)

ThD16
PRACTICAL APPLICATION OF ELECTROSPRAY LC-HS TO THE DETERMINATION OF PESTICIDE RESIDUES
OR G A KEENAN
CENTRAL SCIENCE LABORATORY (HAFF), HARPENOEN. HERTS.. AL5 2B0, U.K.
The performance of an elertrospray LC-MS interface has been assessed for the
direct analysis of pesticide residues in extracts of foodstuffs.
Polar
organophosphorus pesticides (such as acephate, demeton-S-methyl sulphoxide,
methamidophos and trir.hlorfon), carbamates (such as aldicarb, aldicarb sulphone,
aldicarb sulphoxide, carbofuran, carbofuran-3-hydroxy, benomyl and carbendazim),
various
herbicides
(chlormequat,
glyphosate, glufosinats
and
metsulfuron
m«thyl), ethylenethiourea, cyhexatin
and abamectin were studied.
These
compounds are known to be difficult or impossible to analyse directly by GC.
The mass spectra produced by these compounds tended to be dominated by pseudomolecular ion species such as (M+H)+ and (W+H)+.
The formation of fragment
ions could be; encouraged by increasing the "cone voltage" potential.
In the
absence of sample co-extractives it is possible to detect (following LC
separation) as little as Ing of analyte in full scan mode, and lOpg in
selected
ion monitoring mode.
Generally, sensitivity was found to be
significantly better than that obtained using thermospray, though there were
some exceptions (notably for ethylenethiourea, a toxicologically important
metabolite of the ethylenebisdithiocarbamate fungicides).
Thermospray spectra
were also generally much more likely to exhibit ions associated with thermallyinduced decomposition products.
The enhanced cone voltage fragmentation
technique
has shown considerable
utility
for
the confirmation
of some
compounds, with greater ease of use and better sensitivity than MS/MS (limits
of detection by MS/MS have been demonstrated to be of the order of Ing
injected on column).
The effect of the presence of co-extractives has been
assessed in the context of routine surveillance of residues in a wide range of
fresh and processed foodstuffs.
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A Comparison of LC/MS and LC/MS/MS Methods for the Analysis of Selected Fungicides in Vegetables.
S.W.Prccce and S.Lowes, Fisons Instruments Organic Analysis Biotech MS, Altrincham, Cheshire, WA14 5RZ, UK.
J.P.G.Wilkins and C.J.Ebden, Unilever Research, Colworth Laboratory. Colworth House, Sharnbrook, Bedford, MK44 1LQ
In the field of pesticide analysis by mass spectrometry many of the current methods employ gas chromatography as the
separation technique. Recent advances in atmospheric pressure ionisalion sources have led to the availability of sensitive
and routine methods for pesticide analysis by LC/MS. Chlorprophan, iprodionc. mctalaxyl. lecnazene, thiabendazole and
vinclo/olin are all compounds of current interest which arc amenable to analysis by LC/MS using clcctrospray as the
ionisation technique.
The real life analysis of such compounds often involves the detection of low levels in very complex matrices. In some
cases a response given by components present in the matrix can interfere with the detection of compounds of interest
when using LC/MS. The advantages of using LC/MS/MS to improve detection limits in the presence of high backgrounds
are well documented. This paper presents a comparison of LC/MS and LC/MS/MS data for these six fungicides.
LC/MS and LC/MS/MS methods, using clcclrospray ionisation, have been used for the analysis of fungicides in potato
and onion crops. Samples of potato and onion have been extracted with acetone and the extracts were cleaned by means of
gel permeation chromatography. The resulting samples were analysed by reverse phase LC using a 4.6mm id. C18
column. Data was acquired in LC/MS by monitoring single ions and in LC/MS/MS by monitoring specific parent to
daughter ion transitions. The results from the two methods arc compared to demonstrate the advantages of MS/MS for the
analysis of these fungicides.

ThD18
Determination of Quinolone Antibiotic Residues in Spiked Catfish Muscles Using LC/MS and LC/MS/MS.
DR. Doerge, S. Bajic*, S. Preece*. S. Lowes*. National Centre for Toxicological Research, Jefferson, AR 72079,
USA. *Fisons Instruments Organic Analysis Biotech MS. Altrincham. Cheshire, WAI4 5RZ, UK.
Quinolone antibiotics are used extensively in the treatment of bacterial diseases affecting fish species that are
important to aqua culture including trout, salmon and catfish. Evidence of rodent carcinogenicity with some
quinolones has raised concerns about residues in fish products for human consumption. Existing analytical methods
for quinolones include LC separations with fluorometric or UV detection and GC/MS of the decarboxylaled derivative.
The advent of API techniques (Elcctrospray and Atmospheric Pressure Chemical Ionisation (APcI)) has facilitated the
interfacing of existing LC separation methods with mass spectrometry. This presentation describes analysis of
flumequine, nalidixic acid, oxolinic acid and piromidic acid using gradient LC separation and APcI detection. Under
appropriate source conditions, primarily molecular ions were formed for all analytes. Such conditions offer optimum
levels of sensitivity when monitoring only the molecular ion. For further structural diagnosis and detection
confirmation, fragmentation was required. Using a high probe temperature, a high cone voltage or CID in the collision
cell of a triple quadrupole instrument enabled diagnostic fragments (M-CO2. M-H2O) to be monitored.
Using LC/MS the presence of four quinoloncs was determined at lOppb in spiked catfish muscle and detection limits
were estimated at Ippb ( Ing on-column). We also report on the initial investigations into the use of MRM to reach
ultimate levels of detection of quinoloncs in biological matrices.
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CHARACTERISATION OF VOLATILE ORGANIC COMPOUNDS EMITTED FROM PAPER AND BOARD
PACKAGING IN CONTACT WITH FOODSTUFFS BY SENSORY ANALYSIS AND THERMODESORPTION
ASSOCIATED TO GAS CHROMATOGRAPHY AND MASS SPECTROMETRY

C. CLEMENT", F. FOURN1ER*, M. GRAVIER**, J-C. TABET*
* U P M C, Lab. de chimie organique et structural^ 4 place jussieu, 75005 PARIS
** Centre Technique du Papier, Lab. d'analyses MCAS, BP 251, 38044 GRENOBLE
Packaging has become a main subject which concerns marketing, environment, security, toxicity, inertia
for foodstuff packaging, quality control, ...
Concerning food paper and board packaging, the main function of packaging is to respect the inertia
principle : packaging has to preserve the organoleptic properties of foodstuffs. There are a lot of
examples in which packaging has a bad smell and is presumed to contribute to taint and off-flavour
observed in packed product itself. Concerning papers and boards, there are many different origins to
the problem of contamination of foodstuffs : paper or board itself, ink, varnish, and we are not telling
about laminates. But there are a lot of different kinds of paper and board, so we decided to examine the
volatile organic compounds (VOCs) of raw materials entering in the main composition of papers and
boards (latex, mechanical pulp, pure cellulose, optical brightener, insolubiliser, sizes, anti foaming
agents,...).We first separately studied these additives in solution and after drying, and secondly together
included or not in paper according to different formulations.
Sensory analysis (with a trained panel) is the first step performed for the evaluation of the samples :
odours of the samples and possible transfer of taint and off-flavour to chocolate (used simulant in the
ROBINSON test). Then the VOCs are trapped and concentrated using dynamic head-space, separated
by gas chromatography and detected by Fl-detector and Sniffing. Each odorous compound is identified
by using dynamic head-space (DCI) associated to gas chromatography and mas spectrometry. Electron
Impact Ionisation gives us the picture of each compounds and allows us to use the spectra library. We
also work with positive and negative chemical ionisation which allow the assessment of molecular
weights. If necessary, DCI/GC/MS/MS is used for structure determination.

Th D20
Migration from Plastic Food Packaging Materials into EC Approved Food Simulants
GRAHAM LAWSON. CAMPBELL BARKBY AND NAAMAN OSTAH
Depl. of Chemislry, De Montfort University, The Gateway. Leicester, LE1 9BH
Chemicals may be present in plastic food packaging for a variety of reasons:
i)
ii)
iii)

residues from the original polymerization process, for example monomers, oligomers and reaction catalysts,
deliberate addition to enhance the performance or appearance of the polymer, for example antioxidants or
pigments,
polymer degradation products resulting either from the fabrication or use of the article, for example
antioxidant reaction products.

Many of these chemicals present in plastic packaging have been shown to migrate into the food under normal use
conditions. These chemicals have been identified and quantified by GC-MS and LC-MS techniques.
These investigations have been carried out on systems where the food is heated in intimate contact with the packaging or
containment material. Such items include convenience meals and plastic jug kettles. In order to simplify the experimental
task European Community approved food simulants and exposure condilions have been utilized.
The results obtained demonstrate that whilst many of the migrants could be anticipated from the specified formulation of
the packaging the origin of an equally large number could only be identified after extensive analysis and discussions with
the manufacturers. Unexpected oligomer residues from the polyol component of the polyurethane adhesives were identified
using FRIT-FAB LC-MS methods and were confirmed using material supplied by the original manufacturer.
This work funded by the Ministry of Agriculture Fisheries and Food in the UK and carried out with help from the
manufacturers demonstrates the degree of analytical sophistication applied to consumer protection within the European
Community.
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Analysis by Chemical Degradation - GC/MS, of Lignin Biosynthesizer! in Young Plants Fed With
d3-Labelled Coniferin
Daubresse, N.; Chupeau, Y.; Lapierre, C; Rolando, C; *Sablier, M.
Ecole Normale uuptfrieure, DSpartement de Chimie,
24, rue Lhomond - 75005 • PARIS - FRANCE
Metabolic pathways in lignin biochemistry have not yet been fully established. Owing to its threedimensional complex polymeric structure, direct analyses of lignin are somehow difficult to process; 13C
NMR, FTIR and solvolyses are commonly used for this purpose, but required until now large-scale samples
and preliminary treatments.
Few years ago, we have developed a fast method for analysis of lignin structure, based on solvolysis
by ethanethiol, followed by GC/MS measurements.
Quantification are actually effective on samples containing e. g. lmg of lignin, after removal of
solubles from the tissue. However, for analytical purposes, we have been able to directly study smaller parts
of tissues, containing far less lignin. Complete young poplars, two inches high (dry weight : 5-12mg),
obtained by piping and grown for three weeks under controlled conditions, but also small sections of them
(stems, leaves...), have been submitted to thioacidolysis, and their lignin residues analysed by GC/MS.
Detection of variations in isotopic distribution by MS was chosen as a new technique for following
labeled precursors of lignin. It provided structural informations on the way of assimilation of natural
precursors (i. e. cinnamyl alcohols) in early stages of growth.
Coniferin (glucoside of coniferyl alcohol), trideuterated on its MeO group, was synthesized from
trideuterated vanillin and fed to the poplars (2,5mg, three weeks). We were then able to detect important
levels of M+3 peaks (20 to 30%) in various spectra obtained from GC/MS, which showed incorporation of the
precursor into classical lignin structures. By this mean, switching of methoxy group from guaiacyl to
syringyl series was shown to be important in young tissues.
This technique is very sensitive, it provides a fast way for analysis of lignin. It is an important
alternative to radiolabeling with tritium or 14C, since it does not only locate, but also gives informations on
the chemical structure of new lignin, and lead us to understand enzymatic activities.
It should help in selection of gene-modified plants with chemically controlled lignin, since it allows
easy observation of trans-methoxylase activity.
(1) Thioacidolysis, Rolando, C; Monties, B.; Lapierre, C/ in "Methods in Lignin Chemistry", Lin and Dence
Ed., Spinger-Verlag, Berlin, 1992.

ThD22
Resonance enhanced multiphoton ionization mass spectrometric analysis of
lignin using laser pyrolysis with entrainment into a supersonic jet
Erik R.E van der Hage. Jaap J. Boon, Ruud J.J.M. Steenvoorden and Tina L. Weeding.
FOM Institute for Atomic and Molecular Physics, Kruislaan 407,1098 SJ Amsterdam, The Netherlands.
The combination of Resonance Enhanced Multi Photon Ionization and Time of Flight mass spectrometry
(REMPI/TOF-MS) offers a powerful means for the specific analysis of aromatic compounds in complex
mixtures such as lignin pyroly sates.' First, mass-resolved excitation spectroscopy experiments were
performed by selecting the time-interval which corresponds to the molecular ion of interest and monitoring
its intensity as a function of wavelength. Mass-resolved excitation spectra of jet cooled methoxyphenol
compounds of increasing complexity were measured to determine optimal resonant wavelengths. The
obtained set of resonant wavelengths is unique for each benzene derivative depending on the number and
types of substituents on the aromatic ring, different isomeric conformations and stable rotational
conformers which are frozen out in the supersonic jet.
The combination of wavelength selective ionization and mass spectrometric identification has enabled us to
identify and quantify the main pyrolysis products of a cottonwood milled wood lignin. With REMPI,
efficient soft ionizaton is obtained to produce mainly molecular ions with little or no fragmentation. Lignin
derivatives are detected in a whole wood sample without any interference of the polysaccharide matrix.
Flash pyrolysis is achieved by means of a pulsed CO2 laser. Analytical calibration curves are linear over a
dynamic range of 3 orders of magnitude. Results are compared with high-resolution in-source pyrolysis
mass .spectrometry data obtained under El conditions. Novel data will be presented on grass lignins and
recent and fossil compression wood lignins.
I

E.R.E. van der Hage, J.J. Boon, R.J.J.M. Steenvoorden and T.L.Weeding Anal. Chem. 66, 543 (1994).
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MALDI FTMS INVESTIGATION OF LIGNIN
D. Srzic, S. Martinovic, S.M. Shevchenko* and L. Klasinc
"Ruder BoSkovic" Institute, 41001 Zagreb, Croatia
*St. Petersburg Academy of Forestry, Russia
The chemical structure and the molecular weight of lignin, one of the major
components of the wood cell, is still not known in detail mostly from two reasons: (i) the
problematic lignin isolation from wood without degradation; (ii) the absence of the
appropriate experimental techniques for the investigation of nonvolatile, high molecular
weight compounds. The recent development of matrix-assisted laser desorption/
ionization (MALDI) has exhibited unique capabilities for the volatilization and ionization
of such molecules.
We performed the MALDI Fourier transform mass spectrometric (MALDI FTMS)
analysis of the birch (Betula verricosa) milled wood lignin in various matrices using a
Millipore-Extrel FTMS 2001-DD instrument (Madison, Wl, USA) with the direct laser
desoption/ionization technique. A pulsed Nd:YAG laser, Quanta Ray DCR-11 (SpectraPhysics, Inc. Mountain View, CA, USA) moderated at 355 nm wavelength was used to
desorb/ionize the lignin. The samples of lignin were obtained by the standard isolation
procedure from wood.1
The positive ion MALDI FTMS in the stilbene matrix yielded ions up to m/z 28682873 and contained species at m/z 353, 534 (base peak) and 550. The negative ion
spectra in the same matrix are dominated by two peaks at m/z 464 and 503 (base peak)
and species at m/z 519, 537, 695, 737, 753 and 770. The positive ion spectra with the
nicotinic acid as the matrix yielded ions up to m/z 972 and contained peaks at almost
every mass between m/z 180-736. These fragment species are well related to the lignin
constituting subunits proposed in the literature.2
1. A. Bjorkman, Svensk Paperstidn. 59, 477 (1956).
2. J. D. Wilson, J. K. Hamilton, J. Chem. Educ. 63, 49 (1986).

Th D24
Analysis of Australian Ginger by Sequential Supercritical Fluid Extraction and GC/MS
John P. Bartley and Philomena Foley
School of Chemistry, Queensland University of Technology. GPO Box 2435, Brisbane, 4001,
Australia
Ginger (Zingiber officinale Roscoe) has been under cullivation in China for thousands of years and has
been used extensively as a spice in the Mediterranean region since the 1st century AD. The composition
of the Asian and Indian varieties has been studied quite extensively but the Australian variety has been
less well studied even though it is noted for its characteristic citrus like aroma and its moderate
pungency. The major flavour characteristics are present in the essential oil which is usually obtained by
steam distillation but the volatile composition of most spices is expected to be strongly influenced by
heat treatment. Uncertainty must therefore exist about the extent to which the naturally occurring
components are modified by hydrolysis, oxidation, and rearrangement. The use of supercritical fluids
such as carbon dioxide offers an attractive solution to this problem for not only are the extraction
conditions mild (typically 40-5()°C), but the extracting solvent is also cheap, safe and presents minimal
pollution problems.
In this study we have examined the use of SFE to produce an extract from fresh Australian ginger
which is free from the influences described above as a result of heat treatment. The composition of this
extract was examined by gc/ms either by collection of extracted material in chloroform solution or by
direct coupling to the gc/ms system. The major volatile components were the oxygenated
monoterpenes, neral and geranial which together account for 28% of the extract and the sesquiterpenes,
angiberene, a-bisabolene and (J-sesquiphellandrene which together account for a further 45% of the
extract. Although the composition of the extract varied only slightly with extraction conditions, higher
fluid densities resulted in co-extraction of significant amounts of iriglyeeride material.
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Comparative

Investigations

of Dill Oils Using

1

GC/FID

and GC/MS

1

Leopold Jirovetz , Gerhard Buchbauer , Michael Wasicky 1 , Alexej
Nikiforov2 and Peter Schutzner3
•'•Institute of Pharmaceutical Chemistry, University of Vienna,
Wahringerstreet 10, A-1090 Vienna, Austria
'Institute of Organic Chemistry, University of Vienna,
Wahringerstreet 38, A-1090 Vienna, Austria
3
Hewlett-Packard Comp., Lieblgasse 1, A-1222 Vienna, Austria.
Dill oil samples of different origin (essential dill seed oil and
essential herb oil of Anethum graveolens L . ) , including oils from
Romania and Kazachstane were investigated by GC/FID and GC/MS to get
correlations between the composition and the olfactoric quality of
this valuable natural product used in the food and spice industry.
Using the HP-5850 GC instrument (Hewlett-Packard) in combination
with an HP-5972A MSD (under control of the software G1034C/ Windows)
resp. HP5970C MSD and GC-sniffing-technique more than 30 main and
more than 40 minor constituents were detected. This equipment
enabled via library search and Kovats indices data bank the identification
of (+)-carvone, cis- and trans-dihydrocarvone, limonene,
phellandrene, myrcene, pinenes and carveol compounds as olfactoric
dominant compounds in the oils.
By means of qualitative (Kovats indices) and quantitative (%
peak area) GC/FID analysis (GC 14A and integrator C-R6A,
Shimadzu) of the samples it was also possible to get information
about minor oil constitutents.
In comparison to the samples, which showed a good olfactoric
quality and were characteristic by a high limonene content (50-60%)
and medium range of carvone concentrations (25-35 % ) , the samples
which were not good enough for commercial use, low limonene and high
carvone content (Kazachstane Dill herb oil) was found. The effects of
minor components and optical purity are also discussed.

ThD26
MASS SPECTROMETRIC MONITORING OF REED DECAY
S. Bohatka, Gy. Lakatos*, M. Makadi* and M. Simon
Institute of Nuclear Research of the Hung. Acad. of Sci.(ATOMKI)
Debrecen, Bern ter 18/c, Hungary
^Department of Ecology, L. Kossuth University, Debrecen,

Hungary

The reed [Phragmites Australis (Cav.) Trin ex Steudel ] is a
widespread species on all continents. By improving water quality it
has an important role in environmental protection and preservation of
nature. In recent decades reed decline is observed in large areas.
The understanding of the processes resulting decay is the first step
of protection. Experiments are carried out in our laboratory to monitor responses of reed individuals to different physical and chemical
effects.
Gases of the plants are sampled "in-vivo" from the culms and
rhizomes as well as from the substrate with tiny membrane probes and
analysed by a quadrupole mass spectrometer (type ATOMKI PCQ 300).
Quasi-simultaneous analysis of gases sampled with ten probes are
available. The MS is mostly used in single ion monitoring mode. The
measurements last for several weeks or months and high stability is
required.
Physiological responses to the simulated environmental effects
are recorded as changes in 0-, and CO2 concentrations. The amplitude
of this change and the slope of the curves (response time) are
characteristic to the effects.
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Matrix-assisted Laser Desorption/lonization Spectrometry of Flavonoids
Piergiorgio Pietta1, Pierluigi Mauri2, C. Gardana', L. Zini' and T. Bollani'
' l)i|),jrliincnlo di Science <• 'IViinolotfie BIOIIICIIIC'IK- - Sez. Chiiiucii ()rganii:a -

Via (Vlorin 2. 2013:1 Milano (Italy)
• I.V.B.A. • CNR, Vin Ampere .%' - 20 H I Mihiim (ll.;ily)
1
l-'innigan Mat - Milano (Italy)

The primary application of matrix-assisted laser desorption/ionization (MALD1)
mass spectrometry has been in the analysis of proteins, peptides, polisaccharides and
nucleic acids.
This technique is well suited for the rapid analysis of multicomponent mixtures with
high mass accuracy. This characteristic suggested the interest in using MALDI mass
.spectrometry for high-speed analysis of flavonoids in complex matrices. These
compounds are a large group of polyphenolic antioxidants, that occur naturally in
vegetables and fruits and in beverages such as tea and wine.
Flavonoids have a range of biochemical and pharmacological effects, and their analysis
is of great interest. Several methods based on liquid chromatography have been
described, and recently interfacing with thermospray mass spectrometry has been
reported.
The purpose of this study was to ascertain the potential of MALDI for the analysis of
flavonoids , whose molecular weight is in the range of 250-800 dalton.
Thus, mass range, accuracy, response linearity and detection limit were investigated
using different flavonoid standards.
Then selected extracts were analysed and "finger printings" based on the molecular
weight of flavonoid components were obtained.
These MALDI spectra resulted comparable with HPLC or CE traces of the same samples,
and they can be considered such as "mass chromatograms".

ThD28
Amino acid esters in tomato
C. Salles, J.L. LeQuere, P. Etievant(1), M. Petro-Turza (2)
(1) INRA - LRSA, Dijon, France. (2) Central Food Research Institute, Budapest, Hungary.
Some works [1, 2] show the presence of amino acid esters in wine. This kind of
compounds may have an important sensory consideration because their taste is
reported as salty, sour and light umami [3].
Amino acid esters were isolated from fresh tomato juice by cation exchange resin
chromatography and separated by preparative over pressure layer chromatography with
silica plates. Identification of these compounds were performed by mass spectrometry
using a Kratos Concept mass spectrometer (EB configuration). FAB-MS ionisation in
positive mode with glycerol as matrix gave an abundant protonatod molecule. Linked
scan (B/E) lead to the obtention of daughter ions. A study with commercial amino acid
esters showed characteristic ions resulting in the lost of the ester part (AA-CO+ OR')
and characteristic fragmentation of the amino acid moiety. That allows to identify all the
amino acid esters present in fruits.
[1] Heresztyn T.J., Agric. Food Chem., 1984, 32, 916-918.
[2] Herraiz T. et at., Ital. J. Food Sci., 1993, i , 11-20.
[3] Tamura M. etal., Agric. Biol. Chem., 1989, §2,1625-1633.
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Chemotaxonomy of Plant Species Using Cold Solvent Extraction
and HRGC-MS - an Investigation of Seven Varieties of Artemisia
Dracunculus (Tarragon)
Jacqueline

Dawson and Martin

Frenrson.

Chemical

Sciences,

University

of Hertfordshire, Hatfield, Herts, AL10 9AB, United Kingdom
John Twibell, National Council for Conservation of Plants & Gardens,
Artemisia Collection, 31 Smith SI, Elsworth, Cambridge, CB3 8HY.
Classically, Ihc characterisation of scented plants has been performed by
chromatographing the essential oils produced by steam distillation. This can lead to
decomposition and rearrangement of components and headspacc analysis(l) of the
aroma has been used to avoid this. In this study we have investigated cold solvent
extraction of 4-5 freshly picked leaves of seven varieties of tarragon followed by GCMS using a HP5890 Series II GC with a S971A MSD Titled with a 12m BP1 column
programmed from 70 - 250 deg C at 5 deg/min.
85-89% of the components have been identified using the NBS library, Kovats
indices, and comparison with reference compounds. The results show a remarkable
divergence of composition among these botanically related Dracunculus species.
This simple approach using minimal amounts of plant materials, solvents, and
analysis time may be automated and used for large scale surveys of related plant
species to aid classification of varieties and cultivars.

REFERENCE
(1) J. Barberio and J. Twibell, J.High Res. Chrom., 14,637,1991.

ThD30
EC-PROJECT: PEPTIDE AND PROTEIN STRUCTURE ELUCIDATION BY MASS
SPECTROMETRY: ANALYTICAL DEVELOPMENT AND BIOANALYTICAL APPLICATION.
Universal Konstanz - Michael Przytjylski. University of Antwerp - Magda Claeys: Odense University - Peter
Roepstorff; Universita di Catania • Salvatore Foli: Universite Strasbourg • Alain van Dorsselaer: University Wien
- Erich Schmid; Hungarian Academy of Sciences - Marianna Mak; Czech Academy of Sciences - Miroslav Ryska

Recent developments of direct desorption-ionization methods have yielded a breakthrough in
the analytical possibilities and bioanalytical perspectives of mass spectrometry (MS) for the
molecular structure determination of, biological as well as synthetic and recombmant peptides
and proteins. Exact molecular weight determinations of proteins in excess of 200.000 D, and
first successful applications, e.g. to polypeptide substrate the potential of the new MS methods. However, the full analytical development and bioanalytical utilization of these methods
typically requires interdiscilpinary expertise and collaboration between analytical chemistry,
organic and biochemistry, and molecular biology. Their integration in a comprehensive analytical scheme with chemical and enzymatic protein-analytical methods, and applications to protein-structural problems are in the initial stage, and are the primary goals of this project. In the
present ec-network project analytical chemistry and biochemistry in laboratories from eight
countries are collaborating (i) in the analytical development of the full range of MS methodology and (instrumentation, plama and laser desorplion. and electrospray mass spectrometry: (ii)
close collaboration between the participating laboratories is established in the immediate
transfer of these MS methods to bioanalytical applications, in combination with high resolution
chromatographic separation and protein-chemical methods Applications focus on the molecular characterization of recombinant proteins; the direct primary structure elucidation of protein
glycosylation, new fatty acid-acylated lipoproteins and phosphorylated proteins; the isolation
and sequnce determination of neuro-polypeptides; the identification of binding sites in noncovalent drug-protein complexes; and new approaches to gain molecular information on protein conformtation, tertiary and supramolecular structures This project aim at contributing new
and advanced metods for the molecular structure analysis of biopolymers, by combining the
specific expertise of different singly laboratories Furthermore, this network will take advantage of the scientific research and educational personnel and facilities in biochemical
applications of mass spectrometry.
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ThD32
Identification of Myocardial Proteins from Two-Dimensional Gels by Database Matching of
Proteolytic Peptide Masses Determined by MALD.
Sulton, C. W.; Pemberton, K. S.; *Collrell, J. S.; Corbelt, J. M.; Wheeler, C ; Dunn, M. J.; Pappin, D. J. C.
Finnigan MAT Ltd, Hemel Hempstcad, Herts HP2 4TG, UK
Two-dimensional polyacrylamide gel electrophorcsis (2D-PAGE) is a powerful method for separating complex
mixtures of proteins (e.g. tissue extracts or biological fluids) based on pi and molecular weight. For subsequent
characterisation, proteins can be eluled individually into solution, or en-mass by electroblolting onto polyvinylidene
difluoride (PVDF) membranes.
The proteins may (hen be characterised by: (i) Obtaining limited sequence information for individual proteins by
Edman degradation and matching against a sequence database. However, this is slow (one protein per day) and, if the
amino tenninus is blocked, requires protease digestion and HPLC to generate internal peplides. (ii) Immunoblotting of
whole membranes to provide simultaneous identification of related proteins, (this requires a large panel of well
defined antibodies and an equivalent number of 2-D gels). These methods have been used to establish a database of
proteins expressed in human myocardial tissues in order to identify changes that may be associated with specific heart
diseases such as dilated cardiomyopathy (DCM). The database contains more than 1500 polypeptides, most of which
have not been identified.
A new analytical strategy has been developed to establish the identity of known proteins, so that Edman sequencing
time can be used efficiently to characterise novel proteins. As for sequencing, proteins were electroblotled from two
dimensional gels onto PVDF membranes. The elcctroblolled proteins were visualised and then digested with a specific
protease such as trypsin or chemically degraded with cyanogen bromide. The resulting peptides were extracted from
the membrane and analysed by matrix assisted laser desorption mass spectrometry (MALD). The mass values
represent a specific fingerprint which can be used to search a peptide mass database generated by applying the same
protease cleavage rules to a database of known protein sequences. An ordered list of the highest scoring matches is
obtained using a probability based algorithm. The molecular weight of the whole protein obtained from the second
dimension of the 2-D gel provided an additional constraint on the search.
MALD is an ideal technique for this application since it provides femtomolc sensitivity, tolerance to contaminants
such as the digest buffer, rapid analysis time (5 minutes per sample) and no requirement for chromatographic
separation of the digest products.
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Study of the Hydrogen Incorporation in Vitreous Silica
Peter F.Somsslch, James E.Saunders, VInce D.Meyer and Dennis B.Shlnn
OSRAM SYLVANIA INC.,
100 Endlcott St., Danvers, MA. 01923 USA

Hydrogen incorporation In and removal from vitreous silica was investigated by quantitative
mass spectrometry and FT1R analyses. Hydrogen mobility is crucial to performance In many
vitreous silica applications, such as In lamps. Tubing samples of Type I vitreous silica,
commonly called fused quartz, were examined In this study. The materials included vitreous
silica as-drawn from a melt near 2000 "C under a variety of H2/He atmospheres and
samples heated In hydrogen at about 1000 *C. The quantities of H2 and H2O outgassed as the
samples ware heated from ambient to about 1000 *C, using a predetermined ramping program,
were determined using mass spectrometry. Infrared absorbances at about 3700 cm* 1 and
2250 cm* 1 due to OH and SiH, respectively, were determined for samples prior to and after
outgassing by Fourier Transform Infrared spectroscopy. The investigation separates physically
dissolved H2 from chemically bound H2 In the form of OH and SIH. The quantities of OH and
SiH formed by chemical dissolution were determined from the molar extinction coefficients
derived In these experiments. The derived SiH to OH concentration ratios were related to the
stoichlometry of the vitreous silica, SiO2-x-

Th E2
INVESTIGATION OF THE COVALENT BDNDS WITHIN ATOMIC CRYSTALS BY THE USE OF STABLE
ISOTOPE TRACERS
A. Hajdu, L. Morvay and I. Cornides
Physics Department, University of Education, Nitra, Slovakia
The arrangement of the constituent atoms within the lattice of atomic (covalent)
crystals sometimes display a very wide variety (1). Even the compounds of simple
chemical formulae may be found crystallized in a high number of various modifications. For example in the case of silicon carbide there appear to be five
small-period polytipes (2) from which a wide range of ordered, larger period
structures may be formed. The fundamental unit is a covalently bonded SiC* (or
CSin) tetrahedron and, therefore, Si - C bonds are to be taken responsible for
the stability of the structures in question. Since, however between the various
structures not sufficiently understood transformations have been observed, the
possibility of formation of other bonds cannot be excluded.
By the use of the C-13 isotope as tracer and of a method previously developed (3)
we have investigated whether C - C bonds appear for instance in the case of a
given sample of polychrystalline industrial silicon carbide. The preliminary
answer to this question was found positive.
Literature
1. A. R. Verma and P. Krishna, Polymorphism and Polytypism in Crystals,
Wiley, New York, 1966.
2. N. W. Jepps and T. F. Page, in Crystal Growth and Characterization of Polytype Structures, Ed.: P. Krishna, Pergamon Press, Oxford 1983 259.
3. I. Cornides, Advances in Mass Spectrometry 8A. 1980. 452
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STABILITY DISTRIBUTION OF I HE M X U, UXJUt CLUHItRiJ AND U S CURRELA11UN WIIH THE. VEKTICAL CHANGES OF THE CHEMICAL BF.HAVIUUR OF THE LLLMENTS IN THE PERIODICAL SYSTEM
Sz. Sidd, T. Gal and I. Cornides
Physics Department, Oniversity of Education, Nitra, Slovakia
The compounds of the chemical elements with uxyyfiii have taken a prominent part in
the development of modern chemistry. First of all oxides were used to determine
the atomic masses characterizing the elements and the chemical formulae of the
oxides served Mendeleev to build up his famous periodic system.
It is also well known, however, that even the elements of the same group display
minor ("vertical") differences in the chemical hehaviour. For instance the MJOJ
oxides of the III.A group elements realize a change of the weak acidic character
of BJ^OJ through amphoteric behaviour of Al^Oj, 0a, Oj to the basic character of
In 4 O 3 . We became interested in finding out if there is a correlation between this
change and the appearance pattern of the non-traditional oxides (clusters) of the
elements.
The first experiments (1., 2.) indicated positive answer and this was confirmed
by a full series of experiments.
References
(1) I. Cornides and T. Gal, High Temperature Science, Kl (197B) 171.
(2) I. Cornides and T. Gal, High Temperature Science, U_ (1981) 71.

ThE4
HIGH PRECISION COMPOUND SPECIFIC CARBON ISOTOPE RATIO ANALYSIS USING MULTIPLE AMPLIFICATION LEVELS TO EXTEND DYNAMIC RANGE
J. T. Brenna, C. E. Blacken, K. J. Goodman, Division of Nutritional Sciences, Cornell University, Ithaca, NY, USA
High precision compound specific isotope analysis (CS1A) for C is normally limited to analyte
levels around 1 ng carbon at natural abundance, and to less than 3 orders of magnitude dynamic range.
The limitation is principally due to the amplification/data system, since the mass spectrometer is capable
of dynamic range over at least 6 orders of magnitude. Recent applications of high precision gas
chromatography-combustion isotope ratio mass spectrometry (GCC-IRMS) to biomedical tracer studies
require the analysis of complex mixtures in order to avoid cumbersome pretreatments. Such samples
require high precision at levels as low as 1 pgC and dynamic ranges beyond 10s within a single analysis.
We have constructed a novel amplification/data acquisition system that permits 3 amplification levels to
be recorded continuously and simultaneously for the m/f 44 channel, 2 levels for the m./j 45 level, and 1
level for the mfa 46 level, for a total of 6 channels. Intermediate amplifiers were inserted prior to the
recording system to permit total amplification to be adjusted without changing preamplifier levels. Intermediate amplifications of 9x and 81x are employed for m/f 44, and 9x for m/f 45, with the remaining channels set to unity gain for direct comparison to the vendor system.
Measurement of a stable CO2 background of about 20mV show that the rms noise of the unity
gain channels is comparable to that of the vendor system, while noise on the amplified channels is greater, as expected. Test samples from natural abundance to 10%"C show that lower levels oi' detection are
extended more than one order of magnitude using this system versus simultaneous use of the data system of the Finnigan MAT 252 GCC-IRMS instrument. Signals of more that lOx below detectable limits
on the unity gain channels or the vendor system are detected and quantified in the amplified channels.
High precision isotope ratios were obtained with samples of 10 pg and 100 ng in a single run. This system extends the dynamic range of CSIA through most of the range encountered in tracer applications.
This work was supported by NIH grants GM49209 and DK07158.
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Th E5
Determination of boron isotopic variations in aquatic systems with negative thermal ionization mass
spectrometry as a tracer for anthropogenic influences
S. Eisenhut*. K.G. Heumann* and A. Vengosh**
* Institute of Inorganic Chemistry, University of Regensburg, Germany
** Hydrological Service Water Commission, Jerusalem, Israel
Boron has two stable isotopes, 10 B and "B, with a natural isotope ratio of about 4 for n B/ 1 0 B. The abundance
of boron isotopes varies in the range of 79,684% to 80,902% for " B . In principle,it is possible to recognize
sources of contamination in groundwater by measuring boron isotope ratios. The identification of sewage as an
anthropogenic source of boron is possible because of the high boron content in washing powders, where boron is
used in form of NaBC^'r^C^-SHjOj as a bleaching agent. In this substance "B is enriched by 3 per mille
compared with the NBS standard SRM 951. Boron from seawater, on the other hand, is enriched by 39-40 per
mille. The concentration of boron in sewage from households is in the range of 2 ppm. In this work an
examination of boron isotope variations was made in addition to boron and chloride concentrations from sewage,
uncontaminated groundwater and groundwater near a sewage treatment plant. From this it was possible to identify
anthropogenic influences from sewage in the groundwater system. The separation of boron from water samples
was carried out with the boron specific resign Amberlite IRA 743, the mass spectrometric determination with
negative thermal ionization (NTI) as BO2" ions at mass numbers 42 and 43. Very often La(NO3)3 was used as an
addition for a higher ionization yield. In this case the measured isotope ratio was dependent on the amount of
boron on the filament. For exact determinations of boron isotopic variations this effect is disturbing. Therefore, in
this work Ba(OH)2 was used, where no dependence of the amount of boron on the filament was observed. With
the addition of MgCl2 on the filament the reproducibility of this technique could be improved to 0,1-0,2% relative
standard deviation for separated water samples.

Th E6
ISOTOPE HYDROLOGY OF THE REGIONAL FLOW REGIME OF THE
GREAT HUNGARIAN PLAIN
J. D2AK°, I. F6RIZS*
"Research Center for Water Resources (VITUKI), H-1453 Budapest, Pf. 27, Hungary
'Laboratory for Geochemical Research of the Hungarian Academy o£ Sciences
H-1502 Budapest 112, P 0 Box 132, Hungary

The Quaternary and Upper Pannonian sandy formations of the Great Hungarian Plain
represent a multilayer flow system composed of two ground water flow regimes. The
underlying "regional" flow regimes contain dominantly thermal water sources.
The correspondence between conventional 14C ages and distance along the flow path
is excellent, yielding a ground water flow velocity of 1 m/year in the regional
flow regime from the recharge to the discharge areas. The hydraulic conductivity
was estimated as It = 1 m/year = 10~5 m/s using 14C ages.
14
C data of thermal waters excepting for this flow path showed values around or
even below the limit of detectability (1-2 [%]„,).
The multiannual averages of 6D and 618O of precipitation in Hungary are -68°/oo and
-9.3°/oo respectively. Ground waters younger than 10,000 years are characterized by
stable isotope ratios similar to these averages. Ground waters infiltrated in
Pleistocene represent 618O values of -10 to -14%>o, with the minimum values observed at 14C ages about 20,000 years. According to the "temperature-effect" the
decrease of the annual mean temperature in the last period of the Pleistocene ages
can be estimated as 2 - 10 °C by 618O data.
6D and 6180 data of the thermal water samples are dominantly more negative than the
multiannual mean of the recent precipitation, representing the Ice-Age as the period of recharge. In some areas of the Great Hungarian Plain the 6D and 618O values
are more positive than those of recent precipitation in Hungary, indicating the
presence of fossil seawater of Miocene ages. This is supported by the good correlation between the 6D and Cl~ content of thermal waters towards the 0°/oo 6D and
19 g/1 values characterizing the seawater.
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ThE7
ON-LINE WATER REDUCTION FOR HIGH-PRECISION HYDROGEN ISOTOPE RATIO DETERMINATIONS
H. 5. Tobias, K. J. Goodman, and J. T. Brenna, Division of Nutritional Sciences, Cornell University,
Ithaca, NY, USA
High precision gas chromatography-combustion isotope ratio mass spectrometry (GCC-IRMS)
has been applied to C isotopes since the late 70s. We report here an extension of the technique to D/H
ratios at precisions useful for determinations at natural abundance.
Repeated injection of water onto a fused silica capillary results in reproducibility of 6SM0W <
10%o. A calibration curve constructed for serial dilutions of 99.9% D2O is linear over three orders of
magnitude when presented on a log-log plot (R 2 =0.987). This system is expected to be of use for studies of natural abundance and enriched samples.
The interface consists of two sequential furnaces placed in-line after a 10 meter length of fused
silica capillary housed within a gas chromatograph. The first furnace is a conventional combustion furnace loaded with CuO and Pt metal held at 850" C. The second is a reduction furnace also held at 850'C
loaded with Ni metal. The two are connected by means of a heated capillary. Preliminary data suggests that this geometry facilitates on-line HD determination for water produced by on-line combustion
of pure hydrocarbon samples.
Detection at masses 2 and 3 for H2 and HD respectively are made by dedicated faraday cups in a
Finnigan MAT 252 equipped with a split flight tube. Signal from the preamplifiers is amplified and
acquired using home built intermediate amplifiers in concert with a data acquisition system, reported
elsewhere at this meeting.

This work is funded by NIH grants GM49209 and DK07158.

ThE8
On-Line Multi-component Gas Analysis using Ion-Molecule-Reaction-Mass-Spectrometry
W. Rauch , U. Tegtmeyer , R. Schlogl , D. Bassi
ATOMIKA Instruments GmbH, OberschleiBheim/Munich, Germany
Johann-Wolfgang von Goethe Universitat Frankfurt, Germany
Universita degii studi di Trento, Trento, Italy
The investigation of ion-molecule-reactibns (IHR)has been a constantly growing
field in the last 25 years due to the great importance of IMR for an
understanding of processes in the upper atmosphere as well as in laboratory
plasmas or in the various methods and techniques of mass spectrometry. On the
other hand IMR can also be used for a controlled and selective analysis of
complex gas mixtures by a soft chemical ionization of the individual components
thus avoiding extensive fragmentation as with ionization using electron impact.
Under single collision conditions in the reaction chamber this technique allows
a quantitative analysis of gas mixtures as disturbing secondary reactions like
in CI-MS are suppressed. The combination of IMR with quadrupole mass spectrometry
made it possible to develop an innovative analytical tool (IMR-MS) which is able
to analyze complex gas mixtures quantitatively. In this work the characteristicfeatures of a commercially available instrument are presented. The ATOMIKA
IMR-MS 100 exhibits a detection limit of below 100 ppb and a time resolution
down to 200 msec. The simultaneous use of different reactant ions for a selective
ionization of the individual components is demonstrated as an additional degree
of freedom to equalize the mass spectra and avoid interferences of components
of equal mass thus enabling the detection of CO/C02/hydrocarbons and CO2/N2O
even in complex gas matrices. Carrier gases like N2, He or Ar can be suppressed.
Applications of the machine in catalytical processes such as the industrial
methanole/formaldehyde conversion via catalysts or in the development of
catalytical converters are discussed.
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ThE9
Dissociative ion-cluster reactions X- + Y m -* (XY,,)* + (m-n)Y
V.Grill, B.SchicsU. M.Lezius, M.Follin, M.Kolibiar, P.Scheier and T.D Mark
Inslilul filr loncnphysik, Leopold Franzens Universitat, Tcchnikerslr.25, 6020 Innsbruck, Austria

A supersonic jet of cold vdW-clusters (Yra = Arm, Nem) was interacting with thermal,
positively-(X=Xe+) or negatively-(X=SF5") charged, ions produced inside a Nier type ion
source. With this experimental set-up we present an alternative ionisation method based on the
interaction of ions with neutral vdW clusters, i.e. the dissociative ion capture (DIC) by neutral
rare gas clusters.
This new ionisation mode constitutes a type of ion/molecule reaction investigated in cluster
science only very recently [1], although it has energetic, dynamic and kinetic features different
from the other ionisation techniques. In our experiment ions of the type (XnYn,)* were
produced and after leaving the ton source examined in a double focussing sector field mass
spectrometer. By varying the pressure in the ion source the observed mass spectra differed
significantly. At high pressue of X (1<H torr) ions of the type (X 2 Y m ) ± and (XjY^
could be
detected for both cases of charged target ions. The neat negatively or positively charged
cluster ions X2*and X3* can be detected only if argon or neon clusters are present in the ion
source. In the negative ion mass spectrum only one magic number was found, i.e. (ArjjSFg)"
which is in accordance with recent MD calculations of Chartrand et al. [2] for the neutral
SF 6 Ari 2 .
References:
[1] M. Lezius, P.Scheier, and T.D. Mark, Z.Phys. D. 26:210,1993
[2] D.J. Chartrand, J.C.Shelly, and R.J. Le Roy, J.Phys.Chem.;95.8310, 1991
Work supported by the Osterreichischer Fonds zur Forderung der Wissenschaftlichen
Forschung, Wien.

ThE1O

FT-1CR INVESTIGATION O F X E n + + XE X E n + + C^HJS - PRODUCTS PROCESSES.

+ X E i n f AND

Eduard V. Denlsov, M i n o Inotie and Eugene N. ISIkolaev
Institute of Energy Problems of Chemical Physics, Ruislin Academy of Sciences, Moscow.

FT-ICR spectrometry was used to investigate the charge transfer processes from
multiply charged ions of xenon to xenon atoms and benzene molecules.
ICR spectrometer CMS-47 (Spectrospin) was used. Multiply charged xenon ions were
produced by electron impact with energy up to 2 keV. Carbon fiber (5 micrometer
diameter) was used as a field emitter cold cathode.
For X e n + (n=3-5) the simultaneous double charge transfer was found. Cross sections
of all charge transfer processes were measured. Mass spectra of benzene ions produced
by charge transfer from multiply charge ions to benzene molecules have been obtained.
No significant difference in benzene mass spectra produced in charge transfer
processes, X * n + +C 6 Hs. with different n (n=1-4) was found.
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Th E11
Charge Separation Reactions of Doubly Charged Rare Gas Clusters
Thomas Drewelloa), Martin Fieber-Erdmann'3), and Adalbert Dingb)
a) Hahn-Meitner-Institut Berlin, b) Optical Institute, Technical University
Berlin
Kr and Xe clusters have been generated by means of supersonic beam
expansion. Threshold Electron Photoion Coincidence mass spectra (TEPICO)
were recorded for single photon ionization in an energy range of 20 - 110 eV
using a linear time-of-flight mass spectrometer.
The TEPICO spectra reveal that the observed signals for monocationic rare
gas cluster ions represent mainly product ions which are preferably due to
fragmentations of coulomb explosion-like charge separation reactions of
doubly charged cluster ions. This is further corroborated by a detailed
investigation of the Photolon Photolon Coincidences (PIPICO) of the rare gas
clusters. Two major series of charge separation reactions were observed
resulting in the final ion pairs N n + / N m + with n= 1,2 and m= n+x with x= 1, 2,
3, ... . From the kinetic energy released in the charge separation reaction
inlercharge distances for the exploding dications were obtained. The reactivity
towards coulomb explosion was studied as a function of the neutral cluster size
and of the ionizing photon energy.

ThE12
Photoionization Dynamics of Pure and Doped Helium Clusters
Thomas Drewelioa). Martin Fieber-Erdmannb), Adalbert Ding^), Ralf
Frochtenichtc), Ulrich Hennec), and J.P. Toenniesc)
a) Hahn-Meitner-Institut Berlin, b) Oplisches Institui, Technische Universilat
Berlin, c) Max-Planck-Institut fur Stromungsforschung Gottingen
The photoionization dynamics of helium clusters for single photon impact has
been studied using synchrotron radiation in the 15 - 100 eV photon energy
range as provided by the Berlin synchrotron facility BESSY. Large neutral He
clusters (N = 100 - 10^ atoms) were generated by expansion of He through a
5|J.m nozzle at 20 bar and different nozzle temperatures (5 - 25K). Mass
spectra at different excitation energies were recorded by means of TOF mass
spectrometry for several mean sizes of the cluster. The ionization yield as a
function of the excitation energy was measured to study, for instance, the
direct ionization and autoionization processes below the atomic ionization
potential.
In a second type of experiment, neutral atoms and molecules were embedded in
the He cluster by a pick-up prior to the ionization event. The variations of the
resulting spectra are discussed for various embedded species. Penning
ionization inside the cluster leads, in combination with fragmentation, to the
observation of radical cations which are not accessible by direct ionization.
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Lsotopic analysis by total vaporization of samples in thermal ionisalion mass spectrometry
JC DUBO1S, E. ELIOT, P. BLANCHET, B. TRAN
DCC/DPE/SPEA - CENTRE D'ETUDES DE SACLAY
A major cause of inaccuracies in isotopic analysis wilh thermal ionization mass spectromelry is the massdependant differential vaporization of the isotopes. This problem can be overcome if all the vaporized atoms
from a given sample are ionized with a constant yield, and integrated. This requires the use of a multi-collection
mass spectrometer and precautionary measures concerning, in particular, the optical parameters adjustement
phrases. A specific software program has been written for real-time data acquisition and processing.
Three applications of this method have been used for geological and nuclear samples :
- The fossil OKLO reactor, ^ U abundance measurement in the underground waters of the reaction area.
- In combination wilh the isotopic dilution : measurement with lutecium to determine homogeneity and
volume of fuel reprocessing tanks and calculation of bumup by the measure of ratio Nd/U.
The total consumption method is rapid and sensitive, eliminating the effect of isotopic fractionation bias in the
results. It involves using very small quantities of material, requiring that great care be taken to avoid
contamination.

ThE14
Comparison of heavy metal analyses in high-purity chemicals used in microelectronic industry
Michael Horn and Klaus G. Heumann
University of Regensburg
The semiconductor industry needs more and more 'purified materials for the production of ultra large
scale integrated systems. For example, the total metallic impurities in the used high-purity chemicals must
be below 1 ng/g. To determine such extremely low concentrations in chemicals the ICP-MS with its very
good detection limits and multi-element capability is more frequently used. But because of spectral interferences ICP-MS can produce wrong results especially in such difficult matrices as concentrated acids or
organic solvents. Therfore, two different trace heavy metal / matrix separation techniques were used
before analysing the heavy metals by ICP-MS. On the one hand, the evaporation of the matrix in an
apparatus was applied which allowed very fast evaporation without significant contaminations. On the
other hand,ion exchange technique is used to separate the trace heavy metals and elute them directly into
the plasma. For the calibration of the ICP-MS methods external calibration, standard addition, and
isotope dilution mass spectrometry (IDMS) were used. To verify the ICP-MS results, IDMS in connection with thermal ionization (TI) was applied. The detection limits for TI-IDMS were 500 pg/g for Zn,
about 50 pg/g for Cr, Ni, Cu, and Pb, and below 5 pg/g for Ag, Cd, Tl, Th, and U. With ICP-MS in
combination with matrix separation similar detection limits could be achieved. The comparison of the
analysed trace metal concentrations by the different ICP-MS methods after matrix separation with the
results obtained by TI-IDMS showed good agreement down to concentrations of 50 pg/g. After evaporation ICP-MS with external calibration and with IDMS produced comparable analytical data, whereas
ICP-IDMS using ion exchange separation and direct injection into the plasma lead to better results than
the standard addition technique.
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ThE15
Deuterium Profiling in Plasma Treated Samples of inGaAlP and XnGaP.
O.M. Borodina, A.Y. Polyakov, S.i. Pearton , A.A. Balmashnov, A.A. Chelnyi
Institute of Rare Metals, Moscow, Russia
* Materials Science Department, University of Florida, GainsviJJe, USA
Heterojunctions of InGaAIP/InGaP are of a great interest for high-power injection lasers emitting
in the 0.6 mm wavelength range. Previously it has been shown that hydrogen or deuteium plasma
treatment of such epitaxial layers leads to substantial passivation of donors and acceptors, and
narrow-stripe quantum well lasers have been manufactured this way. Besides, it is suspected that the
hydrogen passivation of Zn might be responsible for low electrical activity of these acceptors in
MOCVD-grown layers. Thus it is very interesting to study the hydrogen (or deuterium) behaviour in
InGaAlP.
In this paper we report the results of SIMS profiling and electrical measurements of Si- or Zndoped InGaP or InGaAlP layers grown by MOCVD on GaAs substrates and treated in deuterium at
250°C either in direct plasma or in crossed-beams plasma source (the latter eliminating bombardment
of the samples by low-energy ions). We observe very substantial decrease in carrier concentration in
both p-type and n-type samples, and this decrease is more pronounced for direct plasma treatment.
Deuterium SIMS profiling data are indicative of the complex formation between the dopants and
deuterium. These data also indicate that the surface concentration of deuterium is enhanced by
defects formation due to low-energy ions bombardment in direct plasma. This in turn increases the
deuterium concentration in passivated regions, thus explaining the observed behaviour for the two
plasma sources employed. It is shown that the electrical activity of the dopants is recovered after
annealing at 400°C, at the same stage as in as-grown p-type layers, thus confirming that hydrogen
passivation is indeed responsible for the low activity of Zn dopants in MOCVD-grown InGaAlP.
SIMS profiling shows that this recovery of electrical activity of the dopants is due to the deuterium
actually leaving the layers for n-InGaAlP and forming precipitates inside the layers in p-InGaAlP.

ThE16
LASER DESORPTION FTMS OF TANTALUM AND NIOBIUM CLUSTERS
P. Srzic. S. Martinovic, D. Plavsic, N. Brnicevic and L Klasinc
"Ruder BoSkovic" Institute, 41001 Zagreb, Croatia
The development of laser desorption/ionization (LO/I) has facilitated the use of
mass spectrometry for investigation of nonvolatile and thermally labile hexanuclear
tantalum and niobium clusters of the type [ { M 6 X 1 2 ) X 2 ( H 2 O ) 4 ] - 4 H 2 O 1 and
[MeX^ROHyXa where M = Ta or Nb, X = Cl or Br and R = Me, Et, i-Pr or i-Bu .
The X-ray crystal structure determination of these clusters revealed the octahedral
arrangement of six metal atoms with direct metal-metal bonds.2 The twelve halide atoms
arc located on the radial perpendicular bisectors of the octahedral edges to form the
cation [M 6 Xi 2 ] 2 + . In i f unit coordination sphere there are two additional halogens in
trans arrangement with four water molecules in equatorial positions and six alcohol
moleclues for [(M6Xi2)X2(H2O)4]-4H2O and [M6X12(ROH)6]X2, respectively.
In the vapor phase under LD/I conditions the investigated hexanuclear clusters
prefer to form negative ions. Their spectra are dominated by peaks due to the [M 6 X 12 ]X 2 "
and [M 6 X 12 ]" ions for [(M 6 X 12 )X 2 {H 2 O)4]4H2O and [M 6 Xi 2 (ROH) 6 ]X 2 , respectively.
Additional fragmentation observed are the result of halogen and metal loss from these
ions. The isotopic distributions of naturally abundant chlorine and bromine cause
characteristic patterns of peak intensities. These patterns ana m/z values were used to
assign elemental composition to the ions responsible for groups of peaks in the spectra.
All experiments were performed using a Millipore-Extrel FTMS 2001 -DD
(Madison, Wl, USA) with the direct laser desoption/ionization technique. A pulsed
Nd:YAG laser, moderated at 1064 nm wavelength, Quanta Ray DCR-11 (SpectraPhysics, Inc. Mountain View, CA, USA) was used to desorb/ionize the clusters.
1.D. Srzi6, Lj. PaSa Tolifi, S. Martinovie, D. PlavSic, L.KIasinc, Rapid Comm.Mass Spectrom. 8, 56 (1994).
2.R.D. Burbank, Inorg. Chem.S, 1491 (1966).
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ANALYSIS OF CERAMIC COMPONENTS FOR
SOLID OXIDE I UEL CELLS
. Dictzc
Central Department for Chemic.il Analysis. Research C'enlrc Jiilich GmbH, D-52425 Jiilich. Germany
Solid Oxide Fuel Cells (SOFC) combine ceramic materials
of a solid electrolyte (Y-stabilized ZrO, - YSZ). cathode
(La x Sr v MnO_v or SrCeO^-perovskitc as liigh-tcnipcratiire
electric conductor) and anode (nickcl/zirconia cermet) Trace
impurities influence the physical and chemical properties of
ceramic materials of SOFC.
Recent work in our laboratory has attempted in Ihe
development of analytical melliods for Ihe determination of
race clement concentrations in ceramic components for the
solid oxide fuel cells. However, standard reference materials
of ceramic materials for SOFC are not easily avnilnblc
Therefore, the Relative Sensitivity Coefficients of chemical
elements for the solid state mass spcctromctric methods (e.g.
Spark Source Mass Spectromctry - SSMS /1.21) were
determined using synthetic standards,
irstly, the synthetic standards were mixed from powders of
norganic compounds of ultra high purity (e.g. for the trace
analysis of SrCeOj perovskite a stoichiometric mixture of
SrCOj and CeC>2 was used). Up to 20 different elements and
iienium as internal standard element of ultra high purity (in
the concentration range of 100 - 1000 ppm) are added to Ig
Ringsdorf Ultra Carbon graphite. The spiked graphite was
mixed with synthetic standard of matrix compounds, pressed
to conducting electrodes and analyzed in a double focusing
mass spectrometer (SSMS) with high mass resolution

Correcting the measured concentrations of trace elements in
ceramic components of SOFC with determined RSC's
provides analysis results with improved accuracy.
Secondly, the ceramic samples were dissolved in ultrapure
mincrnlic acids, diluted with ultrapure water and analyzed
by ICP-MS. A calibration of this analytical method is simple
using aqueous solutions. The problems encountered due to
formation of molecular ions of high intensity from the
matrix and the impossibility to resolve the interferences of
molecular with atomic ions using a mass spectrometer with a
low mnss resolution.
The formation of cluster ions in different plasmas and
interferences of atomic and cluster ions in SSMS and ICPMS measurements were investigated and discussed.
The results of trace analysis of perovskites of direct solid
state analysis without chemical preparation using SSMS
were compared with those obtained using ICP-MS.
Additionally, Ihe isotope dilution techniques (tD-SSMS and
ID-ICP-MS) were used in the trace analysis of lantnanides.
A comparison of different trace analytical methods yielded a
good agreement between the applied techniques.
References
/I/H.-J Dielze, Analytikertaschenbuch Bd 10(1991)249
111 H.-J. Dielze. J.S. Becker. 12th IMSC '91, 26-30 August
19')I, Amsterdam

ThE18
SIMS MEASUREMENT OF SILVER ISOTOPE-RATIOS
IN GOLD-BEARING MINERALS
P. I.DidenKo
Metallogeny Department
Institute of Geochemistry, Mineralogy and Ore Formation
Academy of sciences of UKralne.
The present paper Is devoted to the analysis of data that
caii be obtained using ihe SIMS
technique
to
invesLlgaie
geological objects and utilize a possibility of SIMS mass spectra
measurement, ion energy distributions, lsotoplc analysis and
images of element distribution over the surface in a single
experiment.
A Cameca ims-4f unit was utilized for investigation of the
samples of ores and rocKs from deposits and ore manifestations
representing various genetic types of Precambrian and Phanerozolc
deposits that have recently been discovered In UKralne.
Study of sliver lsotoplc ratios have yielded particularly
interesting results. A high movablllty in a form of chloride
complexes promotes silver transportation by gases, fluids and
solutions in a wide range of pressures and temperatures. For the
deposits formed under high temperature conditions, the enrichment
of light As isotope Is observed in gold specimen, low temperature
deposits are mainly characterized by heavy isotope.
Thus, the differences In values of light Ag Isotope content
in the surface layer and the main body allow to visualize
oxidation degree of gold grains m placers and sources of Lheir
formation.
Examination of gold-bearing minerals by the SIMS technique
has allowed to identify the variations of light Ag and devise a
fundamentally new approach of determining the genetic type of a
deposit and geochemlcal pecularlties in the development of stages
and zoning.
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Re/Os Isotope Study of Iron Meteorites with Negative Thermal lonization Mass Spectrometry
T. Walczyk, S. Gallus, E. H. Hebeda and K. G. Hcumann; University of Regensburg, Germany
The radioactive decay of l87 Re in l87 Os with a half life of 4.45-1010 years combined with the calcophile and siderophile nature of both elements offers the unique opportunity to perform datings of sulphide ores and iron meteorites.
The introduction of Negative Thermal Ionization Mass Spectrometry (NT1-MS) into this field offered the advantage of high precision isotope ratio measurements of Os and Re without the need of a highly sophisticated
instrumentation (e.g. SIMS and RIMS) as formerly used.
Nevertheless, the simplicity of isotope ratio measurements is accompanied by difficulties in achieving isotopic
equilibrium for Os during isotope dilution and the ionization of Re traces in the common filament materials during
isotopic analysis. The first problem was solved by gas phase equilibration of sample and spike as OsO4 in a closed
glass ampoule using CrO 3 as an oxidant prior to the separation step, i.e. distillation of the highly volatile OsO4.
The second problem was encountered by introducing Ni as a new filament material into NTI-MS, which was
coated with V 2 O 3 before degassing. The formed NixVyOz layer on the filament surface hinders strongly the
ionization of filament-rhenium during the isotope ratio measurement of the isotope diluted sample-rhenium, which
was isolated by ion exchange chromatography. To show the applicability of the developed mass spectrometric and
chemical separation techniques five iron meteorites of the less studied type IAB were dated.
Moreover, a possible isotopic variation of the least abundant (0.02%) Os isotope 184Os in the bulk material of iron
meteorites was studied, which could be caused by the high neutron capture cross section of
Therefore, the terrestrial

l84

184

Os (0=3000 barn).

l8

Os/ 'Os isotope ratio of several tasmanian osmiridium grains was determined

precisely, which does not differ within 3 s from the value found for the iron meteorites Henbury and El Taco.

Th E20
THE FORMATION OF HHO3 AND NH 3 BY REARRANGEMENTS OF AMMONIUM
NITRATE CLUSTER IONS
Robert J. Doyle, Jr., Chemistry Division, Code 6110D, Naval
Research Laboratory, Washington, DC, USA, 20375-5000
The sputtering of condensed-phase ammonium nitrate by fastatom bombardment results in the desorption of ionic ammonium
nitrate complexes of the form (NH4NO3)nNH4+, where n = 1, 2, 3,...,
> 43. Mass spectra and MS/MS experiments show that a completed
first solvent shell exists when the first member of the series,
NH4+(NO3")NH4+, is fully solvated by the hydrogen-bonding of six
NH 4 NO 3 molecules to the six available hydrogen atoms of the two
ammonium ions. The metastable loss of an HNO3 molecule occurs from
complexes with less than six ligands and is shown to occur by the
rearrangement of NH4+(NO3")NH4+, the core ion.
In a continuation of the study of gas-phase AN, negatively
charged AN cluster ions, of the general formula [ (NH4NO3 ) n NO 3 ]~,
where n = 3-40 inclusive, were generated by the above technique.
The first two cluster ions (n = 1 and 2) are observed in trace
amounts only. The absence of n = 1 is all the more surprising
because n = 1 would be expected to be the core ion upon which all
larger clusters are built.
Collisional activation of [(NH4NO3)nNO3]~ ions indicates that
the n = 1 and 2 ions dissociate prior to detection by the loss of
NH 3 . For the n = 1 ion, this would result in the reaction:
[(NH 4 NO 3 )NO ? r - [H(NO3)2]" + NH 3 ,
(1)
the product of which is observed in high abundance. Recent efforts
in this laboratory have shown that Reaction (1) occurs through an
unusual rearrangement of the central ammonium ion of the reactant.
New experimental results from mass spectrometry, in conjunction
with
Density
Functional
Theory
calculations,
demonstrate
convincingly the favorable thermodynamics of the multiple steps
summarized by Reaction (1).
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Th E21
Gus Phase Reactions of X"(H2O)I1, X = O, OH, O 2 , HO 2 and O 3 , with N 2 O 5
H. Wincel* , E. Mereand and AW. Castleman, Jr.
Department of Chemistry, The Pennsylvania State University
University Park, PA 16802, USA
* Institute of Physical Chemistry, Polish Academy of Sciences
Kasprzaka 44/52, Warsaw, Poland
The interaction of N 2 O 5 with hydratcd ions is of interest
in stratospheric chemistry, it has been established that
N2O5 plays an important role in the destruction of ozone
in the stratosphere. Conversion of N2O5 to HNO3 (less
active nitrogen reservoir) is believed to occur on the
surfaces of polar stratospheric clouds. Another possible
mechanism for conversion of N2O5 to HNO3 involves
ion-molecule reactions. Very recently, we provided the
first experimental evidence that prolonaled water cluster
H + (H 2 O) n 2 5 reacts with N 2 O 5 lo form H + (H 2 O) n _j
HNO3 and HNO3 under laboratory conditions.

0-(H 2 0) n
OH"(H 2 O) n
O 2 -(H 2 O) n
HO 2 -(H 2 O) n

-^ N 2 O 5 ->
•" N 2 O 5 -»
-^ N 2 O 5 ->
t- N 2 O 5 ->

NO 3 -(H 2 O) m
NO 3 -(H 2 O) M
NO 3 -(H 2 O) m
NOj-(H2O)1B

In the present study we report the results of
investigation of reactions of N2O5 with negative ions X"
( H 2°)n- w l i c r e 0 S n S 5 and X = 0 , OH, O 2 , HO2 and
O3, at several temperatures in the range 164-298 K and
at pressures between 0.22 and 0.46 Torr. It has been
found that the ions: O'(H2O) 11=0 _ 2 . OH"(H 2 O) n = 0 . 2 ,
O 2 "(H 2 O) I l = 0 ,i. HO 2 '(H 2 O) 1 1 = 0 1 and O 3 ' rapidly
react with N2O5 to form bare product ion NO3". The
larger hydrates of these ionic reactanls lead
predominantly to the hydrated species NC>3~(H2O)m by
the following pathways

+ NO, +
+ HNO3

(n-m)H20,

(n-m) > 2

(n-m)H20,

(n-m) > 2

+ N 0 2 + O2+ (n-m)H20,
+ H N O 2 + O2 + (n-m)H2O,

(n-m) > 1
(n-m) > 1

The rate constanis for the renctions X*(H 2 O) n / N 2 Os were determined and reaction mechanisms are proposed.
The possible application of (he present results lo atmospheric chemistry is also discussed.

Th E22
New mass-spectrometric method: J.nvenfcigationof oxides homogeneous range.
Alikhanyan A.S., Marushkin K.N.
All crystal substances poasena homogeneous ranges with different
extensions. A mas3-spectromel;ric method proposed for .scanning homo
geneous range was realized by using of oxygen and hydrogen delivering systems into the Knudsen-effu3ion cell.
This method allows to change condensed phase composition: for oxygen - to right boundary of homogeneous range(M 0 «.* ) , for hydrogen - to left boundary(M 0 »u). Change3 measured for ion intensiti
es I M 0 +( i.e. partial pressure P., Q ) are bind with condensed phase comp8s.i.tion qhan/*e(rribbfl-Duh*}rn <=r?uStion):
Without introduction oxygen or hydrogen M-0 system will be rush to
common pressure minimum, corresponding to congruently sublimated composition Mm0n_'«^ . This composition may be calculated from aseotropic distillation condition:

Advantages of the proposed mass-3pectrometric method was demonstrate'
"by example of Bi»O,_j>/gj . Congruently sublimated composition as determinated was Bi p°2*92*0 04 • a n d t n a t o f homogeneous range boundaries - Bi,

-309-

13th IMSC, Budapest 1994

Thursday, 1 September

Session E

ThE23
Gas Phase Ion Chemistry of Mixed Potassium Halogenidos.
A.A.Havrin, M.V.Korobov.
Moscow State University, Chemistry Department.
Thermal
negative
ions
have
been
found
over
the
AIF3-A1OC1-KOH~KF-KC1 system by Knudaen cell aass apoctrometry- Equilibrium constants of tho following ion-ion reactions have been measured:
KC1 2 • KgFClj - KFCI" +
KF^ * KC1 2 ~ 2KFC1"
+ KJJFJJCI" - 2K 2 F
+ KFCI" - KClo + K
= 2KF<0H)
K<OH)
A1F3CI"
KFCI" + A1F.
3
- A1F3C1"
KF2
2KCI
From t h e equilibrium constants o f t h e s e r e a c t i o n s the fol loving
Formation e n t h a l p i e s have been obtained by the Third law method
CkJf/moU: KFCl" - 6 9 5 * 19, KClj -584 * 2 7 , l^Clg" - 9 U 4 4 9 ,
K^Cl"
-1153*97, I^CljjF" -1031*59, KCLAIF^ - 2 2 8 5 - 4 2 , KFCOH)" -844*19.
Fluor i d e , c h l o r i d e and hydroxide ion a f f i n i t i e s o f potassiun nixed h a l o ganides vero a l s o c a l c u l a t e d . Fluoride onion a f f i n i t y vas found t o be
169.3, 2 3 1 . 5 and 168.3 kJ/aol for KOH, KC1, K 2 C1 2 r e s p e c t i v e l y ;
chlor i d e onion a f f i n i t y i s 1 3 9 . 5 , 142.1, 6 8 . 9 , 70.0 for KF, KC1, KgFj,
K2C12 r e s p e c t i v e l y ; hydroxide anion a f f i n i t y for KF i s 180.6
kJ/aol.
Estimated hydroxide anion a f f i n i t y for AlFg i s l e s s than 369 kj/mol.

ThE24
THE FREQUENCY DISTRIBUTION OF SULPHUR CLUSTERS IN THE VACUUM SPARK DISCHARGE,
THEIR FORMATION MECHANISM AS REVEALED BY AN S-34 TRACER EXPERIMENT
A. Balogh, L. Morvay and I. Cornides
Physics Department, University of Education, Nitra, Slovakia
As well known, early vapour density measurements had already indicated the existence of polyatomic species in the gaseous state of sulphur, and this was
inferred also from the fact that solid sulphur may occur in several modifications. Direct experimental evidence for the catenation of sulphur atoms was
first given by Berkovitz and Chupka (1) who identified all S n clusters for n=2
to 8. Since then similar experiments have been carried out in many laboratories
under various physical and chemical conditions (2).
We have investigated the sulphur clusters formed in vacuum spark discharge between graphite electrodes containing crystalline sulphur. By measuring their
frequency distribution and by the use of stable isotope tracer technique we
were able to approach the problem of the relative stabilities and of the formation mechanism of the S n species.
References
(1) 3. Berkovitz and W. A. Chupka, J. Chem. Phys., 40 (1964) 2735.
(2) H-J. Dietze, S. Becker, I. Opauszky, L. Matus, I. Nyary and J. Frecska,
ZFI - Mitteilungen. Nr. 48. (1981)
K. Ragavachari, Inxernat. J. Mass Spectrom. Ion Processes, 102 (1990) 313.
H. M. Fales, Quan-Lou Pu and R. T. Mason, Internat. J. Mass Spectrom. Ion
Processes, ,106 (1991) 273.
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Th E25
Investigations of Metal Cluster Ions Stored in a Penning Trap
L. Schweikhard, St. Becker, H.-J. Kluge, St. Kriickeberg, M. Lindinger, B. Obst,
C. Walther, J. Ziegler (Inst. f. Physik, Johannes Gutenberg-Universitat D-55099 Mainz,
Germany),
G. Dietrich, K. Liitzenkirchen (Inst. f. Kernchemie, Johannes Gutenberg-Universitat, D55099 Mainz, Germany),
D. Kreisle, H. Weidele (Fak. f. Physik, Universitat Konstanz, D-78434 Konstanz,
Gennany),
K. Dasgupta (BARC, Laser and Plasma Technology Div., Bombay 400085, India),
S. Kuznetsov (Dept. of Chemistry, Moscow State University, 119899 Moscow, Russia)
Cluster ions are produced by laser desorption of a metal wire in a helium atmosphere and
expanded adiabatically into the vacuum. They are transferred to a Penning trap where they
are captured in flight and stored for up to several seconds. After selection of the cluster
species of interest by ion cyclotron resonance ejection of the unwanted, the clusters may be
further prepared (e.g. by buffer gas cooling combined with quadrupolar excitation). They are
then exposed to various interactions, e.g. with neutral atoms and molecules or with laser
light. Mass analysis of the reaction products is achieved by a time-of-flight measurement
after axial ejection out of the trap.
We report about collision induced dissociation, photofragmentation, photodetachment and
chemical reactions performed with various metal cluster ions. These investigations give
insight to various properties of the clusters, e.g. their stability and electronic and geometrical
structure.
This work has been supported by the Deutsche Forschungsgemeinschaft, the European
Community, and the Materialwissenschaftliches Forschungszentrum Mainz.

ThE26
Uranium isotope analysis by Laser Desorption Time-of-flight Mass Spectrometry and
Secondary Ion Mass Spectrometry
H J Strydom, H G C Human, C R Green and E Ronander
Atomic Energy Corporation of South Africa, Pelindaba, Pretoria 0 0 0 1 , South Africa
E R Rohwer
Department of Chemistry, University of Pretoria, Pretoria 0001, South Africa
M M Michaelis
Department of Physics, University of Durban, Durban 4001, South Africa
ABSTRACT
A series of molecular laser isotope separation (MLIS) enriched uranium product has been
investigated by laser desorption time-of-flight mass spectrometry (LD-TOFMS) and
secondary ion mass spectrometry (SIMS). At the Atomic Energy Corporation of South
Africa, the commercial enrichment of 23EUF8 by Molecular Laser Isotope Separation
(MLIS) is researched [1]. UF8 plus a carrier gas is flow-cooled via adiabatic expansion
through a narrow slit. The MLIS technique is based on multi-photon isotope selective
excitation of UFe vibrational levels by resonant IR lasers, followed by subsequent
dissociation through further non-resonant IR irradiation. The dissociated UFS product has
an extremely low vapour pressure and precipitates from the process gas mixture in the
form of solid dust. This product was collected on polished metal sample slides, situated
directly under the flow-cooling slit. The sample slides were removed for LD-TOFMS and
SIMS measurements. The uranium oxy-fluoride species, resulting from exposure to air,
yielded peaks, from which the uranium isotopic distribution and enrichment factors could
directly be determined.
[1]

D M Kemp, P J Bredell, A Ponelis and E Ronander, in Proceedings of the
International Symposium on Isotope Separation and Chemical Exchange Uranium
Enrichment. Tokyo, Japan, 1990, Eds. Y Fujii, T Ishida and K Takeuchi, pp. 115.
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INDIUM PHOSPHIDE SURFACE MODIFICATION IN WET ATOMIC HYDROGEN
V.Gorbenko, J.Schvets, A.Yanovsky, A.Gorban
Zaporozhye State University,Ukraine
Most investigations of atomic hydrogen interaction with indium phosphide involve studies
under UHV conditions on well- defined surfaces with submonolayer coverages. Results concerning
the influence of high hydrogen exposures have been obtained in the present work.
The treatment of indium phosphide was performed in specially designed chamber equipped
with quadrupole mass spectrometer for identifying and recording the reaction products and for gas
phase control. Atomic hydrogen was obtained in electrodless HF glow discharge in wet hydrogen
atmosphere with basic pressure of 0.1 -0.2 Torr. An addition of water vapour to the discharge region
causes <i substantial increase in H-atom concentration in the gas phase (up to the 10 l4 sm~ 3 ). H-atom
output have been determined as a function of the water content in gas mixture by mass
spectrometry; the function has a maximum at about 0.02 Torr partial pressure of water. All the
treatments of indium phosphide have been carried out at sample temperature below 400 K.
As a result of present studies it has been established:
-the exposure of indium phosphide to atomic hydrogen with maximum concentration causes drastic
changes in the surface stoichiometry resulting in the formation of metal indium film (surface order
and composition before and after treatment were confirmed by SEM and AES);
-a rise of water vapour partial pressure (above 0.04 Torr) stimulates oxidation of surface layers
and simultaneously decreases phosphorus concentration as compared with stoichiometric indium
phosphide;
-the ratio of partial pressures of hydrogen and water at which the oxygen diffusion into the bulk
of indium phosphide is substantially enhanced has been determined experimentally.
The detailed mechanisms of metallisation, oxidation and diffussion are discussed.

ThE28
The Use of a U.V. Laser Ablation ICP-MS System for the Measurement of
Elemental Compositions and Distributions in Solid Samples.
P. J. Turner, M. Nicholls, S. Evans.
Finnigan M.A.T. Ltd., Paradise, Hemel Hempstead, Herts, HP2 4TG, U.K.
An automated ultra-violet Laser Ablation system, used in conjunction with an
Inductively Coupled Plasma Mass-specrometer, has been developed for the elemental
anaysis of solid samples. The probe spot size is 20 pm, and the operation of the
system in the ultra-violet rather than the infra-red ensures that there is efficient
coupling of the laser energy into the solid sample in a manner which is almost
independent of the nature of the sample, Measurements have been made on metal,
glass, rock and ceramic matrices, and within the limits of standards which are
available, excellent linearity has been demonstrated, together with detection limits, in
the micro-probe mode, below 1 ppm. for most elements.
Matrix effects operating with the ultra-violet laser appear to be smail, and
semiquantitive analyses may be carried out on the assumption of uniform atomic
sensitivity.
The sample stage of the ablation system is under computer control, and element
concentrations may be measured over user defined areas or along user defined lines.
Results will be shown demonstrating linearity, detection limits, laser pit shapes and
element distibution profiles obtained on this system.
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Headspace Analysis by GC Combustion IR-MS
W. A. Brand, A. Hilkert and K. Habfast, Finnigan MAT, Bremen, Germany
Isotope ratio mass spectrometers for gaseous samples offer the highest precision
available for isotope abundance studies. For carbon, the limitation of the required
large sample size has recently been overcome by combining the isotope MS with
a GC and introducing the sample together with the carrier gas (after complete
oxidation to CO, in a combustion interface) into the ion source.
The precision of the method is 0.0003 at% or better. Sample sizes down to 20 pmol
carbon in the ion source have been reported. Extension of the method to other
isotope ratios like "N/"N, " 0 / " 0 , "S/^S is possible and has been demonstrated.
The technique is also applicable to gas mixtures by replacing the traditional
cryogenic gas separation device with a GC.
We have tested this idea by combining an autosampler with a GC-IRMS system.
The autosampler is used in the head space mode. The samples are transferred to
the GC using a gas tight syringe. The GC is equipped with a fused silica capillary
column suitable for gas separation. The effluent of the GC is passing through a
combustion interface before entering the MS via an open split. The interface is
operated with cold ovens and serves as a transport pipework only provided the
compound of interest is CO,.
The following techniques/experiments were investigated:
- Equilibration of water and CO, for " 0 analysis
- Analysis of alcohol-"C in whiskey, wine and champagne
- Ninhydrin reaction of amino acids for carbonyl-13C analysis
- Breath gas "C analysis
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DEVELOPMENT AND APPUCATION OF LC-CZE-MS FOR IMPURITY ANALYSIS
MA Bayliss and OE Games
Mass Spectrometry Research Unit, University College of Swansea, Singleton Park, Swansea SA2 8PP,
UK.
High-performance liquid chromatography (HPLC). capillary zone electrophoresis (CZE) and mass
spectrometry are used for the analysis of trace level impurities in drugs. Each technique have factors
which result in limitations as to the % level of impurity that can be detected. CZE has advantages
over HPLC in providing higher efficiency separations and hence narrower peaks. However, because
only low sample volumes are injected, relatively high sample concentrations are required for CZE.
CZE-MS because of the low flow rates involved enables all the eluenl to be fed into the mass
spectrometer ion source which is not always the case in some LC-MS interfaces.
In order to enable low concentration solutions to be analysed with high efficiency, a LC-CZE-MS
system has been developed. CZE-MS was effected using an electrospray ion source with a sheath
How interface.
In order to effect LC-CZE-MS, a switching system with trapping columns was
developed to enable focussing of the solutes of interest and reduction in flow. Sample was initially
injected onto a conventional column, trapped on a 2 mm id column followed by trapping on a
capillary LC column. Components of interest were switched from this column to the CZE-MS.
Using examples from studies of pharmaceutical products, the capabilities of the LC-CZE-MS system
will be illustrated.

FrA2
Trace compound analysis using liquid chromatography - high resolution selected ion recording
(LC - HRSIR) on a magnetic mass spectrometer.
R.S. Bordoli*, PA. Bott and A.R. Woolfit.
Fisons Instruments, Analytical MS, Floats Road. Wythenshawe, Manchester, M23 9LE, UK.
and

H. Ramjit.
Merck, Merck Manufacturing Division, Merck and Co., Inc. PO Box 4, West Point, PA 19486-0004,
USA.
GC - HRSIR mass spectrometry is one of the most widely used methods for routine detection and
quantification of trace organic compounds in complex matrices. In biological and pharmaceutical
chemistry, many compounds of interest are not ideally suited to gas chromatography without chemical
derivatisation. They are, however, generally much more amenable to separation without modification
using liquid chromatography.
Recent developments in electrospray ionisation (ESI) and atmospheric pressure chemical ionisation
(ApCI) have enabled LC - MS to become almost as routine as GC - MS. So far most trace compound
analyses have been carried out on triple quadnipoie instruments using either selected reaction monitoring
or low resolution SIR.
This paper will present high resolution SIR data from a magnetic mass spectrometer (VG AutoSpec)
fitted with ESI and ApCI interfaces to liquid chromatography.
The sensitivity and detection limits for the cholesterol lowering drugs Zocor and Mevacor will be
discussed.
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FrA3

CLINICAL APPLICATIONS OF A NEW BENCHTOP PARTICLE BEAM LC/MS
INSTRUMENT
R. Rao

Manchester, U.K.

Fisiins Instruments

High Performance Liquid Cliromatography has long been a widely used separation technique for clinical
applications, enabling analysis without lengthy and expensive sample preparation. This allows relatively
easy analysis of 'dirty' samples, for example steroids in human scrum or drills and iheir metabolites in
urine.
Particle Beam LC/MS, used as a HPLC detector, is an ideal icchnii|uc lor many clinical applications.
giving positive compound identification, structural and molecular weigh! inlonnation ;uid accurate
quantitation. Separations need not be completely optimised as characteristic ions can be monitored tor
each compound, thereby reducing method development time.
TIic use of the new Particle Beam LC/MS instrument for some common clinical applications is discussed,
with examples of the information that can be obtained relating to compound identification, and structural
and molecular weight information.

FrA4
MASS SPECTROMKTRY FOR EVERYBODY

M Traynor
A Eaton

Fisons Instruments
Fisons Instruments

Manchester UK
Manchester UK

One of the major complaints of mass speciromctrisis in service laboratories is the amount of
time spent on samples which need to he analysed for synthetic organic chemists who only need
molecular weight confirmation, "if only we could reduce the volume of routine samples we
could make better use of our time by devoting it to more demanding research problems."
One of the major complaints of synthetic organic chemists is that they need to confirm the
identity of a synthetic product before they can move onto the next stage of the synthesis. "If I
submit the rainple to the mass spectromctry service it may take up to 48 hours to get the results
back. I would like it immediately so that 1 can continue with the next stage."
An open access system is described which dramatically increases overall laboratory sample
throughput, reduces the amount of time the chemist is left waiting for the results from hours to
minutes and leaves the mass spectrometrist free to tackle more demanding tasks.
This totally automated system, developed in conjunction with one of tlic worlds leading
pharmaceutical companies, allows any chemist (irrespective of whether or not they have any
knowledge of mass spectrometry) to confirm the molecular weight of their compound in
minutes.
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FrA5
Ion Trap GC/MS/MS : Initial Experiences from a Pharmaceutical K & D Laboratory
Michael J Lee 1 . Andrew J Organ1**'. Jonathan L Sims1 and John Upton2.
SmitiiKlirii! Beccliam Pharmaceuticals. Col Jhaibour Road. Harlow. Essex CM19 5AD. UK1
V'arian Lunili'd. Buchwood Science Park. Warringlon. Cheshire. WA3 7BM. UK2.
method and fused silica capillary columns; were used IO
generate the daLi presented.
is wiaeiy accepted, rurlhermorc the on-line coupling ot
chromaiography with MS/MS is seen as a very powetful loul in
analytical chemistry' Currently the majority of MS/MS
*1T
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devices are iinding increased popularity and are nvi
complex instruments in their sensitivity2-3.
Our laboratory has recently been using a Varian Saturn lit ion
trap based automated GC/MS system for routine and non-routine

Reference*
1
J. vjn der Giccl. W MA. Niesstrn Ini J A/u»i
Spectrum. Urn Proctu>es, 1992, US. 857.
2.
C. Fiegcl. W. Holmes. Vartan Application Wite No 11.
Vanan Ltd.
3.
P.G. van Ysacker. H-G. M. Janssen, H. M.J. Smjders.
P.A.Leclercq. C. A. Cramers. HJ.M.van 'uchten. J. Microcnl
Sep 1993. 41S. 5.
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present limned to the El lonisation mode.
We wish to report data obtained from a variety of investigations
using this P-tesi status software.
The timing diagram (Figure I) shows the applied waveiorms
used lo obtain the GCMS/MS spectra.
Experimental
The data presented were obtained using a Vanan Saturn III
GC/MS equipped with a Wave-Board ™and running both
Version 4 and Revision C software. A Varian 3400 GC equipped
with a Varian 8200 autosampler was interfaced to the Saturn III.
A variety of GC conditions (temperature programme, injection
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FrA6
Tha
Development
of Tandem
Mass
Spectrometry
Quantitative Organic Analysis
K S Webb and D Carter
Laboratory of the Government Chemist, UK

(MS-MS)

for

Tandem mass spectrometry has been available for a number of
years and has proved to be useful for qualitative structural
analysis. Its use for quantitative analysis has been restricted due
to poor accuracy and reproducibility.
However, the technique has
many advantages, in particular short analysis times since extensive
sample clean up and lengthy chromatography can often be avoided.
The present work has sought to investigate the sources of
error in the quantitative use of tandem mass spectrometry and to
minimise them so as to improve accuracy and reproducibility.
Work
has been carried out on a EBQQ hybrid instrument.
It was rapidly established that the principal sources of
error were due to:
*
Collision energy
- small changes here can cause large
variations in signai. intensity.
*
Collision
gas pressure
- changes
in pressure
affect
sensitivity and the pressure can be difficult to reproduce.
*
Instrumental stability and tuning - stability is critical since
drift, particularly of collision energy, can easily affect
reproducibility,
tuning
must
be frequently
checked.
Although the sources of instrumental error were recognised and
minimised where possible accuracy and reproducibility were still
poor hence isotope dilution mass spectrometry was adopted, in
combination with tandem MS, to improve accuracy and precision.
The
technique
has
subsequently
been
used
in the
certification of reference materials.
Data will be presented
illustrating the optimisation of tandem MS parameters for specific
analytes with their quantitative determination in various matrices.
This work was carried out within the Validity of Analytical
Measurement (VAM) Programme of the Dapt. of Trade and Industry (UK).
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The Use of Organic Isotope Dilution Mass Spectrometry (IDMS) in the
Certification of Reference Materials
K S Webb and G D Reed
Laboratory of the Government Chemist, UK
In this study IDMS has been used as a definitive method in
the certification procedure of candidate reference materials.
Although IDMS has been used in inorganic analysis for many
years it is only comparatively recently that it has entered the
field of organic analysis.
Consequently before certification
measurements were made a study of the IDMS technique was undertaken.
This utilised both high resolution magnetic sector and quadrupole
instruments in order to identify sources of instrumental error which
could then be minimised. Particular reference was made to extending
the use of IDMS to the ultra-trace (ppb) level.
This work was
undertaken using mixtures of natural and labelled Idg) naphthalene,
chosen so as to accentuate any mass bias effects.
Sources of error identified included MS scanning mode
(magnet scan or electrostatic analyser voltage scan), effect of the
MS inlet system, MS resolution, data acquisition rate and electrical
zero level.
Further factors considered were the optimum ratio of
analyte
to
isotopic
analogue,
the
concentration
level
and
calibration procedures
(graphical or a bracketing procedure!.
Supporting data will be presented to illustrate the above.
In the certification of reference materials it is important
to establish the uncertainty of the measurement.
By consideration
of the errors involved and the steps taken to minimise them this
could be readily established. Specific examples of the use of IDMS,
with data, for certification measurements will be given covering a
wide range of analytes and matrices. These will include benzene in
gasoline standards, butyric acid in a food matrix, biphenyl in lemon
juice and the pesticide metabolite pp'-DDE in corn oil.
This work was carried out within the Validity of Analytical
Measurement (VAM) Programme of the Dept. of Trade and Industry, UK.

FrA8
INTERPRETATION OF SOME FIELD IONIZATION MASS SPECTRA
APPLYING THE IDEAS OF FIELD POLYMERIZATION
M.V.Kosevich, I.K.Galetich, V.S.Shelkovsky
B.Verkin Institute for Low Temperature Physics and Engineering
of the Academy of Sciences of Ukraine,
47, Lenin Ave., Kharkov, 310164, Ukraine
The idea about the possibility of field-induced polymerization for
certain typee of organic compounds under field ionization (FI)
conditions was proposed almost 20 years ago [1], but since then was
not intensively developed. In fche present communication we apply
this idea to the interpretation of some peculiarities of the FI mass
spectra of two compounds: acrylamide (CH2=CH-C0NH2) and thiotepa
(S=P—f-N<3)3 ). To imagine the etereochemistry of the interactions
leading to polymerization, MNEO quantum mechanical calculations of
structural and electronic parameters of these molecules were
performed, which allowed us to determine their preferential orientation in the electric field and to suggest their chemisorption on the
FI emitter surface via 0 and S atoms, followed by rearrangement of
charges, facilitating covalent dimerization with the next molecule
and characteristic fragmentation. This process is revealed by the
appearance in FI mass spectra of the sets of doubly-charged ions
[M-X] + + and [2M-X] + + , where X=S for thiotepa and 0 or alkyl groupp
for acrylamide. It should be marked, that the proposed pathways of
the field-induced polymerization (by formation of -0-C-O-C- chain for
acrylamide and -S-P-S-P- chain for thiotepa) differ from those observed under normal chemical conditions by formation of (CH;j)n chains for
both substances. The described phenomena may be applied In modern
nanotechnology to the synthesis of new substances via high field
controlled r-eactions at the gas-surface interface.
1. H.D.Beckey, Principles of field ioniaation and field desorptlon
mass spectrometry, Pergamon Press, London, 197T.
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FrA9

Generalized Characteristics of Mass Spectra
Yu.N.Sukharev, Yu.S.Nekrasov, N.S.Molgaohova, and E.E.Tepfer
A.N.Nesmeyanov institute of Organo-Element Compounds, Russian
Academy of Sciences, Vavj.lova Sit*., 28, Moscow 117334, Russia
On the base of the informalion theory and molecular graph
theory, a new method of quantitative interpretation for the
solution of different ana]ityoal -ptruolural and research tasks
in chemistry of organic and organo-elorn^nt compounds is suggested. The method consists in cal'.Mil.it,ing generalised characteristics (indices) of mass spectra by ur. ing one or two experimental parameters (mass numbers and/or ion peak amplitudes).
Four type of mass spectral indices (experimental, statistical,
informing and combined) art: developed. Each index or their
package contains an information both about the structure of the
compound studied anr] about reactivity "T ions formed from it
under the electron impact conditions. As shown by the example
of the more twenty classes of different organic, organosilioon
and organornetal.lic compounds, it was found that some mass spectral indices correlate rather well with structural (topological
infoming indices of molecular graphs) and/or electron characteristics (Hammett-Taft subst i l.uent constants) of moleoulae. It
is also found that mass spectral indices may be used for
identification of unknown compounds. By way of examples of four
related classes uf organometa!Iic compounds, it was shown that
the use of three mass KP'M: tra! indiefs is sufficient for
single-valued classification of subsfcati'-IJV studied.

FrA1O
AN ESTIMATION OF ISOTOPIC EXCHANGE DEGREE FOR DISTINCT B-ATOMS
IN THE ION FROM MASS SPECTRAL DATA.
V.V.Raznikov, M.O.Raznikova
Institute for Energy Problems of Chemical Physics, Russian Academy of Sciences,
142432 Chernogolovka, Moscow Region, Russia
It is known that measurements of mass spectra of compounds after some kind of H-D
exchange processes proved to give valuable structural information concerning investigated
molecules and ions. It seems to be evident that possibilities of such approach will be increased
if we could assign to H-atoms in the ion with specific structural environment some degrees for
capabilities of H-D exchange in ideal case the rate constants for such processes. Our approach
is based on the assumption that H-D exchange for different H atoms in molecule or ion could
be considered as independent processes as isotopic Jdnetic effect in this case is expected to be
rather small. In this case we may express the expected observed distribution of ions for numbers
of exchanged H-atoms as coefficients of the polynomial:

(l-Pi+PuKl-Pa+Pax) • • • (l-Pi+Pix) • • • (1-Pn+Pnx) = J0+J1x+J3x1+- • -+Jnxn,

(•)

where P, is the probability of i-th H atom to be changed for D and n is the whole number of
exchangeable H-atoms. Jk are expected abundances of ions with k H-atoms changed for D. As
the roots determination of the polynomial (*) is unstable for real Jk, we created the special
procedure for the solving this problem on taking into account a priori inequality 0 < Pi < 1.
The number of tests shows that for given Jk with errors of the 5% level the errors in P,
determination are usually less than 10%. The calculations carried out for some experimental
H-D exchange mass spectra have given reasonable and interpretable results. Some examples of
these calculations and their discussion will be given in the report.
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FrA11
Direct Analysis of Stable Isotopes in Organic Compounds by FAB Mass Spectrometry
Juliusz Kudziriski
Institute of Applied Radiation Chemistry, Technical University, Zwirki 36, 90-924 Lodz Poland
High precision method of isotopic ratio determination by whole molecule fast atom
bombardment mass spectrometry is presented. Traditional isotope ratio mass spectrometry (IRMS) is
extremely precise nowadays, but it requires complex degradative procedures to locate the isotopic
atom. An alternative is the method developed by Caprioli and coworkers, in which measurements are
carried on with a routine quadrupole GC mass spectrometer by repetitive fast switching between ions
and the computerized statistical treatment of the data. Problems connected with the instability of the
ion current and background are more serious in this method than in IRMS.
Here an intermediate technique is described. A hybrid FAB - isotope ratio magnetic sector
instrument with multicollector system and energy selective device have been employed. FAB ion
source, which was equipped with a special focusing unit, ensures high intensity of molecular ions and
a stable ion current for 0.5- 2 hrs in both positive and negative ion mode. Two main methods of
detecting ions were employed and compared: simultaneous collection of two ions beams and the
switching mode. Two ways of measuring were used respectively: two Faraday cups with fixed focus
or one ion beam multiplier equipped with a pulse analyser and single ion counter. Isotope
abundances were determined on a variety of samples, as well enriched as at natural abundance ievel.
These include thermolabile organophosphorus compounds, NADH analogues and quaternary
trialkylaniline salts with molecular ions within a range of m /e from 100 to 600.
The influence of adjustable parameters (choice of matrix, primary atom flux, peak shape and
resolution, switching rate), nature of compounds and abundance level on the precision and accuracy
have been investigated. Special attention was paid to the possible source of errors in the method -the
fractionation of the sample during ionisation - and no mass discrimination was observed.
The discussion of critical parameters involved in such measurement is given.
This work was supported by Grant no. 458/P3/92/03

FrA12
Automated

LC-MS

For

Chroniiitographers

F.S.rullen and I). S. Richards
Physical Sciences, Pfizer Central Research,
Ramsgate Road, Sandwich, Kent CT13 9NJ. UK.
M. Traynor
Fisons Instruments, Crewe Road,
Wythcnshawe, Manchester M23 9BE, UK.
Automated "open access" mass spcctnnictry witli liquid interfaces is now
considered routine in our laboratories at Sandwich. Synthetic chemists log
samples into a queue on the mass spectrometer and return a short time later to
take the mass spectrum and the sample away. Tlie whole process occurs without
any intervention by a mass spectroscopist.
Fast response LC-MS is a further development in "open access" MS driven
by the needs of cliromatograpliers. for whom it is important that the structure of
each component present in an HPLC separation is known.
The "open access" system described is configured and tuned by a mass
spcctroscopisl with a particle-beam, thcrmospray, APcI or electrospray interface.
The chromatographer can then obtain LC-MS data simply and routinely without
further intervention by a mass spectroscopist. Gradient or isocratic runs are set
up by the chromatographer using up to four solvents. Injection volume,
temperature, UV wavelength and mass scan range are also selected by the user.
This is all carried out using the sample logging PC, without touching the HPLC or
MS equipment. The chromatographer returns some time later and retrieves the uv
and mass chromatograms together with the mass spectra of all major LC peaks in
the chromatogram. Minor peaks may be examined using a PC on the same network
provided for data review and reprocessing. Whilst the system is running one set
of samples, other chromatographers can enter their samples or review previous
runs.
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FrA13
COMPETITIVE HYDRIDE ABSTRACTION AND PROTON TRANSFER IN
ION-MOLECULE COMPLEXES |r-C 4 H 9 + Aryl-(CH2)3-Aryr]
C. Matthias, K. Weniger, and D. Kuck
Department of Chemistry, Universily of Bielefeld
P.O.B. 10 01 31, D-33501 Bielefeld, Germany
Protonated fert-bulyl substituted a,u-diphenylalkanes eliminate isobutane via
ion-molecule complexes. The isobutane fragment is formed by hydride abstraction of the
highly mobile t-C4H9 + cation from both the a- and the u-methylene groups. 1 ' 2
While the hydride abstraction occurs at random and irrespective of the spacer group
between the benzyl units, substituents at the aromatic rings do affect the ratio of
H*(u)/H*(a) abstraction. For example, the methyl substituent in protonated
l-(4-/-butylphenyl)-3-(4-methyiphenyl)propane increases this ratio from unity to 3.3. A
series of fifteen variously substituted and deuterium labelled analogues have been studied
to evaluate these substituent effects in detail.
The nature of the ion-molecule complexes is manifested by an additional
fragmentation channel, viz. elimination of isobutene. Thus, the presence of electron
donating substituents increases the proton affinity of the neutral diphenylpropane
component of the ion-neutral complex giving rise to internal proton transfer in
competition to hydride abstraction. The data are discussed in terms of the
thermochemistry of the two fragmentation channels.
1 D. Kuck, C. Matthias, /. Am. Chem. Soc. 1992, 114, 1901-1903.
2 C. Matthias, D. Kuck, O/g. Mass Speclrom. 1993, 28, 1073-1081.

FrA14
Ion/molecule Reactions of Halogenated Alkenes and Amines,
a Combined Experimental FT-ICR/Theoretical ab-initio Study
Andreas Nixdorf and Hans-Friedrich Griitzmacher*
Fakultat fur Chemie der Universitat Bielefeld
P.O.B. 10 01 31, D-33501 Bielefeld, Germany
Continuing our studies of gas phase nucleophilic and electrophilic substitution reactions
of halogenated arenes and alkenes by ammonia and amines via radical cations we
investigated the ion/molecule reactions of (substituted) vinyl chloride and vinyl bromide
radical cations with ammonia or methylamine by FT-ICR spectrometry. Analogously the
reactions of ifeutral vinyl chlorides and vinyl bromides with the radical cations of methyl
amine, dimethylamine and trimethylamine were studied. The results support the three
step addition/rearrangement/elimination mechanism derived from the ion/molecule
reactions of halogenated arenes and reveal additional details of this mechanism. In
particular the reactivity of the bromo derivatives is consistently lower than that of the
chloro compounds, contrary to the order of the halogen-carbon bonds cleaved.
These ion/molecule reactions were analyzed by GAUSSIAN92 calculations of the heats
of formation of the species involved and of the thermochemistry and by RRKM
calculations. The results nicely fit the experimental observations and show clearly that
kinetic and thermodynamic effects have to be included in the discussions of multi-step
mechanisms of ion/molecule reactions
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Fr A15
Bulk Aggregates and Supramolecular structures of Protonated Dialkyltartrates
with Alcohoies and Amines 1n the Gas Phase
F.J. Winkler und R. Medina, Institut fur Chemie Weihenstephan,
Technische Un1vers1tat Munchen, D-85350 Fre1s1ng, Germany
J. Winkler und H. Krause, Organisch-Chemisches Institut,
Technische Universitat MUnchen, 0-85747 Garching, Germany
Protonated clusters of polar compounds can be efficiently produced 1n the 1on
source of a chemical lonization (CI) mass spectrometer. At low temperatures and
high sample concentrations, the Isobutane CI mass spectra of dialkyltartrates
show
protonated monomers, dimers, trimars and tetramers (M-H*, M z -H + , M 3 -H + , M,»H + ).
In addition, the admixing of a further polar compound yields Its protonated
species (X-H*, X..-H*, X3-H*) and typical heteroclusters (M-X-H*, M2'X-H*. M 3 -X-H*).
A racemic mixture of enantiomer labeled d11sopropyl-(S)-tartrat (S) und
[2H7]d11sopropyl-(R)-tartrat (R) was used to probe the chiral discrimination 1n
the various clusters. The homochirai stabilization of the dimers (M2-H*) 1s
well known. More recent Investigations showed that the trimers (M,-H*), but not
their d1ol adducts (M3«X-H*), show a haterochiral stabilization [1J. The
diastereomeric trimers (SSS'H*, SSR-H*, SRR-H* und RRR-H*) which have a 1:3:3:1
statistics give a chiral effect of KRR3/KRRR s 1.6. This work was entended to
heteroclusters with other alcohol and araine constituents. Bulk aggregation and
(partially) ordered association can be observed.
Sem1emp1r1ca1 calculations of the heat of formation of some protonated dimers
and heteroclusters are done with AM1 and PM3 parameters. The corresponding
conformationai analyses are studied by molecular dynamics calculations.
(1] F.J.WInkl«r, R.Madfna, J.Winklar, H.Krausa, J. Chromatogr. A, (19!M), In p r a » .

FrA16
I N V E S T I G A T I O N S O F G A S PHASE R E A C T I O N S B E T W E E N A M M O N I U M IIAI.IDE SALT C L U S T E R IONS A N D P O L Y H Y D R O X Y
C O M P O U N D S BY D U A L B E A M T H E R M O S P R A Y M A S S S P E C T R O M E T R Y

K, Braun. H. Nehring* and F.W Rollgen
Institut fur Physikalische Chemie, Universitst Bonn, * BMFZ, Universal Dusseldorf
In a dual beam thermospray ion source a sample solution and an

The origin of the anomalies is nol yet cleat The intensities may

electrolytic solution are separately vaporized into a so-called jet

reflect the stability of the addition product and/or the ease of

chamber by passing the solutions through heated capillaries

release of an N H / ion from the cluster.

Sample molecules are ionized by ion-molecule reactions and are
subsequently mass analyzed.

Fig. I: Intensffles o( *w lorn <NH,Br)NH,* fg». (oraUnoi«)(NH4aaf«/ CD.
ond me ntennty ratio
*

Since cluster ions are formed in thermospray vaporization of salt
solutions at higher concentrations the dual beam ion source
provides a means of studying reactions of molecules with cluster
ions We have investigated the reactions between cluster ions of

Intensity
(oit> units)
lOO—i

(oroblno«e)(NH,B0,.NH,'
<NH^0oNH,"
2

ammoniumhalides and polyhydroxy compounds
Kinetic considerations reveal that detection of the signals of
reaction products requires at least a reactanl molecule concentration of about IO': mol/L. Accordingly we have used sample
concentrations of 5-10 *' mol/L and above
In Ihe investigations we found anomalies in the addition of polyhydroxy compounds to ammoniumhalide cluster ions. The
anomalies found in experiments with arabinose and ammoniumbromide are shown in Fig. 1 (the same kind of anomalies were
found in the reaction of ammoniumbromide and glucose) The
relative intensities of the addition products - which correspond
to the reaction probabilities - do not change monotonously with
' For tnese tons a calciiatlon or Intensity ratios wa> nor
reasonoble because the Intensities were too low.

cluster size.
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FrA17
Bimolecular formation of site-selectively labelled organic ions from protonated a- or (}- functionalized alkyl
halides.
H.E.Audier3, F.Dahhania, A.Millieta, and D.Kuckb
a

D.C.M.R. Ecole Polytechnique, F-91128 Palaiscau Cedex, France
Fakullat fur Chemie, Universitat Bielefeld, P.O.B. l()0l 3I.D-335O1 Bielefeld, Germany

b

A number of methods have been established to generate gaseous organic ions bearing site-selective
isotope labelling. In this contribution, we present several examples of a new approach for the pinpointed
generation of deuterium labelled cations utilizing the condensation reaction of protonaled a- or P-functionalized
alkyl halides with neutral molecules such as benzene and ethylene glycol under chemical ionization conditions
(eqns 1-4).
[C6H5CH2C1 + H]+ + C 6 D 6 -> C 6 H 5 CH 2 C 6 D 6 + + HCI
(1)
[C 6 H 5 CH 2 CH 2 C1 + H ) + + C 6 D 6 -> C 6 H 5 CH 2 CH 2 C 6 D 6 + + HCI

(2)

The structure of arenium ions formed in eqns (1) and (2) is clearly revealed by the characteristically
different extent of H/D exchange prior to dissociation. Thus, 2-phenethyl chloride gives rise to laryl-D 6 l labelled
1.2-diphenylethane showing complete H/D interchange at trie arene rings. This in turn shows that the
condensation proceeds by Sffl reaction of C fi H 5 CH 2 CH 2 Cl + H and benzene rather than by attack of the
CgH 5 CH + CH3 cation (i.e. Sjql) formed by elimination of HCI and subsequent hydride shift.
In a similar way, the condensation reactions
[CH3OCH2C1 + H ] + + HOCD 2 CD 2 OH -> CH 3 OCH 2 OH + CD 2 CD 2 OH + HCI
(3)
[C 2 H 5 OCH 2 CH 2 C1 + HJ + + HOCD 2 CD 2 OH -> C 2 H 5 OCH 2 CH 2 OH+CD 2 CD 2 OH + HCI

(4)

have been studied. Loss of C 2 H 5 OH from the ionic condensation product of eqn (4) leads to formation of
protonated [2,2,3,3-D 4 I-l,4-dioxane, again indicating an S N 2 mechanism in the first step.

FrA18
Ion-molecule reactions between benzyl cations and ethylene glycol or ethylene glycol monoalkyl ethers
, F.Dahhania, A.Millieta, and D.Kuckb
a

D.C.M.R. Ecole Polytechnique, F-91128 Palaiseau Cedex, France
FakultSt fur Chemie, Universitat Bielefeld, P.O.B. 10 01 31.D-33501 Bielefeld, Germany

b

The ion-molecule reactions of benzyl cations R'C 6 H 4 CH 2 + with ethylene glycol monoalkyl ethers
HOCH2CH2R1 (N) have been investigated by MIKE spectrometry. Extensive deuterium labelling of the reactants
reveals that the unimolecular fragmentation of the long-lived adducts may be rationalized as follows:
[R'C 6 H 4 CH 2 + , N]

[R'C 6 H 5 CH 3 + , (N-2H)]

l

i
!

R C6H4CH2

+

R'C 6 H 5 CH 3 +

The hydride abstraction steps have been found to be irreversible and show a strong kinetic isotope effect.
In addition, the results indicate that the relative proton affinities of the neutral components determine both the
relative abundances of the fragment ions and the extent of the proton exchange owing to the interconversion of
the ion-molecule complexes [R'C6H4CH3 , (N-H)+] and [R'C 6 H 5 CH 3 + , (N-2H)].
Finally, when RWCjH^ the intermediacy of ion-molecule complexes is clearly demonstrated by the similar
unimolecular fragmentation of ths adducts [C6H5CH2-OCH2CH2O-(iC3H7) + H"1"], [(i'C3H7)C6H4CH2+ +
HOCH2CH2OHJ and [C 6 H 5 CH 2 + + HOCH2CH2O-(/C3H7)].
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FrA19
Unimolecular reactions of the • CH 2 CH 2 OH + CH2CH 3 (i-distonic ion. Reaction of ethanol radical cation with
elhylene.
H.E.Audier, V.Brenner, A.Milliet, P.Mourgues, G.Ohanessian
D.C.M.R. Ecole Polytechnique, F-91128 Palaiseau Cedex, France
The -CH2CH 2 OH + CH2CH3 |3-distonic ion was generated in the ion source of a double-focusing mass
spectrometer by fragmentation of diethoxy 1,2-ethane radical cation. Labelling shows that the dissociations of
this p-distonic ion in the second FFR are preceded by several isomerization processes:
- permutation of the two CH 2 groups
- 1,4- and 1,5-H transfers from one chain to the other
These transfers are accompanied by strong isotope effects. These [J-distonic ions have been compared with ions
obtained by the reaction of CH 3 CH 2 OH + - (or C H 3 C H 2 N H 2 + ) with ethylene in the cell of a FT-ICR
spectrometer. It will be shown that 1,5-H transfer is slow in the adduct ion CH 3 CH 2 OH + -/CH 2 =CH 2 whereas it
is fast in CH 3 CH 2 NH 2 + 7CH 2 =CH 2 adduct.
Finally ab-inilio calculations were performed. The intermediacy, in the reaction pathway, of distonic ions
or ion neutral complexes will be discussed taking into account experimental and theoretical results.

FrA20
Formation and Reactions of Pd(CH2)(l)+ with Ethene and Propene in the
Gas Phase
Joseph Scliwnrz and Helmut Schwarz
Institut fur Organische Chemie der Technischen Universitat Berlin,
Strassedes 17. Juni 135, D-10623 Berlin.
Germany
Numerous investigations concerning Ihe reactivity of hare as well as of ligated/iru- row transition-metal ions towards various
organic substrates have been performed during the lust decade". In contrast, much less is known about the chemistry or the
second and third-row transition-metal ions Only a lew studies have been published dealing with the reactions of Pd' with
alkanes and alkcnes :Jl .
The hitherto unknown Pd(Cll,X')' ion is conveniently available by the ion-molecule reaction of bare I'd' with mclhyliodidc. By
using the technique of Fourier-transfonn ion cyclotron resonance (FTICR) mass spectroinetiy, collision induced dissociation
(CID) experiments are conducted and Ihe results suggest that the species has the connectivity of an inserted Pd(CH,Xl)'
structure. Furthermore, the reactions of Pd(CH,)(l)' with clliene and propene are investigated and the fate constants are
determined. By using labelled compounds we are able to distinguish different reaction channels for these substrates. The
slruclures o(Hie respective reaction products are determined by perl'onning CI1J esperimetils and ion-molecule reactions.

[ 1 ] a) Eller, K.; Schwarz, II. Client. Rev. 1991, 91, 1121 b) liller, K. Coord. Cliem. Rev. 1993, 126, 93.
[2) a) Mandich, M. L.; Halle, L. F.; Bcauchamp, J. L. J. Am. Chem. Soc. 198-1.106, 4403. b) Tolbcrt, M. A.; Mandich, M. L;
Halle, L. F., Beauchamp, J. L. ibid 1986,107, 5675. c) Mangera, T. F.. David, D. E.; Michl. J. ibid 1987,109. 936.
[$] For the reaction of Ft' with CH, and N,O see Wesendrup, R.; Sclirckler, D; Schwarz, H. Align: Chem. Int. Engi. Ed.
accepted for publication
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FrA21
Gas-Phase Reactions of C « with the Ion Systems of Cyclohexane,Cyclohexene and Theoretical Study
of the Produced Ions
Ziyang Liu Shuying Liu* Guolun Hao Xinghua Guo Huayun Wang
Changchun Institute of Applied Chemistry. Academia Sinica. Changchun. China
Fullerene has very active chemical properties because of its non-plane great n-bond system Many studies
of gas-phase chemistry of fullerene have focused on gas-phase reactions of fullerene mono-, di-. trications
and anions with organic molecules!!) It has been found that singly charged fullerene ions such as Ceo* and
Ceo" are of very low reactivity when using methods of SIFT|2], FT-ICR|3] and tnple-quadrupole[4) We report
herein a study of gas-phase reactions of Coo with ion systems of cyclohexane and cyclohexene to produce
singly charged derivative ions of Coo in conventional lonization source The semi-empirical quantum chemical
calculation with the AMI parameterization of the MNDO Hamiltoman has been carried out on the typical ions
CGO was prepared and purified in our laboratory and its purity is superior to 99 5% The gas-phase reactions
were carried out on VG-Quattro MS/MS mass spectrometer Ceo and the reagents were separately introduced
into ion source by a DCI (desorption chemical iomzation) probe and through a reservoir at the same time The
spectra were recorded by an on-line computer
In mass spectrum of the reaction of Ceo with ion system of cyclohexane. serial ions of mlz 72O+I4n (n=3~6)
were observed in the mass region above 720, and the corresponding compositions are [C«jCnH*i-i]+ which
derived from the reaction of Cm with ions of [M-Hf* and its fragment ions, respectively Similarly. Ihe serial
ions of [CooCnrteno]* were formed when the C«i reacted with ion system of cyclohexane The ion intensity of
[CcoCoHn]* in the two reactions was very small, although the ion intensity of [CsHnj* in mass spectrum of their
SCI is near 100%. The poor reactivity of [CeHnj* with Ceo may be due to that the ion of [CsHii]*. once formed,
quickly isomerizated to inactive 1 -methyl-cyclopentyl ion [5].
The most abundant ions in the mass range of adducts of Cai were [CeoCiH;]* and [CeoCsH,-]*' for cyclohexane
and cyclohexene respectively. Five geometric patterns of each adduct ion above were optimized by using AMI
method of MOPAC Program Package The stability of the geometric patterns of [2+4] cycloaddition is superior
to all or the others ([2+3], [2+2] cycloaddition and single bond addition), here one of the double bonds of Ceo is
acted as a dienophilic unit. This result is agreeable partially with some of the reactions in liquid phase
In conclusion, the gas-phase reactions of Ccu with a serial ions of cyclohexane and cyclohexene systems
have been observed. The adduct ions of [CmC^H/J* and [CmCsH.-]* from cycloaddition are the most stable
ones

FrA22
CLUSTERING REACTIONS OF C,H,' IONS WITH N2 OR CH.
IN N,-CH4 GAS MIXTURES AT LOW TEMPERATURE.
C.V. Speller, J. R. Vacher, K. \z Due and M. Fitaire.
Ixiborcuoire de Physique des Gaz et des Plasmas (associi au CNRS),
Bat. 212, University Paris XI, 91405- Orsay cedex, FRANCE.
Thermochemical data of several ion-molecule clustering reactions of hydrocarbon ions
with N, or CH, were obtained from the study of equilibria in gas mixtures irradied by a particles.
A high pressure mass spectrometer previously described 11,2| was used to determine the equilibrium
constants of the three-body association reaction
X'.(N,)., * 2N7 « x \ ( N , ) . + N2
with X' = CH, 1 , C2H5' and CjH,' and for various gas temperatures (130 K to 273 K). Enthalpies
and entropies of clustering reactions are deduced from the van't Hoff ploLs.
For the CH,'.(N2)n series, the measured enthalpies are found to be 6.8 and 3.3
kcalmol' with n = 1 and n=2. For the C,H,' .(N,)nserics, the enthalpies decrease monotonically from
6.9 to 3.7 kcalmol' for n = l to n=4, showing no discontinuity in the attachment energy of the
ligand molecule and thus no noticeable effect regarding the filling of shells. These results suggest
that the nature of the bonding is mainly electrostatic for each of the studied reactions.
The association reactions
X'.(CH.) n , + 2CH, « X'.(CH.)n + CH,
with X' = C H j ' , QHj' , QH71 and CjH,' are now studied in the same temperature range for
n = 1 to n = 3 . The results for CH,' and C2H,' are compared with previously reported measurements.
These ions are of interest in the study of some planetary atmospheres.
111 Vacher J.R., M. Jorda, E. Le Due and M. Fitaire, Int. J. Mass. Spectrom. Ions Process., 114
(1992) 149.
[2| Speller C.V., J.R. Vacher, E. I-e Due et M. Fitaire, European Conference "Planetology and
the Origin of Life", 13-15 septembre 1993, Crdteil, France.
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FrA23
Comparison of the Reactivity of Ions Generated in the ICR Cell and in the External Ion
Source.
Klaus Garbade and Karl Peler Wanczck,
Institute of Inorganic and Physical Chemistry, University, D-28334 Bremen, Germany
For the study a Spectrospin Fourier transform ICR spectrometer CMS
47X
equipped with a superconducting magnet of 7.02 T field
strength and a homebuilt external ion source is employed. The
external ion source is of Extrel quadrupole ion source type. The
ions are generated by electron impact. The ion transfer system
consists of a set of asymmetric lenses and a cylindrical
decelerator. The ions are accumulated and trapped in a screened
ICR Cell with two pairs of trapping electrodes. The instrument is
controlled by an Aspect
3000 minicomputer. The raw spactra are
processed with a homewritten program on a DOS computer to obtain
mass spectrometric and kinetic data.
Ions can
be generated
inside the ICR cell and in the external source. Externally
generated ions of a broad energy range are trapped in the
screened ICR cell with a special pulse technique.
The
ionmolecule reactions of ions from sulfur tetrafluoride and acetone
and their mixtures show dependence on the kinetic energy of the
ions.
The kinetics of the most abundant reactions is discussed.
The differences in the reactivity of
internally and externally
generated ions are interpreted in terms of energy distribution of
the ions.

FrA24
THE SELECTIVE ION-MOLECULE REACTIONS OF THE BENZOYL ION WITH
HYDROXVL CROUPS IN A QUADRIPOLE ION TRAP.
Colin S. Cruser and Brian L. Williamson, Department of Chemistry and Physics, Nottingham Trent
University. Clifton Lane. Nottingham, NGII 8NS. UK. Brian M. Stockton, Department of Analytical Sciences.
SmithKIine Beecham Phaimaceuticals, Old Powder Mills. Nr Leigh. Tonbridge, Kent, TN11 9AN, UK.
Gas phase ion-molecule reactions involving hydroxyl functional groups have been reported for NO .
(CHj)3Si + , [CH3OBOCH3]\ [CHjBCH.}]*. and CH^OC^*. However the selectivity of these ions for
hydroxyl groups is limited by their reactions with a variety of other functional groups, such as alkenes. ketones,
ethers and acids. Gas phase ion-molecule studies using ion trap mass spectromelry show that the benzoyl ion.
[C6HsCO] + , undergoes reaction selectively with the hydroxyl functional group. The formation of product ions
(M+I05J+, [M-H] + and [M-OH]+is characteristic of the nature of (he Itydroxyl group. A general scheme for these
reactions is shown below. The reactions of a range of primary, secondary and tertiary aliphatic and aromatic
alcohols and also compounds and intermediates of pharmaceutical interest have been investigated.
Experiments were performed using a quadrupole ion trap mass spectrometer operating at I2O°C. Electron
ionisation (70eV) of acetophenone. introduced through a leak valve, followed by resonance hole isolation, was
employed to generate the [CoHjCOJ+ ions. [CUH5CO]+ was then allowed to react for a reaction time of 100 ms
with neutral sample vapour, introduced through a second leak valve system.
The benzoyl ion shows no reaction towards a number of acids, ethers, ketones and amines investigated. It has
been reported to form adduct ions when allowed to react with ammonia and primary amines arc, as yet, the only
other functional group which has been found to react with the benzoyl ion. These observations suggest that
[C(,H$CO]+ reacts with compounds containing a hydroxyl functional group in a specific and predictable way,
which is determined by the nature of the hydroxyl group, making it a potentially useful probe for establishing the
presence and chemical environment of hydroxyl groups.
0

• 706 Mmof'
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FrA25
Organic Gas Phase Chemistry in a
Quadrupole Quistor Quadrupole Tandem Mass Spectrometer
Peter Kofel, Hans Reinhard, Stefan Konig, Markus Stockli, and Urs Peter Schiunegger
Institut fur Organische Chemie, Freiestrasse 3, CH-3012 Bern, Switzerland

A quadrupole QUISTOR quadrupole tandem mass spectrometer (1) allowing selected ion /
selected molecule reactions was constructed. The QUISTOR is being used as a reaction chamber
for the study of organic ion / molecule reactions, such as
0

CH 4 + ' + CH 4

0

addition / elimination reactions at carbonyl groups of negatively charged species

-

CH 5 + - , CH 3 + \ C 2 H 5 + '

Several examples will be demonstrated, including the determination of rate constants and QBE
induced reaction steps (Quistor Resonant Exitation)

(1)

Organic Mass Spectrom., Vol 26, 463-67 (1991)

FrA26
Competing Electron Transfer and Nucleophilic Substitutions in Gas-Phase
Reactions between (Radical) Anions and Chloromelhanes
P. O. STANEKE. G. GROOTHUIS, S. INGEMANN and N. M. M. NIBBER1NG
Institute of Mass Spectrometry. University of Amsterdam. Nieuwe Achtergracht 129, 1018 WS
Amsterdam, The Netherlands
The reactivity of selected (radical) anions towards CRjCI, CH2C12, CHC13 and CC14 in the gas phase
has been studied with Fourier Transform Ion Cyclotron Resonance (FT-ICR). Two series of (radical)
anions were used to investigate the interplay between S N 2 displacement, dissociative electron transfer,
proton abstraction, and attack on a chlorine atom. The first series consisted of HO', CH^O", C2HjO',
C3H7O" and CHjS", for which the corresponding neutral species have a relatively high electron affinity
(EA > 1501J mol"1). The second series consisted of CHjS'-, CH2CHCH2", CHjCfCTtyCH/, CfiH4"and C6HS', for which the corresponding neutral species have a relatively low electron affinity (EA fi 100
Id mol' ). The first series of ions react with CHjCI by S N 2 substitution and mainly or exclusively by
proton transfer with CHjCL, and CHCIj. With CCI4, attack on a chlorine atom yielding CClj" ions
dominates except for HO', which reacts very slowly to afford mainly Cl\ The second series of ions react
slowly with CH3C1 by S N 2 substitution with the exception of CH2S'°, which displays no reactivity
towards CH-jCl. The CHjS"' ion is also unreactive towards CHJCIJ, whereas the other ions of the
second scries react relatively readily with Cl I2CI2 and predominantly by proton abstraction. Formation
of Cl" and CHC12~ ions competes with proton transfer in the reaction with CHClj and mainly Cl" ions
are formed with CCI4 as the substrate. The second series of ions react more efficiently with CG 4 than
the first series. This observation in combination with the pronounced formation of C\~ is taken as an
indication of the occurrence of a dissociative electron transfer from the second series of ions to CC14 in
the gas phase.
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FrA27
Intrinsic Chemical Properties or Dipeptides as Studied bv Gas-I'hase Hydrogen Exchange
Reactions
Ercz H. GUT. Leo S. tie Koning and Nico M. M. Nibbcring

Institute of Mass Spectrometry. University of Amsterdam. Nteuwe Achtergracht 129.1018 H'S Amsterdam.
The Netherlands
As pan of an ongoing characterization of the
1(xl
intrinsic chemical propenics of dipeplides we have
I C I v - A l a l l l * t !>;()
studied the ihcimal hydrogen-deuterium exchange
Hll
reaction of a scries of FAB-gcncrated protonaicd
di(tri)peptidcs X-Y (X.Y = [G.A,V), GGG) and model m
compounds (elhylamine. N-clhyl glycylamidc. 5-amino
valeric acid, and putrcscine) with DJ3. CH-.OD, and .10
N D j in a Broker Spcctrospin CMS-47X FT1CR mass
spectrometer equipped with an external ion source.
20
In spile of a large proton affinity difference
between die peptides and the exchange reagents, a facile 0
H/D exchange has been observed al all three hydrogen
40
60
xo
containing basic sites. From the kinetics it appears that the
Reaction Time (seconds)
amino hydrogens exchange more rapidly than the acid and amide
hydrogens, while the relative exchange rates at these different sites depend on the nature of bulh the peptidc and the
exchange reagent, (sec for an example the figure)
The experimental results lead to the following conclusions:
-The amide group (peptide bond) plays a critical role in the exchange with D , 0 or C H , O D .
-The proton in ihcrmalizcd protonatcd dipeptides predominantly resides between the amino and the amide oxygen.
-Mobilily of the prolon in a thcrmalizcd protonatcd dipeptide is only achieved during interaction with a solvent molecule.
-Exchange is considered to proceed via the imcrmediacy of at least three reactive competing complexes, each
characterized by a protonatcd exchange molecule specifically hydrogen bonded to the peptide, from which a selective
exchange at different basic sites can occur. I i is assumed that the relative stabilities of the competing intermediate
complexes arc reflected hv the observed relative exchanec rates at the different basic sites.

FrA28
GAS PHASE POLAR [4*+ 2] DIELS-ALDER CYCLOADDITION REACTIONS
STUDIED BY MULTIPLE STAGE (MS1 AND MS3) MASS SPECTROMETRY
Rodinei Augusti and Marcos N. Eberlin*
Universidade Estadualde Campinas-instiMo tie QuImica.CP 6154, 13081-970 Campinaa.SP Brazil
Azabutadienes are very useful reagents for the synthesis of many nitrogenated heterocyclic
compounds.1 Acid catalysis is often used to enhance the yields of their Diels-Alder cycloaddition
reactions. In this work, the gas phase ion/molecule reactions of the protonaied form of the two simplest
azabutadienes, i.e. 1-aza (1) and 2-aza-l,3-butadiene (2) have been investigated. These ions were
source generated, mass-selected and reacted with various dienophiles in the first collision cell of an
lixtrel pentaquadrupole mass spectrometer. The results show the ability of these cations to form
abundant [4*+ 2] Diels-Alder cycloadducts (5) with dienophiles bearing either electron-donating or
electron-withdrawing groups. In solution, the best results are obtained with the latter class of
dienophiles.1 Proton transfer reactions are also observed as a competitive ion/molecule process.
Evidences for the cycloadducts come from their on-line MS' spectra, which show the retro Diels-Alder
fragmentation as the main process. Some characteristic fragments observed in the MS2 spectra also
support the cycloadduct nature of the ion/molecule products.
The [4*+2] cycloaddition reactivity of the sulfur and the oxygen analogs of protonaied 2azabuudiene (2), i.e. the 2-oxo (3) and the 2-sulfur-l,3-diene (4) cations have also been investigated
and compared to that of 2. It was verified that 3 is more reactive than 4 and that both of these isomers
(3 and 4) are less reactive than their nitrogen analog 2. Ab initio calculations have provided theoretical
support for the cycloaddition mechanism and helped in assigning the regiochemisiry of the cycloadducts.
I.X-CH,V-NH
1,X-NH,Y-CII|
),X-O,Y-CH|
4.X-S.YOCM,

^vr
KJ

k

1- Bariuenga, J.; Aznar, F.; Fustero, S.; Torn*,, M. Pure & Appl. Chem. 1990, 62, 19S7.
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FrA29
Some Ion/Molecule Reactions Involving Cyclohexanol.
J.Murrell', J.FJ.Todd*. S.Moody*. N.Underwood', P.Watts'.
* The Chemical Laboratory, University of Kent, Canterbury, Kent. CT2 7NH.
Chemical and Biological Defence Establishment, Porton Down, Salisbury, Wiltshire, SP4 OJQ.

1

The first mass spectrum of cyclohexanol was reported by Friedel et al' in 1956, with the
electron ionisation fragmentation being solved2 by Holmes et al. Chemical ionisation (Cl)
upon cyclohexanol was first carried out by Field3 using iso-butane and further examined by
Fenselau and coworkers14 using methane as the reagent gas. Both of these Cl studies were
carried out using high pressure sources attached to magnetic sector instruments.
Here we report some protonation studies of cyclohexanol performed upon two
trapping instruments, namely a Finnigan MAT Quadrupole Ion Trap Mass Spectrometer
(ITMS) and a Nicolet Fourier Transform Ion Cyclotron Resonance Mass Spectrometer
(FTMS). The mechanism and rates of reaction have been compared and contrasted in the
two instruments.
The cyclohexanol experiments seem to go through three phases of reaction. The
initial protonation and deprotonation of cyclohexanol yields peaks at 99* and 101*. the latter
ion decaying by loss of water to form an ion at 83*. The secondary process is the formation
of some 'dimer' type ions at m/z ratios 197, 199 and 201. Finally the production of an ion
at m/z 241 is observed in the FTMS system but not in the ITMS instrument.
Semi-empirical computations have been carried out on all the reaction species and
the enthalpy changes of various processes calculated.
1. RAFriedel, J.LSchullz and A.G.Sharkey Anal. Chem. 28 (1956) 926
2. J.LHolmes, D.McGillivary and RT.B.Rye Org.Mass.Spectrom. 7 (1973) 347
3. F.H.Field J.Am.Chem.Soc 92 (1975) 2672
4. C. Fenselau, M.M. Green, I. Jardine Org.Mass.Spectrom. 14 (1979) 326

FrA30
Gas Phase Polar 14+2*] Diels-Alder Cycloaddition Reactions of Heterodienes. An
On-line Multiple Stage (MS1 and MS1) Mass Spectronwtric Study
Ana Elisa P. M. Sorrilha, Fabio C. Gozzo and Marcos N. Eberlin'
Universidade Estadual de Campinas. Insi'uuto de Qulmica CP6154 13081-970 Campinas, SP Brazil
Recently1 it was observed that many acylium ions undergo an unprecedent gas phase (4 + 2*]
cycloaddilion reaction with isoprene and several other related dienes. Similar reactivity has also been
observed for several nilrilium and imonium ions.2 In this present study we have employed an Extrel
pcntaquadrupole mass spectrometer to investigate the reactivity of two heterodienes (metacrolein and
tiliyl vinyl kelone) in similar gas phase ion/molecule reactions with several closed-shell cations, i.e.
acylium (R - C - O + ) , thioacylium (R - C - S*), nilrilium (R - C • N + -R 1 ), imonium (RR'C=N + R : R 3 ),
and sulfinyl ( R - S « O * ) cations. Abundant adducts are observed in several cases, while proton
transfer reactions also occur competitively. Experimental evidences for the [4 + 2*] cycloadducts (e.g.
Scheme below) come from their on-line MS3 spectra, which show the retro Diels-Alder fragmentation
as the main CID process. Some drastic changes in cycloaddition reactivity are rationalized in terms
of frontier orbital (HOMO/LUMO) interactions. Theoretical support for the occurrence of the
cycloaddilion reaction is provided by ab initio calculations performed at the MP2/6-31G(d,p)//631G(d,p) + ZPE level of theory. These calculations have shown that the cycloadducts so far
investigated are the most stable products when compared to several ring opened alternative structures.
The regiochemistry of these reactions have also been evaluated by ab initio calculations.

Y. Y
1-

Eberlin, M.N.; Cooks, R.G. J. Am. Chem. Soc. 1993, 115, 9226

2-

Eberlin, M.N.; Morgon, N.H.; Shay, B.J.; Yang, S.S.; Cooks, R.G., .submitted for publication.
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FrA31
A Comparison of MALDI-TOF Post Source Decay (PSD) Spectra with the
Conventional Tandem Mass Spectra of Peptides with Molecular Weights
between 500 and 2000 Dalton.
A. Overberg, p. Christiansen, E. Schroeder.
Finnigan M A T GmbH Bremen, Barkhausenstr. 2,
D-28197 Bremen, Germany.
The sequence analysis of biopolymers like peptides by mass spectrometry has become an important tool for the elucidation of their molecular structures. Until today, most of the peptide sequencing has
been done on tandem mass spectrometers (MS/MS) with FAB or ESI ionization in combination with either low or high energy gas collision activation (CA). In all cases, the mass spectrometers were
either triple quadrupole or hybrid instruments for low energy CA or
magnetic sector systems for high energy CA experiments. Recently,
Kaufmann and Spengler [l] have demonstrated that full sequence information of peptides can also be obtained in the matrix assisted
laser desorption ionization (MALDI) by fragment ion analysis with a
reflectron TOF mass spectrometer. Decays in the first drift region
of a reflectron TOF mass spectrometer can be monitored by scanning
the reflectron potential. The reflectron typically compensates for
an energy range of about 10%. Therefore, less than 15 to 20 potential steps are sufficient to cover the full mass range.
The data presented contrast the differences between low and high
energy collision activated product ion spectra of a variety of peptides in the mass range between 500 and 2000 Dalton with those obtained by MALDI post source decay, F A B ionization has been used for
the conventional MS/MS experiments.
[l]

R. Kaufmann, B. Spengler and F. LGtzenkirchen,
Rapid comm. in Mass Spectrom. 7, 902 (1993) .

FrA32
Chiral Recognition in Mass Spectrometry: Crown Ethers and Amines
G. Pdcsfalvi. P. Huszlhy' and K. V<?key"
Lajos Kossuth University, Department of Organic Chemistry. H-4010 Debrecen P.O.B.20
'Technical University of Budapest, Department of Organic Chemistry, H-1521, P.O.B. 91
"Central Research Institute for Otemistry, Hungarian Academy of Sciences, H-1525 Budapest,
P.O.B.J7, HUNGARY
Chiral interactions between organic primary ammonium cations ["guest" e.g. a-(l-naphtyl)ethylammonium cation] and crown ethers ["host" e.g. (S,S)-dimethyldiketopyridino-18-crown-6J
has been studied using FAB mass spectrometry. For quantitative measurements an internal standard
technique has been developed. For internal reference either an achiral crown ether (I8C6) or metal
cations were used.
The affinity of the R-(+) and S-(-) enanliomers of the guest shown to be different to the chiral
host. Our measurements suggest that FAB-MS can be useful both to study chiral effects and as an
analytical technique to distinguish enantiomers by mass speclrometry.
Disadvantage of the conventional FAB lechnique for studying host-guest compilation is that the
overall effect of a superposition of liquid and gas phase processes are observed. For a better
understanding of fundamental processes a speriaf method has been developed to study the gas phase
formation of host-guest complexes.
Financial support form OTKA-4010 is gratefully acknowledged
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FrB1
A H y b r i d T a n d e m M a s s Speclromeler for Hie Study o f the Collision I n d u c e d Decomposition
Products o f G a s Phase I o n - M o l e c u l e Reactions
L r a . H o k M . , Gitt, A n d r e w C * , S t W u w g g w . U T s P aiYdSsrmmgs, KtrtViR..
Department o f Chemistry, University o f W a r w i c k , Gibbet Hill Road, Coventry, C V 4 7 A L , U.K.
Although th£rc are now several u-idcly-uscd tccliniqucs in use for the study of ion-molecule reactions, it is
often difficult fully to characterise the structures of both rcactants and products of these reactions. It is therefore
desirable to prepare and select the reactant ions that arc introduced into a buffer gas containing a trace of the neutral
rcactant, at a known translational energy, and to be able to investigate the structure of product ions by the use of
collision induced decomposition. We wish to describe and report on the performance of an instrument that has been
designed and constructed specifically for this purpose.
A hybrid tandem instrument has been constructed consisting of an ion source and quadmpole mass analyser
(Balzcrs High Vacuum Ltd., Liechtenstein) interfaced to a rebuilt M S 9 double focusing, forward geometry mass
spectrometer (Mass Spcctronietry Services, Manchester, U.K.)
Reagent ions are generated in the source o f the
quadrupolc instrument and are mass selected before being accelerated to a little over IOOCV translational energy. The
ion beam is then shaped and focused by a specially designed Einzcl lens before it is focused on to the entrance
aperture o f the reaction cell and the ions retarded to the required translational energy. The reaction cell is a high
pressure source of the M S 9 into which neutral rcactant together with excess helium as buffer gas is introduced.
Products from the reaction diffuse through the source slit and are accelerated before entering the collision cell placed
immediately after the source defining slit. Here a collision gas may be admitted and the products of collision induced
decomposition may be observed by means of a linked scan of constant ratio of magnetic (B) and electric sector (E)
field strengths.
In order to test the performance of the instrument, the reaction of molecular ions of ethene with the neutral
ethenc molecule were investigated over the translational energy range of lOeV down to near thermal energies. We
have been a U e to veproduw <yiite closely ttw results obtavmd

te

S ™ & and FMW«U, using a crossed txanv

instrument of very different geometry, who showed that the intensity ratio I ( 3 9 ' ) / I ( 4 I ' ) was highly dependent on the
translational energy of the rcactant ions. This suggests that the measured translational energies of rcactant ions in
the hybrid instrument are essentially correct and that there ate no discrimination effects. Results will be presented
summarising experiments carried out on a number of systems including a study of the structures of proton bound
dimcrs of the type C , H , , 0 prepared from different rcactants, and of the products of reactions of simple alkenes and
carbonyl-containing compounds.

FrB2
HIGH RESOLUTION MASS-SPECTROMETER WITH THE MOLECULAR
BEAM SAMPLING FOR KINETIC STUDIES
V. V.Zelenov, A.V.Loboda, E.V.Aparina, A.F.Dodonov
Institute for Energy Problem* of Chemical Physics, Russian Academy of Sciences,
142432 ChernogoJovkn, Moscow Region, Russia
The set-up is designed for investigation of complex gas-phase reaction mechanism and measures
rate coefficients of elementary reactions including tne reactions of atoms, radicals, »nd excited
particles with simultaneous identification of reactanis, products, intermediates and determination of their energetic states. The likely fields of technique application are atmospheric and
laser chemistry, high temperature studies, and others.
The installation consists of high resolution double-focussing prismatic type mass-spectrometer
and two replaceable chemical reactors: (i) diffusion^ cloud in carrier gas flow reactor (OCFR),
(ii) high temperature reactor(HTR). Mass-spectromater has a dispersion of 15 mm per 196 AAf/itf
at 30 cm central trajectory radius, more than 200CO resolution, 1 - 1400 mass range and ion
source with indirect heated cathode for low energy electron ionisation. The sensitivity of the
ion source is iO~*A/Torr on helium at 0.5 mA electron current and electron energy of 1 eV
over ionuation threshold. Metering principle is synchronous integration of ion current and/or
ion count. Dynamic signal variation range is 10s. An absolute sensitivity of the set-up is
1010 molec/cc inside the reactor. The designed reactors have several independent reactant feed
lines: stable reactant feed through central movable capillary, active reactant one from h.f.discharge in carrier gas flow, and additional active reactant feed in the HTR from l.f.-discharge
inside two independently movable coaxial capillariei. Main reactor performance data are: operating temperature of 1 7 0 - 570K (DCFR) and 3 0 0 - 1200K (HTR); pressure of 4 - 30Torr
(DCFR) and 2-lSOTorr (HTR); reactant residence time of 0.02-20ms (DCFR) and 0.01-1*
(HTR).
The technique waa tested by taeckuuun deie.tnune.tkin sod i«Ae coefficient m*»e\H«n«A o{
elementary gas-phwe reactions with detection of H,0,N,F,Cl,Br atoms, ffi(v),HF(v),OH(v)
vibrationally excited and O3(1A(,, lYl*),CF^(3Bi) electronically excited molecules and radicals.
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FrB3
COMPACT WIEN FILTER-MAGNETIC SECTOR DOUBLE
FOCUSING MASS SPECTROMETER
D. Ioanoviciu and C. Cuna
Institute of Isotopic and Molecular Technology
R 3400 Cluj-Napoca. ROMANIA
Among the compact geometries of double focusing
mass
spectrometers creating a Wien filter inside the gap of a magnetic
deflector with parallel [1] or inclined
[21 pole faces, that
withhout field free
spaces, with 90* deflection has been
selected.
To test the general instrument behaviour, a simple ion
source, without reflector was instaled in front of the Wien
filter's plane electrodes of 68mm length, located 15.5mm apart.
The collector slit has been so placed to receive ions turning on
an r0 » 56mm main path radius. 90* sector. All these components
and two pole pieces were ruggedized together and located inside a
parallelepipedic vacuum chamber, fitted in an electromagnet's
gap.
The first order ion optical parameters of the double
unitary radial magnification,
focusing mass spectrometer are:
mass dispersion coefficient r 0 . The radial angular, mixed radial
angular-energy and energy second order aberration coefficients
(homogeneous fields
are:
r. , 2r0
and -0.75r0 respectively
assumed).
The instrument's performance was tested on mass 16u ions,
accelerated to lkeV. in a 32000e magnetic field, a voltage of
550V being applied to the plates. During the preliminary tests
resolutions of a few hundred were measured.
[11 D. Ioanoviciu. C. Cuna. Vacuum 24. 245 (1974).
[2] D. Ioanoviciu, C. Cuna. A. Pamula. Cl. Fatu.
Vacuum 43. 559 (1992)

D. Vonica,

Fr B4
A HOHOBENEDUS HAGNETIC FIELD HASS SPECTROMETER HITH HELICAL ION FATH5
F. Ardelein
Institute of Isotopic m d Molecular Technology, P.O. Box 700, R-3400 Cluj-Nipoci 5, Ronanii.
A 360° deflection hoiogeneous nagnetic field iass spectrometer with helical ion piths is described.
The ion source, the analysing chaiber and the collector ire situited inside of the cylindricil coil
which generate the tagnetic analysing field.
The ion source of the lass spectroieter is a ladified Nier type source Hith cylindrical syietry.
The electron b e n is directed on the axis of the ionisation chaiber.
The specific feature of the ion source is that on the half plates, a stall alternative voltaqe is
superiaposed on the norial tension, for to obtain a divergent ion beat, In the sate purpose the final ion
source slit is used for retardation of ion beat (HeUholtz-Lagrange lax). In this Hay we have a divergent
ion beat Nhich enter on the axis of the analysing fi"ld.
A stall circular shield is placed in the analyser tube to prevent the ions deflected under 0(10° to
reach the collector.
Any ion Nhich has the speed vector directed to an angle a to the field axis, Mill have a radial
continent of the speed vr=v sin a, Nhich "ill cause a notion on a circle with radius r=vr/[le/i)H}.
The e, • and H have their usual leaning.
The ion will have finally a helical pith and after a distance l=2iv/[(e/i|H] on the ncis of the
ugnetic field, it Kill be again on the axis of the field, There Bill be placed the colletor slit.
The tain advantages of this lass spectroieter are the snail dinensions and Height and also the
reduced energy of the ions, the appiratus being useful as a snail energy amlised ions source.
The IRASS spectrometer Ha! ICE let) on H ' ion;.
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Optimizing Ion-Optical Aberration by Using Thin Steel Sheet
M. Ishihara
JEOL LTD., Akishima, Tokyo 196, Japan.
In order to construct a sector-type mass spectrometer with high resolution, it is
required to correct the ion-optical aberration of the instrument as small as possible.
A solution for this is to introduce a multipole lens. This lens is convenient to find
an optimum correction experimentally because the effect of the lens can easily be
controlled by varying electric potentials of the lens electrodes. However this
solution requires an extra ion optical component (the lens itself) and extra cost.
Another possibility is to adjust the distribution of the magnetic field; trimming the
boundary of the magnet is an example of the method. This requires no extra
component, however, requires to machine the magnet pole piece finely. Therefore,
this method is inconvenient to repetitive experiments for finding the best shape of
the pole piece.
Here we investigated a low cost and flexible method to correct aberration by
changing the magnetic field. In this investigation, a pair of thin sheets (0.025mm)
made of low carbon steel was stuck on the surface of the pole piece. Since the
gap of the magnet was 6mm, the magnetic field in the sheet area increased by
0.83%. This change of the magnetic field produces a new ion-optical effect. We
can easily control this effect by changing the shape of the sheets. We have
succeeded to correct aberration experimentally by using this new method. The
utility of the method will be presented.

FrB6

EXPERIMENTAL VERIFICATION OF AN IMPROVED PRE-FILTER MODEL
M. Simon, S. Bohatka, and Cs. Trajber
Institute of Nuclear Research of the Hung. Acad of Sci. (ATOMKI)
Debrecen, Bern t£r 18/C,
Hungary
1) TUNGSRAM Brddy Laboratory, Budapest, Hungary
A computer simulation has been made earlier for the optimization
of quadrupole prefilters [Vacuum (1993) 44, 5-7, pp 653-656]. Experimental proof of the simulation can be produced relatively easy for
light ions but problems are increasing with higher masses (>100u).
Transmission of the pre-filter - analyser system is measured, and
difficulties arise when monoenergetic, parallel ion beams of well
defined masses must be produced. This is realized with an axial ion
source, energy filter and tandem quadrupole MS arrangement. The simulation can hardly treat fringe field effects. An empirical formula is
obtained for the transmission as a function of pre-filter - analyser
distance, and it is considered as a correction factor. Results prove
the mass independent pre-filter arrangement predicted by the model.
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Fr B7
FRINGING FIELD STUDY FOR RF-ONLY QUADRUPOLE MASS SPECTROMETERS
F.Muntcan. D.Ursu, N.Lupsa
Inst.of Isotopic & Molecular Tech., POBox 700, R-3400 Cluj-Napoca, Romania
A mass spectrum can be obtained with a
quadrupole mass filter operated With only a radio-frequency
bias on its rods by placing a retarding grid after the filter.
Reducing considerably the electronic complexity of the
apparatus, this mode of operation seems also to provide a
greater sensitivity compared to the classical mode [ I I .
This method of mass analysis is mainly based on
the understanding of the exit fringing field effects on the ion
motion, especially on the exit ion energy and position.
A computer program has been developed to study
these effects. The model used for ihc fringing field is a
three-dimensional, exponential one, derived by Hunt cl al.
{2], which matches well a computation of a real electrode
potential configuration. The method used to integrate the
coupled equations of motion is a Taylor expansion method.
An example of energy distribution of the
transmitted ions for a point of operation near the limit of
stability fa=O, q=0.907) is presented in f i g . l . The bars arc
proportional to the number of ions which exit with an
energy around that value. The dashed bar indicates the
entry ion energy. For this point of operation, the majority
of ions enter the exit fringing field having great transversal
velocities and/or displacements [3|, which has been found
to be a cause for the gaining of their longitudinal energies.
Computer experiments have been performed to

•m-fill
Figure 1

investigate the way in which ion exit energies are
influenced by ion or field parameters, to find efficient ways
of mass separation - with minimum compromise between
sensitivity and resolution.
[ l | A.E.Holme, S.Sayyid, J.HLeck, Inl.J.Mass Spec.Ion
Phys.. 26(1978) 191.
(2| K.L.Hunter, B L . M d n t o s h , Int.J.MassSpec.lon Proc.
87(1989) 157.
[3| F.Muntean, D.Ursu, N.Lupsa, Vacuum, in press.

Fr B8

Q M F EMITTANCF. IN THF. S E P A R A T I O N M O D E
O F T H E INTERMF.OI A T E S T A B I L I T Y Z O N E
S . S . S iIakov
L a b o r a t o r y of Q u a d r u p o l e Mass S p e c t r o m e t i y . S c i e n t i f i c Research
Technology Institute, 390011 Ryazan (Russian Federation)
Q M F e m i t t a n c e is d e f i n e d a.s ion d i s t r i b u t i o n in t h e p l a n e o f
the o u t p u t p l a t e . T h e ion d i s t r i b u t i o n is i n f l u e n c e d
by fringing
f i e l d s a n d d e p e n d s o n t h e r e s i d e n c e time o f ions in this f i e l d s .
Ellipse parameters transformation matrix
h a s been
obtained,
w h i c h is m o d i f i e d b y f r i n g i n g f i e l d s .
O u t p u t b e a m e m i t t a n c e d e p e n d s o n ion v e l o c i t i e s m o r e in i n t e r m e d i a t e z o n e t h a n in z o n e I. Ion b e a m
focussing
is a c h i e v e d b y
f r i n g i n g f i e l d s in o u t p u t p l a t e p l a n e a I a x i a l ion v e l o c i t y 1 0 r Q f .
T h u s at r = 0 . 3 5 c m , f = l M H z a n d m = 4 0 u t h e a x i a l i o n e n e r g y m u s t b e
o
2 5 5 e V , a s it is c o n f i r m e d b y e x p e r i m e n t .
T h e d a t a o b t a i n e d a r e u s e f u l for c r e a t i o n o f ion c o l l e c t o r
knot of Q M S a n d c o u p l i n g of a n a l y z e r s of tandem q u a d r u p o l e
mass
spect rometer.
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Fr B9
DESIGN AND PERFORMANCE OF AN ULTRA HIGH RESOLUTION ENERGY RESOLVING
TANDEM MASS SPECTROMETER
Gareth Brenton and Christopher Lock
Mass Spectrometry Research Unit, Swansea University, Swansea SA2 8PP, UK
We have previously demonstrated an unique design of tandem mass spectrometer which provides energy
double focussing giving energy resolution in excess of 100,000. This design is based on an identical
pair of electrostatic analysers symmetrically positioned with respect to each other. We have discussed
the features of this design in detail [I]; its application is to directly measure the electronic and
vibrational structure of both ions and neutral species by the technique of Translational Energy
Spectroscopy (TES). In these applications it works with ions of energies, typically between 0.5 to
10 keV and is sufficiently sensitive to record electronic structure and in favourable circumstances
vibrational structure, with a product ion energy resolution of ca. 20,000. To improve the existing
instrument to be more generally applicable for chemical structural analysis it was required to make it
more sensitive to give higher resolution in the product spectrum. To achieve this one requires higher
energy dispersion, this we have achieved by constructing a completely new instrument based on large
energy analysers (commercially available) of 0.96 m radius. This has been connected to the magnetic
separation stage of a VG ZAB mass spectrometer giving an instrument which simultaneously gives very
high mass resolution and energy resolution. The details of the ion optical sy^em which involves
quadrupole and hexapole lenses for image aberration control will be presented inilia; .-?<;!.llts from this
instrument. To further improve sensitivity the detector also incorporates a novel array detection
system which will enable photoelectron type spectra of ions and neutral to be directly taken in a ratter
of seconds rather than minutes. The improvement in performance over our current instrument y-, aii
increase of sensitivity of xlO - x4000, the latter involving the array detector, at a given energy
resolution with an increase in the ultimate resolving power of x3.
References
1. M Hamdan and A G Brenton. Chapter 6 in 'Physics of In Impact Phenomena', Vol. 54, Springer
Series in Chemical Physics, (1991) 165 - 198.

FrB1O
ON-BOARD LASER TIME OF FLIGHT MASS SPECTROMETER FOR TRACE SOLID ANALYSIS
Sysoev A.A., Metalnikov P.S. Moscow state entfineerinK phypics institute (technical university)
Pyatakhin V.I., Barat I. Geoport, Kft.
In the paper the results of development of small size time of flight mass spectrometer with
sensitivity 10-* % for analysis of solid and powder proljp.s at nature conditions are presented.
A probe substance is ionizf-d by irradiation of solid laser focused onto a target. The laser used has
radiation wave length A.-1.06 nui, pulse duration about 10 us and pulse energy 0.1 J . Source ion optics
system intends to solve problems of plasma destruction, effective ion extraction and formation of ion
packets with short duration. Scanning mechanism allows to irradiate a sample surface region, having
area -0.2 crn2, and sluice means permit to carry out fast probe replacement (time of device preparation
for analysis after sample replacement does not exceed SO min).
Analysis with the help of this device is based on time of flight ion separation according to their
mass-to-charge ratio in electrostatic axial symmetrical field [1, 2]. To form field the cylindrical
capacitor, providing ion temporal focusing for three parameters: radial angle divergence, initial radial
coordinate and energy spreads, is used. Ion deflection angle in used analyzer is 509.13 degree.
In this facility ion packet detection is provided by a special secondary-electron multiplier (SEM)
with a large dynamic range. A signal from SEM output is amplified by pulse amplifier. The data
acquisition system, connected with computer by means of interface, transforms signals to time of flight
mass spectrum. An multichannel data acquisition system provides recording of mass spectra in wide
dynamic range.
The following results in test experiments with mass spectrometer have been obtained: resolving
power is ~2000 at half of peak maximum and • 800 at 10" level of peak maximum for copper isotopes,
isotopic sensitivity is ~10 4 % , registration limit is about 10 5 % , mass spectrum accumulation time is
5 rain.
The device measures are 60x50x100 cm. The mass is 150 kg.
REFERENCES
1. Poschenrieder W.P. "Multiple-focusinp limr of flight mas? spectrometers". TOFMS with equal
energy acceleration".- Int. J. Mass Speclrom. and Ion Physics, 1972, v. 9, N i, P. 357-378.
2. Oleinikov V.A., Sysoev A. A. Technique of calculation and investigation of time focusing properties
of axial-symmetrical static fields. / Dep. V1NITI 06.06.80. N 2971-80.
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FrB11
Time of flight mass analyzer for the gas flu oinatography maps spectrometer
Sysoev A.A., Sysoev A.A.. Lyapunova E.l'.
The application of gas chronia'-ography mas? spectrometer (GCMS) is a relevant method to
determine a composition of compounds at a trace level. The using of quadrupole mass analyzers is a
traditional mode to obtain a mas? spectrum information in the GCMS. However tiiere are raaes
discrimination, sensitivity decrease at high masses and high mass spectra scanning velocities. They
make the analysis of unknown compounds difficult. The time of flight (TOF) analyzers have no such
shortcomings, so it is a perspective instrument. In this report the time of flight mass analyzer for the
high sensitivity GCMS is described.
We consider new construction of TOF mass spectrometer and results of the numerical
simulations of its ion optic scheme. Much attention is paid to possibility to obtain high resolution and
high sensitivity of GCMS with the time of flight mass analyzer. The TOF analyzer of maas-reflectron
type was chosen to provide the second order energy focusing. The estimation of the resolution was based
oil taking into account energy and initial coordinate spreads. The influences of ion generation
coordinate spread was compensated by using space time focusing. Different operating modes and
features of the TOF mass analyzer are also considered.
The main sources of noise were mathematically simulated and investigated to determine the
leaver detection limit of time of flight mass spectrometer and GCMS. The estimation of the noise level
was made by taking into account main physical processes: secondary ion scattering on gas molecule and
internal vacuum chamber walls, secondary ionization and others. The coefficient of the ion packet
transmission tlirough analyzer was defined by using the numerical simulation of ion scattering on
different electrostatic elements of the system.
Application of the proposed time of flight mass analyzer in GCMS permits to obtain the following
features:
Resolution:
R-10 000.
Range of energy focusing:

U-0.2 U

where U is the middle ion energy.
0

Coefficient of the transmission of the mass analyzer: K*-.T ^ .

-»

m—10

Lower detection limit of GCMS:

-17

-10

g.

Fr B12
APPLICATION OF A HIGH TEMPERATURE EFFUSIVE BEAM COLLISION CELL
Christopher Leather and Gareth Brenton
Mass Spectrometry Research Unit, Swansea University, Swansea SA2 8PP, UK
Tandem mass spectrometry studies are primarily based on collision-induced processes, other methods
of ion activation being made by laser radiation, surface induced dissociation or electron excitation.
Most MS/MS studies are only concerned with the fragmentation pattern in order to obtain structural
information. Consequently a relatively small selection of gases are used as their sole purpose is to
transfer translational energy to internal excitation energy. However, in cases where fragmentation is
induced by charge exchange or charge transfer, for example, neutralization/re-ionization mass
spectrometry (NRMS), then the nature of the collision gas is often a critical determining factor for the
efficiency of the collisional process and the degree of fragmentation. In NRMS the ionizalion energy
(IE) of the target species is important and frequently species of low IE are required. McLafferty [I]
and coworkers described, ten years ago, a high temperature cell for NRMS capable of vaporizing
species such as zinc, mercury, potassium etc.
This investigation is concerned with studies where the species to be studied is not the fast ion but the
target moiety itself whereby the structure of the target can be investigated by collision excitation of the
target and monitoring the change in energy of the fast ion colliding with the target. Here we will
report studies of chemical species, of varying volatility up to very involatile species such as fullerenes.
These studies are being undertaken on a high energy resolution mass spectrometer. The specification
of the cell being developed is; i) Temperature range T < 650°C; ii) Sample must be capable of being
condensed on a cold plate/finger (liquid nitrogen cooled), iii) Effusive beam diameter must be restricted
to = 2mm. iv) Sample must be capable of being introduced on a solid insertion probe, v) Minimum
contamination of the high resolution energy sectors. The prototype of the cell is based on a design of
Burgers et al. [2] which they used for NRMS on potassium vapour. We will report on its operating
characteristics and its suitability for high energy resolution translational energy spectroscopy.
References 1. F W McLafferty, (ed.) 'Tandem Mass Spectrometry', John Wiley, New York, 1983.
2. P C Burgess, W Kulik, C Versluis and J K Terlouw, Organic Mass Spectrom., 25 (1990) 250.
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Fr B13
CHARACTERIZATION OF A HIGH PRESSURE COLUSION CELL FOR
LOW-ENERGY COLLISIONAL ACTIVATION
R.K. Boyd, M.R. Morris and P. Thibault,
National Research Council, 1411 Oxford Street, Halifax, Canada B3H3Z1.
Experimental conditions in MS/MS commonly include collision energy, and fractional
attenuation of precursor ion beam intensity by the collision gas or occasionally the
collision gas thickness (CGT, molecules/unit area) "seen" by a precursor ion. The
fractional transmission of precursor ions normally monotonically decreases as the CGT
is raised, due to increasing importance of scattering, charge exchange, reaction with
collision gas, and collision induced dissociation. Recently [1] we evaluated a new rf-only
quadrupole collision cell, installed in a SCIEX API/Ill triple-quadrupole mass
spectrometer, whose transmission characteristics exhibited unusual features. At a
collision energy of 90 eV on ammonia, the intensity of triply-protonated bovine insulin
B chain (m/z 1166) first decreased to about 20% of the original value at a CGT of
250x10" molecules cm'2, but then increased to 95% at 370x1014 molecules cm'2. This
effect has now been studied for several ions with a range of targets at different collision
energies. Its magnitude decreased with increasing molecular mass of the collision gas,
probably reflecting collisional focusing of the ions towards the optical axis [2] analogous
to collisional cooling of ions by helium buffer gas in quadrupole ion traps. For ammonia,
the lightest gas used, reactive collisional activation was also observed [1 ]. Fragment
ions emerge from this cell with a low kinetic energy, greatly simplifying the problem of
matching the offset potential of the final quadrupole to m/z of the fragments, thus
permitting excellent resolution across the spectrum for multiply-charged precursor ions.
[1] M. Morris era/., Rapid Commun. Mass Spectrom. 1993, 7, 1136-1140.
[2] D.J. Douglas and J.B. French, J. Am Soc. Mass Spectrom. 1992, 3, 398-408.

Fr B14
GEOMETRY FACTOR OF THE INFINITY™ CELL FOR ENERGY RESOLVED CID
P. Caravatti a \ H.-Fr. Grutzmacherb>, and H.L. Sieversb)
a) Spectrospin AG, CH-8117 Fallanden, Switzerland
b) Fakultat fur Chemie der Universitat Bielefeld
P.O.B. 10 01 31, D-33501 Bielefeld, Germany
The Bruker Infinity,,TM,Cell improves FT-ICR spectrometry by several advantages.
In particular the design of the Infinity r M Cell offers enhanced excitation properties. The
more predictable excitation process is very useful in performing energy resolved CID
experiments.
The kinetic energy of the parent ion is calculated from the peak-to-peak voltage
and the length of the activation pulse. Besides the maximum diameter of the cyclotron
motion the geometry factor |J of the cell has to be known. For this reason we present the
determination of the geometry factor of the Infinity™ Cell.
Alternatively, it is possible to derive the kinetic energy from the experimentally
determined cyclotron radius. For this purpose the linear increase in ion intensity is
observed as a function of the activation pulse length. When the ions reach the cell plates
the intensity drops rapidly defining the pulse length corresponding to the cell radius.
Pulse length and radius are linearly correlated. In this way it is possible to calculate the
cyclotron radius for each activation pulse. Additionally, a deviation from a sharp
decrease in ion intensity yields information about the radial distribution of the ions. This
experimental protocol can be used to determine the energy distribution of parent ions
for energy resolved CID experiments in a FT-ICR spectrometer. This experiment gives
similar results as retardation experiments with guided ion beams.
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Resonant and Nonresonant Excitation Methods for Collision Induced Dissociation in the Ion
Trap Mass Spectrometer

Steve Schachterle
Varian Chromatography Systems, 2700 Mitchell Drive. Walnut Creek. CA 94598. USA
Tandem Mass Spectrometry (MS/MS) is performed in the ion trap by isolating parent ions and
then increasing the translational kinetic energy of the ions until they undergo collision induced
dissociation (CID). Early work coupled power into the ion motion using a single AC frequency
tuned exactly to the secular frequency of the ion. However, the secular frequency can be
shifted by a number of factors such as non-ideal trap geometry, concentration changes, RF
trapping voltage, and space charging effects. Determination of the precise resonant
frequency of the parent ion is done empirically, requiring a constant source of the test
compound.
Modulated resonant excitation applies a near-resonant AC frequency and simultaneously
modulates the RF trapping field. Modulating the trapping field compensates for uncertainties
and shifts in the secular frequency of the parent ion. The exact resonant frequency does not
have to be determined but can be found close enough by calculation.
Nonresonant excitation, where a low frequency square wave is applied, rapidly shifts the
equilibrium position of the stored ions. The restoring force of the trapping field imparts
kinetic energy to the ions while moving them into their new trajectories. This excites all ions,
regardless of their mass to charge ratio. By preceding the excitation step with a step
providing single mass isolation, good quality MS/MS spectra can be obtained.
These three excitation techniques will be compared- resonant, modulated resonant, and
nonresonant. By using well characterized probe ions, such as n-butylbenzene, energy
deposition in the ions can be inferred. Data will be presented showing breakdown curves for
several ions, demonstrating the product ion spectra produced by each technique.

Fr B16
Characteristics of Surface-Induced Dissociation
on a Hybrid Mass Spectrometer with MicroChannel Plate Assembly
Yves Mouget* and Michel J. Berlrand. Regional Center for Mass Spectrometry,
Department of Chemistry. University of Montreal, Canada, H3C 3J7.
In the last decade, studies involving melastable ions, ion fragmentations and ion-surface
reactions have been greatly enhanced with the use of surfaces as an alternative means of inducing
ion dissociation (SID). This approach has been shown to convert a larger amount of the ion's
translational energy into internal energy, to increase the fragmentation efficiency, and to
maintain a lower background pressure in the instrument than is the case with gas collisioninduced dissociation (CID). MicroChannel plate assemblies (MCP) have only recently been
introduced 1 as an alternative approach to promote SID, and certain advantages, such as a lower
amount of neutralization due to the high resistivity of the channels, have already been observed.
An MCP assembly was installed in the third field free region of a VG AutoSpec-Q hybrid mass
spectrometer of EBEqQ geometry, just before the MIKES collision cell. The plate is mounted
within a set of focussing lenses that can be easily removed from the path of the ion beam.
Micrometer equipped feedthroughs, which are part of the assembly, also allow the direct
adjustment of the plate angle with respect to the incoming ion beam. Although a brief description
will illustrate the characteristics of this configuration, a better evaluation of it's performance
will, however, be shown by comparing unimolecular, CID and SID fragmentations monitored by
MIKE scans and linked scans such as B2E or Q-MIKES. The evaluation also involved the study of
the energy transferred to the ions undergoing dissociation. Since SID approaches are known to
yield energy depositions in the ions which are higher and narrower than is possible with other
fragmentation-inducing techniques, this characteristic was studied and also noted with the use of
microchanne! plates. Products with known dissociation energies (certain metal carbonyls,
telraethylsilane) have, therefore, been studied at different collision energies and different
collision angles, as well as with different channel size MCP assemblies. Further experiments
have been conducted with PAHs, that are known to produce weak fragmentation with conventional
dissociation-inducing techniques, in order to demonstrate the effect, on their fragmentation, of
the higher energy deposition.
1) W. Aberth, Anal. Chem. 62, 609 (1990)
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Ion Isolation Studies in an Ion Trap for G C / M S / M S
Barbara Bolton, Greg Wells and Mingda Wang
Varian Chromatography Systems, 2700 Mitchell Drive, Walnut Creek, CA 94598, U S A

The practical combination of gas chromatography (GC) and tandem MS (MS/MS) in an
ion trap mass spectrometer places special requirements upon the instrumentation. The
difficulty of calibration of low volatility samples for ion isolation and excitation has
previously limited the application of MS/MS techniques for GC-MS/MS. A new method
of ion isolation for use in tandem MS process in an ion trap is described. This method uses
a combination of scanned resonance ejection and resonance ejection with broadband
waveforms. Unit mass isolation can be achieved at all masses up to the current scan limit
of 650 Da. A comparison is made to other methods of ion isolation utilizing combinations
of DC, resonance scanning and instability scanning. Data will be presented comparing the
efficiency of isolation for both stable and unstable ions for various methods of isolation.

FrB18
APPLICATION OF HIGH RESOLUTION ARRAY DETECTOR TECHNOLOGY TO
TRANSLATIONAL ENERGY SPECTROSCOPY (TES)
Jonathon Ashley, David P. Langstaff, Christopher Lock*, Gareth Brenton* and Keith Birkinshaw.
Department of Physics, University of Wales, Aberystwyth, Dyfed SY23 3BZ
*Mass Spectrometry Research Unit, University of Wales, Swansea SA2 8PP
Array detector technology has been used by the mass spectrometry community for some time [1,2].
The devices developed to date are limited in size, resolution, noise and maximum count rate. The
present system is a simplification of previous array systems and designed to overcome these limitations.
This submission describes its use when applied to a high resolution translational energy spectrometer,
used for chemical physics studies. TES has different requirements than those of conventional mass
spectrometry, in particular, the focal plane length is a few mm only, ion current are typically 10"" to
10 H A, mass range < 500 u. The array, which has been designed for high resolution operation, has
an inter electrode spacing of 15.5pm. It consists of a one dimensional array of aluminium strips
(detector electrodes) on the surface of a silicon chip, each of dimension 4mm x 12/im on a pitch of
15.5j*m, giving 645 detectors electrodes per cm. Each electrode has its own integral charge pulse
sensor, 8-bit counter, control logic and bus interface, and the array sits behind a microchannel plate
electron multiplier as shown below. A 20 bit bus (8 data, 10 control/test, power and ground) allows
direct interfacing to a computer. A 400 detector array (25/tm pitch) has been tested on the energy loss
spectrometer and is functional. Results of it's operation and those from the higher resolution array will
be presented. The array appears to be ideally suited to mass spectrometric applications. It is small
and combines a high ion collection efficiency at high ion intensity. Each detector on the array can
count at a rate of - 1 0 7 cps and there is no inherent noise making it ideally suited for our application.
REFERENCES
1)
J S Cottrell and S Evans, Rapid Commun. Mass Spectrom., 1 (1987) 1.
2)
A J H Boerboom, in 'Mass spectrometry of large molecules', ed. FS Facchetti, p. 53 (1985).
3)
K Birkinshaw, The Analyst, 117 (1992) 1099.
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Correlated time and analog measurements with a new electronic device in time-of-flight mass
spectrometry. Applications in basic physics and mass spectrometry analysis.
K. HauJin, A. Brunette, I'. Clumrand. J.C I'uzim, S. I)ella-Negra, J. Uepmm, Y. Le Beyec.
./. l.e Bris, A. Richard, R. Seilem.
Institut de Physique Nucleaire. ('NRS-IN2P3. 91406 Orsay, I-nince
Time-of-flight (TOF) mass spectrometry is a very useful method for surface analysis in a large range
of mass from electron to large proteins until 10 u In the TOF technique, the measurement of time
differences between a start signal and stop signals is a very important technical point The single ion
counting method using a time digital converter is well adapted to desorption methods giving 1
secondary ion per mass (and per start signal), like PDMS or SIMS with a pulsed ion gun.
In the MALDI technique the number of secondary ions associated with one laser shot is high (102\Q*\ An analog technique of measurement is therefore required in TOF measurements. A transient
recorder is used in most cases.
Different kinds of electronic devices have been developed at the Institut de Physique Nucleaire (IPN)
in Orsay including a multistop time to digital converter (TDC) and a TDC coupled with a multistop
charge to digital converter (CDC).
In the second arrangement the CDC measures the total charge associated with each signal delivered
by the microchannel plate stop detectors (3 available) This total charge is proportional to the
number of particles (electrons, neutral, ions) simultaneously hitting the detector. After calibration it
is possible to obtain the absolute value and the distribution of particles. The charge is converted to a
digital value and correlated with the time difference. A fast microprocessor correlates the TOF mass
spectrum with the CDC spectrum.
A series of interesting problems can be investigated with this system like correlation between
electrons and ions simultaneously emitted from the surface, the multiplicity of emission, the number
of electrons per impact of large mflsses and the number of ions in MALDI at the irradiance
threshold... These aspects will be presented.

FrB20
A new pulsed FAB c o n t r o l system coupled with an a r ' a y d e t e c t o r on a four
s e c t o r tandem mass spectrometer
K. Tanaka. F. Kunihiro and Y. Kammoi
JEOL LTD.. Musashino. Akishima. Tokyo 196. Japan
T. Takao and Y. Shimonishi
I n s t i t u t e f o r P r o t e i n Research. Osaka U n i v e r s i t y . S u i t a . Osaka. Japan

A pulsed FAB has been proposed t o be a p o w e r f u l technique f o r dramatic
enhancement in s e n s i t i v i t y and f o r increase in sample l i f e t i m e s .
Mere

we developed

photodiode

based

a new pulsed

array

detector

tandem mass s p e c t r o m e t e r .

FAB c o n t r o l

system coupled

on a JEOL JMS-HXI10/HXI10 f o u r

with

a

sector

A high v o l t a g e power s u p p l y combined with a

f u n c t i o n g e n e r a t o r newly designed allows a primary FAB beam with up t o 6 keV
to be s t e e p l y t u r n e d on and o f f in less than I m i l l i s e c o n d . The pulsing of a
primary beam can be s y n c h r o n i z e d with s t a r t - u p of the data a q u i s i t i o n of the
array detector.
When t h e system was tested
protonated

molecular

on MSI using a pulsed Xe atom beam, the

ion peaks of p e p t i d e s . a n g i o t e n s i n I(m/zl296.7) and

substance PCm/z 1347.7) showed a good S/H r a t i o in low femtomole l e v e l . This
pulsed FAB system is a l s o being e v a l u a t e d f o r reducing t h e amount of sample
r e q u i r e d f o r MS/MS sequencing of peptides.
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Fr B21
LOW-NOISE DETECTOR FOR MEASUREMENTS OF PULSED ION FLUXES
IN THE RANGE FROM 10
S
TO 10
S
D.D.Boqdanov.A.M.Rodin.S.I.Sidorchuk.V.A.Timakov
FLNR,Joint Institute for Nuclear Research,Dubna,Russia
The detector designed as a tandem-type array of two production
microchannel plates (HCP) is described. Depending on the applied
voltage the detector operates both in the mode of single ions count
(SIC) and in the current node. In the SIC mode for the ions in the
energy range 20-120 keV the following parameters were measured in
detail:
the
pulse-height
distribution
(PHD),
the
average
pulse-height (APH), and the value of the MCP background with
detection efficiencies 35% and 60%. The results are presented in
the table.
U (V)
680
755
830
905
980
APH(pC)
background

1.6

16

35%

ID"3

60%

3-10-3

10-3
2-10"3 2-10"3
410"3| 9-10"3| 0.1

64

160

480
3-ID"3
0.2

It is shown that the PHO of projectiles has the quasigaussian
shape, unlike the PHD of the background having the exponential
shape. The APH of ion signals was found to be 5-10 times as many as
the one of the background due to the high value of the coefficient
of secondary electron enission for ions. This enables to realize
the pulse-height discriminationpf the background and decrease its
contribution from 1 to 10~ cm s . In the saturation mode -the
contribution of the background increases up to (0.2-1.0) c m " ^ " .
_ In the current mode the dynamic range of the detector reaches
10 at the fixed voltage with use of detecting the signal both from
the collector
and
from
the exit of the
first
plate.
The
amplification of the HCP is mass-independent in the mass range
27<A<209.

FrB22
THE POSITION SENSITIVE DETECTOR FOR THE DOUBLE-FOCUSING MASS-SPECTROGRAPH
A.I.Boriskin. V.M.Eriomenko, Yu.S.Filonenko, S.N.Khomenko, O.R.Savin, A.N.Skripchenko. M.F.Zviryaka
Institute of Applied Physics of the Ukrainian Academy of Sciences. 244030 Sumy, Ukraine
In the analytical systems of the double-focusing mass-spectrographs the photoplales are usually
employed as detector. In this case the dala processing needs high qualification of researchers and
long time for information pick up [1]. In spite of some resolution decrease the electric position-sensitive
detector is more convenient for some analytical tasks, which makes available the low detection level in
integral operation mode with small sample consumption and small time of analytical information receiving.
The double-focusing mass-spectrograph is discussed which consists of electric detector with multislit
diaphragm being set between outer boundary of mass-analyzer and detector, the unit of scanning and
detection [2].
The multislit diaphragm is rigidly connected with detector and has slits of the same width being parallel
one another and being situated at distances which differ more than their width. The number of such slits
correspond to detector aperture and are determined, by the relationship, n< I (dN/dx)h, where h - the slil
width, dN/dx - the maximum number of ion beams being detected , which correspond to the lengh unity
along the focal plane of mass-analyzer.
The multislit diaphragm along with electric detector is carried along the mass-analyzer focal plane
with the help of sweet unit. The ion beams being focused at focal plane get to some slits during detector
sweep time and then pass to detector aperture. The ions which have the energy of some keV and which pass
the slits are getting to ion-electron converter, which is situated in detector almost parallel to the plane of ion
motion. The secondary electrons are accelerated by electric field being impressed at the gap between the
converter and microchannel plate. The algorithm of the data analysis being preliminary processed by the
computer is based on comparing with difference between the time of maximum peak appearance with
distance difference between the slits in multislit diaphragm divided by sweeping speed. The information
about the time when the slit is passed is being put in computer in advance. The following indications are
essential for ion beam initial position identification: the detection of ion beam pass through two or three
slits, the absence of maximum ion beam signal in two or three intervals in series of maximum coordinates
being put in memory and relative sum constancy of generator signal components.
The results of position sensitive detector testing on mass-spectrograph with double-focusing analyzer
and laser-plasma ion source MS3101 are given.
1 G.N Rarrendik, AYuKhromov, etal JACh. v43, N2, 1988, p 224-237
2 AI Boriskin, V M.Eriomenko, et al the USSR Authors' Certificate 1305795. 10 06 1985
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FrB23
A New Mode of Mass Scanning for Quadrupoie Mass Spectrometers
Capron, L.; Simonneau, G.; Rolando, C: Beaugrand, C; 'Sablier, M.
Ecole Normale Superieure, Deparlemeij't de Chimie, URA1679 du CNRS,
24-rue Lhomond. 75231 Paris cedex 05- FRANCE
There has been a rapid increase in the use of quadrupoie mass spectrometers during the last decade.
Theoretical and experimental advances have now provided a basic understanding of quadrupoie devices.
Quadruples are dynamic mass analysers which currently use a constant d.c. voltage and variable
a.c. voltage at fixed frequency. Mass scanning is obtained by varying the a.c. tension, keeping the ratio a.c.
tension/ d.c. tension constant (1). Another scanning mode could be available which lays in the use of a fixed
a.c tension and a variable frequency. To our knowledge, this way of scanning had never been used.
Due to the recent development of high-voltage electonic devices, such an approach has been possible.
For that purpose, we used a Nermag R10-10 quadrupoie mass spectrometer by suppressing the traditionnal
resonant power supply circuit inducing a faster and more precise asservissement. The generator we have
used affords an a.c. tension frequency in the 100 kHz - 1 MHz range making available a 15-1500 uma mass
range for an a.c. tension value of 75 V. Theoretical calculations have shown that the FWHM (Full width at
half maximum) is constant in a classical quadrupoie mass spectrometer, this not the case when using our
variable frequency. This is due to the inversely proportionnal variation of the FWHM with the frequency. On
the contrary, resolution becomes approximative^ constant.

1) Dawson, P.H. in Quadrupnle Muss Hpetirninrtry and Us applications, 1976.

FrB24
The Way to Improve the Keprod liability of the Results Obtained by 1CP-MS
N.L.Abiainvlclicvj. K.G.Okscnoid*
-Chemistry Dcpaitincnt, Moscow Stale University, Moscow, Russia
-KuniaJcov Institute of General A ]no;ganic Clicmisby, Russian Academy of sciences, Moscow, Russia

Rcproducibility of the results obtained by Inductively Coupled Plasma Mass Spcctromctry
(ICP-MS) depends on the stability of die gas flow (usually AT) and also on the stability of the
hf-generator power. The values of the Relative Standard Deviations (KSD) usually arc of about
O.O3-O.O5 and arc enough for the determination of minor components, but do not satisfy to the
analytical requirements, when major components of the sample should be determined.
All kinds of instabilities above mentioned, lead to the change of plasma parameters (density,
temperature etc.). Such change, in its turn, leads to the change of the ionizalion rale constants
of different atoms and, as a result, the Relative Ion Yield (RIY) changes. Change of plasma
parameters in lime was delected by the observations of the instability of laser light intensity
(IIc-Ne laser was used), which passed through the ICP. Laser light intensity changes because
the dispersion coefficient depends on the density and temperature of a plasma. We have
scmicmpiricaliy found the quantitative relationship between dispersion coefficient and plasma
temperature. This temperature was calculated lioiti (lie experimental RlY-valucs according to
the Lovelt "rate model".
It allowed us to concct the instability of RIY in time and lo obtain ItSD-valucs about 0.0070.015 during the analysis of YDaCuO-ccramics for the determination of major components.
Thus we hope that such a way can be used for die decreasing of RSD-valucs for the results
obtained by ICP-MS and it can extend a field of the ICP-MS applications.
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Fr B25
ACCURATE MASS MEASUREMENTS IN TIME-OF-FLIGHT
PLASMA DESORPTION MASS SPECTROMETRY
R.A.Zubarev. P.Hakansson and B.U.R.Sundqvist
Division of Ion Physics, Uppsala University, Box 535, S-751 21 Sweden
The home-built time-of-flight mass spectrometer DIPLOMA [1] equipped with an electrostatic mirror
provides a typical mass resolution of 5000 in plasma desorption mode for peptides in the range of 10001500 Da. The instrument has been used to study the practical limitations of accuracy in peptide molecularmass determination. The questions addressed were if the instrument is capable to achieve the following
three goals: 1) Elemental composition determination of immonium and other characteristic ions. Mass
range is 30-200 Da, the accuracy desired is 10-20 ppm. 2) Amino acid composition determination for
short peptides. Mass range is 200-500 Da, the accuracy desired is 10-20 ppm. 3) Recognition of Gin vs.
Lys and Asn vs. Om residues in peptide ladder-like mixtures. Mass range is 200-2000 Da, the accuracy
desired is <35 mDa or 20-200 ppm.
The study conducted showed that there are two main problems arising in achieving the above goals:
mass scale calibration and peak position determination. Both problems are related to a proper peak-shape
treatment. Because of different effects including delayed emission (believed to be a major contributor), the
shape of a single peak in a mass spectrum deviates from the commonly assumed Gaussian and appears to
be non-symmetrical, tailing towards higher masses. The approaches to overcome this problem will be
discussed and examples of precise mass measurements will be shown.
1. G.Brinkmalm. P.H3kansson, J.Kjellberg, P.Demirev, B.U.R.Sundqvist and W.Ens, Int. J. Mass
Spectrom. Ion Processes, 114 (1992) 183-207.

FrB26
LOW RESOLUTION MS DATA ACQUISITION USING STANDARD COMPUTER HARDWARE
A.Pamula, P.Vegh, N.Palibroda, L.GmbeM*)
Institute of Isotopic and Molecular Technology, Cluj-Napoca, Romania,
OFraunhofer-lnstitut fur Lebensmitteltechnologie und Veipackung, Munchen, Germany
A data acquisition system for low resolution mass spectra operating on a Finnigan
MAT 311 is described. The system consists
of a network of two AT 386 PC and standard digital I/O and 12 bit ADC cards. PC1
is dedicated to the acquisition of ion current and magnetic field data. Each mass
spectrum acquired by PC1 is transferred via
network to PC2 for subsequent data processing. This combination avoids the need
to use specialised interfaces.
The acquisition program, written in Turbo
Pascal contains procedures to do the following: a) creates a file where the mass
spectrum will be stored, b) starts up the
scanning of the mass spectrum looking
when the lover mass limit is reached (it
corresponds to the actual beginning of the
spectrum), c) stores the internal clock value
corresponding to the beginning of the mass
spectrum, d) reads the ion current channel
and the mass channel and stores the mass

spectrum in the declared file, e) watches if
the upper mass limit is reached and if so,
resets the scanning unit and passes the
control to the procedure mentioned at the
(b) item.
The data processing program, also in Turbo
Pascal, reads the file written by the acquisition program and is able to perform the
following:a) displays the chromatogram
and/or fragmentograms for up to 8 different
ions (8 registers available on the surface of
the screen), calculates peak areas in the
chromatogram, displays a chosen mass
spectrum from the chromatogram, displays
the difference between two mass spectra,
subtracts declared peaks from a mass
spectrum and supplies hardcopies of any of
the displayed images.
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FrB27
Laser Desorption Multiphoton Ionization Time-of Flight
Mass Spectrometry for Analysis of Thin-Layer Chromatograms.
A.N. Krutchinsky, A.I. Dolgin, M.A. Khodorkovski
"Lepta-Petersburg" Ltd. SRC, pr. Dobrolubova 14, St. Petersburg,
197198 Russia.
The position of separated on a silica gel or cellulose TLC plate
compounds of a peptide mixture was examined by its subsequent LD
scanning followed by MUPI of neutrals desorbed. The ions obtained
through MUPI were analyzed by TOF MS. The figure show the result
of
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The unambiguous identification and low detection limits achieved
for variety of peptides have indicated that the method could be
very promising for analysis of complex peptide mixtures.

FrB28
NEW DIMENSIONS OF ICP-MS : HP 4500

Authors: Katsuhiko Kawabata and Toshiaki Malsuda, Yokogaua Analytical Systems Inc.. Tokyo, Japan
Riczvc Soniassy, Hewlett-Packard GmbH, Waldbronn, Germany
Inductively Coupled Plasma Mass Spectrometers (ICP-MS) have been commercially available for over 10
years. In that time the technique has gained rapid acceptance by the analytical community and lias been put
to good use in a wide variety of applications. ICP-MS offers impressive multi-clement analysis capability,
excellent detection power, a wide dynamic range, broad elemental coverage, high throughput and
semi-quantitative analysis in addition to isotopic information. A high number of ICP-MS instruments arc in
use worldwide, performing a vast range of analyses in areas such as environmental testing, geology,
bioscicncc, and the nuclear and semiconductor industries. However the total number of ICP-MS systems
installed each year is still small in comparison with ICP-OES and Atomic Absorption Spcctroscopy
installations.
The newly developed HP 4500 1CP-MS aims to overcome the shortcomings of ICP-MS and to make
elemental analysis more productive, sensitive, reliable and easy to use at reasonable cost. This paper deals
with the design and development of this, the world's first benchtop ICP-MS system which was designed
with the above criteria in mind, without compromising the performance which made ICP-MS so desirable.
Some of the basic features that the HP 4500 provides are its compact benchtop size, ShieldTorch interface
enabling the instrument to detect a few ppt Fc, an Off-Axis lens system providing 5 cps or less background,
an automatic dual mode detection system for wider dynamic range, an autotune function to optimize
analytical conditions and full HP CliemStation control with standard user interface providing ease of
operation.
Analytical performance and real sample data will also be presented to demonstrate how the HP 4500 can
meet the demands of elemental analysis in various fields.
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Characterization of Sulphur Compounds in Hydrocarbon mixtures by means of
Hybrid Tandem Mass Spectrometry.
A. Mlndez, J. Bazdikian, and J. Medina.
INTEVEP S.A., P.O.Box 76343, Caracas 1070A, Venezuela.
Sulphur is a ubiquitous element in crude oils. It is present in different forms among
which sulfides and thiophenes are the most abundants. Sulphur compounds affect the
quality of crudes and their products, making more complex the refining processing to
reach the commercial specifications.
The characterization of these compounds plays an important role in refining, as their
composition can be related to crude oil processability. A major drawback in the study
of sulphur compounds in complex mixtures is that they require an ultra high resolution
for their separation from hydrocarbons sometimes beyond that capabilities of modern
mass spectrometers.
in this work daughter, parent and neutral loss scans were performed in model
compounds and real samples looking at parent ions of characteristic moieties like
C3HS+, CHS + , as well as neutral tosses of C2H2S and Q2H4S. These techniques
performed in V.G. ZAB 2SEQ mass spectrometer proved to be valuable in determining
a series of thiophenes, benzo- and dibenzo-thiophenes. By these means, it is possible to
analyze total hydrocarbon fractions avoiding the time consuming liquid
chromatographic separations and making the mass spectrometric analysis more
selective, specific and sensitive.

FrC2
STEREOCMEMICAL DIFFERENTIATION OF ISOMERIC NORBORNANE-2,3- AND
NORBORNANE-2.5-DIOLS BY CHEMICAL IONIZATION MASS SPECTROMETRY
Tuula Partanen, Mika Pykalainen and Pirjo Vainiotalo
University of Joensuu, Department of Chemistry, P.O. Box 111, FIN-80101 Joensuu, Finland.
The rigid norbornane skeleton, where subsliluenls are held in exactly known stereochemiea) position in the
molecule, allows easy examination of the stereochemical interactions between functional groups. In spite of
this, the mass spectrometric behaviour of diols with nsrbornane skeleton has not been well studied; only
electron ionization (El) mass spectra and only for some of them have been published. Since stereoisomeric
norbornane-2,3- and norbornane-2,5-dinls are not distinguishable under El, their differentiation was attempted
by chemical ionization (CI). The spectra were recorded using ammonia, isobutane, methane, acetone and
trimethyl borate (TMB) as reagent gas. Although all the stereoisomers could be identified, the differences
between the 2,3-ci.r-diols were minor. By contrast, the 2,3-trans and 2,5-di-endo isomers were easily
differentiated from the corresponding stereoisomers. In this respect stereochemical effects were greatest under
isobutane, acetone and TMB CI.
Under acetone CI the diols reacted mainly through (M+59J* adduct ion formation. The results are
best explained by assuming for the adducts a hemiketal structure analogous to that found in reactions
occurring in solution. The hemiketal generated from both 2,3-cw-diols and from 2,5-di-endo-diol appears as
a stable hydrogen-bonded chelate structure, and thus the [M+59]* adduct ion at m/z 187 formed the base
peak in the spectra. For the other isomers the stability of the [M+59]* adduct ion was low, as the ability to
form internal hydrogen bond was reduced or totally prevented. The easy elimination of water observed is
evident from the hemiketal structure of the adduct ion.
In liquid phase 1,2-diols react with boric acid and its esters to form cyclic complexes only when the
two hydroxyl groups in the diol are cis to each other. Under isobutane/TM3 CI, the two cw-2,3-diols and
2,5-di-encfcKlwl gavft tis* to efcundMrt vons •& mft 241 and 227 having a seven- and niire-membwed ling
structure. For the other isomers the main pathway was the reaction of the diol with the reactant ions at m/z
105 and/or 73 giving rise to the ion at m/z 201. The ion so formed decomposed further by losing either water
or methanol and producing intense peaks at m/z 183 and 169, respectively. The elimination of water was
especially favourable.
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FrC3
Ligand Induced Selectivity in Remote Functionalization Processes of Nitriles
I). Slockigl, S. Sen, H. Sclnrarz
Institut fur Organische Chemie. Teclinisclie Universitat Berlin, Germany

The selective functionalization of remote C-H or C-C bonds is one of the most interesting aspects
in enzymatic systems [I]

In the gas phase, also hare metal ions are known to induce a

comparable chemistry in long-chain monosubstituted alkyl compounds [2]. In order to investigate
and understand the differences in reactivity and selectivity on ligation of the metal ion, Fe + (L) (L
= CH 3 ) is reacted with a number of unbranched aliphatic nitriles using Fourier-transform mass
spectrometry.
Fe(CH,) + reacts with RCN (R = C 3 H 7 - C 7 H | 5 ) on collision rate,
whereas CH^CN and C 2 H 5 CN exhibit a much smaller reaction
efficiency, i.e. 7 and 51 %. While for all nitriles ligand association is
observed, for R = C 6 H , 3 and C 7 H 1 5 in addition loss of CH 4 and H 2
takes place. Extensive labelling experiments reveal that the expelled
neutrals originate exclusively from the CH,-Iigand and the w, (a)-l)
and (a>-2) positions of the two nitriles, suggesting Fe(CH 3 ) is end-on
coordinated to (he nitrile group [3].
| 1 | (a) R. Brcsloiv, Chem. Soc. Rev. 1972. /, 553 -(b) R. Brcslow. .-Ice. Chem. Res. 1980, IS 170.
[2| (a) H. Sclnvarz. Ace. Chem. Res. 1989, 22. 282. - (b) K. Ellcr. H. Schrarz, Chem. Rev. 1991, 91, 1121.
. Stockigl. S. Sen. H. Schuarz. Organomelallics. accepted for publication.

FrC4
Analysis of substituted fluorinated compounds by atmospheric pressure
chemical ionisation and particle beam LC-MS in positive and negative
ionisation modes
Ellis C M . , Loflus N.J.,

Fisons Instruments

Manchester, UK

A series of substituted fluorinaled in biological and environmental matrices have been
examined by LC-MS. These compounds were used to explore the sensitivity and selectivity
in LC-MS detection and examine Ihe relationship between response and structural
substitutions. Atmospheric chemical ionisation j APcl ] and particle beam [ PB ] interfaces
were used in both positive and negative ionisation modes. Optimisation of the interface
response and the ionisation mode in relation to the LC eluent composition and organic
modifiers will be discussed together with the influence of reagent gas choice in particle beam
analysis in negative chemical ionisation.
APcl- and PB in negative chemical ionisation [ PB-1 (nodes provided high sensitivity and
selectivity to the fluorinaled analogues and the conjugated fluorinated metabolites, APclresulted in less fragmentation than PB- and as a consequence proved more sensitive for a
number of compounds.
Results on the response of a number of fluorinated compounds in both interface techniques
will be presented in negative chemical ionisation.
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FrC5
OPTIMIZATION OF FAST ATOM BOMBARDMENT (FAB) MASS SPECTRA
OF METHYL DEHYDROABIETATE
L F. Ramalho*, B. Gigante', M. J. Marcelo Curto* and M. H. Florencio"
* INETI, Departamento de Tecnologia de Industrias Qufmicas, Estrada das Palmeiras,
2745 Queluz, Portugal
** Faculdade de Ciencias de Lisboa, Departamento de Qufmica, C1,59 piso, R. Ernesto de
Vasconcelos, 1700 Lisboa, Portugal
Dehydroabietic acid, the main component of disproportionated rosin, is a readily
available hydrophenanthrene derivative and a useful starting material for the synthesis of
industrial and/or physiologically important products. Methyl dehydroabietate is often
preferred to the acid, as it provides a protected group which inhibits the carboxyl group
from taking part in the derivatization reactions of the aromatic ring. Electron impact (El)
mass spectrometry does not appear to be the most appropriate technique for structural
elucidation of methyl dehydroabietate due to the reduced fragmentation observed in the
El mass spectra of this compound . Since its appearance in the last decade1 fast atom
bombardment (FAB) mass spectrometry has proved to be a useful tool for structural
elucidation. It is known that several parameters may affect FAB mass spectra and that
optimal conditions for analysis may be determined. We decided therefore to investigate
the behaviour of methyl dehydroabietate under different FAB conditions. The influence of
several parameters, including the nature of the target gas and the addition of acids have
been investigated and allowed us to define the requirements to obtain good quality FAB
mass spectra of this compound.
1 - M. Barber, R.S. Bordoli, R.D. Sedgwick and A.N. Tyler, J. Chem. Soc. Chem.
Commun., 325 (1981).

FrC6
FAB-MS AND ESI-MS OF POLYIODOBENZENE DERIVATIVES
L. Calabi, F. Corana
Bracco SpA, Via Egidio Folli 50, 20134 Milano, Italy
Polyiodobenzene derivatives have a large use as X-ray Contrast Media and in the last few years new
compounds constituted by several polyiodobenzene units have been synthesized1. Unfortunately the
structural determination of these products is difficult because of their high molecular weight, strong polarity
and poor volatility as well. From mass spectrometrist's point of view, these molecules show intriguing
problems up to now unsolved as proved looking at the poor literature in the field. To overcome the difficulties
we focused our attention on the use of Fast Atom Bombardment Mass Spectrometry (FAB-MS)2 and
Electrospray lonization-Mass-Spectrometry (ESI-MS)3 as more attractive techniques.
FAB-MS experiments,4 carried out using glycerol and thioglycerol as matrices and DMF as solvent, didn't
provide satisfactory results; even if spectra show the quasi-molecular ion and also the ions coming from the
lack of one or two iodine atoms, sensibility was very low and the signal to noise ratio inadequate.
On the contrary ESI-MS5 was proved to be a very powerful tool for the characterization of this type of
products, in spite of the problems typically related to the use of this ionization method. The use of ESI solvent
such as water, acetonitrile, methanol is sometime inconsistent with the solubility of the sample commonly
soluble in NaOH water solution; unfortunately the use of NaOH water solution is prevented because ESI does
not give good results with solutions having so high electrical conductivities. The problem was finally overcame
using water containing little amount of serinol as cosolvent. At last results were encouraging; ESI-MS spectra
show quasi-molecular ions [M+HJ+, (M+Na] + , [M+K] + and, in some cases, adducts of these ions with serinol.
The signal to noise ratio was always satisfactory confirming ESI-MS a very promising investigation tool for
such compounds.

1.
2.
3.
4.
5.

It.Pat.Appl.MI 93A 001473
De Pauw.E. et al. Mass Spectrometry Reviews 1991, 10, 283-301
Fenn.J.B. et al. Mass Spectrometry Reviews 1990, 9, 37-70
FAB-MS experiments were carried out on a VG 70 EQ mass spectrometer
ESI-MS spectra were obtained on a Finnigan Mat TSQ-700 equipped with an ESI source
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FrC7
Negative-ion mass spectra and fragmentation pathways
of some 4-n-alkylsubstituted phenols
M L Langford, N J Clarke and J F J Todd
Chemical Laboratory, University of Kent, Canterbury, KentCT2 7NH, UK
Recent investigations [1] have indicated that 4-n-nonylphenol can mimic human
oestrogens. These substituted phenol compounds are commonly used as antioxidants in
polymers and can enter the human system through the contamination of the water supply. In
addition, these molecules are able to leach out of plastics into heated liquids; this provides a
more direct route into the human system via hot foods and drinks.
The negative-ion mass spectra and fragmentation pathways of nonyl, heptyl, amyl, butyl
and propylphenol have been investigated using an Air Sampling Glow Discharge lonisation
(ASGDI) source coupled to an Ion Trap Mass Spectrometer. Sample vapour is drawn into the
glow discharge by an airstream moving at 375x10 s m3/min; thus sample vapour forms a very
small part of the total gas entering the ion source.
The generation of stable sample vapour anions in a glow discharge formed essentially
in air is extremely complex. Collision induced dissociation reactions between energetic
electrons and sample molecules produces neutral fragments. These fragments, and sample
molecules, may form negative ions by the capture of low energy electrons. This may lead to
the production of stable negative ions, or to the creation of excited anions which may provide
an alternative fragmentation path. Alternatively, sample molecules and neutral fragments may
cluster with anions formed from the air matrix.
The mass spectra obtained in this study have been assigned with the assistance of
MS/MS/MS data and semi-empirical AM1 calculations. This investigation indicates that these
molecules readily cluster with air matrix anions and particularly with 0 2 '.
[t] AM Soto, H Justicia, J W Wray and C Sonnenschein, Environmental Health Perspectives, 92 (1991) 167.

FrC8
Studies of the Gas-Phase Reactivity of Aromatic Cations with Atomic and Molecular Hydrogen
Mestdagh, H.; Rolando, C ; *Sablier, M.; Capron, L.
Ecote Normale Sup^rieure - 24, rue Uiomond. 75005 PARIS (France)
For astrophysicists and astrochemists, the proposition that polycyclic aromatic hydrocarbons (PAH)
are present in interstellar medium has raised fascinating questions about fundamental aspects of ionmolecule and ion-atom reactions O).
We report here results for the reactions of small PAH cationic systems: CgX n + (n=6,5; X=H,D),
naphtyl cations CiQX n + (n=8,7; X=H,D> with molecular and atomic hydrogen or/and deuterium. As reported
recently<2), H and D atoms were produced by a microwave discharge upon molecular gases and injected in
one of the collision cells of our MS/MS/MS instrument in which atoms collide the selected ions.
With molecular hydrogen, reactivity of benzenoid ions was observed under thermal conditions so that
rate constants could be deduced from pressure variation experiments. Ion CgD5+ reacted in two ways: H2
addition (3) and H-D exchange leading to CQO^H+ and CgI>3H2+ in approximately equal amounts. Study of
pressure dependence of product yields showed that CgD5H2+ resulting from H2 addition is jjat an
intermediate in the formation of the latter products. Contrary to CgD5 + , CgDg+* exhibited no exchange
reaction with H2. The naphtylium ion C I Q H 7 + showed a similar reactivity with molecular hydrogen.
Reactions with atomic hydrogen lead to H atom addition and elimination of H2 molecule. We have
observed these reactions with ions of benzene, naphthalene, anthracene, benzanthracene and some isomeric
structures of other PAHs. For example, experimental results have shown the (M+HJ+ m/z=137, (M-H)+
m/z=135 and (M-D)+ m/z=134, (M-HD)+ m/z=133 ions, microwave discharge on, from the deuteriated
naphthalene.
The reactivity of higher PAH systems is under investigation.
(1) Bohme, D.K. Chem. Rev. 1992, 92, 1487.
(2) Mestdagh, H.; Rolando, C; Sablter, M.; Billy, N.; Gouedard, G.; Vigue, J. J. Am. Chem. Soc. 1992, 114,
771.
(3)Petrie,S.;Jahavery, G.; Bohme, D.K. J. Am. Chem. Soc. 1992, 7.74,9205.
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THE RESONANCE ELECTRON CAPTURE CROSS SECTIONS BY
MOLECULES FROM PIROKATEKHIN TO DIBENZO-18-CROWN-6.
MivsV. Kfuftakhov, George M. Tuimedow and Victor A. Mazunov
Physits Depai-tHMHt, Ufa Research Center of RAS.Initsiativnayastr., 12, build. 6, Ufa Rusrii
The negative ior. mass spectra are obtained in the conditions of the resonance e'e;inm
capture and the \alues of the dissociative electron capture sections (o nA ) are estimated ii order
to
.Ri

pirokateld.m (I);
R
Ri=OH, X*=O OHtflfcR^R^O OH (III),
(n=3 (IV), 4(V) and 5 (VI));
~ —[OCH2CH21ii
dibeiuo-lS-crown-S (VII), dibcnzo-24-crown-S
(VIII), 15-crown- (IX); the standard of
23 2
compj-riscn being qr,A = 0.8 10" in . The experimental procedure in the a n A measurements
includes th; comparison of full positive and negative ion currents from benzene and compounds
under study supposing the equality of th-s positive ions section of formation. The pressure of
every compounds was stable when corresponding electric and magnetic fields were changed in
order to record the ions of opposite polarity.
The results of the estimation of the negative ions relative sections anA corresponding to
the maximal peaks in the mass- spectra I-IX (sec the table) in the units crnA (Ph-/C6H6) show
that an. for the above mentioned series changes almost to the three orders, out don't become
lower than 10-24 m2. If we summarize the values of intensity for all peaks of every massspectrum (the typical negative ions are: m/z = 17,31,43,44,45,58, 59, 92, 93, 108, 109, 123,
133, 135, 151, 153, 1797197, 223, 267, 311, 359 where the underlines means (M-H)-) the
tendency keeps tnough the degree of alteration reduces for an order.
I
II III IV V VI VII VIII IX X
Compounds
clarily their variation in the scries of the following compounds^

180 33

12

1

1.5 0.3 0.2

2.6

60

14

FrC1O
The resonance elctron capture of substituted benzene molecules
E.A.Burmistrov, I.I.Furley
Institute of Organic Chemistry, Ufa Rea.Centre of RAS.
Pdass spectren of negative ions during the dissociation electron capture, photoelectron and IK-spectren of molecules of anisole, thioanisole, aniline, nitrobenzene, H-sulfinylaniline and their fluorinated
analogs have been received. The relative ."sections and life-period
concerning electrons autosplitting have been determined. It was established that the resonance states formation of molecular negative
ions (MNI) at the interaction of these molecules with the electron
occurs according to the mechanism of Feshbah electron-excited resonances bounded with the electron excitation in the series of the occupied molecular orbitals (MO) on one of the same unoccupied MO. The
availability of several resonances states series are observed for all
fluorinated analogs of these compounds. The interpretation of MNI
specrtoscopy data in the electron excited states with the data of IK,
photoelectron-spectroscopy and quantum-chemical calculation fulfilled
by the CNDO-method using the geometry optimization has shown, that
MNI dissociation occurs according to the orbital correlation. For
the compounds of series PhR (P=OH, OMe, SMe) has been used the fact
that the low-energetic states in the field of 4.55-6.0 eV correlate
with the energies of the second singlet excited molecular states.
It indicates the participation of these unoccupied orbitals in the
processes of the negative ions formation. It is notable that for
the compounds of series PhR (P=0H, OMe, SMe) the formation mechanisms
of the negative ions are identical and depend not on heteroatoms nature. The correlation between the resonance states and ionization
energies for nitrobenzene and Tl-sulfinylanilines begins with the MO
containing on the whole the atoms contributions of NSO- and N 0 2 grpups. The, correlation.between the.effective sections.of,MNI formation ana the atoms contributions of nitro- and N-sulrinyl-groups
in the lowest unoccupied MO have been established.
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FrC12
CHEMICAL IONIZATION MASS SPECTROMETRY OF 2-PHENYLETHYLAMINES
Ana M. Cardoso e A. J. Ferrer Correia
Departamento de Quimica, Universidade de Aveiro, 3800 Aveiro, PORTUGAL
The unimolecular decompositions and collision induced dissociations of the [M+H]* of 2phenylethylamines of general formula shown below, are discussed.
NR.K,

R,,R2 = H, OH,OCH,; R,= H, OH, R^R; = H, CH,
The [M+H]+ ions were produced in a chemical ionization source of a mass spectrometer VG
AUTOSPECQ, using several ionizing reagents of different proton affinities. The fragmentations of the
protonated molecular ions are discussed in terms of the exothermicity of the protonation reaction, as
well as the available basic sites of the neutral molecule. Although the most intense peaks in the MIKE
and CID spectra of the [M+H]+ ions are due to loss of neutral amine and / or water, fragmentations
initiated in the aromatic ring were also, for some substances, clearly identified. A discussion of the
protonation site of the molecules together with a mechanism for the intramolecular hydrogen exchange
between the aromatic ring and the other functional groups will also be presented.
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Generation and Reactions of Aza-»-*ylylcnes in the Injector of GC/MS System
W. Danikiewicz, M. Oleinik. and K Wojciechowski
Inslitule of Organic Chemistry', Polish Academy of Sciences, ul Kasprzaka 44/52, PL-01-224 Warszawa, Poland
ll was shown recently' that 2,1 -henzisathia/oline 2,2-dioxide
derivatives 2 undergo thermal elimination of SO, yielding very
reactive, non-isolable aza-w-xylylenes 2_. In the presence of the
reactive dienophilcs. Diels-Alder reaction products 3 were
obtained, while without dienophile reaction course depends on
the substituent on 1 -;V atom. Compounds with alkyl group give
aldimines 4 due to the [ 1,5] hydrogen shift, while unsubstituted
substrates yield multi-component mixtures of products

dienophile (dimethyl maleale and fumarate, /V-phenylmaleinimide) was added to the injected solution, |4+2) cycloaddilion
products 7 were detected, together with the dimer 6.
Aza-o-xylylcne can be trapped also by aromatic amines, e.g.
aniline and its derivatives, giving A/-(o-aminobenzyl)anilines 8.

NO,

NO,

Searcliing for the efficient and fast method for the investigation
The developed methodology for rapid and simple investigation
of formation and reactions of aza-o-xvlylcnes we tried to use of the thermal dccom|>osition reactions proceeding at the temperviC/MS to perform the reaction and analyze the products si- atures <35(>'C with simultaneous trapping of their reactive
multaneously In the preliminary experiments we found that products, using GC/MS as the all-in-one reactor, separator and
compound 1 (X=4-NO2, R=CH,) decomposes completely in the analyzer, seems to be very efficient way for preliminary screeninjector of GCJ at 35(J°C and new GC peak corresponding to ing of such reactions.
aldimine 4 appears.
Most interesting results were obtained for compounds 5 without
a subslitucnt on I -N atom. When no additional reagent was
added, only one significant product was observed with the MW I K Wojciechowskj. Tetrahedron, 49,7277 (1993); K. Wojciecorresponding to the aza-o-xylylenc dimer 6. The structure of chowski. ifc/ii.,49,10017 (1993).
this dimcr has been proposed on the basis of its mass spectrum 2. Hewlett-Packard 5890 11 with 5972 MSD, HP-5 column,
and confirmed by the independent synthesis. When the reactive 30m, 0.25 mm at 200 - 300°C.

FrC14
Structure Determination of Characteristic Ions Present in the Mass Spectra of Alcohol
Ethoxylate Nonionic Surfactants
Henry T. Kalinoski*, Leonard O. Hargiss, Brian J. Shay
Unilever Research U.S. 45 River Road Edgewater, NJ 07020 USA
Alcohol ethoxylate (AE) nonionic surfactants comprise a major portion of the active ingredients in
modern detergent formulations due to their resistance to hard water ions, capability in cleaning synthetic
fabrics, ease of formulation and moderate cost. The use of nonionic surfactants has been increased in the
recent change to highly concentrated laundry detergents. The trend toward natural, renewable raw
materials, such as coconut and palm oils, as opposed to petrochemical (synthetic) sources has further
complicated activities regarding the production, formulation and use of the AE surfactants. Development
of new AE surfactants and formulations, including complete utility of readily available and economical
raw materials, requires a thorough understanding of the chemical properties of all available materials.
Mass spectrometry plays an important role in the structural characterization of AE surfactants. Certain
ions in the mass spectra of AE surfactants have been found to be characteristic for particular structural
features of the molecules. Further, the presence of these ions has allowed insight into the mechanism of
ion decomposition of complicated AE molecular structures under MS and CID-MS/MS conditions. The
present effort focuses on the formation of an ion at m/z 89, characteristic of AE surfactant ions
containing two or more ethylene oxide units. A number of structures are possible for this ion, based on
decomposition mechanisms previously proposed. These possible structures have been studied using MS
and MS/MS techniques on the intact surfactants and on simpler sample molecules also producing the m/z
89 ion in their mass spectra. The structure for the m/z 89 ion in AE surfactant mass spectra and its most
probable route of formation are described. Implications for the wider utility of the decomposition
mechanism information are discussed.
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EI AM) CI SPEClM OF O I A U U SJlfAIES
J.L. Hazzet*, F.R. Aquino Neto" and J.L.F. Konteiro'
< COPPf/UFRJ
<• Instituto de Ouimica/UFRJ-Brazil
Diaethyl and diethyl sulfates (DOS and OES, respectively) have been identified by Gas Chroiatography (GC) and
High Resolution Gas Chroiatography (HRGC) coupled to (Electron Impact-EI) Mass Spectrcmetry (GC/MS and HfiGC/MS)
[Ellgehausen, 1474, 1975; Lee et al., 1980; flasuoka et al., 19BB). Ihese sulfates ire industrially interesting
and their high toxicity requires a strict control of their concentrations in the norkplace. Other sulfates n y
be found as undesirable by-products in industrial processes involving olefin absorption in suit uric acid (e.g.
di-sec-butylsulfate, DSS; Hazzei et al., 1994). Knonledge of their fragmentation processes nould support the
development of screening and confirmation procedures for their environmental (occupational) control.
The comparison of the mass spectra of OMS, DES and DBS. obtained from their HRGC/HS peaks in El and CI (Chemical
lonization) modes, allowed the proposition of their fragmentation schemes. These have many peculiarities,
especially in I lie CI spectra, such as:
. Formation of protonated diners;
. Common 1/2 12' and 155 fragments for (MS, OES and OBS, probably derived from the CjH s ' adduct of th»
corresponding alkylsulfates, suitable for screening purposes, or •
. Possible five-center rearrangements responsible for ether-like fragments in their El spectra.
J.L.; AQUINO NEIO, F.R., HONIEIRO, J.l.F., (1994). Ind.En9.Che41.lles., in press.
HASUOKA, H.; UBUA, 1.; K1NUIA, N.; YOSHIDfl, S.; TflGUCH], I. (1988). Acta (led. OtiyiH *2: 2*1.
Ill, M.L.; UIER, O.K.; ROIUKS, O.K.; EATOUGH, O.J.; HAHSEH, I. (1980). Science 207: 186.
ELLGEHSUSEN, D. (1975). Aul.Lett. 8: 11.
EltGEHAKSEN, D. (1974). freseniw' 1. tntl.Cba. 712:28*.

FrC16
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Comparison of deuterium / hydrogen exchange by dipole ions during fragmentation by tandem
mass spcctronictry of tributylpliosphatc and covalcnt Iribulylphosphntc cjimers.
D Lcsage1, H Virelizier», J C Tabet2.
'DCC/DPE/SPEA/SAIS, CEN de saclay, 91191 Gif-sur-Yvette, France.
2
Laboratoire de chimie organique structurale, U.R.A.455.
Universite P. et M Curie, 4, place Jussieu, 75252 Paris Cedex 05. France.
Tributylphosphate (TBP) and its covalent diniers are important molecules because of their interest for
the nuclear industry. Their structures are similar to other more complex molecules formed by irradiation
(functionalized TBP and functionalized TBP dimers). In this work we have studied their fragmentation
by tandem mass spectrometry.
Butyl chains are lost by fragmentation of TBP. Chemical ionisation using ND3 indicates that no
ionisation deuterium exchange occurs. This result suggests that the formation of a dipole ion does not
lead to a reversible deuterium / hydrogen exchange. Nevertheless dipole ions are interesting because
they explain deuterium atom accumulation during fragmentation of a TBP molecule, which is deuterium
labelled on each a-position of butyl chains. Deuterium labels indicate that a butyl ion is formed from the
protonated molecular ion indicating different ionisation sites on the phosphate group.
A cyclic mechanism explaining deuterium exchange by ND3 chemical ionisation is not dominant in the
case of TBP dimers. The formation of a symmetric phosphate dipole ion, in which the exchange of
hydrogen atoms occurs, is a more likely hypothesis.

FrC18
Characterisation of isoincrs of covalciit tributylpliosphalc dinicrc formed by radiolylic
degradation using tandem mass spcclromctry and stable isotope labelled compounds.
D Lesagc1, H Virclizier1, J C Tabet2.
'DCC/SPEA/SAIS, CEN de saclay, 91191 Gif-sur-Yvettc, France.
2
Laboratoire de chimie organique structurale, U.R.A.455.
Univcrsitc P. ct M. Curie, 4, place Jussieu, 75252 Paris Ccdcx 05, France.
Tribulylphosphate (TBP) is used as an extractant in nuclear fuel reprocessing. The presence of fission
products of uranium causes the formation of a large variety of organic molecules, such as covalent T^P
dimers, resulting from radiolytic degradation. These compounds are especially inopportune because of
their ability to complex plutonium.
13 dimers and 16 lower liomologucs arc revealed by gas chromatography and chemical ionisation mass
spectrometry. These molecules arc grouped according to their chromatographic elution pattern, the
elution time depending mainly on the number of carbon atoms in the chain between the two phosphate
groups. The weak apparent concentration of some dinicrs and the restricted number of lower
homologues have been explained and related to radiolytic mechanisms.
First structural studies have been carried out by tandem mass spectrometry. Thus, in spite of O-P and
O-C bonds fragility C-C bonds ruptures can be obtained by electronic impact without destruction of
diphosphate structure. Analysis of these low intensity fragments by gas chromatography-tandem mass
spectrometry reveals 4 characteristical fragmentation ions, whose occurence allows to determine the
structure of the different isomeric molecules. The search of these ions by direct introduction reveals
thermal instability of some expected molecules due to the existence of a secondary carbon atom in onposition to the oxygen.
Secondly this work allowed to propose unambiguous radiolytic mechanisms which explain the absence
of some molecules and the relative intensity of the different lower homologues.
All these results, including structures and formation mechanisms, have been validated by using stable
isotope labelled compounds and by the determination of the number of deuterium atoms lost during the
radiolytic formation of diniers.
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Mass Spectrometry Analysis tif Some Labile Phosphorous
Compounds
Cs. Lovaszl, K. UJszaszy1, Cy. Kcglevlcli2. G. C/Ira3, K. Vekey3
1 Eolvos Lonind University. Department of General and Inoiganic Chemistry,
H-1518. Budapest 112..P.O.liox 32,. Hungary
2 Technical University of Budapest. Department of Organic Chemical Technology,
H-1521, Budapest, P.O.Box 91.1 lungaiy
3 Central Research Institute for Chemistry. I iunganan Academy of Sciences.
H-IO25. Budapest. Pusztaszcn lit 59-67.1 iungary

The 6,0-dichloro-l-methyl-3-phospha-bicyclo|3.l.Ojhexane and 3-melhyl-4-chloro1,2-dihydrophosphinines derivatives are useful intermediates in the synthesis of sulfide
derivatives of organo phosphorous compounds. Analysis of these compounds required
the use of mass spectrometric techniques because as these compounds are formed in
relatively small amounts (semi-micro scale reaction I and because their purification is very
troublesome (they are sensitive to air and to moisture;.
Study of the reaction mixtures showed the expected value of molecular mass by the
presence of molecular or protonated molecular ion peaks in the mass spectrum, using El
and CI ionization, respectively.
Structure elucidation was, however, hindered by various impurities in the sample.
To obtain further information on the reaction products both GC-MS and MS-MS
methods were used.
Good results have been obtained by GC-MS. The success of GC-MS was slightly
unexpected because such polar and labile compounds usually decompose in the course of
GC analysis.
The structure and the fragmentation mechanism of these compounds were
characterized by the metastable and C1D techniques.

FrC20
Compexation of amino-acids and dipeptides with transition metal ions (Sc + ,
Ti + , Cr + , Mn+, Fe + , Co + , Ni+, Cu+ and Zn+)in Plasma Desorption Mass
Spectrometry.
Stephane Bouchonnet and Yannik Hoppilliard
Lafjoratoirc des Mecanisines Reacrionnefs, C/RA (307du OVRS,
Ecole Polytechnique, 91128 Palaiseau Cedex, FRANCE.
In the course of the rapid identification of peptide sequence by using mass
spectrometry, transition metal ions are analytically usefull as reagent ions because of their
specificity for certain functional groups.
Transition me"tal ions, such as Sc + , Ti + , Cr+, Mn+, Fe+, Co + , Ni+, Cu+ and Zn+ have
been shown to complex a—amino-acids and dipeptides in Plasma Desorption Mass
spectrometry (PDMS).
The competitive formation of MH+ and MCat+ ions is related to the side chain of the
amino-acides and to the metal cation itself.
Specific fragmentations are induced, depending on the insertion place of the transition
metal ion.
Insertion mechanisms of the metal cation in specific C-C bonds and fragmentation
mechaniins of the cationized species are presented.
Support for the proposed mechanims are obtained by studying decompositions of
isotopically labeled compounds.
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Neutralization-reionization Study of Some Transition Metal n-Complexes.
Dmitri V. Zagorevskii' and John L. Holmes
Chemistry Department, University of Ottawa, Ottawa, Ontario, Canada KIN 6N5
Neutralization-reionization (NR) mass spectrometry has been used for Ihe characterization of
T\5-cyclopentadienyl and T|6-arene transition metal complexes, the elucidation of ion structures and
the generation of their neutral counterparts.
The NR mass spectra of biscyclopentadienyl complexes of the first row transition metals are
dominated by organic ions and show weak recovery signals. Titanocene is characterized by an
increased abundance of survival ions. These data together with metastable ion (MI) and collision
induced dissociation (CID) mass spectra suggested that tiianocenium underwent a facile isomerization
to a (di)hydride structure, whose neutral counterpart is a stable gas phase species.
For the first time, NR mass spectrometry was successfully used for the generation of stable
gas phase 19-electron transition metal ^-complexes. Rhodocenium and some of its monosubstituted
derivatives, produced from various precursors, displayed recovery signals in their NR mass spectra.
Survivor ions were also observed for the 17-electron C5H5Rh(acac) species.
A combined Ml, CID and NR study of arene chromium complexes showed that C6H5SH and
C6H5SC6Hj were coordinated to Cr* as in other benzene derivatives, whereas C6H5SSC6H5 formed
two isomeric structures: one containing Cr-S bond(s) and the other corresponding to a cyclophane
complex.
The nature of the neutralizing target gas and the observational time frame of the experiments
has also been investigated for a series of transition metal n-complexes.

FrC22
Thermodynamic properties and structures of gaseous ji-diketonate
and carboxylate metal complexes.
Malkerova I.P., Alikhanyan /l.S.
Interest to volatile £-di!cetonate and carboxylate metal complexes connect with their greate impotence in MOCVO of ordered, superconducting films. By the Knudaen method with masjs-spectrometry analysis
of vapour phase we investigated numerous clans $-diketonates and carboxylates of a,p,d-transition metal3. Fundamental thermodynamic characteristics ( standard enthalpies of sublimation, evaporation, formation, composition and pressure of sufcurate vapour, temperature intervals of thermal stability and etc.) for this complexes were determinated.
In consequence of our investigations were established first common regularityes of their thonnodynamic behavior and relation structure-thermochemical properties. We have found first, that metal jSdiketonates exist equilibrially in the gas phase as two isomeric
form: chelate-open cycle.The equilibrial proportion of isomeric forms and enthalpy of Pd(AA) 2 reaction i3omerijjation were found in result of investigation Pd(AA)?-Cu( PrA/l)? system. The data obtained
gave us possibility to suggest thermodynamicnly grounded the structures of free polymeric molecules Ba,Cu,Cu(I.,II)- #-diketonates and
carboxylates.
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Matrix-Assisted Laser Desorption Mass Spcctronietiy of Organometallic complexes
Dietmar Waidelich1, Michael Raek2, Michael Hanack2,
' GSG. Karlsruhe. Germany, 2 hist for Organic Chemistry II. University of Tubingen. Germany

In the first period matrix-assisted laser desorption/ionization mass speclrometry (MALDI) had the main
focus on the detection of pcptidcs and. especially proteins. The development of the last years has brought
numerous new application fields such as the analysis of oligonucleotidcs, oligosaccharides, synthetic
polymers, and others Surprisingly, investigations of organometallic complexes by MALDI have been
published infrequently |sec Ref. 1-3). However, this relatively young iomzation method offers many
advantages. The soft ionization process leads to spectra dominated by the quasimolccular ions.
Fragmentation relatively happens or else relatively weak. Furthermore, the use of 100% of organic
solvents (like tctrahydrofuran, acetone, or mixtures of chloroform/acetone) is perfectly accctable for the
MALDI technique and allows the analysis of compounds which are not soluble in polar solvents
The poster demonstrates how the choice of matrices and the method of sample preparation can influence
the quality of data obtained Using an example of an organometallic complex with a ligand substituted to
two fullcrene molecules it can be shown how the measurement parameters can determine the
decomposition rate of the fullcrcnc substitute Organomctallic complexes with different ligands showexchange reactions of the ligands weakly bound to the central metal atom complicating the data In such
cases sample preparation and measurement technique should be optimized carefully as shown Finally a
further interesting question is. how get the organometallic complex to become charged1 Tins theme is
treated as well.
References:
1) Y. Killl. S Zhao. A.G Sliarkcy. and DM. Hercules. Pnic 40th . ISMS Can/ Mass Spectrum. Allied Topics.
May31 -June .1. 1992. Washington. DC. 322-323.
2) A Bjarnason. Rapul Cmmnun. Mass Spectrum. 3 (1V89). 373-376
3) P. Julias/., and C.E Costcllo. Rapid ('uiimiun Mass Spectrum 7 | 1 W ) . 343-351.

FrC24
Electron Impact Mass Spectrometry of
Macrocyclic Coordination Compounds
N.Gerbeleu
Institute of Cliemiafni Moldova Academy of Scienr.ru
Mas* sprrlra «f m.vroryclir romplrxrs (1} an* usually rliarnrlrnzrd by intrusive nmlrrolar peaks
M + . and, in cases, by tvro-ch<in;e ions peaks MJ+. It in also noteworthy that spectra of I, which do
not contain periphrric functional uronps anrl arc characterized bv a comparatively hieh symmetry,
arc distinguished by small fragmentation.
Thus the fragmentation of M+ of porphyrine and phtalocyaniuc compounds proceeds with the
loss of hydrogen atoms and radical* bounder) with the hydrwarbonic skeleton of the molecule. The
phlalocyanine complexes McP also produce peaks of ion [Me + I/4P] + and peaks of fragments of its
decomposition.
I. which contain peripheric functional croups, arc distinguished by 100% M+- peak an well as
by a richer and more diversified fragmentation of the latter. An example of that could be the
compounds of metal* with mserocycJie (iganrls on the basis of alkylaled thiosemicarbazide and fidicarbonyl compounds, as well as of sulphur aikylatcd thiocarbazide and a-dicarbonyl compounds
or their monoviin-derivative* in which the eronp -SR(R-«Ikyl, benul) in contained as peripheric. In
the spectra of these compounds one can first of ail observe the peaks of daughter ions responsable
foi cleavage of groups (RS) and (RS-H) from [M]+. Further, the fragmentation occurs primarily
on the account of the thiosemicarbazide or thiocarbazide part of the substance. Parallely it occurs
the formation of ions due to the loss of periphcric alkyl groups of the rest of the ligand, followed
by further fragmentation up to MeNCSR+, MeNCR* and Mc+ ions. A dear dependence of thin
peculiarities of [M]+ fragmentation upon the nature of the metal as well as upon its ability to variable
valency was observed.
The author gratefully acknowledges research support from the International Soros Foundation
(individual grants for 1993)
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FrC25
Mass Specfcrometric Behaviour of Metal Carboxylates
Clndrician, G.Tinico, N.Gcrbeleu
Institute of Chemistry of Moldova's Academy of Sciences, C'iisindu
KpTlroutetry investigation of the Mlowiiip rarboxylatro ban been carrier! out: monomer*
TiL. MeL,, (Me = Pb, He), dimern Me,L, A, fMe = Cr. Cu, Ni. VO. Rh, Ru), tbreernrxii
Pd3Le, Mv°*>-UweemerB fMc3OLsA.,|X (Mc3 = Cr3, Fc3. Cr2Fc, FcaCr) and [Me,OL«A3] (Me3 =
FfjFc, Cr3Co, Cr3Ni, FcjNi, Fc2Co), tetramcro Pt.Ls, M4 oxotetrainers Mc«OI,t (Me - Co, Mu,
Zn, Be, Mg) and highly polynurlrar compounds Fc;O2(OH)2Lu, MneOjL^, FegFaLie,
Or,jO,2L)5 (L = R 0 0 0 , A = H2O or *min«. X = I., NO,,«:i).
It Iinfl been found that, nn a rule, oue ran olisprve a clefuiiLe coincidence between the main
uliarilk-H of the composition and tho xtriirtiiir of iuvrtitie»lr>l < oniplexcs in crystalline and KOSCOUH
£UUf>. The molecular ion (M*), or [M Lj*, [M - XJ+ more often has the most iiitcnsive peak iu
Kl maiw-Kppctriim. Fragmentation of M* is arrompani^l by: a) ximple cleRvage of bondn (lowi
of JIOQOV ROO*, R and MeL3); b) rnEr<inpiiir! procesoen (loin of (ROOJjO, H2O, FjO, (R IIKX). CO-., <R - II)C()O; c) migration of II. R. F. Cl towards the metal •torn). The metal's
hcmical peculiarities leave their great mark on the mas8-8pcctronictry behaviour of the surveyed
subslancen. Thus for carboxylaten of 3-d uirtnlls, us well as of oarnium, ruthenium is observed a
large number of oxo- and hydroxoioncs, while for palladium, rhodium, platinum they are not quite
characteristic. When pawing into the ganfoun ntate, Home carboxylatra change their compomtion and
fftructiire (unuoJlv the nurk-sritv of the complex incrrawn). lu these cam* the mam spectrometrv
Jitla allow to predict the obtaining of new pulynuclear compounds, including highpolvniiclear ones,
by means of guided thermal restructuring of initial .substances.
The authors acknowledge research support from the International Science Foundation.

FrC26
Elucidation of tho structure of eome halkogeneemioarbazidecontainin/? chelates by mass speotrometry
B§venco_MiDi*t Palii S.P.**, Simonov Yu.A.*
*State University of the Republic Moldova, Kishinev
Institute of Chemistry and
Institute of Applied
Physios of the Academy of Sciences of the Republic Moldova
The aim of the present work is to reveal the fragmentation
features of some ohelates under electron impact in funotion of
their structures. The coordination compounds of two-valenoy metals
with the produots of the template condensation of alkylated halkogensemioarbazides with two molecules of ortho-substituted benzaldehyde, which have the common formula:
Y = 0, NH, S;

Met

X = 0, S, Se;

/
N=C
\
X-Alkyl

Met = Ni. Cu, VO, Zn, Co,

were used in quality of the subject of investigation. The molecular structures of a number of above mentioned metallocomplexes
were established by the X-ray method. It was shown, that the mass
spectra contain characteristic ions, depending of the complex geometry in the condensed phase, specific intramoleoular reactions
and rearrangements occur in the molecular ions. The last processes
and oharaoterlatio ions onn bo used r\e toot for eluoidstion the
structure of new-synthesized complexes of suoh class by the template reactions.
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FrC27
MASS SPECTROMETRIC STUDY OF THERMAL. DK<!(iMPOS ITI ON PROCESSES OF
TR1S(2,4-PENTANEDIONATO)ALUMJNIUM(111) AND -SCANDIUM!Ill) VAPOUR
A.F.Bykov, A.E.Turgambaeva, I.K.Igumenov. P.P.Semyannikov
Institute of Inorganic Chemistry, Novosibirsk, Russia
Using a two-temperature variant of a double-chamber Knudsen cell
with mass-spectrometric recording of the gas-phase composition
within the temperature range lhO-b'5O°C tris(2,4-pentanedionato)aluminium(lll) and -scandium(111) (Al(aa)3 and Sc(aa)3), vapour
thermal destruction was investigated. The obtained threshold
temperatures of the process arefc{Jb*10°«!for Al(aa)3 and 370±10°C
for Sc(aa)3. The schema of the pror.cr.r- was suggested based on
main gaseous products of thermolysis composition data. This
scheme is common for both compounds duo to similar electronic
structure of the metal ions. The comparison of destruction
processes under electron impact, and temperature was carried out.
The temperature dc?pendencies of the rate constant of the
thermolysis of Al(aa)s and Sr.(nn)^ vnponr were obtained.

FrC28
GAS PHASE CHEMISTRY OF LANTHANIDE METALLOCENES
Joaquim Marcalo'. A. Pires de Matos' and William J. Evans"
•Departamento de Qulmica, ICEN-INETI, P-2686 Sacavim Codex, Portugal
'Department of Chemistry. University of California. Irvine. CA 92717. USA
Bis(pentamethylcyclopentadienyl) complexes
of the readily accessible divalent lanthanides (Sm, Eu
and Yb) are known for some lime 1 and (C,Me,),Sm !
in particular has been shown lo have a rich
chemistry, binding substrates and effecting reactions
that traditionully were not thought to be possible with
lanthanide compounds3. As a further exploration of
the reactivity of organolanthanide species, the gas
phase chemistry of the Sm/C,Me, system was
studied by FTICR spedroscopy, using an Extrel
FTMS (Millipore Corp.) Model 2001-DT spectrometer
equipped with a Nd:YAG laser.
El spectra of (C s MeJ,Sm showed the
formation of (C,Me,),Sm* and (C,MeJSm*. The latter
ion reacts with the neutral metallocene to form the
presumed "triple-decKer sandwich" Ion (C,Me^,Sni,*.
which has no known counterpart in condensed phase
chemistry. LOI spectra of the metallocene showed,
besides (C 6 MeJ 2 Sm' and (C^MeJSm*, the formation
of (C,Me 1 H)Sm* and (C,Me,CHj)Sm'. This last
species most probably Involves a tetramethylfulvene
ligand, whose formttion from C,Me, in condensed
phase organometallic chemistry Is well documented,
namely with samarium complexes'.
Access to all of the ionic species referred to
above could also be obtained by reacting laser
desorbed Sm' Ions with pentamethylcyclopentadiene,
C,Me,H. The species formed in the primary reaction
and their relative abundances were as follows:
<C,Me4CH,)SnV (80%), (C,Me 4 H)SnT (35%) and

(C,Me.)Sm* (5%). Rapid addition of C s Me,H to
(CgMejCHJSm* was observed for longer reaction
times, leading to the metallocene ion (C,MeJ ; Sm*;
interestingly, analogous addition reactions have been
observed with lanthtnide compounds containing the
tetramethylfulvene ligand in solution phase".
The reactivity of other lanthanide ions with
pentamelhylcyclopentadiene was also studied and
similar results were obtained with Eu". Tm* and Yb*.
namely the formation of the fulvene
Ions
(C,Me4CH,)rVT and of the metallocene cations
( C . M e j j M ' ; with the remaining lanthanide series Ions
several other species were observed In the primary
reactions, corresponding lo multiple neutral losses.
These results are in agreement with previous
observations on the reactivity of the lanthanide series
ions with hydrocarbons, which strongly depends on
the accessibility of certain excited state electron
configurations of the metal ions".
(1)Evans, W. J. PotyhtHron 1987. 6, 803. (2)Evans. W. J ;
Hughes, L A: Hanusa. T P. OrginomeMfcs I B M , 5.
1285 (3)Evans. W. J ; Keyer. R. A ; Rebt, G. W ;
Orummond, 0. K.: Ziller; J W Orotnsmsraici 1883, 12.
4664 and references therein. (4)Evans, W. J ; Uliberri, T
A . Ziller. J. W. Orgonoma<t*cs 1901, (0,134 (S)Booij, M ;
Msetsma, A.; T«ubon, J. H. OrgtnomtltHies 1981, 70.
3246 (6)L«al. J. P.; Maroalo. J ; Pires d* Matot. A .
Marshall. A. G.; Yin, W. W.: Spirlet, J C. Procfdings of
tha 2nd European FTMS Workshop, Antwerp, September
1993, in press. (7)Schllling, J. B . Beauchamp, J. L. J. Am.
Chem Soc 1980.1)0.16
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FrC29
Catalytic Oxidation Processes Mediated by Fe(C6H6)+
D. Stockist. H. Sclnvarz
Institut far Organische Chemie, Technische Universitat Berlin, Germany

Catalytic conversions and the neccessity of selective transformations are the key-steps in
designing effective industrial processes [I] Ion-molecule reactions in the gas phase probed by
Fourier-transform mass spectrometry are helpful for the investigation of intrinsic properties of
transition-metal ions and their ligaied analogues in order to model condensed phase reactions [2j.
Fe(CflH6)

treated with N 2 O gives a reactive

CHj-CHR

intermediate wich donates oxygen to alkenes

CII,=CIIR

according

R - H, CH,

evaluated from the respective kinetic equations and

to

the

Scheme.

Turnover-numbers

evidenced in experiments will be reported.
Additionally, this process is not only interesting for condensed-phase

chemists, rather the

similarity of the benzene's 7i-system with the one of graphite might also lead to applications in
heterogeneous catalysis.

| l j B. C. Gates. J. R. Katzcr. G. C. Scliuit. Chemistry of Catalytic Processes, Mc-Graiv-Hilt (New York) 1979.
| 2 | (a) K. Eller. H. Sclnvarz. Chem. Rev 1991. 91. 1121. -(b) K Ellcr. Coord Chem. Rev. 1993. 126, 93.

FrC30
Fragmentation or AcyliIicarlM)njl(ti'-cvtloptnl»Jkn\l) Iron Complexes Under Electron Impact
W. Danikicwicz. IS. Baranowska, Z. Pakulski, A. Zamojski
Institute of Organic Chemistry, Polish Academy of Sciences, ul. Kasprzaka 44/52, PL-01-224 Warszawa. Poland
(t)'-Cyclopentddienyl)-dicarbonyl iron complexes containing
an acyl group covalently bonded to the Fc atom (I) have important preparative applications in organic synthesis. Mass spectra
of these species have not been studied systematically, except of
the work of King1, which describes only the fragmentation of an
acetyl derivative If.
In the present work we describe the fragmentation of the
selected (r) '-cyclopentadienyl)-dicarbonyl-acyliron complexes
la - l e under electron impact established using metastable ions
(with and without C1D) spectra (MIKE and B/E=const.) and
accurate mass measurements
El mass spectra of all investigated compounds show many
common features (sec Scheme). For all of them (wo separate
fragmentation paths, (A and B on Scheme) can be established.
Relative importance of paths A and B depends on the alkyl chain
R The significance of path A, which starts with the elimination
of the radical R, increases with the growing stability of this
radical, i.e. from methyl lo /-butyl group.
The fragmentation path A seems to be identical for all compounds under study. MIKE and C1D-M1KE spectra of; ions a - d
formed from molecular ions of l a - l e are, respectively, very
similar to each other. Therefore, the presence of the fragmentation path A in the spectrum can serve as a "fingerprint" for (n 'cyclopentadienyl)-dicarbonyl-acyliron complexes.
Fragmentation path B starts with the sequential loss of three
CO molecules from the molecular ion. MIKE spectra and KER
values indicate, that in the dominating path the ligand carbonyls
are eliminated before the CO fragment from the acyl group.
However, the fragmentation starling with the elimination of CO
R-CH2CH3CH3,
Im R-CH3. Ib R-C 2 H s
from the acyl group is also operative.
U R-CHICHjjj. t . R
[M-(CO)J ions g, h and i on path B undergo further fragmentation depending on the alkyl group R. The most important is the
loss of H, or appropriate alkenc molecules.
I. R.B. King,./.,4m. Chem. Soc. 90,1417 (1968)
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FrC31
Gas-Phase Reactions of Rare Earth Cations with Alcohols
by Fourier Transform Mass Spectrometry
S. Geribaldi, S. Breton, M. Decouzon and M. Azzaro
Laboratoirc dc Chimic Physique Organique, Groupc FT-1CR. Facullf des Sciences
University de Nice-Sophia Anlipolis. Pare Valrosc, 06108 Nice Ccdcx 2. France
In recent years the interest in rare earth metal chemistry has been greatly boosted, not only by
their application in high-tech materials1 often using gas-phase processes, but also by their exploitation
in new synthetic organic reactions. 2 Therefore, as a part of a general program to study gas-phase
reactivity of the rare earth metal ions Sc + , Y + , La + and Lu + , with small organic molecules,3 we have
begun an examination of primary and subsequent reactions of these ions with alcohols using a FT-1CR
mass spectrometer.
These laser generated metal ions react exothermically with all the alcohols studied (methanol,
ethanol, propanol, iso-propanol, tertio-butanol). But in spite of their isovalence, they exhibit quite
different reactivities, and among the primary reaction products obtained only one is comnv i to the four
metals, the hydroxyde-metal ions M0H+. The reactivity also greatly depends on the claf L, <JI "~ohols.
This dependency is widely discussed, and labelling experiments carried out with deuterat -i u.^ohols let
us to unravel the mechanistic pathways. The results are analysed to yield the lower and/i " r'er limits
for some M+-ligand bond energies.
1
2
3

Mchrotia, k.C; Singh, A.; Tripathi, U.M. Chem. Rev. 1991.91, 1287.
Takaki, K.; Fujiwara, Y.Appl. Organometal. Chem. 1990,4, 297.
Decouzon, M.; Gal, J.F.; Geribaldi, S.; Rouillard, M.; Sturla, J.M. Rapid Commun. Mass Spearom. 1989,3, 298;
Azzaro, M.; Breton, S.; Decouzon, M.; Gcribaldi, S. Rapid Commun. Mass Spectrom. 1992,<j. 306; Int. J. Mass
Spearom. Ion Processes 1993,725, 1.

FrC32
The Ag*— Complexation of Cyclophanes and related Model Compounds
under L-SIMS Conditions
Ch. Wellbrock, F. Strehle, H.-Fr. Griitzmacher,
Fakultat fur Chemie, Universitat Bielefeld, P.O.B. 10 01 31, D-33501 Bielefeld, Germany
The cationization of organic molecules by metal ions is of fundamental interest for the understanding of metal catalyzed organic reactions. Whereas the alkali metal attachment yields
localized charge sites the transition metal cationization may lead to a specific activation of
C-C and C-H bonds. In the presence of Ag'-ions strong signals from the metal attached
complex ions are observed. The complexation, however, is found to be dependent on the chemical conformation of the organic neutral. In particular under L-SIMS conditions it iB still unclear whether the silver ion complex abundance is due to preformed Ag*/neutral complexes or
due to a gas phase plasma reaction or both. The present investigation was carried out using a
double focussing mass spectrometer (VG AutoSpec) in EBE geometry equipped with a Cs'-gun
operating at 35 keV. 3-Nitrobenzylalkohol doped with silver triflate (0.1M) was used as matrix
in all cases. The L-SIMS spectra of the cyclophanes and the o,w-diphenylalka.nes investigated
are dominated by strong abundant Ag'-complex ions. By tandem MS we studied the
unimolecidar and collision activated decomposition of the Ag'-complexes of the cyclophanes
and of the o.oMiiphenylalkanes. The results will be discussed in detail with respect to the
conformation and electronic properties of the cyclophanes including AMI calculations.
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Fr C33
Analysis of Multiply Charged Metal Complexes by Collision Activation
and MS/MS Analysis
Tina Esbech, Vila N. Andersen and Gustav Bojesen
Department of Chemistry, Odense University, DK-5230 Odense M, Denmark
Electrospray Ionization has been shown to be very efficient in the analysis of multiply charged metal
complexes. In this work we have used the method for charaterization of oxo-bridged complexes. From
(lie mass spectra the nuclearity of the complex, the oxidation state of the metal and in general the
structure of the bridges can be deduced. Little or no fragmentation is observed under the electrospray
conditions. When the multiply charged ions are collisionally activated in a triple quadrupole mass
spectrometer extensive fragmentation is observed. This enables a detailed characterization of the
complexes.
On the basis of the presented data it can be argued that ESMS may eliminate the need to resort to timeconsuming X-ray crystallography.

FrC34
THERMAL DESORPTION OF CATIONIZED COMPLEXES IN COADSORPTION
OF ALKALI METAL ATOMS AND MOLECULES OF ORGANIC COMPOUNDS
U.Kh.Rasulcv, O.G.Nazarov and U.Khasamiv
Arifov Institute of Electronics , Tashkent, Uzbekistan
The method of cationizalion of organic molecules is widely adopted in analysis of
nonvolatile and thermally labile compounds when using the technique of ion desorption
under the influence of particle beams (SIMS, PLDMS, LDMS and FABMS), where together
with the substance under analysis also alkali-halide salts in the certain ratio are
introduced into the matrix or directly on the substrate in order to obtain the intense lines
of cationized ions.
It is of interest to examine the mechanism leading to the formation of cationized
complexes and to define the role of the substrate in the process of ion formation. This
work presents the results of mass-speclronietric investigations of the composition of thermally
desorbing ions in the adsorption of molecules of organic compounds and alkali metal atoms
from independent fluxes on the heated surface of tungsten (T=600-1300 K). In coadsorption
of organic compound molecules and potassium metal atoms the ions of cationized
complexes were registered for dinitrotoluol, n-acetylaminebenzene acid, formilbcnzidinc,
henzilamide-m-diaminebcnzene, certain carboniles of organochrome and those were not
observed in the adsorption of
acetonitrile, benzene, diethylamine, triethylamine,
tetraammonia diloride, n-morpholine.
Investigations of the transformation of desorbing ion composition and of current
densities of separate ion species in the dependence on the substrate temperature at various
values and ratios of molecular and atomic fluxes together with data on energy distribution have shown that cationized complexes M+K., are formed in the adsorbed layer
as a result of heterogeneous reaction of association while their ionization occurs owing
to an electron exchange with the substrate in the course of thermal evaporation, i.e. by
classical surface ionization. This mechanism may well be most important in the formation
and emission of cationized ion complexes registered by SIMS, PLDMS, LDMS and
FABMS.
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FrC35
STRUCTURE ELUCIDATION
SPECTROMETRY

OF

CERTAIN

METAL

COMPLEX

DYESTUFFS

BY

El

MASS

N. Koprivanac, S. Papic, A. MeteS and B. Kralj*
Faculty of Chemical Engineering and Technology, University of Zagreb, Zagreb, Croatia
* Institute " Jozef Stefan ", Ljubljana, Slovenia
The mass spectrometric behaviour of azomethine dye and its metal complexes using two
ionization methods (electron- impact, El and fast atom bombardment, FAB) was studied. All
measurements were performed on VG AutospecQ mass spectrometer. Good results were obtained
by El ionization method. Mass spectrometry is an useful method for determing tne stoichiometry
of coordination compounds (M:L ratio). The ligand 2-(2-pyrrolylmethylene) - amino -1-phenole
(PYMAP) with ligand groups (hydroxy, azomethine and pyrrole nitrogen) was prepared. The cyclic
complexes (chelates) were synthesized upon the reaction of the ligand with Co(ll), Mn(ll) and
_C.ri"'l ions. 2:2 (M:L) type of the structure for all complexes was confirmed by recorded spectra.
COMPOUND
"
M°.t*y'
___T
mil I % <e\ int. )
_
!?§.?J2
1 ?6(55)!_ !85£0L ' 70(21),'J69(i"oO), 93(19)778(12). 68(~J2) 52(30)
186.30
598.42
_
54"3.32"
_

4R6(61). 427(8). 242(30). 244(25), 214(44). 186(100), 169(48). 156(20)
67(28^60(18] _
537(30)7513(19). 44416")." 425(15). 352(67)"~2aoi83J7238~(T 00)7220(8).
__ )85|60). 169(15). 146J42). 120(36). 93(80),
"" 472(65),"420(50)7 238(100). 239(25). 186(45). 185(32). 169122). 93(19)
7J(15). 68118). _
^

El mass spectra
These results can be represented by common fragmentation pattern. In order to confirm fully the
structure some other analytical methods were used as it has been shown in our previous
publications J- 2 . 3 .
Literature:
1. N. Koprivanac, S. Papic, Z. Grabaric, D. Parac- Osterman and A. Metes, Dyes and Pigments
22 (1993) 1-13.
2. 2. Grabaric, N. Koprivanac, A. MeSinovic, D. Parac- Osterman and B.S. Grabaric. JSDC 109
(1993) 199-201.
3. Z. Grabaric. N. Koprivanac, S. Papic, D. Parac- Osterman and H. Matanic, Dyes and Pigments
23 (1993) 255-265.

FrC36
Unexpected Group Migration in Ionized Amine-Carboxyboranes under Electron [onization
Z. Dinya, G. Pocsfalvi, B. Gyori, and Z. Berente
Department of Chemistry, University of Debrecen, Debrecen, 4010-Hungary

Amine-carboxyboranes and some derivatives (I) were studied by different mass spectrometric
techniques (deuterium labeling, high resolution, MIKE, C1D) under electron ionization.
The first examples of ainine-carboxyboranes were synthesised more than 20 years ago, however,
mass spectrometric characterization of them is still absent from the literature. They are
isoelectronic and isosteric analogues of the n-amino acids and of interest because of their potential
to form peptide linkage and to be incorporated into proteins.
Under El COX', COY' and COZ' radical losses are characteristic to all the compounds
investigated. To explain it we presumed a group migration process (I-*2 and I-*3).

cor

COX
2

t
[MCOXI*

i

a,.

i
IMCOZI*

iworjvi-

igN, EtgN quiriurlnfm!. el£
3r Z-0H.CCH3
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To the better understanding of the
outlined rearrangement molecular orbital
calculations have been performed for all
the isomeric forms presumed. Energetic
(heat of formation, vertical and adiabatic
ionization energies) and structural
parameters (bond orders, charge and
spin densities) were considered to
support or refuse the proposed
rearrangements.

13th IMSC, Budapest 1994

Friday, 2 September

Session C

FrC37
Metabolic Studies of Platinum Anticancer Drug JM216 in Human Plasma Ultrafiltrate
Using LC/ESI/MS on a Magnetic Sector Mass Spectrometer
Poon, G.K.; Mistry, P.; Raynaud, F.; Harrap, K.R.; Murrer, B.A. and Barnard, C ;
Institute of Cancer Research, 15 Cotswold Rd., Sutton, Surrey, SM2 5NG, UK
Pesch, R. and Muenster*, H., Finnigan MAT GmbH, Barkhausenstr. 2, 28197 Bremen, Germany
Platinum anticancer drugs have been used for the treatment of a wide variety of solid
tumors including overian and testirular cancer, (he third generation platinum
anticancer drug JM216 [bis-acetatoanminedichloro-(cyclohexylamine)platinum IV] is in
phase I clinical trial as the first orally administrable platinum drug. Understanding
the metabolism of JM216 in human will make a valuable contribution towards the
development of this drug. Therefore it is necessary to identify the metabolites formed
by JM216.
The analytical techniques currently available for studying platinum complexes in
biological samples are limited. These compounds are thermally labile, unstable in
solution and are present in low concentration. This report illustrates that
electrospray ionization mass spectrometry (ESI/MS) is a sensitive analytical technique
capable of detecting the platinum complexes and provides pseudomolecular ion
information.
JM216 was incubated with human plasma ultrafiltrate and the mixture was separated by
reversed phase high performance liquid chromatography. Analysis was performed on a
magnetic sector mass spectrometer (Finnigan MAT 900) fitted with an atmospheric
pressure ionization (API) source operated in the ESI mode. An array type focal plane
detector (PATRIC) was used throughout the study. Apart from the parent drug, three
metabolites have been identified. These are [cis-amminedichloro-(cyclohexylamine)
platinum II] (JM118) and the isomeric forms of monochloro-monohydroxy-JM216. The
isotopic distribution of the platinum complexes is clearly observed and provides
unequivocal information on the molecular weight of the complexes.

FrC38
KOCHIT: A New Naturally Occuring Coal-Bitumen from Hungary
Z. Dinya and H. Endes
Research
Sciences,

Croup
for AntLbiotics
University of Debrecen,

of
the llungarian Academy
H-4010 Debrecen,
Hungary

of

A vitreously glittering black, plastic material was found by Dr.
Endes in 1987 in a Miocene, dull, hard brown-coal originating from
Felsonya'ra'd (North-East Hungary). 80.8 % of the sample was
extractable with CC1 4 . These extracts were analyzed by means of
IR, NMR, elementary analysis and GC-MS methods (El, 70 eV, 50ra
DB-5 quartz column, temperature program 70'C [2,6] 280*C ) ,
approximately 40 compounds could be separated and identified. The
sample contained five major components which constitute 90% of the
extractable material. Among these five major compounds tri and
tetracyclic terpenes and in the largest concentration a steroid
derivative with androstan skeleton could be found. C 2 o~C 3 o
saturated and unsaturated hydrocarbons and volatile oils (Fujan,
Fencon etc.) were also present in the sample. Due to its novel
constitution the material was named KOCHIT.
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FrC39
Mass Spectrometry of Non-reducing Disaccharides
M. Liptak, z. Dinya, M. Hornyak, I. Komaromi and F. Sztaricskai
Research
Sciences,

Group
for
Antibiotics
of
the Hungarian
Academy
L. Kossuth Vniversity, H-4010 Debrecen,
Hungary

of

Various non-reducing disaccharides (1) synthesized from L-sugars1
have been investigated using electron impact, chemical ionization,
thermospray LC-MS and fast atom bombardment combined with mass
analysed ion kinetic energy spectrometry.

CH

J

L-arabino

L-ribo

R-H,pNO2Bz
R -H
R2-NH2,N3

P
_MU H
K . — Pin- » " 3

linkage

linkage

type:

R-H,pNO2Bz
R2-H
type:

2

The prototiated molecules afforded relatively intense pe$ks in the
FAB mass spectra when m-nitrobenzyl-alcohol was used as a matrix.
In the FAB-MIKE spectra of MH* ions the relative intensities of
fragment ions are different depending on the linkage type and
sugar configuration and can be used to differentiate between
isomeric structures.
1
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FrD1
Reverse-phase Liquid Chromatography/Electrospray-ionization Fourier Transform Mass
Spectrometry in the Analysis of Peptides
Catherine C. Stacey, Gary H. Kruppa, Clifford H. Watson, John Wronka, Frank H. Laukien,
Bruker Instruments, Inc., 19 Fortune Drive, Manning Park, Billerica, MA.

Eleclrospray ionization, in combination with Fourier transform mass spuctrometry (ITMS)
gives both highly accurate mass analysis of peptides with external calibration nnd high
resolution for charge state determination of an ion from the naturally occurring isotopic
peaks. With mass errors of a few ppm, the exact mass of a peptide will give an elemental
composition which can be used to confirm the amino acid content, or to detect
modifications to an expected sequence.
The combination of ESI with FTMS has been demonstrated for infusions of purified
samples, but until now few examples exist of ESI/FTMS of diromatographic peaks.
Chromatographic LC/ESI/FTMS examples to be discussed here include the complete
analysis of an enzymatic protein digest on a pmol scale. Reverse-phase gradient
chromatography from water to acetonitrile using 0.1%TFA at 50ul/min, with a lmm
column, was monitored with an in-line UV detector at 214nm. The complete sample was
ionized with an ultrasonically-assisted electrospray source. The resulting mass spectra
from each LC peak were used lo confirm the identity of each peptide fragment from the
protein, based on the accurate mass and charge state. The elemental composition of each
mass, and absolute errors of mass assignment were compared with those produced from
sample infusion of pure peptides.

FrD2
Comparison helvtecn I.SIMS iind ICSI spectra of aligopeptides
I. Bodart and B. De Pauw
Mass Spectrnnietry Laboratory, Liege University
B4000-Liege, Belgium
Liquid secondary iuiis mass spectrometry and last atom hointnmlment are routinely used, ntien coupled with
MS/MS techniques, as ionisalion methods to analyse the structure of oligopeplides. Electrospray. on the other hand, is
a powerful method for the determination of molecular masses up to 50000 aniu.
Oligopeptides have been studied under various experimental conditions to check wether the use of fcSI could
alone he sufficient for their structure elucidation.
The ESI spectra show the following trends:
In the positive ion mode, multiply charged ions dominate the spectra obtained at low cone voltages. The
spectra smoothly change towards singly species spectra that become similar to LSIMS spectra at higher cone voltages.
Multiply charged fragments are observed, mostly allribuated to a and b ions. A constant neutral loss scan based on the
mass of tie neutrc! molecule divided by the number of charges has been designed to specifically monitor those
structurally significant ions.
In the negative ion mode, the presence of multiply charged ions is strictly linked to the number of acidic
functions. For peptides with a single acidic function, the singly charged species observed cannot be fragmented even al
the higher cone voltages.
The question about the origin <>f Hie fragments in the Cone Voltage Fragmentation spectra, either from
singly or from multiply charged species will be documented.
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FrD3
Derivatisation and On-target Deuteration as Tools for Peptide Sequencing
by PSD-MALDI Mass Spectrometry
Frank Lul/cnkirchcn, Andreas Deppc. Hcmhard Spongier. KaimmiJ Kaulmann
Institute of I,aser Medicine, University ofDusseldorf. PC) l)»\ 101007. O4MIJUI, Germany
)'SI)-MAI.I)1 (postsource decay-matrix assisted laser desorption
lom/ation) of pcptides provides complete series ol structure
specific daughter inns. fJctcrniinafion of the ammo acid sequence
from these ion signals, however, is usually equivocal, as with
any other MS-MS technique. Structure analysis by mass
spectromctry can be improved considerably by employing
denvatisation techniques for obtaining additional information
For PSD-MA1 1)1 two simple methods were developed fur this
purpose, i.e. sitc-specifle
derivatisation and
on-target
deuteration. Doth methods are easy to handle and last
Modification yields are > "8%.
Selective modification of the N-terminal residue allows us to
easily distinguish N- and ('-terminal product ions due tn the
resulting mass shitts. In addition the method provides ii,e
unequivocal identification at least of the N-terrmnst ammo acid
by interpretation of the corresponding immoniuni ion sign.d
Hydrogen-deuterium exchange can be performed easily .mil
revcrsibly on target within a few minutes and without the need ol
additional sample preparation. The resulting mass shift of (he
parent molecular ion can be used to determine Ihc number of
exchangeable hydrogens [ 1 )• l*his additional information already
leads to a dramatic decrease of possibilities in computational
sequence analyses. As an example. Fig. i and 2 show the mass
slutl of Subsiance I' alter dcuteration. The second preinforniation
that can he derived from deuteralcd samples is i\u\: to
mass-splitliny of isohanc fragment ions, as in the case ol I YS
ami ARC! (I ig 3 and 4) (Tic signals at I2« u. addressed to AR(i
and'or l.YS in the non-deuterated spectrum can be clearly
identified as l.YS I 111 u) allcr deutcration
llle complete information of deuterated mass spettra. connv.-t.led
with Ihc mass shirts of all product ions, can to used by dedicated
sequencing algoilhms that have 1o he developed lor on-largcl
deuleration and site-specific derivatisation
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FIG 4
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FrD4
Simultaneous assessment of the metabolic kinetics of multiple human plasma proteins utilizing the
stable isotopic approach with "CV^-phenylalanine and gas chromatography-mass spectrometry.
•LPiJSzsch, S Nitzsche, U Julius, \V Leonhardt and M Hanefeld
Lipid Research Group, Department of Medicine C G Carus. Technical University Dresden. Germany
The use of ammo acids labeled with stable isotopes to assess the metabolic kinetics of multiple human plasma
proteins, has gained increasing populanty in recent years A basic problem is the usually low turnover rate of such
processes and tlie need to measure very- low isotopic enrichments, mostly in samples in the low or sub-utnol range
We demonstrate a new approach using "CVL-phenylalanine and standard gas chromatography-mass spectrometry
in a study of multiple plasma protein turnover in two normal adult males. Six times labeled phenylalarune was
selected to produce a signal well out of the range of those produced by the natural abundance of stable isotopes,
significantly sensitizing the mass spectrometnc detection The tracer ammo acid was administered as a primed
constant infusion over a 12 hr period Individual proteins were isolated from plasma and plasma lipoproteins, resp ,
by SDS PAGE, which resolved apolipoprotein (apo) B-100. apoAI. apoAII plus albumin and fibnnogen The
protein ammo acids were recovered from hydrolyzed gel slices and denvatized to the N(0)-heptaflourobutyryl
isobutyl esters The enrichments of ' 'CVphenylalanine and endogenous!y formed "Cs-tyrosine were analyzed by
methane negative chemical lonization gas chroniatography-mass spectrometry on a standard quadrupole instrument,
monitoring in triplicate selecting the [M] and |M + 61 isotope satellite peaks surrounding the base ion [M-HF] Based
on the detection of known amounts of l1Cr,-phenvlalanme in a mixture of standard ammo acids the method is
capable of measunng isotopic enrichments as low as 0 01 atom% excess with a precision of 0 5% for samples in the
1-5 nanogram range Plasma free phenylalanine and tyrosine enrichment, and phenylalanine isotopic enrichment in
the isolated proteins were generally determined with a precision of better than 3% The data from the specific
isotopic enrichment curves were further analyzed by compartmental modeling to estimate fractional catabolic rates
of tlie isolated proteins The use of chemical lonization gas chromatography-mass spectrometry provides a level of
specificity that is difficult to achieve in other analytical systems In conclusion, the presented technique is rather
sensitive to detect very small enrichments with tracer into large protein pools (as in apoB-100 of low density
lipoproteins) It is save and predictive and applicable to study die biosynthesis of a wide range of hepatic or
intestinal plasma proteins in more detail using a standard GC-MS equipment The method is used by us in clinical
studies of several metabolic disorders
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Fr D5
Chemical and Enzymatic Methods in the MALDI-MS Analysis of a Heterogeneous Protein.
T. Nvlandsted Krogh1. C. Haiken Jensen2, K. Skjodt2, B. Teisner2 and P. Hojrup1.
'Department of Molecular Biology and department of Medical Microbiology,
Odense University, DK-5230 Odense, Denmark.
In our studies of Fetal Antigen 1 (FA1), a novel glycoprolein isolated from 2nd trimester amniotic fluid
containing multiple tandem linked EGF-domains, great heterogeneity has been experienced.
Matrix Assisted Laser Desorption/Ionisation Mass Spectrometry (MALDI-MS) analysis determined the
molecular weight of native and chemically deglycosylated FA1 to 26.8-32 kDa. and 23.8-28.9 kDa.
respectively, showing thai at least 10% of the molecular mass is constituted by carbohydrates, and
revealing that the protein had much additional heterogeneity.
Sequence elucidation of the protein was carried out using a strategy combining Edman degradation and
mass spectrometry. The C-terminal could not be established in any peptide digest, and a peptide mixture
(generated by endoproteinase Lys-C) was separated on an anhydrotrypsin column. Mass analysis by
MALDI-MS of the enzymatically deglycosylated non-bound peptides revealed 13 peptides all of which
could be aligned to the C-terminal of the translated cDNA sequence, showing FA1 to be 233 to 262
residues long.
Two N-linked antenna structures, several small and two larger O-linked glycosylations were identified
during the structural characterization, some were always present, while others were only partial
glycosylations.

The glycosylations were characterized as part of the intact peptide chain, using specific glycosidases and
partial acid hydrolysis in combination with MALDI-MS.
We report a scheme, used on FA1, for mass spectrometric analysis of glycosylated proteins and peptides.
The scheme presents methods for both chemical as well as enzymatic removal of O- and N-linked
glycosylations, resulting in structural information of both the protein/peptide and the carbohydrate
moiety.

Fr D6
Elucidation of the structure of glycoproteins using specific lectins
and enzymes in combination with MALDI-MS.
Anne K. Kristensen, Henrik Rahbek-Nielsen and Peter Roepstorff.
Department of Molecular Biology, Odense University, DK S230 Odense M, Denmark.

A number of the naturally occurring proteins are modified, i.e. phosphorylated, acetylated or
glycosylated. The modifications ate often a prerequisite for protein stability and function. One of the
most widespread types of protein modifications is glycosylation and establishment of the position and
elucidation of the carbohydrates attached are important for the characterization of glyccproteins.
MALDI-MS has at numerous occasions been demonstrated to yield excellent spectra of intact
glycoproteins as well as glycopeptides derived by enzymatic digestion of the glycoproteins. However,
MALDI-MS mairJy gives molecular weight information and cannot be directly used to distinguish the
different isomeric forms of the sugar residues and the position of the linkages.
We have developed a procedure for the rapid characterization of glycosylated sites, and tested it
using some well characterised glycoproteins. The procedure takes advantage of the specificity of lectins
and glycosidases for defined carbohydrate structures.
The procedure involves determination of the molecular weight of the intact glycoprotein followed by
enzymatic digestion of the glycoprotein and isolation of the glycopeptides by adsorption to specific
lectins. The adsorbed glycopeptides are then eluted with the corresponding monosaccharide and
analysed by MALDI-MS before and after treatment with specific glycosidases. The amount of material
needed for this procedure is in the picomole range.
Preliminary results will be presented and future perspectives discussed.
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FrD7
SEQUENCING OF PEPTIDES BY MEANS OF SHORT-TIME ACID HYDROLYSIS
AND PLASMA DESORPTION MASS-SPECTROMETRY
V.D.Chivanov, R.A.Zubarev, P.Hakansson and B.U.R.Sundqvist
Division of Ion Physics, Uppsala University, Box 535, S-751 21 Sweden
Plasma desorption mass spectrometry (PDMS) is now a well-established method for determination of
accurate molecular masses of pepiides. Despite of several successful attempts of rationalising the
sequence of known peptides based on the fragment ion pattern, :he sequence of true unknowns using
only PDMS or SIMS is very rare [1J. Still, a certain amount of wet chemistry seem to be unavoidable.
We found that a combination of short-time acid hydrolysis and PDMS provides a valuable tool for rapid
peplide sequencing. It was found that the cleavage of peptidc bonds occurs very readily at the N-sides of
Ser and Thr residues. In the absence of both Ser and Thr (or after the cleavage at those residues), the
hydrolysis proceeds not randomly but in a slep-by-step manner from either N- or C-terminus (depending
on the peptide composition) forming a ladder-like mixture of sequence-defining fragment pepiides.
Precisely measured mass differences between corresponding peaks give the masses of particular amino
acid residues. A complete set of hydrolytic fragment peptides sufficient to establish the sequence usually
appear on a mass spectrum after only 3-15 min heating of the peptide solution in HC1 at 100 °C. The
technique has been successfully applied for a number of peptides with blocked ends, internal S-S bonds
and rare ammo-acids. In these cases, the conventional Edman degradation technique would fail. In one
blank test ("sequence of pseudo-unknown"), the exact composition of a pcplide with S-S bond and
3-mercapto-propionyl group at the N-tcrminus and an amide group at the C-end (desmopressin) was
successfully determined.
1. N. Poppe-Schriemer, D.R.Binding, W.Ens, F.Mayer, K.G.Standing, X.Tang and J.B.Westmore,
Int. J. Mass Spectrom. Ion Processes, 111 (1991) 301-315.

FrD8
Identification and location of post-translational modifications of a GlycosylatedHydroxyproline-containing class I V chitinase using mass spectrometry

Michel Jaquinod1, Klaus K. Nielsen2, J0rn D. Mikkelsen2 and Peter Roepstorff'
'Odcnsc University, DK5230 Odensc M Denmark, 2Maribo Seed Biotechnology, Danisco A/S Langcbrogade I, DK-1001
Copenhagen K, Denmark

Under pathogenic attack, the plants are known to response by multiple-related processes which
result in accumulation of various compounds such as polyphenol phytoalexins, cercosporin or
pathogcnesis-related proteins such as chitinases or glucanases. The biochemical structure of a class IV
chitinase, isolated from sugar beet leaves infected with Cercospora beticola, was determined as
complete as possible using die combined use of data obtained from protein chemistry, Matrix Assisted
Laser Desorption Mass Spectrometry (MALDIMS) and Electrospray Mass Spectrometry (ESMS). The
combined use of these techniques has allowed:
- confirmation of the previously determined cDNA sequence of class IV chitinase
- assignment of 7 disulfide bridges and one free cysteine.
- localization and identification of multiple post-translational modifications such as five
hydroxyprolines, the N-terminal blocking group (pyroglutamic. cid) and multiple
glycosylations by xylose.
Moreover, our results clearly show that the glycosylation is O-glycosylation on the
hydroxyprolines and no glycosylation takes place on adjacent threonines.
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FrD9
MASS SPECTROMETRIC ASSUMPTION OF THE
PROTEINS ROLE IN THE FARMORUBICINE ANTITUMOUR
EFFECT
L.I.Grebenik. V.D.Chivanov. L.F.Sukhodub
Institute of Applied Physics of the Ukrainian Academy of
Sciences,
244030, Sumy, Ukraine
M

counts

Taking
into
account
the
experimental
fact o1
anthracycline antibiotics influence on the biomembranes.
which have proteins intheir structure, the investigation of
the
farmorubicine(Fr)
- aminoacids(A) interaction was
carried out. Using time-of-flight plasma desorption mas
spectrometry (PDMS-Cf-252) Fr-A reaction mixtures were
investigated. Aminoacids. which have base radicals, were
used : lysine (Lys), arginine (Arg) and histidine (His) Fr-A
complexes were observed in Ihe mixture of the Fr and His and
have the following structure: [Fr+His+H]*. Peak intensity
rises with pH increase. There are no detected farmorubicine
complexes for Lys and Arg. The athours suppose that
heterocluster ions formation depends not only upon radical
pK, but also on structure peculiarities. Fr high specificity to
His is probably caused by the radical cyclic structure of this
aminoacid. For example, figure shows mass spectrum of Fr
and His mixture. The peak 1 corresponds to the [Fr+His+HJ*.
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FrDIO
INTERACTION OF METHYL BROMIDE WITH BLOOD PROTEINS: A MASS SPECTROMETRIC STUDY
V. Carbonc. P, Ferranti. I. Fiumc, N. Sannolo and A. Malomi
Scrvizio di Spettromctria di Massa del CNR. Napoli. Italy
Methyl bromide (McBr) is a highly toxic gas widely used as a fumiganl of field soil for
coniro' of a wide spectrum of a wide spectrum of pesis and diseases. McBr is currently
applied at rales of up to 125 g/m2. (he amount depending on the national regulations and
agreement between grower and fumigator. Application is made by trained and licensed
contractors because of the high toxicity of McBr gas to humans and other mammals.
McBr reacts in vitro with enzymes and proteins; the cystcinc-thiol group was indicated in
several studies as the principal site ct elcctrophilic reaction.
The authors studied the interaction between McBr and hemoglobin in order to assess the
possibility to use the hemoglobin adducts analysis as a biological index of exposure to
McBr. This communication describes how mass spcclromcuy was extensively applied to the
characterisation and quantification of modified amino acid within the polypcptidc chain
of hemoglobin, combining the use of fast atom bombardment mass spectrometry (FAB/MS).
gas chromatograpliy-mass spcctromclry (GC/MS) and clcctrospray mass speciromctry
(ES/MS).
Preliminary in vitro incubations of McBr with lysatc and whole blood were carried out,
followed by direct analysis of subjects profcsionally exposed to McBr.
The reaction products
after in vifro incubation under different conditions have been
characterised; the modification degree was evaluated by ES/MS and GC/MS analysis,
whereas the reactive amino acid within the polypcptidc globin chains were identified by
FAB/MS analysis: a prominent reactivity of several potential nuclcophilic sites of
hemoglobin was observed, including the N-lcrminal valinc. cyslcinc, lysine and hiszidinc.
The analysis of blood samples from workers exposed to McBr confirmed the pattern of
adducts formation at level of the N-lcrminal valinc as well as of other nuclcophilic sites.
The results obtained demonstrate the usefulness of mass spectrometry for the structural
characterisation of chemically modified amino acids in blood proteins and the existence of
a reliable relationship between the exposure conditions and the production of alkylated
amino acids. This characterisation procedure offers the possibility of identifying reactive
sites following exposure to McBr as well as other unknown alkylating agents.
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Fr D11
Structural Studies Of Metal Cfltionated Peptide Complexes
Using High Energy Tandem Mass Snectrometrv.
S. G. Summerfield*, D. Despeyroux, K R Jennings, Institute of Mass Spectrometry,
Department of Chemistry, University of Warwick, Coventry, CV4 7AL UK.

The tandem mass spectrometry of metal cation-biomolecule complexes provides a complementary source
of structural information to the more traditional studies of the MH' ion In the case of peptides,
cationisation has so far been limited to molecules of less than a 1,000 Daltons in mass, while high energy
CID of the MH' precursor has provided useful structural data for molecules of up to 3,000 Daltons. Hence
a comprehensive investigation o f the cationisation o f heavier, more complex peptides is desirable.
Structural studies of alkali metal cation-peptide complexes of the form (M + Cat)* and (M - KT + 2Cat)'
have been performed using a Kratos Concept II HH four-sector instrument equipped with a liquid SIMS
source, floated collision cell and scanning array detector.
A variety of novel fragmentation pathways have been observed in this study. Linear peptides possessing a
carboxylic acid group at the C-terminus and cyclic peptides containing acidic amino acid residues exhibit
losses corresponding to Cat2CO," and Cat,", while the presence of an amide at the C-terminus causes loss
of the Cat2NCO* ion. The formation of these products can be rationalised as a series of consecutive radical
reactions.
A number o f results in this study indicate that basic amino acids such as argininc do not act as favourable
binding sites for alkali metal cations. A systematic study of bradykinin and related peptides shows that the
position of arginine has a relatively minor effect on directing the fragmentation of these metal cationated
peptides. In addition, fragmentations involving the loss of part or all of the arginine side chain from these
cationated peptides show that the site of cation binding is remote from the arginine chain.
The attachment o f two distinct cations to a peptide to form adducts such as (M - H* + K + Cs)* allows the
investigation of certain competitive processes. For example, fragmentation to give Cs' is favoured over the
formation of K' from the same precursor ion, supporting the view that the binding interaction between the
peptide and the alkali metal weakens on descending the Group I series.

FrD12

NEGATIVE-ION ELECTROSPRAY / COLLISION INDUCED DISSOCIATION MASS SPECTRA
PEPTIDES DERIVATIZED WITH AMINOSULPHONIC ACIDS.
I. Lindh, W. I. Griffiths. T. Bergman and J. Sjovall.
Department of Medical Biochemistry and Biophysics. Karolinska Institute, S-17177 Stockholm. Sweden.

Negative-ion electrospray (ES) mass spectra have been recorded on a series of small peptides derivatized with
aminosulphonic acids at the C- (erminal. The spectra show strong [M-H]* pseudomolccular ions, the detection limit
for which is a lower than for the underivalizcd peptides. High transitional energy, collision induced dissociation
(CID) of the peptide-sulphonate (M-Hj- ions give intense daughter ion spectra, which show charge-remote
fragmentation (CRF) patterns. The most intense daughter ion spectra were obtained from
aminoniplhalenesulphonate derivatives, prepared by reading the peptide with e*c:ss aminonapthalenesulphonate in
presence of a peptide coupling reagent. The derivatized peptides were formed in high yields and separated from the
reaction mixture by reverse phase HPLC.
Aminosulphonic acid derivatives of other carbnxylic acid containing compounds e.g. bile acids, have been shown
to give strong CRF patterns in negative-inn ES/C1D spectra. A rcquirmcnl for CRF is the presence of a stable
charge site at which the charge will be located. This is provided by the napthalenesulphonate group in the present
study. The peptide sulphonates fragment at positions icinote from the derivatized C- terminal giving fragment
ions ""X, Y, "Z, 'W and "V. The resultant daughter ion spectra are more intense and less complicated than those
of the underivatized analogs and allow the determination of aminn acid sequence.
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Fr D13
CONTINUOUS FLOW LIQUID SIMS/MS/MS CHARACTERIZATION OF PROCESS
CHEMICALS IN SOUR-GAS CONDENSATE CONTAMINATED GROUND WATER
J.V. Headley, Lawrence R. Hogge1 and Douglas /.H. Olson1
National Hydrology Research Institute, 11 Innovation Boulevard, Saskatoon, Saskatchewan, S7N 3H5,
Canada; 'NRG 110 Gymnasium Place, Saskatoon, Saskatchewan, S7N 0W9, Canada
Natural gas condensate exist as a gas under reservoir temperature and pressure, but
upon production reverts back to a liquid. It is a common source of contamination at sour
gas plants, which separate, store and ship these liquids. As by-products of the sour gas
plant process, natural gas condensates are produced along with formation water,
elemental sulphur and residual chemicals such as glycols and alkylanolamines.
Described is an analytical procedure suitable for the determination of alkylanolamines
and related transformation products in sour-gas contaminated ground water. Samples
were analyzed directly without solvent extraction, preconcentration or derivatization
steps, with detection limits attainable at ng/1 levels. Specific nitrogenous compounds
studied included: Monoethanolamine, Diethanolamine, Triethanolamine, N-(2-hydro:«yethyl)ethylene diamine, diisopropyl-amine, oxazolidinone, and a related process
chemicals sulfolane and glycol.
Continuous flow secondary ion liquid
chromatography/mass spectrometry (LC/SIMS) was used to characterize the target
analytes. A Fisons 70-250 SEQ modified for LC/SIMS was used equipped with a
packed fused silica column (0.32 mm by 200mm packed with 5 micron CSC-Inert-Odyl;
GL Sciences, marketed in Canada by SPE ltd.). The mobile phase was water containing
0.1% TFA and 2 % glycerol. Scans were acquired repetitively every 3 seconds from m / z
400 to 40. Under these conditions the spectra contained a preponderance of She
protonated molecular ions suitable for quantitative analyses.
For co-elluting
components, product-ion MS/MS spectra of the protonated molecular-ions were required
to confirm the presence of the target analytes, using Xenon as the collision gas at 5.8 x
10"5 torr and a collision energy of 11 volts.

FrD14
Environmental monitoring of some substituted phenol compounds In aqueous solution using
sequential tandem mass spectrometry.
Nigel J. Clarke, Marian L Langford and John F.J. Todd
Chemical Laboratory, University of Kent, Canterbury, England, CT2 7NH
Recent work concerning substituted phenyl compounds used as compon antioxidants in polymers
has suggested that these substances may mimic certain biological molecules, especially some hormones.
One particular compound - 4-n-nonylphenol - has been investigated recently [1] and found to promote
cell proliferation in human MCF-7 breast tumour cells. These antioxidants leach out of modified polystyrene
into surrounding liquids and eventually pass unchanged through sewage treatment into rivers in the
effluent. Since much drinking water in Britain is reclaimed from the rivers the health risk becomes obvious.
A need for a simple method of detection and measurement is therefore required, especially since many
governments are now acting to limit the amount of these compounds which may be present in drinking
water.
Since very little mass spectral data could be found for these compounds in the standard literature
an intensive study has been undertaken. The instruments used in this investigation were a double focusing
sector mass spectrometer, z modified ITMS quadrupolo ion trap and an ITMS ion trap coupled to an
atmospheric glow discharge ionteation source
The study was intended to try and produce a simple identification and measurement system for
these compounds which would be cheap, simple to operate, have the ability for on-line analysis and
provide sequential tandem mass spectral data in order to allow the possibility of automated detection and
identification.
For each instrument the detection threshold was investigated and the fragmentation pathways for
five related substituted phenols recorded. In addition the chemical ionization and fast atom bombardment
experiments were carried out within the sector instrument.
In parallel with the above study an attempt to model the interaction of 4-n-nonylphenol and related
compounds with the oestrogen hormone receptor using molecular modelling software has been partially
completed.
[1] A.M. Soto, H. Justicia, J.W. Wray and C. Sonnenschein, Environmental Health Perspectives, 1991,
Vol 92, 167-173.
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Fr D15
Chemical ionisation and derivatisation for the
pollutants by GC-MS in drinking and surface water.

identification

of

J.A. van Leerdam, A. Noordsij and R.J. Vreeken
Kiwa NV., Research and Consultancy, Groningenhaven 7, P.O. Box 1072,
3430 BB Nieuwegein, the Netherlands
In the last decades the concentration of pollutants in the Dutch
rivers and drinking waters, as measured by GC-MS, has dropped remarkably. Therefore, sensitive techniques for quantification and identification at low concentration levels are necessary for monitoring
purposes. GC-MS, with its high separation power (GC) and identification possibilities (MS), has proven to be very rugged and reliable
and is used on a routine basis all over the world.
However, only a part of the aqueous pollutants is amenable to GCanalysis. Moreover, because of severe fragmentation, identification
of the pollutants by their El mass spectra is often not possible.
Both Chemical Ionisation (CD and derivatisation techniques may be
helpfull to solve these problems. The extra information obtained from
the CI mass spectra allows identification of (partly) unknowns.
Examples of the identification of various unknown pollutants in
surface and drinking water at the low ng/1 level will be given by the
use of positive CI with methane and ammonia, as well as the use of
negative CI with methane.
Furthermore, derivatisation techniques, e.g., methylation and/or
acylation, are used to expand the number of compounds amenable to GC
analysis and to aid identification and or confirmation of unknown
compounds at these low concentration levels.

FrD16
MEMBRANE INLET ION TRAP MASS SI'KCTKOMETKV FOR THE DIRECT DETERMINATION
OF VOLATILE ORCANICS IN WASTE WATER.
Colin S. Creascr and James W. SCygall
Department of Chemistry and Physics, Nottingham Trent University, Clifton Lane, Nottingham NGl I 8NS. UK
An ion trap mass spectrometer coupled to a polymethylsiloxane membrane inlet (MI-ITMS) has been
used to identify and quantify low concentrations of volatile non-polar organic molecules in aqueous sample
streams. The membrane device is a compact (low-over design constructed from standard chromatography fittings
and medical-grade membrane tubing (shown below). Samples can be pumped continuously across die membrane,
or introduced via a sample loop. The interface was located in a CC oven for precise temperature and purge gas
control and interfaced lo the mass spectrometer via the usual GC/MS transfer line.
After optimisation of the membrane operating conditions, analyte concentrations in the low ppb range can
be determined directly due to the high sensitivity of the ion trap technique. Sensitivity is determined by sample
polarity and molecular weight. Unequivocal identification of analytes in both standards and waste effluent
samples was acitieved by using both electron nnd chcmic.il ionisaiion in combination with tandem mass
spectrometry for structural confirmation. Qiiantitation was carried out using successive standard additions. The
routines developed proved highly specific due to the elimination of interfering "co-cUiling" ion species.
Simultaneous acquisition of complementary spectral data was carried out using multiple-scan monitoring
procedures'".
(11 C.S. (reiser. D.S. Mitchell. K.E. O'Neill and K.T.Tner. HII/IUK i n n Mnv Spnlrom 1990.4.217
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Fr D17
The determination of sulfur-containing substances in oils
and in marine environment oil pollutione by GC-MS and selective
GC with chemiluminescent detection
S.A.Savchuk, B.A.Rudenko, E.S.Brodsky
V.I.Vernadsky Institute of Geochemistry
and
Analytical
Chemistry of Russian Academy of Sciences, Moscow, Russia.
A.N.Severtzov Institute of Morphology and Ecology of Animals
of Russian Academy of Sciences, Moscow, Russia.
The GC-MS and selective detection GC techniques
for
determination of sulfur-containing substances in hydrocarbons
mixtures are elaborated. The eulfur-aromatic substances were
determined in paraffinic and naftenic oils in samples of diesel
fuel and in lipophilic extracts from sea water and marine
organism tissues. For the predominant part of components the
relative concentrations of main groups of constituents were
calculated from the averaged mass-spectra. The chromatographic
profile of sulfur-aromatic substances is not considerably
changed in majority samples analyzed. However, the contents of
individual sulfur-organic components are specific to oils of
different origin. The conditions of oil thiophenic substances
forming and kinetics of their destruction in marine environment
were investigated on the basis of sulfur selective GC and GC-MS
study of recent and fossil marine sediments from high hydrogen
sulfide pollution regions.The sulfur-aromatic oil components
are
considerably
more
stable
during
the
process of
biodegradation in marine environment than the hydrocarbons.
Such compounds could serve as a possible indicator of the
anthropogenic influence on environment.

FrD18
Analysis of PCB in Contaminated Oil Samples by GCMS:
Assessment of Ionisation and Resolution Requirements.
By E Dye, D J Hannah, L J Porter, J A Taucher, and T van Maanen
ESR:Environmental, P O Box 30 547, Lower Hutt, New Zealand
and
C Walters
CSIRO Division of Coal and Energy Technology, Lucas Heights, NSW 2234, Australia

Hydrocarbon oils are commonly contaminated with PCB. In any method designed to destroy
PCB in fuch samples there is a need to accurately assess the amount and compostion of
residual PCB in treated samples to ensure the treatment process has reached its end point.
This presents a considerable analytical challenge because of the very similar physical properties
of the lower chlorinated PCB homologues to the aromatic hydrocarbons which militates against
the success of chemical or chromatographic clean up techniques prior to GCMS analysis. This
paper discusses the comparative performance of high and low resolution SIR GCMS in the
EI+ and CI- modes using VG TRIO 1000 and VG 70S instruments in the determination of
residual levels of trace PCBs in remediated hydrocarbon oils.
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Mo D57
Determination of Photodegradation Products of Thiolcarbamate type
Pesticides
Z. Dinya, F. Mogyor6di+, M. Oldh and M. Romero Alvarez+
Department
Hungary

of Chemistry, University

*C.I.E.H.A.T.,

Madrid,

of Debrecen,

H-4010

Debrecen,

Spain

Thiolcarbamate type pesticides 1 (EPTC, Butylate, Cycloate etc.)
were
sujected
to
photodegradation
in
the
presence
of
photocatalysts and different oxidizing agents and the products
were analysed by GC-MS methods. The structures of the formed
compounds have been determined. It was established that oxidation
takes place mainly at the alkyl groups attached to the nitrogen
atom.

\
N

MoD58
MasB spectromatrio Studies of Denitriflcation
EcoBystema of the Upper Tisza River Valley
Olah M. + , Z.Dinya ++ , F.Mogyor6di*, J.Olah

Processes

in

the

+ Ecological Department, University of Debrecen, Debrecen, Hungary
++ Research Group for Antibiotics of the Hungarian Academy of
Sciences, University of Debrecen, Debrecen, Hungary
* Sagrochem Chemical Factory, Sajdbabony, Hungary
** Fisheries Research Institute, Szarvas, Hungary
The nitrate contamination of surface and groundwaters is a more
serious problem in Europe than anywhere in the World. The nitrate
concentration is one of the moBt important quality factor of the
water resources. The increase of nitrate concentration in the Danube
has boon accumulating after its chanallzation. This river enters
Hungary with the annual avarage value of 11-12 mg dm
. Fortunately
this value 1 B only 4.5 mg dm
in the case of River Tisza, which is
the largest tributary of the Danube. The watersheds of the headwaters
on the Upper Tisza region have much less nitrogen load and they are
accompained with more intact natural ecosystems with presumably
higher nitrate removal capacity. The bacterial denitrification was
measured using an acetylene-based soii core technique. The N 2 0 flux
is determined
by measuring
the rate at which
nitrous
oxide
accumulates in very low concentration in the headspaces over the soil
cores. Because of the complexicity of the headspace the process was
examined using by GC/MS technique. Composition and its changes of the
gaseous
products
developing
in
the
denitriflcation
has
been
quantified. The rate constant of the denitrification process has been
determined, too. We have studied the effects of thiolcarbamate type
pesticides
(like EPTC, Vernolate etc.) on the
denitrification
processes.
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MoD59

Desorptivities
Materials

of

Thermally

Sensitive

Organics

from

Different

C.S. Giam, G. Zhao, and T.L. Holliday
Texas A&M University at Galveston, Environmental Analytical Research
Laboratory
Thermally sensitive organics such as RDX (hexahydro-l,3,5-trinitro-s-triazine) and PETN (pentaerythritol tetranitrate) have
extremely low vapor pressure; thus it is difficult and impractical to
evaluate their desorptivities from different materials at room
temperature and atmospheric pressure. Fourier Transform Ion Cyclotron
Resonance Mass Spectrometry (FT-ICR-MS) has certain advantages for
the measurements of these explosives. The relative desorptivities of
explosives (RDX and PETN) from various materials were obtained using
FT-ICR-MS. Characteristic ions were obtained from very small amounts
(nanograms) under El, CI (self-CI), laser desorption-ionization, and
EC (electron capture) modes. The emission rates of RDX and PETN were
determined by monitoring their characteristic ions with time under EC
mode; the characteristic ions are N03' (m/z 46), CH2NCH,NN<V (m/z 102),
C3H,N,02- (m/z 129) for RDX and NO," (m/z 62) for PETN, respectively.
Emission rates indicate that the order of relative desorption rates
for RDX and PETN is:
stainless steel ss aluminum foil > cotton
cloth > paper.

MOD60
DETERMINATION OF PESTICIDE RESIDUES IN WASTE WATER OF A CHEMICAL PLANT BY GC-MS
K. Torkos, J. Borossay, M.B.Mahara, T. Rikker
Ebtvos L. University, Department of General and Inorganic Chemistry
H-151B Budapest P.O.Box 32

We have investigated pesticide residues of the waste water of a Hungarian chemical
plant.
The pesticides were:
N,N,-di-n-propyl-S-ethyl-tiocarbamate (EPTC)
N-isopropyl-2-chlor-acetanilide (Propaklor)
N-dichlor-acetyl-1 oxa-4azospiro(4,5)decane (AO67)
2-chlor-4ethyl-amino-6-isopropyl-amino-s-tirazin (Akivit Pk)
N- (ethoxy-methyl)-2-ethyl-6-methyl-chlor-acetanilid (Acetoklor)
Sample preparation: 250 cm water extracted by 3x30 cm Ch^Cl^. The CH2CI2 phase
concentrated to 1 cm by Kuderna-Danish evaporator.
Conditions: HP 5790 A GC coupled to VG 12-250 MS, column: 25m x 0.32 mm ID df 0,52/tt
5% Ph-Me-Si (HP Ultra 2), oven: 30°C - 10°C/min - 2B0°C
GC-MS inerface: 250°C, scan time 0,9 sec, El +70 eV.
Results': The investigated pesticide residues have been determined in 4,0 -500 ppb
range.
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MOD61
Volatile Organics in Danube River by Purge and Trap GC-MS Method
J.Borossay, K. Torkos, Z. Palotai, T. Rikker
Eotvb's L. University, Dept. of Gen. and Inorganic Chemistry
H-1518 Budapest, P.O.Box 32
Aqueous samples have been usually analyzed for volatile organics by purge and trap
technique. This method is certified by US EPA for these compounds. The helium
carrier gas is bubbled up through the water sample purging the organics onto a
sorbent trap which is then backflushed to the cryofocusing unit. After cryofocusing
the analytes are put into the column. We have used this technique for purgable
organics of Danube river at Budapest from eight sampling sites. The sample volume
was 10 cm . The calibration curves were made in 10ppt-50ppb range for each
compounds. The optimal purge time was 15 min. We used a Tekmar LSC-2 purge and trap
device with a cryofocusing unit in line to HP 5790 A GC coupled on to VG 12-250 MS
El + 70 eV, capillary interface 250°C, data aquisition by LAB-BASE 2.0 system.
Carrier: He (6.0) 35 cm/sec, column: 25 m x 0,2 mm ID df 0,33ju Me-Si phase (HP-1),
oven: 35°C to 150°C, rate: I0°C/min.
Results: we have determined the haloforms, benzene, toluene, ethylbenzene, xylenes
and oil traces in 30ppt-30ppb range.
In time of research we have not found phenol and phenol derivatives.

Mo D62
The concentration and potential source of Tl in aerosol from some cities in China
Song Yin and Hiroshi Shirahata
Muroran Institute of Technology, 27-Mizumoto, Muroran 050 JAPAN
Thallium concentrations and Pb and Sr isotope ratios in aerosol collected from cities,
Beijing, Chengdu and Chenyang in China were analysed for our better understanding
of the extent and potential sources of atmospheric thallium in China. Aerosols were
collected on a cellulose membrane filter(0.45^m pore size) of 47mm diameter attached
on a teflon-coated low volume air sampler. The filter was preliminary acid-cleaned
and was stored in a teflon vessel to avoid contamination during transportation. The
aerosol samples collected were processed chemically in a clean laboratory for analysing
Tl concentrations by isotope dilution surface thermal ioaization mass specrrometry as
well as Pb and Sr isotope ratios. The Tl concentration in aerosols analysed ranged from
0.48 to 187 ng/nrv*. Pb and Sr isotope ratios of coals which were mined from principal
coal fields in China and were burned in those cities strongly suggest that atmospheric
Tl mostly originated from burning of coal. In fact, Chinese coals had higher contents
than Japanese and Australian ones. In addition, it is evidence that more than 80% of
energy consumed in China today were obtained by burning of domestic coal. We have
found thatTl was comparable to Pb in content of wet precipitations in northeast Japan
in spite of very low extent < (ess than 0.00 ng/ ntf) of Tl in aerosols from that district.
This fact clearly suggests tnat the Tl aerosol emitted by burning of coal in China was
incorporated considerably into rain cloud to precipitate in northeast Japan.
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Tu A1
The Kinetic Method - A New Rationalization
Gustav Bojesen
Department of Chemistry, Odense University, DK-5230 Odense M, Denmark
A rationalization of the kinetic method for determination of proton affinities is formulated. When a
proton bound amine dimer with the general structure aminei-amine2-H+ decomposes to either
aminei-H+ or amine2-H+ the critical energies for the competing fragmentations can be calculated
from a simplified version of the Marcus equation, which is supported by published values of
molecular pair proton affinities. The reaction rates for the decomposition of the metastable ions can
be calculated from the expression k(E) = v [(E-En)/E]s-i and ion abundances from the expression
JEP(E) F(E) dE, where P(E) is the probability of reaction and F(E) is the energy distribution
function of the metastable ions. It is argued that for metastable ions generated by ionization
methods such as CI or FAB, the energy distribution functions will bi smooth and that
consequently the relative ion abundances from two competing decompositions will not depend on
F(E). Model calculations of fragment ion abundances from decomposition, in a sector instrument,
of metastable ions with the general structure penrylamine-arnine*-H+, show a linear relationship
between the logarithm to the ratio: I(aminex-H+)/I(pentylamine-H+) and the PA of amine*. This
provides a rationalization of the kinetic method that avoids any introduction of a thermodynamic
temperature.

TuA2
THE UNCERTAINTY OF MEASUREMENTS OF RELATIVE PEAK INTENSITIES
USING A COMMERCIAL QUADRUPOLE MASS SPECTROMETER
Gunther Dube and Andre Henrion
Physikalisch-Technische Bundesanstalt
Braunschweig, Germany
The uncertainties of the measurements of relative peak intensities in the
mass spectra of organic-chemical compounds recorded with a commercial
quadrupole masss spectrometer have been determined. Such species have
been selected for the measurements which exhibit a typical
isotopic
pattern, for example : [CBCIBJ'*, (CBr3]+, and [(C«Fg)2N(CH2) ] •. They were
produced by electron impact ionization of suitable compounds. In each case,
the samples were introduced into the mass spectrometer via a direct inlet
system, a reference inlet system, a gas chromatograph or via two different
inlet systems. The uncertainty of measurement was determined by comparing
the measured values with the isotopic pattern calculated for the species
investigated. The evaluation of the measurement results shows the following:
- The random uncertainty of measurement does not depend on the
absolute peak intensity. It does not show any dependence on
the way in which the sample is introduced.
- The systematic uncertainty of measurement is below 2% if the
absolute peak intensity is greater than 10s counts.
- In the case of direct sample introduction, owing to peak
superpositions due to impurities, the systematic uncertainty of
measurement is higher than for the case where the sample is
introduced via a gas chromatograph.
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TuA3
STUDIES OF PHARMACEUTICAL AND AGROCHEMICAL
ELECTROPHORESIS - ELECTROSPRAY MASS SPECTROMETRY

PRODUCTS

BY

CAPILLARY

JC Severs and DE Games
Mass Spectromelry Research Unit, University College of Swansea, Singleton Park, Swansea, SA2 8PP,
UK.
Capillary electrophoresis (CE) has been interfaced to the electrospray ion source of a Finnigan MAT
TSO 700 triple quadrupole mass spectrometer using a coaxial sheath flow interface'. Performance of
the interface was optimized by continuous flow injection of standard compounds. In the positive ion
mode a sheath flow containing (60:40:0.5) methanol : water acetic acid was optimal, whilst for the
negative ion mode ratios of 90:10:0.5 were optimal. On-line CE-MS performance was evaluated using
mixtures of small peptides and of (5-blocker drugs.
A major disadvantage of capillary zone electrophoresis (CZE) is the small volume of sample
which can be injected.
This results in more concentrated solutions having to be injected than in
LC-MS.
On-line transient isotachophoresis 2 has been studied as a method of preconcentration of
analyles being investigated.
The technique has been used successfully to enable low concentration
solutions of peptides and e-blocker drugs to be studied by CZE-ESMS.
Use of deuterated electrolyte systems have been shown to improve separations of several biological
samples 3 . A system providing maximum deuteration for CE-ESMS has been developed. In studies of
peptides and /3-blocker drugs, the system has provided improved separations because of changes in
viscosity and pKa values and mass shifts in the electrospray mass spectra have enabled numbers of
exchangeable protons to be determined.
In CE cyclodextrins are used to separate closely related analytes including optical isomers.
Studies of herbicide analogues have been conducted by CE-ESMS using these compounds,
"yclodextrin-analyte inclusion complexes are seen in the electrospray spectra, however practical
restrictions limit the concentration of cyclodextrin which can be allowed to flow into the electrospray
ion source.
1.
3.

RD Smith, CJ Barinaga and HR Udseth, Anal. Chem.. 1988 60, 1948.
TJ Thompson, F Foret, P Vouros and BL Karger, Anal. Chem.. 1993, 65, 900.
P Camilleri and G Okafo, J. Chromatogr.. 1991, 54J., 489.

TuA4
INFLUENCE OF THE CHARGE EXCHANGE PROCESS IN ELECTRIC FIELDS
ON THE SENSITIVITY OF THE MASS-SPECTROMETRIC ANALYSIS
A.M.Rodin.S.I.Sidorcriuk. V.A.Timakov
FLNR,Joint Institute for Nuclear Research,Dubna,Russia
For the mass-spectrometers
equipped
with
ion
sources,
providing the high yield of multiple charge ions, the background of
ions exposed to charge exchange collisions with atoms of the
residual gas is capabable of limiting the sensitivity of the
analysis. As a result of these, collisions the energy of ions is
changed. For example, ions A
(A - ion mass, +2->+l - the type
of charge exchange) recharged in the acceleration gap, originate
the smooth background in the mass range from A to 2A. For ions
recharged in other fields the value of the change of energy depends
on the electric potential at the point the ion was recharged. The
intensity of the background depends on the pressure of the residual
gas P and the size of the field space 1 as I <* I -cr-P-l, where I
intensity of the primary beam, o~ - cross-section of the charge
exchange. The cross-section of the charge,exchange +2->+l, measured
for Ta with energy 80 keV is egual 7 10
cm . The time-of-flight
(TOF) dependence on the pulse for the ions recharged in electric
fields has the form t « A/p. This allows to separate them from the
non-recharged ions with use of the TOF measurements. The most
obvious mean to suppress this background is improving the vacuum
conditions.
However
the
measurements
performed
with
the
mass-spectrometer LIDIA /I/ showed that the value of this
background strongly depends on the parameters, of mass-spectrometer
and can be decreased by a factor of 10
by optimizing the
electrostatic system. Besides, the TOF measurements also causes the
considerable decreasing (by a factor of 10 ) the value of the
charge exchange background.
REFERENCES
l.D.D.Bogdanov,A.H.Rodin,S.I.Sidorchuk etc, Nucl.Instr.and
Meth.,A289 (1990) 205-212.
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TuA5
CHIRAL RECOGNITION IN HIGH PERFORMANCE LIQUID CHROMATOGRAPHY
ATMOSPHERIC PRESSURE CHEMICAL IONIZATION MASS SPECTROMETRY
K.Hashimoto, K.Okamura, Y.Sumida, S.Terada and Y.Fujiwara
Kyoto Pharmaceutical University, Yamashina, Misasagi, Kyoto, Japan 607
High performance liquid chromatography /atmospheric pressure chemical ionization mass
spectrometry (HPLC/APCIMS) has been found to be one of the most powerful techniques for
structural analysis of natural products as it offers soft ionization under atmospheric pressure.
Chiral recognition in mass spectrometry have been the subject of intense scrutiny in recent
years. It is noteworthy that chiral recognition in CIMS under chiral conditions using a chiral
reactant were previously reported ''2). On the APCI mass spectra, the 1:1 adduct ion [M + XH] *
when the sample molecule [M] reacted with the protonated solvent (mobile ohase for HPLC)
[XH]* has been occasionally observed. The 1:1 adduct ion has been assumed to form
hydrogen bonded association complex at appropriate conditions.
We have tried to carry out this stereospecific ion-molecule reaction between optically
resolving agents (a pair of enantiomers of mandelic acid, methylmandelate and 1phenylethylamine) and several enantiomers of amino acids. The results show that the relative
abundances of 1:1 adduct ions [M + XH]* formed from samples (amino acids) and reagents
(resolving agent) of the same configuration (homo-chiral) are much higher than those of
different configurations (hetero-chiral).
We suggest that chiral sample and the resolving agent form an adduct ion via
diastereoselective hydrogen bonding. To support this hypothesis, we carried out X-ray
crystallographic analysis on a complex of an amino acid and a resolving agent as a model
compound. The crystal structure obtained was in accordance with the stereochemical effects
observed in APCIMS. This method can be useful for investigating chiral recognition in MS.
1) K.Hashimoto efa/., J. Mass Spectrom. Soc. Jpn., 4 1 , 87 (1993)

2) K.Hashimoto etal, ibid, 41,95(1993)

Tu A6
Relationship between Biological Activity and Confbrmationa! and Electronic Structure
of Some Molecules
O.O. Khvostenko, V.I. Khvostenko, AS. Vorobyov
Physics Department, Ufa Research Center of RAS, Initsiativnaya St., 12, build.6,450065, Ufa, Russia
Relationship between the structure and biological activity of benzodiazepines and pipyrazino(l,2-a)indoles (tranquilizers and antidepressants) has been studied by means of the mass
spectrometry of negative ioiis produced by the resonant electron attachment. The presence (in dynamic
equilibrium) of two nooequivalent conformers of molecules has been found in both series of
compounds. These conformers have different biological activity; the total activity of the compound
depends on their relative amount hi the mass spectra of benzodiazepinea the less active conformer
(C2) exhibits itself as an additional peak on the curve of the resonant election attachment. The intensity
of this peak relative to the peak of the active confonncr (C1) depends on temperature and increases
with decreasing of the total biological activity of the compound (as measured by a degree of
antagonism to corazol). The difference of peak energies for C 1 and C 2 is caused by a difference in
energies of their molecular orbitals - this factor ensures very high sensitivity of the method towards
stereo isomcrization of molecules. Different confbnncrs have also significant differences in the yield of
fragment negative iona which allowed to detect the presence of similar C 1 and C 2 for
pipyrazino(l,2-a)indoles. The structure of C 1 and C 2 in both series has been studied using
photoelectron- and UV-spcctroscopy. It has been shown that C 1 and C 2 differ in spatial position of the
amide group. This difference leads to a significant change in the electron shell of the molecule,
particularly, considerably reducing (in C l with respect C2) energy difference (AE) between the lone
pairs of the two nitrogen atoms. As substituents that increase biological activity also reduce AE, in
both series, it has been supposed that these lone pairs are responsible for binding of the molecule to a
receptor, hi this case conibnnatioual changes exert selective influence on those molecular orbitak of
the electron shell of a molecule that contribute to its biological activity.
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Tu A7
Backfolding applied to differential gas chromatographic mass spectrometry
W.G.Pool", J.W.de Leeuw" and B.van de Graaf"
(*) Division of Marine Biogeochemistry, Netherlands Institute for Sea
Research, Texel, The Netherlands; (•*) Laboratory of Organic Chemistry and
Catalysis, Delft University of Technology, Delft, The Netherlands
Differential gas chromatographic mass spectrometry' results in both positive
and negative differential mass spectra. It is claimed that the method improves
the apparent chromatographic resolution and cleans up spectra by diminishing
chemical noise as for instance column bleeding.
Although the method is indeed quite effective with respect to chemical noise
this is of course not true for statistical noise which is aggravated by
substracting spectra. Because of this, differential mass spectra of minor
components give low similarity indices when library searched. To remedy this
we combine positive and negative differential spectra after these have been
shifted with respect to each other by the width of the chromatographic peaks
at half height [2a) . For each mass (m,l a new intensity (ni) is calculated by:
ni|m,,s) = dp[m,,s-a> -dn(m,,s + <7)
in which dp and dn are the intensities in the positive and negative differential spectra and s is the number of the scan. This process which we will refer
to as backfolding has also the advantage that a conventional GC trace is
produced. The process has been tested successfully on simulated2 GC-MS spectra.
Examples will be presented showing that even better results can be obtained by
repeating the whole, diffentiation and subsequent backfolding, process. Such a
repetition substantially improves chromatographic resolution and provides good
quality spectra.
1. A.Ghosh and R.J.Anderegg, Anal.Chem. 61, 73 and 2118 (1989).
2. W.G.Pool, J.W.de Leeuw, and B.van de Graaf, Computers Chem.4, 295 (1992).

Tu A8
High-Speed GC/Mass Spectrometry for Analysis of Complex Mixtures using Time-Of-Flight Mass Spectrometiy
with Time-Array Detection

V.B.Artaev ",P.H.Burrill ".K.L.McNilt

",D.A.Schmtlz

n

,C.G.Enke ",J.F.Holland

"

" Meridian Instruments Inc., Okemos, MI 48864, USA
,
Michigan State University, Departments Chemistry and Biochemistry, East Lansing, MI 48824, USA
Time-of-flight mass spectrometry (TOFMS) has been shown to be a powerful detector for capillary gas
chromatography (GC) [1-3]. We have developed a TOFMS instrument for GC detection to provide rapid analysis of
complex mixtures. The heart of our instrument is a novel integrating transient recorder (ITR) that provides
continuous collection of data during a GC run at extraction pulse repetition rates up to 10 kHz without any loss of
information. This device can provide summed spectra at rates up to 250 spectra per second; work in progress will
extend this rate to 1000 spectra per second.
The TOFMS/ ITR system was connected to a standard HP 5890 Series II gas chromatograph and the
analyses were carried out using short (4 - 5 m) capillary columns (i.d. 100 urn), which were directly inserted into
ionization region of an electron Impact ionization ion source. In the TOFMS instrument, a two-stage ion mirror was
used to provide time focusing of ion packets and a dual assembly of multy-channel plates (MCP) (Galileo ElectroOptics Corp.) was used to detect ions.
UNIX-based data collection and analysis software running on an Intel 80486- based PC was used to store,
display and process data. The combination of high-speed collection of unskewed spectra and special deconvolution
provides a significant increase in component resolving power for analysis of complex mixtures. High-speed
GC/TOFMS analysis of complex mixtures, including naphtha standard ( containing more than 89 components ),
VOC standards ( 6 1 components), and a mixture of hydrocarbons ( u p to C20), were each run in 2 minutes and less.
Detection limits is at low-picogramm level even at moderately high spectral acquisition rate (i.e., 10 - 30 spectra per
second)
[1] J. F. Holland, J. Allison, C. G. Enke etc, Anal. Chem., 55 (1983) 997A.
[2] J. Allison, J. F. Holland, C. G. Enke and J. T. Watson, Anal. Instrumen.,16 (1987) 207
[3] R. Grix, R.E. Tecfdenburg, Jr., IT. Watson etc., Proceedings of the 39th ASMS Conference on Mass
Spcctromelry and Allied Topics, May 19-24,1991 Nashville, Tennessee, p. 154.
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TuA9
Capture of Ions in an ICR Cell by Ion-Surface Collisions.
V.E.Frankevich, A.E.Poliakov and E.N.Nikolaev
Institute of Energy Problems of Chemical Physics, Russian Academy of Sciences, Moscow.
In recent years one of the main trends in mass spectrometry of ion cyclotron resonance is
associated with a possibility of injection of externally produced ions into the ICR cell. Many
analytical techniques based on mass analysis need inlToducting and capturing the external ions
inside the cell.
We have found that the capture of external ions is possible even at superhigh vacuum
conditions when the energy of ions exeeds the potentials of the ICR trapping plates. We assume
that in this case the capture of external ions is coused by the lose of ion energy during collisions
of the ions without neutralization with the ICR trapping plate. The magnetron drift of ions causes
a deflection of ion trajectories from the cell axis and tliis results in collisions of ions with the exit
trapping plate.
The dependence of the signal intensity of K*\ Rb^ and Cs + ions on the pressure of Xe
buffer gas was measured with different exit trapping plate hole diameter in order to understand
the mechanism of trapping of externally produced ions. The signal was observed at both high
and low pressure of residual zenon gas.
It was shown that the probability of ion capture depends on both the ion velocity' (that is
the ion energy) and the exit trapping plate hole diameter. Tims, the ions with different values of
energy may be captured when the exit trapping electrodes with controlled diameters of the hole
are used.
In method considered, the different types of ions can be captured by using a trapping
plate with the corresponding value of the work function.

TuA10
About t h e D e p e n d e n c e of Ion S t r u c t u r e on the Observed Mass in Quadrupole Mass Filter
Capron, L.; Rolando, C ; Simmoneau, G.; 'Sablier, M.
Ecole Normale Superieure, Departemenl de Chimie,
24, rue Lhomond • 75005'- PAH1S - FRANCE
Recently, published results reported that, mass displacements were observed in quadrupole ion trap
(1) and subsequently in quadrupole mass filter (2) in which they could reach 0.34 amu. As an excellent
correlation can be found beLween the mass displacements and dipole moments values calculated for the 3
isomers of Irifluoromethyl IwnzoniLrilr sin iiil.iTcalinn between dipolc moment of ions and qundrupoliir RF
field has been proposed by Traldi el al. We were very interested by such an access to ion structure so we
decided to reproduce these results. We used for these experiments a single quadrupole Nermag R10-10 and a
Fison Trio 1000. During our experiments we have studied the influence of resolution, source pressure and
polar gas presence in the quadrupole enclosure. All these investigations has been performed on the peak at
/?. 171 of ortho, meln nnd para isomors of iriflunronirlhyl bnnzonitrile using peaks at mb. 170 and 172 of
brornololuene as internal markers. Ion shills should have been very easy lo delect,, as on our instruments the
peak width could be lower than the expected displacements. Nevertheless no mass displacement was
observed in all our experiments. To confirm that point we have analysed a mixture of the preceding isomers
and standard by GC7MS using Ihe continuous scanning mode. We obtained the same result with this second
method.
In order to confirm our experimental results, we tried to estimate the effect of dipole orientation on
ihe KF quadrupolar field value. This value is directly proportional Lo the dielectric constant in quadrupole
enclosure and depends on two major lerms: dipole moment value and pressure of studied molecule.
Calculations showed that the presence of polar molecules, even al high pressure does not affect the RF field
value. The dielectric constant can always be considered as equal to one and the pressure effect under
experimental conditions can be neglected.
Experimental results agree with theoretical calculation and we can be doubtful of the observation of
mass displacement with a quadrupole mass filler in good condilions of use and tuning.
(1) Traldi P., Curcuruto O., Bortolini O., Rapid Commun. Mass Speclrom., 6, 543, 1992
(2) Traldi P., Curcuruto O., Bortolini 0., Rapid Commun. Mass Spectrom., 6,410, 1992
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Formation of Biomolccular Clusters in a Supersonic Jet: An Example of Molecular Recognition?
A. Meffert, M. Dey, F. Moritz, Y. Gotkis, J. Grotemeyer
Institute for Physical Chemistry, University Wiirzburg, Marcusstr. 9/11,97070 WUrzburg, Germany
Supersonic jet expansion coupled to laser desorption of neutrals can be used as an efficient method to
produce clusters of different kinds in the gas phase. Combined with multiphoton ionization mass
spectra of molecules as well as clusters can easily be produced and investigated.
The formation of clusters in the gas phase triggers immediately the question of the binding as well as
the structure of the cluster. Furthermore linked to this question one can ask whether cluster formation
in case of small biomolecules is an example of molecular recognition.
In order to examine this ideas we have investigated the cluster formation between small nucleobases
(Adenine, Thymine, Guanine, Cytosine, Uracil), nucleosides, nucleotides, amino acids and peptides.
It will be shown that the cluster formation is a dynamical process and due to this fact also the molecular recognition is linked to the observation time window. In case of nucleobases and related substances a high specificity towards the formation of Adenin - Thymin and Guanin - Cytosin is observed. As clearly seen from these results, the base pairing in the gas phase can be base specific. Other
heterocluster as A-C, C-T and G-T are not formed or formed with low intensities.
To investigate the structure of these clusters a two color ionization-fragmentation experiment has been
setup to measure the cluster dissociation energies. It will be shown that these energies favor a structure close to Watson-Crick or Hogsteen pairing. Thus stacking of the bases has nearly no or only little
contribution in stabilizing the dimers in the gas phase.
In case of the formation of clusters from different amino acids we can demonstrate that homo and
heteroclusters are formed, if different amino acids are desorbed as neutrals from a water/gylcerol
matrix. It will be shown for the first time that specific cleavage reactions are observed in these clusters. These fragmention are closely related to the formation of peptide bonds. Furthermore it will be
shown that these reactions are the result of a solvated cluster.
The structure of these cluster are investigated by mass spectrometric techniques and by theoretical
salculations.

TuA12
Ion Molecule Reactions of the Methoxymethyl Cation CH3OCH2"1" with Alcohols
H.E. Audier, G. Bouchoux and T. B. McMahon
Ecole Polytechnique, Palaiseau (France) and University of Waterloo (Canada)
The methoxymethyl cation, CH3OCH2"1". is an ambident electrophile as previously evidenced from its
reactions with ammonia where two exothermic ion-molecule reaction products were observed. The
first, CH2NH2+, is formed via a classical electrophilic on the methoxymethyl cation on the nitrogen to
yield the covalently bound intermediate, [CH3OCH2NH3+] while the second, CH3NH3+, requires an
intermediate which permits the transfer of CH3 + from CH2O to NH3. In the present work, reactions
of CH3OCH2+ with a series of alcohols have been performed both in the ion source of a reverse
geometry double focusing mass spectrometer and in a FT-ICR cell. From these experiments a number
of general conclusions can be drawn.
(1) Since the methyl cation affinities of alcohols are rather low, compared to that of NH3, the methyl
cation transfer reaction is very slow. Formation of the covalently bound adduct, CH3OCH2O(H)R+ is
the dominant phenomenon.
(2) This covalent intermediate can undergo a 1,3 hydrogen transfer from oxygen to oxygen. Such a
transfer is found to be a very slow unimolecular process in the FT-ICR esperiments but a rapid,
catalyzed bimolecular reaction in a high pressure ion source.
(3) When the alpha hydrogen of the alcohol is tertiary (e.g. in (CH3)2CHOH) a hydride abstraction
within a [(CH3)2CHOH, CH3OCH2+} intermediate complex yields (CH3)2COH+ as the final ionic
product.
(4) When the alpha hydrogens are secondary (e.g. in CH3CH2OH) the most stable final state
corresponds to (CH3)2OH+ formation via sequential intramolecular hydride abstraction and proton
transfer within the complex:
[CH3CH2OH, CH3OCH2+] -> [CH3CHOH+, (CH3)2O] -> [CH3CHO, (CH3)2()H+]
Ab-initio calculations have also been performed which support the proposed potential energy profile.
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Gas Phase Reaction of the Methoxymethyl cation, CH3OCH2+ with Aldehydes and Ketones
H.E. Audier, G. Bouchoux and T. B. McMahon
Ecole Polytechnique, Palaiseau (France) and University of Waterloo (Canada)
As a result of extensive charge delocalization the methoxymethyl cation, CH3OCH2+, acts as an
ambident electrophile. This cation can, on the one hand, be considered to be a classical electrophile
due to the approximately one-third positive charge on the methylene carbon. However, on the other
hand, it may be regarded to be a facile methyl cation donor due to the roughly one-fourth positive
charge on each of the methyl hydrogens. This dual reactivity is effectively revealed in the reactions of
the methoxymethyl cation with a series of ketones studied, in this work, in both the chemical
ionization source of a reverse geometry double focusing mass spectrometer as well as at low pressures
and long trapping times in the cell of a FT.1CR spectrometer. For an extensive series of aliphatic
ketones in each instrument these reactions lead, in roughly the same product branching ratio, to either
regeneration of CH3OCH2"1" following initial covalent C-O bond formation, or to methylation of the
ketone by CH3+ transfer.
With aliphatic aldehydes a third, dominant, reaction channel is opened which results in formation of
acylium ions, RCO+, by hydride abstraction.
In all cases the intermediacy of covalently bound adducts as well as ion-neutral complexes will be
discussed. These experimental studies have been supplemented by ab-initio calculations for both
stable intermediates and transition structures which support the mechanism inferred from
experimental results.

Tu A14
SPECIFICITY OF ION-MOLECULE REACTION INDUCED BY CS2 ON ALICYCLIC
DIMERIC ALKOXIDE : ATTACHMENT PROCESS AND HYDRIDE TRANSFER.
N.Me'chin, F. Fournier and J.C. Tabet ,
Laboratoire de Chimie Organique Structurale, ERS 73, U.P.M.C, Paris, FRANCE
Under negative ion chemical ionisation, primary and secondary alcohols yield aikoxides RR'CHO*
and dimeric (RR'CHO"...H+...."OR) species. These anions containing low kinetic energy can be
selected in order to react with electrophilic reagent gas introduced (at 2.10"4 torr) in the collision
cell. In particular, CS2 appears as an excellent electrophilic candidate to provide adduct ions (i.e.
RR'CHO",CS2). However, the monomeric RR'CHO" ion is unreactive and only the dimeric
(RR'CHO"..H+,."OCHRR') species is able to product for instance, an electrophilic attachment
leading to a RR'CHOCS2* covalent form :
{RR'CHO"..H+.."OCHRR'} + CS2—> RR'C(H)-OCS2' + RR'C(H)OH
This contrasts with the direct production of RR'CHOCS2* from RR'CHO' which seems to be unefficient. This trend suggests that the RR'CHOCS2~ producd ion results from decomposition of stabilised dimer, in which the RR'CHO" alkoxide species is preformed (and contains a low internal
energy relatively to the free RR'CHO" species generated in the ion source). The CS2 attachment
mechanism of the RR'CHOCS2" formation involves either a thiophilic approach or a carbophilic
attack. Fragment ions of RR'CHOCS2", containing sulfur atoms provide information on the site of
electrophilic attachment. Among the different produced ions, the following are the most interesting: (i) (RR'CHOCS2-C)" evidences the thiophilic attack, (ii) HC2S" (m/z 57) (interpretation in
progress) and (iii) HCS2" (m/z 77) which suggest that in the dimer a fraction of aikoxides are isomerised into (RR'C=O,H)~. This behavior has been applied for distinguishing diastereoisomeric
alcohols such as substituted alicyclic compounds. In particular, the hydride transfer from alkoxide
to CS2 will be demonstrated. Mechanistic discussion will be developed based upon gas phase
acidity and isomerization into ion-dipole intermediate.
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ION-MOLECULE REACTIONS ON CIS/TRANS [M + NH 4 ] + EPIMERIC DIETHERS
INDUCED BY AMMONIA AND METHYLAMINE REAGENTS IN COLLISION CELL.
PERLAT M.-C.1, BOURHIS C.1, FOURN1ER F.1, MANDELBAUM A.2,TABET J.-C.1*
^Loboratoire de Chimie Organique Structurally ERS 73, UPMC, FRANCE,
Department of Chemistry, Teclinion, Instilut of Technology, ISRAEL
In a previous study1, reactivity of the epimeric 1,2-indanediols towards ammonia and methyl amine
(in collision cell) has been approached. Nucleophilic substitution, and CID competitively, occurred. Actually, the former takes place by SNI and S N 2 pathways. This S n i reaction was enhanced at
higher Ej a |, whereas, the S n 2 appears efficient at E I a b <5 eV. The S n i pathway occurs from the
trans diol in contrast with the cis isomer which preferred a regioselective S n 2 process.
In order to investigate the role played by polarisability of reactive sites, these diols were derivatized into 1,2 methyl ethyl ethers (jc and JO and 1,2 ethyl methyl ethers (2c. and 2t). In ion source,
the cis epimers (l£ and 2c.) lead to M H * accompanied by [ M + N H j - M e O H p and [M+NH4E t O H ] + ions (by benzylic cleavage process) in abundances similar to that of the M H + parent
ions. From the trans isomers ( i t and 2t), SN was reinforced relatively to protonation; moreover,
unexpected alcohol losses from homobenzylic position of M H + occur yielding fragments as [2lHM e O H ] + and [UH-EtOH] + . They are produced under the same abundances as [ilH-MeOH] +
and [2tH-EtOHp. Ammonium solvation by homobenzylic group which takes place partially from
adduct ions can be an explanation and then, loss of this particular homobenzylic site is enhanced
by an anchimeric assistance induced by benzylic ether site. Mandelbaum 2 has shown such
decompositions from trans protonated diether. Under low energy CID conditions, the cis MH +
ions ( l c H + and 2cH + 1 loose specifically the benzylic ether whereas, l t H + in competition gives
rise to formation of both [IiH-EtOH] + and [UH-MeOH] + ions. Furthermore, [M+NH4-ROHJ +
is not observed from the cis adduct and only the trans epimeric adduct ions allow an S n i process.
Energy resolved mass spectra dependences were investigated in order to approach the role played
by the kinetic and thermochemical factors.
(1) C. Bourhis, M.C. Perlat, F. Foumier, J.C. Tabet, 41th Conference on Mass Spectrometry, 1993.
(2) A. Etinger, A. Idina, A. Mandelbaum, J. Am. Chem. Soc. £/£, 7397,1993

TllA16
REGIOSELECTIVE GAS PHASE REACTIVITY OF ISOMERIC ANIONS OF U-DITHIANES
AND ANALOG D1SULFIDE COMPOUNDS WITH THE ELECTROPH1LIC CS2 REAGENT.
Y. Gimbert 1 , G. Dive 2 , E.De Hoffmann2, A. Moradpour 1 and J.C. Tabet 3 *
'llniversite Paris-Sud, Orsay. France; 2Universite de louvain,
Louvain-la-Neuve, Belgium et 3U.P.M.C, Paris Cedex 05, France.
The gas-phase ion-molecule reaction chemistry of isomeric ylide species prepared from the
1,3-dithiane j , benzo-l,3-dithiole 2, dithiolane 3. and analog gem-disulfides under negative ion
chemical ionisation has been studied in collision cell of tandem mass spectrometer. First, structure
of these anions was investigated in order to assess the charge location since these ylides result
either by direct deprotonation or via elimination (associated with ring opening) as shown some
years ago by Nibberring and Bartmess (a recent review: R. A. J. O'Hair, Mass Spectrom. Review IQ,
133, 1991). Alternatively, deprotonation of disulfides can occur competitively from different acidic
sites yielding isomeric ylides with different abundances according to the initial structure. (RSfeCH"
anions produced from 2 (dithioacetal anion more stable by 36.6 kJ/mol than the phenylic one), 3.
and aliphatic gem disulfides are unconvertible forms even under collisions. The behavior of [i-H]'
prepared from the dithiane ylide differs from that of analogous anions of 2 and 2. • since an intramolecular [1-4J-H transfer takes place prior to collisions yielding ylides with a structure (e.g. an
ring-opened form) similar to that generated by the elimination process. Investigation of low energy
L
: J
CID spectra of the labelled [MprHf and [M D2 -D]-r^
-'- -displayed
- • - - - • diagnostic
- decomposi°'
" anions which
tions, confirms the previous explanations.
Ylide reactivity towards the electrophilic CS2 reagent in collision cell is oriented by position
of the negative charge. This has been demonstrated by comparison of the behavior of [Mp2"H]"
(charge at or B position to sulfur atoms) and [MrjrD]" (charge between both S atoms). This_ was
shown by analyzing decomposition product anions of the [(RS^CH' + CSJ type adduct. Regioselective carbophilic attack on CS2 is the major process observed with [Mrj2-D]~ while [Mrj2-H]'
prefers to provide a thiophilic approach associated to less stable adduct anions. This suggests that
the electrophilic attack occurs with a kinetic control. Such charge dependent regioselectivity
appears to be general supposed that anions do not undergo isomerization by H intramolecular
transfer prior to the ion-molecule reaction with the elctrophilic CS2 reagent.
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FORMATION OF THE PROTONATED PHOSPHONATES IN ION TRAP
MASS SPECTROMETER UNDER ELECTRON IMPACT CONDITIONS.
1

N.Mechin1, J. Plombey2, R. March2 and T. Blasco1, J.C. Tabet1*,
Laboratoirede Chimie Organique Structurale, ERS 73, U.P.M.C, Paris, FRANCE
^Department of Chemistry, Trent University, Peterborough, Ontario, CANADA.

Formation of (M+H) + ions can be observed in addition to odd-electron M+ ° ions under
electron impact conditions. In particular this occurs when the sample pressure is increased. This
process is favored with aliphatic molecules containing oxygen or nitrogen since the alkyl fragment
ions of such species have relatively high gas phase acidities and are able to readily transfer a proton. In mass spectrometers depending on ion storage, such as ion trap instruments and ion cyclotron resonance spectrometers, the problem is more easily observed since long residence times
result in ion-molecule collisions even at low sample pressure.
In particular, phosphonate compounds, which can be highly toxic and should be detected at
low levels in order to be identified and qualified, are characterized by a (M + 1)/(M) ratio higher
than that predicted for the natural ° C isotopy. However, all expected fragment ions classically
observed in IE mass spectra are detected whithout modification of the ion relative abundance.
MS/MS experiments show that the MH + ion intensity depends on (i) the experimental conditions
of the sample ion preparation and (ii) the ion residence-time in the ion trap mass spectrometer.
This behavior suggests that directly the M + ° gives M H + by ion-molecule reactions with the phosphonate neutral and less probably with fragment ioas. In fact, the proton transfer reaction is sufficiently exothermic. In addition, when ion storage times are very long (several ms), the (2M+H) +
dimeric species appears strongly. This result suggests that the application of a cooling time (along a
qz axis) yields collisional stabilisation of ionic species (i.e. a decrease of internal energy of the produced ions). These new results will be discussed. Furthermore, ion-molecule reactions from epimeric compounds will be presented and the increase of stereochemical effects relative to that observed in the collision cell of triple quadrupoles will be discussed.

TllA18
MEASUREMENT OF PROTON AFFINITY OF PHOSPHONATE BY
USING THE KINETIC APPROACH.
A. Leroy*, F. Fournier" and J.C.Tabet"
•Laboratoire de Chimie Recherche Analyse, Centre d'Etudes du BOUCHET, BP 3,
Vert-le-Petit "Laboratoire de Chimie Organique Structurale, ERS 73, U.P.M.C., Paris
Organophosphorus compounds are widely employed as pesticides, fertilisers or
detergents in different fields like industry and agriculture. However, some of these compounds
or their corresponding degradation products like phosphonates can be highly toxic and can
affect irreversibly the environment. Consequently, detection and identification for traces of
these compounds are required. Their analysis has been approached by mass spectrometry
which is a very sensitive method. Moreover, tandem mass spectrometer combined with gas
chromatography can increase selectivity and improved specificity of analysis of
organophosphorus traces in complex matrix. For this purpose, data bank from electron impact
mass spectra is today in progress. Under this conditions, the natural T3C isotopic peak of M*- is
larger than that expected. By using ion-trap mass spectrometer, this structural evolution
dramatically change in favour to formation of MH* rather than M+-. This behaviour suggests a
large proton affinity of organophosphonate compounds. For this reason, determination of
proton affinity of these compounds has been investigated.
In the present work, we will give basicity scale of large variety of phophonate compounds (20
compounds). In order to achieve this aim, we use the kinetic method developed by Cooks'
some years ago. This scale was correlated with the known proton affinity of two
trialkylphosphates. Unfortunately, we cannot found other values of proton affinity from
literature ; for this reason the approach done by Fenselau2, also by Harisson and Sindona was
applied. In particular the determination of these values was obtained by comparison of various
amines.
1. S. A. McLuckey, D. Cameron, and R.G.Cooks, J. Am. Chem. Soc., 103.1313.1981.
2. X. Cheng, Z. Wu, and C. Fenselau, J. Am. Chem. Soc., U5.4844, 1993.
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Superbases in the gas-phase :
Further extension of the gas-phase basicity scale using acyclic and cyclic guanidines
E. D. Raczyfiska,* P.-C. Maria,* J.-F. Gal* and M. Decouzont
institute of General Chemistry, University of Agriculture, 02528 Warsaw, Poland
^Laboratoire de Chimic Physique Organiquc, Groupe FT-ICR,
University de Nice - Sophia Antipolis. 06108 Nice Cede* 2, France
The design and study of very strong organic bases has for long attracted interest. In particular, the guanidine moiety, a
strong basic function in solution, is present in numerous natural and synthetic compounds exhibiting a wide spectrum of
biological activities. Although some guanidines arc commercially available, measurements of their gas-phase basicity (as
GB) were not possible because of the lack of suitable reference bases.
Our investigations of substilucnt effects on the GB of amidines1 opened the way for the extension of the gas-phase basicity
scale. Recently, our data allowed the determination of the PA for argininc.2
We have used the amidines studied previously as reference bases for carrying oul the GB measurements for acyclic
guanidines, synthesised in our laboratory, and cyclic guanidincs and vinamidincs, kindly supplied by Dr. R. Schwesingcr.3
The GB were determined by the proton-transfer equilibrium method using FT-ICR mass spectromctry.
AH bases studied have PA beyond 1000 kj moH, and provide an extension of the gas-phase basicity scale up to PA «
1080 kJ mol'1. Some representative PA values are given below (R, PA in kJ mol" 1 ):
R

Me,N
C=NR

w

1ST

Me 2 N'

R
Me
Et
i-Pr
l-Bu

1033.4
1037.2
1041.4
1047.7

H
Me
Et
i-Pr

1042.5
1048.1
1053.9
1057.3

fc-V
J
v_
H
> 1068
Me

> 1078

References:
1. M. Dccouzon, J.-F. Gal, P.-C. Maria, E. D. Raczynska, Rapid Commun. Mass Spearom. 7, 599 (1993).
2. Z. Wu, C. Fenselau, Rapid Commun. Mass Spcctrom. 6, 403 (1992).
3. E. D. Raczynska, P.-C. Maria, J.-F. Gal, M. Dccouzon, in preparation.

TuA20
El Fragmentation of Epoxides of «,/3-Unsaturated Ketones and Chromones
Z. Dinya, M. Liptdk, I. Molndr, Cs. Nemes, A. Levai and T. Patonay
Department of Chemistry, Lajos Kossuih University, H-4050 Debrecen, Hungary
The electron impact induced fragmentation of compounds 1-3 (R1, R2 = H, Ph; Ar =
substituted phenyl) have been investigated by different mass spectrometric techniques (HR,
MIKES etc.).

The structures of ions formed in rearrangement processes have been determined.
Characteristic differences could be found in the spectra of compounds having exo- or
endocyclic epoxy groups. In the case of compounds 2 the loss of a substituted stilbene was
rationalized. The characteristics resulting from trans (£) and cis (2) geometries have also
been determined.
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COMBINED ION-MOLECULE REACTIONS AND CONSTANT NEUTRAL SPECTRA
TO CHARACTERIZE IilFUNCTIONAL CONJUGATED DIENES
M. Sharifi and J. Einhorn
1NRA, Laboratoire de Phytopharmacie, Route dc St Cyr, 78026 Versailles Cedcx France
The direct location of the diene system in aliphatic conjugated dienes by gas-phase ion -molecule
reactions has been investigated using the t-C4Ha.+ cation (generated in isobutane plasma) as
reactive species [1,2]. Under these conditions, it has been proved [3] that the two diagnostic ions
(A+, B+) are branched alkyl cations formed from both sides of the initial unsaturation through a
specific process. This includes the isomerization of a dipole-ion complex (between the ion and the
substrate) into a covalent branched adduct-ion via a six center transition slate followed by its
decomposition by concerted cation transfer and allylic cleavage [3]. This type of reaction has been
very useful not only for monofunctional dienes but also for bifunclionalized ones bearing a terminal
oxygen group. The diagnostic ions can be quite abundant (aldehydes, alcohols) but not
systematically (cf. acetates). Also, in order to obtain in general an easier diagnosis, a new approach
is proposed. Our strategy is to combine the specificity of the same ion-molecule reactions
performed in source to a second specificity provided by the use of constant neutral spectra (triple
quadripole). The neutral loss values chosen correspond to the addition of two transitions occurring
in the decomposition of the diagnostic ion bearing the terminal function (B + ): 74 amu (e.g. C4H8 +
H2O) for aldehydes and alcohols, 116 amu (e.g. C4H8 + AcOH) for acetates. Under these operating
conditions, very simple spectra are obtained mainly characterized by B + either as major and
sometimes almost unique ion (aldehydes and alcohols) or as second one besides the MH + ion
(acetates).
[1] J. Einhorn, H. Virelizier, A.L. Gemal and J.C. Tabet, Tetrahedron Leu. 26. 1445 (1985)
[2] R.E. Doolittle, J.H. Tumlinson and A. Pmveaux. Anal. Chcm. 57, 1625 (1985)
[3] J. Einhorn, H. Virelizier and J.C. Tabet, Spectros. Int. J. 5, 171 (1987)

TuA22
Ion-molecule reactions in the gas phase : Comparison of eiiantioseleclivily of two cliiral
gases.
C. Bouillet, N. Sellier and J.C. Tabet*
Spectromdtrie de Masse, E.N.S.C.P., 11 rue P. et M. Curie, 75231 Paris Ccdcx 05, France.
•Cbiinie Organiqtie Structural, Universile de Paris VJ, 4 Place Jussieii, 75252 Paris Cedex 05, France.
The preparation and control of optically active compounds is of interest for many different fields of
science. Unfortunately, the mass spectrometer is unable to distinguish between optical isomers in the solid
or liquid state. The first observation of a Cl cliirnlily effect was reported for the optically active
dialkyltartrates by Fales and Wright (1) then by Tabel (2) and Suming (3). In a recent first study (4), we
have shown that the use of a crural gas (2R-ainino propan-I-ol = D-Alaninol) in positive chemical
ionization makes it possible to differentiate enantiomers molecules such as (+) and (-) isopinocampheol
and (+) and (-) menthol. In this MS and MS/MS work, we tested a different chiral gas,
(l-R-phenylethylamine = Ba), to compare the efficiency of our technique. In MS (Nermag R 10-10C)we
found that the relative intensity of the (M + BaH-H2O)+ and (M + BaH)+ ions are different depending on
the configuration of the compound. In MS/MS (Nermag R 30-10) the relative intensity of the daughter
ions (M + BaH-HiO)* enables a positive determination of the (+) and (-) isopinocampheol and (+) and (-)
menthol isomers.

CH/
(+) Mciitlml

(-) Mcnlhol

(1) Fales, H.M. and Wright G.H. J. Am. Chein. Sue, %>. 2.1.19 (1977).
(2) Tabet, J.C. Speciros. Int. J., 5, 83 (1987).
(3) Suniing, H. ; Yaozu, C.; Long 1-ci, .1. ;\nd Sliiiniiin X. Org. Mass. Spectrum. 2J., 7 (I9K6).
(4) Douay, D. ; Scllier, N.; Tnbct, J.C. 10° Journeys de Speeliomcliic dc Masse - Paris (1993).
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Reactive Collisions of Atomic Ions at Fluorinated Surfaces
T. Ast, T. Pradeep and R.G. Cooks
Depp.rcment of Chemistry, Purdue University, West Lafayette, IN 47907, USA
A custom built hybrid mass spectrometer of BEEQ geometry was used to study interactions
of atomic ions with fluorinated self assembled monolayers (SAM) surfaces. When low
translations! energy (10 - 90 eV) atomic ions collide at these surfaces they can (i) be
elastically reflected; (ii) be neutralized; (iii) react with the surface or (iv) induce surface
sputtering. A number of transition metal ions, as well as ions of group IIIA - VIIA elements,
have been investigated. Particular emphasis was on ion/surface reactive collisions, which result
in abstraction of 1 - 5 fluorine atoms from the surface. Multiple fluorine abstraction is
reported for the first time and the probable mechanism of this process is suggested. It is
argued, and corresponding gas phase experiments provide strong support to it, that multiple
Guorine atoms originate from the same surface chain in a single scattering event A large
diversity in behavior is observed for transition elements; W+ reacts with up to five F atoms,
while Fe+ and Cr+ yield only mono and difluorides. Group IIIA - VIIA representative
elements exhibit a much more uniform behavior, undergoing mainly one or two fluorine
abstraction reactions. Most of these reactions obey the relevant thermochemical correlations;
however, in a number of cases, other factors are dominant. Most of the reactions are
endothermic, but they still occur with good abundance, pointing to the efficiency of
translational to internal energy conversion.

TuA24
Surface Induced Dissociation of Photo-ionised
Benzene Derivatives in a Reflectron TOF-MS
Janine de Maaijer, Jaap H.M. Beijersbergen, Tina L. Weeding and Piet G. Kistemaker
FOM-institute for Atomic and Molecular Physics, Amsterdam, The Netherlands
The dissociative behaviour of benzene and benzene derivative molecular ions upon collision with various
surfaces is investigated.
The molecular ions are produced by photo-ionisation, which enables us to ionize selectively (using
REMPI), minimize initial fragmentation and optimize yield of the molecular ion.
Our collision device is positioned in the reflectron part of a time of flight mass spectrometer. This allows
for near perpendicular ion impact and thus short interaction times with the surface [ 1 ]. The surface is
moveable, which enables us to vary the distance between the grids and the surface, and heatable until
500 K.
The mass resolution of the fragment ion/daughter spectrum is limited to about 50. This is due to (1) the
initial energy spread of the ions and (2) the energy distribution introduced by the collision. Therefore,
several methods to improve mass resolution are investigated.
Collision energies are used ranging from 10 to 200 eV. Breakdown diagrams are presented for the
various fragments observed. The goal is to obtain optimal fragment ion yield, and to study the efficiency
of translational into internal energy conversion as a function of surface composition [2].
References:
11) E.R. Williams, G.C. Jones Jr., L. Fang, R.N. Zare, B.J. Harrison and D.W. Brenner, J. Am.
Chem. Soc. 114 (1992) 3207
[2] S. Dagan and A. Amirav, J. Am. Soc. Mass Spectr. 4 (1993) 869
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Surface Induced Dissociation and Charge Inversion of CF-j Ions
on a Clean Ag(lll) Surface
Wim R. Koppers, Jaap H.M. Beijersbergen, Tina L. Weeding, Aart W. Kleyn, and Piet G. Kistemaker
FOM-lnstitute for Atomic and Molecular Physics, Kruislaan 407, 1098 SJ Amsterdam, The Netherlands
The interaction of CF-j ions with clean Ag(lll) surface is examined as function of the incoming angle and
orientation of the crystal. The experiments are conducted in an ultrahigh vacuum chamber which is
equipped with a mass selected ion beam source and an electrostatic analyser to detect the positive and
negative ions refelected from the surface.
For positive fragment ions only found C + was found with a maximum intensity under the specular
reflection angle as expected from other measurements in literature. Surprisingly, a strong negative fragment ion signal was found indicating that the
l\
dominant reaction is neutralization followed by a
F>^
'1
probably weaker electron attachement process.
Cl7
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; 1
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A
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TuA26
LOW-ENERGY COLLISIONS OF IONS WITH SELF-ASSEMBLED MONOLAYER FILMS
Arpad Somoqyi. Thomas E. Kane, Vicki H. Wysocki
Department of Chemistry, Virginia Commonwealth University,
Richmond, VA 23284-2006, U.S.A.
There is an increasing interest in low-energy (10-100 eV) ion-surface collisions.
Systematic investigations of the processes occurring upon these collisions, such as surfaceinduced dissociation, chemical reactions, and chemical sputtering (initiated by charge exchange
between the projectile ion and the surface), can provide further insight into the details of ionsurface chemistry. This work is a summary of our recently obtained results.
Self-assembled monolayer films were prepared by the spontaneous chemisorption of alkanethiols
(with different chain length), and derivatized alkanethiols, e.g., fluorinated-alkanethiols on vapor
deposited gold. Dielectric (insulating) surfaces are also investigated. The projectile ions include
both positively and negatively charged polyatomic ions, singly- and doubly-charged atomic ions,
small organic ions, etc. Some important observations follow:
i) For all the films investigated, the degree of surface sputtering increases dramatically
with increasing recombination energy of the atomic projectile ion and with increasing
collision energy, ii) Chemical reactions (e.g., H, CH3, D, CD3, F, and CF3 additions) can
be used to characterize surface quality, iii) Wetting test experiments can be used to
"image" the ion beam on funtionalized surfaces (hydroxy- or tetraalkylammonium-bromideterminated surfaces); terminal groups are sputtered from the vacuum-surface interface
only in those areas in the path of the ion beam.
The charge exchange and chemical reactions are also modeled with ab initio calculations
for the following model reactions (at the MP2 level with different basis sets):
V + CX,, and Y* + CX3CX3, where V = Na*. CH3*. C\\ A r \ Cl\ etc, and X = H (model for
alkanethiolate surfaces) or X = F (model for fluorinated alkanethiolates). In agreement with the
experimental observations, the calculations show a decrease amount of charge transfer from the
lluorinated surface to incoming cations than is observed for the hydrocarbon surfaces.
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SURFACE-INDUCED DISSOCIATION OF PEPTIDES: ENERGETICS AND MECHANISM
Arpad Somoqyi. Jennifer L. Jones, Ashok R. Dong re, Vicki H. Wysocki
Department of Chemistry, Virginia Commonwealth University,
Richmond, VA 23284-2006, U.S.A.
Investigations on the energetics and mechanisms of the mass spectral fragmentation of
protonated peptides are of increasing importance. This work is a continuation and extension of
our recent surface-induced dissociation (SID) and quantum mechanical studies on protonated
peptides.1"3
Collisions of low-energy (eV) protonated peptide ions with a surface lead to structurally
characteristic fragmentation. The internal energy deposited to the selected MH* ions by ionsurface collisions can easily be controlled by varying the collision energy. Our experiments
involve different protonated peptides (with no basic residues and with basic residues at the
amino and/or carboxy termini), and peptides with a fixed charge site. Electrospray ionization
(ESI) is used to form the ions of interest for threshold and energy resolved MS/MS
determinations because ions formed by particle bombardment (FAB or LSIMS) contain too much
initial internal energy. We found that the fragmentation efficiency of the protonated peptides
obtained by this ESI/SID combination strongly depends on the peptide structure. The
fragmentation efficiency curves are shifted to higher collision energies in the order (no basic
group) < (basic group at the carboxy terminus) < (basic group at the amino terminus).
Quantum mechanical calculations are also applied for model peptides to determine:
i) the energetic of the formation of characteristic fragment ions (a, b, y, w, and z) of protonated
peptides (at the MP2 6-31G7/6-31G* SCF level).
ii) the stability of different H-bonds assumed to be formed during the protonation and subsequent
activation (at the 3-21G SCF level, and the AM1 and PM3 semiempirical levels).
1 A.L McCormack, A.R. Dongre, A. Somogyi, V. H. Wysocki, Anal. Chem.65, 2859 (1993).
2 A. Somogyi, V. H. Wysocki, I. Mayer, J. Am. Soc. Mass Spectrom., in press.
3 J. L. Jones, A. R. Dongre, A. Somogyi, V. H. Wysocki, submitted.

TuA28
SURFACE-INDUCED DISSOCIATION IN AN ELECTROSPRAY SOURCE FOR A SINGLE MS
r. Blasco* and D. Garteiz"
• Laboratoire de Chimie Organique Slructuralc - U.I'.M.C. - 4, place Jussieu 75232 PARIS - FRANCE
° TexMS Inc. - 15701 West Hardy Road- HOUSTON TX77060 USA
Several tandem mass spectrometers including a Surface-Induced-Dissociation (SID) cell have yet been
designed, and several drawbacks have appeared, particularly the partial neutralisation of the incident beam.
Another one is the control of the solid-gaz interface at the surface, which has a major effect on the
fragmentation spectra.
Including a SID cell in a high ionisation efficiency source as the Electrospray one would make up the loss
of sensitivity due to partial neutralisation, especially by using a micro channel plate instead of a metallic
surface. Furthermore, the better control of the amount of internal energy deposited in SID is simply
realised by increasing the potential difference between the capillary output and the skimmer (fig. 1).
Quadruple

Electrospray Source
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COLLISIONAL COOLING EFFECTS ON INTERNAL ENERGY DEPOSITION IN AN ION
TRAP MASS SPECTROMETER
P. Liere, T; Blasco and J.C. Tabet
Laboratoire de Chimie Organique Structurale - U.P.M.C. 4, place Jussieu 75232 PARIS - FRANCE

In an ITMS, CAD experiments are performed by using an auxiliary "tickle" voltage applied on the
end caps electrodes, in resonance with the axial component of the secular frequency of the precursor ion
motion. We have investigated butylbenzene ions behaviour in CAD experiments to study internal energy
deposition in this excitation process. We can observe that, after precursor ion isolation at the Bz - I
boundary of the stability diagram, increasing the cooling time just before molecular ion excitation in the
time scale 0 - 15 ms induces a large decrease of internal energy deposition and CAD efficiency on
molecular ions of butylbenzene. It seems that the migration of the precursor ions to the center of the
trap, and therefore the decrease of ion kinetic energy, reduces the internal energy transfert.lt appears that
the duration of the cooling period controls internal energy deposition. Further work is now necessary to
understand this "thermalisation" and to compare these results with the BAD process which indicates an
apparent reverse variation1.

1 RE. March et al., Rapid Com. Mass Spec, 7, 929,1993

TuA30
Determination oi Relative Cross-Sections in High Energy (KeV) Collisions of Organic Molecules
'S.G. Roussis, J.W. Fedora and G.D. Miller
Imperial Oil, Sarnia Research Centre, Sarnia, Canada, N7T 7M1
The unique capabilities of tandem mass speclrometry allow Ihe analysis of selected precursor ions
present in very complex mixtures. This is accomplished by Selected Reaction Monitoring (SRM) of
MS/MS transitions which are characteristic of specific chemical groups or compounds. The measured
peak area of the MS/MS transition is related to the amount of the chemical species present in the
mixture. Precursor ions with dilferent mass or chemical structure, however, may have different crosssections for collision-induced dissociation and ion loss upon collision with a target molecule. Quantitative
relationships between the various ions in MS/MS transitions would therefore require knowledge of the
tolal collision cross-sections of the precursor ions. Determination of the absolute total cross-section of a
collision is highly dependent on the collision system and the instrumental parameters. It depends on Ihe
kinetic energy of the ion, the nature of the collision gas, Ihe length of the collision region, the pumping
efficiency and the acceptance angle of the instrument. However, (or the same mass spectrometer the
instrumental parameters are constant. Relative collision cross-sections can be thus obtained for collisions
of different organic molecules with the same target molecule.
In the present study, the relative collision cross-sections of several organic chemical types (alkanes,
alkylbenzenes, chlorobenzenes, etc.) in KeV collisions with helium, have been determined. The relative
collision cross-sections were found to increase with Ihe larger homologues. The relative collision crosssections of cyclic structures are smaller than those of the corresponding linear species. Generation of a
mixture of isomeric precursor structures in the ionization step, leads to Ihe determination of average
collision cross-sections. Although structural information about specific ion structures is not always
possible due to the inability to separate the isomeric precursor ion mixture, it is possible to improve
quantitative relationships between the various MS/MS transitions by taking into account their average
relative collision cross-sections.
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Collision-Induced Dissociation of Low Energy Ions:
Electronic Excitation and Lifetimes
Anil Shukla, YiBai Chen, Runzi Zhao, Rahul Chawla,
Kevin Norbash, Ron Tosh, and Jean Futrell
Department of Chemistry and Biochemistry,
University of Delaware, Newark, DE 19716
Excitation to isolated electronic state(s) and direct dissociation have often
been invoked to explain abrupt changes in fragment ion abundances in low as
well as high energy collision-induced dissociation (CID) processes. However,
these results were not supported by experimental studies of the energetics of
such processes. We have studied the angle and energy resolved low energy CID
of CS2 + and CH2C(OH)CH3+ ions using a tandem hybrid instrument with a rotatable
detector consisting of mass and energy analyzers. The energy distributions for
CS + and S + fragment ions show that dissociation mechanism for CS + changes to
proceed via higher electronic state(s) as the collision energy is increased
while S + follows the lowest energy pathway at all energies. In the case of
enolic acetone ions, we observe that a fraction of excited ions dissociate
after a delay of 10-15 microseconds after collisional excitation suggesting
that collisions result in bimodal distribution of energies.

TuA32
A Study of Energy Rasolved Haas Spectra (SRKS) of Unsaturated Tetradecyl Alcohols
Yufen Zhu, Hing Hong, Baomin Xin, Shuying Liu, Dongliang Zhan
Guangzhou Institute 1 of Chemistry, Chinese Academy of Sciences, P.B. China
Four pairs of unsaturated tetradecyl alcohols have been investigated by ERMS. The
E, Z-isomera with the same double bond position can be differentiated according to
the differences batween t h e i r ERMS.
Pirstly the quasitnolecular ions(M-H) + of these unsaturated tetradecyl alcohols
have been produced by Chemical Ionization (Cl). Under distinctive collision
energies the M-H + ions collide with argon molecules and dissociate, so the HOB
of these compounds can be obtained in the 0-50eV range. When collision energies
are below 20 eV, the distinctive characteristics are clearly shown in the ERMS.
The (M-H-H2CJ) ions of E-isomers are more intense than those of Z-isomers; vhile
the m/z 95 ions of Z-isomers are more abundant than the corresponding ions of
E-isomers. These results have been explained in this paper by Quasi-Equilibrium
Theory (CJCT). Ir. addition, the joint point energies of m/z 69 ions with m/z 109,
123, 137, 193 are larger for E-isomers than for Z-isomers, which i s in agreement
with the different s t a b i l i t y of 55,Z-isomers.
All the experiments have been carried out on VO-'Justtro instrument.
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A New Generation of Mass Spectrometers - Magnetic Sector/Time-of-Flight Combinations
E.N.Raptakis, D.J.Reynolds, A.W.Colburn and P.J. Derrick
Warwick Institute of Mail Spectrornetry, Department of Chemiitry, University of Warwick, Coventry CV4 7AL UK
A.D.Hoffman and S.C.Davis.
H.D.Technologiei, S3 Everett Road, Withington, Manchester, M20 3EA, U.K.
Recent yean have seen increasing demands upon the sensitivity and mass range of tandem mass spectrometers. The
current state of the art instruments are four sector mass spectrometers with an array detector in order to improve the
sensitivity. Event in this case, the array detector can see up to about 10% of the mass spectrum. Another approach to
improve the sensitivity would be to enhance our ionisation efficiency. The matrix-assisted laser desoiption and ionisation
(MALDI) technique is offering high sensitivity as well as high mass capability [1]. Nevertheless, being a pulsed ionisation
technique, MALDI is not directly coupled with sector mass spectrometers.
On this paper we investigated the feasibility of combining in series a pulsed ion source double-focusing mass
spectrometer (DFMS) with a time-of-flight mass spectrometer (TOF). The task of combining these two kinds of mass
spectrometers is not trivial, because of a number of interfacial difficulties that have to be overcome [2]. The first interfacial
problem arises by the fact that ions that leave the ion source of a typical DFMS simultaneously arrive at the collector's slit
within a time period off 100 nsec. Our approach to this problem is to incorporate an "ion bunching" stage at the
intermediate area between the two parts of the instrument. The ion packet with ions of the same mass and similar energies
delivered from the sectors is directed into the gap between two grounded electrodes. When the whole ion packet is lying
within the bunching area, we apply a high voltage pulse on one of the electrodes. The ion packet is therefore focused into
the collision cell, undergoes fragmentation and is ejected towards the TOF analyser.
During the bunching stage we introduce a high energy spread. For this reason at the TOF analyser stage we are using a
specially designed ion mirror that compensates for this energy spread. The ion reflection closely simulates a monopole
electrostatic field (V=Kx 2 ) [3]. An ion within this field domain will experience a retarding force which increases linearly
with distance. The time of flight for a round trip of an ion in this mirror will be proportional lo the square root of the mass
to charge ratio but is completely independent from the energy. Ion trajectory simulations for the monopole ion mirror show
theorectical mass resolution in excess of 40,000 Dalton.
In order to test and develop the above ideas we have built a prototype megnelic sector-TOF (MAG-TOF) tandem mass
spectometer. The DFMS of the instrument is a Kratos Concept H series with a MALDI ion source. We expect this
prototype to provide tandem mass spectra of organic sample with mass 5000 Dalton, and 1 picomole of sample.
[1] M.Karas, U Bahr, F.HiUenkamp, Int.J. Mass Spectrom. Ion Processes 92.231 (1989)
| 2 | F.Strobel and D.H.Russell, The 38th ASMS Conference on Mass Spectrometry and Allied Topics, 1466, (1990)
[3)D.C.Hamilton, G.Gloeckler, F.M.Ipavich, R.A.Lundgren, RB.Sheldon and D.Hovestadt, Rev. Sci.lnstrum. 61,3104
(1990)

Tu B2
A combined Magnetic Sector - Time of Flight hybrid Mass Spectrometer for structural
determination studies by MS/MS.
R H Bateman, R S Bordoli, M R Green, G Scott, Fisons Organic Analysis, Manchester, UK
Instrumentation for structural determination studies by MS/MS should ideally allow precursor
ion selection with unit mass resolution and with high transmission for both continuous and pulsed ion
sources, and allow acquisition of full daughter ion spectra with unit mass daughter ion resolution and
high sensitivity, and within chromatography time scales. In addition the instrumentation should at
least accommodate gas collisional induced decompositions, with "centre of mass" collision energy
controllable over a range from less than 5 eV to over 50 eV. Collision gas activation has to date been
the most widely used, the most extensively characterised, and generally the most successful means
of activation.
The use of a Magnetic Sector instrument as MS1 of a tandem MS/MS instrument most easily
meets the requirement for unit mass precursor ion selection with high transmission. The use of a
Time-of-Flight instrument as MS2 meets the requirement for full daughter ion spectra acquisitions
within chromatography time scales and with the highest sensitivity. Product ions resulting from high
energy collisions characteristically have all the same velocity but with a large axial energy spread
resulting from collisional scattering and from energy release in the chemical decomposition reaction.
These demanding characteristics, and the need to operate at acceptable sampling efficiencies with
continuous ion beams as well as with pulsed ion sources can be accommodated by employing
orthogonal acceleration of the product ion beam into the time-of-flight mass analyser.
This paper describes a combined magnetic sector - TOF instrument for structural
determination applications by MS/MS. The design includes provision for gas collision induced
decompositions and orthogonal acceleration of the product ion beam into the time-of-flight mass
analyser. Dala illustrating instrumental performance with regard to product ion resolution and
sensitivity will be presented, and practical aspects of the operation of this type of instumentation will
be discussed. Daughter ion spectra for a number of peptides, including the well documented peptides
Substance P, Renin Substrate and ACTH clip peptide residues 18-39, acquired at different "centre of
mass" collision energies, will be compared to classical low and high collision energy spectra from
triple quadruples, four sector instruments and to "post source decay" daughter ion spectra from
MALDI - TOF instruments.
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A Time-of-Fliglit Mass Spectrometer with Electrostatic Sector Analyzers for Mass
Spectrometry/ Mass Spectrometry and MS/MS/MS Analyses
Tom Sakurai, Hiroyuki Ito, Masahiro Kimura and Takekiyo Matsuo
Department of Physics, Faculty of Science, Osaka University, Toyonaka, Osaka 560, Japan.
Itsuo Katakuse
Department of Earth and Space Sciences, Faculty of Science, Osaka University, Toyonaka,
Osaka 560, Japan.
The principles of MS/MS and MS/MS/MS analyses using a TOF mass spectrometer
with electrostatic sector analyzers are proposed. Product ion spectra can be obtained by
measuring the total flight times and the kinetic energy of the products without any additional
separation process, any coincidence techniques or any special timing circuits.
The size distribution of mercury/cesium complex cluster ions, HgnCs+, have been
observed and magic numbers of n = 4, 6, 8, 12, 14, 18, 22 and 25 have been found. The
magic numbers are identical with those obtained using a magnetic-sector mass spectrometer
with a similar ion source.
MS/MS and MS/MS/MS mass spectra of the cluster have been obtained. The first
generation product ions have been produced by a metastable decay, and the second-generation
products have been produced by a sequential decay. Decay probability and half-life of the
metastable ions are determined experimentally.

TuB4
TANDEM TIME-OF-FLIGHT MASS SPECTROMETRV
Timothy J. Cornish, Marcella Cordero and Robert J. Cotter
Middle Atlantic Mass Spectrometry Laboratory, Johns Hopkins University, Baltimore MD 21205, USA.
The design and performance of a tandem (RTOF/RTOF) time-of-flight mass spectrometer
utilizing two reflecting mass analyzers is described. In the normal mode, mass spectra can be recorded
through both reflectrons with mass resolutions of up to one part in 12,000. In the MS/MS mode, ions
are mass selected and fragmented by collision induced dissociation with helium gas introduced through
a pulsed valve. Product ions are focused by a curved-field reflectron, which maintains high mass
resolution through most of the mass range. This obviates the need for scanning or stepping the
reflectron voltage to record product ion mass spectra and preserves the multiplex recording advantage
of the time-of-flight instrument.
A second instrument is also described, which utilizes a coaxial curved-field reflectron for
simultaneous focusing of product ions resulting from unimolecular post source decay. Because both
precursor and product ions are focused in this instrument, approaches for distinguishing product ions
and assigning their precursors are described.
Both instruments are low voltage, compact (desktop) designs intended for use in the amino acid
sequencing of peptides in the mass range of 200 to 2,000 daltons, using matrix-assisted laser
desorption/ionization (MALDI). Tandem and metastable spectra are presented for a number of organic
compounds, common MALDI matrices and small peptides.
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A high performance MALDI-Tof instrument for MS-MS of biological, molecules has been
designed and built.
HoyesJ. B., Curbishely S. B., Doorbar P., Tatterton P., Bateman R.H., Beer B., Lockett J.
Fisons Instruments pic, VG Analytical, Manchester M23 9LE, UK
In MALDI-TOF a high proportion of the desorbed molecular ion species undergo post
source decay (PSD) during flight in the field free region. In a linear T O F instrument these ions
are essentially undispersed from the parent and cause only slight broadening of the molecular
ion peak. By using a reflectron [1] the product ions can be dispersed in time from the parent
because their differing kinetic energies allow different depth of penetration into the reflection
field. By lowering the voltage on the reflectron in a number of discrete steps full product ion
spectra can be obtained, giving sequence information from sub-picomole levels of peptide
material. The instrument has an effective flight path of 3.5m and utilises a single stage
reflectron in axial geometry mode with a large area annular detector. The single stage reflectron
allows full product ion spectra to be achieved in fewer steps than with the two stage device, and
has a simpler calibration law. A two stage source allows high field extraction to promote PSD
and also focusing of the ions for maximum sensitivity. A long first field free region (> 1 m) enables
optimum placement of a "Bradbury-Nielson" ion gate for precursor ion selection by selcting the
required ion packets. Differential pumping between source and analyser allows fitting of a gas
cell for high energy collisionally induced dissociation (CID) experiments. A high resolution
camera coupled with a precision X-Y stage allows investigation of the matrix surface. Data will
be presented illustrating the high resolution of the instrument in both MS and MS-MS modes.
[1] R. Kaufmann et al. Rapid Communications in Mass Spectrometry, Vol 7, 902-910 (1993)

TuB6
An Optimized Ion Optics for a MALDI-TOF Instrument
J. Zeng, U. Bahr, M. Karas, F. Hillenkamp
Institute for Medical Physics and Biophysics, University of Muenster.
Robert-Koch-Strasse 31, 48149 Muenster, Germany
High mass resolution in time-of-flight mass spectrometry is in principle possible without
sacrificing the sensitivity of the system, it, however, requires an optimized ion source and
optics device. Moreover, it is desirable for MALDI-TOF mass analysis that the same ion
extraction and focussing optics can be used under different experimental modes, such as
low acceleration-energy reflectron mode and high acceleration-energy linear mode, and
can be optimized either for intact ion desorption or for maximized post-source-decay yields.
Although a MALDI ion source appears to be a simple point source at the first glance, the
ions show some critical properties due to the ion formation process, such as massindependent initial velocities and energy deficits and spread due to collisional deceleration
upon ion extraction; this is reflected by the experimental observation that the ion source
voltages are critically influencing the performance of the gridless reflectron analyzer used.
Elaborate computer simulations (SIMION) were performed. The proposed ion optical
system and calculated voltages were experimentally controlled and optimized on a VISION
2000 (Finnigan MAT) instrument, the achieved performance will be presented.
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A Charge Detector for MALDI Time-Of-Fliqht Analysis
C. Lautz, U.Bahr, U. Rohfing and F. Hilfenkamp
Institute for Medical Physics and Biophysics, University of Miinster
Robert-Kochstr. 3 1 , 48149 Munster, Germany
The detection of high mass ions produced by matrix-assisted laser
desorption/ionization (MALDI) in a time-of-flight instrument causes problems because
of their low impact velocity. Ion/electron conversion on secondary electron multipliers
is steeply decreasing below ion impact velocities of 10^ m/s (1). The use of
conversion dynodes for postaccelaration of high mass ions may to some extent
overcome the limitations of detection by using secondary ions and their subsequent
conversion into electrons, it has however marked disadvantages.
A new detector concept will be presented relying on the direct measurment of the
charged particles. This is possible because the number of ions produced under MALDI
conditions is very large. The detector consists of a flat 18 mm diameter metal
electrode followed by a FET-impedance converter. The charges of all incoming ions
are integrated resulting in a staircase function which has to be differentiated to give a
normal mass spectrum.
This detector has successfully been used for detection of masses up to 150 000 Da
with impact energies between 4.5 and 24 keV. The mass resolution in the mass range
between 5000 and 20000 is comparable to SEM, for higher masses it is up to a factor
of 2 better. The signal intensities obtained with the charge detector and an electron
multiplier are comparable under equal experimental conditions.
(1): A. Hedin, P. Hakansson and B. U. R. Sundqvist
International Journal of Mass Spectrometry Ion Processes, 75 (1987) 275 - 289

Tu B8
SURFACE-IONIZATION GAS-ANALYSING DEVICES
WITH SEPARATION OF IONS BY MOBILITY
Rasulev.U.Kh., Besschetnov V.N., Nazarov E.G. and Palitsin V.V.
Institute of Electronics of Uzbek Academy of Sciences, Tashkent, Uzbekistan
Necessity to define the content of trace amounts of concrete organic compounds in gasair mixtures and their identification are connected with a lot of practical problems of
monitoring of environment. From this point of view it is expedient to bring into gas analysis
the new nontraditional physical methods that will allow on their base to create new classes
of devices for special purposes. The surface ionization (SI) method is an effective way of
generation of many-atomic ions of organic compound series and one of few methods suitable
for operating in atmospheric air. Simplicity in realization, high sensitivity and selectivity
determine the prospects of the SI use in detection of the trace amounts of ionizing components
in gas-air mixtures.
The present paper describes gas-analyser devices with SI sources of ions and with
separation of ions by mobility in gaz-air media. A gas-analyser with an integral system of
registration of desorbing ions cannot ensure the identification of separate components and
is not suitable for analysis of mixtures. One of the ways to solve this problem is the separation
of ions by mobility in gas-air media. It is known that spectra of ion mobility contain information
of composition and quantity of ions of each species, that gives possibility to identify ionizing
components of the mixture.
We present the devices with the high resolution and selectivity where a new method
of ion separation is employed. It is based on nonlinear dependence of ion mobility on the
intensity of high frequency electric field.
The comparative investigations of the described devices with an application of SI and
- ionization for tertiary amine series are given.
It has been shown that using SI together with separation of ions by mobility it is possible
to control the trace amounts of amines in gas-air media and to carry out the quantitative
analysis.
The lower limit of determination of tertiary amines in air for presented devices is on
the level of - 510" g/1.
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High Speed Chromatography Detector using Electrospray TOF-MS
JG Boyle, T Dresch, JF Banks, P Haren and CM Whitehouse
Analytica of Branford, 29 Business Park Drive, Branford, CT 06405
Direct TOF-MS
allowing for the
provides 'soft'
capability and
compounds.

coupling to high speed liquid separations systems has been achieved,
on-line and continuous introduction of bioanalytical samples. This system
ionization, sub-picomole sensitivities, unlimited analyte mass range
very high scanning speeds capable of analyzing rapidly eluting

Both pure electrospray and ultrasonically assisted electrospray (Ultraspray™) have been
interfaced to this system, allowing the use of a wide range of liquid flowrates. The
versatility of this new inlet system also allows for more efficient sample ionization which is
greatly independent of solvent chemistry. LC systems have been coupled to the ESI-TOF
instrument to generate time resolved mass spectra of compound mixtures using high
speed acquisition hardware for enhanced signal to noise ratios.
TOF mass spectra have been generated using an orthogonal extraction technique for
optimized coupling to continuous chromatography applications. This instrument has been
shown to yield useful mass resolving powers and high sensitivities for various
biomolecules with full mass spectra being recorded on the second and sub-second time
frames. The spectrometer is free of mass dependent aberrations, allowing detection
efficiency to be optimized for all m/z constituents simultaneously. Mass accuracies have
been found to be less than 50 ppm by virtue of the TOF timebase stability.

TuBIO
Fast GC-MS in Supersonic Molecular Beams
Aviv Amirav and Shai Dagan
School of Chemistry, Tel Aviv University, Tel Aviv 69978, Israel
Supersonic Molecular beams (SMB) are characterized by several unique features that make SMB
an ideal sample introduction method, enable a unique fast GC inlet and result in important
implications to molecular ionization processes.
A 50 cm long megabore capillary column which connects the atmospheric pressure open inlet to
a supersonic nozzle, serves as a fast GC short column. Alternatively, a conventional GC
equipped with a short column can serve as a fast GC without restrictions on column diameter
and length.
The GC-MS in SMB is characterized by improved solutions to many fast GC-MS requirements.
Fast repetitive injection is achieved with a conventional syringe and is complemented by
ultrafast ion sources response time. A broad range of molecules including relatively
thermolabile and non-volatile, are amenable for fast GC-MS (1-20 sec). The directional
kinetic energy is used to filter out vacuum background ions, thus tail free chromalograms
are obtained, regardless of the molecular volatility. These chromalograms are combined with
the mass spectra of the vibrationally cold supersonic beam molecules. Flow programming is
used to reduce the analysis time, as well as for backfiush. Sufficient overall GC-MS
resolving power is achieved by the use of hyperthernial surface ionization (HSI) as a tunable
selective ion source, and due to the large enhancement of M* in electron impact. On the
other hand, the 50 cm megabore column provides GC peak width over 0.5 sec wide already after
a few seconds, which is amenable for analysis with a conventional quadrupole mass analyzer.
The extreme sensitivity of HSI (400 allograms MDA with a single ion monitoring quadrupole
MS), simplifies sample preparation requirements. Fast splitless injections are achieved
through the very high flow rate prevailing, which further contributes to lower minimum
detected concentration and thus also to simplified sample preparation.
The above mentioned capabilities will be demonstrated with a variety of sample mixtures
including the two seconds GC-MS analysis of lead in gasoline or caffeine in coffee. The
coupling with conventional GC-MS will be addressed as well.

-113-

13th IMSC, Budapest 1994

Tuesday, 30 August

Session B

Tu B11

CID(controlled thermal degradation)-[GC]-MS SYSTEM FOR
TGA OFF-GAS ANALYSIS
Ted T. Chang and M. J. Piquette
Cytec Industries, 1937 W. Main St., Stamford, CT 06904 USA
Many industrial products incorporate various additives at
small concentrations intended to modify or improve their
performance. The thermal behavior of these additives can be as
important as the thermal behavior of the product. Currently
available TGA/MS systems are unable to address these types of
problems because of their insufficient sensitivity. On the
other hand, pyrolysis-[GC]-MS is inapplicable because it does
not always reproduce the TGA degradation process and can not
follow the degradation profile of a specific compound.
A Controlled Thermal Degradation-[Gas Chromatography]-Mass
Spectrometry (CTD-[GC]-MS) system was constructed to overcome
these inadequacies. Combined use of this system with TGA/MS
allows observation of thermal behaviors minor components in a
sample. The system has been applied for on-line MS observation
of thermal decomposition (similar to TGA/MS), positive
identification of degraded compounds by high-resolution
operation, and collection of degraded material for subsequent
analysis by other analytical techniques.

TuB12

High sensitivity Electron-Impact spectra from a licnclitop
Quadrupole GC/MS
N. Bukowski, S. Smith

Fisons liislriinirnts

Miinclirstcr, UK

Until now, electron-impacl-like spectra have only been obtained from sample amounts ca 5pg using ion
traps. However, major application areas remain closed to ion traps. One such area is the accurate
quantitative analysis o f substances in complex matrices involving co-eluling compounds An example of
this is Isotope Dilution which employs co-eluting labelled standards and thus necessitates the use o f a
quadrupole. The analytical requirement Tor high sensitivity and confirmation by full scan library scaicli
has led to the development o f a conventional quadrupole possessing the scanning sensitivity of an iun
trap.
Previously, the limit o f full-scanning sensitivity on quadrupnlcs was ca lO-MJpg of sample We describe
here for the first time, data obtained from a quadmpole by full scan G C / M S using ca Ipg of sample
Spectra obtained from a range of common substances, found in routine applications, are used to
demonstrate instrument performance.Additional benefits of quadnipoles include (heir ability to
significantly increase sensitivity by operating in the Selective Ion Recording (SIR) mode and where
required, employing Negative Ion Chemical lonisalion These data demonstrate the ability of an
appropriately designed quadrupole GC/MS instrument to provide (lie full scan sensitivity of an ion nap
together with the ability to operate with complex matrices and present leliable library search
information.
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High resolution mass analysis with APCI-LC/MS
S.Fujimaki, T.Kobayasi, K.Matsuura, K.Nojima, F.Kunihiro and Y.Kammei
JEOL LTD., Musashino, Akishima, Tokyo 196, Japan
Atmospheric Pressure Chemical lonization (APCI) is now regarded as a powerful
technique for high flow rate LC/MS. However, APCI has been mostly used with a
quadrupole mass spectrometer. Thus APCI-LC/MS analysis is made under low mass
resolution conditions.
We designed and constructed a new APCI source which was capable to be
adapted to a magnetic sector mass spectrometer having high ion transmission and
high resolution capabilities. The mass spectrometer employed was a JEOL JMSSX102A. The effluent of 1ml/min from LC column was directly introduced into the
APCI source without any splitting. This LC/MS system at an ion acceleration of 7kV
showed highly sensitive LC/MS results. This allows us to make accurate mass
measurements under high resolution conditions.
A mixture of steroids was analyzed with the LC/MS system, and a calibrant was
introduced by post-column. The composition of each steroid was determined with
sufficient accuracy.

Tu B14

High sensitivity analysis using Frit-FAB LC/MS with
a new gradient micropump system
Y. Takahashi, K. Matsuura, K. Nojima and C. Watanabe*
JEOL LTD. Musashino 3-1-2, Akishima, Tokyo, Japan
•Frontier Lab. Namiki 2-10-78, Kouriyama, Fukusima, Japan
On-line frit FAB LC/MS works coupling to a newly gradient micropump system
capable of regulating a flow of the order of nL/min are described. It was possible to
perform a gradient elution of the mobile phase compositions at the flow rate of less than
5 uL/min. Under the condition of such a low flow rate, reproducible chromatograms
and stable ion current were obtained for a long period time. High sensitivity analyses
at a level of sub-picogram quantities were able to be carried out by the introduction of
the flow without splitting to FAB ion source. In trypsin digestion peptides analysis, we
can evaluate their FAB spectra showing the structure information of cytochrome-C and
myoglobin with the microgram quantities consumed.
The independently controllable four pumps arrangement will extend to the LC/MS
applications of column switching system and normal phase chromatography and elemental
analysis by post-column addition of FAB matrix and internal standards.
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MSclass: PC-Software for automatic recognition of chemical
substructures from mass spectra.

K. Varmuza*, W. Czemi, T. Kirchtag, H. Lohninger, F. Stand
and W. Werther
Department of Chemometrics, Technical University Vienna,
Lehargasse 4/152, A-1060 Vienna, Austria
The software MSclass is running under DOS; it contains several hundred
classifiers for the automatic recognition of substructures or more general structural properties from a low resolution mass spectrum. Input to the program is the
peak list of a mass spectrum (via ASCII-file or manually). Result is a list of yes/no
answers. The output of a particular answer is suppressed if the statistical precision of the answer is below a user-defined threshold.
All implemented mass spectral classifiers are based on the application of
multivariate data analysis. Training and prediction sets for the development of
classifiers have been obtained from the NIST Mass Spectral Database and from
a quality-selected WILEY mass spectra collection (available in the MassLib Database). Sets of 3 to 20 spectral features have been used as multivariate data. Linear classifiers (based on linear discriminant analysis) as well as non-linear classifiers (based on neural networks) have been developed. MSclass itself uses a
classifier file as knowledge base but no spectral library.
MSclass is considered to be an additional aid for interpreting mass spectra
by persons less experienced in mass spectrometry. A further application is the
use as a selective detector together with GC/MS-data.

TuB16
From spectra to chemical structures by a joint application of
computational methods

K. Varmuza* and W. Werther
Department of Chemometrics, Technical University Vienna,
Lehargasse 4/152, A-1060 Vienna, Austria
Automatic structure elucidation of new organic compounds based on spectral data is still not possible in routine work. The strategy that has been used in
scientific projects can be described as follows: From the spectral data (usually
NMR, IR) a list of substructures is obtained that might be contained in the unknown molecular structure. An isomer generator program uses this list of substructures and the chemical formula for generating all topological possible
chemical structures ("candidate structures"). The list of candidates is often very
large so that further restrictions are necessary. Widely used for this purpose are
the application of a "bad list" and "good list" of substructures, and the simulation
of spectra for the candidate structures.
We report about approaches that have not often been tried for reducing the
list of candidates: (1) From mass spectra complementary information about the
presence and absence of substructures can be obtained. (2) A cluster analysis of
the candidate structures gives prototype structures, which support the recognition
of relevant classes of molecular structures. Examples have been obtained by
using the software products CHEMICS (Sasaki, Funatsu, Toyohashi University of
Technology, Japan), Speclnfo (Neudert, Chemical Concepts, Weinheim), and
MassLib (Henneberg, Max-Planck-lnstitute, Mulheim/Ruhr) together with our new
mass spectra classification program MSclass.
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EDAS : Software for interactive investigation of relationships
between mass spectra and chemical structures
W. Werther and K. Varmuza*
Department of Chemometrics, Technical University Vienna,
Lehargasse 4/152, A-1060 Vienna, Austria
The software EDAS (Exploratory Data Analysis of Spectra) is running under
the operating system VMS on VAX-computers. EDAS is a stand-alone program
but can be used with great benefit together with the spectroscopic information
systems Speclnfo and MassLib (Neudert, Chemical Concepts, Weinheim and
Henneberg, Max-Planck-Institute, Mulheim/Ruhr). Input to EDAS is a set of mass
spectra (peak lists on ASCI I-file or directly from the mentioned data bases). An
optional input are the chemical structures (connection tables, Molfile-format). Furthermore, infrared spectra can be used instead of mass spectra or together. Results are presented graphically thus allowing the spectroscopist an interactive
interpretation.
Mass spectra are characterized by spectral features, chemical structures are
characterized by binary structural descriptors. A careful selection of methods
from multivariate statistics has been adapted for a practical-oriented use in spectroscopy. Principal component mapping and a new type of substructure statistics
allow the recognition of groups of compounds with similar spectra and the detection of common structural properties within groups. Discriminant analysis is used
for the development of spectral classifiers. PLS-mapping is applied as a powerful
method for visualizing relationships between spectra and structures. No special
knowledge in chemometrics is necessary for an effective use of EDAS.

TuB18
SEMIEMPIRICAL MO STUDY OF THE MASS SPECTRAL
FRAGMENTATION OF CYCLIC N-OXYL RADICALS
Gy. Jerkovich a and K. Hidegb
Institute for Drug Research Ltd, H-1325 Budapest, P.O.Box 82., Hungary
b
Medical University of Pecs, Central Chemical Laboratory, H-7643 Pecs, P.O.Box 99.,
Hungary
a

Usefulness of MNDO bond orders for interpreting major fragmentation
pathways of cyclic N-oxyls has previously been demonstrated1. The present
work is aimed at finding further quantum-chemical parameters to characterize
mass spectral fragmentation.
In the mass spectra of substituted pyrrolidin- and pyrrolin-N-oxyl derivatives
a number of H-rearrangement processes can be observed: the number of the
migrating H-atoms as well as the direction of the H-shift - i.e. to or from the Noxyl ring - , depends on both the degree of saturation of the ring, and the nature
of the substituent(s). By partitioning the MO, it was attempted to correlate
features of the "fragments" with the intramolecular oxidation-reduction reactions
observed, at the semiempirical level.
Preliminary results on some simple model compounds indicate the feasibility
of this approach.
1

Gy. Jerkovich, Poster presented at XXVIII CSI, 29 th June - 4 th July, York, UK
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NEW DEVELOPMENTS IN ASES/MS INTELLIGENT MASS SPECTRAL INTERPRETATION SYSTEM
Yang Boyu, Zhu Damo, Hong Qunfa, Xu Chongde, Sun Guoqiang
Dalian Institute of Chemical Physics, Dalian, 116012, P. R. China.

ASES/MS Intelligent mass spectral interpretation system was first reported in 1988. It is a
classical expert system, two knowledge bases, substructure/spectrum correlation rules and
functional group/neutral loss correlation rules summarized by human experts are the
foundations of this system. The maintenance and renewal of the knowledge base need
hardwork of mass spectroscopist in this kind system. In recent years, many new developments have been made in the system under the financial support of National Science
Foundations. Structure recognition and substructure combination algorithms have been
fulfilled and the pattern recognition method for spectral feature extraction has also been
developed. An Al program has been designed to learn from reference mass spectra
according to the bond cleavage processes with(or without) hydrogen transfers and generate
substructure/mass spectral feature correlation rules, so the system has the function of selflearning, it works looking like human expert, firstly, it looks for the similar spectra from the
database, and then learns and summarizes correlation rules between substructure and
spectrum, finally infers out the molecular structure of sample compound. We have developed
functional group mass spectrometric method based on the original functional group/neutral
loss correlation rule knowledge base, primary and secondary neutral loss spectra of a
sample can be automatically produced by the software, and from these information the
software infers out all possible functional groups which can not be obtained from positive
ions information. In comparison with other systems in the world, ASES/MS system has four
important advantages: first, standard spectra in the data base have high reliabilities; second,
system software has the function of self-learning; third, neutral loss rules have systematically
been used in the system; fourth, the system only needs low resolution El mass spectra, no
need any other information.

TuB20

EVALUATION OF MASS SPECTRAL DATA
A.l. Mikaya, P.J. Ausloos, S.G. Lias, S.E. Stein
NIST Mass Spectromelry Data Center
Gaithersburg, MD, 20899 USA
V.G. Zaikin
Institute of Petrochemical Synthesis
Leninsky Prospekt 29, Moscow 117912 GSP, RUSSIA

The N1ST/EPA/NIH Mass Spectral Database has been undergoing a comprehensive,
spectrum-by-spectrum evaluation by experienced mass spectrometrists. In this course of
this work, a systematic scheme for classifying errors has been designed and means of
recognizing and dealing with each variety of error have been developed. A description of
this work will be presented, with specific examples of the major classes of errors and
typical corrective actions taken.
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The simultaneous determination of concentrations and stable Isotope enrichments of aamlno acids and a-keto acids In blood plasma by gas chromatography/negative ion mass
spectrometry
W. Kulik, R.M. Kok, W.S. Gufrand, L van Toledo-Eppinga, H.N. Lafeber, C. Jakobs
Free University Hospital Amsterdam, Department of Paediatrics, De Boelelaan 1117, NL-1081
HV Amsterdam, The Netherlands
The measurement of stable isotopic enrichment and concentrations of a-amino acids and aketo acids in blood plasma has been used for the study of protein metabolism. We developed
a simple general procedure for the extraction and derivatization of a-amino acids and a-keto
acids in human plasma. This improved method allows the simultaneous GCMS analyses of
several a-keto- and a-amino acids.
The main derivatization process of the amino acids results in a methyl-formated amino group
and a pentafluorobenzyl (PFB) esterficated carboxylic group. If the side chain contains a
phenolic group (e.g. tyrosine), it is methyl formated as well, resulting in a bis-methyl-formated
main product. During the extractive alkylation the a-keto acids react with PFB-Br only; at the
carboxylic site and partly at the enolic form of the 2-keto position, resulting in both mono-PFB
and bis-PFB derivatives.
Under negative chemical ionization conditions the molecular ion of the derivatized amino acid
will lose the PFB-moiety, followed by the loss of methanol which results in the stable anion
O=C=N-CHR-COO". Both derivatives of the a-keto acid will lose a PFB-moiety resulting in ions
which are 180 amu apart. The compound with the higher m/z value generally gives rise to a
better signal to noise ratio in the mass-chromatogram since it is eluting in a more favourable
part of the chromatogram with a more selective m/z value. Mass spectrometric analyses were
performed on a Kratos Concept 1H, magnetic sector mass spectrometer.
The method was applied to the analyses of plasma samples in a study to stimulate the
immediate postnatal growth and development of severely intra uterine growth retarded preterm
newborns by use of rhGH (recombinant human growth hormone). For the quantification of
concentrations (Leu, a-KIC, Phe and Tyr) and enrichments (1-'3C-Leu, 1-13C-a-KIC, D?-Phe,
D2-Tyr, D4-Tyr) of administered tracers we monitored the corresponding [M-PFB]" ions. Labelled
analogues were used as internal standards.

Tu B22
An Improved method of the stable isotope dilution GCMS analysis of N-acetylaspartlc acid
in amnlotic fluid. Use of 2-propanol derivatives
R.M.Kok. W. Kulik. C.C.M. yap den Heuyel andC, Jakobs, Department of Paediatrics, Free
University Hospital, De Boelelaan 1117, NL-1081 HV Amsterdam, The Netherlands.
The determination of N-acetylaspartic acid (NAA) concentrations in amniotic fluid has shown
to be a fast and reliable method for the prenatal diagnosis of Canavan disease. We improved
our stable isotope dilution GCMS method' for the quantitation of NAA by preparation of 2propanol-deriyatives instead of TMS-derivatives. The use of 2-propanol yields exclusively the
very stable di-isopropyl-ester of NAA. The side-reaction of a TMS-reagent at the reactive
nitrogen-proton (which produces the very unstable tri-TMS-derivative) does not occur with 2propanol. The N-acetyl moiety was proven to be stable against alcoholysis under the described
reaction conditions. 2-propanol was the reagent of choice since this alcohol was already present
in the extraction solvent thus avoiding the synthesis of mixed esters.
The method is based on the extraction of NAA from amniotic fluid with a ethylacetate/2-propanol
(v/v 10:1) mixture and the acid catalysed reaction with 2-propanol. The resulting di-isopropyl
ester is constituted in 100 ^l ethylacetate from which 2 n\ are used for GCMS analysis. After
splitless injection, GC separation was achieved on a CPSil-19 CB, 25m * 0.25mm « 0.20 /jm
column; the column oven is programmed form 90 ° C (1 min.) to 320 ° C with
a rate of 30 ° C
min' . Mass fragmentography was performed by monitoring the [M+H] + -ions of NAA-diisopropyl ester and its internal standard D3-NAA-di-isopropyl ester at m/z 260 and m/z 263
respectively. Chemical ionization was initiated with 40V electrons with an emission current of
2.5 MA +using NH3 as reaction gas at a source temperature of 200 °C. The main fragmentation
[M+H] - CH3COOH is strongly source temperature dependent; in the SIM mode sensitivity can
drop at higher source temperatures.
Reproducibility tests of the method showed a standard deviation (SD) of 6.2 % for the interassay variation (N=11) and a SD = 0.9 % for the intra-assay variation (N = 10).
Control values in amniotic fluid (16-18 weeks) were found to be 1.65 ± 0.40 nUI\. (N=42),
which is in good agreement with literature.
The NAA analysis described, improved the existing stable isotope dilution method considerably
by its high derivatization efficiency and by the high stability of the derivative.
1

C. Jakobs, H.J. ten Brink, S.A. Langelaar, T. Zee, F. Stellaard, M. Macek K Srsnova. S.
Srsen and W.J. Kleijer, J. Inher. Metab. Dis., 14, 653-660, 1991.
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Use of the original calibration function instead of linearizing approaches or "bracketing" in isotope
dilution mass spectrometry.
Bcncdikt Van Nieuwenhove.' Linda M. Thienpont,1* Dietmar Slockl. ; " and Andr6 P. De Lcenhecr1
'Laboratoria voor Medische Biochcmic en Klinischc Analyse. University of Ghem. Harelbekcslraat 72. B-9000
pent. Belgium.
"Inslilul fur Slandardisicrung und Dokumcnlalion im Medizinischcn Uihoralorium e.V. (INSTAND c.V.).
Johannes Weycr Slrassc I, 0-40225 Dusscldorf. Germany.
Present address: Laboralorium voor Analylischc Chcniic'. University of Client, Hurelbckestraat 72, B-9000
Gent, Belgium.

In isotope dilution mass spectrometry calibration functions are often not linear because
of overlapping signals of analyte and internal standard (IS). This raises calculation
problems, traditionally solved by application of various mathematical linearizing methods
(1) or by use of the so-called bracketing principle (2), the latter making use of restricting the
range of the calibration function to a quasi linear part. Linearizing ol the calibration
function often demands complicated calculations and might still lead to insufficient
corrections dependent on the mathematical model used (1). Bracketing has the disadvantage
that the number of calibrators has to be increased, which is especially a problem when they
have to be taken through analysis.
Here, we describe a single point calibration method which uses the original calibration
function calculated with commonly available software like LOTUS 1-2-3 or Microsoft
EXCEL*. For this calculation only the relative intensities of analyte and IS at the ni/z values
used for measurement have to be known (3). The 1/1 ratio of unalytc and IS is chosen for
the single calibration point. For ion ratios in an unknown sample de\ iating from the 1/1
ratio, correction factors are calculated which depend on the original ./alibration function.
Applications are presented for Reference Methods in clinical chemis'ry.
(1) Jonckheere JA, De Leenheer AP, Steyaert IIL. Statistical evaluai on of calibralion curve
nonlinearity in isotope dilution gas chromatography/mass spectrome ry. Anal Chem
1983;55:153-155.
(2) Yap WT, Schaffer R, Hertz HS, White V E, Welch MJ. On the d'(Terence between using
linear and non-linear bracketing procedures in isotope dilution mass >pectrometry. Biomed
Mass Spectrom 1983;10:262-264.
(3) Doerge DR. Burger MW, Bajic S. Isotope dilution liquid chroma ography/mass
spectrometry using a particle beam interface. Anal Chem 1992:64:1 12-1216.

TuB24
DETERMINATION OF ELEMENTAL COMPOSITION BY STATISTICAL ANALYSIS
OF GC/MS DATA
Musil S a , Lesko J^
a) Drug Research I n s t i t u t e , Horna 36, 90001 Modra, Slovakia
b> CHTF STU, Radlinskeho 9, 81237 Bratislava,
Slovakia
The information about isotopic r a t i o s of isotopic ions for
molecular fragment ions via chromatographic procces i s helpful
for
determining
the
elemental formulae
of
eluted
mixture
components.
The precision of isotopic r a t i o s involved from the
measurement of the whole mass spectra by GCXMS CSCAN-mode) i s
not too usable for determining the number of atoms C, H, N and O
atoms in a molecule.
Better results can be obtained for
chlorinated compounds, because their isotopic occurrences of
heavier isotopic ions are higher than isotopic ions of compounds
containing only C,H,N,O atoms. We obtained more precise isotopic
r a t i o s with acquisition data in SIM Cselected ion monitoring)
mode.
These
relative
intensities
were
averages
via
chromatographic peaks and corrected on experimental e r r o r s from
different
acquiring
time
individual ions. These
experimental
relative i n t e n s i t i e s can be used t o determine the number of C,
H, N and O atoms in a molecule from the isotopic distribution.
We t e s t e d 67 organic compounds with biological activity
Cderivates of febuprole, xanthines, carbohydrates). The measured
relative i n t e n s i t i e s were compared with theoretical i n t e n s i t i e s .
Our method of the determination of isotopic pattern gives good
agreement with the computed elemenal composition in 71 Ti
compounds containing C, H and O C 21 compounds), 44 X compounds
containing C, H, O and N C23 compounds), 70 % compounds
containing C and H C 23 compounds). The probability of the whole
class of compounds i s 60 %•
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The evaluation of the extraction procedure as the preconcentration
step in the determination of the basic organic compounds from aqueous
solutions by using GC-MS
Vladislav Kubelka, Ivan Viden
Institute of Chemical Technology, Prague, Czech Republic
The nitrogen containing organic compounds being present in the crude
oil and its fractions are very harmful for the environment due to the
high toxicity for animals and plants. The extraction using organic
solvents is the simplest way
for the concentration of the dilute
samples. The preliminary experiments showed that the effectiveness of
the extraction depended upon both the physic chemical parameters of
all interacting
components and duration and
intensity of the
extraction procedure. To evaluate the existing relationships we
prepared aqueous solutions of
the different types of nitrogen
containing organic compounds (pyridine, pyrrole, quinoline, aniline,
carbaaole, and their derivatives). Those solutions were extracted by
organic
solvents covering
a broad
range of
polarity values
(chloroform, hexane, cyclohexane, diethylether, hexanole. and isobutyl
acetate). The resulting extracts were analysed by GC-MS using mass
chromatography to determine the quantity of all compounds transferred
to the organic solvents. The results show: 1) compounds of higher
polarity are transferred to a less extent, from the aqueous solution
to the organic solvent; 2) the higher polarity value of the organic
solvent increases the amount of the polar organic compounds in organic
solvents. To express those relationships quantitatively we succeeded
in correlating the amount of the organic compounds present in the
organic solvents: 1) with their acidity constants (i.e. pKa values),
2) with the thermodynamic values of inner pressures of the organic
solvents. Both correlations were successful in giving high correlation
figures. These results are important in cases when reference compounds
ere not available for the detailed calibration in real samples.

TuB26
High Resolution ICP-MS - Something Old, Something New, ...
Ulrich Greb
Finnigan MAT GmbH, Barkhausenstr. 2, D-28197 Bremen, Germany
Quadrupole ICP-MS is now a widely used technique for multi-element analysis at trace
and ultratrace levels. The presence of interferences and the relatively high background
count however limit the detection capability, especially for elements such as Si, P, S, Fe
and others, dependant on sample matrix. Different sample introduction techniques such as
ETV, hydride generation, matrix separation, dry plasma etc. have been used to circumvent
those problems, but with only limited success.
High resolution ICP-MS can offer solutions for those elements by resolving interference
and analyte peaks. Present day implementations of this technique however suffer from a
variety of drawbacks, e.g. source region at high potential, slow analysis speeds, difficult
and time consuming operation, large size and high cost, to name but a few.
For the first time, Finnigan MAT has designed a high resolution analyser to take into
account the special requirements of ICP-MS. This enables the Finnigan MAT ELEMENT to
have a source at ground potential, quadrupole style size, user friendlyness and analysis
speed combined with low cost, thus producing a high performance ICP-MS with an
excellent price to performance ratio.
The main instrumental improvements will be discussed in connection with the user
benefits. Examples covering a wide range of applications will be shown and discussed.
Special attention will be paid to those elements, which, even without the presence of a
matrix, are heavily interfered and are usually considered as not determinable by quadrupole
ICP-MS. Ultimate detection limits of 10 fg/ml and below can be obtained in low resolution
mode for elements which are not interfered and show low blank levels. Even at low
resolution, the excellent abundance sensitivity of a reverse Nier-Johnson geometry analyser
shows some marked improvement over that of unity mass resolution analysers.
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TAUTOMERISM OF PYRIMIDIN-4-ONE DERIVATIVES. AN ELECTRON IONIZATION STUDY OF
PIPERIDINO- AND PYRIDO[4,3-D]PYRIMLDLN-4-ONES.

Pentti Oksmana, Ferenc Fulopb, Imre Huber b , Gabor Bernathb
and Kalevi Pihlajaa
a

Department of Chemistry, University of Turku, FIN-20500 Turku, Finland
''Institute of Pharmaceutical Chemistry, Albert Szent-Gyorgyi Medical University,
Szeged, Hungary.
Fragmentation studies on numerous pyrimidinonc derivatives under electron ionisation (El) have
shown that pyrimidin-4(3H)- and - 4 ( l H ) - o n e s can be distinguished from each other by their
characteristic spectra and that N-unsubstitutcd compounds behave as mixtures of Ihc two NH
tautomcrs [1]. If the 2-substituent is of the -CH 2 -Ar type an intramolecular cyclization from Ar to
N - 3 easily occurs [2J.
In this work w e report on the mass spcctromctric behaviour of compounds with pyrimidinc skeleton
fused to pyridinc and piperidine rings at C-5/6. The mass spectra of the pipcridinc fused derivatives
show very strong molecular and [ M - H ] + ions. Otherwise the spectra arc dominated by
fragmentations initiated by cleavages of the pipcridinc ring (loss of Me, CH 2 N, C3H-<N etc.) and
substitucnts from it. The 6-elhyl pyrimidone-4-onc derivatives so created seem to obey the
fragmentation rules met earlier [1]. The pyridinc fused derivatives without N-substitution in this
part of the molecule seem to obey fairly closely fragmentations met in other N-unsubstituted
pyrimidin-4-ones [1] whereas those derivatives N-substituted at the pyridinc ring (no tautomeric
hydrogen) do not fragment very extensively at all: their fragmentations resemble those of the
corresponding piperidine fused compounds though the loss of the substitution is not as intensive but
they show also a few characteristic features of their own.
[1] K. Pihlaja, P. Oksman, G. Staler and G. Bernath Org. Mass.Spcclrom. 25,115 (1990).
[2] P. Oksman, K. Pihlaja, G. Slajer, M. Kardson J. Am. Soc. Mass Spcclrom. 5,113 (1994).

TuC2
MASS SPECTRAL FRAGMENTATION OF SOME CYCLOALKANE-CONDENSED 4,5DIHYDRO-3(2J/)-PYRIDAZINONES AND 4,5-DIHYDRO-6W-1,2-OXAZIN-6-ONES

Esa MSki1, G6za Stajer\ Pirjo Vainiotalo' and Kalevi Pihlaja''
Department of Chemistry, University of Turku, FI-20500 Turku,
Finland
b
Institute of Pharmaceutical Chemistry, Albert Szent-Gyorgyi
Medical University, POB 121, H-6701 Szeged, Hungary
0
Department of Chemistry, University of Joensuu, FI-80101
Joensuu, Finland
1

The electron ionization mass spectra of 10
cycloalkane-condensed
4,5-dihydro-3(2tf)pyridazinones
and
four
4,5-dihydro-6H-l,2oxazin-6-ones
(Figure)
were
studied.
The
molecular ions of these compounds were very
stable and in most cases formed the base peaks
of the spectra, otherwise the spectra of
molecules having different fused cycloalkane
rings deviated quite much from each other. The
spectra o; the cis- and trans-fused cyclohexane
derivatives showed characteristic differences.
Some of the compounds studied had a diendofused
norbornane
system
condensed
to
the
pyridazinone or oxazinone rings.

(CH 2 ) n

CH3
Figure
NH, NPh
or 0
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EI-MS, GC-MS AND HPLC-TSP-MS INVESTIGATIONS OF SOME 4-CHROMANONE
ETHYLENE DITHIOKETALS AND THEIR 2,3-DIHYDRO-l,4-DITHIIN DERIVATIVES
J. Jeko,' Z. Dinya" and T. Timar*
"Alkaloida Chemical Company Ltd., 4440. Tiszavasvari. Hungary
**Res. Group for Antibiotics of the Hungarian Acad. of Sci., L. Kossuth University, 4010. Debrecen, Hungary
The electron impact induced fragmentations of some 4-chromanone ethylene dithioketals (I)
and 2,3-dihydro-5//-benzo[6]pyrano[3,4-6][l,4]dithiins (II) prepared from 4-chromanones
have been examined. The data obtained by linked scan measurements lead to the identification
of many fragmentation pathways, some of them originating from ring fission, other related to
the different substituents. It is also of
interest that the following double
charged ions of II can also be observed:
M2+,
|M-Rp + ,
[M-R-C 2 H 4 ] 2 \
+
R |M-CH:Op
R
Here we report GC-EI-MS methods for

I

R=H,CH 3

II

R | ,R 2 =H,CH 3 O.C 2 H, i O.Br

rapid separation, identification
quantitation a number of I and II.

and

HPLC-TSP-MS

also

methods

were

developed for the analysis of these compounds as well. The ions formed under TSP ionization
have been determined with positive and negative ion mode. The effect of different HPLC and
mass spectrometric parameters for the TSP sensitivity was investigated and optimized.

TuC4
Decomposition of 3,5-diaryl-oxathiolanc-2-oxides under the electron impact
N.Tretyakova1, R.Hass 2 , L.Saginova3, A.Lcbedev3
1- Dept. of Envir. Sci. & Engineer., UNC at Chapel Hill, Chapel Hill, NC 27599, USA
2-Triangle Laboratories, Inc., Research Triangle Park, NC 27709, USA
3- Dcpt. of Chemistry, Moscow State University, Moscow, Russia
1,2-diarylcycloprapancs (1-3) are known to form 3,5-diaryI-l,2-oxatliiolane-2-oxides (4-6)
upon their reaction with sulfur dioxide in the presence of trifluoroacctic acid:

The reverse reaction is also known in solution chemistry.
In the present work, elimination of sufur dioxide from oxalliiolanes (4-6) giving the
corresponding cyclopropancs (1-3) has been observed in the ion source of mass spectrometer under
El ionization. El spectra of compounds (4-6) contain intensive peaks (M-64) corresponding to the
loss of sulfur dioxide from molecular ion. MS/MS C1D spectra of (M-SO2) ions from (4-6) have
been identical to the C1D spectra of tlic corresponding cyclopropanes (1-3). Thus, SO2 elimination
accompanied by the formation of 3-mcnibercd rings takes place in the gas phase, which mimics the
analogous reaction in solution.
El- electron impact, MS/MS - tandem mass spectrometry, CID - collision induced dissociation
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TuC5
Isomcrization of isoquinoline ylides and thioamidcmethylpyridinc ylides: the correlation between
gas phase and solution rearrangements
N.Tretyakova1, R.Hass2, E.Predein3, V.Bakulev3, A.Lebedev3
1- Dept. of Envir. Sci. and Engineer, UNC at Chapel Hill, Chapel Hill, NC 27599, USA
2- Triangle Laboratories, Inc., Research Triangle Park, NC 27709, USA
2 - Dept. of Chemistry, Moscow State University, Moscow, Russia
Gas phase cyclization of 2-(2-carboctlio.xy-l-iniino-l-incthyIthio)-ctliylcne isoquinoline
iodide (1), 2-(2-cyano-l-phenylimino-l-mcthyIthio) -elhylencpyridiney!ide(2), 2-(2-carboethoxy-lamino-1- thio)-ethylenepyridineylide (3), 2-(2-carbocllioxy-l-amino-l-thio) ethyleneisoquinoline
ylide (4), 2-(l-N-phenylamide-l-cyano)-elhylenepyridineylide (5) has been studied using El
spectra, high resolution mass spectromctry and MS/MS CID spectrometry. Compounds 1-4 have
been shown to undergo gas-phase cyclization similar to the reaction in solution.
The cyclization of 2-(2-carbocthoxy-l-imino-l-methylthio)-cthyleneisoquinoline iodide (1)
giving 2-methylthio-3-carbocthoxyiniidazo[l,2-ajisoquinolinc (6) has been clearly demonstrated by
CID data. The isoquinoline (1) undergoes cyclization with the formation of (6) in solution. To
establish if the same cyclization takes place in the gas phase, CID spectra of the (M-2H) ion
obtained from (I) and of its cyclization product in solution (6) have been obtained. Since the
daughter ions spectra of (M-2H) from (I) and M from (6) arc identical, both ions (m/z=286) have
the same structure, independent of the origin (solution chemistry or gas-phase reaction). Therefore,
there is a close mechanistic correspondence between the behavior of isoquinoline (I) in solution
and in the gas phase.
El = electron impact
MS/MS-tandem mass spectrometry
CID - collision induced dissociation

/"V^h
SCH3
H JL ir
c
\ ^ ^ ^ c - *-NH
OOZEI

TuC6
The study of cyolization of dithiocarbamate derivatives of
polyhalopjrridines in gas and liquid phases.
A.T.Lebedev, N.K.Karakhanova, A.M.Sipyaguin, I.V.Efremov
Moscow State Lomonosov University, Uosoow, Russia.
It is well known, that mass speotrometry allows to study some unimoleoular prooesses, whioh also take place in solution being
catalysed with bases, aoids or by heating. The behaviour of a large
series of dialkyldithiooarbamate derivatives of polyhalopyridines (I)
in solution under heating and in ion source of the mass spectrometer
has been studied.
The main process of transformation of compounds I in gas and liquid
phases is intramolecular substitution of halogen atom, leading to
intermediates II, whioh further convert in solution into compounds

I

I

!!L

The oyolization in solution requires the presenoe of electron
withdrawing groups in ortho- or para-positions to the halogen. The
same requirement is applicable for the fluorine substitution in the
ion source, while chlorine is substituted easily without any
activation.
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TuC7
MASS SPECTROMETER AS A PROBE IN THE SYNTHESIS OF 2-SUBSTITUTED BENZOXAZOLES
AND BENZIMiDAZOLES
D.V.RAHAKA AND E.KANTHARAJ
DEPARTMENT OF CHEMISTRY, INDIAN INSTITUTE OF TECHNOLOGY,HADRAS-600 036,INDIA.
Certain ortho substituted anilides are reported1 to undergo eliminations of neutral species analogous to
their behavior under electron impact conditions. Unusual eliminations of RCOOH from the molecular ions of N.N 1 diacyl-1,2-benzenediamines at TOeV and also under pyrolytic conditions are noticed 2 . This observation led to the neu
pyrolytic approach towards the synthesis of 2-substituted benzimidazoles. In view of these facts, it was considered
interesting to study the correlations between the electron impact and thermal behavior of anilides Kith -OH and -NH 2
substitutents at the ortho position.

El (or)
•HjO
I. X - 0

2. X • 1

3. X • 0

4. X - I

It tense fragment ions at m/z 195 and m/z 194, corresponding to the eliminations of HjO, are noticed in the
electron impact mass spectra of N-(2-hydroxyphenyl)benzamide (1) and H - a a n i n o p h e n y U b e n z a m i d e (2) respectively.
The ejections of HjO are not observed in the compounds, where the -OH and -NH 2 are present at the para position and
also when the subatitutents are placed in the ortho position of the other phenyl ring, tased on these observations
en ortho interaction, between the OH/NK, with the amide function, is invoked for the elimination of HjO from the
molecular ions of 1 and 2 . Based on the high-resolution data and CAD-B/E spectra the ions at m/z 195 and m/z 194
are assigned the radical cation structures of 2-phenyl benzoxazole and 2-phenyl beniimidazole respectively.
In order to examine the feasibility of a similar behavior of these compounds under pyrolytic conditions,
compounds 1 and 2 were heated for 2 hours at 200°C. At the end of these thermolytic reactions compound 1 yielded
2-phenyl benzoxazole (3) and 2 gave rise to 2-phenyl benzimidazole (4) in good yields. The substituent effects on
these compounds both under electron impact and thermal conditions during the ejection of HjO and the generality of
the reported pyrolytic synthesis of the title compounds will be presented.
References
1. A.Selva, P.Traldi, P.Ventura and V.Servadio, Org.Mass Spectrom., 18, 278 (1983).
2. D.V.Ramane and E.Kantharaj, Tetrahedron., (in press).

TuC8
CHARACTERISTIC FRAGMENTATIONS OF 2,3,5-TRISUBSTITUTED THIOMORPHOLINES
0 . Bhaskar R e d d / , M. Muralidhar Reddy and V. Padmavalhi
Department of Chemistry, Sri Venkateswara University, Tirupati -517 502, INDIA
A series ol 2-alkoxycarbonyl-3,5diaryl-1,4-thio-

SCHEME 1

morpholine-1.1-dioxldes (I) and 2-aroyl-3,5-diaryl-M-lhiomorpholine-1,1-dioxides (II) were synthesized1 and their mass
spectral behaviour was determined by electron impact and high
resolution mass spectral measurements.

C2OHz.NO;
m/z 308

The mass spectrum of I showed a very low intense
M*

peak under 40 eV whereas II did not exhibit the same

indicating that it is highly unstable. The cleavage processes o)
I and II can be comparable since the difference lies only in the
position ol substituent«to the SO2 group. Loss of SO2H and
OCH3 from tht M ' ol I is observed2. Interestingly enough II
did not exhibit |M-SOjHJ* peak.
The appearance of 4-melhyl styrene and 4- methyl
cinnamoyl ester radical cations in I and 4-methy! styrene and
1,3-diaryl-2-propen-1-one radical cations in II, was rationaized
as thier dominant fragmentation pathways (Schemes 1&2).
The other important ions observed are [RC15H13N] * , [C9H9] * ,
(R'CisHirNCfcr, [C»H n N]* and |RR'C»H,NCy * in I while
(RCi 5 H l 3 N]*. IRC7H.NJ * ' and [CgHg] * in II. The base peak in
I was 4-mathyl styrene radical cation whereas in I I it was aroyl
cation. The chemical composition ol different daughter ions
observed in the disintegration of I and II are supported by their
HR spectra. The ion structures depicted in the fragmentations
are strictly hypothetical.
(1J

M. Muralidhar Reddy, Ph.D. thesis. Sri Venkateswara
University, Tirupati, India [1993].

[2]

0. Bhaskar Reddy, S. Reddy, N. Subba Reddy, Indian J.
Chem., 30B, 529 (1991).
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TuC9
Electron lonization Mass Spectra of Hydroxymethyltetrathiafulvalenes
Ph.Blanchard", G.Duguay*, J.Garinb, JOrdunab
"Laboratoire de Synthese Organique, URA CNRS 475, Faculte des Sciences et des Tecniques,
Nantes (France).
b
Departamento de Quimica Organica, ICM A, Universidad de Zaragoza-CSIC, Zaragoza (Spain).

The 70 eV mass spectra of new tetrathiafulvaienes 1 and 2, have been studied by means of
accurate mass measurements, metastable analysis and collision-induced dissociation. Electron
lonization induced dehydration of compounds 2 affords radical-ions with the structure 3, as
demonstrated by comparison of their CID spectra with those of the molecular ions of
derivatives 3, independently synthesized.

H

cKr°
(1)

exes
(2)

cKx>
(3)

TuCIO
Rearrangement reactions during electron impact induced fragmentation of
1-Aryl-5-(1-acyl-2-dialkylaminovinyl)-1-H-tetrazotes
M. M6der\ M. Herrmann2 and G. W. Fischer3
1

Environmental Research Centre Leipzig-Halle GmbH
University of Leipzig, Institute of Organic Chemistry, 1+3 Permoserstr. 15,
D-04303 Leipzig, Germany
2
Tarostr. 1, D- 04103 Leipzig, Germany
3

The mass spectrometric behaviour of
1-aryl-5-(1-acyl-2-dialkylaminovinyl)1-H-tetrazoles was studied, especially using 1-phenyl-5-(1-benzoyl-2-dimethylaminovinyl)-1-H-tetrazole and its D- and 15N-labelled derivatives as a typical representative
of this compound class.
In
a
previous
work
about
the
mass
spectrometric behaviour of
1-aryl-5-(2-dialkylamino-vinyl)-1 -H-tetrazoles some surprising rearrangements were
reported involved the formation of carbodiimid radical ions as intermediates.The
introduction of an acyl group into the side chain opens additional possibilities for
skeletal rearrangements leading to unexpected ions in the mass spectra.The
pathways of the mass spectrometric decay has been studied in detail by comparison
of the mass spectrum of the compound with the mass spectra of its isotope
labelled derivatives for the benzoyl substituted series.The fragmentation mechanism
could only be proved by MIKE spectroscopy. As results of metastable analysis
some information about the energy requirements for the rearrangement reactions
were obtained.
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TuCII
GC-MS DETERMINATION OF TRIAZINES AFTER DERIVATISATION WITH BSTFA.
H.Jurllno. J.Haaalnk, W.Kordal
Friunhotar-lnatttut fur Umweltcriemlo und bkoloidkologie, 57392 Schmallenberg

A

melted

is

described

to

determine

Figure 2:
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tarbulhylazine and seven metabolites in
leachate and soil samples by HR GC-MS.
CK 2 CI, and MeOH extracts were dried and
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TuC12
FRAGMENTATION PATHWAYS OF SUBSTITUTED 1,2,3-BENZOTRIAZIN-4-ONES
E.D Woodland, N Ostah, T Youngman and G Lawson
Chemistry Dept. De Hontfort university, The Gateway,
Leicester, LEI 9BH, UK.
The data derived from the low energy collision induced
fragmentation within the triple quadrupole system confirmed
the mechanisms cited by Tou et al (1969) for the unsubstituted
starting material.
The two principal fragmentation routes noted were:
a) the loss of a nitrogen molecule from the molecular ion to
produce the appropriate azetinone derivative, and
b) the loss of either (NNNH) or (HNCO) from the parent ion to
produce a substituted benzene. Further fragmentation included the
loss of the R groups from the ring.
These fragmentation processes were observed for the C-6 and C-7
substituted chloro, methyl, methoxy and nitrobenzotriazinones.
In the positive El spectra the substituent showed very little
effect on the nature or abundance of the fragments.
The negative ion mass spectra of the same compounds showed a much
reduced level of fragmentation with an H-l peak followed by the
loss of 27 Daltons (HCN). Significant differences were observed
between the mass spectra of the C-6 and C-7 nitro compounds with
similar but smaller differences evident for the C-6 and C-7
chloro compounds. These differences are thought to result from
either mesomeric or inductive effects.
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TuC13
The diagnostic value of the m/z 102 peak in the positive ion FAB mass spectra of peptides
W.D. van Dongen, W. Heerma and J.Haverkamp
Bijvoel Center tor Biomolecular Research, Utrecht University. P.O.Box 80083 NL-3508 TB Utrecht, The Netherlands
Peaks in the low mass region (<m/z 200) of positive ion FAB spectra of peplides are characteristic of the various
amino acids present in Ihe peplides. If a fragment ion at m/z 102 is observed in the FAB spectrum of a peplide, it
can arise from several amino acids or amino acid fragments. Mass spectra of peptides containing a glutamic acid
residue frequently show a moderately abundant C 4 H 8 NO 2 + ion (m/z 102), corresponding to the immonium ion,
a, of this amino acid. Other C 4 H 8 NO 2 + tons can be derived from threonine, b, (B,) and less commonly occurring
amino acids like dehydroamino-butyric acid, c, (Y,"). 1-amino-1-cyclopropylcarboxylic acid, d, (Y,") and azetidine
carboxylic acid, e, (Y^). Another C 4 H 8 NO 2 + ion. the Y," ion. f. of homoserine lactone, can occur in the mass
spectra of peplide fragments, originating from CNBr treatment of methionine-containing peptides and proteins.
Synthetic peplide inhibitors of prolyl endopeptidase might contain prolinol at the C-terminus. The presence of
Ihis amino alcohol is reflected in a very intense peak from the isobaric C 5 H , 2 N O + ion. g. which can be also
considered as a Y,"- type ion.
The unimolecular- as well as the collision induced dissociation spectra of the various m/z 102 ions appeared to
be sufficiently characteristic for an unambiguous structural assignment. Identification of Ihe unknown C-terminus
of an octapeptide could be achieved by comparing its m/z 102 MS/MS spectra with those of the isobaric
C 4 H 8 NO 2 + ions and that of the m/z 102 ion from protonated prolinol.
H2N=CH
CH2
CH2
COOH
a

H°
H 2 N-C-C

1H3r<
+

II

CHOH

CH

CH3

CH3

b

COOH
+
H2N-CH

,COOH

H 2 C-CH 2

+ H ,O
H3N-C-q
H2<

^C'°
H,

HjN-q-CHjOH
CH

c

TuC14
Formation of Protonated N-teruinal Amino Acid Ions upon CAD from Protonated Tyrosine
Dipeptide Ions :the [Ht*Tyr] and [Tyr*Mi] Systems.
Kimio ISA. Masaki TOCHIKAIA. Kaori IIIRAl. Yuzo NAKAGAIA*. and Iiao FUJIIARA"*
Science Education Laboratory, Faculty of Education. Fukui University. Bunkyo 3-9-I.
Fukui 910, Japan
'Matsushita Tcchnoresearch. 31-1 Vagumo Nakamachi. iforiguchi. Osaka 570, Japan
"Dainipon Phermaceutical RSD. Enoki 33-94. Suita. Osaka 564. Japan
Production of protonated N-terminal amino acid ions upon CAD from protonated dipeptide
ions were investigated. These ions appear only in some special cases in the CAD spectra of
peptide Mir ions.
The measurements of the CAD spectra fere made with a JEOL DX-303 double focussing mass
spectrometer (EBE type) using a JEOL DA-5000 data system. The collisional gas and the
energy of the precursor ions were Ar and 3 keV, respectively.
From our results of [Mi*Tyr] systems, in general [Mi HI]* ions could not be detected,
but in the cases of His and Arg as Mi, whose proton affinity (PA) is larger1' " than that
of other amino acids (APA=+4I.O kJ/mol and •• 102.4 kJ/tnol, respectively, where APA=PA(Mi)
-PA(Mj)), both the protonated N-terminal amino acid ions [Tyr+hT ions were detected. In
the case of [Tyr*Mz] system, [M 2 *H]* ions exist in general, but the increased A P A (the
Gly. APA=»38.0 kJ/mol), both [Tyr+hT and [M 2 (=Gly)+HT ions fail to appear. The
appearance of the protonated N-terminal anino acid ions were reported for several cases.
The OH migration to carbon of peptide bond cyclization. was proposed by Gaskell, Westmore
and Takao3- *• ". le also found the N-terminal amino acid ions from CAD spectra, because
the A P A became more positive.
I)K. (sa. T.Omote. and M. Amaya. Org. Mass Spectrom.. 25. 620-628 (1990).
2)C. Fenselau and Z.Iu, Rapid Commun. Mass Spectrom.. 6. 403-405 (1992).
3)K.D. Ballard. S.Gaskell. J. Am. Chem. Soc. 114. 64-71 (1992).
4)J.B. lestmore, ' Tang. I. Ens. K. G.Standing. Anal. Chem.. 60. 1791-1799 (1988).
5)T. Takao and Y.Shimonishi, Anal. Chem.. 65, 2394-2399 (1993).
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TuC15
Fast atom bombardment tandem mass spectrometry of proton and alkali cationized
N-substituted polyglycines or "peptoides"
C.G. de Koster1, M.H.A. Berkman 1 , J.A.W. Kruijtzer2, W. Heerma 1 , R.M.J. Liskamp 2 and J. Haverkamp 1
1. Bijvoel Center for Biomolecular Research, Utrecht University, P.O. Box 80083, 3508 TB Utrecht, The Netherlands
2. Leiden Institute ot Chemistry, Gorlaeus Laboratories, Leiden University, P.O. Box 9502, 2300 RA Leiden,
The Netherlands
Oligomers of N-substituted glycines or "peptoids" represent a new class of polymers 1 , that is not found in
nature. A peptoid may be considered as a biopolymer mimetic of a peptide. Peptoids have been shown to
possess significant biological activity but also exhibit, in contrast lo peptides, proteolytic stability. Therefore, the
retropeptoid sequence of substance P(7-11) and related peptoids were synthesized. Fast atom bombardment
tandem mass spectrometry is a well recognized technique for the sequence analysis of peptides and may also
offer good perspectives for structure identification of peptoids. A requirement for mass spectrometrical
determination of the N-substituted glycine sequence is a good understanding of the gas-phase ion chemistry of
ionized peptoids. Particularly, knowledge of their collisional induced fragmentation reactions is important in this
context.
Several substance P fragment peptoids were studied by collisional induced dissociation (CID) tandem mass
spectrometry of their proton-, lithium- and sodium cationized molecules. The CID spectra show various
backbone fragmentation reactions which have their counterparts in the spectra of peptide cations. Moreover,
other collisionally induced dissociations have been observed which, lo our knowledge, have not been reported
before. The CID spectra of the alkali cationized peptoids enabled an unambiguous identification of the
N-substituted glycine sequence of the model compounds. Since libraries of peptoids are very promising in the
development of new Pharmaceuticals, the availability of a convenient and reliable method for rapid identification
is highly attractive. Tandem mass spectrometry techniques applied lo proton- and alkali cationized peptoids are
shown to satisfy the requirements mentioned above.
[1] R.E. Simon, R.S. Kania, R.N. Zuckerman, V.D. Huebner, D.A. Jewell, S. Banville, S. Ng, L. Wang, S. Rosenberg, C.K.
Marlowe, D.C. Spellmeyer, R. Tan, A.D. Frankel, D.V. Santi, F.E. Cohen, P.A. Bartlett, Proc. Natl. Acad. Sci. U.S.A. 89,
9367-9371 (1992).

TllC16
ANALYSIS OF NOVEL AMINO ACIDS AND RELATED COMPOUNDS BY FAST ATOM BOMBARDMENT MASS
SPECTROMETRY
L Fourie, FJC Martins, AM Viljoen and HG Kruger
Department of Chemistry, Potchefstroom University for CHE, Potchefstroom 2520,
South Africa
It is a well known fact that conventional mass spectrometric ionisation techniques
lead to molecular decomposition of underivatised amino acids and produce uninter=
pretable mass spectra. Molecular ions are seldom observed. We now wish to report
on the utilisation of fast atom bombardment (FAB) mass spectrometry as a tool for
the direct analysis of underivatised amino acids and related compounds.
FAB mass spectrometry has become a powerful technique since the first report of its
use in 1981.1 Samples are ionised in a suitable liquid matrix by bombardment with
a beam of accelerated neutral xenon atoms produced by a FAB gun. This can yield
both positive and negative ions which are sputtered from the surface of the matrix.
The dipolar character of neutral amino acids poses a problem and requires suitable
pveionisation in the matrix. Two alternatives are possible and were used supple=
mentary. Using a sodium hydroxide containing matrix and recording in the negative
ion mode, strong [M - H ] " molecular ions were observed for most amino acids investi=
gated. With a hydrochloric acid containing matrix, strong [M+H] + molecular ions
were registered when recording was done in the positive ion mode.
Examples of synthetically prepared amino acids and analogues with cage structures
analysed will be discussed.

1.

M Barber, RS Bordoli, GJ Elliott, D Sedgwick and AN Tyler, Anal. Chem. , 54
(1992) 645.

-129-

13th IMSC, Budapest 1994

Session C

Tuesday, 30 August

TuC17
RESONANCE ELECTRON CAPIiJRE OF SEVERAL NATURAL AMINO ACIDS
George M. Tuimedov and Victor A. Mazunov
Physics Department, Ufa Research Center of RAS, Initsiathmaya sir, 12, build. 6, 450065,
Ufa, Russia
We have obtained negative ton mass-spectra (with the ionization in the conditions of
resonance election capture) of nine natural amino acids (Gly, Ala, Val, Leu, lie, Phe, Met, Ser,
Thr) without modification into ethers. Mass spectra have been determined using massspectrometer MM-1201 allowing to scan electron energy ( E ^ in the range of 0-15 eV (AE1/2 *
0.3 eV); the temperatures of evaporation of the samples were between 180-235° C. All mass
spectra are multiline, the typical peaks correspond to (M-H)~, (M-3H)*, (M-16)~, (M-HjO)",
COOH - , CO2-, CN", HO, NH2*. The amino acids dont form negative molecular ions. The
pseudo molecular ions are (M-H)", their peak intensity is the greatest for all compounds. Any
other peak intensities are 0.1-10%. The ranges of Eg hi which the maxima of resonance
energies are located are 1-2, 5-6. 8-9 eV. Practically all kinds of ions are formed in more than
one range of energy. For example, the peaks of ions from Phe (100; 2.1; 0.6%) are observed
with Eg equals to 1.0; 5.0; 8.0 eV respectively. The dissociative electron capture results in
simple bond cleavages as well as in rearrangements of ions. The mechanism of the electron
capture and the energetics of the processes are discussed in our work from the standpoint of
thermochemistry.

TllC18
Study of the decomposition of the Amadori-Compound
N-(l-Deoxy-D-fructos-l-yl)-glycine (DFG) in Model Systems by FAB-MS/MS
Andreas A. Staempfli, lmre Blank, Rene Fumeaux and Laurent B. Fay*
Nestec Ltd, Nestle Research Centre
Amadori compounds are N-(l-deoxyketos-l-yl)-amine derivatives which are formed in the course of the
non-enzymatic browning (Maillard) reaction. They are key intermediates of the Maillard reaction and
responsible for changes in colour, flavour, and nutritive value of foods.
Amadori compounds decompose via the enediol or the aminoenol intermediate to form l-deoxyosone
and 3-deoxyosone by 2,3-enolization and 1,2-enolization, respectively. These reactive a-dicarbonyls show
tendency to further enolization, dehydration, and carbon-carbon fission and are so capable of forming
polymeric colorants and volatile compounds.
The quantitative analysis of Amadori compounds has already been reported using HPLC and GC/MS.
To simplify the isolation procedure and to avoid any derivatisation step, we have developed a sensitive and
accurate method based on isotope dilution FAB-MS/MS using 13c-|abelled DFG as internal standard (IS).
Positive FAB produces from DFG the protonated molecular ion at m/z 238 Da with little fragmentation,
and the corresponding ion at m/z 239 Da for the IS. The measurements were carried out after CID of each
[M+H] + leading to the daughter ions [M-H20] + which were recorded for the DFG and its labelled analogue.
The method was applied to different model reaction mixtures in order to elucidate the kinetic properties
of DFG degradation as affected by the pH. We found that the decomposition of DFG was enhanced at pH 7
compared to pH 6. This may be explained by the favoured enolization pathway and the stability of the
resulting deoxysome. It seems that 1,2-enolization is promoted at pH 6 leading to the relatively stable 3deoxysome. On the contrary, pH 7 favours 2,3-enolization which gives rise to the unstable 1-deoxysome. The
accelerated decomposition of the Amadori compound at pH 7 may also explain the higher browning rate
compared to the acidic conditions.
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COLLISION-INDUCED DISSOCIATION OF GUANINE
John M. Gregson* and James A. McCloskey
Department of Medicinal Chemistry
University of Utah, Salt Lake City, UT 84112 (USA)

Positive ion, low energy CID mass spectra of protonated guanosine base
ion (BH2+) and its site selective, isotopically substituted analogs [1- 1 5 N]-,
15 2
N -, [3- 15 N]-, and 18 O 6 -guanosine have been measured. Analogous
spectra have also been obtained for the site selectively labeled [7- 15 N]- and
[9- 1 5 N]- protonated guanine molecular ions. This comprises a complete set
in which every heteroatom in the guanine ring has been individually and
site-specifically labeled, and reveals numerous decomposition pathways
hitherto unknown in the mass spectrometry of this key constituent of DNA
and RNA. The results to be presented confirm several hypotheses presented
in earlier literature, and are useful in illuminating the interpretive rules for
trace level structure determination of covalently modified nucleosides
related to guanosine.

TuC20
DETECTION OF BIOGENIC CARBOXYLIC ACIDS AS COMBINED ANHYDRIDE
WITH CF3COOH BY RESONANCE ELECTRON CAPTURE MASS SPECTROMETRY
Elkin Yu.N., Voinov V.G., Usoltzev A.A.
Pacific Institute of Bioorganic Chemistry, Vladivostok, 690022, Russia
The biogenic carboxylic acids (BCA) are converting into negative ions by the thermal electron
capture processes before the mass analysis when the nanomole quantity of BCA are available. On
the way derivatization procedure of BCA to get their pentafluorobenzyl (PFBE) ester through the
combined anhydride with CF3COOH (CA) we had studied the electron impact and resonance
electron capture (REC) mass spectra of CA to get a proof of existence CA itself before it was
converted into PFBE. The similarity of the electron capture properties of the CA of BAC and their
PFBE has shown. The main one of them is the high yield of RCOO". The electron impact and
electron capture mass spectra and ionization efficiency curves of combined anhydrides have been
discussed also. Using REC MS we studied these derivatives of various fatty acids, including a
hydroxy, an unsaturated ones and the prostaglandines. All they are giving two peaks in REC mass
spectra: RCOO" and CF3COO-. Noteworthy, the prostaglandins were dehydrogenating abundantly
yielding the set of skeleton RCOO' ions. The approach used to determine molecular-mass
distribution of the fatty acids of bacteria of*, monhrifiecens and to detect prostaglandins in the soft
coral PI. hommomala.
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TuC21
M a n Spectrometry of Synthetic Polymen
Paul M.Lloyd and Peter J Derrick
Warwick Institue of Maw Spectrometry, Department of Chemiitry, University of Warwick, Coventry, CV4 7AL U.K.
The challenge to mass ^pectrometry of synthetic polymers lies in the ionisation techniques employed. In order to determine
the number-average molecular mass, Mn, and a true representation of polymer chain distribution, the ionisation technique
must not induce fragmentation. Yet, elucidation of polymeric structure is only possible through fragmentation.
This study utilising field desorption and matrix assisted laser desorption ionisation (MALDI) techniques, has concerned
homopolymers of methyl melhacryiate with narrow polydispersity, synthesised by screened anionic polymerisation [1]. Using
living polymerisation has allowed targeting of a range of molecular masses (100-80000 Oaltons). Work being extended to
methacrylic block copolymers and random copolymers with butyl methacrylale.
The field desorption (FD) work has been conducted on a four-sector tandem mass spectrometer, using collisionally induced
dissociation to investigate the fundamental physical chemistry of fragmentation, end group analysis and polymeric branching.
A matrix-assisted laser desorption/ionization (MALDI) lime-of-ilight instrument has been used for determination of Mn, and
the weight-average molecular mass Mw. Pervious MALDI studies of polymer systems have demonstrated the effectiveness of
this technique at relatively high masses [2].
Earlier studies with F.D. on a tandem four sector of other polymer systems have shown intriguing fragmentation patterns.
Polystyrene with ionised fragments spontaneously to produce large ions. When collisionally induced dissociation is employed
the polystyrene chains break up to give low mass fragments [3]. An earlier study with PMMA has demonstrated different
fragmentation patterns for saturated and unsaturated polymer endgroups [4].
rhe studies here at Warwick are currently being extended to polymers with novel and controlled topologies e g star polymers
ind dendrimers.
1]
2]
3]
4]

D.G.H. Ballard, Macromol. (1992) 25 5907
H.S.Creel, Trends in Polymer Sciencel 336 (1993)
A.G.Craig and P.J.Derriek, Aust. Chem. (1986) 39, pl42l
W.W.Hope PhD Thesis (1988) University of New South Wales, Sydney, Australia

TuC22
Analysis of Synthetic Polymers and Copolymers by Matrix-assisted Laser Desorption/ionization Mass Spectrometrv
Martin SclMr and Hansjorg Mam
Central Analytical Department, Ciba Limited, CH-1002 Basel. Switzerland

In industrial laboratories chemical problems occur, which can oltcn be solved by mass spectrometry This creates a
demand for a fast and accurate problem solving system, which is versatile and can be applied to chemical classes such as
additives, synthetic polymers and copolymers
Since its introduction by Karas and Ilillcnkamp in 1987 matrix-assisted laser desorption and ionizalion mass
spectrometry (MALDI-MS) has been successfully used to determine the mass of large biomolecules. More and more the
method is also applied to die analysis of synthetic polymers in the higher as well as in the lower mass range
The power of this method is the fast, sensitive and accurate determination of absolute molecular masses of products,
by-products and of the molecular mass distributions Mu- and Mn The mass information can further be used for the
determination of the polymer structure.
Due to these advantages and the absence of other analytical methods with comparable features, MALDI-MS is
already used in the industry on a routinely basis for the analysis of polymers This paper gives some interesting examples.
However, often a discrepancy of the molecular mass distribution factors obtained by MALDI-MS and get permeation
chromatography (GPC) is found. Therefore the feasibility of using MALDI-MS for the analysis of polymers has to be further
tested. The accuracy of the molecular mass distributions by MALDI-MS depends on ionization-desorption processes and
instrumental parameters, hi addition, a careful control of the experimental parameters is essential to achieve reproducible
results A comparison of the molecular mass distribution factors M\v and M n obtained by MALDI-MS and by other
conventional methods such as GPC, vapor pressure osmometry and light scattering will be given The paper includes
comments on the performance and applicability of MALDI-MS for the analysis of synthetic polymers.
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THE CHARACTERISATION OF SYNTHETIC POLYMERS BY
MASS SPECTROMETRY
L W Tetler and Steven Corless
Michael Barber Centre for Mass Spectrometry, UMIST, PO Box 88, Manchester,
M60 1QD, UK.
The properties of synthetic polymers are affected by the distribution of molecular
weights, thus an accurate means of determining them is of importance to the polymer
industry. Many of the current methods available for determining molecular weight
distributions, such as gel permeation chromatography(GPC), require calibrants and
these may not be applicable to the polymer being analysed. It is therefore desirable to
have a method capable of determining the molecular weight directly.
Mass spectrometry has been shown to have some applications in polymer analysis
but has been limited by instrument mass range and the nature of polymeric materials.
The development of electrospray ionisation(ES) and matrix assisted laser desorption
ionisation(MALDI) has made possible the determination of molecular weights for
biological macromolecules. Reports have shown both techniques to be of use for
synthetic polymers and they may offer quick and effective ways of obtaining molecular
weights directly.
We have been evaluating both techniques for polymer analysis and have obtained
data for several materials e.g. polystyrene, PEG, polytetrahydrofuran, PVP and
PMMA using either electrospray and/or MALDI. Laser desorption results have been
obtained with and without the presence of a matrix for some polymers. This and other
data will be presented along with the conditions employed.
Furthermore, we have investigated the possibility of interfacing GPC with ES and thus
enable on-line measurements to be made for non-water soluble polymers. This will
allow a more accurate calibration curve to be obtained for the GPC columns. This
data will be presented together with data obtained for water soluble polymers.

TuC24
THE ANALYSIS OF SYNTHETIC POLYMER FORMULATIONS USING UV-MATRIX
ASSISTED LASER DESORPTION/IONISATION
G Critchley1, E A Maisey1, J S Segal2, J H Scrivens2, M J Taylor, H Yates2, A Jackson'
' Fisons Instruments, VG Analytical, Floats Road, Manchester, England
2
1CI Materials, PO Box 90, Wilton, Cleveland, England
3
University of Warwick, Coventry, England
The use of mass spectrometry in the characterisation of synthetic polymer formulations has, until
recently, been restricted to the characterisation of monomers, oligomers, additives and
performance enhancers. Secondary ion mass spectrometry (SIMS) and field desorption methods
have successfully been used to characterise materials in excess of 10,000Da but the study of intact
polymer systems of commercial interest has been extremely limited. The technique of matrix
assisted laser desorption/ionisation mass spectrometry (MALDI), although initially used almost
exclusively in biological applications offers significant potential for the study of synthetic polymer
systems. This technique has been used to study a number of polymeric systems including acrylics,
polystyrenes, polybutadienes and phenol formaldehyde resins. Where appropriate, the results are
compared with those obtained using field desorption. Among the information required by the
polymer chemist are number and weight average molecular weight, monomer type and polymer
end group. The extraction of this data from the spectra require differing amounts of resolution and
mass accuracy the effect of which is demonstrated. The effect of the many variables involved in
the experiment are discussed together with data demonstrating the mass accuracy and
experimental reproducibility of the technique for these synthetic polymer systems. A number of
polymeric additives and polymer modifiers of relevance to the formulations were also
characterised using the MALDI approach. These results are also compared with those obtained
using existing experimental approaches.
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Field Desorption Tandem Mass Sntctromelrv of Oligomeric »nd Polymeric Materials
A. T. Jackson and K. R. Jennings, Institute of Mass Spectromelry, Department of Chemistry, University of
Warwick, Coventry, CV4 7AL, UK, R C. K Jennings and J H. Scrivens, IC1 Materials, PO Box 90,
Wilton Centre, Middlesbrough, TS90 8JE, UK.
Analysis of synthetic hydrocarbon polymers by mass spectrometry is limited by their chemical inertness. An
important factor in determining the properties of polymers is the molecular weight distribution and it is
therefore desirable to design methods that enable one to determine this accurately. Methods such as light
scattering, vapour-phase osmometry and gel permeation chromatography that involve indirect
measurement are routinely used to determine polymer molecular weights. Techniques such as field
desorption (FO) [ I ] and matrix assisted laser desorplion/ionisation [2] Tor direct mass spectrometric
analysis o f hydrocarbon polymers have also been used. FD-mass spectrometry (FD-MS) has been the
most successful technique employed in that it gives the most accurate polymer mass distribution. To aid
structural elucidation of ions formed by FD-MS the technique of tandem mass spectrometry has been used.
Various synthetic polymer formulations have been studied by FD-tandem mass speclrometry
(FD-MS/MS). Ions were selected by careful noting of emitter currents with their appearance in the mass
spectra. The emitter current values were used to enable one to produce the highest possible ion currents
for collision-induced dissociation of the ion of interest. FD-MS/MS spectra were obtained with the aid ofa
ZAB-T fbur-seclor mass spectrometer (Fisons, VG Analytical) of reverse geometry (BEBE) equipped with
a combined FD/FI/LSIMS ion source and a photodiode array detector.
The FD-MS/MS spectra of various synthetic polymer samples using different collision gases to promote
fragmentation will be presented.

1. K. Rollins, M. Taylor, J. H. Scrivens, A. Robertson and H. Major, Synth. Lubr., 1991, 8, 29
2. R. S. Brown, D. A. Weil and D. L. Wilkins, Maeromolecules, 1986, 19, 1255

TuC26
Coupled Thermal Treatment and Mass Spectrometric Analysis
of Synthetic Polymer Formulations
A. T. Jackson and K. R. Jennings, Institute of Mass Spectrometry, Department of Chemistry, University of
Warwick, Coventry, CV4 7AL, U.K. R. C. K. Jennings and J. H. Scrivens, ICI Materials, PO Box 90,
Wilton Centre, Middlesbrough, TS90 8JE, U.K.
The thermal degradation or pyrolysis of synthetic polymers is widely used as a method of obtaining
information on their structures. When this is combined with field ionisation (Fl), a soft ionisation technique
that produces mainly ions of the type MH+ or M*\ pyrolysis-FI mass spectrometry allows one to obtain
molecular ions of the pyrolyzates formed [1] and so gives information on the molecular weight distribution
of the polymer fragments. Collision-induced dissociation (CID) of these ions can give fragments that aid in
the elucidation of the structures of these polymers.
Spectra o f a number of polymers and oligomers were obtained with the aid o f a ZAB-T four-sector mass
spectrometer (Fisons, VG Analytical) of reverse geometry (BEBE) equipped with a combined
FD/FI/LSIMS source and a photodiode array detector Ions formed by direct probe pyrolysis-FI were
selected by MSI, collisionally activated by an inert gas in the collision cell, and the resulting fragments
analysed by the use of MS2.
Pyrolysis-FI of polypropylene yielded MS 1 spectra similar to that previously obtained by Lattimer [2]
except that some higher mass pyrolyzates were detected, up to a mass-to-charge ratio of approximately
2000 Daltons. The weak ion currents produced make CID spectra difficult to obtain. The product ion
spectra obtained give useful sequence information which assist in the interpretation of the pyrolyzates
formed. Product ion spectra of other polymers and oligomers will also be presented.
References
1. B. Plage, H.-R. Schulten, J. Schneider and H. Ringsdorf, Macromokcules, 1990, 23, 3417
2. R. P. Lattimer, Proceedings of the 41st Conference on Mass Spectrometry and Allied Topics, May
31st-June 4th, San Francisco, California, 1993, 1097
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Determination of Site-Specific Glycosylation in the Chimeric Plasminogjn Activator K2tu-PA by
Electrospray (ES) and Matrix-Assisted Laser Desorption (MALD) Mass Spectrometry.
D. Muller1, W. J. Richter1, J. van Ooslrum2 and M. Schar3
Physics1, Biotechnology2 and Analytical Research3 Departments, Ciba-Geigy Ltd, Basel, Switzerland
K2U-PA is a recombinant glycoprotein comprising 356 amino acids, 9 d sulfide bridges and 2 potential Nglycosylation sites (Asn12 and Asn247) in W-terminal A- and C-terminal B-chains. Gross structural
characterization and overall-glycosylation profiling was achieved by analyzing K2tu-PA using mainly
electrospray (ESMS) at the intact glycoprotein's high-mass level (M r ground 42 kDa). Determination of
site-specific glycosylation for the separate A- and B-chains required, however, scission of the large
molecule into smaller segments by tryptic digestion. The resulting complex mixture (> 50 components) of
peptides and glycopeptides (4 rather than 2 due to incomplete digestion and over-derivatization) was
subjected to on-line HPLC-ESMS and ESMS/MS. The site-specific glycosylation patterns derived for the
two chains from tryptic glycopeptides (T1-17 and T219-258 comprising the sites in question) differed
substantially from each other in that incomplete glycosylation, lower sialylation and antennicity in the Acompared to the B-chain was observed. These findings were corroborated by off-line MALDMS analyses
on isolated glycopeptide fractions and found to be in excellent agreement with data from detailed HPLC
and NMR studies of enzymatically released glycans (M r level < 4000).

TuD2
ANALYSIS OF A NEW DELETED RECOMBINANT ANTIHAEMOPHILIA A FACTOR (FACTOR
VIII All) BY MEANS OF MALDI MASS SPECTROMETRY
J.M.Schmitter1, J.F.Veillon 2 , J.M.Scohyers2, N. Bihoreau2
1 Laboratoire de Biochimie, Ecole Polytechnique, 91128 Palaiseau cedex, France
2 Centre National de Transfusion Sanguine. 3, Avenue des Tropiques 91943 Les Ulis France
Factor VIII All is a genetically engineered deletion variant of factor VIII expressed by recombinant
Chinese hamster ovary cells. This 1436 residues long protein has a molecular mass, calculated from ils
sequence, of 164 954 Da and exhibits 7 potential glycosylation sites. The glycoprotein, secreted as a
single polypeptide chain, can be cleaved after Arg740 to generate a heavy-light chain complex of 90 kDa80 kDa as revealed by SDS-PAGE analysis. These chains are proteolysed by thrombin to form a trimer,
that is the activated form of factor VIII in the coagulation pathway. During this activation, the 90 kDa
fragment is further cleaved, giving rise to 50 and 40 kDa fragments, while the 80 kDa light chain
generates a 70 kDa polypeplide.
Due to its high mass range and excellent sensitivity. Matrix Assisted Laser Desorption-Mass
Spectrometry (MALDI-MS) has been chosen to play a key role in the precise determination of the
molecular masses of factor VIII AH and of the various complexes. Prior to MALDI characterization, the
polypeptides have been separated by reversed phase liquid chromatography, this step being crucial for the
purity of the products and the sensitivity of the response. Native factor VIII AH displays a molecular
mass of 178 kDa. The difference with the theoretical molecular mass and (he observation of a broad
molecular peak suggest that this new recombinant protein was effectively glycosylated by the host cell.
Similarly, the various proteolytic forms were analysed by MALDI, and gave accurate values consistent
with the mass of native factor VIII All.
Peptide mapping of factor VIII All light chain has been performed by direct MALDI mass analysis of
whole proteolytic digests resulting from cleavage with specific endoproteases. The analysis of peptide
masses led to a fast sequence verification and to the localization of the post-traductional modifications
within the protein.
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MALDI MASS SPECTROMETRIC METHOD FOR THE SEPARATION AND MOLECULAR WEIGHT
DETERMINATION OF SNAKE VENOM PROTEINS
Yang Boyu, Zhu Damo, Hong Qunfa, Sun Guoqiang, Zhang Yukui
Dalian Institute of Chemical Physics, Dalian, 116012, P. R. China
Matrix assisted laser desorption/ionization mass spectromelry (MALDI/MS) is a new, powerful analytical tool for
the investigation of large biomolecules. Since its inception in 1986 by Koichi Tanaka and Franz Hillenkamp
separately[1,2], MALDI/MS has been successfully applied to the investigation of amino acids, peptides, proteins,
glycoprole/ns, glycolipids, oligosaccharides, and oligonucleotides. This analytical technique allows for the direct
examination of many different, large biomolecules, even when present in complex mixtures. The accuracy of
molecular weight determination by using this technique with internal standard method has been reached to
0.01 %[3J.
This paper introduces the molecular weight determination of snake venom proteins by the technique of
MALDI/MS.There are many proteins contained in snake venom.some of (hem have important medical meaning.
Composition analysis and molecular weight determination are very helpful for further medical investigation on
snake venom. MALDI/MS is the only best method for this purpose. In the present experiment, 6 components of
snake venom proteins(SVC-l,SVC-ll,SVC-lll,SVC-IV,SVC-V.SVC-VI) purified by HPLC and SDS-PAGE have
been determined by using MALDI/MS. The molecular weights determined for the main proteins in above 6
components are 23026, 30770.14022,29301. 31059, 36783 separately. 4 spectra for SVC-I. SVC-II. SVC-III
and SVC-IV will be shown in the paper. From the spectra of SVC-I.SVC-II.SVC-III.SVC-V and SVC-VI we found
more than one kind of proteins in each component which can not be separated by HPLC and SDS-PAGE. It is
very clear that the snake venom proteins which can not be separated by using HPLC and SDS-PAGE can be
easily separated by using MALDI/MS and the accurate molecular weight will be obtained in the same time,
which is very helpful for further identification.
[1]. K. Tanaka.H Waki.et al.Rapid Commun. Mass Spectrom..2.151(1988).
[2]. M. Karas.F. Hillenkamp. Anal. Chem ,60.2288(1988).
[3]. R. C. Beavis.B. T. Chait, Anal. Chem.,62.1836(1990).

TuD4
MALDI-TOFMS analysis of scrum protein precipitated with anlisrnini: a unique simple clinical diagnostic
method
Toyofumi Nakanishi and Akira Shimizu
Department of Clinical Pathology, Osaka Medical College
We have applied MALDI-TOPMS ( JMS-LDl 17(X). JEOL) for the analysis of serum protein prepared by
immunoprccipitation. The transferrin-anlibody complex in (he imrnunoprcripitaics was separated imo
transfcrrin and IgG in an acidic pH, which is the usual condition of loading on MALDI-TOFMS. The IgG
in the mixture of precipitates did not disturb die analysis of traiisl'crrin. The transfcrrin isoform with a
molecular weight of ca 2.2 kDa smaller than major isoform of normal transfcrrin was identified by this
method (Nakanishi ct al. BMS in press). The content of (lie small size isoforni was higher in the serum
from patients with carbohydrate deficient glycoprotein (CDG ) syndrome than that from normal control.
The sera isolated from patients of alcohol abuse also contained the small size isoforni in significant amount
but that from patients of other liver diseases contained little of the small size isofonn. It has been reported
that (Yamashila el al. JBC 19X9) the ratio of neutral oligosaccharides released from transfcrrin of patients
with liver cancer was higher than that from normal transtcrrin. Carbohydrate deficienl transfer™
increased in the serum from alcoholic abuse and that from other liver disease patients could not be
differentiated by ion-exchange chromatography or electrofocusing but it may be possible by MALDITOFMS and more precisely by ESI-MS.
a 1-Antitrypsin ( a 1-AT) precipitated by antibody was also analyzed, a 1-AT was cleaved to 2
fragments, molecular weight of about 4.7K and 50K, in the condition of MALDI-TOFMS. The cleavage
may occur in the step of crystallization. Additional ions were detected on the shoulder of the low mass
side of the 50K ion, which may be ions of molecules with lower content of carbohydrate. The difference
between a 1-AT from normal and CDG patients was not clear.
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THE ROLE OF THE UV-ABSORBING MATRIX IN GLYCOPROTEIN MAPPING
AND GLYCOFORM DETECTION BY MALDI MS.
A. Tsarbopoulos*, M. KarasA, B. Pramanik, and F. HillenkampA.
Schering-Plough Research Institute, Kenilworth, NJ 07033, USA and AInstitut of Medical Physics and
Biophysics, University of Miinster, 48149 Miinster, Germany.
The recently introduced electrospray and matrix-assisted laser desorption/ionizstion (MALDI)
methods have provided a new stimulus for the rapid development of biological mass spectrometry, thus
further establishing mass spectrometry (MS) as one of the principal analytical tools for characterizing
recombinam protein products. Structural characterization and purity assessment of these recombinant
products, as well as detection and identification of any desired or undesired alterations, have been the main
areas where the electrospray and desorption MS methods have found wide application.
In this presentation, E. co/i-derived recombinant human inierferon a-2b (rhIFN a-2b) and
interleukin-4 (rhIL-4), as well as CHO-derived IL-4 and 1L-4 receptor (36 kDa), were mass measured and
then mapped by direct MALDI analysis of their trypsin-generated peptide mixtures. The use of the sDHB
matrix (a 9:1 mixture of DHB with 2-hydroxy-5-methoxybenzoic acid) resulted in intense, relatively
narrow and sharp molecular ion signals, and thus an improved mass measurement accuracy over that
achieved with other commonly used protein matrices, such as DHB and sinapic acid. The matrix effect
was noticeable in the MALDI analysis of the CHO IL-4 glycoprotein, where the three glycoform signals
were significantly enhanced and better resolved when sDHB was used as a matrix instead of neat DHB.
Nevertheless, the use of either matrix enhanced the two lower mass signals resulting from a prominent
metastable loss of one and two sialic acids from the major disialylated component, thus providing a false
distribution of the glycoforms present in the sample. This metastable loss was minimized by carrying out
the MALDI analysis in the 3-hydroxy-picolinic acid matrix (3-HPA @ 337 nm). The effect of the 3-HPA
matrix on the observed glycoprotein distribution was also pronounced in the MALDI analysis of the IL-4
receptor, where the glycoprotein signal shifted to a higher mass with the mass shift of -2000 Da indicating
the prior metastable loss of seven sialic acid groups (in sDHB). Similar metastable loss of sialic acid
groups was also observed in the tryptic mapping of CHO IL-4 and IL-4 receptor, with the 3-HPA matrix
providing a more accurate picture of the attached carbohydrate components.
The effect of the UV-absorbing matrix on the MALDI mass spectral quality, as well as its
contributing role in the observed oligosaccharide metastable loss and glycoform distribution, will be
discussed along with a possible MALDI ionization model supporting our observations.

TuD6
Characterization of the Chondroitin-4-sulfate glycosylated Bikunin
chain from lal using glycosidases and MALDI MS.
Henrik Rahbek-Nielsen1). Jan J. Enghild2) and Peler Roepstorff1). 1) Department ol Molecular Biology. Odense
University. DK-5230 Odense M. Denmark. 2) Department of Pathology. DUKE University. Durham. NC. USA.
The Human Inter-a-trypsin inhibitor (Ial) complex includes a Chondroitin-4-sulfate (CS) Oglycosylated bikunin protein and two heavy-chain proteins linked by the CS glycan. The
trypsin inhibitory activity of lal is located on the bikunin chain. Treatment with mild NaOH
dissociates the lal complex into two heavy chains proteins and the glycosylated bikunin.
The glycosylated bikunin is purified by HPLC and anion exchange chromatography. The
CS-glycosylated bikunin appears as a broad 30 kOa band when analyzed by SDS PAGE
whereas it is determined tc 25 kDa. by Matrix Assisted Laser Desorption Mass Spectrometry
(MALDI MS). Digestion of the CS-chain by Chondroitinase ABC results in a 19.9 kDa.
bikunin protein. The mass difference of 5.1 kDa. corresponds to removal of 11 Nacetylchondrosine units. Neuraminidase treatment, of the Chondroitinase ABC digested
bikunin, indicates that other types of glycosylation are present. The MALDI spectrum of the
glycosidase digested bikunin shows a decreased mass and reveals two variant structures.
These structures are not resolved in MALDI spectra before neuraminidase treatment since
they are masked by one and two sialic acids, respectively. In addition, deglycosylation of the
bikunin with trifluoromethanesulfonic acid results in a 16.4 kDa protein. These results
indicate a heterogeneous glycosylation pattern of the bikunin chain. According to the cDNA
sequence asparagine 34 is a potential N-glycosylation site. Peptide mapping will be used to
show whether the heterogeneity is present on a N-linked glycan or on O-linked glycans.
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A Matrix Assisted Laser Desorption/Ionization Mass Spectrometric Study on the Glycation Let els of Blood Proteins
in Healthy and Diabetic Subjects
A Lapolla*. L.Baldo*.R Aronica*. M Batlaglia*. MGarbelio*. D Fcdelc*. RSeraglia". SCaiinella" andP.Traldi°
Department of Internal Medicine. Metabolic Disease. Padova Univcrsiiy.Ilaly: °C N R .Area della Riccrca. Corso Slali
Uniti 4,1-35020 Padova. Italy
In diabetic disease the long-term complication (c g neuropathy, nucroangiopathy. macroangiopathy) originate from
protein croos-links. Such processes in their turn arise from highly reactive species originated from reaction between hexoses
and r.-amino groups of lysine residues present in the protein chain For such reason the determination of the gl>cation levels
of physiological proteins is a topic of high interest and in the last decade many efforts have been spent in this direction.
However, the most of them required an extensive chemical or enzymatic hydrolysis, which in some cases led to artifacts.
Consequently, (he development ofanahtic.il procedures able to operate on ihe untreated proteins is relevant. In this contest
previous studies performed by matrix assisted laser dcsorplion/iomzalion mass spcclromelry on bovine scrum albumin' and
nbonucleasc~ glycated in vitro under pseudophysiological conditions, proved that this technique is particularly effective for
the easy determination of the number of sugar molecules condensed on the protein. The same technique, when applied to
the plasma proteins of healthy and diabetic subjects, leads to important results showing that in diabetic subjects human
scrum albumin exhibits an increase in molecular weight from 66963 Da to 67939 Da, corresponding to the condensation of
2 and 8 glucose molecules respectively. Such results related to plasma glucose, glycated hemoglobin and furosine levels,
prove the cflcclivness of matrix assisted laser dcsorplion/ionization mass spcclromelry in the description of the glycalion
level of blood proteins.
1- A.Lapolla, C.Gerhardingcr, L.Baldo. D.Fedclc. A.Kcanc. R.Scraglia. S.Catinella and P.Traldi, Biochem.Biophvs.Acta
1225, 33 (1993)
2- A.Lapolla, L.Baldo, R.Aronica. C Gcrhardingcr. D.Fedele, G.EIIi. RSeraglia, S.Calinclla and P.Traldi, Biol. Mass
Spectrom., in press

TuD8
Localization of Phosphorylation Sites in Peptides by MALDI Metastable Decay
at the Sub Picomole Level
Gert Talbo and Matthias Mann
Protein and Peptide Group, European Molecular Biology Laboratory,
Meyerhcfstr. 1, D-69117 Heidelberg, Germany
Phosphorylation of a specific site is a key factor for the activity of many proteins. In
the determination of phosphorylations mass spectrometry is a valuable tool, since these
modifications can be detected by Edman degradation only after derivatization or after
radioactive labeling. Without MS the detection of the presence phosphorylations and their
localization is difficult at best and may not always be possible.
In linear MALDI an indication of a phosphorylated peptide in a digest mixture is given
by the difference in intensity of the peaks obtained in the positive and the negative ion
mode. However, other peptides carrying highly negatively charged groups usually also
result in peaks with higher intensity in the negative than in the positive ion mode.
Therefore, more speciGc methods are needed toacertain the presence of phosphopeptides.
We here report a method using MALDI metastable decay to determine the presence
of phosphorylations in a digest mixture. The ions from a peak of interest - as indicated in
the linear spectrum - are isolated by fast pulses and only these ions are allowed to enter the
reflector. The resulting metastable spectrum is inspected for a peak at ca. 97 Da below the
molecular ion peak. This peak is diagnostic of phosphopeptides and originates from the loss
of the phospho group from the molecular ion between the acceleration region and the
entrance of the reflector.
Subsequent analyses performed in the positive ion mode using the MALDI metastable
decay method yields sequence ions from fragmentation of the peptide backbone. Correlating
the masses of the metastable ions spectrum with the calculated ones from the known
sequence the phosphorylation site can be positioned to one specific amino acid residue in the
sequence.

•138-

13th IMSC, Budapest 1994

Tuesday, 30 August

Session D

Tu D9
Direct MALDI Analysis of Proteins Electroblotted After SOS-PAGE Separation
Kerstin Strupat (A), Christoph Eckerskorn [B). Michael Karas (A), Franz Hillenkamp (A)
(A) Institute for Medical Physics and Biophysics, 48149 Munster, FR Germany
(B) Max-Planck-lnstitute for Biochemistry, 82152 Martinsried, FR Germany
The feasibility of performing direct MALDI analysis of proteins electroblotted onto
polymer membranes after sodium dodecylsulfate polyacrylamide gel electrophoresis
(SDS-PAGE) has been reported recently (1). Using succinic acid as a matrix and an
pulsed IR-laser (Er-YAG ; 2.94 pen) for ion desorption promising results have been
obtained for standard proteins once suitable matrix incubation conditions had been
elucidated. The poster will focus on methodic aspects, such as the capability to perform
lateral scans along the protein migration direction, thereby documenting the protein
separation in the blot after matrix incubation. Multiple irradiation of one spot yields
information about the depth distribution within one protein band and is used for an
estimation of the achieved level of sensitivity. Mass determination accuracy and
accessible mass range was not found to be systematically different from standard
preparation conditions. The technique has been tested for virus proteins documenting
its applicability to real-life samples comprising both hydrophilic and hydrophobic
(membrane) proteins.
(1) K. Strupat, M. Karas, F. Hillenkamp, C. Eckerskorn, F. Lottspeich, Anal. Chem. 66
(1994)464.

TuD10
MALDI MASS SPECTROMETRIC ANALYSIS OF ELECTROELUTED
PROTEINS AFTER 2D GEL ELECTROPHORETIC SEPARATION
Sophie Haebel1, Charlotte Jensen1, Svend Olav Andersen2 and Peter Roepstorffl
^Department of Molecular Biology, Odense University, DK-5230 Odense M.
2
August Kiogh Institute, Copenhagen University, DK-2100 Copenhagen 0 .
Simultaneous sequencing using mass spectrometric as well as protein chemistry
methods, of three approx. 15 kDa variants of a cuticular protein extracted from the
meal beetle Tenebrio molitor larva is demonstrated. The sequencing procedure
followed the previously described strategy [1]. The information obtained by optimal
use of MALDI MS time-course-monitoring of an enzymatic digest is stressed.
To determine whether each individual insect larvae contains all three protein
variants, proteins extracted from single animals were separated by 2D gel
electrophoresis, electroeluted from the gel spots and analyzed by MALDI MS.
Molecular weights of the proteins present in each sample could be obtained and mass
spectrometric mapping of the peptides after digestion of the eluted protein with
trypsin gave further valuable information.
Mass spectrometric molecular weight determination and peptide mapping of
proteins electroeluted from single gel spots answered our questions and was found to
be a very sensitive and straightforward method.
[1] Peter Roepstorff and Peter Hejrup in "Methods in Protein Sequence Analysis",
edited by K. Imahori and F. Sakiyama, Plenum Press, New York, 1993, p. 149.
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MALDI FT/MS: Applications to Peptide Sequencing
Long-Sheng Sheng, Brian E. Winger and Joseph E. Campana
Extrel FTMS, Millipore Corporation
We routinely use matrix-assisted laser desorption ionization (MAL01) and multistage mass
spectrometry (MS") to obtain the sequences of peptides up to a few thousand in molecular weight.
The MALDI technique produces very high abundances of molecular species. With this technique
coupled directly to an ion trapping mass spectrometer (Fourier transform), each laser shot produces a
high-quality mass spectrum. Hundreds of mass spectra can be obtained from pico- and femtomolar
quantities of deposited sample. We take advantage of the high ionization efficiency by applying highresolution MS/MS and MS/MS/MS techniques to obtain the complete sequence of peptides. A complete MS/MS or MS/MS/MS spectrum can be obtained on the ions generated from a single laser shot.
We have now compared the results from a variety of lasers - CO2, Nd:YAG, and N 2 and a variety of
wavelengths for both matrix-assisted and non-matrix-assisted laser desorption. An overview of this
comparative work will be given. While we find that each laser offers various advantages for broad
analytical applications, the nitrogen laser is a compact, inexpensive, and an easy-to-use ionization
source suitable for the analysis of peptides and most other biological compounds.
One sequencing strategy that we have used is to dope the sample and matrix with an alkali metal salt
so that similar abundances of the protonated molecular species and the metal cation-attached
molecular species are produced upon ionization. Then each of these can be mass-selected (isolated),
and dissociated by collision-induced dissociation (CID) or by surface-induced dissociation (SID).
Metal cation-containing peptide species are known to fragment somewhat differently, which provides
complementary and confirming structural data on the same sample in a matter of minutes. Because
we use a Fourier transform mass spectrometer (FT/MS), accurate mass measurement data, and therefore, elemental composition information is also available as confirming data at each stage of mass
spectrometry. Novel mass spectrometric methods, specific to FT/MS, can be applied quickly to
answer analytical questions about unknown samples. For example, ion remeasurement can be performed on a population of ions generated horn a single laser shot to improve the signal-to-noise ratio
without consuming more sample.

TuD12
E d m a n Degradation a n d MALDI Metastable Decay a s C o m p l e m e n t a r y
Techniques in t h e Sequencing of Peptides
Gert Talbo, Roland Kellner, Tony Houthaeve, and Matthias Mann
Protein and Peptide Group, European Molecular Biology Laboratory,
Meyerhofstr. 1, D-69117 Heidelberg, Germany
Edman degradation is an established technique for obtaining the sequence of peptides.
However, if the available amount of peptide is very low i.e. a few picomoles or below, the
interpretation of the data becomes difficult. Typically, ambiguities can occur in the
assignment of the first ami no acid residue and after a certain number of cycles the signals
may become too weak to be assigned. Furthermore, at these levels some amino acid residues
are not readily assigned, for example, tryptophan, cysteine and modified residues.
Previously, it has been shown that an ambiguous amino acid residue sequence can be
confirmed by use of the molecular weight information. However, frequently there are more
than one peak in the mass spectrum or there may be more than one amino acid residue
unassigned, thus making it impossible to relate the Edman and the MS results by the
measured mass alone.
Recently, MALDI metastable decay was introduced as a method to obtain structural
information. The technique uses the ions created by metastable decay after the acceleration
region but before the reflector entrance. By stepping the reflector voltage, the metastable
ions can be brought into the scope of the detector and their flight times, hence, their masses
can be determined.
Either of the methods, Edman degradation or MALDI metastable decay, could in
principle yield the complete sequence of peptides. However, the amounts of peptid in
demanding biological problems are so low, that the application of both methods is
advantageous. Typically, 5 to 10 % of the sample is used to obtain all the MALDI spectra.
Results from Edman degradation are then used to assign some of the ions in the metastable
spectrum. Subsequently, the remaining metastable ions are used interactively with the
Edman result to attempt assignment of the complete amino acid sequence.
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SCREENING AND IDENTIFICATION OF ATRAZINE METABOLITES
BY DCI-MS-MS AND LC-MS-MS
L. Kerhoas, S. Nelieu, M. Stobiecki and J. Einhorn
Station de Phytopharmacie, INRA, route de St Cyr, 78026 Versailles Cedex France
The large and prolonged use of atrazine, as well as its persistence, cause surface and ground
water contaminations by the pesticide and its metabolites [1,2], sometimes the amounts
exceeding the European Community concentration limits allowed for drinking water [3].
Various ways of analysis by mass spectrometry have so far been utilized in this field, which
include GC-MS [4], SFC-MS [5] and LC-MS [5]. From our experience regarding the latter
technique, and using the thermospray as interface, detection limits as low as the ng level
could be reached for chlorotriazines as well as for hydroxytriazines in good conditions of
repeatability. In the present communication, we wish to present the use of LC-MS-MS
techniques (or DCI-MS-MS ones) in a strategy for screening and characterization of
metabolites of atrazine contained in aqueous solutions after concentration through solidphase extraction. This approach is based on a preliminary determination of parent ion
spectra of ions m/z 86 (cf. hydroxytriazines) and ions m/z 104/106 (cf. chlorotriazines) for
screening purposes. These ions are chosen as diagnostic ions to specifically detect
compounds belonging to the mentioned structural classes. The identification is then
achieved by daughter ion recordings for the detected MH + ions. Applications are presented
in the frame of ozonation studies for water treatment.
[1] G.A. Junk, R.F. Spalding, J.J. Richard, J. Environ. Qual. 9.479 (1980).
[2] E.M. Thurman, M. Meyer, M. Pomes, C.A. Perry, A.P. Schwab, Anal. Chem. 62, 2043 (1990).
[3] ECC Drinking Water Guideline, 80/779/EEC. August 30, 1980.
[4] E. Benfenati, P. Tremolada, L. Chiappetia, R. Frassanito, G. Bassi, N. Di Toro, R. Fanelli, G.
Siella,Chemosphere,21.1411 (1990).
[5] S. Neiieu, M. Stobiecki, F.Sadoun, H. Virelizicr, L. Kerhoas, J. Einhorn, Analusis, 22,70
(1994).

TuD14
C.I. Mass Spectrometry of Beta-blockers in Urine
J.N.Cardoso, L.M.P.Damasceno, H.P.Freitas
Institute of Chemistry, Federal University of Rio de Janeiro
The determination of beta-blockers by gas
chromatography-mass
spectrometry (GC-MS) usually resorts to
derivatization
(e.g.
MSTFA/MBTFA) to overcome polarity/low volatility limitations.
Such
derivatization divides beta-blockers into two categories as concerns
mass spectrometric fragmentation: those with terminal isopropylamine
and those with tert-butylamine groups. Base'peaks on E.I. occur at
m/z 284 and 86, respectively. In both groups, the molecular ions
are of very low intensity and no significant fragments relating to
the cyclic moietries are observed. As a result, characterizations
of members within each structural type rely
essentially
on
chromatographic
retention
times.
Chemical
ionization
of
derivatized/underivatized drugs, on the other hand, shows prominent
pseudo-molecular ions from which the identities of the cyclic
moieties could be unequivocally established.
This investigation
reports a comparison of CH* , i-C*Hio and NHs as reactant gases for
C.I. analyses of beta-blockers
in
urine
samples.
Greater
sensitivity, reduced matrix interferences and enhanced selectivity
could be obtained relative to E.I., notably for C.I. with NHs or
i-C4Hio.
i-C4Hio ranked best in
maximizing
intensities
of
pseudo-molecular ions in derivatized drugs, whereas NH3 was optimal
for analyses of the free drugs. Application of the technique to
drug monitoring in athletic doping control is illustrated.
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MULTI-RESIDUE DETERMINATION OF D-AGONIST RESIDUES IN HUMAN PLASMA USING LC/APcI/MS
AND LC/APcI/MS/MS
D.R. Doerge1, S. Bajic2. SJPrccce2 L.K. Blankcnship and S. Lowes2
'National Center for Toxicological Research, Jefferson. AR 72079. 2 Fisons Instruments Organic Analysis Biotech MS,
Altrincham, Cheshire, WA14 5RZ, UK
The stimulation of muscle growth by fi-adrcncrgic agonists drugs, as typified by clenbuterol. creates the potential for
abuse by human athletes and meat-producing farm animals. The multiplicity of B-agonisls available for misuse and the
potential human toxicity requires multi-residue screening methods incorporating efficient chromatographic separation
and sensitive, selective detection coupled with unequivocal identification.
Our previous study of clcnbuterol showed that LC/APcl/MS provided high sensitivity (LOD in plasma = lOppb,
0.1 ng) and high specificity was obtained from the controlled fragmentation obtained by increasing cone voltages to
effect in-source C1D. In the present study, we describe a method that uses gradient LC separation coupled with
APcl/MS to delect, quanlilatc and identify S B-agonisls in spiked human plasma (fenolerol. metaprotercnol. lerbutaline,
salbutamol and clenbuterol). The detection limits in human plasma for all compounds tested are similar to those
reported for clenbuterol as are the diagnostic cone voltage-induced fragmentation spectra.
We have also investigated the use of LC/APcI/MS/MS to develop a method capable of detecting new or unknown Bagonist residues in tissue extracts. Tandem mass spectromctry was used in the constant-neutral-loss mode as a specific
detector capable of generating full-scan data for those compounds showing losses of 18 (-H2O) and/or 56 (-t-butyl) The
use of multi-reaction monitoring (MRM) was also used to determine limits of detection of the MS/MS technique.

TuD16
G C / M S Quantitation of 7-Methyladenine in Rat Urine after Conversion to 1,N 6 Etheno-7-methyladenine
Robert A. Rieger, Ramesh Dandala, Francis Johnson, H. George Mandel ,and Charles R.
Iden
Department of Pharmacological Sciences, Health Sciences Center, SUNY- Stony Brook, Stony
Brook, NY 11794.3400 USA
*Departmentof Pharmacology, The George Washington University Medical Center, 2300 Eye
Street NW, Washington, DC 20037 USA
Identification of chemical markers for exposure to carcinogenic agents may assist in
discovering early disease states that can be treated effectively. 7-Methyladenine may serve
as such a biomarker for exposure to carcinogenic methylating agents, since it has been found
in the urine of rats after administration of N-methyl-N-nitrosourea, dimethyl nitrosamine, Nmethyl-N'-nitro-N-nitrosoguanidine, and dimethyl sulfate, but does not appear to be formed
by endogenous methylating agents such as S-adenosylmethionine.
Methylated purines are difficult to quantify by GC/MS techniques because of their
relatively low volatility. Thus, analytical procedures generally incorporate chemical
modification to form volatile compounds such as trimethylsilyl or pentafluorobenzyl
derivatives. We have developed a sensitive procedure for the quantitation of 7-methyladenine
based upon conversion of 7-methyladenine to l,N6-etheno-7-methyladenine. 7-Methyladenine
and the 7-methyl-d3 analogue, used as the internal standard, were synthesized by established
procedures. Both compounds were converted quantitatively to the etheno-derivative in a
reaction with bromoacetaldehyde in a sodium acetate buffer at pH 4.4. The etheno
derivatives elute from a 30 m DB-1701 capillary column at 270°C,and the electron ionization
mass spectrum contains an intense molecular ion which is monitored during SIM data
acquisition. The analysis is linear over several orders of magnitude, and data is presented for
the quantitation of 7-methyladenine in urine from rats exposed to N-methyl-N-nitrosourea.
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Transacetylation Process Between Heroin and Paracetamol
S. Zitrin and T. Tamiri , Israel National Police. Investigations Department.
Division of Identification and Forensic Science. Jerusalem. Israel.
A. Tishbee, Chemical Services Department, Weizmann Institute. Rehovot, Israel
J. Sterling, "Teva" Pharmaceutical Industries . Jerusalem. Israel.
Paracetamol and heroin undergo a transacetylation in the injector of a gas
chromatograph , producing 6-acetlymorphine and O-acetylparacetamol .
This phenomenon was observed especially when methanol.
rather
than
chloroform, was used as a solvent.
The occurrence of transacetylation during GC analysis could lead to
erroneous results, mainly
due
to
the
conversion
of
heroin
to
6-acetylmorphine.

Tu D18
EXAMINATION OF BR96-DOXORUBICIN IMMUNOCONJUGATES
BY MATRIX-ASSISTED LASER DESORPTION/IONIZATION MASS SPECTROMETRY.
Anthony J. Alexander
Bristol-Myers Squibb Co, Pharmaceutical Research Inst., P.O. Box 4755, Syracuse, N.Y. 13221.
The immunoconjugate BR96-DOX, prepared from the chimeric monoclonal antibody BR96 and the
anticancer drug doxorubicin (DOX), has been shown to be an effective anticancer agent in animal models
(1). This monoclonal antibody has a high degree of tumor selectivity and incorporates an acid labile linker,
which liberates DOX on internalizatlon of the conjugate into the acid environment of the cell (1). Siegal et
al have shown that the technique of Matrix Assisted Laser Desorption/lonization (MALDI-MS) is a particularly
elegant method for determining the conjugated drug content of such immunoconjugates (2).
Preliminary work on the characterization of the DOX conjugate of chimeric BR96 antibody by MALDIMS has been previously presented (3). New results will be presented from a series of immunoconjugates,
resulting from different synthetic conditions, which directly show the presence of up to 16 DOX moieties.
These mass measurements were also used to
directly confirm the different numbers of linker
and DOX-linker moieties covalently attached to
both the light and heavy chains for each
immunoconjugate. Results exploiting the
potential to progressively remove DOX, by
treatment of the sample/matrix with 1% TFA,
and follow the cleavage by MALDI-MS will also
be presented.

(1) Trail et al, Science, 261, 212 (1993).
(2) Siegal et al, Anal. Chem. 63, 2470 (1991).
(3) Alexander et al, Proc. 40th ASMS Conf.
Mass Spectrom. Allied Top., Washington
DC, May 31-June 5, 1992.
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The routine determination of femtogram levels of 2,4- and 2,6toluenediamine ( T I M ) in hydrolyscd urine and plasma as biological
markers of exposure to 2,4- and 2,6-toliiciicdiisocyanatc (I'M) by
negative ion chemical utilisation mass spectromctry.
N Utikowski, S Finnignii

Fisous liislrtiiiifiHs

Manchester. U.K.

G Sharping

llnivcisily Hospital

I .mill. Sweden

Identification and (|iianlilalion of amines and isocyanales in ail anil in biological samples such as urine
and blood have been a subject of increasing interest due to the environmental and occupational hazards
oflhese compounds Exposure lo (oluenediisocvaiiale ivas sliidied in a polym ethane (PUR) foam
factory Urine and plasma samples from workers were collected and the iclalcd amines, 2,4toluenediamine (2,4-IDA)and 2.6-loluenediaiiiine(2,6-IDA), wcie liydiolysed Analytical
delerminalion was perfonned using CiCVMS selected ion recording in the negative chemical ionisation
mode on (lie penlafliioro-propioiiic anhydride (ITl'A) derivatives Tridciilcrium lahelled IDA was used
as internal standard and the ions monitored were (M-20) and (M-40) ions The detection limit was ca
ITg, corresponding lo less than 0 01 ng TDA/ml in lunnan mine or plasma The ait concentration of TDI
was in the 0.4 - 4 iig/ni3 range
The urinary elimination rate had a linear relation with the ! i)l exposure The concentration of 2,4- and
2,6-TDA in the workers' Hasina were virtually stable No relation between the elimination rates of TDA
in urine and the the plash. * levels was observed I'ive I'UK workers showed plasma levels of TDA in the
range of I - 8 ng/i-i Two white collar workers, present only at occasions in the factory, had 0 2-1 0 ng
TDA /ml plasma. Two volunteers showed an increasing concentration of IDA in plasma in lime I lie
presented study demonstrates an easily automated (online sciccniiu; analysis based on the yuantilalion of
urinary or plasma levels of I DA

TuD20
UTILITY OF GC-MS, GC-MS-MS & DERIVATISATION IN THE DETECTION OF FENAZAQUIN
AND ITS METABOLITES IN GRAPE TISSUE
Dlpankar Ghosh. David E Portwood, Roobina Haq
DowElanco Europe, Letcombe Regis, Wantage. Oxon OX12 9JT, UK
Fenazaquln is an acaricide from DowElanco
which is primarily used for the control of mites on
pome and citrus fruits, ornamental plants and
vines. The structure of fenazaquia with a mwt of
306 a.m.u., is shown below.
Met 3

Environmental fate and plant metabolism studies
of fenazaquin have Indicated the formation of
several metabolites. The object of the work
presented here was to show the application of
derlvatisation and GC-MS-MS to trace analysis of
these metabolites (structures below) in grape
tissue extracts.

Met 4

Initial GC-MS method development with
reference standards Indicated that all five
compounds could be eluted In Intact form and
their respective molecular Ions obtained.
However, In order to allow detection of trace
levels of these compounds In the grapes and to
reduce the background arising from the tissue
matrix, it was necessary to sllylate the samples
containing Mets 2 and 3 using MTBSTFA (Nmethyl-N(rert-butyldimethylsllyl)tiifluroacetamlde). The application of GC-MS-MS
following silylatlon allowed a highly selective
confirmation to be performed as opposed to
conventional GC-MS which was Inconclusive.
The results indicated the presence of the parent
and Mets h 2, and 2 In the grapes. No evidence
of 4 could be seen.

Man
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GC/MS ANALYSIS OF CANNABIS SATIVA OF XINJIANG, CHINA
Tsonqhui Wang.,, Jianzhong2Xu , Yunzhong Vang , ^Cuihcng Gu ,
Jisen
Guo ,
Wei Han ,
and Tongrun Sun z
Institute of Forensic Science, Muxidi Nanli, Beijing 100038, China
Xinjiang Forensic Science Institute, Wulumuqi 830000, China

The contents of three active constituentr, --• TIIC , CBN
and
CBD in
Xinjiang1 cannabis sativa were determined quantitatively by GC/MS.
The
active constituents were extracted from the air dried flower spica
and
leaflet of female plants of cannabis sativa taken from
10
prefectures
and counties of Xinjiang ( 7 counties among them are located in the south
Xinjiang ).
HID-internal standard method was used for the
quantitative
determination.
Three linear relationships were set up in
the
concentration range 3 -•90ng/ul and their LOD were 2ng, S/N=5:l -12:1. The
1
results showed that T H C contents in
Xinjiang cannabis sativa
varied
greatly from one place c mother and were very high in some regions
cf
Xinjiang ( e.g. 4.6% in flai Gai Ti ). According to the ratio of ( THC +
CBN ) / CBD used for distinguishing between medical and fibrous cannabis
the sativa of 60% above-mentioned .-eqions belonged to the former.
Besides THC, CBN and CBD, there were at least
cannabinoid's compounds. The GC/MS/MS analysis of 5
cannabinoids are under research.

14
kinds
unknowns among

of
14

TuD22
Components of Opium Heaspace
A.Nikiforov 1), B.Remberg 2) and G.Buchbauer2)
1) Inst. Org. Chemistry, University of Vienna, Wfihringerstreet 38, A-1090 Vienna, Austria
2) Inst. Pharmaceut. Chem., Univ. of Vienna, Wahringerstreet 10, A-1090 Vienna, Austria
The odour determining volatile constituents of opium (dried milky latex of Papaver somniferum L.,
Papaveraceae) are important criteria for the identification of this drug as well as for the work with
trained police dogs. To get more information about odour constituents of opium, GC-FID,
GC/FTIR/MS and GC/ MS (+EI, +CI in both the LR and HR), the Kovats indices in combination
with GC-sniffing-technique, N- and S-specific detection and multivariate analysis of combined
GC/FTIR/MS data were used in analysis of medicinal opium headspace.
For planar classifiers involved in multivariate analysis the model sets of mass spectra were built
with the combination of commercial ISIS/BASE structure data bank (Molecular Design Co., Swiss)
with an own mass spectra library. This combination allowed arbitrary substructure based selection of
library mass spectra for training data sets, which in turn - after Principal Component Analysis (PCA)
- were used for the definition of planar (2D) classifiers detecting heterocyclic aroma components
(pyrazines, thiazoles, chinoxalines, pyrrols and pyridines) in low resolution GC/MS data sets. The
GC/FTIR data were registered in a serial arrangement of MS and IR.
The results obtained were aditionally controlled by classical and by multivariate evaluation of
capillary GC-(HR )-GC/MS data and LR- GC/MS-difference matrices data. In this procedures the
approach of third order data set was used . For the multivariate analysis the recorded data were
transfered on personal computer (Highscreen Pentium 586 - 60 MHz) and used in own programms
written in TurboPascal 6.0.
The volatile components are mainly short chained aldehydes, y-lactones, ester, acids and
hydrocarbones. Especially the N-containing heterocycles, above all pyrazines (most important being
the 2,6-dimethylpyrazine) were identified as the main odoriferous components responsible for the
typical opium odour. This data was used for the synthesis of artificial opium odour which has even for
trained police drug tracing dogs proved to be identical with authentical opium odour.
The support of Austrian Research Fondation (Projects P9568CHE, P8299CHE) is acknowledged.
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ON-LINE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY ELECTROSPRAY MASS SPECTROMETRY
FOR THE ANALYSIS OF BREVETOXINS IN "RED TIDE" BLOOMS
Yousheng Hua1, Wenzhe Lu1, Michael S. Henry2, Richard H. Pierce2, and Richard B. Cole1*
1. Department of Chemistry, University of New Orleans, Lakefront, New Orleans, LA 70148 USA
2. Mote Marine Laboratory, 1600 City Island Park, Sarasota, FL 33577 USA
Brevetoxins are polyether toxins found in red tide dinoflagellates {Ptychodiscus brevis). They
have been responsible for massive fish kills along the Florida Gulf Coast and they can produce
respiratory irritation in humans near to the shore. So far, nine types of related toxins have been identified
in red tide blooms. We are reporting the development of an on-line high performance liquid
chromatography - electrospray ionization mass spectrometry (HPLC-ESMS) method which has been
successfully applied to the separation and identification of brevetoxins in red tide extracts. The method
employs reversed-phase microbore HPLC on a C-18 column with a mobile phase consisting of 85:15
(methanol:water), a flow rate of 8 |il/min, a post-column split ratio of 1:1 (mass spectrometer:UV
absorbance detector). A brevetoxin culture sample was found to contain at least five components
including well-separated major fractions of brevetoxin-9 and brevetoxin-2. The detection limit is lower
than 100 pg (measured for brevetoxin-9) with a total analysis time of about 40 mins. Direct infusion
electrospray mass spectra of several varieties of brevetoxins will also be presented.

TuD24
Structural Determination of Maitotoxin by Tandem mass spectrometry
H.Naoki, MMurata", T.Yasumoto2'
Suntory Institute for Bioorganic Research, Osaka JAPAN
11
Faculty of Science, The University of Tokyo, Tokyo JAPAN
21
Faculty of Agriculture, Tohoku University, Sendai JAPAN
Maitotoxin(MTX), with a molecular weight of 3422Da, was isolated
from cultured dinoflagellates Gambierdiscus toxicus, it exceeds other
natural products in the size and lethality (LDS0 50ng/kg, mouse, ip.).
MTX is a polyhydroxy polyether compound with two sulfate esters
having repetitive or similar structural moieties.
Fast-atom bombardment tandem mass spectrometry (FAB-MS/MS)
provides very important structural information for the compound like
MTX. MTX was treated with NaIO4 then with NaBH4, subsequent HPLC
yielded three fractions, fragment-A,-B and -C. Fragment-B, with a
molecular weight of 2328Da, was subjected to negative-ion FAB-MS/MS
experiments, Characteristic fragmentaions at specific sites of the rings
provided invaluable information about position and size of rings, led to
the entire structure of MTX with NMR experiments.
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Structural .Characterization of Glutaminergic Blacker Spider Toxins using
High Energy Collision Charge Remote Fragmentation
Y.Itagaki, H.Naoki, Y.Ohfune, T.Nakajima and T.Fujita
SuntofY Institute for Bioorganic Research
Osaka Japan
Spider venom gland stores various novel neurotoxins, which are
potent and irreversible inhibitors of the glutamatergic synapse. Proton
and carbon-1 3 NMR spectra provided important structural information
but requires a number of venom glands. Fast atom bombardment(FAB)
mass spectrometry has enough sensitivity to handle such trace level of
toxic substances but provide mainly molecular ion information because
of soft ionization method. High energy collision induced dissociation
(CID) mass spectrometry is considered to be a very useful technique to
determine peptide amino acids sequence but we found that CID spectra
of (M+H)+ of spider toxins were
rather complex and their
interpretation was not straightforward. High energy collisions of
sodium cationized spider toxins undergo remote charged site
fragmentation and made it possible to determine complete structure .

TuD26
CHARACTERIZATION OF NATURAL MACROMOLECULES BY PYROLYSYS ON-LINE
DERIVATIZATION AND GAS CHROMATOGRAPHY-MASS SPECTROMETRY DETECTION
J.C. del Rib, F. Martin, F.J. Gonzalez-Vila and T. Verdejo
Institutode fiecursos NolumlesyAgrobiologiadeSevilla, P.O. Box 1052. 41080-SevilIe, Spain
Pyrolysis-gas chromatography-mass spectrometry has been widely used for the structural
characterization of natural macromolecules such as lignins, humic substances and kerogens. Due to the
known limitations of the pyrolytic technique, the results are not always in agreement with those obtained
by chemical degradative methods or spectroscopic techniques. Thus, for instance, the presence of
benzenecarboxyiic acid moieties as potential 'building blocks' can not be confirmed by conventional
pyrolysis, since they undergo decarboxylation under these conditions giving misinterpretations.
In this paper, we present data of the pyrolysis in the presence of tetraalkylammonium salts, such
as tetramethylammonium hydroxyde (TMAH), of different bio- and geopolymers, such as lignins,
polysaccharides, humic substances, asphaltenes and kerogens. This procedure, also called Simultaneous
Pyrolysis Merylation, introduces a new strategy in the structural characterization of macromolecules and
has been applied to different natural and artificial polymers. The process, considered to be a hightemperature hydrolytic methylation reaction produces methyl esters of carboxyl groups and methyl ethers
of hydroxyl groups. Pyrolysis of selected model compounds in the presence of TMAH reinforced the
idea of a thermally assisted chemolysis rather than a methylation of the pyrolysis products.
However, one of the main limitations of this technique is the inability to distinguish between the
methoxyl groups originally present in the macromclecule and the free hydroxyl groups tliat become
methylated after the pyrolysis. This problem is specially important in the case of structural studies of
lignin and determination of lignin signature in the geological record, since different classes of lignins
are based on the relation contents in phenolic units with more or less hydroxyl and methoxyl groups.
We propose to use tetrabutylammonium hydroxyde (TBAH) as a suitable reagent to avoid this problem.
Pyrolysis in the presence of TBAH introduces a butyl moiety in the originally free hydroxyl group
(forming and O-butyl ether) that can thus be distinguish from the original methoxyl group.
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Tu D27
Application uf Pyrolysis Mass Spvctrometry fur the Study of
Organic Substance in Peat
E. S. Brodsky, I. ML Lukasenko, G. A. Kalinkevitz
N. A. Severtzov Institute of Animal Evolutionary Morphology and Ecology, Russian
Academy of Sciences, 117071 Moscow, Russia
Dynamic Pyrolysis Mass Spectrometry uses acquisition of complete mass spectra
during the process of pyrolysis via linear heating. It not only allows to determine structural
features of decomposition products of peat organic substance in various stages of the
pyrolysis, but also to perform a multidimensional thermal analysis by monitoring the
temperature dependence of many decomposition products.
The main difficulty with this method for the study of complex natural substances lies
in the interpretation of the mass spectra obtained, which, due to the simultaneous
ionization of a high number of compounds, are very complicated. This problem can be
tackled by transformation - reduction of the initial spectra according to the intensity
distributions along homologue ion series. The reduced mass spectra have a lower
dimensionality and each feature is related to some structural fragment or a combination of
several possible structural fragments. Hence, the reduced mass spectra can be applied to
structure determination via a multidimensional statistical analysis of the spectral data.
Analyses of peat samples treated both in reducing and in oxidative conditions have
been performed by this method. The main structural fragments being present in the
pyrolysis products, as well as the kinetics of their evolving, were derived using the
temperature dependence of the reduced mass spectra. These results allowed us to make
structural proposals on the organic substance in peat.

TuD28
GC/MS Analysis of Neolithic Organic Residues from Vegetal Origine
Rcgcrt, M.; Dclacoltc, J.M.; Rolando, C; Sablicr, M.
Ecole Normalc Supcricurc, Department dc Chimic,
24, rue Lhomond - 75005 - PARIS - FRANCE
Identification of organic residues found in prehistoric sites will provide for an understanding of the
relationships between people and their environment (either anima! or vegetal). Additionally, this information
can help us in inferring the technology of prehistoric people (e.g. mixing or heating of different natural
materials resulting in useful properties).
This work is centered on the study of natural adhesives from a neolithic level (fourth millenium B.C.)
of the site of Giribaldi (Nice, France); these residues were found either free in the sediment or stuck to flint
and bone points or ceramic vessels.
In a previous report (1), some markers (pentacyclic triterpenoids) of the genus Betula have been
identified by GC/MS in these residues. However, more information are necessary to support this hypothesis.
For instance, betulin, the most characteristic marker of this genus did not appear on the spectra. Its
deshydration was believed to explain this absence. But, few other authors (2, 3) were able to identify betulin
in archaeological and synthetic birch bark tars. Moreover, additional informations about other constitutives
would be of interest to increase our knowledge of the precise species used on this site.
We present the compared GC/MS analysis between the derivatization products from the soluble
fraction of the archaeological residues and those of synthetic birch bark tar. The insoluble part has been
depolymerised by thioacidolysis and studied in the same conditions.
(1) Binder, D., G. Bourgeois, F. Benoist, and C. Vitry
1990 Identification de brai de bouleau [Betula) dans le Ne'olithique de Giribaldi (Nice, France) par la
spectrome'trie de masse. Revue d'archiomitrie 14:37-42.
(2) Charters, S., R. P. Evershed, L. J. Goad, C. Heron, and P. Blinkhorn
1993 Identification of an adhesive used to repair a roman jar. Archaeometry 35,1:91-101.
(3) Hayek, E. W. H., P. Krenmayr, H. Lohninger, U. Jordis, W. Moche, and F. Sauter
1990 Identification of archaeological and recent wood tar pitches using gas chromatography / mass
spectrometry and pattern recognition. Analytical Chemistry 62, 2038.
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Tu D29
PROGRESS IN THE CHEMICAL STRUCTURE OF BALTIC AMBER
Hardouin C, Delacotte J.-M., *Sablier M. and Rolando C.
Ecole fronnale Supcrieurc, Departemenl do Chimic
24 me Lhomond 75005 PARIS FRANCE
Amber analysis has been widely used in al least Lwo fields of investigations:
-Paleoclimalology is interested in amber inclusions of insects, vegetables or even gas 1 as
markers ofclimats ;
-Archeology considers amber jewels (beads, pendants) as valuable investigation tools of
ancients forgery ; In addition, trade routes between peoples from distant areas can be
described by the nature of the amber found in different archeological sites 2 .
However, the chemical structure of this polymer is still in discussion^. Indeed, instead of
other resins as kauri, copal or colophon which are soluble in organic solvents, amber is only
partially dissolved. A smooth nu-l.iiocl In separate the constitutive monomers is to be find.
Among the most recent techniques submitted to this purpose, we must note the although
rather drastic pyrolysis/gas chromalography/mass spectrometry (Py/CG/MS)4'5.
To take the known presence of sulfur, detected by e.g. elementary analysis", into account,
we looked for some reagents that would be able to break the disulfur bridges. So we present
here the efficiency of the thioglycolic acid to hydrolyse the insoluble fraction of the baltic
amber. The nature of the components have been determined by CG/MS, showing the
important peaks of deshydroabietic acid but also of fatty acids and heavy alkans
derivatives.
l.-Bemer R.A. and Landis G.P., Science, 1988, 232,1406.
2.-Rice P.C., "Amber. The golden gem of the ages", 1987, Kosciuszko Foundation Inc.New
York Edit.
3.-Mills J.S., White R. and Gough L.J., Chem. Geol.,1984,41, 15.
4.-Shedrinsky A.M., Grimaldi D.A., Boon J.J. and Baer N.S., J. Anal. Appl. pyrolysis, 1993,
25,77.
5.-Galletti G.C. and Mazzeo R., Rapid Commun. Mass Spectronu, 1993,2,646.
6,-Grimalt J.O., Simoneit B.R.T., Hatcher P.G. and Nissenbaum A., Adv. Org Geochem.,
1987,13, 677.

TuD30
Structural Characterisation of the N-Linked Glycosylation Site and Carboxy-Terminal
Glycophosphoinositol Anchor of Native, Soluble CD59 by Matrix Assisted Laser Desorption Mass
Spectrometry.
•Sullon, C. W.; Men, S.; Lento, T.; Tyynela, J.; Baumann. M.; Cottrrll, J. S.
Finnigan MAT Ltd, Hemel Hempstead. Herts HP2 4TG, UK
A general strategy for characterising carbohydrates of rccombinant glycoproleins, using matrix assisted laser
desorplion mass spectrometry (MALD) in combination with glycosidascs, has been established [Anal. Biochem. 218
34-46 (1994)]. This approach has since been extended to native glycoproicins and, using a different repertoire of
enzymes and chemical cleavage methods, applied to the structural elucidation of carboxy-terminal
glycophosphoinositol (GPI) anchor moieties. Analysis of human CD59 antigen was used to develop these methods.
CD59 is an inhibitor of the membrane attack complex (composed of complement components CSb, C6, C7, C8 and
C9), which is activated by the body to kill invading micro-organisms by cylolysis. To avoid self-destruction, the host
cells express CD59 to prevent insertion and polymerisation of C9 into membranes. CDS9 is a small protein (77 amino
acids), membrane-bound through a C-terminal GPI-anchor with an additional single asparagine-linked glycosylation
site (AsnlS).
A soluble form of CD59, which may have a limited role in complement inhibition, was isolated from human urine.
The protein was carboxymethylated. digested with Irypsin, and the resulting peptides separated by reverse phase
HPLC. In this way, the asparagine-linked glycopeptide and GPI-anchor pcplide conjugates were isolated from one
other for structural analysis. The Asnl8-linked oligosaccharides were digested with specific exoglycosidases, analysed
by MALD and shown to be predominantly fucosylated bi- (52%) and tri-antennary (32%) complexes with a small
proportion of non-fucosylated biantennary complex (16%). Analysis of the GPI-anchor glycopeptide highlighted the
absence of the phospholipid-tail responsible for holding CD59 at the cell surface, in accordance with the appearance of
this protein in body fluids.
The sensitivity of MALD was particularly critical in analysing this native glycoprotein, which was only available in
considerably smaller amounts than those from rccombinant sources.
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Tu D31
Identification and Metal-Binding Characterization of Sheep Metaliothionein in Isoforms
by Liquid Chromatography-Electrospray lonization Mass Spectrometry
Beattie, J.H.; Lomax, J.; Richards, M.P. and Self, R.;
Rowett Research Inst., Greenburn Rd., Bucksburn, Aberdeen AB2 9SB, UK
Pesch, R. and Muenster", H., Finnigan MAT GmbH, BarkhausenstraBe 2, 28197 Bremen,
Germany
Metallothionein (MT) is a small metal-binding protein whose mass can vary from under
6000 to 7000 daltons, depending on the amino acid composition, the degree of metal
saturation and the species of metal bound. Many mammalian species have several
functioning genes of MT and accurate mass values of the corresponding protPins can be
deduced from published gene sequences. The mass diferences of thest protein isoforms
can be very small as can be the differences in their charge polarity. Thus some of the
isoforms have not been adequately resolved using conventional protein separation
techniques, nor the masses adequately determined using low resolution quadrupole mass
spectrometry. Recent attempts to separate the isoforms by capillary electrophoresis
techniques have been relatively successful but identification of separated components
remains a challenge. In the absence of isoform identification, information concerning
translation of the sequenced genes is limited. The deduced acetylated apo-protein
masses from sheep MT gene sequences are 5993 (MT-la), 6023 (MT-lb), 6027 (MT-lc) and
6050 (MT-2) although it is by no means clear that all of these genes are translated.
In order to reveal the hepatic isoform composition in zinc-treated sheep the first
objective of this study was to obtain accurate mass determinations for the apo-protein
isoforms present in purified MT samples with liquid chromatography electrospray mass
spectrometry on a MAT 900 using a focal plane detector (PATRIC). The results are
discussed in relation to the structure and function of the different isoforms.

TuD32
LC-MS/MS Determination of Tamsulosin and its Hydroxylated Metabolites in Human Urine
M.J. Redrup, A.I. Petrie, L.F. Chasseaud, S. Higuchi*. H. Kamimura* and K.N. Cheng
Huntingdon Research Centre Ltd., Huntingdon, Cambridgeshire, PE 18 6ES; and
*Yamannuchi Pharmaceutical Co. Ltd., 1-8, Azusawa l-dioine, Itabashi-ku. Tokyo 174, Japan
Tamsulosin (I) is an a,-adrenoceptor antagonist
being developed for the treatment of urinary
obstruction in benign prostatic hypertrophy. The drug
is extensively metabolised in man to hydroxylated
metabolites which are excreted as the free and
congugated forms in urine. An LC-MS/MS method
has been developed and validated for the rapid
simultaneous determination of tainsuUisin and four of
its hydroxylated metabolites in human urine.
Tamsulosin and its hydroxylated metabolites are
removed from urine using a simple liquid-liquid
extraction procedure. The extracts are then subjected
to HPLC and ionised using atmospheric pressure
ionisation (API) technique with detection in the
MS/MS mode using multiple reaction monitoring
(MRM).
Under the conditions used, all of these
analytes, including two internal standards, are
separated either chromatographically hy lime or m;iss
spectrometrically by mass (Figure 1).
Assay
calibration was linear over the range O.I 10 ng/ml
urine for tamsulosin and 0.2-40 ng/ml for each of the
four hydroxy metabolites. Assay validation included
inlra- and inter- assay precision, accuracy, .specificity,
recovery, stability and the effect of dilution.
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Figure 1
Typical M R M chromatograms of tamsulosin and its
metabolites ( M I - M 4 ) spiked at 1.0 ng/ml in urine
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MASS SPECTROMETRIC STUDY OF SULPHURYL FLUORIDE
USING AN ELECTRON VELOCITY SELECTOR
M. Miletid, M. Veljkovid, O. NeSkovid and K.F. Zmbov
Laboratory of Physical Chemistry, The VinCa Institute of Nuclear Sciences, Belgrade, Yugoslavia.
The ionization and fragmentation of sulphuryl fluoride (SO2F2) under electron impact is
studied mass spectrometrically. An ion source with a trochoidal electron monochromator is used,
producing electron beams with an energy spread of 70 meV (FWHM). The ions produced are
mass-selected by magnetic sector mass spectrometer and recorded by accumulation of ion counts
on a pulse-height analyzer operated in a multichannel scalar mode. The ionization efflciency curves
of the major positive ions are measured and the appearance potentials of the various electronic
states of these ions determined. The results are used to evaluate the enthalpies of formation of the
ions and the ionization potentials of the fragments. The data obtained are compared with those from
other electron impact and photoionization studies.

TuE2
STUDY UP ATOMIC PLUUKINB LIBERATION
AT IRON 'SV.l9LU0V.im itfJCOMPOSlTION.
Chilingarov N.S., Skokan K.V., Ran J.V., Sidorov L.N.
Uoscow State University, Kussia.
The conventional Knudsen cell mass-spectrometry was used for
study of the
iron trifiuoride thermal stability.
ii*v§B2?9li5Ii_2i_?SP3t§l_fE'2!S_Eiaiisyffl_§??y5i12Q_oell at 5=980-1100 K..
L'here is no decomposition of the trifluoride and only monomers and
small amount of dinners presented in the saturated vapor.

l i ^ ^ £ i 2 Q 2 2 ? P ( l f l t i f f i l l

3I ferrum. The vapor consists of PeP~ and PeP,, species.
g molecules and P-atoms wero found at T=990-1086 K. The drastic decrease of the trifiuoride was observed at 1=1086 K.
j
PeP., molecules and small amount of the atomic fluorine were registered
during 13 hours after starting a run at T=99<)-1050 K.Then the drastic
decrease of the iron trifiuoride ami the increase of the atomic fluorine were fixed.It was accompanied by the appearance of PeP 2 molecules. The effusion cell was opened after a run and nickel dlfluoride
was found between the Pt-foil and the inner surface of the nickel cell
Prom these set of results we are keen to conclude the following.
PeP« -1B stable and sublimate without decomposition at absence of reduction agent. Atomic fluorine may be fixed in gas phase at the presence of an reduotion agent.provided the rate of Iluorination is limited.In case III these limitation is due to the passivation of niokel by layer of NiP ? . In case IV it is due to the surface diffusion
of atomic fluorine as well as the nickel passivation.The surface diffusion occurs from the sample PeP., to n:Jok«M along the Pt-surfaee.
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MASS-SPECTROMETRIC STUDY OP THE FULLERITE FLUORINATION.
Chilingarov N.S., Rau J.V., Sidorov L.N.
Moscow State University,Russia.
The equipment described elsewhere [1 ],consisted of a nickel tube
with heated zone(reactor). A fullerite, C 6 O -C 7 O (28,5&), was
put
into the reactor and fluorine entered into it from an external
reservoir. Gaseous products passed into the ion source of massspectrometer (e-impact,Uion=60 V) through the
effusion
orifice
(0=0.3 mm) and were mass-analysed.
At the beginning of a run Cg 0 and C~ o were measured at T=750-780 K
and temperature was decreased to have ion intensity around the
sensitivity threshold. Then the fluorine inlet was on and during the
first 1,5 hours any changes in mass-spectrum have not been seen.After
it the appearanoe of ions formed from Cg o ,0y O derivatives was fixed.
The most intensive peaks were Cg 0 and ci(|. These peaks
fragmentation and the ratio of their intensities was

?/ere

due

to

3,5. During the

next 2,5 hours all peaks were gradually increasing and ratio ctn to
60
reached the value 7.
According to a preliminary analysis of our mass-spectra the most
of the peaks can be considered as fragment-:- of molecules cj:oF?4 anti
^70^12"** a l s o follows from our results that these compounds accumula
tes in a oondenced phase.

LChilinerarov N.S. et a l . J . o f Phys.Chem. iRuss. ),1992,v.66,N8,p.2118.

TuE4
JUSS-SFJECTKOMlJEHli; INVESTIGATIONS UP THE SYSTEMS
0oP2tB)-P-P2 AND 0oF2(s)-Ptimet.)-F-P2.
Rau J.V.,Chilingarov M.S.,Sidorov L.N.
Mos&ow State University,Russia.
Search of CoF. moleoules was made in the gas phase of two systems: CoF2(s)-P-P2 and CoP2(s)-Pt-F-F2. The equipment consisted of a
nickel tube with two separately heated zones (an atomic fluorine generator and a reactor;. Molecular fluorine partly dissociated on the
inner surface of the generator at 1000-105u K. Gaseous mixture F«-F
Interacted with a sample of interest in the reactor. The small oell
with the reference substance was maintained in the upper part of the
reactor to determine the sensitivity constant.Gas phase species passed into the ion source of mass-spectrometer through the effusion
orifice on the end of the reactor and were analyzed.
CoP2(s)-F-?2. CoF. molecules were registered 2 hours later after
the appearance of atomic fluorine in the reactor.The partial pressures \P) ot CoF.,F and F 2 were measured at Tp=6i0-700 K. Ion peaks
formed from CoF, molecules disappeared quickly after switching an
atomic fluorine generator off.
CoF2(s)-Pt(met)-F-F2. Ftp£ molecules were found in the gas phase
3,5 hours later after the appearance of atomic riuorine. CoP4 molecules were not observed. Ion peaks formed from PtPg molecules dieappeared quickly after swi tilling atomic fluorine generator ofl.
P(PtP6),P(P) and P(P2) were measured at 'i"r-b60-680 K.P(PtP6) decreased from 7,2*10 to 1,2*10~' a tm during 3 hours at oonstant P(P)
and P(F.j). Further
increase of T up to 720 K
results
In
decreasing P(PtPj-) and appearanoe of coP^ and CoP4 moleoules.
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SIMS study of transparent and electro-conductive titanium nitride
Masato KIUCHI and Akiyoshi CHAYAKARA
Osaka National Research Institute, AIST
Transparent and electro-conductive films are used for industrial
application, such as flat panel heaters and electrodes for liquid
crystal displays. Indium tin oxide (ITO) is used for this application,
but the variety of application is limited, because ITO is very easy to
be damaged by environment. Therefore, transparent and electro-conductive films which are tough for corrosion is wanted for new fields of
application. We found that the ultra-thin films of titanium nitride
can be transparent and electro-conductive when the films are produced
by the dynamic ion beam mixing technique [ 1] . The dynamic ion beam
mixing technique is a coating technique by using vacuum evaporation
with simultaneous ion beam irradiation[2]. In this study, the depth
profile of the transparent and electro-conductive ultra-thin titanium
nitride films are discussed by SIMS measurement.
In the deposition process, titanium was evaporated on silica
glass plates and a nitrogen ion beam was irradiated simultaneously
with a energy of 10 keV. For SIMS measurement, Ar ion beam was used.
In the surface layer of the film, Ti and N was observed, whilst
Si was not observed. This implies that the films are continuous and
the perfect coverage of the substrate was performed. Usually, the
trial for production of ultra-thin films fails to crystallization in
islands structure, but ion beam application in the deposition process
makes the crystal growth a continuous film.
Simultaneous ion beam irradiation in the process makes the film
adhesive because of the ion beam mixing effect at the interface of the
film and the substrate. By SIMS measurement, the profile of the intermixed layer was observed, and the thickness of the intermixed layer
was found to be several ran for the case of the irradiation of nitrogen
ions with a energy of 10 keV.
[1] M.Kiuchi and A.Chayahara, Appl.Phys.Lett.64(1994) in print.
f2] M.Kiuchi et al., Jpn.J.Appl.Phys.,26(1987JL938.

TuE6
THE STABILITY OF THE HYPERLITHIATED MOLECULES Li,S AND Li S OBSERVED
BY HIGH TEMPERATURE MASS SPECTROMETRY
Hiroshi Kudo,* Keiichi Yokoyama,* Masashi Hashimoto* and C.H. Wu'
Advanced Science Research Center, Japan Atomic Energy Research
.Institute, Tokai-mura, Xbaraki-ken 319-11, Japan
'The NET Team, Max-Planck-Institut fur Plasmaphysik, Bol tzmannstrasse
2, D-8046 Garching bei Miinchen, Germany
The thermochemical properties of Li-S and Li.S molecules, observed in
the equilibrium vapor over Li.S(l) in the temperature range between
1360 and 1578 K, were investigated by means of Knudsen effusion mass
spectrometry. The enthalpies of reactions determined for
Li3S(g) - Li2S(g) + Li(g)

(1)

Li4S(g) - Li2S(g) + 2Li(g)

(2)

were 138.5±12.1 and 351.0±15.9 kJ/mol, respectively. The atomization
energies were D" (Li3S) = 674.9+7.9 and 0* (Li3S)=883.2±17.2 kJ/mol. The
results indicated

that both the hyperlitiated molecues,

Li S

with 9 valence electrons and Li.S (C, ) with 10 valence electrons, are
thermodynamically more stable than the octet molecule Li.S
The electronic

configurations

as

well

as

stabilty

{C.).
of

these

hyperlithiated molecules are discussed with the assistance of results
from ab initio MO calculations.
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THERMODIHAMICM, STABILITY OF Li2CH OBSERVED BT HIGH TEMPERATURE MASS
SPECTROMETRT
Masashi Hashimoto, Keiichi Yokoyama and Biroshi Kudo
Advanced Science Research Center, Japan Atomic
Institute, Tokax-mora, Ibaraki-ken 319-11, Japan

Energy

Research

The hyperlithiated Li2CN molecule was observed in the gas phase over
a mixture of lithium metal and sodium cyanide. The third-law value of
enthalpy for the dissociation reaction,
Li2CN (g) -» LiHC (g) + Li (g) ,
was determined to be 133 ± 12 kJ/mol. The value is comparable with a
theoretical value, 103 kj/mol, calculated by the MRCI method. Namely,
the Li2CN molecule was found thermodynamically more stable than LiNC.
The result of ab inltio MO calculation has indicated that the most
stable structure of Li2CN is a bent structure with C s symmetry; the
geometric parameters are 2.069 A (Li-C), 1.995 A (Li-N), 1.194 A (C-H)
and 82.6" (Ali-C-Li).
The observed ionization energy, IE(Li2CN+)=5.39±0.17 eV, agreed with
a theoretical value, 5.13 eV, for vertical ionization.

Tu E8
EFFECTS OP SURFACTANTS ON ELKCTKOSPRAY IONISATION OF BaBr,
&_Jyj**ach£kj U. Liittgena. Th. Dtilckii and F. W. Rdllgen
I nit, of Physical Chemistry, University of Bonn. D-53115 Bonn

In electron pray m m spectrometry (ES-MS) charged
droptels are formed by eleclrobydrodynamtc dimintegr*~
tion of liquids and ions are released from these droplets
by solvent evaporation at atmospheric pressure.
Recent ES-MS experiments with BaBr. dissolved in
HjO/MeOH (vol. ratio 1:11, performed to probe the
cation/anion interaction in the desolvation process,
revealed an unexpectedly high intensity ratio &a /BaBr'
for the applied range of salt concentrations (e.g. > 10
ror I0#1M BaBrj) {1|. This hfgh intensity ratio points to
the release of tons from solutions whose concentration is
not significantly enhanced by solvent evaporation. This
result la not compatible with current models of
electrospray ionlsatlon <ESI). In thene models ions are
released frost charged droplets above the Rayleigh limit,
i.e. from solution! highly concentrated (by at least a
factor of l(r) by solvent evaporation.
Critical inspection of the current ESI aodels lead
to A new mechanists of release of ions from charged
droplets via ellipsoidal deformation of droplets and conditions of a high rate of solvent evaporation. A low
surface tension should facilitate the release of ions.
In order to study the effect of surface tension on
the release of ions we have added nonionic and ionic
surfactants, respectively, to a 1O'JM aolution of BaBr.. As
shown in the figure for a nonianic surfactant the ion
yield strongly increases while the ratio Ba'VBaBr*

-154-

remains constant up to a concentration of the surfactant
of about JO , The application of an aniorjjr surfactant at
low concentrations even raised the ratio Ba /BaBr*. These
results of experiments with surfactants are in support of
the new mechanisn of release of ions from charged dropletn. The decrease of the ion intensities at higher concent ration* of surfactants can be mainly attributed to
the formation of a aurfactant layer and a corresponding
decrease of the rate of solvent evaporation.

Ccncmlrilion (Ttllon X-1UJ tmolflj

BaBr, (10Jmof/II in (T.O/KeOH (Ml; nonionic aurfacUnt
(Tritbn X-1H)
HI F.W. Rdllgen, U. Liittgena, T. Oulck. and U. GieOmann
Proc. 41.t ASMS Conf. on Maaa Spectrom. and Allied
Topic, San Francisco 1993, p. i
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ALKALI HALIDE CLUSTER ION DESORPTION IN MeV ATOMIC ION
IMPACTS
T.R. Arivaratnel. D.D. N.Barlo Daya 1 , G. Brinkmalm, P.A. Demirev, J. Eriksson, P. Hakansson,
R. Papaleo, B.U.R. Sundqvist,
Division of Ion Physics, Department of Radiaiion Sciences, Uppsala University,
Box 535, S-751 21 Uppsala, SWEDEN
1 permanent address: Department of Physics, University of Colombo, Colombo-3, SRI IANKA

The emission of secondary cluster ions from alkali halide (CsBr) thin films as a
result of fast (0.5 MeV/ n) atomic ion impacts is studied by means of time-offlight mass spectrometry. A method [1] for determination of the secondary ion
multiplicities (defined here as the number of cluster ions of the same type
emitted per MeV ion impact event) is used to estimate the multiplicity of the
ejected [CsBr]Cs+ clusters. The multiplicity is a measure of the ion emission
probability in a single impact event and thus may be used to characterize the
interactions of the incident MeV ion with the solid surface. That parameter is
studied for different incident MeV ions (9.9 MeV I6O, 19.7 MeV 32 S, 48.6 MeV
79
Br, and 78.2 MeV I27 I) with the target. Data on the dependence of the
multiplicity on the electronic stopping power (dE/dx) of the incident ions will be
presented. These data will be compared to the overall secondary ion yield per
impact from the same target as a function of dE/dx.
[1]

P. Demirev, J. Eriksson, R. Zubarev, R. Papaleo, G. Brinkmalm, P. Hakansson,
B.U.R. Sundqvist, Nucl. Instr. Meth. Phys. Res. B (1994), in press.

Tu E10
Gas Phase Chemistry of Group V EI 2 + Ion
Heinrich L. Sievers, Hans-Friedrich Griitzmacher
Fakultat fur Chemie der Universiiat Bielefeld
P.O.B. 10 01 31, D-33501 Bielefeld, Germany
Recently we described the formation of weakly bonded (arene)As! 2 + complexes
in the gas phase. In bimolecular reactions the arene is reversibly replaced by another nor n-donor ligand.
The unimolecular fragmentation of metastable complexes of Asl 2 + with alkylated
benzene derivatives results in nearly exclusive formation of A s l 2 + , arene + * or [arene H ] + ion. The dominant dissociation product of the («-, sec or iso- butyl-benzene)AsI 2 +
complexes is the C 1 0 H 1 3 + ion. Labeling experiments demonstrate that loss of hydride is
highly regioselective from the benzylic position. Additionally, no H / D exchange between
the aromatic ring and the side chain is observed. There are only very small amounts of
fragments arising from the arene and hence, a single electron transfer from the arene to
the Asl 2 + ion resulting in fragmenting arene radical cation is ruled out as the
predominant dissociation mechanism.
It is possible to generate (arene)EI 2 + complexes with E = P, Sb and Bi as well.
We will present our results demonstrating the significant differences in the gas phase
chemistry of the carbene analogue E I 2 + species as expected from thef if position in the
table of elements.
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Ultimate Detection Limits Obtained by High Resolution ICP-MS
Shin-ichi Yamasaki and AkitoTsumura
National Institute of Agro-Environmenlal Sciences, 3-1-1 Kannondai, Tsukuba, Japan 305
Introduction: Although inductively coupled plasma-mass spectromctry (ICP-MS) has been
recognized as the most sensitive techniques for elemental analysis, the concentration of most elements
in water samples are usually too low to allow direct determination even with this extremely sensitive
method. The major driving force behind the development of a new type of ICP-MS that uses a doublefocusing magnetic sector mass spectrometer with a much higher resolution has been the separation of
the analyte ions from the overlapping polyatomic ions especially noticeable in the region between mass
40 - 80, i.e., from 40Ar to 40Ar2. However, it has also become evident that the detection limits of most
elements obtained by this instrument are significantly improved because of the much lower background
signals and higher ion transmission. Whereas (here is only a slight increase in the lotal background
counts when an extended integration lime is used, the integrated counts due to the analyte element
increase linearly with an increase in the measurement time. It is expected, therefore, that even lower
detection limits will be attained when a much longer integration time is adopted, though such an
approach will not be applicable for analysis on a routine basis.
Instrumentation: All the measurements were carried out using a specially developed double
focusing type (i.e., high resolution) of ICP-MS (VG Elemental, Winsford, Cheshire, England, model
PlasmaTracc). A USN, supplied by Applied Research Laboratories (ARL, En Vallaire, CH-1024.
Ecubulens, Switzerland), was combined with this high resolution 1CP-MS to increase the sample
introduction efficiency.
Ultimate Detection Limits: Uranium (U) was chosen as an element for this purpose, mainly
because the background level of U in the blank solution (pure water) is negligibly low. Total counts due
235
to
U accumulated for about 5 min, when spraying 1 ppt (ng L"') of U, were 1820. Because the
relative abundance of this isotope is 0.72%, the concentration of 235U is only 7.2 ppq (pg L' J ). The
background signal from the blank solution was only several counts, and the detection limit of this
particular case was calculated to be 0.007 ppq. Detection limits for several other elements obtained by
using above techniques also resulted in similar levels.

TuE12
Mass Spectrometric Study of Vaporization Processes of Silicium
and Germanium Dlphosphates
Lopatin S.I., Semenov G.A.
Department of Chemistry, St.Petersburg State University.
198904, St.Petersburg, Russia
It is known that polyvalent metal phosphates dissociate at high
temperature with a conversion of various phosphorus oxides into a vapour. The similarity of phase diagrams of phosphate systems does not
allow to predict molecular composition of the condensed phase.
Ue have carried out a comparative investigation of vaporization
of silicium and germanium phosphates which are analogues from the
crystallographlc point of view and have similar thermochemical properties. Vaporization processes weT . studied using the Knudsen effusion technique with a mass spectromt-fic analysis of vapour.
The analysis of mass spectra, isotermic vaporization curves and
ion appearance energy values have shown that, despite of the great
similarity of phase diagrams for Si02 - P2Oo and GeO2 - P2O0 systems,
the vaporization processes for S1P207 and GeP207 are significantly
different. Silicium diphosphate on heating to the temperature of
1100-1200 "C dissociates uith conversion into a vapour mainly of P0
molecules and a small quantity of PO2. The vapour phase over germanium diphosphate in the same vaporization conditions consists of P4O10,
PO2, GeO and GeP03 molecules. Partial pressures of main vapour components have been measured by various methods, equations for temperature dependence of vapour pressure have been obtained. For GeP03 (gas)
molecule, thermodynamic functions have been calculated by statistical
thermodynamics method as "rigid rotator-harmonic oscillator" approximation, and the standard enthalpy of formation C-645.2 ± 8 . 0 kJ/mole)
at T = 0 K has been obtained. An attempt has been made to explain
differences in the character of vaporization processes for the studied phosphates from the point of view of acid-base properties of oxides.

-156-

13th IMSC, Budapest 1994

Tuesday, 30 August

Session E

Tu E13
A MASS SPECTROMETRIC STUDY OF GASEOUS [H 4 PO 3 ]+ AND [ H 2 P O 3 r IONS.
OL1GOMEKIZATION REACTIONS WITH NEUTRAL H3PO3.
Giulia de Pclris*, Giorgio Occhiuccilj and Fcderico Pepi#
* Universita della Tuscia, Viterbo. Italy.
§ Isuiulo di Chimica Nuclearc del C.N.R., Rome, Italy.
# Universita "La Sapicnza", Rome, Italy.

The phosphorous acid H3PO3 can exist in two
tautometric forms. Ab inilio calculations have
identified as a true minimum only the structure
containing telracoorinated phosphorus.
As to the protonated acid, only a
tetracoordinated structure has been postulated,
following the well established predominance of the
keto form in the equilibrium of the neutrals.
In order to get structural informations about
prolonated phosphorous acid, H4PO3 + ions were
generated in the source of a reversed-geomelry mass
spectometer (ZAB-2F), by reaction of H3PO3 with
different Bronsted acids, and then submitted to
structural assay by MIKE and CID spectrometry.
The experimental problems associated with ihe
sample vaporization were overcome using a direct
insertion probe cooled at a temperature sufficiently !c w
to minimize decomposition processes.
Irrespective
of
the
widely
dil'f: cnt
exolliermicily of the proton-transfer processes, t.ie only

melastable transition observed in the MIKE spectra of
H4POj+ is the |MH - H 2 O | + fragment at m/z 65,
displaying in all cases a Gaussian peak. Also the CID
spectra are similar, suggesting a lack of structural
differences among the ionic populations sampled.
The proton affinity (PA) of H3PO3 has been
measured both with FT-ICR experiments (braketing
and equilibrium with suitable bases) and with the
Cooks method applied to proton-bound dimers between
H3PO3 and ketones.
The values obtained with both methods are in
fair agreement, pointing to a PA value of 198.6 ± 2
Kcal/mol.
The chemistry of gaseous H2PO3" ions,
obtained in a FT-ICR mass spectrometer yja
dissociative electron attachment, is characterized by a
stepwisc sequence of addition to neutral phosphorous
acid followed or not by elimination o f one or two water
molecules, leading to forma.ic.i of po.janions. Species
containing up to six phosphcrus atoms were detected.

TuE14

Electrospray mass spectrometry on a magnetic sector instrument applied to heteropolyacids.
Jeremie LE QUAN TUOI*. Etienne MULLER.
Elf- Atochem CRDE, B.P. 1005, Saint Avoid Cedex, FRANCE.
Electrospray mass spectrometry has been applied to ionic inorganic systems such as
heteropolyacids in methanol / water ( 1/1 ) or acetonitrile / water ( 1/1) solutions. Negative ion
mass spectra are obtained on four different heteropolyacids. Heteropolymolybdates
H3PM012O40 and H4PM011VO40 and
heteropolytungstates H3PW12O40 and
H4SiWi2C>40 gave ions with different charges. Indeed, H3PM012O40 gave ions of m/z at
1822, 912 and 608 which correspond respectively to [PM012O40 + 2H]% [PM012O40 + H] 2 "
and [PM012O40 ]•*• ions. Resolution of 2200 has demonstrated the charge of each ion
acquired. Further more, the isotopic distribution of the observed ions was in good agreement
with the theorectical one. Thus, Electospray mass spectrometry has become a promising
ionization technique for the analysis of such ionic compounds provided they are solubles and
stables in the solvent system used.
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MASS SPECTROHSTRY OF PHOSPHORUS CONTA1HIHG ACIDS
CHEHISORBED ON THE DISPERSE SILICA SURFACE
V. M. Bogatiryov, V. A. PokrovsKir
institute for Surface Chemistry. Ukrainian Academy of sciences
The phosphorus containing acids and their derivatives have
been synthesied by means of consecutive thermal treatment of
fumed silica surface by the phosphorus chlorides and water vapor.
Phosphoric acid and its derivatives chemisorbed on the silica
surface have been obtained when the phosphorus oxychloride had
been used whereas phosphorous acid has been the result of
exposing the silica surface in the phosphorus trichloride vapor.
TFD MS techniques applied to the investigation of
the
Phosphoric acid decomposition in the chemisorbed state have shown
that decomposition processes were accompanied by desorptlon of
water from the surface layer, T P D M S of phosphorous acid
derivatives have demonstrated the elimination of
molecular
phosphorus in two temperature Intervals with maxima of desorption
rate at 730 and 930 E. The amounts of molecular phosphorus which
accounted for each of two decomposition stages depended on
initial surface coverage. For the monolayer coverage the low
temperature maximum disappeared.
The suggested explanation of experimental data was based on
the assumption that the thermal treatment of phosphoric acid in
vacuum lead to the poiycondensation of hydroxiie groups of
phosphorus and silicon atoms whereas Phosphorous acid derivatives
were supposed to taKe also part in oxidation-reduction reactions
resulting in the change of oxidation state of phosphorus atom.

Tu E16
CHEMI-IONS REVISITED BY TANDEM MASS SPECTROMETRY
Helge Egsgaard, Mette Skovhus Thomsen and Elfinn Larsen
Department of Combustion Research,
Rise National Laboratory, DK-4000 Roskilde, Denmark.
Flames exhibit an enhanced ionization due to a few specific chemical reactions, e.g.
between the parent methylidyne, CH, and atomic oxygen, which leads to the formyl
cation. Proton transfer from this ion in particular to other flame constituents gives
rise to a large number of ions in the flame - the chemi-ions. The flame has,
however, to be considered as a low-density plasma. The concentration of ions is
rarely in excess of 1012 ions/cm 3 . Thus, studies of chemi-ions highly benefit from
the application of dynamic mass spectrometers, e.g. quadrupole systems, which
allow an efficient sampling of the ions from such a plasma.
A novel system based on a molecular beam inlet capable of sampling directly from
the flame and a triple quadrupole mass spectrometer has been developed. The
molecular beam system gives a highly effecient thermal quenching during the
adiabatic expansion. The MS/MS strategy allows the cherrti-ion of interst to be
selected and characterized in detail. In addition the flame may be used as source, i.e.
a specific ion in the flame selected by the first quadrupole may take part in reactive
collisions. The eventual ionic products are determined by the third and final
quadrupole. This method also allows the examination of ions exhibiting
exceptionally high critical energy requirements.
The performance of the system will be illustrated by investigations of premixed
methane - oxygen flames. The structure of the chemi-ions are elucidated by
collision activation mass spectrometry and are supported by separate investigations
of ions generated by alternative methods.
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Oetermlnation of Thermodynamlc Properties of Nkkd-Ilafiiluin System by Knudscn Effusion Mass Spectrometry
L. Bencze a and K. Hilpcrt b
L. Eotvos University, Dcpt. of Physical Chemistry, H-l 117 Budapest, Pazmany P.setany 2., Hungary
b
Forschungszentrum Julich GmbH, D-52425 Julifh, P. O. Box 1913, Germany
a

Knudsen effusion mass spectrometry was used for studying nickel-hafnium alloys as a function of temperature and
composition oVcr the total composition range and in relatively large (300-400 °C) temperature range. The Knudsen cells
were made of yttria (Y2O3) because of its much higher stability than that of nickel and hafnium oxides, in order to avoid
oxidation of the alloys. The measurements were carried out by a VARIAN MAT mass spectrometer equipped by Knudsen
evaporator. Nickel ion current intensities were measured over 16 different compositions and were calculated to partial
pressures using the well-known calibration procedure. Comparing the nickel intensities over the alloys to that measured
over the pure nickel at the same temperature, the activities could be calculated. The enthalpies of formation of
intermetallic compounds were calculated using both second and third law methods. For the third law calculations, the
additivity of entropy and of heat capacity for solid phase was supposed. The Gibbs energies of formation of the compounds
at 1473 K for 1 mole of atoms in kJ/mol can be seen in the table below:
- AfG|473K

Compound
AfCyCNiHfjO))

31.7 ± 0.6

ArC°(NiIlf<»)

42.5 ± O.fi

ArC^(NiMIIf,M)

•1.1.7 1 0 . 7

A r C°(Ni, o lif 7 (,i)

4-4.0 ± 0.6

ArG£(Ni,llf,(,|)

42.1 ±0.5

AfG£(Ni2|lir8w)

41.5 1 0 . 4

AfG?(Ni,liri.>)

40.fi ± 0.3

A f GT(Ni 7 Ilf 2 i»))

3R.1 ± 0 . 2
29.1 ±0.1

Tu E18
Investigation of Evaporation Properties of Ncoilyiiiiiini Fluoride by Knudscn Effusion Mass Spectromctry
L. Bcncze* and A. Popovic b
*L. Eotvos University, Dcpt. of Physical Chemistry, 11-1117 Budapest, Pazmany P. scl.iny 2., Hungary
''University of Ljubljana and J. Stefan Institute, 61000 Ljubljana, Jamova 39, Slovenia
The first Knudscn effusion mass spectrometric investigation of NdF 3 can be found in reference [1]. The composition of the
saturated vapour over Ihe solid phase was reinvcsligated by us. Since the slope of Clausius-Clnpeyron lines differed for the
delected ions, first we assumed that some of the ions originate partly or totally from dimcric species. However, the very
small intensity of Nd 2 F 5 \ the mass spectrum and the determined appearance energies have shown that the most dominant
vapour species are monomcric molecules. The appearance energies were determined by smoothing and deconvoluting the
original measured function. For the deconvolution, Vogt' s method [2] was applied. The appearance energies can be seen
in the table below, and the ionisalion efficiency curve for NdF, can be seen in the figure. The atomisation energy of
NdFj molecule, the average bond strength, the bond-dissociation energies of the ions and the enthalpy change of
sublimation were also determined.

ION

APP. ENERGY/eV

NdF,'

11.82 ± 0 . 1 9

NdF2*

12.57 ± 0 . 1 2

NdF'

I9.4O± 0.15

Nd*

25.19 ± 0 . 1 0

energy/eV
[1] K. F. Zmbov and J.L. Margrave, J. Chcm. Pliys., 45, No. 9, 3167 (1966)
[2] J. Vogt and C. Pascual, Int. J. Mass Spcctrom. Ion Phys. 9, 441 (1992).
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MASS

Sl'ECTKOMKTIUC MEASUREMENTS OP THE VAPOUR
OVER TUB COO/GJO U/NARY SYSTEM

PRESSURE

'A. Popovic, 'G. Drazic and 2 J. Marsel
J. Stefan Institute and ^Department of Chemistry, University of Ljubljana, Slovenia
In spite of the spectacular interest in C 6 0 and C 7U
fullerencs in recent years, there are few data on the
thermodynamics of evaporation and the vapour
pressures of these all-carbon compounds. In this
work, the evaporation behaviour of these two
compounds was investigated in more detail and
measurements of absolute pressures of C^ and C 7 0
are presented for temperatures above 700K.
Knudscn cell mass spectrometry (KEMS) and high
resolution
transmission
electron
microscopy
(HRTElvf)
were used for vapour pressure
measurements and structural investigation of the
fullerenes, respectively.
Two types of samples were investigated, i. e.,
samples containing organic solvents (toluene) and
samples purified at 450"C under vacuum and
subsequently distilled at 550° C. According to the
Cgg/CjQ ratio, samples could be divided as pure
CgQ, pure C701 fulleritc (a mixture in the original
ratio) and compositions on both sides of the binary
system.

To obtain reasonable threshold values for IE,
measured ionisatiou curves were smoothed and
deconvoluted considering the electron energy
distribution at 2900 K. Estimated IE values (eV) of
7.58 ±0.05 and 7.C3±0.05 for Cg,, and C 70 ,
respectively and 19.2 ± 0.3 for C + o + are in excellent
agreement with the literature data (1,2).
Absolute pressures calculated from the ion
intensities »» temperature show deviations reflecting
the purity find pretreatment of the samples.
Important features could be deduced from the
Clausius-Clapvyron plots concerning the activities
calculated from the pressure data of CQQ and C70
over the entire composition range. Results in Fig. 1
arc typical for an eutcctic type phase diagram with
limited mutual solubility of both components.
1. J. dr Vries et «]., Cliem. Phys. Letters, 188 (1992) 159
2. S. Baba ct &]., Int. J. Mass Speclrom. Ion Processes., 125
(JBU3) III

Special attention was given to the contributions of
the multiplier gain and cell geometry on the overall
sensitivity constant in estimation of absolute
pressures. By using Nal as internal standard it was
shown that the square root rule for multiplier gain
differs significantly from the measured values
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TuE20
KNUDSEN

CELL MASS
SPECTROMETRY
DETERMINATION
OF
ENTHALPIES OF MPbF3 IN THE GASEOUS PHASE.
BOLTALIN A.I.,KORENEV YU.M.,RYKDV A.N.
MOSCOW STATE UNIVERSITY,MOSCOW,RUSSIA

FOR1A,CUN

Here we report the results of mass spectrometric study of the
saturated vapor of the MF-PbF2 <M=Li,Na,K,Rb,Cs) systems. In all the
systems the composition 50mol7.l1F-50mol7.PbF2 was under study.
It was found that complex molecules MPbh3 are present in the
vapor of all systems.Efficiency ionization curves method was used
for the deconvolution of mass spectra obtained. The content of
compel molecules MPb(-3 increases in the row from LiPbF3 to CsPbF3.
Moreover, in KF-PbF2, RbF-PbF2 and CsF-PbF2 systems complex
molecules are the main species in the vapor, (almost 1007.) .
Enthalpies and entropies of formation of MPbF3 were obtained
and partial pressure vs.temperature dependencies were calculated.In
the system RbF-PbF2 we succeded to measure enthalpy and entropy of
vaporization of RbPbF3.In the systems LiF-PbF2 and NaF-PbF2 the
reactions MPbF3<g) = MF(g) + PbF2(g) were studied and equilibrium
constants were obtained. The second law treatment resulted in
dissociation enthalpies and
entropies of LiPbFS and NaPbFS
respectively:215±4 kJ/mol and 125.3+2.6 J/cnol*K ; 262+9 kJ/mol and
138.8+5.5 J/mol*K.
The thermodynamic functions of the gaseous MPbF3 molecules were
calculated. It allowed us to get the third law values of
dissociation enthalpies for MPbF3 (M=Li,Na,K,Rb,Cs): 24B+B;272+8;
274±11; 244±11; 247±13 kJ/mol.
Formation enthalpies of LiPbF3, NaPbF3, KPbF3, RbPbF3 and
CsPbF3 obtained
are equal
respectively:
-1033+13, -1007±13,
-1042+15, -1017+15, -1051 + 16 l;J/mol.
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HIGH TEMPERATURE MASS SPECTROMETRIC STUDY OF THE I)yF 3 -Dy 2 0 3 SYSTEM
V. L. Stolyarova, A. Dahlstedt, S. Seetliaraman
Royal Institute of Technology, Div. of Theoretical Metallurgy, S-100 44 Stockholm
Development of alternative roates for the extraction of rare-earth metal compounds
for production of permanent magnet alloys needs the information on the high temperature behaviour of rare-earth oxyfluoride systems.
Vaporization processes, partial vapour pressures and thermodynamic properties of
the DyF^-Dy2O-i system were studied by the Knudsen effusion mass spectrometric method
in the temperature range 1320-1420 K. For this purpose, a Quardrupol QMS 420 mass
spetrometer was modified for the Knudsen effusion measurements. Vaporization of the
system studied was carried out from the tungsten, molybdenum and platinum effusion
cells. Mass spectra of vapour over pure DyF 3 and thermodynamic properties of DyF 3
obtained during vaporization from different effusion cells are discussed. The good
agreement with the data available in literature is illustrated.
As to mass spectra of vapour over the DyF^ — Dy 2 O3 system the following ions were
identified at the ionization energy 70 V at 1350 K: DyF-j"1", D y F 2 + , DyF+, D y + , (DyO + ,
DyOF^). Deciphering of mass spectra of vapour over the different composition of the
system studied was done using the complete vaporization method. For the same goal,
in addition, the comparison of mass spectra of vapour over the pure DyF-j and over
ten composition of the DyF-j - Dy2O-j system was done. Partial pressures of vapour
species and the DyF-j activities in the DyF-j - Dy2O-j system indicate the negative
deviations from the ideal behaviour.

Tu E22

Thermodynamic properties •iw\ I'-T-x phase diagram of the
HfO - Z r O 2 and HfOg-YpO
Marushkin K.N,
In spite of numerous studio.'i, there ia still no reliable date on
phase equilibria in the HfO p -ZrO p and Hfo - Y p 0 , systems. For construction the P-T-x phase diagram of the stable States of Hf0 2 -Zr0 p
and HfO_-YpO, systems was used the oivn reaults of mass-spectrometric stuay of pure oxides, isotermal (P,x) sections of the Hf02-Zr0_
and Hf0p-Y 2 0, P-T-x diagrams and well-known from literature (T-x)
sections of this systems. Received P-T-x diagram of the Hf02-Zr0_
system with stable and meta.i table states allows to analyze phase
states and to explain phenomena that seem to be anomalous: formation of a cubic modification of ZrOp- at low temperature (650-1000 K)
with irreversible transition on annealing (970-1070 K) to the tetragonal one and then to monoclinicj significant hysteresis (more
then 200 ) on the T-x diagram of Hf02-Zi-02 for polymorphic transition monoclinic modification = tetragonal modification at heating
and cooling. The HfOp-ZrOp nystem become key at constructing HfO-Y p 0~ system and explaining of possibility stabilization of the HfO p
cable modification with YgO, addition.
*•
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Quantitation in Materials Analysis by Glow Discharge Quadrupole Mass Spectrometry (GDQMS)
V Liebich"andM. Schmidt2'
!' Insatut fiir Festkorperanalytik und Strukturforschung im IFW Dresden e. V., Postfach, D-01171 Dresden
-' Finnigan MAT GmbH Bremen, Posttach 140162, D-28088 Bremen
Glow discharge mass spectrometry offers several benefits in direct materials analysis such as isotopic
resolution, low detection limits, convenient sputtering rate, the possibility of in-depth profiling, quasisimultaneous coverage of the periodic table, low spread of elemental response, smoothing of signal
fluctuations from microinhomogeneities, and high stability of the ion current. The last three attributes
suggest good chances to quantify the method.
Quadrupole mass spectrometry provides simple spectra and promises high precision because of speedy
peak jumping even between far mass regions. Especially the unique design of the SOLA quadrupole
mass spectrometer ("Finnigan MAT) facilitates quantitation: I) tons are extracted from the source and
"focussed" into the analyzer by an accelerating voltage. 2) intensity losses and discriminations along
the mass range are minimised by the TURNER ion optics which eliminates the need for a BESSEL
box, 3) an "autodetect" technique puzzles together the signals from a dual detector system (Faraday
cup and channeltron multiplier) into a combined spectrum having a wide dynamic range
But generally in GDQMS, spectral interferences may cause serious quantitation problems This screening study was carried out in order to make clear how tar we can go with quantitation in material
analysis by use of the SOLA quadrupole mass spectrometer fitted with dc glow discharge ion sources.
The analytical tasks taken into consideration are:
- Semiquantitative survey analysis using only the total ion current for concentration calibration.
- Rough quantitative multielement analysis by additional use of sensitivity factors once determined
for each analyte.
- Quantitative determination of analytes by individual calibration actually before running the sample
batch.
- Determination of isotopic ratios for the matrix element.
For these tasks the pros and cons of GDQMS will be discussed.

TuE24
Quantification of the Results Obtained by Glow Discharge Mass Spectrometry
K.G. Oksenoid. R. Gijbels', C. Venzago", G.I. Ramendik
-Kurnakov Institute of General and Inorganic Chemistry, Moscow, Russia
'-Chemistry Department, University of Antwerp (UFA), Antwerpen, Belgium
"-Degussa AG, Hanau, Germany
Several models of ion formation in Glow Discharge Mass Spectrometry (GDMS) were tested for
the calculation of the relative sensitivity factors (RSF) of different elements in a variety of
matrices (mostly metals). The quasi-equilibrium approach (G.I. Ramendik et aJ., TaJanta, 1987,
v.34, p. 61), where electron affinity of atoms was used as an additional fitting parameter, allows
to obtain better agreement with experimental data than other models, with an average systematic
error of about 0.4 for 30 elements.
The relative ion yields from the Glow Discharge (GD) plasma are influenced by sputtering and
negative ion formation processes. The RSF-values dependences on the binding energies of the
atoms in the solid are caused by the differences in kinetic energies of different sputtered atoms.
When an Ar-H2 mixture is used as the working gas (R.W. Smithwick III et al., JASMS, 1993,
N4, p. 278), all models predict the RSF-values with an average systematic error less than 0.33.
It is deduced that the use of such mixtures allows to approach an equilibrium in a plasma. We
have explained this fact by the formation of the negative hydrogen ions, participating in the
recombination processes and increasing the efficiency of such processes. Quantum mechanical
calculations showed that the cross section of the recombination with negative hydrogen ions is
three times higher than the cross section for the three body and non-radiative recombination with
electrons.
Thus, the use of Ar-H3 mixtures as the working gas and the use of the quasi-equilibrium approach
for the calculations of the RSF's may become a way to produce quantitative elemental analysis
by GDMS without standard reference materials.
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COLUSIONAL DISSOCIATION OF DIATOMIC IONS PRODUCED IN A GLOW DISCHARGE
C M . Barshick. D.C. Duckworth. H.S. McKown, S.A. McLuckey, and D.H. Smith
Chemical and Analytical Sciences Division. Oak Ridge National Laboratory, Oak Ridge, TN
37831-6375.
Although it has been recognized that the glow discharge is a valuable source for
producing unique diatomic species for spectroscopic study, most effort in the analytical field
has been directed toward discriminating, suppressing, and elimination of oxides, nitrates,
dimers. and argides that constitute the majority of such species. We have modified our
VG9000 magnetic sector glow discharge mass spectrometer to permit ion kinetic energy
studies of the products from dissociation of species of interest. We inserted a collision cell in
the field-free region between the magnetic and electrostatic sectors. Unlike organic collision
induced dissociation, studies undertaken here are not concerned with structural identification,
but with gaining fundamental information on kinetic energy release, bond strengths, ionization
potentials, electron affinities, etc.
Preliminary experiments have focussed on how well our instrument, more suited for
discriminating against such species, can be used to measure them. As a first test, the
reaction Ar* + Ar° - AT'2 + e was studied. From the energy loss spectra we measured the
difference between the first and the second ionization potentials of argon and obtained a value
of 11.83 eV ± 0.36 eV. which agrees well with the published 11.87 eV. A second set of
preliminary experiments is presently underway. These are designed to measure the bond
strength of NO and involve the NO* + Ar° - N* + O° + Ar° and NO* + Ar° - N° + O* + Ar°
reactions. Ultimately, our goal is to elucidate fundamental information about reactions of
species that have never been studied previously, such as CuAr' + Ar° - Cu* -4- 2Ar° and Cu2* +
Ar° - 2Cu* + Ar°. The information that such measurements will provide about argide and
dimer species in a glow discharge will be invaluable in closing thermodynamic cycles, thus
obtaining better understanding of the fundamental processes involved.
Research was iponsorad by the U.S. Department of Energy. Office ol Basic Energy Sciences, under Contract DEAC05-84OR21400 with Martin Marietta Energy Systems. Inc.
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TuE26
Application of Ar/CHF 3 Mixed Carrier Gas lo the As, Se, Cu and Zn ICP-MS Analysis in Interfering Matrices
I. Platzner, A.L. Polettini. J.V. Sala, F. Mousty and P.R. Trincherini,
Environment Institute, Joint Research Centre, 1-21020 Ispra (VA), Italy
The addition of trifluoromethane lo the nebulizer gas in inductively coupled plasma mass spectrometry is assessed as a
method of improving detection limits (D.L.) for elements such as As, Se, Cu and Zn in mass interfering matrices. A
significant analyle response increase with a coincident blank decrease has always been observed.
The improved D.L. for:
1) As in Cl- or Ca*+ matrices (interferences 4 0 Ar 3 5 Cl + and 4 3 C a 1 6 0 + 2 ) are 0.02 and 0.04 ng/ml compared to 0.65 and
0.28 ng/ml respectively, without CHF 3 ;
2)

78

Se (interference 4 0 Ar 3 8 Ar + ) is 0.032 compared to 0.88 ng/ml;

3)

63

Cu in Na 2 SO 4 or Na 2 HPO 4 matrices (interferences 4 0 Ar 2 3 Na + and 3 l P l 6 O 2 + ) a r e 0.022 and 0.089 compared to

4)

64

0.35 and 0.53 ng/ml respectively;
Zn in Na 2 HPO 4 matrix (interference H 3 1 P l e O 2 + and S'P'«O 17 O+) is 0.011 compared to 0.42 ng/ml.

The interference reduction is attributed to competition reactions between the matrix species and CHF3 or species
derived from it in the plasma. The analyte enhancement in not clear yet and further investigation is carried out.
Calibration curves of the studied elements at low ppb and sub-ppb levels in the interfering matrices further demonstrated
the advantages of trifluoromethane addition in elemental trace analysis.
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"EXAMPLE OF APPLICATION OF GDMS FOR ENVIRONMENTAL ANALYSIS"
A.G.Efimov, M. Pavela, E. Paulovicheva
OMK Ltd., Sandricka 30, Zarnovica 966 81, Slovak Republic.
Powder waste is the most suitable object for environmental elemental
analysis by
glow-discharge mass-spectrometry (GDHS).
Recognized analysis
problems are: low conductivity and matrix/grains heterogeneity.
Sample preparation of a powder with a powder binder is a well-known defined
procedure [1] for GDHS analysis in a case of non-conductive metal compounds.
Data quantification is based on the assumption of applicability of relative
sensitivity factors (RSF) known for single-element matrixes. In the present work
we have tried to apply similar concept for analysis of powder waste.
Our work was done in a course of Slovak Quality Assurance Test procedure.
Analytical goal was to measure concentration of eight elements, considered as
environmental pollution - Cr, Mn, Fe, Co, Ni, Zn, Cd, Eb, in the ash, which was
collected in electrical filters of power station. Participant's data had to be
compared with certified values obtained by atomic absorption spectrophotometry
(AAS) at chemical faculty of Technical University, Bratislava.
Samples have been prepared in a pin geometry; Ga of 6N purity has been used
as a binder-dilution material. Gallium has been choosen because of the unique
properties: low melting point, density reduction under solidification etc.
Ion
intensities
have
been
acquired
using
FISONS
VG
9000 GD
mass-spectrometer. All tested elements except Cd could be successfully analyzed.
Limits of detection (LOD) of all elements were below 20 ppb. Mass spectrum was
rather simple, and peaks could be easily identified. Matrix elements were: 0,
Mg, Al (major), Si (major), K, Ca, Ti, Fe (major).
Therefore, powder waste can be successfully analyzed by GDHS using Ga as
a binder-dilution material. Semi-quantitative data
can be obtained using
standard RSFs.
1. F.L.King, W.W.Harrison. Mas? Spectrometry Rev., 1990, v. 9, p. 285-317.

Tu E28
Investigation of pyrolytic carbonization by MS and CO-MS
P.T.Szabo1, Z.Dinya", M.Zsuga2, S.KekP, M.T.Beck3
1: Research Croup for Antibiotics of Uie Hungarian Academy of Sciences, Lajos Kossulh University,
Debrecen, HUNGARY
2: Department of Applied Chemistry, Lajos Kossulh University, Debrecen, HUNGARY
3: Department of Physical Chemistry, Lajos Kossulh University, Debrecen, HUNGARY

Since the discovery of fullerenes a great effort has been excercised in our
laboratories to find out chemical methods, oilier than laser evaporation of graphite,
for the synthesis of different carbon clusters. During the investigations our interest
was to understand the mechanism of formation of fullerenes and that of the
carbonization processes, in general. To understand the mechanism of carbonization
alyphatic and aromatic compounds were pyrolised under indifferent atmosphere.
The toluene extract of soots were studied by MS and GC-MS techniques.
No peak can be found at m/z=720, which indicates that the C«) >s not formed
under these experimental conditions.
On the basis of GC-MS measurements it can be noticed that the major
components of the extract are almost identical, basically polycyclic aromatic
compounds.
An interesting rule can be recognised in the MS spectra of extracts: the 24/26
ruk>. A possible explanation of this rule is the propagation of C2 chemical units.
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Thermodynamic Properties of small Germanium-Silicide,
Germanium-Carbide and Germanium-Tin Clusters
R. W. Schmude, Jr. and K. A. Gingerich
Depi. of Chemistry, Texas A&M University. College Station, TX 77843 USA

The Knudsen-effusion, mass-spectrometric method has been used
in obtaining equilibrium data on the small Ge-Si, Ge-C and Ge-Sn
clusters. The atomization enthalpies, AHa,o. are selected as: 288±10
(GeSi); 692±20 (GeSi2); 656+20 (Ge 2 Si);' 1197+11 (GeC2); 897+10
(Ge 2 C); 1239+21 (Ge3C); 1581±19 (Ge 2 C 2 ); 230+14 (GeSn); 559+27
(Ge2Sn); 490±26 (GeSn2); 996±47 (Ge3Sn) and 1389±67 (Ge4Sn). The
enthalpies of formation, AHf.o, are selected as: 535±10 (GeSi);
582±20 (GeSi 2 ); 539+20 (Ge 2 Si); 597±11 (GeC2); 558+10 (Ge 2 C);
588+21 (Ge3C); 585±19 (GC2C2): 443+14 (GeSn); 486±27 (Ge 2 Sn);
484+26 (GeSn2); 421+47 (Ge3Sn) and 399±67 (Ge4Sn). The selected
atomization enthalpies suggest a gradual decrease in cluster stability
as the percentage of heavy elements, within the cluster, increases.
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DOUBLE IONIZATION OF HEXAFLUOROBENZENE: ENERGIES TO POPULATE SINGLET AND
TRIPLET ELECTRONIC STATES OF C 8 F | +
MA Bayliss, *, FM Harris ' , DE Parry

b

and SE Evans

'Mass Spectrometry Research Unit, ^Department of
Singleton Park, Swansea, SA2 8PP, United Kingdom.

c

Chemistry,

University

College of

Swansea,

'Institute of Earth Studies, University of Wales, Aberystwyth, Llandinam Building, Aberystwyth SY23
3DB, United Kingdom.
Both Auger-electron (AE) spectroscopy and double-charge-transfer (DCT) spectroscopy have been used
previously to study the double ionizalion of hexafluorobenzene.
Peaks in the AE spectra gave
information on double-ionization energies to singlet electronic states of C 6 F | + whilst the DCT spectra
gave the complementary energies to triplet states. Computed state energies showed that peaks in both
the types of spectra encompassed several states, and that higher resolution would be required to
provide more detailed experimental information. In an attempt to provide this information, a modified
rinnigan 8230 spectrometer has been used in the present study.
From previous studies, this
spectrometer is known to generate DCT spectra of resolution higher than that obtainable with the
+
ZAB-2F spectrometer used in the previous study of C 6 F 6 . Both OH and H + projectile ions were
used; because of the spin-conservation rule which applies to the double-electron-capture reactions in
DCT spectroscopy, these ions will generate spectra from which information on triplet and singlet states,
respectively, can be obtained.
The double-ionization energies of C 6 F e determined in the present
investigation will be presented, compared with the previously measured values, and examined to see if
they provide more detailed confirmation of the theoretically predicted data.

WeA2
DOUBLE-IONIZATION ENERGIES TO SINGLET AND TRIPLET ELECTRONIC STATES OF THE
ACETALDEHYDE DICATION
JC Severs *, FM Harris • and WJ Griffiths

b

'Mass Spearonuetry Research Unit, University College of Swansea, Singleton Park, Swansea SA2 8PP,
United Kingdom.
^Department of Medical Biochemistry and Biophysics, Karoiinska Institute!, SI7I 77 Stockholm,
Sweden.
Double ionization of acetaldehyde has been studied previously by Auger-electron (AE) spectroscopy.
The energies required to populate singlet states of the doubly charged ion only were determined
because transitions to triplet states are weak in AE spectroscopy.
In the present study,
double-charge-transfer (DCT) spectroscopy has been used to provide the complementary information on
double-ionization energies to triplet states. In DCT spectroscopy, high-velocity singly charged positive
ions undergo double-electron-capture reactions with the molecules M under investigation; translations!
energies of the resulting negative ions are analysed. Double-ionization energies to states of M 2 + are
evaluated from peak positions in the DCT spectrum once the translaiional-energy-loss scale has been
calibrated. The projectile ion used governs the multiplicity of the states of M 2 + populated, this being
a consequence of the Wigner spin-conservation rule. It is known that for closed-shell molecules the
use of OH + leads to the populating of triplet states of M J + . Conversely, singlet states are populated
using H + .
Both projectile ions have been used in this study of CH3CHO therefore providing (a)
previously unavailable double-ionization energies to triplet states of CH 3 CHO 2+ and (b)
double-ionization energies to singlet states which can be compared with those published. Both sets of
values will be compared with previously published calculated data.
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Ab initio study of the cationization of glycine by alkali
ions L i + - C s + .

metal

Sophie Hoyau and Gilles Ohanessian
Laboratoire des Mecanismes Reactionnels, URA 1307 du CNRS,
Ecole Polytechnique, 91128 Palaiseau Cedex, FRANCE.
Molecular complexation of glycine by alkali cations has been
studied using ab initio computations. A relaiivistic ECP has been used
for the heavier elements. Several complexation modes involving the
various basic sites of glycine have been investigated, in order to
determine the most stable structures and the stabilization energy in
each case. The results are compared to recent experimental findings.

WeA4
Ab initio study of the activation of silane by Y+.
Azedine Ferhati and Gilles Ohanessian
Laboratoire des Mecanismes Reactionnels, URA 1307 du CNRS,
Ecole Polytechnique, 91128 Palaiseau Cedex, FRANCE.
The gas phase activation of SiH4 by Y+ has been studied at the
Hartree-Fock, CASSCF and Configuration Interaction levels of theory. A
relativistic ECP was used for Y + , together with an optimized extended
basis for the outer core and valence electron shells. The full reaction
pathways have been established for the dehydrogenation of SiH4 by Y+
(leading to the formation of YSiH2 + ), and for the single and double H2
loss from S1H4 induced by YSiH2 + in a subsequent reaction (leading to
the formation of YSi2H4+ and YSi'2H2+, respectively). The results are
discussed in comparison with experimental observations.
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Femtosecond - Multiphoton loni/.alion of Molecules. Absorption and Fragmentation Processes
K.P. Aicher. U. Wilhelm. J. Grotemeyer
Institute for Physical Chemistry, University WUrzburg, Marcusstr. 9/11, 97070 WOrzburg. Germany
In this paper we present some new results of the application of very short laser pulses to the investigation of ionization and fragmentation processes induced by multiphoton ionization. One of the most
interesting questions in the formation of radical cations is whether a mass limit for the formation process of these molecular ions is real. Theoretical considerations [1] seem to establish a picture leading
to the formation of geminate charge pairs instead of ions with increasing mass of the molecule. The
theory predicts that by shortening the laser pulse width the observable mass range as well as the
amount of molecular ions formed in the ionization process should increase. As the molecular weight
of the molecules increase the branching between ionization processes and the formation of geminate
charge pairs is predicted.
To investigate these effects we have investigated molecules with increasing molecular weight through
ionization with nanosecond and different femtosecond laser pulses with pulse durations of 500 fs and
below 100 fs. The results obtained so far prove that as expected two different activation schemes for
multiphoton ionization can be distinguished. In femtosecond activation ionization and fragmentation
of all molecules are controlled by the autoionization model. Here the total energy applied by the laser
pulse is absorbed by the neutral molecule. This leads, as demonstrated by the measurements, to higher
amounts of formed'ions as well as complete different fragmentation pattern than in nanosecond activation. The different fragmentation behaviour can be explained by a local activation of larger molecules due to non randomization of the ionization energy. The mass spectra demonstrate that non-RRKM
behaviour can be reached. Further we can show that the energy necessary for ionization is by two
orders of magnitude lower for femtosecond activation than by using nanosecond pulses. This fact is
also explained by the non-randomization of the photon energy in the molecule.
: 1]

E.W. Schlag, J. Grotemeyer, R.D. Levine; Chem.Phys.Lett. 190 521 (1992).

WeA6
PROTON AFFINITY OF (AM1NOALKYLJ-AMIDINES: THEORETICAL APPROACH.
J.TORTAJADA and E. LEON

Laboratolre de Chimle Organlque Structural 2. CNRS ERS 72. Untverslte Pierre et Marie Curie,
boite 45. 4 place Jussleu, 75252 PARIS Cedex 05 FRANCE
Experimental gas phase basicity (GB) of N2 imlno alkylated. N'.N1 dlmethylforxnamidlnes I and the
corresponding acetamlnes II has been recently reported (1).
^R 1
I:R = H
II: R = CH3
This study displays an excellent correlation between GB and the polarlsabllity of alky 1 substituents
(R'|. When the Imlno nitrogen N^ is substituted by the flexible chain bearing a basic site such as
(CH2)nN(CH3)2 (n = 2, 3), the GB is somewhat larger than expected. This enhancement Is due to the
significant entropy effects associated with the proton-Induced cyclisatlons.
Proton Affinities (PA) were deduced from the experiment!}- GB and estimated AS of cyclisation (2) or
Internal solvatlon (from PA = GB + TAS).
In order to obta'n more occurate estimations of the cyclisation entropy, we have undertaken a
molecular orbital study based on semi-empirical (AM 1) and ab Inltlo calculations.
AMI method has been used to calculate AH°f of fully optimized neutral and protonated
(amlnoalkyl)-amidlnes la, Ib, Ha and lib, while ab Inltlo calculations were carried out with
unsubstltuted alkylated amldines Ilia and Mb at MP2/6-31G"/ /6-31G* level.
(CH3)2N-C(R)=N.(CH2)nN(CH3!2

I:R = H

II: R = CH3

a: n = 2

b: n = 3

NH2-C(R)=N-CH2)n-NH2
Ilia: n = 2
Illb: n = 3
In both cases the entropy of cyclisation has been estimated from a harmonic vlbratlonal frequencies
calculation.
(DM. DECOUZON, J.-F. GAL, P.-C. MARIA and E. D. RACZYNSKA
Rapid Convn. Mass Spectrom. 1993 7 599
(2) M. MEOT-NER (MAUTNER). P. HAMLET, E. P. HUNTER and F. H. FIELD

J. Am. Chem. Soc, 1980,102,6393
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AN AB INITIO MOLECULAR ORBITAL STUDY OF 1FORMAMIDE-X1+ AND |FORMAM1DINE-X|+
CATIONIZEDCOMPLEXES.(X=H+. Li+. Na+ and A1+)
J.TORTAJADAa. E. LEONa, J.-P. MORIZUR3. M. YANE7b, and O. MOb.
a

Laboratoire de Chimie Organique Structurale 2. CNRS ERS 72, Université Pierre et Marie Curie.
boîte 45.4 place Jussleu, 75252 PARIS Cedex 05 FRANCE
b
Departamento de Química. C-9, Unluersldad Autónoma de Madrid. Cantoblanco,28049-Madrld, SPAIN
In gas phase ion chemlstiy, besides protonation and deprotonatlon processes, a great deal was also
devoted, in the last two decades, to the study of bare metal cation Interactions with organic species.
The aim of such studies found its justification in providing cation binding energies to organic
molecules. In many cases, a better understanding of the factors governing the stability of these ionmolecule complexes, in the gas phase, has been induced by the comparison of their binding energies
with the corresponding proton affinities. In most cases, the alkali metal ion binding energies are
linearly correlated with the corresponding protonation energies, even though, the Interactions, with
the Incoming proton or alkali metal, are different (formation of covalent and electrostatic bonds
respectively). Noticeable exceptions to this general rule are however observed when the organic species
present several basic centers. In this case, binding energies and proton affinities are not correlated.
This is due generally, to the ability of the metal cations to bridge between two basic centers.
The amide (R-CO-NHR) and amidlne (! '"NH-NHR') moieties, which may be included In acyclic and
In cyclic systems, are present in the ».(H- ...n of numerous natural and synthetic compounds
exhibiting biological activities This cl s>. oí compounds Is of Interest in relation with the above
context.
In this work we report a theoretical study on energies and structures of neutral formamide (H-CONH2) and formamidlne (H-CNH-NH2) and their corresponding catlonized complexes (H-CO-NH2)-X+
and (H-CNH-NH2)-X+ (X= H+. L1+. Na+ and A1+).
The structures of different species were fully optimized at the MP2/6-31G» level. Harmonic
vibratlonal frequencies were evaluated at the same level and provided corresponding zero-point
vibrational energies (ZPVE). The final energies were obtained by including electron correlation at the
MP4/6-311+G" level. All these calculations have been carried out using the Gausslan-92 series of
programs.
The redistribution of the electronic charge density (p) of the base, induced b; the canonization, will
be also considered by a topologlcal analysis of p and its Laplacian V2p.

WeA8
COMPUTER ASSISTED EVALUATION OF ENERGY DISTRIBUTION OF SECONDARY
IONS
J-P Kuska1, H. Diisterhdft1, M. Riedel2
1
Humboldt University, Berlin, Germany,

2

Eotvos University, Budapest, Hungary

The energy distribution of the ions in secondary ion mass spectroscopy (SIMS) is
determined both by the energy function of the neutral particles (Sigmund-Thomson type or
Boltzmann type) and by the exponential or power law of the ionisation probability:
AE-EJ-C°
(E-E +uy

o
f(E-E0)=
f(E-E0) = Ce\p(-(E-E0)lkT)(E-l
In the equations there are 3 parameters depending on the target and on ihe emission
mechanism (C, U or kT and ju or 0 , moreover the Eo zero point of the E energy scala of the
spectrometer can be regarded as variable. For the evaluation of the SIMS energy spectra a
computer program (STOCHFIT) was developed based on the stochastic searching of the
minimum of the %2 function containing the 3 parameters of the equations above and the energy
zero point. The input file may contain an empirical weighing factor (a) for each energy-intensity
point, too.
In the present paper we investigate the energy distribution of monoatomic single charged
positive ions emitted from pure metals and amorphous alloys. Various secondary ions (H+, D + ,
B + , Fe + , Cr + , W + , Ta + , etc.) give best fit for different distribution equations. This suggests
that the emission mechanism may be different for each ion species and for different experimental
conditions.
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Measurement of Coulomb Energy and Dielectric Polarizability of Multiply Protonated GasPhase Peptide and Protein Ions
E. R. Williams. D. S. Gross, and P. D. Schnier
Department of Chemistry, University of California, Berkeley, CA 94720, U.S.A.
Electrospray-ionization mass spectrometry has undergone explosive growth in recent years.
With this technique, detailed information about biomolecule structure can be probed using a vast
array of mass spectrometry techniques. These include tandem mass spectrometry dissociation
methods employing collisions with gas-phase neutral, surfaces, photons, electrons, etc., as well as
ion-molecule reactions. The charge-induced destabilization of multiply charged ions, such as
those formed by electrospray ionization, has been shown to effect both ion reactivity and stability.
We present here, the use of gas-phase basicity to quantitatively obtain Coulomb energy in multiply
protonated peptide and protein ions. From these measurements, and estimates of distance between
charges, values for the intrinsic dielectric polarizability, e^, of peptide and protein ions are
obtained. For (M + 2H) 2+ molecular ions of gramicidin S, a small cyclic decapeptide, we find the
Coulomb repulsion is >21 kcal/mol. From molecular modeling, a distance between charge sites of
9.7 A is obtained, corresponding to a e f <1.6. Preliminary results indicate that this value is
between 3.0-3.5 for larger proteins. The use of gas-phase basicity to obtain information about gasphase protein conformation will be presented.

WeA10
Pyrolysis-GC/MS of Explosives. A Thermal Decomposition Characterization Study.
J. Yinon1, R.A. Yost and S. Bulusu2
Department of Chemistry, University of Florida, Gainesville, FL 32611, USA
Chemical mechanisms are of major importance in the understanding of the ignition
-combustion processes and product distribution of explosives. A structural
analysis of the fragments and intermediates, resulting from controlled heating
of energetic compounds can yield important information relevant to the
understanding of the thermal processes involved. Moreover, the characterization
of the individual products resulting from the combustion process, can provide
important data pertinent to the use of incineration of explosives as a way of
disposing of obsolete explosives and ammunition. Identification of these
products is important in order to single out those which are toxic, so as to
avoid environmental pollution.
Pyrolysis-GC/MS(Py-GC/MS) was used to study the thermal decomposition products
of a series of explosives, including RDX, HMX, tetryl, monoaminotrinitrobenzene
(MATB, trinitroaniline), diaminotrinitrobenzene(DATB) and triaminotrinitrobenzene(TATB). A CDS Pyroprobe 100 Solids Pyrolyzer was interfaced to a
Finnigan MAT ITS40 GC/MS. Pyrolysis products were determined as a function of
temperature in the range of 400 to 1000 Deg C. Decomposition products were found
to be in the low molecular weight range, resulting mainly from the cleavage of
the C-C ring structure in the trinitroaromatic compounds and the C-N ring
structure in the nitramines. Decomposition pathways and processes were
determined for the various explosives.
1. On sabbatical leave from the Weizmann Institute of Science, Rehovot, Israel.
2. U.S. Army ARDEC, Picatinny Arsenal, NJ 07806, USA.
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THE DISSOCIATIVE IONIZATION OF QH 2 . THE H-C,H BINDING ENERGY.
M. Davister, R. Locht
Departement de Chimie, University de Liege, San-Tilman par 4000 Liege 1, Belgium.
The dissociative ionization of QHj, CjD2 and QHD has been investigated by electroionization
mass spectrometry and ion translational energy spectroscopy. The proton (deuteron) and (deuterated)
ethynyl ion-producing channels have been studied in detail. The results provide the data needed for an
evaluation of the H-QH binding energy.
The translational energy distribution of H* and D \ recorded between 22-100 eV impinging
electron energy, shows a purely thermal peak and structures at abcut 0.2 eV and 1.2 eV ion energy.
Above 40 eV electron energy the distribution is spread up to 10 eV ion energy. The Q H ' (QD*) ions
carry less than 10 raeV translational energy.
Several appearance energies are observed in the first differentiated ionization efficiency curves
of H* (D*). The lowest onset is measured at 18.9±0.2 eV for zero kinetic energy protons. This onset
energy is assigned to the process QHj+e' -* QH (XT*,v=0)+H t ('S,)+2e\ This process involves a
predissociation mechanism of the QHj* (B'E.*) by the QH2* (A2A,) state. At higher energies, electronic
excited states of the ethynyl radical are involved. The dissociation process QH,+e' -» QH* (XTQ+H*
('S,)+3e' is assigned to the onset at 34.2 ±0.4 eV. This investigation provided a binding energy
D(H-CJi)= 5.33+0.23 eV. This value will be discussed in detail at the meeting.
The lowest onset measured for QHF is at 17.30+0.08 eV, it very good agreement with most of
the previously reported results obtained by electron impact and photo-ionization experiments. This onset
is ascribed to,QH,+e" -• Q H ' (XJII) + H ( J S,)+2e. The evaluation of D(H-QH) through this reaction
path is less appropriate. The upper limit of 10 meV on the translational energy carried by QH' implies
0.26 eV uncertainty on the total energy balance of the above mentioned reaction.

WeA12
The negative ions macs spectra of bridge compounds at different temperature
Yury V.Vasil'ev and Victor A.Mazunov
Physics department, Ufa Research Center of MS, Initckai\-nayastr,12, build.6, 450065, Ufa,
Russia
By means of the mass spectrometry of resonance electron capture the negative ions
formation from bridge compounds and its derivatives (azobenzene (AB), benzyh'deneaniline
(BA), stilbene (St) and azoxybenzene (AzB)) at different temperature of ion chamber T; c
has been studied. Molecules AB and AzB form long-lived (t > 1 us) molecular negative ions
M" by attachment of thermal (E e « 0 eV) as well as epithermal (0 << E e < 1.5 eV)
electrons. At the room temperature resonant peak M" at epithermal energy is as a rule more
intensive than at E c *» 0 eV whereas for M" from AzB we always observed the inverse
picture. As Tj c raises from 25° C up to * 300° C the relative intensity of resonant peak M"
at epithermal energy strongly decreases with respect to one at E e • 0 eV. Autouetachment
lifetime x in this case soil remains constant for epithermal resonance and it does decrease for
thermal one. At the room temperature the effective yield curve of M" from BA represents a
single resonant peak at E* M 0 eV. As Ti c increases up to 50°-60<> C the second peak M" at
Ee w 1 eV is emerged, the molecules St form long-lived M* only at Ee « 0 ev and with
temperature increasing we do not observe second peak M" on the effective yield curve.
We believe that thermal resonance is the nuclear-excited Feshbach resonance and
epithermal one for all cases is core-excited Feshbach resonance when incoming electron
promotes a target to excited singlet state and further it is attached by polarization field of
excited molecule. The behavior of the epithermal resonant peak M" at the different
temperature is related to change of spatial overlap of ground- and excited-state wave
functions. At above mentioned temperature interval the torsion modes x(C-Ar) or t(N-Ar)
are more effectively excited. Moreover, this kind of vibrational modes exerts influence on
conjugation of n-system in molecule and as a result it may change the polarization field of
excited molecule. The photoelectron spectra at different temperature obtained in this study
confirm this conclusion.
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THERMAL IONIZATION MASS SPECTROMETRY OF HYPERVALENT MOLECULES

M. Veljkovid, O. NeSkovic" and K.F. Zmbov
Laboratory of Physical Chemistry, The VinHa Institute of Nuclear Sciences, Belgrade, Yugoslavia

Hyperlithiated Li2F+ and Li3O+ ions were observed for the first time by thermal ionization
of LiF and Li2O molecules, respectively. Positive ions are formed in triple filament thermal ion
source.
The Li 2 F + ions were volatized from sample filament with LiF by radiant heat from the
center filament, while Li3O+ ions produced by same technique from Li2O sample. The centar
filament was resistively heated to 1650 + 30 K and Li2F+ ions were monitored at masses 31, 32
and 33 (Li3O+ ions at masses 35, 36 and 37).
AH measurements were made with 90° sector, 20 cm radius, direction focusing home made
MS-l-MT mass spectrometer, equipped with a triple filament thermal ionization ion source. The
ions thermally produced are accelerated in the electrostatic field, mass analyzed in a variable
magnetic field and collected on a channeltron electron multiplier. The output from the multiplier
is amplified by DC electrometer and recorded.

WeA14
KINETIC ENERGIES OF IONS DERIVED FROM MALDI USING A LIQUID MATRIX
Dominic T-W. Chan*. A. Gianakopulos, A.W. Colbum and P.J. Derrick
Warwick Institute for Mass Spectrometry, University of Warwick, Coventry, CV4 7AL, U.K.
In the preliminary MALDI experiments
with the energy-resolved time-of-flight (ERTOF) instrument using a liquid matrix, a
substantial energy deficit effect, i.e. the
molecule-ions posses less kinetic energy than the
energy implanted through the acceleration
potential, is observed. A screening gridelectrode positioned at a short distance from the
sample surface, and floated at the same potential
as the sample stage is required to eliminate such
effects.
In this investigation, the kinetic energies
of the protein molecule-ions after fullacceleration have been determined using a gridelectrode to which a retardation potential was
applied. The magnitude of energy deficits have
been measured as a function of the sample-stage
potential and the molecular mass of the analyte.
Under 3 kV acceleration potential, the energy
deficit is roughly 160 V and 210 V for insulin
and lysozyme molecule-ions respectively.
Increasing the acceleration potential, the
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•Current address : Dept. of Chemislry, The Chinese
University of Hong Kong, Shatin, N.T., Hong Kong
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Matrix Assited Laser Desorption Ionization /Mass spectrometry : small
biological molecule analysis. Comparison with Laser Desorption Mass
Spectrometry and Plasma Desorption Mass Spectrometry.
Sophie Bourcier, Taraneh Kargar and Yannik Hoppilliard
Laboratoire des Mecanismes Reactionnels, URA 1307 du CNRS,
Ecole Polytechnique, 91128 Palaiseau Cedex, FRANCE.
Matrix Assisted Laser Desorption Ionization Mass Specrrometry (MALDI-MS) has
become an established method for desorbing intact molecular ions of biopolymers but, until
now, not for analysing small molecules.
That is the reason why L-Carnitine (a salt involved in the transport of fatty acids into
mitochondria) and Sevin (a famous pesticide) are chosen to test the efficacity of this technic for
small molecule analysis in mass spectrometry.
The ionization and the decomposition processes of these compounds in mixture with
three different matrices (namely: sinapinic acid, 2-5 dihydroxybenzoic acid and a-cyano-4
hydroxycinnamic acid), absorbing the laser wavelength (337 nm) in the UV region, are studied
in function of the irradiance of the laser beam.
These ion formation and decomposition modes are compared with those
observed in Laser Desorption (without matrix) Mass Spectrometry (LD-MS) and Plasma
Desorption Mass Spectrometry (PDMS).

WeA16
Use of Different Matrices for New Applications in Matrix-Assisted Laser
Desorption and Ionization
K. O. Bornsen1. U. I'ielcs2, E. Francolle5 and E. Gassmann1
'Analytical Research; 2Ccntral Research Laboratories; tyharma Division; Ciba Gcigy Ltd.. Basel
During the last years Matrix assisted laser desorption mass speclromeiry (MALDI-MS) has become an
established method for desorption and ionization of biopolymers. A high sensitivity and a mass range
from 300 to 300,000 Da are among the reasons why this technique is now an important analytical tool
in chemical industry.
Specific matrices combined with an improved sample preparation allow the analysis of industrial
interesting compounds such as oligonucleotides, polymers, additives, small dyes and drugs. The
improvements in sample preparation includes the suppression of alkali-ion and matrix-signals as well as
vacuum drying. Thereby, a belter mass resolution, a higher sensitivity and rcproducibility are achieved.
The following example shows a dye molecule [(M-H)" at 772 Da]. Clearly, the isotopic pattern of the
molecular ion peak can be observed. The measurement was done on a linear TOF-MS instrument
(LDI1700, Linear Scientific, Reno). .
6O.O <

ss o so o -

NHj

T72.O M M
TT2.O M-H

4S.O —
4O O 35.0 —
3OO26 O 2O.O 1S.O —
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Water as a Matrix in Infrared-MALDI-MS
St. Berkenkamp. M. Karas and F. Hilleukamp
Inslilui for Medical Physics and Biophysics,Robert Koch Str. 31, Universitat of
Minister, 48149 Minister, Germany
Whereas UV-MALDI-MS is widely applied lor the mass spectrometry of
biopolymers, infrared MALDI-MS is only used in some laboratories and thus still in
its infancy. Some advantages, such as a broader choice of matrix-components and the
better performance in the massrange above KIOkDa, have been have been reported.
Using an Er-YAG-Laser, emitting at 2.9<tym, water (resp. ice) is a matrix
candidate d;:.: !o its high absorption in this wavelength range. Water as a matrix
would provide an extremely promising approach allowing IR-MALDI-MS of
biopolymers directly out of (heir "natural" surroundings, which by no means applies
to all commonly used matrices in UV- and IR-MALDI-MS, all being strongly
denaturating either due to the matrix itself or the solvents used. The applicability of
water, and especially of buffered aqueous systems, is highly promising to overcome
current limitations with respect to the intact desorption of non-covalent complexes.
A rather unexpected protocol of preparation has been developed establishing
reproducible IR-MALDI-MS of proteins from frozen water-analyte films. Under these
conditions the obtainable mass resolution and the shot to shot reproducibility is
significantly improved. Besides the influence of some instrumental and physical
parameters on results will be presented.

WeA18
The Order of Proton Affinities of five Common MALDI Matrices
Thomas J.D. Jfirgensen * Tore Vulpius*. and Gustav Bojesen'
'Department of Chemistry, Odense University, DK-5230 Odense M, Denmark. 'Department of
Chemistry, University of Copenhagen, Universitetparken 5, DK-2100 Kjbenhavn 0, Denmark
There is substantial evidence that in MALDI (Matrix Assisted Laser Desorption Ionization Mass
Spectrometry), the protonated ions of the analyte are produced of gas phase reactions between matrix
ions and analyte molecules. This is illustrated by the observation that the ratio of singly charged ions
([M+HJ+) to multiple charged ions ([M+nH]"*) depends on the matrix. The proton affinity of the
matrix may be important for the efficiency of the proton transfer reactions. The most common
matrices are nonvolatile compounds and their PAs are difficult to determine by equilibrium methods.
Consequently we have used the kinetic method to determine the order of the gas-phase proton affinity
(PA) of five MALDI matrices. Protonated clusters consisting of either rwo different MALDI-matrix
molecules or a MALDI-matrix molecule and a reference base were generated by Fast Atom
Bombardment Determination of the relative fragment ion abundances from decompositions of the
clusters indicate that the order of PA is as shown below:
nicotinic acid > sinapinic acid > ferulic acid >
2,5-dihydroxybenzoic acid > a-cyanohydroxycinnamic acid.
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On the dynamics of the MALDI piume
C. Kosmidis*, CTJ.Scott, W.J.Jia, K.W.D. Ledingham, and R.P. Singhal
Department of Physics and Astronomy, University of Glasgow, Glasgow G12
8QQ, Scotland, UK
'Permanent address: Department of Physics, University of Ioannina, Ioannina
45110, Greece
Althoug Matrix Assisted Laser Desorption Ionisation (MALDI) mass spectrometry has
found considerable acceptance in the study of large biological molecules and polymers, the
ion formation is not yet well understood.
In this paper the ablation process of single crystals of the matrix material (DHB) is studied.
The ablation process is monitored using different laser wavelengths and laser intensities.
Using the post-ionisation technique some of the neutrals fragments in the plume have
been studied and their velocities measured.
With the same material (DHB) as matrix, the MALDI mass spectra of some biological
molecules are recorded. The influence of the observed characteristics, of the ablation of
the pure matrix are investigated with respect to the analyte ion formation in the technique
of MALDI.

WeA20
Luminescence Spectroscopy applied to the investigation of the MALDI-process
H. Ehring. and B. U. R. Sundqvist
Div. of Ion Physics, Depl. of Radiation Sciences, Uppsala University, Box 535, S-751 21 Uppsala, Sweden
Many details of the process of matrix-assisted laser desorption/ionizalion (MALDI) are still poorly
understood. One of the most important questions is what happens with the energy absorbed by the
matrix molecules.
In this presentation the luminescence of the matrix molecules has been investigated. In resonant UVMALDI the laser excites very intensively and selectively the electronic states of the matrix molecules.
After that the molecules relaxes by heat conduction and luminescence. Energy is also consumed by
collisions with other molecules, phase transfer from the solid to the gas phase and by photoionization.
The investigation of the luminescence light can therefore yield valuable informations about the energy
relaxation and the lifetime of the electronically excited states, which is important for the ionization
process.
For the measurements, the luminescence light induced by a nitrogen (337ran)and a frequency-tripled
Nd:YAC-laser (355 nm) is analyzed with a grating spectrograph equipped with an optical multichannel
analyzer (OMA). With this setup the wavelength distribution as well as the total intensity can be
measured from a single laser shot.
The irradiance dependence as well as the time dependence of the luminescence of different matrix
molecules and some related molecules has been studied. The results show that all matrix molecules have
strong fluorescence intensities, which points to a high population of the first excited state (Si).
Phosphorescence occurs only with very loxv intensities. By comparing the luminescence spectra with
absorption spectra and by comparing room temperature and liquid N2-temperature luminescence
intensity an upper limit of the luminescence quantum yield can be estimated.
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Investigation of spatial and temporal distributions of laser desorbed
matrix and analyte ions in MALDI-MS.
Volker BOkelmann, Raimund Kaufmann. Berntiam Spenaler
Institute of Laser Medicine, University of Dusseldorf. P.O. Box 101007, 40001 Dusseldorf, Germany
Investigation of the desorplion kinetics of laser desorbed
ions is of high importance for understanding the fundamental physicochemical mechanisms involved in MatrixAssisted Laser Desorption lonisation (MALDI) The gomometncal mass spectrometer, developed recently in our
lab for this purpose [1]. consists of a cylindrical vacuum
chamber with a tiltable sample holder in the center, a fixed
beam path for the irradiating laser beam and a time-offlight detector, rotatable around the center of the instrument The detector is designed as a pulsed McLaren-type
time-of-flight spectrometer. An adjustable time after the
laser shot the extraction pulse of the first acceleration field
is switched on Positive ions located inside this zone are
mass separated and time focused onto the mcp detector
With this arrangement it is possible to measure MALDI ion
intensities with respect to their initial ejection angle, their
initial velocity and their mass
The figures show three snapshot diagrams of ion intensities in the space above the sample surface 1 us after the
laser shot The density plots have been calculated from a
series of angular resolved velocity distributions measured
with the instrument described above The horizontal scale
describes the sample surface. The laser is hitting at 0 m m
with an angle of incidence of 30° to the surface normal
Every dot represents a certain amount of ions The diagrams are thus realistic images of ion densities in a plane
rectangular to the sample surface The upper figure shows
results from a neat sample of 2,5 - dihydroxybenzoic acid
(DHB). a common matrix in MALDI. and displays the distribution of the dehydrated DHB monomer ion of mass
137 The two density plots below were obtained from a
usual preparation of DHB with substance p as analyte

wmpta: DHBonfy
(molar ratio 1000 1)
The
0H(lon<lsnal(m>13f)
results
of
these
measurements are
•
Dehydrated molecular
ions of DHB (137 u)
show
a
bimodal
desorption
kinetic
consisting of a forwardpeaked distribution of
fast ions and a less forward-peaked
distribution of slower ions
•
Analyte ions are slower '
than fast-mode matrix
ions and more resemble the velocities of
•iiMhnct p koltml |m'1M?|
slow-mode matrix ions '
instead
•
Matrix ions are suppressed in the region
where
substance
p
ions are observed in
high density
etmmf
The above experimental results represent the first direct
proof of mechamstical models for MALDI-MS assuming
gas-phase (chemical) ionisation of analyte molecules by
matrix ions in a supersonic jet Suppression of matrix ions
as a result of proton transfer reactions, as suggested by
these ion density measurements, are able to explain the
common observation of obtaining MALDI spectra free of
matrix ion signals under certain experimental conditions
[1]B Spengler. V BOkelmann. Nucl Instr Meth B 62 (1993) 379

WeA22
New Sample Preparation Procedure for Improved Performance in Matrix Assisted
UV-Laser Desorption/ionization Time-of-Flight Mass Spectrometry
Ole Vorm, Peter Roepstorff, and 'Matthias Mann
Dept. of Molecular Biology, Odense University, Odense, Denmark
'"European Molecular Biology Laboratories, Heidelberg, Germany
We describe a new sample preparation procedure for matrix assisted UV-laser desorption/ionization
Timc-of-Flight mass spectrometry of proteins and peptides. The new method, in which analyte solution
is deposited on thin films of micro-crystals made of the abundantly used cinnamic acid derivative
matrices1, has many advantages over the presently most common preparation methods. Some of the
most notable of these advantages are: i) approximately a 100-fold improvement in sensitivity, peptides
and smaller proteins can be analyzed in the attomole range; ii) salts and impurities are more easily
washed off !he prepared samples thus making MALDI MS successful in analyses of more "dirty"
samples; iii) sample surfaces become much more homogeneous, no searches for "good spots" are
needed and the shot-to-shot spectrum rcproducibility is improved, therefore the time needed for data
acquisition is much reduced; and iv) the initial energy spread seems much smaller thus allowing
improved resolution in TOF mass spectra, especially when a reflector is used.
As an important consequence of the more homogeneous sample surfaces and the more uniform energy
distribution we find that mass accuracy is greatly improved. Peptide masses below 4000 Da can be
determined within 50 to 100 ppm in reflector mass spectra without internal calibration standards
added.
Besides giving details regarding the preparation of thin films of matrix micro-crystals, we show
examples that illustrate how everyday analyses are improved as a direct result of the new sample
preparation procedure.
1) i.e.: sinapic acid, ferulic acid, a-cyano-4-hydroxy-cinnamic acid, and o.-cyano-3-hydroxy-cinnamic
acid.
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Photodissociation of Ions in a Linear Time of Flight Mass Spectrometer
J.M. Grundwtlrmer, M. Amft, J. Grotemeyer
Institute for Physical Chemistry, University Wurzburg, Marcusstr. 9/11,97070 Wttrzburg, Gennany
Matrix Assisted Laser Desorption / Ionization (MALD/I) is a powerful method to determine the molecular weight of large biopolymers. As the result of the soft ionization by MALD/I rather no fragments
can be observed in the mass spectra. Several attempts in initializing a fragmentation by collison with
surfaces or particles, have been successful for molecules up to a molecular weight of several thousands.
For the experiments presented here a two meter linear TOF has been used. The acceleration voltage
was 10 kV and the ions were detected by a microchannelplate detector. The laser used for desorption
and ionization are a Nd-YAG Laser at 355 nm or a XeCl-Excimerlaser at 30S nm. The location of the
dissociation has been about one mm from the desorption place in the first acceleration region.
This contribution shows the results using different lasers for dissociation of molecular ions of various
biopolymers generated by MALD/I or direct laser desorption and ionization (LDI). The wavelength
used for dissociation are in the UV (266 nm and 355 nm) the visible (532 nm) and infra red (10.8
micrometer). Various porphyrine ions in some cases with metal atoms in the center have been dissociated at 355 nm and 266 nm. The fragment ions resulted from losses of side groups in the case of
mesoporphyrine with zinc in the center. The mesoporphyrine without a metal atom showed no fragmentation with 355 nm. Fragmentation with the laser wavelength 266 nm led to low mass fragments,
resulting from fragment ions of side groups.
These experiments show that photodissoziation of ions generated by laser desorption and ionization in
a linear TOF is easily to realize. Dissociation with an IR-CO2 laser is a powerful method to observe
specific fragment ions from various organic substances and biopolymers.

WeA24
On* The Possibility of Kinetic Investigations of Ions
Transformations in Electrospray Ion Source of Time-of-flight
Mass Spectrometer.
Dodonov A.F., Raznikov V.V., Kozlovskiy V.I., Laiko V.V., and Pihtelev A.R.
Institute of Energy Problems of Chemical Physics, Russian Academy
of Sciences, Moscow Region, Chernogolovka, 142432, Russia
One of the possible ways for significant enhancement of analytical power of ESI m m spectrometry
is using of ios> transformations in vacuum interface of the instrument. For practical realiiation of
this idea the number of conditions for possibility of quantitative measurements of such processes
(including rate constants and activation energy determinations) should be provided. Between them
are:
1. Almost uniform electric field (E) and gas density (n) distributions in the reaction sone. In this
case for Langevine approximation for interaction between ion and gas molecule independently on ion
charge, mass (large compared with that for gas molecule) and other its properties we may estimate
the inner temperature of ion by expression (for CGSB units):

where v is the number of gas molecule degrees of freedom, a is its polarisability, k is Bolimann
constant.
2. Controlled pressure, composi*'. i of gaseous media and temperature (7o) in reaction zone.
3. The possibility of fast and convenient recording of mass spectra series in dependence of field
strength (E) and composition of gas mixture in reaction zone.
The design of reaction sone region to meet them demands, theoretical considerations and som«
experimental examples for investigated processes including one and multichannel decay of complex
ions will be given in the report.
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The Unimolecular Chemistry or the H,CNO*' Isomers, Ionized Fonnamide, H-C(=O>NH^, Fortnimidic Acid,
H-N=C(HH)H*- and AmiDoaydnnycarbene, H,N-C-OH\ A Combioed Tbeoretical and Experimental study.
Paul J.A. Ruttink', Feter C. Burger** and Johan K. Terlouw*, 'Theoretical Chemistry Group. University of Utrecht.
The Netherlands. * Hercules European Research Center B.V..Barneveld. The Netherlands and' Department of Chemistry.
McMaster University. 1260 Main Street West. Hamilton, Om. L8S4MI. Canada.
Recently we reported [1] the first-time generation of formimidic acid. 2. the abnormal tautomer of formamide. 1, by
neunalization-rciooizaiion (NR) mass spectrometiy. In (he context of this NR study ionized and neutral
aminohydroxycarfrene, 3 . w o e also prepared. We report here on the unimolecular chemistry of ions 1.2 and 3.
1 only loses the C'bound hydrogen to produce the most stable H3CNO* isomer. H^J-OO*. In addition to losing H. ions
2 and 3 abundantly produce NH,*- + CO. For 3 this decarbonylation could proceed via a conventional 1,3-hydrogen shift
but preliminary ab initio calculations indicated that the associated harrier was larger than the isomerizMion barrier to 1
and so isomenzalion of 3 into 1 is predicted. However, loss of CO from 1 via a conventional 1 2 hydrogen shift, too.
was calculated to De far loo energy demanding to compete with H atom loss. All attempts to trace a low energy path for
CO loss directly from 3 failed. However, by using ab initio MO calculations executed at the SDCV/RHF/DZPP+f level
of theory we were able to trace a very facile pathway for CO toss from 1 which involves surface crossing and which
proceeds via a loose transition state (transient ion/dipole complex) lying only 2.4 kcal/mol above the dissociation limit
for H loss. The ground slate of 1 is the JA' (o) state which can be represented as the disionic ion *NH,=C(H)-O-. The
'A" (n) state lies 4-7 kcal/mol higher (5.8 kcal/mol by experiment). The surface crossing a - > w (CR) can thus take
place below the threshold for H loss. Next the N-C bond stretches, but this does not immediately lead to dissociation into
H,N + HCO*; rather at 2.6 A a fast and irreversible proton transfer takes place in Ihe transient H,N—"HCO* complex,
leading to NH,' + CO. The above mechanism is very similar to that found for decarbonylation of ionized formic acid
[2]. Prior to the loss of CO (and H) 2 and 3 undergo a rate determining isomerization into 1.

©
-*-H 2 N-C(H)=O - * - r

SI

CR
[!]. G.A. McOibbcn. P C . Burgers and J.K. Teriouw. J. Am. Chem. Soc.. submitted.
(2] PJ.A. Rullink and P.C. Burgers. Int. J. Mass Spectrom. Ion Processes. 113.23 (1992)

WeA26
Competing channels for propene loss from ionized aryl propyl ethers
H.E.K. Matimba. S. Ingemann and N.M.M. Nibbering
Institute of Mass Spectrometry, University of Amsterdam. Nieuwe Achtergracht 129, 1018 WS
Amsterdam, The Netherlands
The unimolecular reactions of a series of ionized aryl propyl ethers (YC 6 H 4 OC 3 H 7 , Y = H, CH 3 , CF 3 ,
NO 2 , OCHj and SCH 3 ) have been studied. The dominant reaction for all species is loss of propene with
formation of an YC 6 H S O + ' ion. This process is suggested to proceed by i) intermediate formation of an
ion-neutral complex (INC) composed of YC h l! 4 O' and +Crl(CH3)2 or ii) a 1,5-H shift from the Pposition of the propyl group to the ring. The formation of an INC involves elongation of the O-C 3 H ?
bond accompanied by isomerizaiion of the primary propyl carbenium ion to an isopropyl ion.
Subsequently, transfer of a proton occurs from either of ihe methyl groups in the *CH(CH 3 ) 2 ion. This
pathway accounts for the ratio of 5 to I between ihe losses of C 3 H 4 D 2 and C 3 H $ D from ionized
Y C ^ ^ O C U J C D J C H J ethers containing an electron withdrawing substituent at the rneia- or paraposition (Y = CR, and NO 2 ). The ratio of 5 : I is observed for the ion-source processes as well as the
reactions of the meiastable ions. A contrasting behaviour is encountered for ionized
YC 6 H 4 OCH 2 CD 2 CH 3 eihers substituted with an electron donating group (Y = H, CH 3 , OCH3 and
SCHj). Incorporation of a deuterium atom in the product ions of propene loss is much more significant
than expected for involvement of an INC and is dependent on Ihe position of the substituent. For
example, p-CH3O- and p-CH3S-C6H4OCH2CD2CH3K ions expel C 3 H 4 D 2 and C 3 H 5 D in a taiio of
~3.5 whereas the ratio is < 3.5 for the ineia substituted ions. Moreover, the preference for transfer of a D
atom from the P-posilion becomes particulary pronounced for the metastable ions. This preference is
suggested to be a result of a 1,5-H shift to the ring, which is likely to be associated with a lower critical
energy than the formation of an INC.
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On the Competitive Channels for Loss or Hydrogen Fluoride
from Oxygen Protonated Trifluoroacetaldehyde
Hiroshi Yamanka- >-2) Rod H. Fokkcns,') Susumu Tajima,3) Hiroshi Yamataka,4) Sciji Tobita,5)
and Nico M. M. Nibbcring1)
I) Institute of Mass Spcctromctry, University of Amsterdam, Nicuwc Achtcrgracht 129, 1018 WS
Amsterdam, The Netherlands
2) Department of Natural Science, Osaka Women's University, Daiscn-cho, Sakai, Osaka 590, Japan
3) Gunma College of Technology, Toriba-cho, Macbashi, Gunma, Japan
4) Institute of Scientific and Industrial Research, Osaka University, Ibaraki, Osaka 567, Japan
5) Faculty of Technology, Gunma University, Tcnjin, Kiryu, Gunma, Japan
Oxygen protonatcd trifluoroacctaldchydc has been generated by fragmentation of 1,1,1,3,3,3hcxafluoro-2-propanol following electron impact" and charge exchange ionization and by protonation
of trifluoroacctaldchydc in a chemical ionization source. In all cases the corresponding mctastablc ions
decompose by loss of hydrogen fluoride which is accompanied by a composite mctastablc peak
notwithstanding the fact that the eliminated neutral molecule exclusively contains the hydrogen atom at
the carbonyl oxygen atom.
On the basis of structure analysis of the initial and final product ions by collision-induced
dissociation experiments together with energetic considerations supported by ab iiiitio MO calculations
at the MP2/6-31GV/HF/6-31G* level of theory, the narrow component (T o5 = 8 meV) of the
mctastablc peak has been attributed to a process in which the proton at the carbonyl oxygen atom
migrates to one of the fluorine atoms of the trifiuoromcthyl group followed by loss of HF via a simple
cleavage reaction. The broad component (T o s = 690 mcV) of the mctastablc peak has been interpreted
as being due to a fluorine atom migration from the trifiuoromcthyl carbon atom to the carbonyl carbon
atom followed by an 1,2-climination of HF across the C-O bond. Under (he conditions of collisioninduced dissociation the broad component has been observed to be largely suppressed. This has been
ascribed as being due to an intramolecular hydrogen bond between the oxygen and one of the fluorine
atoms of the long-lived oxygen protonatcd trifluoroacctaldchydc species which cntropically would
favour the process associated with the narrow component with respect to that associated with the broad
component. _ _ _ _ _ _ ^ _ _
1) S. Tajima, T. Shirai, S. Tobita. and N. M. M. Nibbcring, Org. Mass Spcctrom., 2 8 , 473 (1993).

WeA28
Generation and Metastable Ion Characterization of the Pair of Radical
Cation Keto/enol Tautomers of Phenylketene
AntarA.A. Shokhba, 1 - 3 ) Hiroshi Yamaoka.'-z> Kcnzi Hori,4> Rod H. Fokkens,1)
and Nico M. M. Nibbcring1)
1) Institute of Mass Spcctromctry, Un;- ily of Amsterdam, Nieuwe Achtergracht 129, 1018 WS
Ai...,.^r<lam, The- Netherlands
2) Department of Natural Science, Osaka Women's University, Daiscn-cho, Sakai, Osaka 590, Japan
3) Department of Physics, Faculty of Science, Cairo University, Cairo, Egypt
4) Department of Chemistry, Faculty of Liberal Arts, Yamaguchi University, Yamaguchi 753, Japan
Our interest in the radical cations of the kclo/cnol pair of phcnylkctcnc ( 1 ) , and hydroxyphenylacctylcnc ( 2 ) , respectively,1' derives from the observation of the base peak at m/z 118 in the electron
impact mass spectrum of (N-phcnylacctyl)pipcridin-2-onc ( a ) . 2 ) The elemental composition of the
corresponding ion has been determined to be C8Hf,O in which one hydrogen atom fully originates from
the benzylicposition as shown by 2H-labclling.

Ph-CH=C=O +#

Characteristics for the radical cations of the

Ph-CsC-OH*'

<"

(2)

pair of phcnyiketcnc radical cation derived from the fragment ion at m/z 118 in the 70 cV El spectra of
a, phcnylacctic acid (b), and phcnylpropiolic acid ( c ) , reflect to T o 5 values of kinetic energy release
during mctastablc process (MIKE) from m/z 118 into m/z 90 to be 124, 122, and 321 mV,
respectively. Such the larger To.s value for the case of c should be due to the isomcrization from enolform 2 to the 169 kJ/mol more stablc(calculatcd at the MP2/6-31C//UHF/6-31G level of theory) ketoform Ivia two conscctivc 1,2-H migrations prior to the expulsion of carbon monoxide. MIKE/Q scan
of the mass region of interest is also convenient to distinguish such the lautomcrs.
1) A.A.A. Shokhba, H. Yamaoka, K. Hori, R.H. Fokkcns, and N.M.M. Nibbering, Org. Mass
Spectrom., 29, in press (1994).
2) H. Yamaoka and M. Nakayama, Book of Absiracts 12lh 1MSC91 Amsterdam, p.345 (1991).
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DISTONIC IONS AS INTERMEDIATES OF THE PRIMARY FRAGMENTATION
OF TRIARYLISOBUTENES
A. Mehdizadeh, H.-Fr. Grutzmacher, and D. Kuck
Fakultatfiir Chemie, Universitat Bielefeld
P.O.B. 10 01 31, D-33501 Bielefeld, Germany
The mass spectrometric primary fragmentation of the molecular ions of triarylisobutenes of type
1 occurs mainly by expulsion of a benzyl radical. It is shown by deuterium labelling and MIKE
spectrometry that the fragmentation is preceded by a slow hydrogen exchange within the
isobutene unit, whereas the exchange between the olefin and arene hydrogen atoms is largely
suppressed. These results point to the formation of distonic ions of type 2 - + in the rate-determining step of the fragmentation.

IM-C 7 H 7 ]

The fragmentation of para-X substituted derivatives of 1 (X = CH3, OCH3, CF3) is in accordance with this mechanism. Thus, the stabilising or destabilising effect of the subslituent in the
distonic ions 2 <+ is reflected by the relative abundances of the [M - CyH6X]+ ions. In the case
of X = OCH3 an elimination channel competes with the benzyl loss, indicating a specific
isomerization to cyclised isomers, i.e. OCH3 substituted 2-benzyl-l-phenylindan radical cations.

WeA30
THE ELIMINATION OF HCN AND CO FROM THE METASTABLE [C 7 H ( NO]* IONS OF 2-NITROTOLUENE.
USING ELECTRON IMPACT
E i a i T.M. Selim. M.A. Rabbin, M.A. Fahmey and M.F. Havadi
Nuclear Physics Department, Atomic Energy Authority, Cairo 13739, EGYPT.
An energetic, metastable peaks MNDO calculations

indicating that the metastable ions of 1

fragment via

and mechanistic study are reported (or the (C ; H ( NO)*

two competing channels. The broad component is associated

(M*'-OH) I * ion as well as ( C ( H , O ] ' 2* and [ C ( H ( N | *

with mechanism 2 forming the stable phenyl aminyl ion

J* ions produced by elimination ol HCN and CO, respec-

from structure (a) oi I * with € e x c e s ,

tively, from I * .

narrow component correspond to mechanism 3 forming

The AE value measured at threshold
1

= 2.22 eV. The

for I * is 10J6 eV leadif < ° A H ( ' m <IOl<> hlmol" . The

the less stable structure ol J * ion with E e , e e , , »l.7JeV.

formation ol I *

is associated with a metastable peak

This structure is believed to be formed at 1.10 above

(Gaussian) with T n < } =0.0}| eV. Assuming T 0 J a : T * , the

threshold from structure (b) ol I * ion. Finally, the energetic

value C ' is likely to be •» 7) k ] mol

results

and the corrected

enthalpy lor I * ion i s x t t l k l m o l * ' . This value might

are consistent with the structure of the ions

as shown by the suggested mechanisms.

correspond to structured) for the ion produced from

o

-. a;:
U

the unrearranged molecular ion since our MNDO calculated
value lor AHf

m

(a) » » I I kj mol"'.

The AE values mruured at threshold for 2* and
1*

are 10.W and I I . G O eV respectively. The spectrum

of 2-nitrotoluene shows two interfered metastable peaks
corresonding to loss ol HCN and CO Irom I * . At low
energy the second peak (CO loss) is completely resolved.
The HCN loss peak ii Gaussian in shape (T- ,

- 0.129,

T b = 0.077 eV) and the AE at threshold for 2* is corresponding

to the

formation ol oiycyclohe'idienyl structure

(mechanism I) associated with O.M eV excess energy.

jia

The CO loss metastabte peak is a composite having
a broad component (Hat topped T n j a 1,29, T b = 1.632 eV)
and a narrow component!flat topped TQ j-O.)JO,Tb 0.9S!eV)
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ELECTRON IMPACT INDUCED FORMATION OP m/z»2 FRAGMENT IONS FROM HOMERIC BENZYL AHINE
AND N-METHYLANILINEl [C^IIjf' OR [C^M.N]* ION
Ezzat T.M. Sellm. MA. Rabbin and M.A.Fahmey
Nuclear Physics Department, Atomic Energy Authority, Cairo U7J9, Egypt.
An energetic, mechanistic and metastable
peak study are reported for the formation of
m/z92 Ions generated from Isomerlc benzyl amlne

AE values measured at threshold (or the ions

The most obvious way lor forming m/z 92 loo
from the molecular Ion of- 2 Is a simple cleavage
*<>' *CHj loss leading to the formation of N-contalnlng phenyl amtnyl [CjHjNHl* Ion. The AE value
for the Ion leads to A H J ^ j (921*. 1086 fcJnwf!
Our MNDO calculated A H I ^ , , for the phenyl amlnyl
Ion is 1010 klmol*' while the previously
y reported
p

are 12.31 M and l U 9 e V ( 2 ) . The most icasonable

operlmenul value Is 10)* k3r..u.'. We may suggest

way for forming m/z 92 Ion from 1 Is Illustrated

that at threshold the m/z92 Ion is formed from

In scheme 1 leading to the (ormnlon of the

2 with the phenyl amlnyl structure associated with

1 and N-methylanillne 2 In order to decide whether
the Ions formed hav« the hydrocarbon tC7Hjl**
or the N-contalnlng [C^H^N)* structures. The

Ion with hydrocarbon ICJHJJ** structure. AE value
for the loo leads to a A H ^ j g [C;H,l f '» «9klmot~. 1

Finally,

a

mctastable

peak

corresponding

This value can only correspond to the formation

to the fragmentation o! reactive [C^H^N)* Ion

of ionized methylene-l.J-cycIohexadiene structure

to yield tCjHjT • HCNtHNC) is found In the mass

associated with € e x c 4 S $ * 0 . 2 « eV. There Is an

spectrm of 2 only. This peak Is very similar In

evidence from the IE curve (or the Ion that

shape and TQ j value (0.017 eV) to a metastable

Mmoi" 1 above threshold It becomes thermo-

peak recorded by us (or the fragmentation ol reac-

f.^62

dynamically possible to form [C 7 H t r* ion with

tive [C 6 H 6 N]* Ion

the Ionized cycloheptatrlene structure associated

0-nitrotoluene. The occurence of this metastable

withej »

peak for 2 and not (or 1 together with the above

0.3SeV.

energetic

and

(HCN loss)

mechanistic

generated from

consideration

suggest

that the m/z92 Ion generated irom 2 has the
N-containing structure In contrast to the hydrocarbon
Schtmt 1

structure for the Ion generated from 1.

WeA32
UINVLIC ClEfll/HGE ASSISTED BV 1,2 OR 1,3 METHYL

MIGRflTIONS

D.B. flZEUEDO*, F.H. flOUINO NETO* RN0 B.fl.T. S I M 0 N E I T * *
* INST. DE QUIMICR- UFRJ- BRflZIL
* * OHEGON STflTE U N I U . - U.S.fl.
In the analysis of Al3('4>-unsalurated Incyclic lerpenes, it was observed that their mass spectra were
composed mainly of their base peak (m/z 259). This would be generated through loss ol tha side chain, in
this case, a vinylic breakdown (AZEVEOO elsJ.. 1994).
Intense ions (many times, Ihe base peaks) were also observed in the mass spectra of other
unsaturated compounds like dammar-13(17)-enes. diacholest-13(i7)-enes. hop-t7(2i)-enes.
corresponding to a particularly facile loss of the side chain, although with the cleavage of a vinylic bond.
The acceptance of a vinylic breakage as an important pathway for olefin fragmentation, contradicts
common sense regarding mass spectra interpretation. Our suggestion would then be that an eletroninduced 1,2-meihyl migration would assist the loss of the side chain generating a stable allylic calion
(conjugated system). This explanation would also be applicable to hop-17(21)-enes, diacholest-13(17)-enes
and dammar-13(17)-enes where a 1,3-methyl migration would take place.
Otherwise a similar mecanism had already been proposed by BUDZIKIEWICZ e±al. (1963) to explain
Ihe fragment m/z 204 of laraxer-14-ene. But KIMBLE (1972), ENSMINGER (1977) and CHICARELLI (1982)
did not apply it to their own case.
Many factors influence the formation of a fragment ion, release of strain and stability ol the final
product being among Ihe important ones.

R

—

TERTIMIV CATION

Relerences:
AZEVEDO. D.A.; AQUINO NETO, F.R. AND SIMONEIT, B.R.T. (1994) Org. Ma— Sptctrom., in press.
BUDZIKIEWICZ. H.; WILSON, J.M. AND DJERASSI. C. (1963) J. Am. Chem. Soe. 85: 368B.
CHICARELLI. M.I. (1S<32) M.Sc. Thesis, Univ. Fed. do Rio de Janeiro, Brazil.
ENSMINGER, A. (1977) Ph.D. Thesis, Univ. Louis Pasteur, France.
KIMBLE, B.J. (1972) Ph.D. Thesis, Univ. of Bristol, UK.
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Simultaneous Trapping of Positive and Negative Ions in an ICR Cell
Robert Malek.Yang Wang* and Karl Peter Wanczek,
Institute of Inorganic and Physical Chemistry, University, D-28334 Bremen, Germany
*Bruker Franzen Analytik GmbH, D-2S359 Bremen, Germany
Positive and negative ions can be trapped simultaneously with
a cylindrical ICR cell with two pairs of trapping electrodes,
which are at opposite potentials. The outer trapping electrodes are solid plates, the inner are grids. For the study a
prototype Spectrospin CMS 47 is employed. The magnetic field
strength is 7.02 T. The instrument is controlled by a Bruker
Aspect 3000 and a DOS computer. Mixtures of Argon, Xenon and
sulfur hexafluoride are investigated. The generation by electron impact and electron attachment of positive and negative
ions is possible in these mixtures, "he experiments show that
the ions are trapped at different sites of the cell. Ion-ion
reactions occur immediately after ion formation and after excitation of the cyclotron motion of the ions. Ion-electron
collisions can occur after excitation of the trapping motion
of the electrons. The influence of the trapping potentials on
sensitivity and resolution is studied. With high resolution
spectra of positive and negative ions the trapping can be studied in detail.

WeB2
Space Charges of Ion Clouds in (he ICR Cell and Shifts in (he Cyclotron Frequency
Florian Kuhnen, Markus Knobeler and Karl Peter Wanczek
Institute of Inorganic and Physical Chemistry, University, D-28334 Bremen, Germany
The study was performed with a Spectrospin Fourier transform ICR
spectrometer CMS 47X , equipped with a superconducting magnet of
7.02 T field strength. The instrument was controlled by a Bruker
Aspect 3000 computer and a DOS computer. A cylindrical ICR cell
was employed with differential excitation and detection of ions.
Spectra were recorded for different ion numbers of ions of a
single m/z in presence and without presence of ions of different
m/z ratios. The influence of ions with different cyclotron radii
and m/z on the shift of the cyclotron frequency
is described in
detail. Also the time dependence of the shift is studied. The
experimental results are compared with trajectory
calculations,
which employ the exact electrical trapping field. The
effect of
the space
charge
of the ion cloud is modelled with a two ion
model: A single ion moves in the field of a "super ion" with mass
and charge equal to the combined masses and charges of all the
ions in the ion cloud.
Experiments and theory agree well.
However,
the
effects of the spatial distribution of the ion
cloud cannot be described. A refinement of the super ion model is
proposed.
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WeB3
Instabilities of Ion Motions in Ion Cyclotron Resonance Traps
L. Schweikhard, St. Becker, H. Bopp, H.-J. Kluge, M. Lindinger, B. Obst, C. Walther,
J. Ziegler (Inst. f. Physik, Johannes Gutenberg-Universitat, D-55099 Mainz, Germany),
G. Dietrich, K. Liitzenkircben (Inst. f. Kemchemie, Johannes Gutenberg-Universitat, D55099 Mainz, Germany),
In ion cyclotron resonance (ICR) traps (as used e.g. for Fourier Transform-ICR) charged
particles are stored via a superposition of static magnetic and electric fields. In dependence
of these fields ions can be trapped across a very broad range up to maximum mass-overcharge ratio (so-called critical mass). We report about a comparison of the theoretical mass
limit for an ideal ICR trap (Penning trap) with experimental results.
The measurements were perfonned with gold cluster ions and a Penning trap with a magnetic
field of 5 T. After production in an external source and transfer to the trap the ions were
captured at a low trapping voltage. The trapping voltage was then varied to probe the
maximum value possible. The resulting 'critical trap voltage' can easily be transformed into a
value for the critical mass. Ion detection was achieved by axial ejection followed by a timeof-flight measurement.
In addition to the instability of the motion of ions exceeding the critical mass a new
instability has been found at trap parameters that have so far not been considered to be
'critical'. We report about a systematic study of this phenomenon which seems to be
analogous to instabilities of particle orbits as known in ion storage rings and from celestial
mechanics.
This work has been supported by the Deutsche Forschungsgemeinschaft.

WeB4
Theoretical, Experimental and Simulation Approach to Peak Confluence
Phenomenon in FT-ICR Mass Spectrometry
Yasuhide Naito and Masao Inoue
Department of Applied Physics and Chemistry, University of Electro-communications
1-5-1 Chofugaoka, Chofu-shi, Tokyo 182, Japan
When two kinds of ions with very small mass difference are analyzed by Fourier tranform
ion cyclotron resonance (FT-ICR) mass spectrometry, the two peaks in the mass spectrum
approach to each other by increasing the number of ions and finally merge into a single peak,
even though the width of each peak is sufficiently small compared to the distance between them.
The phenomenon has connection neither with peak broadening caused by collisions of ions with
neutral molecules nor with the Coulomb broadening due to the space charge of ions. It seems
that Coulomb interaction between the two ion packets modulates their cyclotron motions and
they can not rotate independently with their own cyclotron resonance frequencies. We studied
the phenomenon theoretically using a model of two charged particles which are confined in
a plane perpendicular to a uniform magnetic field. In the case that the two ions appear as a
single peak the two ion packets are coupled and rotate around the center of mass with oscillating
radius and the position of the peak in the spectrum is determined by the frequency of rotation
of the center of mass which corresponds to the weighted average of the mass of the two ion
packets. It is found that there is an oscillating force acting between the two ion packets and
when the force is resonant with the oscillating radius, the two ion packets are decoupled and
appear as two separate peaks in the spectrum. Various factors which affect the phenomenon are
discussed. Further experimental studies and trajectory simulations using a parallel computer
are performed to be compared with the theoretical result.
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WeB5
FT-ICR Signals of Very Highly Charged Atomic Ions in an Electron Beam Ion Trap
L. Schweikhard (Inst. f. Physik, Johannes Gutenberg-L'niversitat, 55099 Mainz, Germany),
B. Beck, St. Becker, P. Beiersdorfer, S. Elliott, R. Marrs (Lawrence Livennore Laboratory,
Livermore, CA 94551, U.S.A.)
The electron beam ion trap (EB1T) [1] at Livermore produces very highly charged atomic
ions by successive ionization in collisions with an intense electron beam. The ions are
trapped radially in the electrostatic field of the electron beam and axially by a bias potential
on the end electrodes of a 2-cm long and 1-cm diameter cylindrical trap. The trap is
immersed in a 3-T magnetic field produced by a pair of superconducting Helmholtz coils.
The ions are produced via an 100-keV electron beam of several seconds duration, which was
turned off before the excitation and detection events. EBIT was originally designed as an xray source, and six slots allow direct line-of-sight access to the trapping region.
Two probe electrodes were inserted into the 2-mm wide slots, facing each other 180° apart.
For the initial experiments each probe was dedicated for either excitation or detection. We
have measured Fourier Transform - Ion Cyclotron Resonance (FT-ICR) signals of Li-like, Hlike, and bare Kr, Cs, and Xe. Excitation was accomplished either by a single-frequency
pulse of some tens of microseconds duration at a frequency close to the cyclotron resonance
frequency or via sweep excitation covering the frequency range of interest. The latter
allowed the detection of different charge states simultaneously and thus to study the
evolution of the ionization balance. The tapping times in the absence of the electron beam
were found to exceed 1 s. After this period an FT-ICR signal can still be produced while xrays are no longer observed.
Supported by NATO Collaborative Research Grant CRG-930125. Work performed at
Livermore under the auspices of the DOE under contract W-7405-ENG-48.
[1] D.A. Knapp et al., NIM A334 (1993) 305

WeB6
Spherotron Mass Spectrometer
V.T. Cherepin, V.M. Floka, V.N. Tomilenko
Institute for Metal Physics, Academy of Sciences of Ukraine
36, Vernadsky blvd., 252142 Kiev, Ukraine
A new concept of a static multi-transit mass analyzer [1] based on the use of the
ion optical properties of a spherical condenser immersed in a magnetic field is proposed.
Computer modeling data on the optical and mass dispersive properties and achievable mass
resolving power are discussed. The basic spherotron formulas are derived. Results from
experimental tests of the first laboratory prototype instrument are presented.
The mass dispersion is produced and accumulated while the ions pass several orbits
through the same magnetic field, this process is not accompanied by the accumulation of
aberrations owing to the peculiar optical properties of a spherical condenser. The advantages
of this layout are simultaneous angular, energy, and coordinate focusing resulting in a high
transmission in the phase space combined with the multiple broadening of the mass range [2].
The possibility of using the spherotron, the mass spectrometer with crossed
spherical electric and inhomogeneous magnetic fields, as a TOF mass spectrometry instrument
is analyzed. The possibility of achieving triple isochronous focusing has been shown. The
estimates for the mass dispersion and resolutions are derived. The results of computer
simulation for the 80 mm spherotron with and without the 0.5 m drift tube show that with the
proper adjustment of the retarding electric Field triple isochronous and triple space focusing
may be achieved, resulting in the resolution of the order of 10 000 M/AM.
1. V.T. Cherepin, Int. J. Mass Spectrom. Ion Process, 121, Rl (1992).
2. V. Cherepin, V. Tomilenko, V.FIoka, ibid (in press).
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\J

Concept of a new thermal isotope mass spectrometer
Hans-Jorq LaueH. Stephen Galer, Steven L. Goldstein, Klaus Mezger, Albrecht
Hofmann (MPI fur Chemie, Abt. Geochemie, Mainz, Germany)
Axel Tegtmeyer, Michael Wegener (spectromat GmbH Bremen, Germany)
(*) present address: spectromat GmbH Bremen, Germany
Several important areas of present geological research require an accuracy in the measurement of Sr and Nd isotope ratios that challenge the analytical capabilities of existing
thermal ionization mass spectrometers, where true reproducibility at the 95% confidence
level is not better than ~15ppm even by the most accomplished analysts. The ability to
measure isotope ratios more precisely is limited by disturbances in traditional sector field
mass spectrometers, and new developments can at best only result in marginal improvements in measurement.
We have designed a new instrument for precise isotopic analysis that resolves many of the
factors limiting present-day measurements, and which should be able to improve the accuracy of Sr and Nd isotope measurements to ~2ppm. This machine has a straight flight path.
Variable mass dispersion will be accomplished by a Wienfilter sandwiched by two quadrupole doublets. The ion optics has been designed with a special emphasis on correction of
image aberrations. The design of the detector system contains a precise variable slit system which solves the problem of different cup distances related to different mass ranges.
This design can be combined with a fixed detector system, in our case consisting of 11
oversized fixed faraday cups, and will allow simultaneous measurement of isotope ratios
over a large mass range. All applied voltages and currents will be controlled by optically
coupled DACs and ADCs. Peak jumping to any desired reference or interfering masses will
be fast and easy.

WeB8
A new method of mass precision measurements using a Penning trap and
externally produced highly charged ions *.
H. Borgenstrand, C. Carlberg, G. Rouleau. R. Schuch and F. Soderberg, Atomic Physics,
University of Stockholm, Frescativagen 24, S-10406 Stockholm Sweden
E. Beebe, I. Bergstrflm, L. Liljeby, A. Paal and A. Pikin. Manne Siegbahn Laboratory,
University of Stockholm
G. Bollen, H. Hartmann, R, Jertz, P. Senne and T. Schwarz, Physics Department, Johannes
Gutenberg University, Mainz
H.-J. Kluge and R. Mann, GSI, Darmstadt
W e have developed a new method of using highly charged ions produced in an
electron beam ion source (CRYSIS) for mass precision measurements in a Penning trap. The
ions are produced at a potential af about 3 kV and caught in a cylindrical pretrap accepting
the ions at the same voltage and then brought to 0 V in a few ms, whereafter the Ions are
transported to the Penning trap, The cyclotron resonance frequencies were determined by the
time-of-fllght method. The following highly charged ions havs been trapped and their cyclotron
frequencies measured: 0 * . Q7\ 0 * , C " , Ar' 1 -, Ar17*, Ar"', Ar"*, Ar14* and Ar'3*. In addition to
CRYSIS-produced ions, singly charged light ions like H,* and He* were used and produced in
the pretrap by electron bombardment of the rest gas or helium introduced into the vacuum
system. A method of fast switching (seconds) between the measurements of two ion species
was developed, in case of the non-doublet ion pair H f and He' with q/A 1/2 and 1/4
respectively, it was found that the deviation from measured and calculated cyclotron
frequences was (6+-i)xiO' 9 . This accuracy level was confirmed in a comparison of the
cyclotron frequncies of Ar l7 *and Ar"*, almost being a doublet, for which the deviation between
measured and calculated cyclotron frequency ratios was (1+-0.5)X10"*. In a measurement of
the ratio of the frequency ratios of argon ions with charge states 16+ to 13+ and H 2 * ions
lasting only S hours the proton mass could be determined with an accuracy close to 10'9 in
agreement with the internationally accepted value with twice the error. Using a variety of
charge states of argon these preliminary measurements can be repeated with much better '
statistics and possible systematical errors checked by a more careful analysis of corrections
for the measured relativistic energies, the ion number dependence, a proper choice of
excitation amplitudes, the vacuum limitations and other sources of errors. Priority will be given
to measurements of mass doublets relevant for experiments on neutrinoless double betadecay.
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We B9
MASS-SPECTROMETRY DEVICE FOR ANALYSIS OF METAL AND ALLOY FRESH-FORMED SURFACES.
A.I.Boriskin, V.M.Eriomenko. Yu.S.Filonenko, S.N.Khomenko, O.R.Savin, A.N.Skripchenko, *A.A.Tupic.
Institute of Applied Physics of the Ukrainian Academy of Sciences, 244030, Sumy, Ukraine
"Bardin CSRI of Black Metallurgy, Moscow.
It is known, that the emission of photons, electrons, positive and negative ions, neutral atoms and
molecules is observed during material destruction [1J. The study of ions formed in the moment of new (freshformed) surface formation is of great interest, though the ion emission is observed at the plastic deformation
during the process of destruction and after destruction of samples [2]
The time-of-flight mass-spectrometer is used for ion detection, instead of ion source with built-in unit for
sample destruction and photoelectron multiplier as detector synchronizator according to the moment of
photon emission appearance during the destruction [3].
In this unit it is impossible to separate ions being formed during the tearing process of interatomic bonds
(that is their appearance corresponds to real destruction process), from ions being formed at the plastic
deformation process and ions being formed after destruction in the process of residual stresses relaxation.
The destruction time of sample exceeds ion time-of-flight in mass-spectrometer and so their detection is
hidered.
In order to carry out the ion investigations being formed at the moment of interatomic bond tearing, the
device was assembled on the base of double-focusing mass-spectrograph MS 3101. In the ion source the
tearing unit, the focusing system, extracting electrode being supplied with pulse voltage at the moment of
photon emission appearance were installed. The photon emission was transmitted through optical filter with
transmission band width
corresponding to tearing energy of interatomic bonds and was detected by
photoelectron multiplier.
In the focal plane of mass-spectrograph magnetic analyzer the position-sensitive detector was installed
which contained microchannel plate, luminograph, fibre bundle, supercremnicon LI-702-4, multichannel
analyzer [4] being synchronized by extracting pulse. During similar type sample destruction the multichannel
analyzer can operate in the accumulation mode, the dynamical range of mass-spectra being detected is 510 3 .
The results of sample investigations being made with the help of optical filters with different transmission
band corresponding io bond energy for Fe, Al and other elements are discussed.
1. J.T.Dickinson, L.C.Jenson, M.K.Park, Journal of Material Science, 1982, v 17, p 3173-3179.
2. AATupic, N.P.Valuev, Doklady Akad. Nauk, SSSR, 1985, v 281, N4.
3. N.P.Valuev, V.lvi.Eriomenko, N.V.Nikonenkov, A.A.Tupic, JTP Letters (Russian) v 11, N7,12.04.1985.
4. D.I. Maleev, et al. Optical Multichannel Analyzer-Spectrometer PTE (Russian) N6, 1984, p 153-157.

WeB10
A new scanning UV-laser microprobe for ion imaging
and confocal microscopy
Bernhard Spengler, Martin Hubert. Raimund Kaufmann
institute of Laser Medicine, University of Dusseldorf, P.O. Box 101007,
D-40001 Dusseldorf, Germany
A new reflection time-of-flight laser microprobe mass
spectrometer (LAMMA 2000) has been developed providing
ion imaging and optical sample imaging with high lateral
resolution of 0.5 pm. Sample illumination, sample
observation, laser irradiation, confocal sample imaging
and ion extraction are performed coaxially through a highnumerical UV-transmitting objective lens equipped with a
central bore. For classical micropscopical observation the
sample is illuminated through the objective lens using a
monochromatic visible light source. An area of 300 x 300
pm is Imaged by a video camera in this mode of operation.
The confocal microscopy mode for optical sample
imaging, on the other hand, employs a diode-pumped
Nd:YLF laser, which has been frequency quadrupled to 262
nm. The attenuated laser beam is focused onto the sample
and an area of 100 x 100 pm is scanned by a high-speed
x-y-z piezo stage. Light reflected from the sample is
focused back into a 10 \im aperture covering a
photomultiplier. Laser pulse repetition rates of 10 kHz are
used. A complete optical image of 400 x 400 pixels is
acquired within 20 seconds (Fig. 1).
Mass spectrometrical ion imaging is performed from
exactly the same area as observed in the confocal
microscopy mode, allowing high resolution optical control
3f mass spectral data acquisition. Computer processing
speed allows us to acquire up to 50 spectra per second
and to transform them into two-dimensional ion images.
Various technical and biological samples have been
nvestigated so far. Ion images show good correlation with

-187-

expected distributions. Besides elemental analysis the
method has been used to image lateral distributions of
bioorganic molecules, such as peptides in common
sample preparations for MALDI mass spectrometry.

Fig. 1: Confocal optical image of a test specimen.
Scanned area 100x100 |im, lateral resolution 0.5 (im.
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WeB11
Proceuing Luer Dewrption Time-of-Flight Data: A Maximum Entropy Approach
David J.Reynolds, Anaitutiot E.GfaniMkopulos, and Peter J.Derrick.
Warwick Inititute of Mut Spectrometry, Department of Chemistry, Unlvtnlty of Warwick, Coventry CV4 7AL U.K.
Matrix assisted laser desorption/ionisation (MALDI) is a powerful technique for the analysis of intact molecular ions of high
mass species such as proteins. In this technique a small amount of analyte is mixed with a large molecular excess of matrix
compound. A laser pulse is then applied to the sample which, by processes not fully understood, causes the desorption of
intact analyte matrix ions[l,2]. The pulsed nature of this technique has made it ideal for timc-of flight (TOF) instruments.
The method of maximum entropy (MEM) [3] reduces a raw data set to one which contains the least amount of information
consistent with the original, subject to certain constraints. Unlike other techniques, such as Fourier transform, MEM
iteratively approaches its solution by predicting the original data on the basis of its solution and subsequently modifying this
guess until agreement is reached.
The MEM process has been successfully applied to electrospray data, and has been shown to provide a significant spectral
enhancement [4,5]. Unlike electrospray MALDI does not give rise to a series of multiply charged peaks (although some
clustering can occur) and therefore does not possess the inherent reproduction of data of the former technique. The method
of data collection does, however, contain many independent data sets that are normally summed together to produce an
averaged spectrum.
We report the development of a MEM programme for time-of-flight mass spectrometry which utilises these independent data
sets and its application to data produced by MALD1-T0F of various analytes, including bovine insulin, using 3-nitrobenzyl
alcohol (NBA) and nicotinic acid as matrices. As with electrospray the programme provides routines for the emulation and
subsequent elimination of instrumental and isotopic broadening. The results of the MEM approach are discussed and
compared to the original and signal averaged data.
[1]
T.W.D.Chan, A.W.Colburn and P.J.Derrick, Org. Mass Spectrom. 27,53-56 (1992)
[2]
M.Karas, D.Buchmann, U.Bahr and F.Hillenkamp, InU.Mass Spectrom.A, 228 (1990)
[3J
/.Stilling (Ed). "Maximum Entropy and Bayesian Methods", Kluwer, 45-45 (1989)
[4]
A.G.Ferrige, MJ.Seddon, B.N.Green, S.AJarvis and J.Skilling, Rapid Commun. Mass Spectrom., 6,11,707711(1992)
[5]
D.J.Reynolds, P.J.Derrick, J.R.Chapman and G. J. Daniell, Presented at the Nineteenth Meeting of the British Mass
Spectrometry Society, University of St Andrews, (13-16 September 1992)

WeB12
Unsupervised spectrum deconvolution by a Kohonen neural network
Alex Noguerola, Coen Visser and Piet G. Kistemaker
FOM Institute for Atomic and Molecular Physics, Kruislaan 407, 1098 SJ Amsterdam, The Netherlands.
Mass spectral analysis of complex mixtures, without a primary full chromatographic separation, is still a
difficult task. Various deconvolution schemes are designed for interpretation of poorly resolved GC-MS
data and also for pyrolysis mass spectral datasets. In the multivariate data analysis approach correlated
masses are combined to new variables or factors. The variation in the dataset can be described by only a
few factors instead of by a few hundred masses. In favourable cases a factor represents the mass
spectrum of a pure component .However in most cases pure component spectra have to be found by
stepwise construction of linear combinations of the factors. This method is known a the variance diagram
method. This can be an elaborate task when many factors are involved. In the present paper we
investigate the applicability of the Kohonen neural network to obtain directly component spectra. The
network operates unsupervised and clusters the masses on basis of their correlated behaviour. Three
types of clusters can be obtained: clusters of masses which can be attributed to one component only (pure
masses), clusters of masses that belong to more than one component and "noise" masses.
It will be shown that the pure masses can be retrieved easily and that with some data manipulation the full
pure component spectra are obtained. The benefit of the Kohonen neural network approach is that a
direct deconvolution in "oblique" component spectra is possible The applications and limitations of the
method will be shown on the basis of various examples.
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MASSIMO: A System for the Rapid Simulation of Organic Mass Spectra
R. Hollering, K.-P. Schulz and J. Gasteiger
Compuler-Chemie-Cenlrum, Universiiat Erlangen-NUrnberg, NagelsbachstraBe 25, D-9I0S2 Erlangen
Simulation of spectra is a fruitful strategem for the process of structure elucidation. In almost all cases there is a limited
number of candidate structures, which agree with the facts known about the substance, e.g. possible products of a reaction,
chromatographic data, or spectral informations. The spectra of the candidate structures are simulated and compared with the
experimental spectrum. The most probable structure is indicated by the greatest conformity between simulated and
experimental spectrum. Especially fruitful is this strategem for techniques like mass spectroscopy, which contain a lot of
structural information that is normally disregarded due to its complex encoding.
I2

For this purpose the program MASSIMO ' (MAss Spectra SIMulatOr) has been developed. The simulation starts with the
determination of the ionisation sites. For each possible ionisation the ionisation potential 3 is calculated. The following
computation of the ionisation distribution depends on the ionisation potentials.
For each ionisation product fragmentation and rearrangement reactions according to a given set of mass spectroscopical
reaction types are generated. MASSIMO calculates a reactivity value for each reaction, starting from physicochemical effects
describing the reaction, e.g. heat of reaction, electronegativity, or resonance stabilisation. The relationship between
physicochemical effects and reactivity (for each reaction type) may be stored in an explicit function or a neural net. The
reactivity values determine the conversions associated with the reactions.
The process of reaction generation and calculation of conversions is repeated for all generated ions. After the complete
generation of the reaction network the mass spectrum is computed from the predicted conversions.

[I]
[2]
[1]

J. Gasteiger, W. Hanebeck, K.-P Schulz, S. Bauerschmidt, R. Hollering, Automatic Analysis and Simulation of Mass
Spectra, in "Computer-Enhanced Analytical Spectrosco Vol. 4, Ed.: C. L. Wilkins, Plenum Press, New York.
J. Gasteiger, W. Hanebeck, K.-P Schulz, Prediction of Mass Spectra from Structural Information, J. Chem. Inf.
Compui. Sci. 32, (1992)264-271.
W. Hanebeck, J. Gasteiger, Rapid Empirical Calculation of the First (n or n) lonization Potential of Organic
Molecules, J. Compui. Chem.14, (1993) 138-154.

WeB14
Automated Analysis of Mass Spectra
K.-P Schulz, S. Bauerschmidt, R. Hollering and J. Gasteiger
Computer-Chemie-Centrum, Universitat Erlangen-NUmberg, NagelsbachstraBe 25, D-9I052 Erlangen
A mass spectrum provides a simple summary of the reaction pattern of molecules under more or less drastic
circumstances. Due to this fact analysis and interpretation of mass spectra are complex and intricate tasks. The program
FRANZ' (Fragmentation and Rearrangement ANalyZer) helps to gain insight into the reactions occurring in the mass
spectrometer.
At the begin of an analysis FRANZ generates all possible reactions of the compound according to the set of formal
reaction types relevant for organic mass spectroscopy. This knowledge base is kept seperate from the program to allow
adaption to different techniques without modifiing the program. Repeating the generation of reactions for all formed ions
produces the network of possible reactions.
For each ion the isotope pattern is calculated and used for the assignment of peaks in the experimental spectrum. The
assignment is made by the simplex method, which allows to determine the amount of each ion.
Those peaks that can be assigned to structures of ions are taken together with their assigned amounts to construct an
'explainable' mass spectrum that corresponds to the elucidated fragmentation scheme.
The next step is the formation of the scheme of fragmentations from the reaction network by contracting each
rearrangement system into one pseudo-ion. The scheme of fragmentations allows a fast computation of the mass flow. Only
in some rare cases the mass flow can be computed without ambiguities. This will happen, if the scheme of fragmentations
contains no isomeric ions and each ion has exact one direct precursor. To resolve the problems associated with that situation,
FRANZ computes not only a modeled value for the flow of mass, but also their lower and upper bounds.
The last step consists in the computation of reaction probabilities for each fragmentation using the mass flows and the
amounts of the ions. Analoguous to the calculation of the mass flow, a modeled value and lower and upper bounds are
computed. The difference between upper and lower bound serves as indicator for the reliability of the assignment of reaction
probabilities. Rearrangements are classified as reactive or not reactive depending on the mass flows of the succeeding
fragmentations, if there is no ambiguity.

[I]
[2]

J. Gasteiger, W. Hanebeck, K.-P. Schulz, S. Bauerschmidt, R. Hollering, Automatic Analysis and Simulation of Mass
Spectra, in "Computer-Enhanced Analytical Spectrosco Vol. 4, Ed.: C. L. Wilkins, Plenum Press, New York.
J. Gasteiger, W. Hanebeck, K.-P Schulz, Prediction of Mass Spectra from Structural Information, i. Chem. Inf.
Compui. Sci. 32, ( 1992)264-271.
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Background Subtraction Techniques and Library Search Reliability
Bruce N, Colby. Pacific Analytical, 6349 Paseo Del Lago, Carlsbad, CA 92009 USA and
Peter H. D' Arcy, Fisons Instruments, VG Masslab, Crewe Road, Manchester, M23 9BE England
The most significant challenge facing the environmental GC/MS analyst today is making reliable
compound identifications at low levels and/or in complex sample runs. This problem is the result of
spectral contributions from traditional background sources in the mass spectrometer, from column and
septum bleed from the GC, and especially form spectral interference's from closely eluted components.
These factors can combine to produce major difficulties at very low concentration levels where the TIC
trace is primarily the result of instrument background or where important analytes are eluted very close
to more concentrated components. The problem lies not with initial location of potential target analytes
but with confirming or denying a target analyte identifications.
The fundamental problem here is removal of spectral contributions from non-target analyte species.
The challenge is in performing spectral cleanup, i.e., background subtraction, in a reliable and consistent
manner. Clearly an expert analyst with many years experience could do the job manually if cost, time
and the limited availability of such experts were not prohibitive. As this is generally not the case, good
automated background subtractions are essential.
In this presentation we will compare the effectiveness of four independent automated background
subtraction techniques available in various commercial GC/MS data systems. The techniques tested
were simple subtraction of a near-by scan from the TIC peak maximum, baseline subtraction on an
individual mass chromatogram basis, single scan enhancement (Biller-Biemann type) and spectral
deconvolution. As expected, background subtraction was made the most difference when non-target
peak contributions were most significant. Spectral deconvolution was found most universally effective,
presumably due to the higher information content associated with this technique. Single scan
enhancement was the second most effective but it failed to accommodate interference's due to closely
eluted components.

WeB16
A New Background Treatment

Algorithm

(TICFIIT)

for

LC/MS

Analysis.

Alain Carrier*, Dimo Zidarov, J. Visentini and Michel J. Bertrand, Regional Center for Mass
Spectrometry, Department of Chemistry, University ol Montreal, Montreal, Canada, H3C 3J7.
Techniques for coupling liquid chromatography to mass spectrometry (LC/MS) have
considerably evolved in recent years. These developments have considerably increased the range
of compounds that can be analysed by LC/MS. Modern ionization techniques for LC/MS such as
direct coupling (DLI), thermospray (TS), continuous flow tast atom bombardment (CF-FAB)
and, more recently, atmospheric pressure chemical ionizalion (APCI) and to a lesser extent
electrospray (ESP), generate high levels of chemical noise associated with the total ion
chromatogram (TIC) and the mass spectra. When low level LC/MS analysis of unknowns, such as
in biological, pharmaceutical and environmental samples, are desired the background signal
generated by Ihe mobile phase (matrix) can often, because of its high intensity, swamp out the
chromatographic peaks due to the elution of analytes. The chemical noise originates from the LC
mobile phase and buffers which produce a high level of ion current. Similarly, most of the mass
speclra obtained in these direct coupling techniques are dominated by intense ion signals related
to the mobile phase creating difficulties in identifying mass peaks due to the analyte, thus,
affecting the interpretation of the spectra and the identification of eluting analytes. This
problem is very significant in the mass range m/z 60 up to 200 where the intensities of the ion
peaks generated by the mobile phase (matrix) are important and it becomes difficult to identify
low molecular weight compounds in the mass range 60-300 Da. In order to eliminate the
chemical backgroung generated in mosi of the LC/MS experiments, using direct coupling, and to
detect very small peaks present in Ihe TIC, a computer program, which permits the elimination
of most interfering common ions and chemical noise, has been developped. This sofware modifies
the TIC in order to extract weak peaks, that could not be visually observed, by minimizing Ihe
effects of the solvent noise and yields high quality mass spectra in which the information content
is optimized. Results are shown in typical LC/MS experiments using methanol, water,
acetonitrile, hexane and ethyl acetate as mobile phases and in which buffers such as ammonium
acetate, ammonium formale and trifluoroacetic acid have been added.
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MSLIB - a software for the administration of mass spectral data
on personal computers
H. Lohninger
Institute of General Chemistry, Technical University Vienna
Lehargasse 4/152, A-1060 Vienna, Austria
MSLIB is a program system for the handling and processing of mass spectral data. It
provides a convenient graphical user interface and allows the administration of mass
spectral data and of related substance specific information. MSLIB both provides tools
for importing and editing the data and for searching in the data base.
MSLIB can administer up to ten data bases, each data base with an unlimited number of
entries. Each entry in a data base contains the following items: name of the substance,
mass spectrum, chemical structure, some physical parameters (melting point, boiling
point, refractive index, density, and a user-definable parameter), the CAS registry
number, and a spectral quality grading. MSLIB provides extensive support for
searching in the data bases. Among the most interesting search methods are the mass
spectral library search, the structural similarity search and the substructure search.
MSLIB runs on IBM compatible PCs (80386 or up, VGA) under MSDOS, features a
convenient mouse dnven, graphical user interface and has been tested by porting both
the NIST and the Wiley mass spectral data base to it. MSLIB is available on request
(email to hlohning@email.tuwien.ac.at).

WeB18
New Methods For Mass Spectral Library Searching
Stephen E. Stein, NIST, Gaithersburg, Maryland, 20899, USA
We will describe a variety of new developments in computer methods for assisting in the
identification of unknown compounds from their electron ionization mass spectra. A
complete system for finding matching compounds in the library has been designed based
on large-scale testing and optimizing of the underlying algorithms. This system consists of
three component parts: 1) A screening step for quickly finding a small set of library
spectra that contain the correct match. Merging results of several methods led to an
overall reliability of 99+%. 2) Various library/unknown spectral comparison functions
have been tested and optimized and the best performing algorithm adopted. 3) A new
method of reporting results has been developed where each hit is given a probability of
being correct, assuming that the correct hit is in the library. A relative probability of the
unknown being is in the library is reported separately.
A related search system will also be described that is designed to identify structural
features present and absent in the unknown compound. By extending algorithms
developed in the above identification system and processing chemical structures present in
hit lists, absolute probabilities for many functional groups can be derived. The
performance of this system compares favorably with published results of other substructure identification systems. Results can be easily integrated into multi-spectral
interpretive systems.
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ELECTROSPRAY MASS SPECTROMGTRY, TANDEM MASS SPECTROMETRV AN» HPLC-MS
OF SYNTHETIC PEPTIDE LIBRARIES: DETERMINATION OF COMPOSITION AND PURITY
JoryW. Mcfzgcr. Kitrl-f lernz Wiesinlllrws, t'lirislnph Kcmplcr. Jenle Hrilnjes and Gunther Jung
Inslilut filr Organicscht Chemie drrUmvtriitcll Tubingen. Au/ dcr Mm griultlle IS. 1)72076 Tubingen, Germany;
^Nalumtisensrhafllichet und Medizmhclws Imlilul (NMD. llmtav-Wtmtr Sir. 3. D-72762 Keullingen, Germany.
Pepllde libraries are composed ol a high number ol
Immobilized or free peptldes In equlmolar amounls and wllh
dellned length and sequence mollls. They are gaining
Increasing Importance lor the screening lor new lead
structures and the Investigation ol llgand-receplor
Interactions. Eleclrospray (ESI) mass speclromelry has a
high potential to characterize such complex mixtures [1-5].
The peak heights In the ESI mass spectrum rellecl Ihe
number ol Isobarlc peptldes of a peplfde library. A
comparison of the calculated mass distribution and the ESI
mass spectrum gives qualitative and semlquanlltallve
Information on Ihe composition and purity of a synthetic
pepllde mixture (Ihe figure shows the calculated and
experimental MS ol a 1:1 mixture ol two 104,000 component
sub-flbrarfes). Interestingly, each peptide sub-library as
delined by the variable and constant sequence positions
shows a characteristic mass and Intensity distribution,
which can be taken as fingerprint' for this mixture. We
developed a computer program which allows the calculation
of all pepllde and several potential by-product masses
which might occur In a library. This program simulates an
'Ideal' mass spectrum based on Ihe assumption that all
peptldes ol Ihe mixture are present In equlmolar amounls
and have Identical lonlzalfon yields (Ihe spectrum of pure
libraries Is often very similar to the calculated spectrum,
only little mass speclromelrlc discrimination ellects are
usually observed).
By-products formed by Incomplete removal of side-chain
protecting groups can be detected fast and conveniently by
tandem mass spectrometry. Daughter Ion scans can be
used to Identify common structural features of Ihe peplides
and by-products. Parent Ion and constant neutral loss
scans allow the detection of all peplides modified with the

same protecting group. Online HPLC-MS ol less complex
peptlde mixtures allowed the separation and Identification of
Isobarlc peplides and by-producfs.
Elprtrnnpnijr M«m Sprrtnint

| l | J W MsKgei. K H. WtonOW'.V O n i n J Biaijn.B J u n j | 1 » M | & » M .
QiBHUSS. 901-903 Anyw. Ottm Ini Frt F n ^ m 694. flgfl.
1?]S.SI0vflnoufc.K-H WlfsmDhr.JW.hWtgcf.A.O.B«*Srdringw.0 Jung(1093)Rkwrp M#rt rhwn I i t a
Mi-lto
[3| J W M9)ig«r. C Ktfnpftf, K.-H.WWimOtor. Q. Jixig (1994): Anil Bhrtwm hi rx«sl.
Ml J W Metigti. S Stiwiovlc, J. BrOn|«), K.-H. Wltimuhr. O J w g (1994): I M K X l l .
submitted
|S)J B»0n)M.K -H. WtosmUliiJ,.W. Mttzgtt. O.Jung 119941: J.

WeB20
Verification Strategies in Protein Identification based on Mass Spectrometric
Peptide Maps and Searches in Protein Databases.
E. Mtlrtz. M. Mann1, and P. Roepstorff.
Department of Molecular Biology, Odense University, 5230 Odense M, Denmark and •European
Molecular Biology Laboratory, Meyerhofstr.l, 6900 Heidelberg, Germany.
Within the last two years we and others have demonstrated that proteins can be identified by
matching their mass spectrometric peptide maps against theoretical maps of known proteins
recorded in protein sequence- or translated nucleotide-databases. Subsequent to a database search it
is of major importance to verify that the likely candidate is the correct protein and to exclude false
positive candidates. It is especially important to exclude false positives if the investigated protein is
unknown and not recorded in the database. We have evaluated different strategies to increase the
specificity of the database searches and to verify identifications. The strategies include; digestions
with two or more cleavage agents followed by comparison of the database searches, sub digestions
with a second cleavage agent followed by searches in fragment mass windows, time-course
digestions that yield increasingly complete cleavages and information about the order of peptides in
the protein, and the use of the pi and Mr determined for the intact protein. The improvements result
in more specific database searches and unambiguous identifications in protein sequence databases.
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The Use of Matrix-assisted Laser Desorption Mass Spectra of Enzymatic Digests in
Conjunction with DNA and Protein Data Banks
U. Rapp, F. Mayer-Posner and C. Koster, Bruker-Franzen Analytik GmbH,
D-28359 Bremen, Germany
With the advent of the matrix-assisted laser desorption (MALDI) and the electrospray
(ESI) techniques in the field of protein chemistry the requirements for sophisticated
evaluation software has become essential since the multiplicity of amino acid residues in
peptides and proteins makes manual interpretation tedious and error prone. This paper will
discuss a software program correlating MALDI MS-data with protein sequence data
libraries.
The enzymatic digest of a protein results in a number of peptides, whose mass numbers
can be predicted if the sequence is known. At present, the program discussed here PeptideSearch - gives a choice of seven different digest types e.g. tryptic or CNBr digest.
The MALDI mass spectrum of a digest is compared with the "theoretical" masses from the
data bank derived digest. The method has a high specificity and usually yields an
unequivocal identification of the protein. Some examples of our practical work are
presented.
Furthermore, another part of the program helps to clearly identify sequences, where the
Edman sequence data are ambiguous. In this case a combination of MS-data and
sequence combination calculations yields suggestions of high probability for the correct
sequence. This is especially useful for two component mixture analyzed by the sequencer.

WeB22
Computer Assisted Strategies for Identifying and Characterising Proteins using Electrospray Mass
Spectrometry and MALDI-TOF.
T.Hutton, E.A. Kapp, D.D. Slranz, I.R. Monks, E.A. Maiscy
Fisons Instruments Organic Analysis Biotech MS, Altrincham, Cheshire, WA14 5RZ, U.K.
Strategies for protein identification and characterisation have been revolutionised over (lie last few years
using electrospray ionisation and matrix-assisted laser desorption/ionisalion (MALDI) mass spectrometry.
We describe here methodologies that allow proteins to be identified in a fraction of the time required by
strategies based on partial Edman sequencing. 2-D Contour Plots and peptide mapping provide a generalised
strategy for rapidly characterising novel proteins. Proteins isolated by 2-D PAGE were digested by enzymatic
means using reagents with high bond-specificities such as trypsin. The masses of the resulting peptide
fragments were determined by mass spectrometry and represent a 'fingerprint' of the protein of interest. This
'fingerprint' can be used to identify proteins by searching a database of known sequences to find proteins with
identical or similar mass profiles.
The EMBL database can be searched by digest fragment mass, molecular weight, taxonomy, author, keyword
and freetext, and any combination of these, extending the capabilities of general database searching
strategies. From a 'fingerprint' search, lop scoring proteins, based on the MOWSE scoring scheme were
downloaded from the database and matched directly against the observed mass spectrum, to provide a
conclusive answer. Non-matching peptides in the spectrum can be further analysed by on-line HPLC tandem
mass spectromelry (LC/MS/MS).
The method described does not require the isolation of pure peptides as docs traditional Edman degradation
and can be combined with on-line sequence determination by either tandem mass spectrometry or in-source
fragmentation to generate partial sequence information. 'Fingerprint' searches in conjunction with 2-D
Contour plots facilitate rapid protein identification providing valuable lime for sequencing novel proteins.
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AN NOVEL EXPERT SYSTEM FOR MASS SPECTROMETRIC DETERMINATION
OF DOUBLE BOND POSITION IN INSECT SEX PHEROMONES
Gu Yuan, Meiyu He and Xiaoran He
Department of Chemistry, Peking University, Beijing 100871, China
There is a formidable problem in identification of double bond
position in insect sex pheromones because the double bond of alkenyl
compounds has a strong tendency to migrate along the carbon chain
when induced by electron impact (El), with the result that the mass
spectra of isomeric monoolefins frequently are very similar.
The recognition system of double bond positions based on the fuzzy
classification, which consists of standard parameter, similarity
coefficient, and similarity index. These factors can be devised on
the basis of the mass spectra of chemically unmodified isomers only.
All positional isomers of dodecenols, tetradecenols, hexadecenols,
and their acetates were analysed by mass spectrometers. Each mass
spectrum obtained was interpreted in terms of similarity of mass
spectral patterns by the fuzzy classification. The original double
bond position in all isomers was located unambiguously.
The combination of mass chromatography and the system can be useful
for the rapid analysis of chromatographically unresolved isomers in
binary mixtures.
The method has succeeded in the identification of the double bond
position in the sex pheromone of corn borer, Ostrinia furnacalis
(Lepidoptera:Pyralidae).
The authors gratefully acknowledge Professor Pang Zhang of Peking
University for his encouragement. This research was supported by the
National Science Foundation of China, Grant No.39270416.

WeB24
MS/MS ASSISTED LIBRARY SEARCHING OF MIXTURE'S
ELECTRON IMPACT MASS SPECTRA
Jian-Ting Chen, Guor-Rong Her*
Department of Chemistry, National Taiwan University,
Taipei, Taiwan, Republic of China
Tandem mass spectrometry has been proved to be a powerful tool in the analysis
of mixtures without prior chromatographic separation. The product ion (daughter ion)
spectra, however, have not been extensively used in library searching mainly due to
the lack of a high quality product ion library.
In contrast to product ion spectra, several high quality libraries are available for
electron impact mass spectra. Reverse searching algorithm such as the probability
based matching (PBM) system has been successfully used in the analysis of mixture's
electron impact mass spectra.
Reconstructed electron impact mass spectra of each component in a mixture were
established with the mixture's electron impact mass spectrum and the product ion
spectra. Commercial available library searching systems were then used to match
each of the reconstructed electron impact mass spectra with the NIST/EPA/NIH
library. In the analysis of mixtures, especially for mixtures with more than three
components, this approach compares favorably with the conventional methods of
matching mixture's electron impact mass spectra directly with reverse searching
algorithm.
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Structure Characterisation and Automation for Mass Spectrometry - An Overview
A W Payne1, H J Deltmar2, R G Johnson2, X Liu2, K L Mannock2,J M Phalp2, J Bait3, S Lester5
'Research Division, Kodak Ltd., Harrow. 'Computer Science Department, Birkbeck College, Univ. London
'Fisons Instruments, Altrincham, Cheshire
We have previously reported on the requirements for a system for computer assisted structure characterisation
and automation for Electron Impact (El) mass spectra1. The system will extract the significant data from El
mass spectral data sets and correlate these data with the structure as proposed by the synthesis chemist. We
are attempting a fully automated system, from synthesis samples with their proposed structures as input, to
customer reports as output. To achieve full system automation we have broken the process down into discrete
tasks, our task now is to automate each task (generally as a software module), then link the various tasks
together in an automated chain. Here we describe the approaches we are adopting within the various modules
of the fully-automated system. We will describe software modules for:
(i)
ascertaining the number of components present within the sample and extracting representative spectra
(ii)
(iii)
(iv)

for each component (Simplisma1)
the extraction of "significant" data for these components (Sigpeak1)
the prediction of expected fragment peaks from a proposed structure
correlation of (ii) and (iii) (Correl)

(Fragment)

The flow of data and the dependencies between these modules will be illustrated. Data will be presented
demonstrating the ability of the system to cope with "real" samples that in practice may be gross mixtures or
contain impurities.
References
[1] Bradley, C D . , Gould, I.D., Payne, A.W., Deltmar, H.J., Johnson, R.G., Mannock, K.L., Phalp, J.M., and Liu, X.
20th. Annual Meeting British Mass Spectrometry Society. Canterbury, September 1993.
[2] Payne, A.W., and Windig, W., 41st. ASMS Conference, San Francisco, 1993.
[3] Payne, A.W., McLaughlin, D.R., Phalp, J.M., and Mannock K.L., 12th. International Mass Spectrometry Conference,
Amsterdam, 1991.
[4] Dettmar, H.J., Johnson, R.G., Liu, X., Mannock, K.L., Newson, P.A., Phalp, J.M., and Payne, A.W., Expert Systems
'93 13th. Annual Conference of the British Computer Society Specialist Group on Expert Systems, Cambridge, 1993.

WeB26
Networking Mass Spectrometer Data Systems of Different Manufacturers
L Monianarella* and S. Facchelli
Commission of the European Union. Joint Research Centre. Environment Institute. I-21O2O Ispra. Italy
Networking of mass spectrometer data systems is becoming increasingly popular among large mass
spectrometry laboratories (1.2). The potential benefits have been extensively discussed, specially in the frame of
laboratory- automation and Good Laboratory Practice (GLP) implementation. Nevertheless there is still considerable
work to be done in the area of standardisation of file formats generated by different data acquisition systems
supplied by scientific instruments manufacturers. Recent work on the netCDF transfer protocol for mass
spectrometry data suggests that good progress is being made in the area of data formats.
Our laboratory operates a number of diverse instruments, including two high resolution systems (ZAB 2F,
70 SEQ) and one quadmpole (QMD 1000) from Fisons Instruments, one ion trap system from Finnigan (ITS 40)
and one pyrolysis mass spectrometer from Horizon Instruments (RAPyD-400). all equipped with autosamplcrs.
The large amount of data produced by the MS laboratory- and the implementation of GLP'. (Good
Laboratory Practices) and G A L P s (Good Automated Laboratory Practices) prompted us to examine the possibility
of networking the instrumentation in a client/server computing environment. All instrument data systems have been
connected to the institute network via ethemet. using either DecNct or TCP/IP. A VAXCIuster consisting in a
VAXstation 4000/90 host and a VAXstation 3100 satellite has been configured as a server using DEC
PATHWORKS V.4.1 server software. This allows for file. disk, application and print services to all the PC clients
connected network wide. Unattended distributed backup and restore services for PC hard disks arc implemented.
Mass spectrometry data files are permanently archived in their original format on 4 Gbyte tape cartridges and
stored for later retrieval. Files can be transferred to any office PC running the appropriate mass spectrometry
software. A centralised spectra and structure information management system based on the MassLib (Chemical
Concepts) software allows for library searches using the S1SCOM algorithm after specific file conversion programs
or using JCAMP-DX files. Furthermore, the mass spectrometer data systems are suitable for their eventual
incorporation into a LIMS.
1.
2.

Hayward. M.J.. Robandt. P.V.. Meek. J.T. and Thompson. ML.. J Am Soc.Mass Speclrom 1993. 4. 742-750.
Mellerio. G.G. and Vago. G.M.. Org. Mass Spectront. 1991. 26. 985.
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ELECTRON IONIZAT1ON MASS SPECTROM ETRY OF 2-HALO-ETHANOLS
Massimo Carbini*, Massimo Napoli* and Pietro Traldi 0

•1st. Chimica Industrial. Facolla di Ingcgneria. Via Mar/.olo 9. I 35 Kin f'adova (Italy). "CNR. Area di Ricerca, Corso Stati
Unili 4. I 35020 Padova (Italy)
Halogenatcd compounds were among the first to be studied by mass speclromelry1; due to their renewed interest, we
recently studied many different classes of such substances21* In particular, in a previous paper8 the description of the mass
spectrometric behaviour of a series of fluorinaied alcohols was obtained with the aid of deuterium labelling experiments and
metastable ion studies. In particular, in the case of [he 2-flnoro-clhanol molecular ion the primary H2O loss, typical of M*'
of ethanol. resulted completely suppressed, due to the presence of other highly competitive fragmentation pathways.This.
together with other results, suggested that the presence of fluorine reflects in the weakening of the H2FC-CH2 bond and in
the strenghtening of the O-H bond. In the present work we make a comparison among the behaviours of M' of 2-fiuoro-.
2-chloro-. 2-bromo-. 2-iodo-ethanols in order to establish the role of the different halogens on the electron ionizationinduced fragmentation pathways. For the last three compounds a primary HX loss, with high kinetic energy releases, is
observed, while such process is present for tlic fluorine derivative only originating from the [M-HJ* species. Chlorine and
bromine derivatives behave, in general, quite closely to ethanol. on the contrary of the fluorine and iodine ones which
show peculiar behaviours. Such data have been rationalized either in terms of electronegativity of the substituents or by
different structures of the molecular species.
1. J. H. Beynon, R. A. Saunders and A. E. Williams, The Mass Spectra of Organic Molecules, Elsevicr. Amsterdam
(1968). pp 374-397 and references therein cited.
2. P. Bravo, F. Viani, E. Ghezzo and P. Traldi. Biol. Mass Spectrom. 2(1. 357 (1991).
3. B.T. Kiremire. D. Chiarello. P. Traldi. P. Bravo and G. Resnati. Rapid Commun. Mass Spectrom. 5. 591 (1991).
i. D. Favretto. P. Traldi. P. Bravo and F. Viani. Rapid Commun. .\ fass Spectrom. S, 2 (1991).
5. R. Seraglia, P. Traldi, P. Bravo, G. Resnati. O. Bortolini and G. Cavicchio, Rapid Commun. Mass Spectrom. 4, 10
(1990).
6. P. Traldi. P. Bravo, G. Resnali and O. Bortoliili. Rapid Commun. Mass Spectrom. 3. 2 (1989).
7. S. Catinella. D. Favretto, P. Traldi, P. Bravo and F. Viani, Org. Mass Spectrom. 27. 179 (1992).
8. M. Carbini, L. Conte, G. Gambaretto. S. Catinella and P. Traldi. Org. Mass Spectrom. 27, 1248 (1992).

WeC2
Characterization of the Structure of (he Molecular Ion of 2-Methoxyelhanol
Jaana M. H. Pakarinen,1 Pirjo Vainiotalo,1 Tapani A. Pakkanen1 and Hilkka I. Kenttamaa2
'Department of Chemistry, University of Joensuu, FIN-80101 Joensuu, Finland
'Department of Chemistry, Purdue University, West Lafayette, Indiana 47907, USA
The structure of the long-lived molecular ion of 2-methoxyethanol [CH3OCH2CH2OH]+* has been
studied using ion-molecule reactions and collision-activated dissociation experiments in a differentially pumped
dual-cell Fourier-transform ion cyclotron resonance mass spectrometer (FT-ICR). The ion is proposed to
isomerize via a [ 1,4]-hydrogen shift and a C-C bond cleavage to a noncovalent, nonfragmenting hydrogenbridged structure, most likely [CH3O(CH2)- • -H- • -O=CH 2 ] + *. Neutral aldehydes, ketones, alcohols and
ethers were found to react by replacement of methoxymethylene or/and formaldehyde in the ion to yield
primary product ions which react further with the neutral reagent. For example, propanal replaces CH3OCH2»
on the molecular ion of 2-methoxyethanol to form the ion [CH3CH2C(H)O- • -H- • • O = C H J + . This product
ion reacts by a further replacement of CH2O with propanal, giving rise to the ion ICH3CH2C(H)O- • -H
OC(H)CH2CHJ+.
High-level ab initio molecular orbital calculations up to the MP2/6-31G**//6-31G**+ZPVE level of
theory were performed to study the potential energy surface of the [C^uCy1"* isomers and their relative
stability. The hydrogen-bridged species [CHjOCCHJ- • -H- • -O=CH 2 ] + * was calculated to be more stable
by 7.6 kcal/mol than the covalently bonded, ionized 2-methoxyethanol. Five other isomeric structures, another
hydrogen-bridged structure [(CH3)2O • «H- • -O=CHI + # , threedistonicstructures: [CH3O(CH2)CH2OH]+#,
t(CH 3 ) 2 OCH 2 O] + * and
[CH 2 OCH 2 CH 2 OH 2 | + *,
and one ion/dipole
complex,
+
ICH,OC(H)H- • •O(H)=CH21 *, were studied computationally.
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Fragmentation of Molecular Ion of Methyl Dictate
Susumu Tajima, Yukiyoshi Nagai, Osamu Sekiguchi and Masao Fujishige
Gunma College of Technology, Toribamachi, Maebashi, Gunma, Japan 371

The spontaneous unimolecular dissociation of the molecular ion of methyl lactate
(1), by electron impact, was investigated by a combination of mass-analyzed ion kinetic energy (MIKE) spectrometry and D-labelling. The metastable ions 1* deccompose to four fragment ions at m/z 89, 76, 61 and 45 which correspond to the losses of
CH3, CO, CHjCO and COOCH3 as
shown in Fig. 1. The third ion
was generated with double hydrogen atom migration. This ion fur-
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WeC4
GAS-PHASE FRAGMENTATION OF POSITIVE IONS OF p-DIOXIMES
Maria do Rosario G. R. Marques Domingues, Maria da Graca O. Santana Marques e Antonio J.
V. Ftrrer Correia
Department of Chemistry, Mass Spec. Group, University of Avelro
The mass spectrometry of monoximes and a-dioximcs has been extensively investigated. However, little
attention has been given to p-dioximes1 The positive ion mass spectra of ft-dioximes RC=NOHCHR"C=NOHR' 1-3
(FIG. J), with unsubstituted enolic hydrogens arc presented in this communication. The P-dioximcs were studied by

R"

1 R=R'=CH.V, R"=H
2 RaR'sR'^Crhi
3 R=C f ) H 5 ; R'=CH 3 ; R"=H

vV
NOH NOH

Figure 1
using El, CI and by LSIMS.
The El mass spectra of the p-dioximes studied show peaks with mass to charge ratios corresponding to M + " and
[M+H] + ions, the M + " ion being absent in the spectra of compounds 1 e 2: The formation of |M+H] + ions is an
unusual process under El and has been the object of some discussion. The composition of the |M+H] + ions were
confirmed by accurate mass measurements, and Ihcir structure confirmed by comparison of their CAMIKE spectra
with the CAMIKE spectra of the [M+H| + ions of the same compounds formed by LSIMS. The base peak in the El
mass spectra of all the dioximes is the ion RCNOCHR"CR1+, which correspond to the loss of NHOH* and/or
NH2PH from M + # and/or [M+HJ+.
The main fragmentations, supported by CAMIKE spectra, arc loss of OH* from M +# and IM+H) + ,loss of
NHOH' and NH 2 OH, formation of the ions RCNHCHR1*, RCNH + and RCN+*.
In the isobutane Cl mass spectra besides the [M+H] + ions we have also observed ions which mass to charge
ratios corresponding to [2M+H] + , which arc more abundant in the case of compound 1.
I - A. Kolali, V. P. Papageorgiou and P. G. Tsoungas, Org, Mass Spearom., 1987, 22,373
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WeC5
A STUDY BY MASS SPECTROMETRY OF CARBAMATE DERIVATIVES
UNDER ELECTRON IMPACT AND FAB CONDITIONS
M.F. DUARTE" , MARGARIDA CAMPELO*. CELIA BELAS \ FATIMA NORBERTO*
* C.E.C.F., Faculdade de Farmacia de Lisboa , Av. das Forcas Armadas , 1699 Lisboa
Codex , Portugal
** Faculdade de Ciencias de Lisboa, Departamento de Quimica, C1,5° piso, R. Ernesto de
Vasconcelos, 1700 Lisboa, Portugal
Carbamates and sulphonamides are well known for their antifungal [1] and antibacterial
[2] activity , respectively.
The sulphonylcarbamates and the carbonylcarbamates are new polyfunctional
compounds with potential environmental and / or pharmacological interest.
A series of sulphonylcarbamates and carbonylcarbamates have been synthetised . The
activity and reactivity of this new compounds is under study and moreover we are
interested in studying their behaviour by mass spectrometry as a possible technique for
their characterization , we therefore propose a fragmentation mechanism for these
compounds.
Electron impact mass spectrometry has been used for those compounds which present
molecular ions in the mass sepctra , while FAB mass spectrometry has been performed
when thermal instability was observed .
1 - Chemical Abstracts 110, P 57529 Y , P 154048 Y
2 - Burger's Medicinal Chemistry, Part 2 , Edition 4 , John Wiley & Sons , New York
(1979).

WeC6
Mass Spectral Fragmentation Pathways in Glycoluril Exploslves.An MS/MS CID Study.
J. Yinon, S. Bulusu1, T. Axenrod2 and H. Yazdekhasti2
Weizmann Institute of Science, Rehovol 76100, Israel
There has been a renewed interest in nitro-substituted derivatives of
glycoluril, especially in l,4-dinitroglycoluril(DlNGU), which has important
explosive properties.
In order to better understand the mass spectral fragmentation processes and
pathways in these compounds, a study has been carried out using tandem mass
spectrometry(MS/MS) with collision induced dissociation(CID). The compounds
investigated included DINGU, its I5N and 2H labeled analogues and its
dimethyl substituted derivatives.Glycoluril, the parent ring system, and its
i5
N labeled analogue have also been included for comparison. Electron ionization
(El), chemical ionization(CI) and negative-ion chemical ionization(NCI) mass
spectra of these compounds were also recorded.
Such a study should contribute to the understanding of the thermal decomposition
mechanisms of these compounds, as there are parallel features between these
mechanisms and electron ionization fragmentation processes.
It was found that the main El fragmentation processes in DINGU are due to the
cleavage of the C-N bonds as well as to some rearrangement reactions.

1. U.S.Army Armaments Research, Development and Engineering Center(ARDEC),
Picatinny Arsenal, NJ 07806, USA.
2. Department of Chemistry, The City College of the City University of
New York, New York, NY 10031, USA.
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WeC7
Mass Spectral Identification of a Hydride Meisenheimer Complex of
2,4,6-TrinitrotoIuene (TNT).
J.Yinon', J.VJohnson, Lf.R.Bernier, R.A.Yost, H.T.Mayfield" and W.C.Mahone"
Department of Chemistry, University of Florida, Gainesville, FL 32611, USA.
An ionic hydride Meisenheimer complex of TNT (TNTH") was synthesized
using tetramethylammonium octahydroborate. TNT and TNTH' (as the tetramethylammonium salt) were analyzed by direct exposure probe (DEP) mass spectrometry
using El, CI and NCI. For further identification, the ions of the mass spectra
were investigated using MS/MS with collision-induced dissociation(CID).
Although El mass spectra of both compounds were similar, the CID mass spectra
of the ions at m/z 227 (M+ of TNT) of the two compounds showed large differences
in daughter ion abundances. A major difference between the two compounds also
appeared in their Cl-methane mass spectra. Two abundant ions, at m/z 183 and
m/z 198, appeared only in the CI mass spectrum of TNTH'. CID-parent ion scans
showed that the origin of these two ions was not from the m/z 227 ion. We
suggest that these ions are formed by chemical reactions of the complex on the
surface of the heated probe tip, followed by ionization.These reactions,
probably a reduction process forming m/z 198, and hydrolysis forming m/z 183,
occur preferentially in TNTH", the already reduced form of TNT. Such reactions have been
shown to occur under Cf conditions in other nitrocompounds[i,2j.
References
1. J. Yinon and M. Laschever, Org.Mass Spectrom. 16, 264 (1981).
2. J. Yinon, S. Zitrin and T. Tamiri, Rap.Comm.Mass Spectr. 7, 1051 (1993).
*. On sabbatical leave from the Weizmann Institute of Science, Rehovot, Israel.
•*. U.S. Air Force Armstrong Lab., AL/EQC-OL, Tyndall AFB, FL 32403-5323, USA.

WeC8
Detection and Identification of Explosives Compounds Using Laser
Ionisation Time of Flight Techniques
A Marshall, A Clark, KWD Ledingham, J Sander, RP Singhal, CKosmidis* and
RMDeas
Department of Physics and Astronomy, University of Glasgow,
Glasgow G12 8QQ, Scotland
"Permanent address: Department of Physics, University ofloannina, loannina
GR45110, Greece
Resonance enhanced multiphoton ionisation (REMPI) has been used to detect the
presence of vapour-phase explosive-type samples in a time of flight (TOF) mass
spectrometer.
In particular nitrobenzene (NB), ortho-nitrotoluene (o-NT), 2,4dinitrotoluene (2,4-DNT), 2,4,6-trinilrotoluene (2,4,6-TNT), ethylene glycol dinitrate
(EGDN), pentaerythritol tetranitrate (PETN), 1,3,5-trinitro 1,3,5-triazacyclohexane
(RDX) and SEMTEX (PETN plus RDX plus plasticiser) have been analysed at a laser
wavelength of 226.3 nm corresponding to a strong resonant transition of neutral NO
molecule. TOF mass spectra have been recorded and the intensity of the N O + ion
monitored as a function of temperature for comparison with the temperature
dependence of the various vapour pressures.
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WeC9
Mechanism of Formation and Fragmentation of Negative Molecular Ions In the Process of
Resonant Electron Attachment to Some Benzene Nftroderivatrves
Mars V. Muftakhov, Victor A. Mazunov
Physics Department, Ufii Research Center of RAS, Initslattvnaya str., 12, build.6, 450065, Ufa, Russia.
Mass spectra of resonant electron attachment to PhNo2 (I), O- (II), m- (III) and p-No2ArNH2
(IV) and photoelectron (PE) spectra have been recorded. It has been found that energy spacings
between resonant states, detenntned by maxima and other features of fiagment tons yield, of
molecular negative ion (M~>) correlate with energy spacings between maxima of PE spectra bands.
Particularly, the splitting in die first band of PE spectra of U-IV (kmizatkn of molecular orbitals
(MO) bj and a j , which are degenerated in V) agrees with the equidistant splitting of a
corresponding resonant state of M-; and an additional band in PE spectra of II-IV (ionization of
itffMO of n-type) corresponds to an additional resonant stale of M*> for II-IV in contrast with I.
The existence of this correlation leads to a conclusion that M~> are generated by the electronically
excited Feshbach resonance. Spectroscopic states of M~* are characterized by presence of three
unpaired electrons in the electronic structure of M~*: the first - oo quasi-Rydberg MO of * type,
the second — on the lowest vacant MO of n* type, and the third - on one of the occupied MOs.
Scrutiny of the fragment ions peak structures with using electron monochromator allowed us to
conclude that there exist three series of electronically excited M~- states for I-IV which correspond
to position of the second unpaired electron on one of the throe lowest n -MO. Fragmentation of M*
• complies with the symmetry selection rules. Calculations of energy balance for the reaction of
fragmentation of M"* have shown the presence of hidden rearrangements. During the r

M"« isomerized as a result of migration of O atom fiom nitrogroup to ortho-position of benzene
ring relative to c-N bond.

We CIO
Negative Ion Chemical Ionization Charge Inversion Reactions of Isomeric
Polycyclic Aromatic Hydrocarbons.
J. Bazdikian1, A. Mendez1 and R. E. March2.
1. INTEVEP S.A., P.O. Box 76343, Caracas 1070A, Venezuela.
2. Department of Chemistry, Trent University, Peterborough, ON, Canada K9J 7B8.
Polycyclic Aromatic Hydrocarbons (PAHs) have been studied extensively. Some
isomeric species are invariable present in crudes as well as their combustion products
are regarded as mutagenic and carcinogenic. However, the differentiation of isomeric
structures by mass spectrometry (MS) has met with limited success. El spectra of PAHs
lead to minimal fragmentation showing little or no structural information.
Isomerization processes in most cases compete with fragmentation.
In search for an isomer specific MS technique, negative ion chemical ionization (NICI)
appears to be a convenient method for the identification of mutagenic isomeric PAHs.
In NICI, the ionization process is less energy demanding thus the ions produced will
have less internal energy. In these conditions, molecular ions will have more
probabilities to fragment in a specific way rather than isomerize to a common ionic
intermediate.
In this work, an attempt to get the NICI charge inversion advantages for the PAH
speciation was made. Experiments were performed in a V.G. Analytical ZAB-2FQ
mass spectrometer of BEqQ configuration producing the ions via CH4/N2O reagent gas
using oxygen as the target gas. While charge inversion of ions produced by negative
ionization is believed to be more isomer specific experimental results on five groups
totalling sixteen PAH isomers showed identical behaviour under the experimental
condition used.
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WeC11
DIMETHYL ETHER CHEMICAL IONIZATION MASS SPECTROMETRY OF POLYNUCLEAR AROMATIC
HYDROCARBONS
Elizabeth P. Burrows
U.S. Army Biomedical Research and Development Laboratory, Fort Detrick,
Frederick, MD 21702-5010, U.S.A.
Dimethyl etiier (DME) as a reagent gas for chemical ionization (CI) mass
spectrometry has been extensively investigated in several laboratories
during the past three to four years, and a variety of structural classes of
organic substrates have been characterized. In most cases both protonated
molecules and certain fragment-molecule adduct ions, resulting from ionmolecule reactions with the reagent gas, + were observed. Of the latter,
methoxymethylene adduct ions JM+CH^OCH,] were frequently predominant. It
was noteworthy that certain isomeric polysubstituted benzenes showed great
differences in the nature and relative abundances of adduct ions and could be
reliably distinguished on the basis of their DME CI mass spectra alone.
We have examined the DME CI mass spectra of 17 polynuclear aromatic
hydrocarbons (PAH) and 8 related isomeric nitrogen heterocycles (NPAH). In
the majority of cases (9 of the PAH and all of the NPAH) the most abundant
ion was the methoxymethyiene adduct [M+45] . For 13 of the PAH the most
abundant or second most abundant ion was the [M+13] adduct. Collision
induced dissociation (CID) experiments documented that the [M+13] adducts
were derived by loss of CH OH from the [M+45] adducts. Investigation of the
DME-d, CI mass spectra of the PAH showed that the corresponding methoxymethylene-d. adducts [M+50J
gave rise only to [M+15] ions, derived by loss
of CD ..OH. Thus the raethanol molecule that was eliminated contained a proton
originally bound to the PAH.

WeC12
QUANTITATIVE ANALYSIS OF POLYCYCUC AROMATIC COMPOUNDS BY
GC/MS AND LC/MS: INTERNAL STANDARDS AND REFERENCE MATERIALS.
R.K. Boyd, M.A. Quilliam, M.D. LeBlanc, P.G. Sim, J.M. Curtis, J.F. Anacleto,
National Research Council, 1411 Oxford Street, Halifax, Canada B3H3Z1.
Polycyclic aromatic compounds (PACs) form an important class of ubiquitous pollutants
with well-documented mutagenic and carcinogenic properties. Reliable quantitative
analysis of PACs at trace levels in complex matrices represents a considerable
challenge. QA/QC of such analyses requires use of certified reference materials (RMs).
Sediment RMs are available from NIST in the U.S. [1] and from NRC in Canada [2],
while NIST also offers a mussel tissue RM for PACs. In addition, it is necessary to
adopt appropriate analytical procedures to permit reliable estimates of PAC
concentrations in the sample extracts and also of the fractional recoveries from the raw
samples into the extracts [3]. Isotope labelled versions of the target analytes are the
best surrogate internal standards which facilitate such measurements, preferably [3] in
conjunction with unlabelled external standards. However, in the case of deuterated PAC
standards, the combination of incomplete deuteration with kinetic isotope effects on ion
fragmentation if El mass spectrometry is used, introduces uncertainties into data
interpretation unless the full method is employed [4]. An LC/MS approach to PAC
analysis, incorporating atmospheric pressure chemical ionization, has been developed
to circumvent the complications due to ion fragmentation. Examples of application of
these concepts will be presented.
[1] S.A. Wise et at., Fresenius J. Anal. Chem. 1993, 345, 325-329.
[2] M. Waldichuk etal., Marine Pollution Bull. 1987, 18, 477-481.
[3] R.K. Boyd, Rapid Commun. Mass Spectrom. 1993, 7, 257-271.
[4] M.A. Quilliam etal., Fresenius J. Anal. Chem. (in press).
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DECOMPOSITION OF DIMERS FROM POLYMERS UNDER NI-DCI CONDITIONS.
Remaud.B1, Fournier.F1, Escoffier.B2, Tabet.J.C1.
'Laboratoire de Chimie Organique Structural - 4 Place Jussieu - 75005 Paris.
2
Groupement de Recherche de Lacq - BP 34 - 64170 Artix.
Numerous applications of mass spectrometry in polymer science have been described in
recent years. Fast atom bombardement (FAB) is the method the most employed to caracterize these
compounds. Recently, Lattimer1 and Derrick2 reported studies about polyglycols. Bursey3 studied
decomposition of NOT ions from polyethylene glycols in tandem mass specirometry using fast atom
bombardement. MNa* ions give rise to decompositions that have been observed in remote charge
fragmentation processes. In negative mode, few studies have been realised. Bursey3 reported
fragmentations from (M-H)' ions. In our laboratory, we studied decomposition of PEG 1000 under
NDCI conditions. At high values of temperature filament, PEG 1000 compound gives rise to
formation of dimers at m/z values higher than 1200 Da:
H0(C 2 H40) o '

H*

'..(CiH^OH

m=n ornwn

The distribution that is observed is similar to that expected for (M-H)' ions but we can ditinguish
them with CAD spectra. Low collision energy spectra from (M-H)" ions display a competitive
cleavage as remote charge process. From higher mass ions, a different behaviour is observed since
only a distribution of fragment ions centered at half mass of the parent ion is observed. This
decomposition relies on the acidity of each oligomer. Longer is the chain and higher is the acidity.
Based upon this consideration, it is possible to rationalize why the high mass daughter ion is always
the major peak from collision process.
1- R.P. Lattimer, Macromolecules, 14,776,1981.
2- P. Derrick, A.G. Craig, Aust.J. Chem, 39, 1421t 1986.
3- M.M. Bursey, J.P. Kiplinger, Org. Mass.Spectrom, 23, 342,1988.

WeC14
ELECTROSPRAY MASS SPECTROMETRY OF POLYMERS.

Remaud.B1, Tessier.M2, Escoffier.B3, Marechal.E2, Tabet.J.C1.
'Laboratoire de Chimie Organique - 4 Place Jussieu - 75252 Paris.
Laboratoire de Synthese Macromoleculaire - 4 Place Jussieu • 75252 Paris.
3
Groupement de Recherche de Lacq - BP 34 - 64170 Atrix.

2

Polymers have often been the subject of mass spectrometric studies. Mass spectra have
previously been obtained with several «soft» ionization methods including field
desorption'(FD), secondary ion mass spectropmetry (SIMS), fast atom bombardement2 (FAB),
laser desorption (LD), matrix assisted laser desorption3 (Maldi) and chemical ionization4 (CI).
For most of the methods, fragmentations often occur and therefore, it becomes very difficult to
determine molecular weight averages and distributions (except for Maldi).
Electrospray (ES) ionization is an alternative method that provides, from mass spectra,
a molecular weight distribution similar to that observed for size-exclusion chromatography.
Fenn5 revealed the remarkable ability of ES to produce ions with extensive multiple charging,
up to 23 charges per ion in the case of PEG 17500. In this work, we will report studies with
polyglycols
[poly(oxyethylene),
poly(oxypropylene)
and poly(oxytetramethylene)],
poly(butylene terephtalte), poly(dimethyl siloxane) and copolymers by using ES method
according to experimental conditions (solvent, cations...). Mass spectra show multiple charging
of polymers which are relative to the size of the molecules.
1- P. Derrick, A.G. Craig, Aust. J. Chem, 39, J42L 1986.
2- G. Montaudon, Rapid. Comm. Mass. Speclrom, 5, 95,1991.
3- R. Horn, M. Karas, H. Vogt, Anal. Chem, 59,373,1987.
4- H.R. Udseth, L. Friedman, Anal. Chem, S3,22,1981.
5- T. Nohmi, J.E.Fenn, J. Am. Chem. Soc, 114,2241, 1992.
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ELECTROSPRAY IONIZATION MASS SPECTROMETRY COUPLED
WITH SIZE-EXCLUSION CHROMATOGRAPHY FOR POLYMERS
ANALYSIS.
Remaud. B1, Tessier. M2, Marechal.E2, Escoffier.B3, Tabet.J.C1.
'Laboratoire de Chimie Organique Structurale - 4 Place Jussieu - 7S005 Paris.
2
Laboratoire de Synthese Macromoleculaire - 4 Place Jussieu - 75005 Paris.
3
Groupement de Recherche de Lacq - BP 34 - 64170 Artix.
Differents analytical methods are known to analyse oligomer and polymer mixtures.
Particularly, to improve investigation, Size-exclusion-Chromatography has been used for such
purpose and the detection was reached by refractometry. The limitations of such a detection which it
a relative method are that it's necessary to compare the average mass to a reference sample.
As alternative, Mass Spectrometry as a detector can offer several advantages. In particular,
when ES ionization is used as an interface between SEC and MS u (or MS/MS). The analysis of
polymer samples by using direct introduction through Electrospray yields Mass Spectra displaying
several families of peaks (as several gaussian distributions). Unfortunately, these families can partialy
overlap each other. In the case of PEG (Mn 4000Da) it is found three families of peaks distribution,
corresponding respectively to (M+3Na)3*, (M+4Na)4* and (M+5Na)J*.
The separation by SEC «in line » with ES source allows a partial separation of polymeric
mixtures into smaller number of peaks easier to be attributed and-analysed. Moreover, concerning
the multiplied charges, overlapping peaks are eliminated. Alternatively, for higher mass polymers,
higher charge states are observed in contrast to what is observed from lower mass polymers. In this
work, in addition, we will present differents families of polymer as poly(dimethyl siloxane),
polglycols and poly(methyl metacrylate) and discuss their behaviour towards ES mode.
1- William. J, Simonsick. Jr, Laszlo. Prokai, Polymeric Materiels Science and Enginering, 69,1993.
2- Laszlo Prokai, William.J, Simonsick.Jr, Rapid.Comm. Mass.Spectrom, 7,552,1993.

WeC16

LCMS OF ADDITIVES IN PLASTICS WITH AN ELECTROSPRAY ION SOURCE
B. Remaud1, T. Blasco1, B; Escoffier2 and J.C. Tabet1
1 U.P.M.C. Laboratoire de Chimie Organique Structurale - 4, place Jussieu- 75232 PARIS
2 Elf Aquitaine - Groupement Recherche Lacq - BP34 64170 ARTIX

Chemical additives are incorporated in the polymer matrix of plastics to improve their physical
properties and useful lifetime. Many of the antioxydants and UV stabilisers are analysed by GC, LC and
sometimes SFC1, depending upon the volatility. Both polar and non-volatile additives are generally
detennined by LC, and LC cpnventionnal detectors are not very specific. This is the reason why a highly
specific detector (MS), with an interface allowing a "soft" ionisation (the Electrospray source) has been
choosen.
In the mixture analysed, a conventionnal UV detector has shown 8 compounds, mainly
antioxidant phenols. The LCMS analysis has allowed the identification of 6 new compounds, mainly long
chain diesters, lacking a chromophoric moiety and therefore not detected by UV.
Some of the composants will cetainly need Negative Ion operating mode with the ES-MS to be
recognized; results are to come.
1- P.J. Arpino, D. Dilettato, khoa Nguyen, A. Bruchet, J. High. Reso. Chromatogr, 13, £, 1990.
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Electrospray Mass Spectrometry of Synthetic Polymer Resins
Susan M. Hunt. Margaret M. Sheil and Malcolm R. Binns
Department of Chemistry, University of Wollongong, Northfields Ave, Wollongong, NSW
AUSTRALIA, 2522
Polyester paint resins were characterised by electrospray ionisation mass spectrometry (ESI) in
order to study the chemical changes in these paint coatings resulting from ultra-violet degradation
processes. The polyester resins of concern consist of di-acid and diol monomers, and are used in
many paint formulations which serve surface coatings for metal products including building
materials and metal appliances. In a novel application of the technique, sixteen different polyester
resins were examined by ESI, thus demonstrating the general utility of the technique both for
molecular weight determination and for structural analysis of polyesters.
Synthetic polymers typically contain a range of polymeric structures comprised of various ratios
of the monomeric components. The ESI spectra enabled identification of: the range of chemical
structures present in each sample; the distribution of acid versus alcohol "end groups" (important
in the stability of cross linked resins) and; any structural anomalies such as those caused by
fragmentation of the monomer prior to polymerisation. The identities of the peaks in the ESI
spectra have been confirmed by tandem mass spectrometry.
The number average molecular weights (M n ) determined from our initial ESI experiments were
compared to results from other techniques eg. vapour pressure osmometry. Although the M n 's
determined by ESI were lower than the true molecular weights of the samples, subsequent
investigations have shown that the addition of certain alkali metal salts to the polyester samples
dramatically enhanced the ESI spectra and Mn of polyester resins. The Mn's determined by ESI in
this manner are also strongly dependant on ionisation/focussing conditions, in particular the
potential used to accelerate the ions through the intermediate pressure region in the ESI source,
the so called skimmer potential. These apparent changes in Mn appear to be the result of
variations in dependence of different oligomers on skimmer potential. The implications of these
results for the characterisation of polymers and their degradation processes by ESI will be
discussed.

WeC18

Analysis of polyoxyethylenic, polyoxypropylenic and mixed chains non-ionic surfactants
using FAB Mass Spectrometry
B. Dcsmaziercs. V. Haldvs, J-P. Morizur and P-L. Dcsbcne*
Vniversile Pierre el Marie Curie. Chimie Organique Slruclurnh 2, CNRSERS 72. bnlle -IS.
•f place Jiissieu. 75252 Paris Cedex 05, France
*Universile de Rouen. HIT d'Evreux, LASOC, 7.? rue Saint-Germain. 27000 Evreux. France
The analysis of non-ionic polyoxyclhylcnic or or non-ionic polyoxypropylcnic surfactants is usually performed by N M R
or HPLC. Unfortunately. N M R allows only the estimation of average distribution parameters and HPLC is limited in the
case of high masses and/or of complex structures sucli as polyoxyclliylcne and polyoxypropylcne copolynicrs.
We report n study of llic potential of Fast Atom Bombardment ionization in the analysis of various polyoxyeihylcnic and
polyoxypropylenic non-ionic surfactants prepared from bases such as fatty alcohols, ethvlcnc diamine. diethylene
triamine and irimcthylolpropane. Correct estimations of the polyalkoxy chains average lengths were obtained. We used
the samples themselves as matrixes and sodium or potassium ncclalcs as cationizing agents.
As evidenced by (lie comparison with ' H and '-'C N M R or with HPLC analyses, a precision of about 10% (with a
standard deviation of 2 to 4%) is reached for most of Ihc samples, as well in the determination of polyalkoxy chains
average lengths than in the determination of oligomcrs relative abundancics. The main peaks, generally | M + N a | + or
( M + K ] + , remain proportional (o the molecular abundancics of (lie corresponding oligomers with a good approximation
up to masses of 1500-20(10 u.
At last, we used F A B / M S to analyse a non-ionic surfactant resulting from the condensation on cclyl alcohol of a mixed
chain (block copolymer of cthylenc oxide and of propylcnc oxide). The results (C| f j PO7EO| R ) arc in good agreement
with the I 3 C N M R control ( C | 7 P O 7 5EO20 5) and with (he furnisher's data (C ] 6 PO g EO20>Therefore F A B / M S appears as a convenient, fast and scmi-quantitalive analysis technique of non-ionic polyalkoxy
surfactants, especially in the case of complex structures such as copolymers and of relatively high masses (up to 2000 u in

the present state of our study).
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Analysis of polyethylene oxide and of polypropylene oxide in non-ionic surfactants
using FAB Mass Spcctrometry
B. Dcsmnzfcres V. H.ildys, J-P. Morizur and P-L. Desbene*
Universite Pierre et Marie Curie. Chimie Organique Slruclurale 2, CNRSERS 72. boite -/.I,
•/ place Jussieu. 7$252 Paris Cedex OS, France
*Universite de Rouen, 1UT d'Evreux, LASOC, -13 rue Sainl-Germain. 27000 Evreux, France
Polyoxyethylenic and polyoxypropylcnic non-ionic surfactants arc obtained by polycondcnsalion of ethylcne and
propylcnc oxides on various bases such as fatty alcohols, polyols. amines, etc...
These surfactants contain polyethylene oxide (PEO) or polypropylene oxide (PPO) as by-products and their properties can
be modified if (he by-products amount is too high. The quantitative determination of these by-products is a difficult
analytical problem and the usual methods (i.e. solubility measurements, HPLC) have a limited range of application and
suffer from a lack of precision.
We report here the possibility of analysing PEO and PPO in non-ionic surfactants by means of Fast Atom Bombardment
ionizalion. We previously found that polyoxyclhylcnic and polyoxypropylenic surfactants can be analysed in FAB-MS
using sodium or potassium salts as calionizing agents and the samples themselves as matrixes. As (he major peaks
|M+Na] + or [M+KJ+ have intensities proportional to the molar concentrations of the surfactants oligomers, a semiquantitative approach of the distribution parameters was possible. We also observed that PEO and PPO arc generally
easily visualized in the FAB spectra. As a first step, we verified thai a linear relationship is observed between the
intensities of the peaks of polvdispcrscd PEO and PPO standards and their concentrations in the surfactants. It was also
possible to determine their distribution parameters. Then, we used the calibration curves obtained to measure the
concentrations of PEO and of PPO in some surfactants resulting from the condensation of clhylcnc oxide on fatty
alcohols, (rimethylolpropane and dielhylcnclriaminc and from Ihe condensation of propylcne oxide on
trimethylolpropane. A precision of about 10-15% was obtained. At last. Ihe amounts of PEO and PPO were estimated and
were found in the range 2 to 8% in pondcral concentrations according to the different samples analysed. Their
distribution parameters were also determined.
Therefore FAB-MS appears as a promising technique allowing the semi-quantitative determination of PEO and PPO in
non-ionic surfactants, as well as ihe estimation of the distribution parameters of these by-products.

WeC20
PYROLYSIS/GC/MS STUDY OF THE INTERFACE IN PBS BLOCK-COPOLYMERS
B. Escoffier*. G. Bourgeois**, A. Souin**, W. Lieberth**, F. Benoist**, C. Vitry**.
* ELF-ATOCHEM, Groupement clc Rcchcrchcs dc Latq, 64170 ARTIX, FRANCE.
** CESAMO - URA N° 35 CNRS, Universite Bordeaux-1, 351 Corns de la liberation, 33405
TALENCE cedex, FRANCE.

The pyrolysis coupled to GC/MS was used to distinguish PBS block copolymers,
containing a few percent random PBS sequences as interface (gradual random
transition...SSSBSBSBSBBB...) from PBS block copolymers without interface (abrupt SB
transition... SSSSBBBB...).
The random transition contains several SB sequences identifiable by PYR/GC/MS.
The number of these SB fragments increases with the content of ihese random sequences. In
the segmented copolymers without random transition, however, it is almost impossible to find
isolated SB fragments in reason of Iheir very low probability. This clearly appears in the
pyrograms and in the fragmentograms : the mixt dimeric SB units are detected as hexadienyl
benzene molecules by mass fragmentography (C, 2 H| 4 , m/z 158), in the random copolymer. In
the segmented SB copolymers, without statistical transition, no hexadienyl benzene molecular
ion was found neither in the pyrogram (total ion current) nor in the m/z 158 fragmentogram.
The quantitation was performed by comparison of the area of Ihe hexadienyl benzene
fragmentographic peak with a reference standard. The standard was a synthetic mixture of the
two pure S and B liomopolymers and of a statistic SB copolymer. So, it was possible to detect
the interface, with a content of 5 % ol' the entire PBS block copolymer, by (lie existence of
mixt BS fragments.
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EXPERIMENTAL STUDY OF ADDUCTS BETWEEN BENZENE DERIVATIVES AND METAL IONS
J. CHAMOT-ROOKE. J.-P. MOR1ZUR and J. TORTAJADA

Utboratoire de Chlmle Organlque Structural 2, CNRS ERS 72 Unlverslte Pierre et Marie Curie,
4 place Jussteu, 75252 PARIS Cedex 05 FRANCE
The gas phase chemistry of organometalllc systems has undergone rapid progress over the last
decade. There's a great deal of Interest In studying the reactions of bare transition metal Ions with
organic species since the knowledge about the behavior of such adducts can give valuable
Informations on mechanisms operative in the condensed phase. More especially, study of the
activation of C-H, C-C or C-O bonds will be better achieved In gas phase.
To generate organometalllc complexes, we explore a technique which consists In bombarding a foil
of the appropriate metal with fast atom of Xenon In a modified FAB source' ofa ZAB-HSQ mass
spectrometer which Is of BEqQ configuration. These metal Ions react In the Ion source with the
organic compound to yield the relevant adduct. The organic substrate Is Introduced either via the inlet
system for the liquid or direct sample probe for the solid.
Two kinds of results are described.
First, we report the results ofa MS/MS study of various adducts between alkyl-benzene derivatives
and metal ions generated In the modified FAB source. Changing the metal without modifying the
neutral compound allow us to discuss about the role of the metal In the adduct produced by this
method. The alkyl-benzene derivatives and metal Ions investigated in this study are presented in the
table below. The results show that the reactivity of each adduct depends in a large way on the metal
used.
R 1+
R = CH3, C2H5, iProp, tBut. Allyl, ...
M = Cr, Fe, Co, Nl, Cu
M
Secondly, properties of some alkyl-benzene chromium ions generated in the Impact electronic
source by loss of CO from the appropriate ionized arene-chrome-trlcarbonyl are compared to that
obtained from the same adducts produced In the modified FAB source. The different results allow us to
compare the two methods i.e. energies involved in each case, electronic states of the metal ion or
activation of both C-H and C-C bonds.
(DR.B. Freas, M.M. Ross, J.E. Campana. J. Am. Chem. Soc..I985, 107.6195-6201

WeC22
ISOMER IDENTIFICATION OF DISUBSTITUTED BENZENE DERIVATIVES THROUGH GAS PHASE
CHROMIUM ION REACTIONS
J. CHAMOT-ROOKE, J.-P. MORIZUR and J. TORTAJADA

Laboratolre de Chlmle Organtque Structurate 2, CNRS ERS 72 Unlverslte Pierre et Marie Curie.
4 place Jussleu, 75252 PARIS Cedex 05 FRANCE
A significant development in organic mass chemistry in the past decade has been Its application to
stereochemical problems.
We report here a novel analytical method for the lsomer Identification of dlsubstltuted benzene
derivatives based on mass ion kinetic energy (MIKE) spectra and collision
Induced dissociation (MIKE
CID) spectra of dlsubstltuted benzene chromium ions (C6H4-X-Y Cr)+. The method described here
usually relies on an abundance ofa diagnostic Ion, which is present in the spectrum of one lsomer
but shows low intensity or is absent In the spectra of the other isomers.
The (Q3H4-X-Y Cr)+ Ions were generated from ionized arene-chrome tricarbonyl derivatives by losses
of CO in the ion source of a ZAB-HSQ mass spectrometer. The arene-chrome tricarbonyl complexes
were synthetized by standard laboratories procedures. In addition, the (Q5H4-X-Y Cr)+ complexes can
be generated by reaction of disubstituted benzene derivatives with atomic chromium ions produced by
fast atom bombardment. The aromatic compounds investigated in this study are presented In the
table below:
X
1-C1
2-F
3-Me
4-Et

(C6H4-X-Y)Cr(CO)3
Y
X
Me
5-OMe
Me
6-Me
OMe
7-Me
OMe
8-Me

Y
OMe
COOMe
COMe
CONH2

The criteria for the selection of the disubstituted benzene derivatives were that the electron Impact
spectra or the chemical ionlzatlon spectra were too similar for routine
The analytical results are summarized as follow:
(1) the MIKE spectra of the ortho isomer differ considerably from meta and para Isomers
(11) the MIKE spectra of the meta and para isomers show only weak differences, the MIKE-CID
instead differ sufficiently from each other allowing the inambigous Identification of Isomers.
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METAL COMPLEX FORMATION OF TRIACYLMETHANES IN THE GAS PHASE.
J. Jalonen, P. Joensuu, M. Christophliemk, O. llormi and R. Kostiainen*
Department of Chemistry, University of Oulu, P.O.Box 400, FIN-90571 Oulu, Finland
•Environmental Laboratory of Helsinki, FIN-00530 Helsinki, Finland.
Triacylmethanes can occur either in the enolic or ketonic form. In general, they are completely enoliscd both in solution
and in the solid. 1 However, iriacylmethanes containing a pivaloyl group have been shown by IR and NMR data to exist
only in the ketonic form in liquid phase.2 In order to study ihe behaviour of iriacylmethanes in the gas phase we prepared
a series of crowded iriacylmethanes: Acetyl-dipivaloylmelhane (I), Propionyl-dipivaloylmetane (II), isobutyryl-dipivaloylmelhane (III) and tripivaloylmethane (IV).
Since fast atom bombardment (FAB) mass spectrometry has proven to be a novel technique3 to transfer not only polar or
nonvolatile substances from a liquid matrix into the gas phase but also metal ions from a corresponding salt, 4 we applied
this methodology to study complex formation of above mentioned triacylmeihancs (I - IV) with different metal cations.
Alkali ions (Li + , Na + , K + ) and Ag"""produced stable cationisation products as expected but the stabilisation order in (I IV) varied depending on the nature of the cation as observed in a competing complexation experiment. However, Cu + ,
Co + and especially Fe + reacted differently. Using equimolar mixture of (I - IV) and FcCl3 in NBA (m-nitro-benzyl alcohol) in FAB conditions produced the spectrum with a very prominent ion at m/z 422 which could be proton bound dimer
of tripivaloylmethane (IV) and NBA. The subsequent MS/MS analysis of this ion and other important peaks in the
spectrum showed that this was not the case. The same reaction with compound (IV) only as a substrate is very slow.
The nature of (his and other corresponding complexes will be considered in detail and comparisons with laser desorbed and
FAB produced species and their reactions will be presented.
1.
2.
3.
4.

a) L. Claisen, Annalen, 291 (1896) 29,85; b) S. Forscn and M. Nilsson, Acta Chcm Scand. 13 (1959) 1383;
D.C. Nonhcbel, J. Chem. Soc. (C) 1967, 1716.
M. Barber, R.S. Bordoli, R.D. Sedgwick and A.N. Tyler, J. Chem. Soc., Chcm. Commun. 1981, 1268.
H. Mesldagh, N. Morin and C. Rolando, Tetrahedron Leu. 27 (1986) 33.

WeC24
Reaction of Ammonia with Clusters of Methanol and doubly Charged
Transition Metal Ions in a Triple Quadrupole Instrument.
Ulla N. Andersen and Gustav Bojesen
Department of Chemistry, Odense University, DK-5230 Odense M, Denmark
Methanol clusters of doubly charged transition metal ions were generated by Electrospray lonzation.
The cluster ions were allowed to react with ammonia under single collision conditions in the second
quadrupole assembly of a triple quadrupole mass spectrometer and ions arising from a number of
different reactions were observed:

M(CH3OH),

2*

NH,

M(CH 3 OH) n .,(NH 3 ) 2 *
M(CH 3 OH) n . 2 (NH 3 ) 2t +

M(CH 3 OH) n . 2 (NH 3 ) 2 *

M = Mn, Fe, Ni, Co, Zn and n = 4, 5,6,7.8, 9.
The substitution of methanol with ammonia (formation of I) appeared to be the most favoured reaction:
Charge reduction (abstraction of H+ and (CH3OH)nH+) was also observed:
M(CH 3 OH) n 2t

N H 3

»

M(OCH 3 )(CH 3 OH) m + +

M(OCH 3 )(CH 3 OH) m .,(NH 3 f

CH 3 OH 2

NH4

where m equals 2, 3 and 4.
Charge reduction was far more pronounced for lower values of n (4,5 and 6) and under multiple
collision conditions.
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Decomposition of doubly charged cluster ions containing one transition
metal and up to five pyridine derivatives.
Vila N. Andersen and Gustav Bojesen
Department of Chemistry, Odense University, DK-5230 Odense M, Denmark.
Clusters of doubly charged transition metal ions and pyridine derivatives were generated by Electrospray
Ionization from soludons of transition metal salts and nitrogen bases in methanol. Cluster ions with up
to five ligand molecules (pyridine, 4-methylpyridine (=pic), 3,5-dimethylpyridine and 4-tertbutylpyridine) were observed. The metal ions were Mn2*. Fe2+, Ni2+ and Cu2+. The clusters contained
one metal ion and two different ligands and the decomposition of the cluster ions were studied under
single collision conditions in a triple quadrupole mass spectrometer. The daughter ion spectra typically
showed two peaks that correspond to loss one molecule of either one or the other of the two different
ligands:
ML n K in ., 2+
ML n K m 2+ ^

n+ m= 4or5

More than 75 different cluster ions have been studied. Generally loss of the ligand with the lowest
proton affinity was favoured. However, the branching ratio for the two competing reactions depended
very much on the n/m ratio. E.g. In the decompositions of Mn(pyr)(pic)3 loss of pyridine occurred six
times (corrected for the number of pyridine and picoline ligands) as frequently as loss of picoline. For
Mn(pyr)3(pic) this factor was reduced to four.

WeC26
Chelate versus Open Chain: Reactions of oc,a>-Diphcmlalkancs with Fc* and CpFe* in the Gas Phase
N. Kaabe, H. Schnarz
Insfituf fiirOrganische Chcmie, Tcchnischc Univcrsiiat Berlin, Germany
In the gas phase il is possible lo study solvcnl-frcc interactions or bare metal ions with isolated molecules. In recent
years because of this possibility the interplay of transition metal ions and molecules formed the subject of intense
research1".
In this work (he metastable ions or different melastablc complexes of labelled ot*o-diphcnylalkanes with Fe* and
CpFc* have been examined in a modified ZAB four sector mass spectrometer111. After preparation of the complexes
under CI conditions, mass- and energy selection, the fragmentations of the metastable adducls in the third field
free region (3fir)were measured.
Our intention was to investigate regio- and
F +
CnFe*
/
\
slereosclective C-H bond activations for both,

i

pr$f
\^u

/fe~))

"chclate-type" (2) and "open-chain" (1) complexes of

]Qy
(CH,)n

<MB-diphenylalkanes with n = 6 and 8 methylene
groups respectively.
In all cases observed, dehydrogenation of the alkyl
1
2
chain constitutes the main process and with
increasing chain length -(CH;)n- it becomes the
11
nearly exclusive decomposition channel ' . In chclate complexes the activation of internal bonds is preferred,
whereas in open-chain complexes mainly positions adjacent to the phenyl rings (i.e. bcnzylic, homobenzylic) are
activated.
Thus, inclusion of an cyclopentadienyl ligand brings about a switch from a "chelat-controlled" to an "open-chain"
process.
11J K. Eller, H. Schwarz, Chem. Rev. 1991,91,1121;
K. Eller, Coord. Chem. Rev. 1993,126,93.
{2| N. Raabe, Diplomarbeit, Tecluusche Universitat Berlin, 1993.
[31 N. Raabe, S. KarraD, H. Schwarz, Chero. Ber. 1994. 127, 261.
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Sequencing of the Crou-Linked Peptide* in Collagen using Four-Sector Tandem Mais Spectrometry with ScanningArray Detection
Tracey LRafferty and Peter J.Oerrick
Warwick Institute of Mass Spectrometry, Department of Chemistry, University of Warwick, Coventry, CV4 7AL
U.K.
Simon P.Robins.
Biochemistry Division, Kowett Research Institute, Greenburn Road, Bucksburn, Aberdeen.
The fluorescent hydroxypyridinium compounds pyridinoline (pyd} and deoxypyridinoline (dpd) are specific constituents of
mature skeletal collagen, where they act as trifunctional cross-links. Pyd is the major cross-link of cartilage but is also
present in bone. Dpd is located almost exclusively in bone. Pyd and dpd levels have been shown to be high in the urine of
patients with bone diseases e.g. rheumatoid arthritis, Paget's disease and osteomalacia [1).
The aim of this study is to sequence the pyd cross-linked peplides in pig articular cartilage collagen by means of four-sector
tandem mass spectrometiy with scanning-array detection. The method of ionisation used is positive-ion liquid secondary
ion mass spectrometry (LSIMS); collision induced dissociation (CID) was performed at 4 ke V incident ion energy with
collision gas.
Pyd cross-linked peptide fragments with relative molecular masses 600-1100 were obtained from pig articular cartilage
collagen by a series of enzymatic digests followed by separation using gel permeation chromatography (GPC) on a sephadex
G-25 column. Fluorescence at 295/400nm was used to detect for the presence of the pyd cross-linked peptide fractions from
the enzymatic hydrolysate. The low molecular weight peptide fragments were purified on a sephadex G10 column. Further
purification of these peptides was achieved by ion-paired Cjg reverse phase high performance liquid chromatography
(HPLC). The tandem mass spectra obtained have shown to be characteristic of pyd-conlaining peptide fragments.
[1]
[2]

S.P.Robins, P.Stewart, C. Astbury, H. A.Bird, Annais Rheum. Diseases, 45,969 (1986)
S.P.Robins, D.Black, CR-Patterson, D.M.Reid, A.Duncan, MJ.Seibel. Eur. J. Clia Investigation, ZL 310 (1991)

WeD2
TRYPTIC PEPTIDE MAPPING OF HUMAN SERUM ALBUMIN BY HPLC AND FAB-MS.
A. Compagnini, S. Fisiehella, S. Foti, G. Maccarrone, ft. Saletti
Dipartimento di Seienze Chimiche, Universita di Catania, V.le A. Doria, 6. 95125
Catania, ITALY
The tryptic peptide map of human serum ai'jumin (HSA) was determined using chemical
and enzymatic cleavages and a combination of reversed-phase high-performance
liquid chromatography (RP-HPLC) and fast atom bombardment mass spectrometry (FABMS). The determination of the tryptic peptide map of HSA may serve to several investigations including the study of genetic variants and of the micro-heterogeneity, the characterization of chemical modifications, and the study of the interaction of HSA with ligands. In the present work, the sequence is determined
in view of further studies about the interaction between HSA and textile dyes,
which are employed for dye-ligand chromatography (1).
About 85% of the total sequencewas obtained. Fragments that were not identified
are mostly of an extreme hydrophilic or hydrophobic character and were not detected in the HPLC chromatogram. Theoretical retention times for the tryptic peptides were calculated. They simplify the detection of the tryptic fragments in
FAB-MS and explain the absence of some peptides in the chromatogram.
Due to the high reproducibility and the satisfactory yield of the tryptic fragments, the method of combining RP-HPLC separation and FAB-MS appears of great potential for structural investigation of HSA.

(1). A. Compagnini, M. Fichera, S. Fisichella, S. Foti and R. Saletti, J. Chromatogr., 639, 341 (1993).
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Investigating already established sequences: Bovine conglutinin.
Hanne Dahl Mortensen,. Ove Andersen', Sven-Erik Svehag* and Peter H0/rup.
Department of Molecular Biology and 'Department of Medical Microbiology, Odense University,
Denmark.
Reinvestigation of established structures using new methologies, particularly mass spectrometry, can
often yield surprising new information. In our studies on the ultra structure of bovine conglutinin
(BC) several discrepancies with the literature was observed and a full investigation was initiated.
Bovine conglutinin (BC) is a C-type lectin showing calcium dependent ligand binding. BC is composed
of 4x3 almost identical chains with a total molecular mass of 480kDa and its ultra structure Is
believed to be similar to complement factor C1q. Each chain is organized into three domains: A short
N-terminal (25 residues), a collagen-like region (171 residues) and a 155 residue long COOHterminus - the calcium binding and Carbohydrate Recognition Domain (CRD).
Three cysteines are located in the NH^-terminal and four in the COOH-terminal. Assignment of interand intra-chain disulfide bonds were made by mass spectrometry and protein sequencing after
digestion of BC with trypsin. By homology it was believed that Cysz55, Cys349 and Cys327, Cys341 were
participating in intra-chain disulfide bonding; this has been confirmed. The structural function of the
N-terminal cysteines have never been satisfactory explained. Our results show that an inter-chain
disulfide bond is present between two Cys3s. The two remaining cysteines (Cys15 and Cys20) are not
involved in disulfide bonding.
The literature describes 8 hydroxylated lysines and 10 hydroxyiated prolines all present in the
collagen-like region. We can confirm the existents of 6 of the reported hydroxylaled prolines and one
of the hydroxylated lysines. However, we find that one of each is partially either hydroxylated or
glycosyiated. Several additionally hydroxylated prolines are found besides seven glycosyiated lysines
and one proline in the collagen-like region. One, as yet unidentified, modification was located to the
CRD.
Based on our results a novel tertiary structure of BC is proposed.

WeD4
Metastable Fragmentation in a TOF Mass Spectrometer as Used for Peptide
Sequencing
by U. Rapp, C. Kosler, A. Holle and F. Mayer-Posner, Bruker-Franzen Analytik GmbH, D28359 Bremen, Germany

Time-of-flight instruments, when coupled to a matrix-assisted laser desorption ion source,
have been used in the last few years predominantly for obtaining molecular weight
information of very many different classes of biomolecules.
However, this is not the only task, which can be performed with TOF instruments. Since it
is well known that laser desorbed ions fragment significantly, a possibility to use these
fragmentations for structure elucidation was looked for. Basic work of Kaufmann et al.
showed ways how to obtain data from reflector type TOF instruments. We have
implemented into the instruments control software procedures for stepping the reflector
voltage from the full to lower values, while keeping the acceleration voltage constant.
Herewith, the fragments with wrong energies under normal operating conditions are
reflected to the detector, yielding a spectrum of metastables. Compared to conventional
multi-sector MS/MS experiences the sensitivity is significantly better. A standard
experiment using a peptide for sequencing requires less then a picomol on the target. Still,
in this case the signal/noise ratio is usually extremely good.
Especially for peptides this technique is of interest because it supplements the analysis of
sequencer instruments. The well-known backbone fragmentation of peptides is found and
can directly lead to complete or partial sequence elucidation. Examples will be shown of
different peptides from HPLC separations of enzymatic digests, where the A and B as well
as the X and Y series are detected. Peptides with molecular weights beyond 2000 Dalton
are accessible. Some easy means for interpretation of unknowns are discussed.
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PROTEIN, PEPTIDE, AND AMINO ACID ANALYSIS BY ON-LINE
CAPILLARY ELECTROPHORESIS - ELECTROSPRAY MASS SPECTROMETRY
Richard B. Cole*, Johnson Varghese, Wenzhe Lu, and George Yang
Department of Chemistry, University of New Orleans, New Orleans, LA 70148 USA
Randy M. McCormick and Douglas Kadlecek
Dionex Corporation, 1228 Titan Way, Sunnyvale, CA 94088-3603 USA
Capillary electrophoresis (CE) separation coupled with electrospray ionizarion mass spectrometry
(ESMS) detection offers much promise for the characterization of biological sample mixtures. In this
report, a mixture of proteins containing bovine cytochrome C, tuna cytochrome C and horse heart
myoglobin was successfully analyzed by on-line CE-ESMS with less than 40 fmol of each compound
loaded into the capillary. A mixture of six proteins (cytochrome C, ribonuclease A, occhymotrypsinogen, myoglobin, carbonic anhydrase II, and a-lactalbumin) in acetic acid/sodium acetate
buffer was used to delineate the relationships between migration time and pH, along with migration time
and buffer concentration for the novel hydrophilic derivatized capillaries used in this study. A pH of 4.8
was found to offer an excellent compromise between separation efficiency (up to 500,000 theoretical
plates) and analysis time. Little deterioration of the capillary occurred over the course of 400 injections
(200 hours run time). CE-ESMS separations of amino acid and peptide test preparations including
mixtures of histidine, phenylalanine, tryptophan, and glutathione will also be presented.

WeD6
High Energy Collision-Induced Dissociations of Cysteine-rich
Hydrophilic Peptides.
T. Krishnamurthy*, J. Tamura, M. Prabhakaran & S. R. Long
U.S. Army Edgewood RD&E Center Aberdeen Proving Ground, MD
21010-5423 U.S.A.
Small cysteine rich hydrophilic peptides (1-5 pMole), isolated from
conus snails, were ionized under Frit-FAB conditions and their corresponding
mass spectra were recorded using JEOL HX110/HX100 tandem mass
spectrometer, lonization efficiences of these peptides were not suppressed
even in the presence of hydrophobic peptides, unlike during static FAB
conditions. The peptides (1-10 pMole) were reduced using
tris(carboxyethyl)phosphine and ionized. The ions were subjected to
collisionally induced dissociation (Xenon, 2KeV) by floating the collision cell
at 8 KeV. The generated daughter ions were detected using JEOL ADSII
array detector. The observed ions were not always sufficient for deriving
the total amino acid sequence of the intact peptide. However, derivatization
of the free SH groups and/or the N-terminus residue alleviated this problem
totally- High resolution daughter spectra of several toxic and biologically
active conus peptides were recorded and interpreted.
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Detection and characterisation of modification sites of synthesized peptides by computeraided interpretation of the collision induced dissociation liquid secondary ion mass spectra
Jef Rozenski, Gerard Janssen, Isabelle Samson, Roger Busson,
Arthur Van Aerschot and Piet Herdewijn
Rega Institute for Medicinal Research, Laboratory of Medicinal Chemistry (F.F.W.),
Katholieke Universiteit Leuven, Minderbroedersstraat 10, B-3000 Leuven, Belgium
During synthesis of peptides side reactions can occur. After HPLC separation of a reaction
mixture, the fraction containing the correct product can easily be detected. Sequencing of the
unknown products is more difficult because of the possible appearance of unnatural amino acid
residues. Using collision induced dissociation (CID) liquid secondary ion mass spectrometry
(LSIMS), the sequences of the peptides can be assigned. However, problems arise when the amino
acids are modified and most computer programs as well as classical Edman degradation, fail. With
a simple, but flexible computer program, several modifications of pentapeptides were
characterised, among them : (i) the acetylation of a tryptophan moiety, (ii) migration of a 4methoxy-2,3,6-trimethylbenzenesulfonyl group (Mtr, 1) used as a protecting group for arginine to
a serine hydroxyl function during the deprotection step, and (iii) the formation of a dithio ketal of
trifluoroacetylated tryptophan (2) during deprotection of peptides with trifluoroacetic acid, in the
presence of ethanedithiol, added as a radical scavenger.
.W/NH—C H—C<AW
I

WeD8
Analysis of Metastable Ions in Matrix Assisted Laser Desorption-Ionization Reflector Time-ofFlight Mass Spectrometry: Calibration of Mass Spectra and Application to Peptide Sequencing
Ole Vorm*, Peter Roepstorff*, and Matthias Mann
European Molecular Biology Laboratory, Heidelberg, Germany.
•Odense University, Dept of Molecular Biology, Odense, Denmark
Matrix Assisted UV Laser Desorption-Ionization Mass Spectrometry (MALDI MS) can give structural
information about peptides by mass analysis of fragment ions formed by decay of precursor ions in the
first field-free region of a reflector time-of-flight mass spectrometer1. Calibration of such metastable
ion spectra can be based on exact knowledge of all instrumental parameters when using reflectors
where the electrical fields are defined by grids. However, reflectors with grids tend to have lower
transmission and signal-to-noise-ratio than reflectors without grids. Therefore we find gridless
reflectors preferable in biological mass spectrometry where high sensitivity is often crucial.
Unfortunately, until now, mass assignment to metastable ions from gridless reflectors was only possible
by "peak matching". Such mass assignments are very time consuming and often inaccurate due to poor
matching.
We here show a new, simple, and very precise method for mass calibration of reflector time-of-flight
spectra of metastable ions. The calibration method is quite general and can be used with any pulsed ion
source, and it is equally useful for reflectors having one or two stages, with or without grids. The
calibration method does not require detailed knowledge about instrument geometry or the equipotenrial
surfaces of the reflector, it is only necessary to be able to adjust the reflector potential precisely.
We show applications of the method to sequencing of peptides ionized by MALDI. In analyses of
peptide mixtures we have selected a single precursor ion species for fragmentation studies by pulsing
away all other ions. Furthermore, we show high mass precision and true MS/MS of peptides at the
subpicomole level.
1) B. Spengler, D. Kirsch, R. Kaufmann, and E. Jaeger; Rap. Commun. Mass Spectrom. 6, (1992), pg.
105-108
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The Surface-Induced Dissociation of Protonated and Catioiwted Peplides
A. T. Jackson. D. Despeyroux and K. R. Jennings
Department of Chemistry, University of Warwick, Coventry, CV4 7AL, United Kingdom
Previous studies of the surface-induced dissociation (SID) of polyatomic ions have been mostly carried out
on modified hybrid mass spectrometers [ l | and modified tandem quadrupole instruments |2) Two reports of SID of
protonated peplides have since been published [3, 4] that show the complementarity of SID and collision-induced
dissociation (CID) techniques for structural characterisation of peptides |4J. Recently, CID of precursor ions of the
type (M+Cat|* were shown to enhance the structural information contained in the spectra [5].
A comparison of the SID of protonated and cationatcd peptides has therefore been initiated. Spectra of
leucine enkephalin and amide analogues, RMM 555-574 Daltons, were obtained by means of a Concept II HH
four-sector mass spectrometer (Kratos Analytical) equipped with a LSIMS source, a specially designed SID unit
with a stainless steel surface for collisions [4] and a scanning charged coupled device (CCD) array detector.
In all SID mass spectra recorded in these experiments some anomalous broad peaks were observed at an
apparent mass ofm* = rn^Vm,. These peaks have the shape typical of metastable peaks arising from the dissociation
of m,* ions in the field-free region between the ESA and the magnetic sector of MS2. If the fragment ions are formed
in the collision cell they are re-accelerated as m2* ions and so appear at m2* on the mass scale. If m,* ions are
re-accelerated and fragment in the field-free region before the magnetic sector of MS2, they have an energy of only
(m/m, )Ve and so are deflected more easily and appear at an apparent mass m*.
The occurrence of the m* peaks in the SID mass spectra arises from the scan law used for MS2 of the
instrument (6|. As the collision energy approaches zero the scan law curve departs increasingly from the B/E scan
law and approaches the normal B-scan at fixed E, especially when the mass of the neutral fragment lost is relatively
low. A comparison of the CID and SID of protonated and cationated peptides and SID spectra obtained using other
surfaces will be presented.
References
1. Md. A. Mabud, M. J. Dekrey, R. G. Cooks. Int. J. Mass Spectrom. Ion Proc. 1985. 67,285
2. M. E. Bier, I. W. Amy, R. G. Cooks, J. E. P. Syka, P. Ceja. G. Stafford, Int. J. Mass Spectrom. Ion Proc.. 1987, 77, 31
3. A. D. Wright, D. Despeyroux, K. R. Jennings, S. Evans. A. Riddoch, Org. Mass Spectrom.. 1992,27.525
4. D. Despeyroux, A. D. Wright, K. R. Jennings, S. Evans, A. Riddoch, Int. J. Mass Spectrom. Ion Proc., 1992,75,243
5. L. M. Teesch, R. C. Orlando, J. Adams, J. Am. Chem. Soc. 1991, H3.3668
6. R. K. Boyd, Int. J. Mass Spectrom. Ion Proc., 1987,75,243

WeD10
C 0 M P A R I S 1 0 N OF LOW AND HIGH ENERGY COLLISION INDUCED DISSOCIATION
SPECTRA O F REDUCED PEPTIDOGLYCAN MONOMERS
E. Pittenauer, E. R. Schmid, C. E. Costello1 and G. Allmaier
Institute Tor Analytical Chemistry, University of Vienna, Wahringer Sir. 38, A - 1090 Vienna, Austria
'Department of Chemistry, Massachusetts Institute of Technology, Cambridge, MA 02139. USA

Peptidoglycan (murein) can be envisaged as a giant macromolcculc, representing an important constituent of
pathogenic and apathogenic bacteria. Murein is a heteropolymer unique to bacterial cell walls that consists of a
glycan backbone with peptide side chains linked via a lactyl moiety to the carbohydrate unit. Numerous subtle
variants in the chemical composition of murein isolated from quite different microorganisms have been determined
by classical biochemical techniques. Several important contributions to the structure elucidation of unreduced
peptidoglycan monomers have been reported using tandem mass spectrometry with high energy collisional
dissociation, applying FAB or LSIMS combined with a four sector (EBEB) instrument [1-3]. On the other hand,
reduced peptidoglycan monomers have been characterized by a tandem mass spectrometer of the hybrid design
(BEqQ) with low energy collisional activation (< 100 eV) using FAB for parent ion generation [4, 5]. Both
collision energy regimes yield product ion spectra that exhibit different kinds of fragment ions and different
relative intensity distributions. For the first time, a detailed comparision between low and high energy collisional
dissociation spectra of reduced peptidoglycan monomers (in fact, a kind of glycopeptide with a blocked N-terminal
end) will be presented and evaluated. It seems to be clear that the structural features that promote low energy
fragmentation of glycoconjugates, as in our case reduced peptidoglycan monomers, differ from those that favor
high energy clevages.
1.

S. A. Martin. R S. Rotefflhal and K. BimmJBioL

2.

1, Tomaiic, L Soaitic, S. A. Martin, Z. Valinger u d B. Uiak.J

3.

I Johiniucn, R. S. Rotenihal, S. A Martin, A. B. Cidy, F. Obtl. M Ouinand and 1. M Kjueger. Infect, tamm. £7.2726(1989 1

4.

C/IMI. 2«2,75i4( 1987)
Otromatofr. 4J& 40! (1981).

a. AllnuiET and E. R. Sdwni, in Bacterial growth and lytls: metabolism and structure of the bacterial toccului.
edi M. i de Pedro. 1. V. Holtje and W. LoSelhardt, Plenum Pros. N Y , 23 (1993 )

!

E PM.tuuem al. Biolog Mai, SfHclrcm 21,124 { 1993)
Financial support from the Aiutrian Science Foundation (grant No 9545. to O. A.) and National Intitule of Health ( p a w
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Collision Induced Dissociations of the Peptide W-Ac-Ser-Asp-Lys-Pro Cationized by
Various Metal Ions
D. Mocanu, O. LapreVnte. B. C. Das, J. Thierry, A. Rousseau and M. Lenfant
Institut de Chimie des Substances NatureUes, C.N.R.S., Av. de la Tetrasse, 91198 Gif-sur-Yvette, France
The naturally occurring peptide Ac-Ser-Asp-Lys-Pro (AcSDKP) exhibits a high inhibitory
activity on the proliferation of heraatopoietic pluripotent stem cells proliferation.1
The spontaneous formation of [M+Na]+ and [M+2Na-H]+ ions together with the protonated
molecule [M+H]+ from the peptide, as observed by Liquid Secondary Ion Mass Spectrometry (LSIMS),
prompted us to investigate the behaviour of such cationized species under collisional activation followed
by constant B/E linked scanning.
Various cationized molecules such as the calcium complex [M+Ca-H]+ and the alkali metal ion
complexes possessing up to three alkali cations ([M+C]+, [M+C-2H]-, [M+2C-H]+, [M+3C-2H]*) are
generated by adding the appropriate chloride to the thioglycerol matrix (C= Li, Na or K).
Several sequence-specific fragment ions are formed by collision-induced dissociation of these
complexes, the fragmentation pathways depending on both the type and the number of cations
complexed by the peptide. Although the fragmentation mechanisms are generally in agreement with
previously published results,2 some of them are original and characteristic of the peptide structure.
The two carboxylic functions and the two amide groups in-between seem to be specifically
involved in the cation complexation. The W-acetylserine residue takes part in the cations coordination
only in case of the calcium complex and of the triply cationized molecules [M+3C-2H]+.
The complexation properties of three structural analogs (AcSDK, AcADKP, AcSEKP) will also
be compared with those of the peptide AcSDKP.
The results obtained provide a good insight into the location of metal ion attachment sites in the
peptide chain.
1. M. Lenfant, J. Wdzieczak-Bakala, E. Guiltet, J.-C. Prome". D. Sotty, E. Frindel, Proc. Natl. head. Sci. USA, 86,
779 (1989).
2. (a) L. M. Teescb, R. C. Orlando, J. Adams, J. Am. Chem. Soc. 113. 3668 (1991). (b) L. M. Teesch, J. Adams, J.

Am. Chem. Soc, 111, 4110 (1990).

We 012
A General Strategy for the use of Mass Spectrometry
in Natural and Recombinant Protein Characterization.
Jens S. Andersen and Peter Roepstorff
Department of Molecular Biology, Odense University, DK-5230 Odense M, Denmark.
With the expression of a wide range of proteins by recombinant DNA technology, detailed
structural characterization and purity evaluation of proteins have become important. Mass spectrometry
has emerged as an effective tool to solve the diverse range of analytical problems involved, i.e., to
establish the identity of the recombinant protein, to verify that the amino acid sequence has been
correctly assigned, to delineate possible post-translational modifications, and to characterize
contaminants, impurities and modifications that may be induced during expression and purification. The
naturally occurring protein is often only accessible in low quantities and consequently, high sensitive
methods are needed to obtain the information required for expression and development of a recombinant
protein product.
Here we present a general strategy for natural and recombinant protein characterization based on
electrospray ionization (ESI) and matrix assisted laser desorption/ionizaa'on (MALDI) mass spectrometry
combined with protein chemistry and genetics. Molecular mass determination of the intact protein by
ESIMS and direct peptide mixture analysis by MALDI-MS are used as first steps to provide valuable
preliminary information. Based on the results obtained, a strategy is designed for complete characterization which may include separation procedures followed by either mass spectrometric or conventional protein chemistry techniques. Comparison between the natural and recombinant proteins, to
evaluate possible non-native modifications, necessitate full characterization of both proteins. In this case,
an obvious strategy is to optimize the method using the recombinant protein and subsequently apply this
method to the natural protein. The strategy presented will be illustrated with selected examples.

-214-

13th IMSC, Budapest 1994

Wednesday, 31 August

Session D

WeD13
DETECTION OF PIROXICAM ADDUCTS WITH P-CYCLODEXTRIN OR
MALTOHEXAOSE BY FAB-MS
Andrea Mele and Antonio Selva
Dipartimento di Chimica del Politecnico and CNR-Centro Studio Sostanze Organiche Naturali
Via Mancinelli, 7 - 1-20131 Milano, Italy.
We are concerned with the possibility of application of 'soft' mass spectrometry (MS) methods to
the detection of the non-covalent inclusion complexes of drug molecules with cyclic
oligosaccharides, such as cyclodextrins (CDs), for either analytical and research purposes[ I ]. Such
inclusion complexes are of current interest to the pharmaceutical industry as they can improve the
solubility, bioavailability and stability of the guest drug [2].
We present preliminary results of experiments performed by FAB positive ion MS using thioglycerol
as matrix. We have investigated 0.01 and 0.001 molar solutions of the piroxicam (PX)/(3-CD
inclusion complex [3] and of a 1:2 mixture of PX and P-CD in thioglycerol in the presence of NH4CI
in 10:1 molar ratio. Interestingly, we have observed the 1:1 PX/p-CD protonated adduct at m/z
1466.3 for both the complex and the mixture samples. This prompted us to investigate the behaviour
of a 1:2 mixture of PX and the non-cyclic oligosaccharide maltohexaose (MH). under the same
experimental conditions. Even in this case we have observed the 1:1 P;i/MH protonated adduct at
m/z 1322.3, which cannot be attributed to an inclusion complex.
[1]

[2]
[3]

Selva A., Redenti E., Zanol M., Ventura P., Casetta B.: Org.Mass Spec/mm. 28, 983 (1993);
Selva A., Redenti E., Zanol M., Ventura P., Casetta B.. "Spettrometria di massadei
complessi di incluxione del piroxicam e delta lerfenadina con p-ciclodexlrina col meiodo
iompray™", 1° MS-Pharmaday, Siena (Italy), 2-4 June 1993.
Szejtli J.: Cyclodextrins and their Inclusion Complexes, Akademiai Kiado, Budapest, 1982.
Szejtli J.: Cyclodextrins Technology, Kluwer Academic Publishers, Dordrecht, 1988.

WeD14
A NEW STUDY OF CARBOHYDRATE DERIVATIVES BY FAST ATOM BOMBARDMENT
C. Borges*, M. A. Almoster Ferreira* and M. Claeys**
* Department of Chemistry, University of Lisbon, R. Ernesto Vasconcelos, Edif. Cl-5 8 Piso,
1700 Lisboa, Portugal.
** Department of Pharmaceutical Sciences, University of Antwerp (U.I.A.), B-2610 Wilrijk,
Belgium.
Considerable progress in biological mass spectrometry has been made by using soft
ionisation techniques such as fast atom bombardment (FAB) introduced by Barber et al.(l). In the
absence of metal salts, FAB tends to generate M+H + ions, while the addition of a metal salt to the
sample mixture produces metal cation complexes such as M+Li + . Electron impact (El) mass
spectrometry was extensively used to study some carbohydrate derivatives^). We report here a
new study of some carbohydrate derivatives which has been carried out using fast atom
bombardment mass spectrometry and NBA or NBA with lithium iodide as matrix. The positive ion
mass spectra of the compounds clearly show M+H + and M+Li+ ions, which enable an easy
molecular weight determination. The product ion spectra obtained for the M+H+ and M+LJ+
percursor ions of stereoisomeric pairs were examined with the aim of investigating the influence of
the stereochemistry on the fragmentation. Differences were found, in particular, on what concerns
the abundance of some product ions as well as of ions formed by loss of water and acetone,
indicating that product ion spectra are structurally informative for the characterization of this type
of compounds, as will be shown in the detailed discussion which will be presented.
(l)-M.Barber,R.S.Bardoli,GJ.EIliott,R.D.Sedgwick and A.N.Tyler, Anal.Chem., 54,64SA, (1982).
(2)-C.Borges, M.A.Almoster Ferreira and K.RJennings, Org.Mass Spectronu, 27, 1114, (1992).

-275-

13th IMSC, Budapest 1994

Session D

Wednesday, 31 August

WeD15
MALDI-Mass Spectrometry and Ion Exchange Chromatography (HPAEC)
of Plant-Derived Storage Carbohydrates
B. Stahl [II. A. Linos [I], M. Furlinger [II], M. Steup [III], M. Karas [I] and F. Hillenkamp [I]
(I] Institute for Medical Physics and Biophysics; University of Muenster, 48149 Muenster,
FRG; [II] Institute for Food Technology, Agricultural University, A-1180 Vienna, Austria [III]
Institute for Biochemistry and Molecular Physiology, University of Potsdam, 14469
Potsdam, FRG.
Crude extracts of plant material containing carbohydrates and proteins were analyzed by
Matrix Assisted Laser Desorption/lonization Mass Spectrometry (MALDI-MS). The high tolerance of MALOI-MS against contaminants enables the measurements without any isolation or purification of the analyte molecules. When crude extracts (without any further
fractionation) were analyzed using 2,5-dihydroxybenzoic acid as UV-absorbing matrix, both
proteins and carbohydrates ware detected. Deproteinization of the extracts by organic solvents (as confirmed by gel electrophoresis) did not affect the the carbohydrate patterns
obtained.
In another series of experiments the plant carbohydrate patterns as revealed by MALDI-MS
were compared with those obtained by High Performance Anion Exchange Chromatography (HPAEC). By the latter technique distinct isobaric oligosaccharides were resolved into
several isomeric compounds. However, by both techniques essential the same overall size
distribution was observed.

WeD16
MATRIX-ASSISTED LASER DESORPTION MASS SPECTROMETRY OF OLICOSACCHARIDES AND
GLYCOLIPIDS USING A MAGNETIC SECTOR INSTRUMENT.
(1) David. J. Harvey, (2) R. H. Bateman, (2) R. S. Botdoli, (2) K. Howes and (2) R. G. Vickers
(1) Oxford Glycobiclogy Institute, Department of Biochemistry, South Parks Road, Oxford, OX1 3QU, (2) VG
Analytical, Fisons Pic, Floats Road, Wythenshawe, Manchester, M23 9LE. UK.
Matrix-assisted laser desotption mass spectrometry of underivatized oligosaccharides and glycolipids has
previously been demonstrated with linear time-of-flight (TOF) mass spectrometers. These instruments give
resolution that is generally insufficient to resolve all non-isobaric constituents of mixtures thus necessitating the use
of higher performance instruments such as a magnetic sector mass spectrometer fitted with an array detector. This
paper describes the use of such an instrument for examination of oligosaccharides and glycolipid mixtures.
The instrument was a Fisons VG AutoSpec-FPDQ fitted with a SO mm microchannel plate array detector
optically coupled to a 2048 channel photo diode array and with a LSI nitrogen laser (180 nJ/pulse) operating at
337 nm. Samples, dissolved in water (0.2 - 0.S nl) in the case of oligosaccharides or chlorofonrmethanol for
lipids, were deposited on the probe (the FAB probe and ion source were used) together with the matrix solution
[2,5-dihydroxybenzoic acid, a-cyano-4-hydroxybenzoic acid or 2-(4-hydroxyphenylazo)bcnzoic acid, (HABA)]
(4.0 fil, 50 fiM). The laser was fired 10 times for each exposure of the array. Several exposures were needed for
each spectrum (array ratio 1.2:1 at 1000 resolution and 1.075 at 2000) and spectra were accumulated until a
satisfactory signahnoise ratio was obtained (often one spectrum was sufficient).
Bi-, tri- and tetraantennary AMinked oligosaccharides together with high mannose-type sugars all gave very
abundant [M + Na] + ions with all three matrices; the best results were obtained with 2,5-DHB. Weak fragment
ions yielding some branching information were present as the result of glycosidic cleavage. Oligosaccharide
mixtures ran particularly well and oligosaccharide profiles were obtained from IgG (several species), ovalbumin,
ribonuclease, transfenin, fetuin, a-1-acid glycoprotein and ovomucoid. Up to SO sugars were seen in some
samples. Glycolipids likewise gave strong spectra. Where sialic acids were present as with gangliosides,
pronounced fragmentation was seen with a-cyano-4-hydroxycinnamic add but much less with 2,5-DHB.
Fragment ions were clearly resolved, unlike the situation on linear TOF systems where broad, unresolved peaks
were obtained.
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Electrospray Mass Spectrometric Characterization of Supra molecular Structures
of Leucine Zipper Transcription and Translation Factors and Their
Oligonucleotide Complexes
J. Kast 1 . E. Diirr 1 , A. Scharf 1 , H. Wendt 2 , H.R. Bosshard 2 , U. Kriiger*, R. Frank 3 , M. Przybylski 1
1
2
3

Faculty of Chemistry, University ofKonslanz, P.O. Box 5560 M732,78434 Konslanz, Germany
Biochemical Institute, University of Zurich, Winterthurerslr. 190, 8057 Zurich, Switzerland
Zentrum fur Molekulare Biologie Heidelberg, Im Neucnheimer Feld 282,69120 Heidelberg, Germany

DNA-binding proteins play an important role in the regulation system of transcription and translation.
These transcription or translation factors show general structural elements by which they can be
classified. One of these features is the leucine zipper motif (bZIP), which consists of two parts, a DNAbinding region with a large number of basic residues and a a-helical dimerization region. The leucine
heptad repeat units in the dimerization region are thought to associate mainly by hydrophobic
interactions. The yeast transcription activator GCN4 shows the bZIP motif at its carboxyterminal end.
The bZIP-polypeptides of GCN4, several of its mutants and some synthetic leucine zipper analogues
were characterized by electrospray mass spectrometry (ES-MS) which has recently been shown to be
suitable for analyzing non-covalent supramoiecular structures like enzyme-substrate and receptor-ligand
complexes under near physiological conditions. Dimers of several bZIP-elements as well as new triplex
supramoiecular complexes of some synthetic peptides were directly characterized by positive-ion ES
mass spectra. The non-covalent complexes were selectively dissociated by increasing the nozzleskimmer potential, and by changing the pH of the solution. In addition, oligonucleotides containing the
9-base-pair segment of the binding region of GCN4 were hybridized and directly characterized as
double-stranded products by negative-ion-ES-MS. The ribosomal protein L7 carries sequences similar
to the bZIP motif, but its specific function in the translation apparatus is not known yet. This protein is
currently being characterized by ES-MSt'l.
f 11 S. Wittc1, F. Neumann4, U. Krawinkcl4. M. Przybylski' Faculties or Chemistry1 and Biology4, University of
Konstanz, P.O. Box 5560 M662, 78434 Konstanz. Germany

WeD18
DETERMINATION OF THE PRIMARY STRUCTURE AND OF CATALYTIC RESIDUES OF
E. Coli ISOLEUCYL-tRNA SYNTHETASE BY THE COMBINATION OF AFFINITY LABELING
AND MALDI MASS SPECTROMETRIC ANALYSIS
B.M.C. Hoang, J.M.Schmitter, C. Hountondji, P. Dessen, S. Blanquet
Laboratoire de Biochimie, Ecole Polytechnique, 91128 Palaiseau cedex, France
E. coli isoleucyl-tRNA synthetase (IRS) is a 104 kDa monomeric enzyme (938 residues)
displaying the signature sequences that characterize class I synthetases. To probe these sequences as
potential binding sites for isoleucine and ATP, an analytical strategy was designed, involving affinity
labeling, proteolytic digestion and identification of target peptide stretches by means of Matrix Assisted
Laser Desorption-Mass Spectrometry (MALDI-MS). However, a peculiar situation was encountered with
this enzyme, since two primary structures were found in sequence data banks [1,2]. The alignment of the
two sequences revealed that differences occurred within IS aminoacid stretches. Thus, the sequence
analysis of IRS was undertaken as a preliminary to the identification of active site sequences. It turned
out that the published sequences were both erroneous. With the help of MALDI- MS, the analysis of
proteolytic digests led us to establish the correct sequence. The very fast sequence checking by means of
peptide mass measurements from whole protein digests allowed the correction of 11 errors [3], the
remaining four being corrected after a chromatographic separation step prior to MALDI-MS. The sample
consumption for the whole process (digestion with 3 different proteases) did not exceed 500 pmol.
Once this task achieved, IRS was labeled with reactive analogues of ATP and of the aminoacid,
namely adenosine diphospho-pyridoxal (ADP-PL) and isoleucyl-bromomethyl ketone (IBMK). The first
reagent was found to react with (he two lysine residues of the KMSKS consensus sequence, resulting in a
complete inactivation of IRS. IBMK also led to a complete inactivation of the enzyme, and modified two
cysteine residues, one of these being located in a peptide stretch DWCISR that is well-conserved among
class I aminoacyl-tRNA synthetases. In this context, MALDI-MS proved to be an invaluable tool,
because of its excellent sensitivity, low sample discrimination upon peptide mixture analysis, and high
sample throughput.
1. Webster, et al. (1984) Science 226:1315-1317.
2. Yura, et al. (1992) Nucleic Acids Res. 2Q:3305-3308.
3. Hoang, et al.(1994) Comptes RendusAcad. Sci. Paris 3J7, 5-10.
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FAST SCREENING OF ACTIVE SITE SEQUENCES OF AMINOACYL-tRNA SYNTHETASES BY
MEANS OF COVALENT AFFINITY LABELING AND MALDI MASS SPECTROMETRY
J.M.Schmitter1. S. Gillet1, C. Hountondji1, B.M.C. Hoang1, J. Pelatan2 , S. Blanquet1
1 Laboratoire de Biochimie, Ecole Polytechnique, 91128 Palaiseau cedex, France
2 Fisons Instruments, 85 av. A. Briand, 94117 Arcueil cedex, France
Aminocyl-tRNA synthetase sequences have been allocated to two different classes, according to
the occurrence of several consensus motifs in their primary structures. Class I synthetases, specific for
aminoacid having hydrophobic side chains such as isoleucine, valine, methionine. display the HIGH and
KMSKS sequences, whereas class II enzymes, specific for polar residues such as aspartic acid, lysine and
histidine, lack these stretches but present three other common motifs. To reveal the binding sites for
tRNA, ATP and the aminoacid in several synthelases belonging to both classes, affinity labeling with
reactive analogues of the substrates was the starling point of a strategy aimed at the identification of
crucial residues. Matrix Assisted Laser Desorption-Mass Spectrometry (MALDI-MS) has been chosen to
play a key role in this strategy, allowing the fast identification of target residues solely on the basis of a
molecular weight increment of peptides resulting from proteolytic cleavage, without the assistance of any
radioactive tracer. This latter point was of particular importance, because of the large number of affinity
markers to be synthesized.
Reactive analogues of aminoacids specific for class 1 synthetases were isoleucyl-, valyl-and
norleucyl- (instead of methionine) bromomethyl ketones. Adenosine diphospho-pyridoxal (AOP-PL) and
fluorosulfonyl-adenosine were used as ATP analogues to label synthetases belonging to both classes.
Periodate oxidized tRNA was used to label lysyl tRNA synthetase. Target residues were either lysines
(for tRNA and ATP analogues), or cysteine residues (aminoacid analogues). These residues have been
located in the primary structures of the various enzymes. The belonging of target residues to signature
sequences in both classes of synthetases is discussed at the light of our present understanding of the
structural organization of these enzymes.

WeD20
Different MALDI-MS DNA and RNA sequencing schemes
E.Nordhoff, S.Hahner. M.Karas. F.Hillenkamp. F.Kirpekar*, K.Kristiansen* and P.Roepstorff*
Instil, for Med. Phys. and Biophys., Uni. of Minister, Robert-Koch-Str. 31, 48149 Minister,
Germany.and *Depart. of Molec. Biol.. Uni. of Odense, Campusvej 55, 5230Odense M., Denmark
Different strategies basing on MALDI-MS have been investigated for their potential of sequencing
DNA- and RNA molecules including prompt ion fragmentation in IR-MALDI, mass spectrometrically
time monitored exonuclease degradation and mass spectrometric analysis of sequencing ladders
generated by the "Sanger"-ineihod or related techniques.
fn IR-MALDI using sticcinic acid as matrix prompt cleavages of the ribose phosphate backbone
setting free structure-specific fragment ions have been observed and enable to sequence analyse DNA
molecules up to the 20 mer level at the very low pmol level (two examples will be presented).
UV-MALDI using 3-hydroxypicolinic acid as matrix was found to be best suited for the analysis of
complex mixtures of nucleic acids, as generated by a time limited 3'- or 5'-specific exonuclease
degradation of an oligonucleotide. Beside the sequence analysis of oligonucleotides does this approach
also allow for studying the kinetic of the exonuclease catalyzed degradation of nucleic acids
(examples will be given for both, DNA- and RNA molecules).
For the high speed large scale sequencing of DNA the direct MALDI-MS analysis of sequencingreaction mixtures, generated by the "Sanger"-method, could become an interesting alternative to the
today used techniques basing on the time consuming polyacrylamide gel separation of these mixtures.
The main limitation for this approach is the accessible mass range for the correct analysis of DNA
molecules, due to the strongly increasing fragmentation with an increasing mass of the analyte ions.
Measurements comparing DNA and RNA molecules have lead to the following order of ion-stability:
oligouridylic-/oligothymidylic acids > RNA > > DNA.
The much higher stability of RNA-ions could be used to significantly extend the accessible mass
range for this DNA-sequencing approach, if a sequencing reaction basing on RNA transcripts and 3'deoxynucleotides as terminators is used. Some first initial results will be reported and advantages and
disadvantages of this strategy will be discussed.
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Can HALDI mass spectrometry compete with traditional DNA sequencing?
F. Kirpekar1, K. Kristiansen1, P. Roepstorff1, E. Nordhoff2, s. Hahner2,
M- Karas2 and F. Hillenkamp2.
1: Dept. of Molecular Biology, Odense University, Denmark. 2: Inst. f.
Medical Physics and Biophysics, University of Miinster, FRG.
The introduction of large scale
DNA sequencing projects has lead
several researchers to suggest
that analysis of the sequencing
reaction by Matrix Assisted Laser
Desorbtion/ionization Mass Spectrometry (MALDI-MS) could replace the gel electrophoresis used
in traditional DNA sequencing.
This step is clearly time-limiting for the generation of new
sequence data, even on fully automated sequencers. A succesful
introduction of MALDI-MS into DNA
sequencing could roughly reduce
the "data-analysis" time from 8
hours to 15 minutes for a single
sequencing reaction.
Despite an increasing number of
reports on the subject, the attempts so far to apply MALDI-MS
on nucleic acid anlysis has only
been a limited succes from a sequencing point of view. The largest DNA molecule for which a
signal is obtainable is clearly

below loo nucleotides while spectra for RNA species around 150 nucleotides
are
obtained.
This
should be compared with a routine
analysis per day of 20 sequencing
reactions,
each
of
app. 600
nucleotides, on an automated sequencer.
The problems in analysing nucleic
acids by MALDI-MS will be discussed. Based on experiments dealing
with the stability of nucleic
acids during the MALDI process,
possible ways to improve the amenability of MALDI-MS to DNA sequencing will also be presented. In
addition, the level of performance, required for MALDI-MS to be
competitive with the present standard of traditional DNA sequencing, will be discussed. This discussion will include parameters
such as time, sensitivity, mass
range and price of the required
equipment.

WeD22
MIKE and CID Fast Atom Bombardment MS/MS Study of Aldobiouronic and
Pseudoaldobiouronic Acids as Per-0-methyl- Derivatives.
V.Kova5ik, J.Hirsch, W.Heerma*, J.Haverkamp+
University of Utrecht, 8ijvoet Center for Molecular Research,
Opt. of Mass Spectrometry, P.O.Box 80083, TB Utrecht, The Netherlands
Tandem MS has been used to study the spontaneous and CIO decomposition of [M + H j + , |~M + H - MeOH]
and \'M + CationJ ions,
obtained by FAB ionization of permethylated "aldobiouronic (A) and
pseudoaldobiouronic (P) acids. The A and P acids can be found among
the products of cleavage of numerous biopolyiners or glycoconjugates.
Some fragmentation mechanisms of permethylated sacch^rides have been
deduced. The main process of fragmentation of [M + HJ ions is the
cleavage of glycosidic linkages, giving rise to thg production of
oxonium-type ions. The fragmentation of [M + CafJ
ions includes
elimination of methane, methanol and formaldehyde molecules, as was
explained by labeling experiments. The main process of the fragmentation
of pyranoid cycles is the conjugated multiply bond cleavage of rings,
giving rise to the two carbon atom containing ions, substituted with
the uncharged other unit of the disaccharide.
Application of the information to the structure elucidation
of this type of substances is discussed. MIKE and CIO MS/MS spectra
of [M + H - MeOH] ions enable the differentiation of all positional
isomers except for 1 — 4 and 1 — 6 pair of A acids. CID MS/MS
spectra of cationized permethylated A and P acids give additional
information, which can assist in the structure elucidation. Together
with FAB spectra and CID spectra of I"M + H - MeOH] ions grant their
full recognition.
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l8-Hydroxy-l9-norcoiticosterone - a new hypei tensinogenic steroid isolated from human urine
K Bige.' M Cojocaru.2. M. HarnikA T huiamamvu' and P. Vccsci '
'Department of Pharmacology. University of Heidelberg. Heidelberg 6900. Germany; 2D C p a r t m c n t o f
Chemistry. Bar-Han University. Raniat Gan 52900. Israel: ^Department of Biotechnology. Tel Aviv University.
Ramat Aviv. Israel.
The high mincralocorticoid and hypertensive activity of aldosterouc and its derivatives are well known
The 19-nor steroid derivatives often possess higher inincralocorticoid and hypertensinogenic activities
than their 19-methyl mother compounds. Their mincralocorticoid effect is still not known. The I8-Iiydroxy-19norcorticostcronc recentlv synthesized by Harnik(') plays an important role, being a potential precursor in the
biosynthesis of 19-nor aldosteronc in adrenals. The presence of I8-OH-I9 norcorticostcrone in biological fluids
was first discovered in our laboratory The isolation and identification of this steroid as well as of its conjugates
in human urine were performed using HPLC. GC-MS and thermospray LC/MS analysis.
The naturally occurring steroid was analyzed in parallel with the synthetic one and the results (RT.
spectra) are in good accordance. We found that the IX-OH-19-norcorticostcrone appears in human urine mostly
as glucuronide conjugates and a small amount as free steroid. Increased quantities of U-OH-19norcorticosterone were found in patients with primary hyperaldoslcronism.
For free steroid determination, the unhydrolizcd samples were extracted three times with cthv 1 acetate.
For determination of steroid conjugates, the urine samples were cnzymalically hydrolized (P-glucuronidasc 1820h. 37°C. pH=5). The samples arc cleaned over Sep-Pak C-18 cartridge and separated by HPLC.
l8-OH-l9-norcorticostcrone gives a strong cross reaction with IX-OH-corticosterone antibody. As such
we used 18-OH-corticosterone R1A to localize the !8-OH-19-norticosteronc in the HPLC chromatogram
The fractions were collected, eternalized and submitted for GC-MS analysis. The mass spectra obtained
from the unknown naturallv occurring IS-OH-19-norcorticostcrone were identical to that obtained from the
synthetic product
k. M . Kaslnmn. J.. Cannclt. S ;Cojocani. M . Dak. S.L.. llolbrook. M and Mdhv J.C .Vicrau/. 47 (I989)67.gl.

WeD24
STRUCTURAL ELUCIDATION OF ASTEROSAPONINS BY FAB MASS SPECTROMETRV
Alicia M. Seldes, Alejandro Roccatagliata and Marta S. Maier
Ve.pcuUame.nto de. QiMmica. OKganica - faaiUad de. Ciencuw Exaotai y UaAunalu UiUveA&idad de. Bue.noi KUiu - 142& Bae.no6 kuiu - ARGENTINA
The combination of fast atom bombardment (FAB) with tandem mass spectromecry (MS/MS)
and collision induced dissociation (CID) has been shown to be a powerful method for
the identification of underivatized glycosides.
In view of this we investigated the potential of this technique for the structural
elucidation of asterosaponins, a family of natural products isolated from sea stars
with a widespread range of biological activities. The method was also used for the
study of three steroidal glycoside sulfates obtained from the same origin. The six
asterosaponins contained an steroidal genin and from three to five sugar units
linked to position six of the aglycone. The FAB mass spectra were recorded on a VG
ZAB 2 SEQ hybrid (BEqQ) mass spectrometer fitted with a cesium gun delivering a
cesium ion current with about 35 kV energy. Glycerol was used as matrix. 3-Nitrobenzyl alcohol afforded protonated derivatives and the cationized species were
analyzed as sodium, potassium and lithium derivatives. Negative FAB spectra were
obtained adding TEA to the matrix. The last one exhibited strong (M-H)- ions
corresponding to the molecular ions for all the glycosides studied and the loss of
the side chain being the major process. The positive ion mass spectra of the
protonated glycosides showed a clear molecular ion which enabled an easy molecular
weight determination. Spectra from different cationized ionic precursor ions from
each of the asterosaponins afforded information on the identity and sequences of
the monosaccharide units involved in the sugar moiety and the aglycone of each of
them. In the case of the polyhydroxylated sterols, the cationized species afforded
in all the cases the quasi-molecular ion and the loss of the sugar moiety as the
main features of the spectra.
Data obtained by these methods and by ^H and ^ C NMR analyses allowed complete
identification of these natural products.
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CC-MS/MS , a solution Tor the rapid anil inultiresidtial determination of anaholizing
steroids and 0-agonists in biological nialrices.
G. Van VynchtC-2', P. GasparO, F. Brose<'>, E. DePaiiw<2> anilG. Maghuin-Rogister*')
Laboratory of Analysis of Foodstuffs from Animal Origin (''and Mass Spectrometiy Laboratory'2),
University of Liege ( Sart Tilman ), Belgium.
Residues in foodstuffs is a matter that concerns the consumers and the authorities of the
developed countries.
It is therefore necessary to elaborate multiresidue strategies of analysis, involving
sample pretreitment as simple as possible followed by a sensitive and specific detection of numerous
different compounds present in traces concentrations.
The anabolizing steroids and ll-agoni sts represent two of the classes of residues that can
be present in foodstuffs from animal origin and susceptible to be harmful for human health.
The strategy used in Belgium until now for the control of these compounds is a screening by
•mmunoassays followed by a confirmation of Ihe positive results by thin layer chromatography or. as in
other EEC countries by GC /M S analysis which is more sensitive and selective, but which requires, as
prctreatmentoftbe sample, extensive extraction and purification ( HPLC or multiple steps
solid phase extractions).
In order to minimize the sample pretreatment, we have investigated Ihe potentialities of (j CM S / M S techniques. Direct Electrospray has also been performed on SFE extracts.
The instrument used in our laboratory has an EBEQQ configuration (VG-AuloSpec) which
allows Ihe Collisionally Activated Dissociation ( CAD ) in the q u a d r u p l e collision cell.
ESI is performed on a Fisons Platform benchtop Mass spectrometer
The results (detection limits) obtained in Multiple Reaction Monitoring mode will be
described for anabolic steroids andft-adrenergicdrug residues in different biological matrices (urine, fat,
meat and liver). Esi results will be compared.
The extraction, purification ( SPE, SFE) and derivatization steps will be discussed.
I. CIMS ( ApCI) preliminary results will also be mentionned.

WeD26
FRAGMENTATION OF PSEUDOMOLECULAR IONS FROM TAUROCONJUGATED BILE ACIDS
J. Charette. V. Stroobant, R. Libert and E. de Hoffmann
Laboratoire de Spectrometrie de Masse, Universite Catholique de Louvain, Belgium
The FAB and FAB MS/MS CID spectra often tauroconjugated bile acids as well as some of
their deuterated analogues have been obtained using a Finnigan MAT TSQ 70 with an Ion Tech FAB
gun, Xenon being used for FAB as well as the collision gas and glycerol as matrix.
The FAB MS/MS CID spectra of the [M-H]~ pseudomolecular ions of these compounds display
three series of fragments. The first one appears between m/z 124 (taurine) up to m/z 288, and
comprisesfragmentsfromthe side chain up to a break across the C and D cycles with charge retention
on the sulfonate group. The second one occurs by the loss of neutrals from the side chain with charge
migration during thefragmentationand corresponds to the loss of neutrals of m/z 66 (the elements of
H2SO2), 82 and 84 (H2SO3 and H 2 SO 3 + H 2 ), 94 and 96 (CH2SO3 and CH2SO3 + H2), 108 and
110 (C2H4SO3 and C2H4SO3 + H2), 125 and 127 (H2N-CH2-CH2-SO3H and H2N-CH2-CH2SO3H + H2) or with the additional loss of water molecule. Furthermore, it appears that a hydroxyl
group at the 12 position highly favors the loss of water associated to the loss of taurine moiety. The
third one occurs in low collision energy only when a unsaturation is located in the steroid nucleus,
either by a keto or endocyclic bond. These fragments result from charge remote fragmentations and
cause break of the cycle A and B respectively across 1-10 and 4-5
bonds (A) and across 7-8 and 9-10 bonds (B) as shown in Scheme.
The importance of the rupture across the B cycle allows its use for
the identification of the A4 compounds. Thus, the fragments
observed in these spectra allow the determination of the nature and
of the localization of some substituents on the ring as well as the
presence of endocyclic unsaturation.
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FRAGMENTATION OF TAURO-CONJUGATED BILE ACIDS NEGATIVE IONS
V. Stroobant. F. Van Hoof and E. de Hoffmann
Laboratoire de Spectrometrie de Masse, Universite Catholique de Louvain, Belgium
Fast atom bombardment mass spectra (FAB/MS) of tauroconjugated bile acids show always in
negative ion mode under our experimental conditions [M-H]~, [M-H-2]', [M-H-16]", [M-H-18]" ions.
The origins, structures and fragmentations of these ions have been studied by low collision energy
FAB/MS/MS CID with a triple quadrupole.
In the present communication, we focus on the [M-H-18]' ion from ten bile acids, several of
their deuterated derivatives and reference compounds. Studying the precursors and the fragments of
the [M-H-18]' ion reveal that it has two origins. It results from the pseudomolecular ion by either the
loss of a water molecule or by the combination of the loss of one hydrogen molecule and 16 u. This
last has again two origins, either the loss of a methane molecule or the loss of an oxygen atom from
the taurine sulfonate group. The loss of the water molecule comes from the elimination of one
hydroxyl group with a hydrogen atom present in the steroid nucleus. It appears that loss of a hydroxyl
group at the 3, 6 or 7 positions to give the [M-H-18]" ion
influences the fragmentation pathway of this ion as shown in
Scheme. No specific fragment froiii the loss of the hydroxyl
group at the 12 position has been observed. The loss of a water
molecule from the hydroxyl group at the 3 position causes a
break of the A cycle across the 1-10 and 4-5 bonds (X) while the
losses of a water molecule from the hydroxyl group at 6 or 7
positions cause a break of the cycle B respectively across the 910 and 7-8 bonds (Y) and across the 9-10 and 5-6 bonds (Z).
The observed fragmentation mechanisms will be discussed.

WeD28
APPLICATION OF SURFACE-1ONIZATION MASS-SPEKTROMETRY FOR ANALYSIS
OF QUATERNARY AMMONIUM SALTS OF BIOGENIC ORIGIN
U.Kh.Rasulev, E.G.Nazarov, K.S.Tursunov and B.N.Nosirov
Arifov Institute of Electronics, Tashkent, Uzbekistan
The surface-ionization mass-spectrometry of organic compounds is widely used in the
physical-chemical investigations for determining properties of ionizing particles and for high-sensitive detection and analysis of these substances in air and mixtures /I/. On example of surface
ionization (SI) of molecules of tetraethyl chloride (Et4N*CI) and tetramethyl chloride
(Me^N'Cl") it was shown in Ref./2/ that this method may be used also for analysis of quaternary
ammonium salts (QAS) that are difficult to identify.
The present paper gives the results of subsequent investigations of a series of QAS complex
molecules of biogenic origin. The comparative analysis of SI mass-spectra obtained in ionization
on the catalytically active surface (oxidized tungsten) and on the catalytically passive surface
Ir-C (iridium covered with a monolayer of graphite structure carbon) is carried out.
It was established from the experimental data (the mass-spectra, the dependencies of
primary ion currents on the temperature of ionizing surface) that QAS complex molecules
adsorbing on the catalytically active surfaces transformate into tertiary amines via Goffman
reaction, and then they are ionized in accordance with known for such molecules SI regularities
leading to the desorption of (M,-H)* and (M^-R1) ions where M, is a tertiary amine molecule,
R1 is a radical located at A-site relative to a nitrogen atom. When using the catalytically passive
ionizers (Pt-C, Ir-C) the SI mass-spectra of QSA molecules exhibit only the lines corresponding
to intact cations. For example, the SI mass-spectrum of acetylcholine iodide
(CH )3N+CH2CH2OO(O)CH}J on Ir-C consists of a single ion line with m/z=146 amu corresponding to intact cation, while in ionization on oxidized tungsten this consists of lines of primary
ions with m/z=58, 72 and 130 amu, corresponding to ions obtained in the SI of tertiary amines
formed from acetylcholine.
Thus, the SI method makes it possible to identify QAS molecules in the mixtures by
comparing the SI mass-spectra obtained for the catalytically active surfaces and graphite films.
l.Rasulev U.Kh., Zandberg E.Ya.//Progress in Surf. Sci. 1988, v.2, p.181-412.
2.Rasulev U.Kh., Nazarov E.G., Tursunov K.S., Arguneeva T.V. // Zh. Anal. Him.,1991, v.46,
p. 1802-1811.
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An electrospray ionisation-mass spectrometric (ESI-MS) method
for the analysis of native Prostanoids at the picogramme level.
Philip R. Tiller Structural chemistry Department, Glaxo Research and Development Ltd,
Greenford Rd, Greenford, Middlesex. UB6 OHE
Most mass spectrometric methods used for the analysis of prostanoids utilise a
combination of chemical derivatisation and GC-MS. The pentafluorobenzyl (PFB)
derivative in combination with the trimethylsilyl (TMS) derivative are those most
often used. Such analyses are most often carried out under negative ion chemical
ionisation (NICI) conditions affording [M-HF]~ ion species. The spectra obtained
from native prostanoids examined under positive ion selection mode afford ion
species consistent with the loss of 1 or 2 molecules of water, frequently with the base
peak being that for the loss of 2 molecules of water. For example PGE2 would afford
m/z 317 [MH-2(H2O)]+ as the base peak.
Initially on examining prostanoids by electrospray ionisation (ESI) the base peak in
the spectrum was observed to be that due to the loss of 1 molecule of water, i.e.
PGE2 afforded m/z 335 [MH-H2O]-1".
The addition of ammonium acetate to the eluent affords a spectrum characterised by
a single ion due to the formation of an ammonium adduct. Thus PGE2 affords an ion
at m/z 370 [M+NH4]+. Since the ion current is contained almost entirely in a single
species this has enabled single ion monitoring (SIM) analyses of prostanoids at the
low picogramme level.

WeD30
Study of Peptides Proteolytic Digestion in the Fluids of Human
Alimentary Canal by the Combined Usage of Electrospray Mass
Spectrometry and High Performance Liquid Chromatography.
A.A.Shevchenko and O.A.Mirgorodskaya.
Institute for Analytical Instrumentation of the Russian Academy of
Sciences, Rizhskiy pr. 26, 198103 St.Petersburg, Russia Federation.
Proteolytic degradation of a series of luliberin analogs by the
fluids of human alimentary canal (gastric and duodenal juices, etc)
was studied by a combined usage of electrospray mass spectrometry
and reversed phase HPLC. Proteolysis products were identified by MS
and were determined quantitatively by HPLC. The identification was
also verified by a direct MS analysis of the digests, prepared using
fluids samples prior diluted by 10 mM HC1 for gastric juice samples
or by water for duodenum ones. The results allow to propose the
schemes of peptides proteolysis pathways, to discern the roles of
enzymes involved in the degradation and to determine degradation
limiting stages. It was shown that the presence of D- amino acids
residues do not always halt the cleavage of peptide bonds formed by
those residues. The results appeared to be useful to design the
luliberin analogs having the increased proteolytic stability and
hence been perspective for their per oral administration during
therapeutics.
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C-terminal Ladder Sequencing of Peptides Using Laser Desorption
Multiphoton Ionization Mass Spectrometry.
A.A.Shevchenko, A.N. Krutchinsky, A.I. Dolgin, M.A. Khodorkovski.
"Lepta-Petersburg" Ltd. SRC, pr. Dobrolubova 14, St. Petersburg,
197198 Russia.
Various approaches to perform acid catalyzed C-terminal degradation
of peptides were studied. The digestion products were identified by
LD MUPI. The LD MUPI analysis of the digests obtained by
heptafluorinbutyric acid vapors treatment results in more clear
ladder of C-terminal products compared with other techniques. No
products of the internal unspecific cleavages were observed in the
spectra when some selectively ionizing group is located at the
N-terminus of a molecule. It was also found that in some cases the
C-terminal products ladder might be obtained in very mild
conditions. The treatment of YAGFGR by acetic anhydride/acetic acid
mixture resulted in the C-terminal ladder formation as well as its
N-terminal acetylation. No products of peptides decarboxylation were
observed. The obtained data enable one to consider that the
formation and cleavage of peptides oxazolones underlay these
results.

WeD32
Analysis of DNA-Duolexes bv IonSorav Mass Snectrometrv

K. Schmeer, T. Bauer & E. Bayer, Institute of organic Chemistry, University of Tubingen,
Auf der Morgenstelle 18,72076 Tubingen (Germany)

In Electrospray ionisation (ESI), gas phase ions can be formed directly from
solution at atmospheric pressure by protonation and evaporation. Multiply
charged ions thus formed allow accurate molecular mass determination of
large biopolymers. Electrospray as well as Ion-spray (pneumatically-assisted
electrospray) mass spectrometry allows also the observation of non covalcnt
complexes of biomolecules as for example enzyme-product,
enzyme-substrate and small nucleotide complexes (1-6). The recognition of
non covalent base pairing of complementary, single stranded
oligonucleotides, which results in double and even triple stranded biopolymer
is of great interest in biological research.
Double-stranded oligonucleotides of different length have been analysed by
IonSpray mass spectrometry. Here we demonstrate, that non covalent
bondings in double stranded DNA are detectable and that the stability of such
complexes can be estimated by IonSpray mass spectrometry.
References:
1.)
2.)
3.)
4.)
S.)

Gancm. B.: Li. Y.T.; Henion, J.D.: /. Am. Chan. Soc., 1991.113. 6294
Ganem. B.; Li. Y.T.; Henion, I.D.: /. Am. Chan. Soc., 1991.113.7818
Kalta, V., Chaii. B.T.: J. Am. Chem. Soc., 1991.113, 8534
Baca, M.. Kent. S.B.H.: J. Am. Chem. Soc., 1992. 114.3992
Ganguly. A.K.; Pramanik; B.M., Tsarbopoulos. A.; Covey, T.R.; Huang. E.;
Fuhrmaij. S.A.: J. Am. Chem. Soc.. 1992,114,6559
6.) Lighi-Wahl; Springer, D.L.; Winger, B.E.; Edmonds, C.G.; Champ. D.G.;
Thrall, B.D., Smilh, R.D.: J.Am. Chcm.Soc., 1993.115.803
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Molecular Target Capture by Fullerene Ions in High-Energy Collisions
Helen J.Cooper and Peter J.Derrick.
Warwick Institute of Mass Spectrometry, Department of Chemistry, University of Warwick, Coventry CV4 7AL, U.K.
Tore Vulpius.
Department of General and Organic Chemistry, H.C.0rsted Institute, University of Copenhagen, Copenhagen,
Denmark.
Recent studies report successful encapsulation of inert gases and Dj when in collision with high energy fullerene ions [1].
These capture-complexes are know as endohedrals and are denoted X @ C n + where X represents the captive entity. Target
capture has also been observed for protonated polypeptides using the collision gases ammonia and methane [2]. The
possibility of target capture was first predicted by Neumann et.al. following studies of high energy collisions between ions in
the mass range 400 -1600 Da and helium.
This work attempts to combine the above studies by looking al high energy collisions of fullerene ions with molecular targets
in particular methane. Collision-induced decomposition spectra of selected Cgg* ions using methane as the target gas have
been recorded. Several interesting interactions between the fullerene and the gas were seen and efforts were undertaken to
optimise experimental detection of these products.
The partition of internal energy uptake between the C 6 0 + ion and the methane molecule has been calculated using an
extended version of the impulsive collision transfer theory described by Cooper et.al.[A\
[1]
[2|
[3]
[4]

T.Weiske, H Schwarz, A.Hirsch, T.Grosser; Chem. Phys. Lett 199 (6), 640, (1992)
X.Cheng, C Fenselau; J.Am. Chem. Soc., 115, 10327, (1993)
G.M.Neumann, M.M.Sheil, P.J.Derrick; Z.Natursforch, 39a, 584, (1984)
RJ.Cooper, P.J.Derrick, H.Donald, B.Jenkins, E.Uggerud; J.Phys. Chem., 97,5443, (1993)

WeE2
Fragmentation

of CJQ: A n e l e c t r o n impact i o n i s a t i o n

sludy

H. Sai B a b a , T . S . Lakstimi Narasimlian , R . B a 1 a s u b r a m a n i a n
and C . K . M a t h e w s
Materials Chemistry
Division, Chemical
Group,
I n d i r a G a n d h i C e n t r e for A t o m i c R e s e a r c h .
K a l p a k k a m - 6 0 3 1 0 2 , Tamil N a d u , I n d i a .
In c o n t i n u a t i o n
of o u r s t u d i e s o n t h e i o n i s a t i o n
and
thermodynamic
p r o p e r t i e s of f u l l e r o n c s
we report
here the
a p p e a r a n c e e n e r g i e s of v a r i o u s C 7 0 f r a g m e n t s . T h e v a p o u r e f f u s i n g
out of a K n u d s e n cell c o n t a i n i n g pure C 7 0 a s m o l e c u l a r
beam
s o u r c e w a s i o n i s e d by an e l e c t r o n b e a m of v a r i a b l e e n e r g y a n d
analysed
by a s i n g l e f o c u s s i n g m a g n e t i c s e c t o r i n s t r u m e n t . T h e
m a s s s p e c t r u m w a s found to consist of c *70-2n' n " ^ t o $• a n d c " + 0 •
m = 1, 2 a n d 3. Ion i n t e n s i t i e s of fragment i o n s , C g 9 a n d C 5 6
were measured
a s a f u n c t i o n of e l e c t r o n e n e r g y
keeping the
sample
temperature
constant.
The appearance
energies
were
derived
by l i n e a r e x t r a p o l a t i o n of these
ionisation
efficiency
c u r v e s w h i c h a r e being r e p o r t e d for the first t i m e . E n t h a l p y of
s u b l i m a t i o n of C 7 0 h a s been r e p o r t e d
by us p r e v i o u s l y a n d
enthalpy
of f o r m a t i o n of C 7 Q s o l i d a n d C 2 n (n=l,2
e t c . ) are
available
in l i t e r a t u r e . M a k i n g
u s e of this d a t a a n d t h e
appearance
e n e r g i e s d e t e r m i n e d in the p r e s e n t w o r k e n t h a l p y of
c
formation
of v a r i o u s
70-2n
fullerenes
is
derived.
The
i o n i s a t i o n p r o p e r t i e s of C 7 0 will be c o m p a r e d with those of C g g .
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Influence of Strain on the Chemical Reactivity of Fullerene Ions: Reactions with Cyrlo;^entadiene
and 1,3-Cyclohexadiene.
Hansjurgen Becker,1 Helmut Schwarz1 and Diethard K. Boh me
Department of Chemistry and Centrefor Research in Earth and Space Science, York Univeisity. North
York, Ontario, Canada M3J 1P3.
There is increasing evidence that strain-relief is the predominant driving force for many of the
chemical reactions observed with fullerenes, the most strained organic molecules ever isolated.2 Here
we present experimental results for the kinetics of reactions of singly-charged fullerene radical cations
in the gas phase which provide further support for this effect. The reactions of C M + , C ( l + , CM + ,
C 7 0 + , corannulene * and coronene + with cyclopentadieneand 1,3-cyclohexadiene were etanined with
the SIFT technique in helium buffer gas at 0.35 Torr and 294±2 K. Addition reactions vveie observed
for C56 + , C58 + , C w + , d o + with rates decreasing in this order over a factor of 1000!. We have shown
previously that the addition is of the Diels-Alder type.3 No addition reactions were observed with
corannulene + and coronene + , k < 10"" cm3 molecule1 s". The results were interpreted in terms of
the degree of sp3 hybridization on the C atom at the site of reaction and the extent of 'global" strain
relief upon bond formation. Since the carbon atom at the site of reaction become:, tctrahedrally
hybridized during the reaction, bond formation will be strongly assisted by the Vxxl strain of
pyramidalization. Consequently, Diels-A'der addition is expected to be easiest at sites which already
feature a high degree of sp3 character and sc should occur more favourably at a bond between highly
pyramidalized carbons like some in C56 and C58 which contain adjacent pentagons, to u lesser extent
at a bond between carbons pyramidalized lite those in Qo, and little or not at all at a bend between
less pyramidalized carbons as some in C,, and in corannulene or planar carbons as in coronene.
1. Institut fiir Organische Chemie, Technische Universitiit Berlin, Strasse des 17 Juni 135, D-10623
Berlin, Germany.
2. R.C. Haddon, Science 261 (1993) 1545.
3. H. Becker, R. Javahery, S. Petrie, and T'.K. Bohme, J. Phys. Chem., sumbitled.

WeE4
Production, energetics and stability of multiply charged
C60 Z + (up to z=7)
R. Worgotter, B.Dunscr, M. Lezius, Y.B. Kim. R. Robl, B. Schicstl, P. Scheier and T. D. Mark
Institut fur lonenphysik, Leopold Franzers Univereilat, Technikerstr25. A-6020 Innsbruck. Austria

High resolution and high sensitivity mass spectrometry in combination with a crossed
molecular beam/ electron beam ion source was used to study the production of multiply
charged CgoZ+ and their strong resilience towards decomposition via sequential C 2
evaporation and via additional decay processes, respectively.
From the low energy portion of the measured electron ionisation cross section functions
appearance energies have been derived for singly and multiply charged parent and fragment
ions. In accordance with a method reported by M. Foltin el al. (J. Chem. Phys. 98 (1993)
9624) we constructed the corresponding breakdown graphs for the production of C$%
through C4g fragment ions from Q o decaying in the ion source. Comparison with calculated
breakdown graphs gives information on the respective activation energies and thus on the
relative stability of those ions.
Using isotope-resolved mass spectrometry it was possible not only to identify the existence of
up to septuply-charged parent and fragment ions of C 60 and C7Q< but also to demonstrate that
especially for higher charge states large odd-numbered carbon cluster ions exist which have not
been reported so far in any other experiment.
Spontaneous decay of Cgoz+ ions into two charged fragment ions has been studied
quantitatively in the first and second field free region of our double focussing sector field mass
spectrometer. It turned out that asymmetric fission is more likely than the symmetric decay into
two fragments of similar mass or mass per charge ratio.
Work partially supported by the Osterreichischer Fonds zur Forderung der Wissenschaftlichen
Forschung, Wien.
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Collision Experiments with Fullerene Ions
Thomas Drewelloa), Albert J.R. Heckb), K.-Dieter Asmusa), Monika Moderc)
and Rainer Herzschuhc)
a) Hahn-Meicner-Institut Berlin, b) Stanford University, c) Universitat Leipzig
The collision-induced dissociations (C1D, keV range) of fullerene ions have
been studied using a BEqQ mass spectrometer. The investigation included
C n + - ions with n= 60, 70, 76, 78 and 84. A comparison is made to the
dissociation behaviour of several multiply charged species from higher
abundant fullerenes and carbon cluster ions generated by dissociative
ionization from neutral fullerenes. Special emphasis is paid to effects caused
by a variation of the collision energy. In addition to a detailed discussion of
the fragmentation features as a function of the collision partner, the size and
the charge of the cluster, angle resolved CID spectra of various single and
multiply charged fullerene ions are presented. The angle resolved collision
experiments covered both, the fragmentation and the collision-induced
formation of endohedral complexpes, He@Cn+- with n= 60, 70 and 84. This
latter approach provided an insight into the dynamics of the He insertion
process.

WeE6
The Collision Cell Potential Dependence of Collision Induced Dissociations of C^Q
Thomas Drewello a \ Albert J.R. Heckb), K.-Dieter Asmusa), and Rainer Herzschuhc)
a) Hahn-Meitner-Institut Berlin, b) Stanford University, c) University of Leipzig
Collision Experiments with the mono-, di-, and trication of C 6 0 have been performed in a
BEqQ mass spectrometer. After the selection of the ions with the magnet the collision event
(using O2 as collision gas) took place in an electrically floated (charged) collision cell in the 2nd
field-free region of the instrument
The collision cell potential dependence, as invented by Campana and Green and by Maas and
Nibbering, allows not only the well known distinction between dissociations taking place inside
and outside of the collision cell. The main idea of this method consists in the possibility to trap
intermediates of successive reaction sequences that occur in part outside and inside the collision
cell.
The most striking feature of the experiment applied to C 6 0 ions consists in the observation that
signals due to spatially separated, successive sequences dominate in the obtained spectra. The
detailed analysis of these processes reveals their origin as a result of the collision-induced
dissociations of fragment ions (mainly unimolecularly generated C 5 8 n + ) produced in front of
the cell. As the "collision cell potential dependence" represents a sort of depuzzling of the
various processes that contribute to the CID spectrum, the results obtained are of highest
importance for the accurate determination of the cross sections for CID processes of fullerene
ions. The possibilities of the method regarding the CID of fullerene ions will be discussed.
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WeE7
Gas-Phase Experiments with Highly Fluoridated Fullerenes
Thomas Drewello a ). Albert J.R. Heck b ), K.-Dieter Asmus a \ Martin Fieber-Erdmannc),
Adalbert Ding c ), Heinrich Steger d \ Wolfgang Kamke d \ Martin Kempf®), Jorn MUllei*),
Monika Mdder^, and Rainer Herzschuh^
a) Hahn-Meitner-Institut Berlin, b) Stanford University, c) Optisches Institut, Tcchnische
Universitat Berlin, d) Fakultat fur Physik, Universitat Freiburg, e) Institut fiir Anorganische
und Analytische Chemie, Technische Universitat Berlin, f) Universitat Leipzig
The poster summarizes the results of two different comprehensive approaches characterizing the
behaviour of fluorinated fullerene ions. The unimolecular dissociations of mono- and dications
of C(JOF X were investigated in detail in the 2nd field-free region and the reaction quadrupole of
a BEqQ hybrid instrument. The net-loss of radicals represent the preferred channel for
dissociations of the cation radicals. On the somewhat extended time-scale in the quadrupole
dissociations into C m F n + species with m:n= 1:3, 2:5,3:5, 3:7 and 4:7 have been observed.
The reactivity of dications is characterized by both, the "covalent" neutral loss channel leading
to a preferred evaporation of intact molecules and the charge separation reactions into
C F 3 + / C 5 Q F X _ 3 + and C2F5 + /C5gF x _5 + ion pairs. The generation of intact He@C6QFx+- by
collision-induced endohedral complex formation failed.
The second investigation represents a detailed photoionization study using synchrotron
radiation. Single photon impact was studied from 6 to 120 eV photon energy. The dramatic
differences in the photoionization dynamics compared to pure fullerenes are discussed and
ionization energies for the generation of Cgg 7QF X + W '^ be P r e s e n t e Q l .

WeE8
RADIATION-INDUCED MODIFICATIONS IN C 60 THIN FILMS STUDIED BY
PLASMA DESORPTION MASS SPECTROMETRY
P. Demirev. R.M. Papateo, A. Hallen, ). Eriksson, G. Brinkmalm, T. Ziegler, P. Hakansson, B.U.R Sundqvist
Division of Ion Physics, Department of Radiation Sciences, Uppsala University, Box 535, S- 75121 Uppsala,

SWEDEN
Thin films of pure Ceo/ prepared by vacuum sublimation, have been irradiated with swift
atomic ions (9.9 MeV 16 0,19.7 MeV 32S, 48.6 MeV "Br, and 78.2 MeV I27I)) in a fluence range
from 5xlO9 to 6x101* ions/cm 2 . Plasma desorption mass spectrometry analysis has been
employed to assess in situ t he modifications induced by the MeV ion irradiation. The yields
of intact CM ions have been determined at different MeV ion fluences. Damage cross-sections
for the Ceo molecules have been extracted from the ion ylald curves as a function of MeV ion
fluence. The damage cross-section is geometrically interpreted as the mean circular area
around the MeV ion trajectory, in which area a C«) molecule is modified (e.g. destroyed or
damaged) by the fast primary ion or secondary events. The damage cross-section is obtained
by monitoring a parameter, that characterizes the target (in this case - the secondary ion
signal of the Cgo+ ion ejected from the target) and fitting the evolution of that parameter with
fluence to an exponential function . The dependence of the damage cross-sections on the
incident MeV ion energy loss (dE/dx) in the Ceo solid will be discussed. In addition, microRaman spectroscopy has been also employed for ex situ characterization of the C^o film
transformations and structural changes as a result of the irradiation. Data on photon and
MeV proton-induced modifications will be presented as well. All these studies provide
information on possible technological applications of the fullerenes as a new material. Our
results may also have astrophysical implications e.g. in estimating the abundance of the C60
species in interstellar space.
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WeE9
LASER DESORPTION FTMS OF MASSIVE FULLERENES
S. Martinovic. Lj. Paga Tolic, H. Zorc and D. Srzic
"Ruder BoSkovic" Institute, 41001 Zagreb, Croatia
Mass spectrometry still remains the principal technique for characterizing
fullerene-containing materials.1 However, recent results indicate that visible or UV laser
desorption process itself may produce giant carbon cluster ion. 2 Therefore the
observations of such ions do not necessarily imply the presence of corresponding
neutral molecules in the samples.
All LO FTMS experiments were carried out in a Millipore-Extrel FTMS 2001 -DD
instrument (Madison, Wl, USA). Raw soot fullerene material was analyzed either directly
as a powder or as a thin film of hexane extract. The sample was desorbed/ionized by a
pulsed Nd:YAG laser, Quanta Ray DCR-11 (Spectra-Physics, Inc. Mountain View, CA,
USA) moderated at 355 nm wavelength. Fullerenes were prepared using Kratschmer
and Huffman technique.3 The positive ion LD FTMS of the primary soot applied to a
stainless-steel probe tip as a powder shows characteristic C 60 , C 70 , C 74 , C 7 8 and C 8 4
peaks, but also a huge number of peaks corresponding to carbon cluster ions with 100 to
210 atoms. The LD FTMS positive ion mass spectrum of hexane extract of primary soot
shows a rich distribution of even-member high mass carbon cluster ions with envelope
maxima at positions corresponding to C 1 2 0 (dimer), C 1 8 0 (trimer), C 24 o (tetramer)
probably as a result of photopolymerization of C 6 0 and C 7 0 induced by the UV laser
illumination during desorption/ionization process.
In conclusion, we believe that it is reasonable to claim that our results prove the
presence of high-mass fullerenes in the raw soot material. However, we cannot say how
much of the observed ion signal has its origin in neutral fullerenes from the soot and how
much is formed in the mass spectrometer.
1. S.W. McElvany, M.M. Ross, J. Am. Mass Spectrom. 3, 268 (1992).
2. C. Yeretzian, K. Hansen, F. Diederich, R.L. Whetlen, Nature 359 .44 (1992).
3. W. Kratschmer, K. Fostiropoulos, D.R. Hulfman, Chem. Phys. Lett. M0.167 (1990).

WeE10

Gas Phase Ion/Molecule Reactions of Carbon Cluster Ions
Jing Sun and Hans-Friedrich Griitzmacher*
Fakultat fur Chemie der University Bielefeld
P.O.B. 10 01 31, D-33501 Bielefeld, Germany
Carbon cluster ionsC n -+ ( n = 10 - 30) were generated from perchlorinated arenes by
exhaustive electron impact induced dechlorination in the .external ion source of a Bruker
CMS 47X FT-ICR spectrometer and were reacted with a series of unsaturated nitriles,
alkenyl chlorides and fluorinated benzenes. With a few exceptions excellent pseudo first
order kinetics of the ion/molecule reactions were observed, indicating the generation of
structurally uniform cluster species by this technique. Semi-empirical AMI calculation
corroborate the formation of monocyclic carbon rings by repeated retro-Bergman
cyclizations. The rates and products of the ion/molecule reactions reveal a distinct and
interesting reactivity pattern of the monocyclic carbon cluster ions, depending on
aromaticity/anti-aromaticity and on the different electronic configuration of odd and
even numbered carbon cluster ions. Additionally, the relative ionization energies of the
carbon cluster and the neutral reaction exert strong effects on the reaction rates. These
findings will be discussed in detail.
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MATRIX ASSISTED LASER DESORPTION OF THE ARGONNE SERIES OF COALS
A.A. Herod, C-Z. Li, R. Kandiyoti, J.E. Parker+, P. John+, C.A.F. Johnson+, G. Smith+,
P. Humphrey*, J.R. Chapman*1.
Department of Chemical Engineering and Chemical technology, Imperial College, Prince
Consort Road, London, SW7 2BY, UK.
+ Department of Chemistry, Heriot-Walt University, Edinburgh, EH 14 4 AS, UK.
* Kratos Analytical, Barton Dock Road, Urmston, Manchester, M31 2LD, UK.
1 Present address: 30 Winstanley Road, Sale, Cheshire, M33 2AR, UK.
The Argonne series of coals represent a rank series from semi-anthracite to lignite.
These have been subjected to matrix assisted laser desorption mass spectrometry using
sinapinic acid as matrix. The instrument used is a Kratos Kompact MALDI 111 timeof-flight mass spectrometer with a nitrogen laser at 337nm. Spectra were obtained from the
summation of 50 laser pulses on a matrix containing coal particles of size less than 5
microns. The results show two features. One, a homologous series of peaks in the mass
range 200-500 u which we have not yet identified but believe to be polar compounds not
previously detected in coals. Two, a continuum of peaks from around 1,000 u up to
270,000 u, (the upper limit depending on laser fluence), with a peak of intensity between 1,000 and 5,000 u depending on sample. This peak of intensity is most pronounced
for the coals at the extremes of the rank series, with those in the middle of the series
showing only a decreasing signal with increasing mass. The effect of varying the laser
power on the mass spectra of two coals was investigated; the upper mass limit increases
with power but the spectrum at low mass becomes distorted. A maximum acceptable laser
fluence is not easily defined; none of the mass spectra show evidence of either carbon
clusters or fullerene formation. These results, one of the few studies of complex
mixtures by MALDI, are the first by direct desorption from the solid Argonne Premium
coals. The mass range of ions observed far exceeds that obtained by F1MS. This work is
independent confirmation for the existence of large molecules in coal itself, indicated
previously by size exclusion chromatography of solvent extracts from coals. Revision
of models of coal structure is now of both theoretical and economic importance.

WeE12
KEROGEN SAMPLES BY MATRIX ASSISTED LASER DESORPTION IONISATION
(MALDI) - MASS SPECTROMETRY
A.A. Herod, C-Z. Li, P. John*, C.A.F. Johnson*, J.E. Parker*, G.P. Smith*, P. Humphrey"1", J.R.
Chapman"*" * and R. Kandiyoti.

*
+
1

Department of Chemical Engineering and Chemical Technology, Imperial College,
University of London, Prince Consort Road, London SW7 2BY, UK
Department of Chemistry, Heriot-Watt University, Edinburgh, EH14 4AS, UK
Kratos Analytical, Barton Dock Road, Urmston, Manchester, M31 2LD, UK.
Present address: 30 Winstanley Road, Sale, Cheshire, M33 2AR, UK.

Kerogens have now been examined directly by matrix assisted laser desorption mass spectrometry (MALDI) for the first time that we are aware of. The kerogens, (two from each of types I, II
and III) were examined using a Kratos Kompact MALDI III time-of-fJight mass spectrometer
with a nitrogen laser operated at 337 nm and a matrix of sinapinic acid. 50 laser shots at low
laser fluence were summed for each spectrum. The mass spectrometer was used in linear mode
with a mass range up to 270,000 u and an ion extraction voltage of 20 kV. The spectra show the
following features. A continuum of masses extended from 1,000 u up to around 10,000 u; ions at
higher masses were separated to baseline to masses of 50,000 u. The molecular compositions of
these high mass components has not been determined; they have not been detected bvefore this
work. Evidence from planar chromatography of pyrolysis tars from the kerogens indicates that the
tars are polar in character; we believe the pyrolysis tars reflect closely the molecular structure of
the kerogen. Similar high mass ions have been observed by MALDI-MS from coals and coal liquids. A series of peaks was evident at low mass (200-500 u) indicative of overlapping homologous
series of polar compounds and separate from the matrix peaks. The relative intensities of these
series varied with the kerogen samples; the molecular structures giving these ions have not yet
been defined. The standard methods of examining kerogens are by Rocic-Eval and by biomarker
analysis to establish maturity and oil producing potentials. Other comparisons of the kerogens
and their pyrolysis tars by FAB-MS, IR, SEC and planar chromatography suggest the samples are
qualitatively similar to each other. Results from these techniques will be presented and compared.
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WeE13
EXAMINATION OF PYROLYSIS TARS AND LIQUEFACTION EXTRACTS FROM THE
ARGONNE COAL SERIES BY MATRIX ASSISTED LASER DESORPTION MASS SPECTROMETRY
A.A. Herod,
C-Z. Li, Xu Bin, R. Kandiyoti, J.E. Parker"1", C.A.F. Johnson"1", P. John"1",
G.P. Smith + , P. Humphrey* and J.R. Chapman*'.
Department of Chemical Engineering and Chemical Technology, Imperial College, London,
SW72BY.UK.
+ Department of Chemistry, Heriot-Watt University, Edinburgh, EH 14 4AS, UK.
• Kratos Analytical, Barton Dock Road, Urmston, Manchester, M31 2LD, UK.
1 present address: 30 Winstanley Road, Sale, Cheshire, M33 2AR, UK.
Pyrolysis tars and liquefaction extracts have been prepared from the Argonne series of eight
coals by methods designed to minimise secondary thermal degradation of the tars and extracts.
Thus they are expected to resemble closely the original structures in the coals. The tars
and extracts have been subjected to matrix assisted laser desorption ionization using
sinapinic acid as the matrix. The instrument used was the Kratos Kompact MALDI III
linear time-of-flight mass spectrometer, which has a nitrogen laser operating at 337 nm; spectra were collected by summing 50 laser pulses at low laser fluence to avoid fragmentation
of the desorbed molecules. No carbon dusters or fullerene structures were detected,
indicating that the samples were not pyrolysed by the laser power. A peak of intensity
between 1,000 and 5,000 u occurred which was sample dependent and not the same for the tar and
extract from each coal. The laser power required to desorb ions up to 50,000 u was less for
the liquefaction extracts than for the pyrolysis tars. This difference in power required may
reflect the use of a donor solvent, tetralin, in the liquefaction procedure, clearly generating molecules which were easier to desorb from the matrix than were the molecules of the
pyrolysis tars. The difference in structures may result from the hydrogenation of polar
molecular structures such as carboxylic acids and phenolic groups. In addition, the liquefaction extracts showed a continuum of masses up to 50,000 u whereas the pyrolysis tar mass
spectrum exhibited gaps at the high end of the mass scale. At low masses, 200-500 u, a homologous series of components was evident for all of the samples. Size exclusion chromatography has been used to compare mass ranges of the tars and extracts. These are the largest
molecular masses detected in coal liquids to date, exceeding the mass range of FIMS.

WeE14
OXYGENATED GASOLINE
SPECTROMETRY

ANALYSIS

BY

LOW

RESOLUTION

MASS

C. Piemonti, M. Hazos and J. Medina
INTEVEP S.A., P.O. Box 76343, Caracas 1070A, Venezuela
The interest in developing methods for hydrogenated gasolines analysis is due to
increasing demand and regulations over such products. Due to it's widespread laboratory
availability and minimal sample preparation, low resolution mass spcctrometry is a
convenient technique to perform hydrocarbon group type analysis in the previously
stated matrix.
A calculation method is presented for gasolines containing mixtures of methanol, methyl
tert-butyl ether (MTBE) and tcrt-amyl methyl ether (TAME), in order to quantify
individually these components and the gasoline composition as an extension of the
existing ASTM 2789 group type analysis. Total oxygenated quantification is
accomplished by including a new characteristic m/e summation while discrimination
between the three oxygenated components is made in terms of individual significant
signals.
The results are presented in volume percentages and their accuracy for synthetical
samples is within 1%.
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WeE15
ON-LINE GC/MS ANALYSIS OF CONVERSION PRODUCTS FROM
HIGH PRESSURE REACTORS
Emma Jakab*, Kui Liu, Xianshcng Nie, Hcnk L. C. Mcuzclaar
Center for Micro Analysis and Reaction Chemistry
University of Utah, Salt Lake City, UT 84112 (U.S.A.)
Many fossil fuel and biomass conversion processes require elevated pressures and
temperatures that renders the on-line monitoring of the product formation difficult. In our liboratory
a special technique has been developed to interface microscale high pressure reactors to gas
chromatography/mass spectrometry instruments. A 25-100 jum l.D. fused silica capillary transports
the volatile products into the sampling inlet while reducing the pressure to near ambient. A specially
designed automated vapor sampling inlet enables repetitive sample introduction onto the GC column
every 20-90 seconds. The evolution of the volatile products is monitored by low resolution GC/MS
using high speed separation on a short capillary GC column (2 m) and high speed scanning by a
quadrupole or ion trap type mass spectrometer.
This paper presents the application of three high pressure systems using different feed
materials and process conditions. Hydropyrolysis of coal was studied in a high pressure
thermobalance operating at 6 MPa hydrogen atmosphere. Different stages of decomposition were
distinguished on the basis of the thermogravimetric weight loss curve and selected product evolution
profiles. Thermal degradation of liquid jet fuels was carried out in a flowlbrough tubing reactor and
the volatile product formation studied under various process conditions. Finally, a two-stage Cubing
reactor was designed to investigate the pyrolysis of wood and cellulose in high pressure liquid or
vapor environments (e.g. water, mclhanol). The volatile products formed in the first stage can be
catalytically upgraded in the second furnace without previous condensation thus minimizing the risk
of secondary reactions.
*

Visiting scientist. Permanent address: Research Laboratory for Inorganic Chemistry,
Hungarian Academy of Sciences, Budapest, Hungary

WeE16
Reaction* ofGmt-Phmte Transition Metal Cation* with Cyanogen Bromide and Cyanogen Iodide
Mestdagh, H.; Rolando, C; 'Siblier, M.; Capron, L.
Ecole Normale Superieure. Departement de Chimie, URA1679 du CNRS,
24-rue Lbomond, 75231 Parii cedex 05- FRANCE
In the courie of our studies dealing with ion-atom and/or ion-radical reactions (1), we have
investigated the formation of the M(C, N)+ complexes resulting from reactions of bare metal cations with CN°
radicals. To date, these complexes are not described. Such reactions may lead either to metal-carbon or
metal-nitrogen bonded complexes.
Cyanogen bromide and cyanogen iodide have been chosen as CN" radical precursors. The reactivity of
each bare metal cation generated by fast atom bombardment on metal salts was studied using a MS/MS/MS
multiquadrupole mas* spectrometer. Reagent gases are directly injected in the first collision cell of our
MS/MS/MS instrument (ca. 1 mTorrt and are allowed to react with the mass selected cations. Collisionally
activated dissociation is carried out in the second collision cell of our apparatus with Argon as collision gas
(ca. 0.S Torr, 30 eV) for structural characterization.
Unimolecular reactions of mass selected bare metal cations with cyanogen bromide inducing the
formation of M(C,N)* reaction products are observed with a decreasing efficiency through thefirstrow.
Products resulting from secondary reactions inducing M(BrCN)+ and MBr2* formation are detected.
The order of reactivity with cyanogen bromide is the following: Sc> Ti # V > Mn * Fe # Co > Cr * Ni
* Zn > Cu. Except for Sc+, which led to ScCN* in ca. 50% extent, the reaction of metal cations with cyanogen
bromide was less than 20ft. CyMnogen iodide was much more reactive : the extent of J-CN bond breaking is
larger than 25% for all metals except Cr+, Ni+ and Cu+, which afford mainly M(ICN)+ and less than 5% ICN bond breaking products. Cyanogen iodide also lead to an increased number of secondary reactions
affording M([2CN)+, MIn* (n*2,3) or MdCN^, not precedingly observed. The trends observed in reactivity
extent allow the following estimations of these band energies: > 360 kj.mol-l for Set, < 320 kJ.mol-1 for Cr+,
Ni+ and Cut, in the range 310-370 kJ.mol-1 for the other metal ions. Theoretical studies of some of these
complexes predict a larger stability of the metal-nitrogen bonded species, with bond energies in agreement
with these result! (2)
Tht M(C, N) + complex resulting from primary reaction with the cyanogen bromide lost CN with a
low yield whtn submitted to CAD, allowing to rule out the formation of a Van der Waals complex M+—CN
and showing that the metal part is strongly bound to the ligand. Monocirbonyl iron cations Fe(CO)+ have
appeared to react with tht cyanogen bromide yielding Fe(BrCN)+ cations whereas no Fe(CN)+ cations were
detected.
Characterizations of secondary products are under investigation.
1 (a); Stblier, M.; Billy, N.; Goutoard, C; Vigue, 3. "Gas-Phase Reaction of Iron Carbonyl Cations with
Atomic Hydrogen and Atomic Nitrogin" J. Am. Chtm. Soc. 1982,114(2), 771-773 (b) Mestdagh, H.; Rolando,
C; Sablier, M. submitted to J. PHyi. Chtm,.
2 Bouslama, L.; Suard, M.; Berthier, G.; Mestdagh, H.; Rolando, C. Thtor. Chim. Acta in press.
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WeE17
Gas-Phase Generation and Structural Characterization of the Fe(CO2)*
Cluster
Joseph Schw are m d H c l m i t Schwarz

Inslilut fur Organische Chemic der Technischen UnivcrsiUU Berlin,
S t r a s s * d e s 1 7 . Juni 1 3 5 , 0 - 1 0 6 2 3 BtrKn.
Germany

MeUl-contiining clusters are interesting models for examining Ibe rundamental inlcnclioos involved in melal-ligand bonding,
metal-ion solvalion, and substrate adsorption on meul surfaces These intenclioos are of great importance in the areas of
homogeneous and heterogeneous catalysis. The activation of CO, is an interesting aspect" not the least in view of the
availability of CO, and the global problems caused by the accumulation of CO, in the atmosphere.
The hitherto unknown FeCCO,)' cluster km is formed in an ion-mokcule reaction between Fe* and B-butyrolaclone. Results of
Fourier transform km cyclotron resonance (FTICR) experiments concerning the structure and the bond strength of CO, bound to
the Fe* ion are presented. By performing ligand exchange experiments, the value for the binding energy of the CO, was found
to be t ± 2 kcaVmol. Based on this result, Fe(CO,)* ion is expected to be a good precursor for other interesting cluster ions
such as Fe<O,)\ Fe(N,)'. Fe(Xe)*and Fe(CH<)' which can be generated by exchanging the weakly bound CO, against Ibe
respective ligand.

| t ] Bckr, A. Carton Dimuk Activation byMmolCompttxti, Veil: Wrinhmi I 9 M

WeE18
Applications of Ion-spray method in conjunction with the Reflecting
Time-of-flight Mass-Spectrometer with Orthogonaly Injected Ions for
qualitative analises of ions formed by ion-spray method from
solutions of Pd, U and some transition metal complexes.
V.I.Koslovskiy, A.F.Dodonov, V.V.Laiko, LV.Chernushevich
Institute of Energy Problems of Chemical Physics, Russian Academy of Sciences,
Chernogolovka, Moscow Region, 142432, Russia.
When analysing the composition of ion* produced by ion-spray method some problems in identifying of multicharged ions in mass-spectra often occures. If an ion contains dements, which have
two or more isotopes with comparable abundances(such as Pd, Cr, Fe) it is easy to identify multicharged ions by iaotopic spectra line shaped. In our report we present an example of multicharged
ions identification for mass-spectra of Pd(lI)Phosphinhim complex. In the cases of monoisotopic
elements consists investigated ions (such as Co, U) it is useful to analyse changes in time-of-flight
mass-spectra with increasing of declasterisation voltage(A U). When analysing the composition of
ions from solution of Go{OCOCB = Cff a ) 3 in elhanol there was observed some unusual transformations of mass-spectra during changing of A U. The analysis of such transformations gives important
additional information for identifying of multichsrged ions. It is known [1], that the change of electric
field strength alters the inner temperature of ions, moving through rare gas from API ion sourse,
and, as follows,their composition. Inner temperature increasing cause to dissociation of ion into
pair of ions or ion and neutral particle. M/s value of such particles may be more or less then M/s
value of parent ion. Occurrence of ions with M/s value exceeding that of parent ions, was bring out
during investigations of complexes of Cobalt acrilates and proved very useful for identifying some
multicharged ions in mass-spectTa.
[1]. Dodonov A.F., Rasnikov V.V., Koilovskiy V.I., Laiko V.V., and Pihtelev A.R. abstract of this
conference.
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Photoionization and Fragmentation Dynamics of Transition Metal Carbonyl Complexes
Thomas Drewelloa\ Albert J.R. HecfcW, Martin Fieber-Erdmannc), and Adalbert Dingc)
a) Hahn-Meitner-lnstitut Berlin, b) Stanford University, c) Optical Institute, Technical
University Berlin
The photoionization dynamics of the iron carbonyls Fe(CO>5, Fc2(CO)9 and Fe^(CO) ^ an^
the group VIb transition metal hexacarbonyls, M(CO)g with M= Cr, Mo and W, have been
studied by the use of synchrotron radiation in an energy range of 20 -110 eV as provided by
the Berlin synchrotron facility BESSY. Besides the high resolution of the ionizing photon
energy, another feature of these experiments consists in conditions that allow only single
photon ionization events to take place.
The ionization cross sections show in addition to valence shell ionization pronounced relative
maxima due to resonant inner-shell excitation and/or ionization. Especially in the case of the
group VIb transition metal hexacarbonyls the resonant excitation of p- (p- and f- in the case of
W) inner-shell levels leads to a tremendous relative enhancement of doubly charged species and
of the molecular ion. This behaviour is best understood assuming an Auger-like ionization
mechanism.
The fragmentation dynamics of doubly charged species towards charge separation reactivity has
been investigated by £hotoion-£hotoj.on-£o.incidences (PIPICO). These coulomb explosion-like
dissociations which are unprecedented for pure metal carbonyls are discussed in detail as a
function of the excitation energy.

WeE20
Iodine Speciation with IC/ICP-MS and RP-IPC/ICP-MS Using the On-Line IDMS Technique
J. Vogl and K.G. Heumann
University of Regensburg, UniversitStsstraBe 31,93040 Regensburg
Iodine deficiency in human nutrition causing endemic goitre is one important reason for iodine
speciation. The other reason is based on the dispersion of radioactive iodine in the environment emitted
from nuclear power plants. Radioactive iodine is able to induce cancer in human thyroid glands, which
demands the investigation on the iodine cycle in the environment.
We are now able to present a new system for iodine speciation. The method consits of an IC/ICP-MS
and a RP-IPC/ICP-MS system, respectively, combined with an on-line isotope dilution technique. For
accurate iodide and iodate analysis the IC/ICP-MS coupling is used. The measurements cantypicallybe
carried out with relative standard deviations of better than S */». The detection limit is 1.2 pg/s iodine.
At a half width of 30 s a peak detection limit of 36 pg is achieved, which corresponds to a detection
limit for both, iodide and iodate, of 72 pg/g, taking a sample volume of 500 nl into account.
Informations about the correlation of an iodine species with dissolved organic matter could be achieved
with the RP-IPC/ICP-MS coupling. For the first time iodide, lodate and "organoiodine" could be
directly determined in an on-line method combined with the isotope dilution technique. With this RPIPC/ICP-MS system different river, pond and seawater samples were analyzed. The so called
organoiodine was found in each of the analyzed samples.
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Chromium Speciation in Aerosols with Isotope Dilution Mass Spectrometry (IDMS )
R. Nusko and K.G. Heumann, University of Regensburg, D-93040 Regensburg, Germany
The most important oxidation states of chromium in the environment are Cr(III) and Cr(Vl). While
Cr(III) shows essential character for plants and animals, Cr(Vl) is - for its high oxidation potential - toxic
and carcinogenic even at very low concentrations. The hazardous effect of Cr(VI) in aerosols is much
higher than in aqueous solutions like drinking water. Therefore, the demand for the development of a
reliable and highly sensitive method for Cr speciation in aerosols is well established.
The great sensitivity of the redox equilibrium between Cr(III) and Cr(Vl) causes severe problems for the
sampling and species separation procedures. The type of filter material ( sampling efficiency, reactions on
the filter surface ) and the type of leaching solution and procedure ( species conversion ) were carefully
investigated before they were assinged. For species separation the liquid anion exchanger Amberlite LA-2
is used. The final Cr isolation is performed by electrodeposition on Pt wires. Cr isotope ratios are
determined by Positive Thermal Ionisation Mass Spectrometry ( PTI-MS ). Therefore, a single-focussing
magnetic sector field mass spectrometer, type MAT 261 (Finnigan MAT, Bremen), is used.
The group mainly exposed to Cr(Vl) dust are workers in the steel industry and those in the cement
factories. Therefore, the developed method is applicable for contamination monitoring in these industries.
On the other hand, the high accuracy and precision of IOMS allows the certification of standard reference
materials, which have to be developed in the future. A third important application is the determination of
the Cr-species contents in the open air where the total Cr concentration is only about 1 - 1 0 ng/m3.

WeE22
LEAD OXIDES REACTIVITY UNDER PRIMARY ION BOMBARDMENT
S.lhwlio, B.Facchin, CPagura, A. lie liallisti*. A. Barbieri*, M. Caselli"
IPIiLP C.N.R., Padova; *Universit;i di l;cmiru; °Accumulaiori industrial! FIAMM, Vicenza
Various lead oxides have been already extensively studied, but their structures and stoichiometry, as
well as their electrical, electrochemical, thermal and optical properties, are nowadays matter of
• interest to many research groups.
Lead monoxide and dioxide arc very important as components of glasses, ceramics and cements, and
for their important role in the lead-acid batteries. The catalytic properties and the applications of lead
oxides and lead (II) - lead (IV) mixed oxides (PD2O3 and PD3O4) are also well known. Secondary Ion
Mass Spectrometry (SIMS) has shown a great potentiality in metal oxide studies, and was used to
characterize oxide powders or films.
The present work reports SIMS data obtained from different modifications of commercial or chemical
synthesized powder of lead oxides (a-PbO, |J-l'bO, U-PI1O2. (i-PbC>2) and from electro-synthesized
films.
The bombardment of samples by Ar + and O 2 + primary ions gives rise to presence of small molecules
or metals and of species originated from reactions between lead oxides and adsorbed or trapped
compounds.
Interesting results concerning the reactivity or many lead oxides with other metals or metal oxides and
the role of matrix on the ion yields were obtained.
The SIMS was confirmed as a powerful tool for a complete characterization of strategic materials, as
Pb n O m powders and films.
The evaluation of chemical changes induced by different electrochemical tests is now in progress.
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Analysis of Metalorganic and Inorganic systems by Matrix Assisted Laser Desorption Mass
Spectrometry
I* Humphrey1, K Tanaka2,1) C Dingley1 & M L Kimher'
•Kratos Analytical, Barton Dock Road, Urmston, Manchester, M312LD, UK.
Shimadzu Corporation, Nishinokyo-Kuwabarcho, Nakagyo-ku, Kyoto 604, Japan.

2

Matrix assisted laser desorption ionisation (MALD1) has, in the last few years, revolutionised the
analysis of peptides and proteins. Rapid molecular weight characterisation can now be achieved in
a very simple and straightforward way with an inexpensive bench-top instrument. MALDI does
however have a much wider range of applications. The following examples show some of the
potential for it in studies of inorganic materials and metalorganics.
The assessment reported in this presentation covers a wide range of systems from simple inorganics
to complex metalorganics used in the catalytic preparation of Pharmaceuticals. As well as providing
examples, the paper will consider areas fundamental to the ionisation process such as choice of
matrix or whether to not use a matrix at all. Illustrations of the various types of analytical information
available from MALDI will be given.
In addition the use of sophisticated algorithms to simulate the isotope patterns for complex ion
clusters as an aid to interpretation will be discussed.

WeE24
MteuAi

Auljss by Law Plwvi Miss Spedroyipi

A.I.Boriskin, V.M.Eriomenko. YuSfilonenko, AN.Skripchenko, O.RSavin
Instituie of Applied Physics of Academy of Sciences, 244030 Sumy, Ukraine
At present lime the laser-plasma mass-spccirographs of Mattauch-Ilcrcog type
with photoplaies as detector is used in elemental analysis of solid substances.
The disadvantage of such detectors is a small dynamic range, a small number of
concurrent measurements, a long time of analysis carrying oui. Besides, a Urge
consumption of analysed probe does not permit to carry out high sensitivity local
analysis of grains and microparticles with cross dimensions 100 fun and less.
The alternative detectors with ion-eleclron-pholon pholoclcctron conversion
are not widely used in Maicaucti-Herzog analysers because of strong magnetic
fields In the plane of their location.
The laser-plasma mass-spectrograph MS 3103 with double focusing* is proposed
where besides photoplates the movable slit with electron multiplier and Faraday
cup are used as a detector. When moving along local plane of magnetic analyser
the gain of electron multiplier is adjusted automatically by means of computer and
so Is Ion signal processing. In order (o improve the signal-to noise ratio all massspectrograph systems work in pulse mode with synchronization from Q-switch
laser.
The figure shows ion-optical diagram of mass-spectrograph. The dynamical range
of ion current is 107, the relative sensitivity - U0"*> %, mass resolution • 2500, with
photoplate -10000, the accuracy of slit adjusting with multipliers is 5 Jim at the
length movement 250 mm, the analysis time is 20 roin for elements from C to U at
repetition frequency of laser pulses -150 Hz.
The device has special lock for loading of studied samples, therefore the
pumping time is reduced up to 2 mln. The analytical characteristics of massspectrograph in different modes of operation and the analysis results of geological
samples, aerosols, alloys are presented.
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THE ANALYSIS OF ELEMENTAL AND MOLECULAR COMPOSITION BY LASER
IONIZATION MASS-SPECTROMETRY
A.I.Boriskin. V.M.Etioimnko. M.F.Zviryaka, A.N.Skripchenko, Yu.S.Fitonenko, S.N.Knomenko
Institute of Applied Physics, the Ukrainian Academy of Sciences, 244030 Sumy, Ukraine
One of the most perspective tasks of mass-spectrometry
in combination with liquid
chromatography is the definition of substance elemental composition in chromotography peaks on
sorbents [1]. Such tasks are being easily solved by mass-spectrographs with laser-plasma ion
source [2]. However, the organic substances dissociate into elements due to the action of Q-switch
laser beam, that does not permit to get information on their molecular composition. We have
studied mass-spectra of organic substances by laser desorption method (LD). The substances
were deposited on spectra pure tantalum (Ta) or copper (Cu) or other metals. The investigations
were carried out at MS3101 device with analysis results handling on microdensitometer with
autometic set of mass-spectra processing by the'computer.
By the adjusting of mass-spectrograph energetic transmission both sample element composition
corresponding to ions with more kinetic energy and multiline mass-spectra of fragment ions of
organic compounds corresponding to ions of less kinetic energy was registered. Thus, in
transformer oil mass-spectra the groups with such distribution of line intensities were registered,
which alternate with period 14 amu. They are such groups with m/e : 25-30; 39-44; 53-58... 137142 etc. Such ion groups may originate from ultimate hydrocarbons the next series members are
distinguished by 14 amu. At the same time the ion lines are most intensive in groups containing a
large number of hydrogen atoms. E.g. in C3 -group the lines corresponding to m/e 43,42,41 are the
most intensive, m/e 36 line is less intensive. Besides the lines with even m/e are less intensive than
the next lines with odd m/e. The results of different organic substances analysis at substrates with
heat conduction coefficient from 0.9 up to 0.13 kal/cm.s. °C and heat capacity from 0.091 up to
0.036 kal/g. ° C are discussed.
1. M.L.Vestal, Science, 19, Okt.1984, v.226, p.275-281.
2. A.S.Bryukhanov et al. EMAL-2 Laser Ion Source of Mass Spectrograph and its Analytical
Capabilities. IJMS and IP, v.47, 1983, p.35-38.

WeE26
LMIS of High -melting Metals.
Sikharulidze G.G. Institute of Microelectronics Technology and Superpure Materials. 142432,Chernogolovka, Moscow district, Russia.
It was shown in the previos report that a gas discharge occurs
near the top of liquid metal emitter. According to this model a cathode
plasma is formed on the extfactor during the operation ot LMIS. In a
high voltage field microprotrusions are pulled from the liquid metal on
the emitter. They are bombarded by electrons generated by the cathode
plasma on the extractor. The micr oprot rusions are heated and evaporate. In a high voltage field new portion of liquid come to the microprotrusions. When the density of metal vapors reach a critical value,
a gas discharge appears at the emitter top. The high voltage field
withdraws positive ions from the discharge and forms an ion beam.
Basing on the proposed mechanism, some limitation can be avoided.
All modern LMIS consist of an emitter made of a high-melting material
(W,Mo,Ta,c) and an emitted substance which wets the emitter. The quolity of wetting strongly affects the source, characteristics, the amplitude of ion current, its stability and duration of working.
These characteristics can be improved if the emitter is made of a
material.whuse ions are to be produced. The emitter is made in form
of a rod with the ratio of the length to the diameter 20-50. The extractor is a. diafragm. A cathode of direct filament supply with an o r i fice is localed right behind extractor, the orifice is co-axial with that
in the extractor. After the cathode is switched on, a high voltage of
7 to 10 kV is supplied between the emitter and extractor. Electrons
emitted by the cathode, bobard the emitter. The top of the emitter beco
mes heated and melts. An a high voltage field microprotrusioris protrude from the liquid metal and evaporate upon the bombardment by electrons. A gas discharge appears in the vapors of the emitted material,
from which are withdrawn by the electric field. In this way we obtained ions of high—melting metals W, Ta, Nb. The amplitude of ion current was about 20 mA.
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QUANTIFICATION OF ALIPHATIC STRUCTURE IN LUBRICANT BASE STOCKS AND OTHER
PETROLEUM FEED STOCKS AND PRODUCTS BY FIELD IONISATION MASS SPECTROMETRY
M G Hodges, P G McDowell, D W Chandler and J R Bales
A key parameter in automotive lubricant performance is the viscosity index, the effect of temperature on its
viscosity. It is known that the aliphatic hydrocarbon components (VI) of the lubricant base oils play a major role
in defining this parameter, and account for a significant proportion of high VI base oil. The use of a
combination of quantitative field ionisaiion mass spectrometry (FIMS) and NMR to identify the major aliphatic
structures in a lubricant is described, which can indicate links between chemical structure and performance.
The application of this approach lo both refinery feedstocks and products leads to the optimisation of
production processes and product design.
The analysis of pure compounds characteristic of particular hydrocarbon types over a long period provides a
set of average FIMS sensitivity factors for five different aliphatic types: Alkanes (Paraffins), Mono-, Di-, Tri-,
Tetra-Cycloalkanes (Naphthenes); factors for Penta- and Hexa-Cycloalkanes are derived theorelically. Careful
control of the Fl ion source parameters, (emitter current, source temperature, extraction voltage and extraction
plate temperature) and sample introduction, such that spectra are recorded at constant total ion current, ensure
that the FIMS response factors remain stable. Regular analysis of a reference distillate aliphatic fraction
enables small correclions to be made in FIMS sensitivity factors to take account of day to day variations in
ionisation efficiency. Additional detailed FIMS analysis of standards and aliphatic fractions from which normal
alkanes have been removed has provided separate sensitivity factors for branched and normal alkanes
Examples illustrate how the distributions of chemical structures within lubricants are derived from quantitative
FIMS and NMR, and how changes in refinery streams during processing can be monitored.

WeE28
DETERMINATION OF PARAFFIN, NAPHTHENE AND AROMATIC COMPOSITION OF MIDDLE
DISTILLATES BY ELECTRON IMPACT MEDIUM RESOLUTION MASS SPECTROMETRY
M G Hodges, N S Goodwin and P Wiwel
Changes in legislation governing hydrocarbon emissions and transport fuel composition are demanding
improved methods for determining hydrocarbon composition of middles distillates. Process development to
enable production of suitable new fuels also requires an improved understanding of feedstock and product
composition.
A medium resolution (4000 resolving power) electron impact mass spectrometric method is described which
determines hydrocarbon types in virgin and processed middle distillates, within the boiling range 126 to 400°C.
Unlike earlier methods (1) the sample is analysed directly without any prior separation. Twelve hydrocarbon
types are determined; Alkanes (Paraffins), Mono-, Di-, Tri-, and Telra-cycloalkanes (Naphthenes), Benzenes,
Cycloalkylbenzenes,
Dicycloalkylbenzenes/lndenes,
Naphthalenes, Acenaphthenes,
Fluorenes, and
Phenanthrenes/Anthracenes (Aromatics).
The sums of fragment ions characteristic of the different
hydrocarbons are multiplied by a calibration matrix to obtain the quantities (%mass) of the different hydrocarbon
types. A calibration matrix is determined via the analysis of a representative range of pure compounds.
Validation of the method via comparison with: (a) aromatic composition determined by high performance liquid
chromatography (HPLC) (2) and low voltage high resolution electron impact mass spectrometry, using
sensitivity factors determined by Lumpkin ( 3 ) , (b) aliphatic composition from field ionisation mass spectrometry
(FIMS), and (c) total composition determined by the Gallegos 19x19 high resolution matrix method (4) will be
presented. Good long term repeatability is achieved via application of correction factors .determined from
analysis of a reference middle distillate prior to each batch of samples, which take account of small day to day
changes in instrument performance. The hydrocarbon composition determined by the method will be compared
lo that obtained by NOISE (5) and a gas chromatographic equivalent of ASTM method D2425 (1).
1.
2.
3.
4.
5.

ASTM method D2425-86, Annual Book of ASTM Standards Volume 05.02,1990.
Institute of Petroleum method IP391/90, Standard Methods : >x Analysis and Testing of Petroleum and Related
Products, John Wiley & Son,.
Lumpkin, H. E., Analytical Chemistry, 1964, 36,2399-2401.
Gallegos, E. J., Green, J. W., Lindeman, L. P., Letourneau, R. L. and Teeter, R. M., Analytical Chemistry, 1967, 39,
1833-1838.
Dzidic, I., Petersen, H. A., Wadsworth, P. A.., and Hart. H. V., Analytical Chemistry 1992. 64. 2227-2232.
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QUANTITATION OF AROMATIC STRUCTURES OF ASPHALTENES BY MASS
SPECTROMETRY AND FISHER GROUP TYPE ANALYSIS
I. KOWALEWSKI, A. FAFET, M. DA SILVA, F. WAUCHER
Institut Franc.ais du Petrole
I av. de Bois-Preau, 92500 Rueil-Malmaison, FRANCE
In order to obtuin the quantitative distribution of aromatic structures which is a
necessary step for structural elucidation programs and molecular modelling, a preparative close
system pyrolysis on asphaltene samples was performed. The close-system pyrolysis generates
aromatic structures (sulphur-containing and no sulphur-containing aromatics) but not oleflnic
structures which are produced when using open-system pyrolysis.
Because some aromatic compounds have molecular peaks and diagnostic fragments in
common with equivalent sulphur aromatic compounds, a prior separation using High Pressure Liquid
Chromatography (HPLC) is necessary to improve the Fisher quantitative determination. Therefore, the
aromatic pyrolyzates were first separated by HPLC into mono-, di-, tri- and poly-aromatics and
sulphur-containing fractions. Then, each fraction was analysed using volatile probe/mass spectrometry
and quantified by the FISHER method (1).
The results show the interest of HPLC separation before using mass specirometry when the
sulphur content of asphallenes is relatively high (> 2%). The "asphaltene molecule" models for
BOSCAN oil (type II, marine environment) and DURI oil (type III, continental environment) are
compared.

(1)

FISHER IP., FISHER P., Talanta,, vol 21 (1974), p. 867
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A Model for Further Understanding of FAB Ionization Mechanism
A. Shigihara
Hoshi College of Pharmacy,
2-4-41, Ebara, Shinagawa, Tokyo 142, Japan
Doublet molecular ion M+- often appears instead of the molecular protonated ion (MH+) in FAB. This
means the possibility that doublet ion clusters arc closely involved during the ionization. The author would
propose an ionization model for FAB on this possibility. To examine the character of doublet cluster ions,
the ab initio molecular orbital calculation was adopted on some simplified systems. All geometries were
fully optimized at the 6-31G* level, and were confirmed to be energy minima or transition states by
frequency analysis.
The geometries of doublet cluster ions were optimized starting from the neutral ones. The ions
composed of a molecular ion (H2O+-) and neutral water molecules are unstable and convert into the
systems which contain a hydronium ion and a hydroxyl radical without activation energies. This case can
be considered that the molecular ion species is observed as a molecular protonated ion (MH+) rather than a
molecular ion. The stabilization energies between the cluster ions and the corresponding individual
species increase with the number of cluster sizes, becoming comparable to the energy of a covalent bond.
This means that the molecular ion species of interest is energetically protected from decomposition with
the aid of the surrounding molecules in the cluster.
On the other hand, formaldehyde molecules do not show any attractive interactions with each other,
and the cluster composed of a neutral molecule and a molecular ion is located in the energy minimum.
However, since the activation energy for the proton migration from the molecular ion to a neutral molecule
is relatively low (3lkJ/mot), (he observation of both kinds of molecular ion species is possible.
By using the calculated results following process can be derived: (1) various sizes of the neutral clusters
arc ejected from the liquid surface by striking of the fast atom beam, (2) then being ionized by the beam
which is decelerated enough for the ionization after collisions with the neutral clusters, (3) the positive
molecular ion species are formed from the doublet cluster ions by excess internal energy, (4) which type
of molecular ion species is observed depends on the stability of (he cluster ions as the precursors.
In this process, the cluster size is considered to be large enough to treat as the liquid phase, and
thermochcrnical equilibrium should be held in a cluster ion.

ThA2
Matrix Effects on Anomalous [M-II]H Formation in FABMS
G.J.C.Paul*, J.Anaslassopoulou', T.Thcophanidcs", M.J.Bertrandb
'National Technical University of Athens, Chemical Engineering Dcpt., Zogfrafou
15780, Athens, Greece. bRcgional Centre for Mass Spcctromclry, Chemistry Dcpl.,
University of Montreal, Montreal, Canada.
The formation of anomalous [M-HJ' in FAB has been used to gain information on
Ihc ionization processes occurring in this technique. Significant [M-H]+ has been
observed in FAB for two groups of compounds, the derivatived 2-deoxy-Dribofuranoscs and cyclic acctals, and a triaminc, pcrhydro-3a,6a,9a-triazaphcnalcnc.
These compounds can be further broken down into two categories based on their
behaviour in different FAB matrices. In the first category arc the 2-dcoxy-Dribofuranoscs and cyclic acctals, 4-alkyl-2-phcnyl-l,3-dioxoIancs and 2-bcnzy 1-1,3dioxolanc, which give [M-H]+ as the dominant molecular ion in all FAB matrices
for the duration of fast atom bombardment. In gas phase CI, however, [M+H]+ is the
major molecular ion and as a result [M-H]f formation in FAB is rationalized in
terms of condensed phase ionization processes. Elcctrospray ionization using
viscous (cthylcnc glycol) and non-viscous (mclhanol) solvents yielded only [M+H]+
in the molecular ion region which underlines the importance of fast atom beaminduced processes in the condensed phase for [M-H]+ formation in FAB. In the
second category arc 4-hydroxymcthyl-2-phcnyl-1,3-dioxolanc and the triaminc,
where [M-H]+ and [M+H]' formation arc competitive in FAB as a consequence of
the increased basicity of these compounds. In the aliphatic matrices (1,2,4butanctriol, dicthanolamine, glyccrol, thiodiglycol, thioglyccrol) the intensity of
[M-H]* relative to [M+H]* increases with time of fast atom bombardment which
again indicates the importance of FAB-induccd processes in [M-H]+ formation. In
contrast, no time effect on molecular ion intensities is observed in 2-HEDS, 3-NBA
and 2-HPEA as these matrices arc believed to inhibit fast atom beam-induced
processes through clectron/radical-scavcnging properties. The addition of further
polar substituents on 2-deoxy-D-ribofuranoscs and cyclic acelals leads to
predominant [M+H]* formation in FAB irrespective of the matrix employed.
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Influence of the Extraction Field Strength on Kinetic Energy
Distributions in Matrix-Assisted Laser Desorption
W. Ens, R. Dworschak, V. Spicer and K.G. Standing
Department of Physics, University of Manitoba, Winnipeg, Canada R3T 2N2
The velocity distribution of molecular ions produced by matrix-assisted laser desorption/
ionization (MALDI) in a field-free region is largely independent of molecular weight [1,2] and of laser
irradiance [2]; the average velocity is ~ 600 m/s. On the other hand, molecular ions produced in a strong
extraction field (> ~ 15 kV/cm), typically used in MALDI, exhibit an energy deficit strongly dependent
on molecular weight and irradiance [3J. These apparently conflicting results were obtained in different
spectrometers by different methods.
We report measurements to bridge the field-free measurements and the high extraction-field
measurements in the same spectrometer. The energy distributions are measured using an electrostatic
mirror as an energy filter in the Manitoba reflecting time-of-flight spectrometer 3]. To determine the
effect of the extraction field-strength without changing the total energy, a two-stage gridded acceleration
region is used. The target is maintained at constant potential while the potential of the middle grid is
varied. As expected from the previous results, the strength of the extraction field at the sample target has
a pronounced effect on the energy distribution. The energy deficit for bovine insulin disappears when the
field at the target is reduced to about 5 kV/cm. Moreover, at this field the energy distribution is narrower
and less dependent on irradiance.
The results are relevant to the quality of spectra obtainable in a reflecting time-of-flight
instrument. In our instrument, for molecules larger than about 15000 u, the peaks in the reflected
spectrum are broadened by tailing caused by daughter ions from metastable decay. We have developed a
method to suppress such tailing which uses the electrostatic minor as an energy filter to discriminate
between parent and daughter ions [4]. The degree of discrimination clearly depends on the degree of
overlap of the energy istributions and therefore on the width of the energy distributions.Two-stage
acceleration is therefore expected to improve the method and ake it less sensitive to irradiance.
[ 1 ] R C Beavis and B T Chait, Chem. Phys. Lett. 181 (1991) 479.
[2] A Verentchikov, W Ens, J Martens and K G Standing, ASMS 1992, p 360.
[3] J Zhou, W Ens, K G Standing and A Verentchikov, Rapid Commun. Mass pectrom. 6 (1992) 671.
[4] W Ens, V Spicer, K G Standing and J Zhou, Org. Mass Spectrom. 28 1993) in press.

ThA4
Coumarin Laser Dyes as Matrices for OV Laser Desorption Mass S p e c t r o m e t r y
I. K. Perera, P. E. Dyer, and S. Kanlartzoglou
Department of Applied Physics, University of Hull. Hull HU6 7RX, England
Matrix assisted laser desorplion-ionizalion (MALDI) mass spectrometry1, first reported in 1988, has
now emerged as a versatile and a highly sensitive2 method for the analysis of large biumolecules. A
broad range of organic compounds3 with mass extending upto about 275,000 u 4 , have already been
studied, employing a variety of lasers with wavelengths ranging from the UV to the iR 5 . This rapid
development of MALDI can be attributed to the identification of a number of useful matrices6 that play
a key role in the soft - ionization process which produces intact the large gas phase molecular ions
particularly useful for molecular weight determination.
We have investigated the performance of several coumarin laser dyes as matrices and report the
analysis of large proteins and their mixtures (M < HX),(XX) u). in both the positive and the negative
ion modes using time-of-flight mass spectrometry. Intense mass spectra obtained with subpicomole
sensitivity and high resolutions (AM/M-600; M<6000u), in both the linear and the reflectron modes
will be presented. We have also investigated the influence of experimental parameters such as lasei
fluence, analyte / matrix concentrations and the pH value of the analyte / matrix solutions on the ion
yield intensity. Microscopic inspection of the samples carried out using scanning electron microscopy
(SEM) have revealed a rather non-homogeneous surface structure typical of other MALDI samples and
the various methods adopted for improving the sample homogeneity will be discussed.
References
1.) F. Hillenkamp, M. Karas, R. C. Bevis and B. T. Chail, Anal. Chem. 63, 1193A 1991.
2.) K. Strupat, M. Karas & F. Hillenkamp, Int. J. Mass Spectrom. Ion Proa, 111 (1991) 89.
3.) I. K. Perera et al.. Rapid Commun. Mass Spectrom., 4 (1990) 285, & references therein
4.) F. Hillenkamp and M. Karas, Proc. 37lh ASMS Conf. (1989) p. 1168.
5.) D. S. Cornett, M. A. Duncan and I. J. Amstcr, Anal. Chem. 65, (1993) 2608 & references therein
6.) P. Juhasz, C. E. Coslello and K. Biemann. J. Am. Sue. Mass Spectrom, 4 (1993) 399.
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ThA5
Negative Ion Formation by Attachment of Electrons to Radicals
Masao Inoue
Department of Applied Physics and Chemistry, University of Electro-communications
1-5-1 Chofugaoka, Chofu-shi, Tokyo 182, Japan
Due to the unpaired electron the radical can capture an electron to its unoccupied orbital
and become a negative ion. In gases bombarded by ionizing radiation radicals are formed by
various processes such as dissociation of excited molecules and ions, ion-molecule reactions and
recombination of ions. It is suggested that, in the pressure range where ions undergo many
collisions with neutral molecules, negative ions are formed by attachment of electrons to radicals
produced by the above processes. We have investigated the mechanism using a continuous
wave ion cyclotron resonance mass spectrometer. A special drift cell having vcnetian-blind
type trapping electrodes and a trapping voltage modulation technique have been developed to
obtain the double resonance spectrum of negative ions. Experiments were performed with CN~
ions produced by electron impact of HCN gas at pressures higher than 10~* Torr. Peaks of
HCN+ and rlsCN* ions were observed in the double resonance spectrum of CN~ ion at electron
energies above the ionization threshold of HCN molecules. The result shows that these positive
ions are the important precursors of the CN~ observed.

ThA6
Solving analytical problems by the method of liquid-matrix,fibrous substrate
laser mass spectrometry
Shankai Zhao and Feng Zhong
Instrumental Analysis Center, Zhongshan University, P.R.China
A novel method for liquid-matrix assisted laser mass spectrometry has been
introduced by the author (1,2). By the use of this method and with a home
-built research-grade laser time-of-flight mass spectrometer,some analytical
results are introduced. 1. After separated by SDS- PAGE and then blotted
onto a nylon or NC membrane, cytochrome C and albumin LD spectra can be
obtained by directly adding liquid matrix onto the membrane for assisting
laser desorption. 2. Ginsin from Chang Bai mountain( China) and from
Wisconsin (USA) are identified by direct analysis of the extraction from
these two kind of medicines. Two characteristic peaks of ginsinosides of
extration from Wisconsin ginsin are obviously observed. 3.Phthalocyanine is
an important class of dye substance. Synthesized Cu.Ni.Co, and Zn complexes
of substituted 4,4',4" 4*"-tetracarboiy! phthalocyanines have been analysis
by this method,their molecular ion peaks are apparently seen in the LD
spectra, but they cannot be determined by FAB-MS, even trying to use tens
of different kinds of matrice, owing to their very stron polarity. 4. A
hydrolyzed product of heparin, which is a kind of polyaminoglycan, with
molecular weight of 6571 amu is analysed,molecular ion and some important
fragment ions are observed in the LD spectrum. Its molecular weight has
also been determined by low angle laser scattering method with similar
result. The results shown above demonstrated that this method is a powerful
tools for solving some anaytical problems, and the advantages of this
method are discussed.
References
1. Shankai Zhao, et al. Fresenius J Anal Chem (1990)338:688-592.
2. Shankai Zhao, et al. Anal Chem (1991)63:460-463.
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ThA7
COMPARISON OF THE EFFECT OF ATMOSPHERE-TO-VACUUM ION TRANSFER METHOD ON THE
ELECTROSPRAY MASS SPECTRA OF LABILE COMPOUNDS
K. J. van der Merwe and S.S. de Kock.
Dept. ol Biochemistry, University of Stellenbosch, Stellenbosch 7600, South Africa,

Ions originating in, or introduced into, the atmospheric pressure source of a quadrupole mass
spectrometer, need to be transferred from an ambient ionisation or interfacing area to the high vacuum
region of the mass analyser in order to be measured. One of the problems associated with this transfer
step is the occurence of extensive clustering of solvent molecules around analytes. Clustering can in
principle be reversed by the subsequent addition of energy to the clusters in an expansion region of the
instrument.
The various ways in which the crucial transfer and declustering steps are performed are associated with
some of the biggest differences in the design and functioning of the electrospray mass spectrometers that
are commercially available today. In some instruments, for example, ions are accelerated through a thin
gas at temperatures around 70°C, while in others the ions are passed through a heated glass or metal
capillary at temperatures around 250-30O°C or more. It was generally assumed ihat, as long as the
amount of energy transferred to the clusters can be adjusted, dilferent types of ion transfer would give
similar results.
In this poster new results will be described which clearly indicate that, while this assumption may hold for
stable compounds, this is certainly not true for labile compounds such as the chemical precursors of
aziridines. The consequences of these observations to the screening of labile biologically active natural
products will be discussed.

ThA8
Electrospray Mass Spectrometry of Multidentale Tin Containing Lewis Acids as Powerful Tool
for Elucidation of Equilibria in Solution
A Schierhorn ' . K. Jurkschat 2
' Department of Biochemistry, ^Department of Inorganic Chemistry.
'•2Martin-Luther-University Halle-Wittenberg, 06099 Halle. Germany
Elcclrospray mass spectromelry is a technique which is mainly applied for identification of large biomolcculcs. Only
recently flits method ivas shown lobe very useful to inorganic and organoinclnllic systems also.'-2-3
We and others have demonstrated mainly by means of NMR spectroscopy and X-ray analysis that multidentale tin
containing Lewis acids of types (A). (B) and (C) coordinate anions such as halides and phosphate or neutral donor
molecules more or less selectively. In solution there arc equilibria between different species some of which could not be
identified mi.imbigously by these classical techniques.
Here we show that ES-MS is able to identify all species present in solution and is therefore a very useful complementary
tool for investigation of complex equilibria in solution. The tin compounds investigated show intact ions in negative as
well as in positive ionizalion mode.

a
CISn(-

a
Sn

U
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Sn—Cl

X = F. Cl. Br, I
n=l.2,3
(A)

(B)

(C)

I G.Hopfgarlncr, C. Piguet, J.D.Henion. A.F.Williams. Helvetica Chimica Ada, 76, 1993, 1759-1766
2. RColton. J.C.Traeger, V.Tedesco, Inorganica Chimica Acta. 210. 1993. 193-201
3. A J Canty. R.Collon, Inorganica Chimica Acta. 2IS. 1994. 179-184
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ThA9
Complementary CI, NCI and SIMS i n v e s t i g a t i o n of some organic
compounds.
Janina WITOWSKA., Hanna OTWDroa'SKA.
Industrial Chemistry Research Institate, Warsaw, Poland;

Negative and positive chemical ionisation and standard
mass spectra of some oxygen containing piperidine and
hydroxybenzophenone derivatives are presented.
The interpretation of composition of negative and positive
ions are made. The fragmentation routes of the molecules
are confirmed by £1 mass spectra and HEMS measurements.
The influence of CI conditions and reagent gas on mass
spectrum shape was studied.

THA1O
COMPARISON BETWEEN COAXIAL CF/LSIMS AND LSIMS IN
AMINOACIDS MIXTURE

ANALYSIS

Franelfco M. L. Amado, Crlitlna M. R. F. Barroi, Pedro M. D. N. Dominguei, M. Grmca O.
S. MarqiMi, and A. J. Ferrer Correla
Department or Chemittrv, Matt Spec. Group, University of Avelro

A current limitation in the use of FAB or LSIMS Mass Spcclromctry for the analysis of pcplidcs mixtures is
that the signals from tome components of the mixture arc not normally observed. Experiments hare demonstrated
that, for peptide mixtures, there is a correlation between the Bull and Breeze indexes of the peptides and the signals
obuined under FAB or LSIMS of the same pcplidcs. Normally, signuls from peptides with hydrophilic properties are
suppressed, whereat signals from hydrophobtc peptides are observed
Coaxial CF/FAB and CF/LSIMS have been successfully used in analytical determinations for samples derived
from biochemical and biological systems. In this study, the use of Coaxial CF/LSIMS and LSIMS for several
aminoacids with different hydrophilicily is compared. The aminoacids were studied both pure and in mixtures. Six
aminoacids were Idled and we have found that, when using LSIMS, the signals obtained for hydrophilic aminoacids,
from mixtures where hydrophobic aminoacids are present, are indeed suppressed. We have also found that suppression
does not occur or is strongly diminished when using Coaxial CF/LSIMS.
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ThA11
lonisalion Mechanism of Liquid Metal Ion Sources
Sikharulidze G.O. Institute of Microelectronics Technology
142432, Chernogolovka, Moskov district, Hussia.
LMIS a r e widely used in science and Technology. They generate
ion current in a range from 10 rokA to 10 mA and possess high brightness. Ion team are easily focused to a spot of a hundred angstrom in
diameter, c.nd this makes them suitable for application in submicron
lithography and secondary mass spectrometry of high resolution.
It is generally belived that field ionisation of ions occurs in LMIS.
However, the mechanism of field emission cannot account for some processes in LMIS during ion generation, in particular, plasma glow at the
top of the emitter. The existence of microprotrusions of some angstrom
in diameter is incompatabJe with the stability of the ion source or with
the amplitude of the ion current.
Recent investigations on the structure of ion beam of LMIS on a
double focusing mass spectrometer showed that the ion beam consists
of two components:
1. Ions, formed at the emitter and having an energy equal to the
voltage applied between the emitter and the extractor. These ions aje
formed in the low temperature anode plasma with density 10El6/cm
2. Ions, formed at the extractor and having an energy to some tens
eV, These ions are formed in the cathode plasma on the extractor. The
temperature of cathode plasma is 3-5 eV.
The presence of both cathode and anode plasmas in LMIS strongly suggest a similarity of ionisation processes in LMIS and gas discharge.
This ionisation model can account for all the processes in LlWIS, without involving the mechanism of field ionisation.

ThA12
EFFECTOTGLOW DISCHARGE PLASMA IMPURITIES ON ANALYTICAL
PERFORMANCE FOR GLOW DISCHARGE MASS SPECTROMETRY
S. 0 . Ohorodnick and W. W. Harrison
Department of Chemistry, University of Florida
Gainesville, FL 32611 USA
The glow discharge is a small reactive cell that Is nominally considered to contain an Inert
plasma. Most commonly argon, or another noble gas, serves as the discharge medium to sputter
sample atoms away from the sample electrode. In principle, only the discharge gas plus
sputtered atoms should take part In plasma processes. Unfortunately, impurity gases such as
water vapor, hydrocarbons, nitrogen, and oxygen can have significant effects upon critical plasma
processes, even when these gases are present at small concentrations.
For a solid metal or alloy sample (minimal gas contamination), impurities can enter the
discharge by vacuum leaks, backstreaming pump oil vapors, and desorbing water vapor from
source walls. The problem is exacerbated in the case of compacted samples in which both water
vapor and air are entrapped in the compacting process. As the sample is placed in the glow
discharge source at reduced pressure, these impurities degass and enter the plasma, creating
competing reactions that can impede sputtering and reduce exeftarjon/ionizatjon reactions.
By use of cryogenic cooling coils, glow discharges can be purified even under difficult
sample conditions. We have first shown that cryogenic cooling removes water vapor and Its
decomposition products, such as hydrogen, hydroxyls, and atomic oxygen, which can In turn lead
to metal oxide formation. All of these can influence the production of metal ions. We have also
introduced oil vapors directly into the glow discharge cell to simulate mechanical pump effluents.
With the cryo-coil, these Impurities are trapped and removed from the reactive plasma.
Compacted samples at varying concentrations of matrix material have been studied by cryogenic
methods. The release of water vapor from adsorbed water and the direct sputter release of
sample oxygen provide a severe test for a cryogenic clean-up device. We find, however, that
mass spectra can be simplified and potential Interferences removed when running the discharge
under cryogenic conditions. We will show spectra with before and after comparisons of spectral
cleanup.
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ThA13
"A NEW GENERAL REACTION IN MASS SPECTROMETRY THE FORMATION OF BENZYL (OR
TROPILIUM) IONS BY HYDROGEN-CARBON, CARBON-CARBON DOUBLE REARRANGEMENT
OF 2-XCHR2 ( X=N,O,S; R=H.Me) SUBSTITUTED DIPHENYLMETHYL CATIONS '
Pasquale Agozzino*,Leopoldo Ceraulo*.Mirella Ferrugia*,Liliana Lamartina», M Concetta Natoli j r
Dipartimenlo di Chimica e Tecnologie Farmaceutiche. via Archirafi. 32 Palermo - Italy
Dipartimento di Chimica Organica via Archirafi. 20 Palermo - Italy
The EIMS + of 2-methoxy-substituted I ,)-diphenylalkanes are dominated by intense peaks
corresponding to benzyl or tropilium ions b 1 Experiments with 2 H e I 3 C labelled compounds
evidenced that ions b are formed by a new rearrangement process involving a hydrogen-carbon
followed by carbon-carbon rearrangement of diphenyl cations a arising from the molecular ion by
loss of the substiluent linked to the benzyl carbon ' This process is also occurring for the simplest
compound of the series, the 2-methoxydiphenylmethane/ and for the 1,1 -diphenylalkanes bearing
orttio -OEt, - O / P r . -SCH3, -NHCH3, -N(CH3)? group?
We propose a mechanism for this process based on several experimental evidence

X-O,NH.NCH3 .S
R - H, Alkyt
R1 - H, CH 3
1- L.Ceraulo, M.C.Naloli, P Agozzino. MFerrugia . L.Lamarlina
2 - L Ceraulo. P.Agozzino, fi.Ferrugia. L lamartina. M C Natoli

Org. Mass Spectrom. 2 6 , 857 (1991).
Org. Mass Spectrom . 2 7 . 1 127 (1992)

ThA14
Tbcrmodynamic and Chemical Properties of Butadienyl Anions in the Gas Phase
Sam P. de Vi«cr*. Leo J. de Koning*. Wim J. van dcr Han b and Nko M. M. Nibbcring*
aflnstitule of Mass Spectromelry. University of Amsterdam. Nieuwe Achlergracht 129.1018 WS Amsterdam.
The Netherlands b)Gorlaeus Laboratories. Department of Chemistry. Leiden University, P.O. Box 9502.
2300RA Leiden. The Netherlands
Specific deuierium labeling reveals that under the low pressure conditions in a Fourier transform ion cyclotron resonance mass spectrometer both stable 1- and 2-buiadicnyl anions can be generated via deprotonation of 1,3-butadienc by
NH 2 ".

la

1b

k

2

The determined gas-phase acidity, AG°acid' of 1,3-butadicnc is 162713 U mol"'. associated with deprotonation at the
2-posilion and I639±8 k j mol" 1 , associated with deprotonalion at the 1-position, implying that the 2-buiadienyl anion
(1) is about 12 kJ mol"1 mote stable than the l-buladicnyl anion (2). This stability difference is reproduced by high
level calculations which show that additional stabilization of the 2-butadicnyl anion is realized by a geometric
relaxation involving roution of the central C-C bond enabling charge ic-delocalizalion (see lb). Reaction with N2O is
shown to unambiguously discriminate between I • and 2-butadicnyl anions.
Since the carbanion formed by deprolonation of 1,2-buladienc has been found not to react with N2O it can be
concluded that deprolonation of 1,2-butadiene results in the formation of CH3-CC-CH2', rather than 1b.
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ThA15
ISOTOPE EFFECTS IN THE ELIMINATION DF H AND D ATOMS BY DISSOCIATIVE
TRANSFER REACTIONS IN SrSTEKS INVOLVING ISOTOPIC METHANES
P. Ardelean, F. Dunca. C. C u m and D losnoviciu
Institute for Isotopic and Molecular Technology, r.O.Bo« 700, R-3«00 Claj-Napocj 5, Ro«jnia.
The charge transfer reactions of CH. P , CH,' and N* ions Kith CH., CH,D, CH-D, and CD. «ere studied.
The leasureients nere carried out using a perpendicular type tandei lass spectroneter 11,2] and a
finable angle tandei tass spectroneter [JJ.
The kinetic energy of the priiary ions Mas in the range 6-140 eV.
The inter and intramolecular isotope effects are described by i and T factors, respectively.
The secondary spectra «ere nonalised to the total secondary current talen as 100. The
corresponding values of Ci(," relative intensity (X being H or D) «ere used to calculate the i and I [4]
factors.
In all studied cases the isotope effects in the dissociative charge transfer reactions are
favouring the appearance of lore deuterated CJ-T ions.
This isotope effects lay result froi the difference in iero point energies of the C-D and C-H bonds
and froi the different density of vibrational levels of the t«o tends.
An important increase of the eliiination of H atoas relative to the elimination of D atoas versus
the kinetic energy of the priiary ions Has observed. This could indicate a conversion of kinetic energy
into internal energy.
At kinetic energies under 15 eV the isotope effects are very siall, even reversed, for all the
systeis.
It M S also observed that an increase of the internal energy of the priiary ions could be
competitive Kith an increase of the prinary ions kinetic energy.
1. V. flercea, D. loanoviciu, C. Cuna, P. Ardelean and D. Ursu, Rev. Rout. Phys., 19 11974) 883.
2. P. Ardelean, V. Hercea and D. Ursu, St. Cere. Fir., 7t (1974) 619.
3. P. Ardtlean, C. Cuna, D. loanoviciu, F. Dunca, L. flaW and II. Petrut, Crg. Hass Spectroi., 28
11993) 510.
4. L. P. Hills. It. I. Vestall and J. H. Futrell, J. Chei. Phys., 54 (19711 3B34.

ThA16
CHARACTERISATION OP CATIONIC SPECIFICITIES OF CROWN-ETHERS IN SOLUTION BY
ELECTROSPRAY.
B. AMEKRAZ. B. REMAUD. J-C. TABET.
U P M C, Laboratoirc dc Chimic Organiquc Slrucluralc, 4 place Jussicu, 75005 PARIS.
Since their discovery by Pcdcrscn in 1967. crown-ethers have generated most interest. Indeed, they are
multidcntate ligands ofwich features such as the conformation's flexibility and the presence of multiple sites of bond,
allows the encapsulation of metal ions and lead the formation of inclusion complexes with protonatcd amines in
solution such as mclhanolaminc. So within this study, metal calion-macrocyclic ligand complexes have been generated
by ESMS and affinities' scale could be extracted from the relative abundances of the calioniscd ethers. The results,
wich arc coherent with incrmodynamic values determined by calorimciric titration, allowed the study of the physicochemical influences on the cationisalion.
1") Solvent's noUrilv
Sodium and potassium ion's interactions with the 15-C-5 have been studied by the variation of the solvent's
composition (mixtures HjO/McOH in different proportions have been sludicd;mixturcs 50% HjO/50% solvent X of
decreasing polarity have been studied too). So a change in the solvent's composition and therefore of the polarity leads
to a cationic selectivity's modification of (lie 15-C-5.
2°) The ratio: cationic diamelcr/cavitv't diameter of the cnwn-clhcrs
All results arc in conformity with the "best-fit" concept.
3") Cuvitv's flexibility
Cyclic ethers show a great affinity with ammonium ion and protonatcd aminoclhanol. Indeed the prcorganized
macrocyclcs with large cavity such as the I8-C-6 and the 15-C-5 adopt cascly the necessary configuration to optimise
the multiple hydrogen bonds with this bulky hosts.
4°) Number of potential cationic coordination's sites of the cavity
Generally the ligand's powers of the 12-C-4 and 15-C-5 arc reduced in comparison with the 18-C-6 by reason o f t
weaker number of donors atoms (respectively four and five instead of six).
5") Pimers' observation
Dimers like [2 crown-ethcrs/cation] have been observed only for the 12-C-4 and the 15-C-S but not in the case of the
18-C-6. Indeed the formation of such complexes are probably due to the cavity's small height of these crown-ethers
wich don't completely satisfy the coordination with cations like potassium i o a Therefore, the cation is bound up
simultaneously with two molecules of crown-ethers.
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ThA17
Competitive Processes in Sigma Bond Metathesis Reaction Involving
Scandium-Carbon Bonds and Carbon-Hydrogen Bonds in Saturated Hydrocarbons
S. Geribaldi*1, KC. Crellin*, J.L. Beauchamp*, J.K. Perry * and W.A. Godtlard HI*
+A.A. Noycs Laboratory of Chemical Physics, 'Materials and Molecular Simulation Center, Bcckman Institute
California Institute of Technology, Pasadena, CA 9112S

FT-ICR mass spectrometry has been used to examine the reaction of Sc(CD3)2 + and
CH3SCCH2CH3'1" with methane, ethane, propane, n-butane, iso-buiane and n-pentane (labelled
compounds). Sc(CD3>2+ is not observed to react with methane but for other alkanes sigma-bond
metathesis with methane elimination is the initial and dominant reaction observed, with further
dehydrogenation of the resulting products occuring as additional reaction paths. In the same way,
CH3SCCH2CH3+ reacts with alkanes larger than ethane. With both dialkyl scandium complexes, the
initial sigma-bond metathesis occurs predominantly at the primary position for propane, n-butane,
isobutane and pentane even if secondary and tertiary C-H bonds are weaker than primary C-H bonds. 2
These processes are facile at room temperature and occur with little or no activation energy. Moreover it
appears that the metal-ethyl bond is significantly more reactive than the metal-methyl bond in
CH3ScCH2CH3 + . These results are in excellent agreement with those of a variety of ab initio
calculations 3 which predict the overall reaction thermochemistry. With butyl and pentyl groups a
second intramolecular metathesis reaction follows the bimolecular process to yield metallocycle
products. In accordance with earlier theoretical predictions these metathesis reactions appear to proceed
via an allowed four-center mechanism similar to that of 2 S +2 S cycloaddition.4
1

Present address: Laboratoirc de Chimie Physique Organiquc, FaculuS des Sciences, University de Nice-Sophia Amipolis,
Pare Valrose, O6108 Nice Cede* 2, France.
2
McMillen, D.F.; Golden, D.M. Ann. Rev. Phys. Chtm. 1982.33,493.
3 Calculations were performed using MOLECULE/SWEDEN and G VB.
4
Sleigerwald, M.L.; Goddard, W.A. Ill J. Am. Chem. Soc. 1984,106, 30.

ThA18
Experimental and Theoretical Studies of Proton Transfer Eoulibria Involving Substituted
Bcnzaldclivdes.
Peter D.J. Anderson, G. Pocsfalvi, M.T. Fernandez and R.S. Mason.
Department of Chemistry, University College of Swansea, Swansea, SA2 8PP, United Kingdom.
Although the literature on gas phase proton transfer is extensive, there is a continuing interest in
sludying these types of reactions to further ascertain the relationship between molecular structure and
reactivity in the absence of solvent.
Using pulsed high pressure mass spectrometry, thermodynamic data was obtained for proton
transfer equilibria involving the following nine substituted benzaldehyde compounds,
i) ortho-, inela- and/;a/a-tolualdehyde.
ii) ortho-, /»eto-and/wra-fluorobenzaldehyde.
iii) orl/10-, mela- and //ara-chlorobenzaldehyde.
The experimental data was compared to theoretical thermodynamic values obtained using MNDO
molecular orbital calculations and statistical mechanics.
In the proton transfer reactions the proton preferentially attaches to the oxygen atom as this is the
site of highest proton affinity. The bulk of the positive charge remains on the aldehyde substituent which
becomes electrophilic in character. The experimental and theoretical data showed the dependence of the
nature and position of substituent on the relative stability of the protonated species, in good agreement
with expected observations on consideration of aromatic substituent effects. Furthermore, theoretical
absolute proton affinities were fairly well reproduced, being consistently underestimated by 5-10 Id
mol '. Comparison with solution based data (in the form of o + substituent constants) showed very good
correlation between solution based data and intrinsic substituent effects identified in the present study.
However, some of the experimental values for AS differed radically from theoretical values and
could only be explained by the presence of other, potentially interfering, reactions occurring. Normalising
the experimental values of AH using theoretical values of AS gave proton affinity data that was generally
in better agreement with both literature and theoretical proton affinities which in turn highlighted possible
shortfalls in other techniques (such as ICR) for obtaining this type of thermodynamic data.
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ThA19
Non-Tliermodvnamic Proton Transfer <o Halubenzenes
Peter D. J. Anderson, A. Parry and R.S. Mason.
Department of Chemistry, University College of Swansea, Swansea, SA2 8PP, United Kingdom.
By studying proton transfer reactions at low temperatures and pressures it is possible to
observe reactions involving non-thermodynamically equilibrated species. Unimolecular1 and CID
studies on protonated fluorobenzene has highlighted HF loss via a kinetically controlled proton
transfer reaction, whereby direct protonation on the thermodynamically unfavourable F atom seems to
occur in addition to protonation on the much higher proton affinity ring followed by proton migration
to the substituent.
The study has been extended to chlorobenzene, which is expected to show similar behaviour
because it possesses a dipole moment similar to fluorobenzene and is the next in the series of
halobenzenes. Although semi empirical molecular orbital calculations (MNDO and 4-31G//MNDO)
give the chlorine atom a proton affinity about 160 kJ mol"1 less than the ring, under nonthermodynamic conditions, CID spectra show HCI loss as the dominant loss peak. Furthermore,
studies using perdeuterated chlorobenzene have shown this to be almost exclusively due to direct
substituent protonation when using certain protonating agents. The use of these different protonating
agents has bracketed the proton affinity of the substituent Cl atom between 700-760 kJ mol"1, some
85 kJ mol ' higher than the theoretical values. In contrast, good agreement was observed between the
experimentally determined proton affinity for the F atom on fluorobenzene and that determined at the
4-31G//MNDO level of theory. Further experiments and theoretical calculations are in progress.
1). J. Hrusak, D. Schroder, T. Weiske and H. Schwarz,./ Am. Chem. Soc., 1993, US, 2015-2020.

THA20
Measurement of the Kinetic Znergy Released by Decomposition of Some
Protonated Amine Dimers.
Kirsten H. Lund* Tore Vulpius*. and Gustav Bojesen*
'Department of Chemistry, Odense University, DK-5230 Odense M, Denmark, department of
Chemistry, University of Copenhagen, UniversitetparkenS, 21OOK0benhavn 0, Denmark
A detailed picture of the decomposition reactions of protonated clusters is important in order to judge the
validity of affinity data obtained by the kinetic method. Measurements of the kinetic energy released at
the fragmentation of protonated clusters may help to provide such a picture. Metastable protonated
dimers dissociate according to the following scheme:
A,H*

+

A2

A,

+

A2H*

We have examined the kinetic energy release for these reactions for a number of cluster ions consisting
of small aliphatic mono- and di-amines. The protonated clusters were generated by fast atom
bombardment and the kinetic energy releases were determined from a linked scan (BtyE) or a Massanalysed Ion Kinetic Energy (MIKE) spectrum. The measurements show that the kinetic energy releases
are in the 10 - 1 5 meV-range. The B2/E linked scans were performed on a Kratos MS SO RF double
focusing mass spectrometer with EB geometry and the MIKE experiments were performed on a Jeol
JMS-HX110/HX110 tandem mass spectrometer with EBEB geometry.
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ThA21
REMOTE SITE FRAGMENTATION IN THE RESONANCE ELECTRON CAPTURE
MASS SPECTROMETRY.
Valery G. Voinov
Pacific Institute of Bioorganic Chemistry, 690022, Vladivostok-22, Russia.
At present new approach based on remote charge site fragmentation occuring in tandem MS/MS
instruments is applied for the structural determinations of different compound types. A number of
investigations was devoted to the mechanism of remote fragmentation and at present several different
mechanisms are suggested for the explanation of this phenomenon [1]. However no one of them fully explains
experimental results. The discussion about energy requirements for remote fragmentation is still being
conducted [2,3 J.
We carry out the investigation of remote fragmentation mechanism with the help of resonance electron
capture mass spectrometry (REC MS). In comparison with CAD MS/MS this technique allows to control the
energetics of process since ionizing energies (resonances) are quite definite. In additional this technique
provides higher resolution due to the absence of scattering which occurs in the collisional cells of tandem
instruments. These possibilites have allowed to establish that remote fragmentation can not be described by a
single mechanism only. Preliminary results obtained in experiments with deuterium labelled fatty acids show
that even the simplest case of the C n H2 n+ 2 losses is realized at least according to two different ways.
Energetic characteristics of remote site fragmentation processes obtained in REC MS experiments show that
the amount of energy transferred to a molecule is not the critical parameter for this type of gas phase
reactions; more important is the state (the electronic structure) of the formed me'ecular or molecular adduction. In particular the observation of the remote fragmentation of fatty acids in low energy resonance (about
1 2eV) means that electronic excitation is not the necessary condition for occuring of this fragmentation
process [though the electronic excitation strongly promotes it; this conclusion is based on more abundant
remote fragmentation spectra of high energy (about 7.0eV) resonance].
1. M.J.Contado, J.Adams, N.J.Jensen, M.L.Gross, J. AmSoc. MassSpectrom.. 1991, 2,180-183.
2. V.H.Wysocki, M.E.Bier, R.G.Cooks, Org. Mass Spectrom., 1988, 23,627-633.
3. M.G.Gross, Adv. Mass Spectrom., 1989,11 A, 792-811.

ThA22
The Search for the Non-classical Ethyl Cation Stabilized by Oxygen and Halogen
Containing Molecules.
J.L. Holmes, D.V. Zagorevskii, Van An, S.P. Palii, M. Sirois
Chemistry Department, University of Ottawa, Ottawa, Ontario, Canada KIN 6N5.
Tandem mass spectrometry has been used for the characterization of onium ions (1; R=H or
alkyl; X=OR, Cl, Br, 1) containing ethyl radical(s) at the heteroatom.
Their dissociation
characteristics indicate the co-existence of two isomeric structures, 1 and 2, containing the classical
and the non-classical ethyl groups respectively.
+
RX-CH,CH,

CH2

RX-H-II
CH2

1
Decomposition of the classical structure involves alkyl radical and (regiospecific) alkane
losses. The non-classical structures are responsible for hydrogen atom mixing within, but not
between, ethyl group(s). Common dissociation products of the 2-type ions are ethene and the (nonclassical) ethyl cation.
The origin and relative stabilities of structures 1 and 2 are usually unknown, and the barrier
for their interconversion is determined by the heteroatom and radical(s) R bound to it. It has been
postulated that the non-classical isomer of (C 2 H 5 ) 2 Cr is directly produced by ion-molecule reactions.
There is a high energy barrier for 2 =* 1 isomerization. Structures 1 and 2 are co-produced in the case
of (C2H5)2Br+, whereas the classical ion is the dominant (C2H5)2I+ isomer.
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Th A23
Fragmentation of even-electron ions. High and low energy collisional activation of some
methyl and ethyl substituted pyridinium cations.
Vivi Lindahl* and Georg Hvistendahl
Department of Chemistry, University of Oslo. Norway
'Present Address: Hormone Laboratory, Aker Hospital. Oslo, Norway

The present study involves mono and disubstiluled
methyl and ethyl pyridinium cations generated by field desorption (FD) and/or by chemical ionisaiion (Cl). Heal of
("urination data not available experimentally, were calculated
using semi-empirical quantum chemical methods (AM 1).
The pyridinium cations, which are iso-eleclronic with
the corresponding benzene derivatives, show two characteristic modes of fragmentation; homolytic cleavages and rearrangement reactions. The former violates the even-electron
rule. Heterolytic cleavage of the C—N bond with complete
dissociation turned out to be of very low importance in both
high and low energy CAD spectra.
"Benzylic" cleavage with loss of a hydrogen radical
gives rise to the base peak in the CAD spectra of the mono
and dimethyl substituted pyridinium cations irrespective of
the substiluenl position. In the C-elhyl derivatives the base
peak is due to methyl loss with loss of a hydrogen radical as
the second most important process.
The base peak in the CAD spectra of the N-ethyl derivatives is due to the elimination of ethenc. This is in accordance with observations (Kalrilzky et. al.) on a series of Nalkyl substituted pyridinium cations using LD and FT-ICR.
The process is probably initiated by hetcrolytic cleavage
(without dissociation) of the C—N bond and formation of
an ethyl-pyridine ion-molecule complex. The "hot" complex
decomposes by proton transfer to the more basic pyridinc
nitrogen with expulsion of ethene. Scheme.

By analogy the N-methyl subsliluenl may also form a
melhyl-pyridine ion-molecule complex. The difference in
proton affinity between pyridine and methylene is considerably smaller than in the ethene case, and hydride transfer
becomes competitive. The hydride ion affinity of (he methyl
cation is higher than the hydride ion affinity of any of the
isomeric pyridyl cations.
The experimental results show loss of methane from all
N-methyl pyridinium cations. Deuterium labelling (Scheme)
revealed that the hydride is transferred both from the ring
positions as well as from the 4-melhyl group. This is surprising as calculations show the latter to be the most favourable.
Hydrogen scrambling does not seem very likely, but cannot
be completely ruled out.

6
$

CHj

*CHj

0- 0
t-Hj

—0

ThA24
Do the autodetachment channels interfere in decay of negative molecular ions?
V.I. Khvostenko, N.L Asftmdiarov, V.G. Lukin
Physics Department, Ufa Research Center of RAS, Inilsiativnaya str.,12, build.6,450065, Ufa, Russia
In our paper "Lifetimes of molecular negative ions of ferrocene derivatives' (J.Electron Spectr. Rel. Phen., 63(1993), 431-438) a series of ferrocene derivatives (listed in Table
below with the (he measured lifetimes of their molecular negative ions (MNI) t"f) has been
investigated by means of negative ions mass spectrometry.
T a b l e . Negative molecular ion lifetimes W (us) of ( R i C s ^ F ^ C s H ^ R ^ and calculated
values t*** of lifetimes.
CN CN
H COOCH3 a COOHCOCH3 Br CNCCXK!H3COOCH3COOCH3C!OOCHsCN CN
40
46 56
84 124 574
<l
40
40
40
40
574 574 574 574
Br
CN
Cl COOHCOCH3 Br
R? H COOCH3 Cl COOHCOCHj Br CN COOH COCH3
40
46 56
84 124 574
<1
56
84
124
574 46 56
84 124
<1
35
28
52
S3 SS
60 1SS
62 287
20
23 28
42
23
T c«k i
30
27
37
43 51
73 102
23
32.5
23.5
2S
SO
56 65
88 116
R

1

CN
574
H
<1
<1
<1

It has been shown that i^Pin this series follows the simple law I / T " * 1 = I / r , + I / T 2 , w h e r e
t ^ i - calculated lifetime of MNI LiFeL2~, t\ and T^ - parameters characterizing Lj and I4.
This relation suggests independent character of electron autodetacment through channels
connected with each of the ligands. It cannot be ruled out, however, mat one should take the
interference into account by expression \jtc°kl
are listed in the hist row of the Table.
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ThA25
HIGH RESOLUTION TRANSLATIONAL ENERGY SPECTROMETRY
OF MOLECULAR EXCITATION: WAVEFUNCTION OVERLAP EFFECTS
M. KRISHNAMURTHY and D. MATHUR
Tata Institute of Fundamental Research, Bombay 400 005, India
Although high-resolution translational energy spectrometry has recently
begun to find application in studies of collisional excitation of gas-phase atoms
and simple molecules, very little work has been carried out to explore the
dynamics of molecular excitation in molecule-molecule collisions. A newly
fabricated high-resolution translational energy spectrometer, employing a reversed BEE type of geometry, has been applied to study excitation of N 2 , CO,
H,, Ou H 2 O, NH 3 , CK, and CC1, molecules in 1.8 keV collisions with Hf, N j ,
CO + , CO^, O+ and CS+ projectiles. Energy loss spectra reveal transitions to
optically-allowed and dipole-forbidden states of the target molecule, as well
as to ionic states. Oscillator strengths for transitions to individual states are
obtained. In all cases, the cross section for target excitation is found to be
significantly larger when the excitation involves a projectile having D symmetry compared to excitation by II projectiles. This hitherto-unobserved phenomenon is understood by considering the symmetries of the highest occupied
molecular orbitals (HOMO) of the projectile and target systems and invoking wavefunction overlap arguments. For S projectiles, the overlap between
the HOMO's of the interacting systems is large, leading to larger excitation
cross sections, compared to the case with II pojectiles. Results of concomitant
theoretical calculations of overlap integrals for each projectile-target system,
carried out using linear combination of atomic orbitals employing Gaussiantype wavefunctions, provide support for the wavefunction-overlap picture.

ThA26
TRANSLATIONAL ENERGY RELEASE I:
EXPERIMENTAL AND THEORETICAL METHODS
Elisabeth Oiestad, Ase Marit Oiestad, Trygve Helgaker, Tore Vulpius,* and Einar Uggerud
Department of Chemistry, University of Oslo, P.O. Box 1033 Blindern N-0315 OSLO, Norway
*Department of Chemistry, H.C. 0rsted Institute, University of Copenhagen, DK-2100 Copenhagen, Denmark
Unimolecular reactions in the gas phase are accompanied by translational energy release, T. We will present
two methods for acquiring values for this quantity.
EXPERIMENT
Deconvolution of measured metastable peaks gives rise lo a translalional energy distribution, from which the
mean as well as the most probable value can be obtained.' The method, in which instrumental parameters are
taken into account, simulates the experimental peak shapes by a linear combination of basis functions (peak
shapes for discrete values of 7").
THEORY
A combined classical and ab initio method makes it possible to calculate the complete trajectory along the
molecular ab initio potential energy surface.2 The method avoids the construction of the entire potential energy
surface by using a series of model surfaces along the reaction trajectory. This gives a detailed account of the
reaction dynamics, and the partitioning of the potential energy difference between the transition state and the
separated fragments.
The results obtained by the two methods are compared for some dehydrogenation reactions which will be
presented in the accompanying presentation.3
References:
1. Rumpf, B. A., Derrick, P. J.; Int. J. Mass Spectrom. Ion Processes, 82 (1988) 239-257
2. Helgaker,,T., Uggerud, E., Jensen, H. J. Aa.; Chem. Phys. Lett., 173 (1990) 145-150
3.0iestad, A. M., 0ieslad, E., Helgaker. T., Vulpius, T., Uggerud, E.:
"Translational Energy Release II: Mechanisms, Energetics and Dynamics of H2 - eliminations from
Some Small Molecules".
Poster to be presented at the 13th International Mass Spectromelry Conference.
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ThA27
TRANSLATIONAL ENERGY RELEASE II:
MECHANISMS, ENERGETICS AND DYNAMICS OF H2 - ELIMINATIONS FROM SOME
SMALL MOLECULES
Ase Marit Oiestad, Elisabeth Oicstad, Trygve Helgaker, Tore Vulpius,* and Einar Uggerud
Department of Chemistry, University of Oslo. P.O. Box 1033 ttlindern. N-0315 OSLO. Norway
*Departmenl of Chemistry. H.C. 0rsled Institute. University of Copenhagen, DK-2100 Copenhagen. Denmark

For systems limited to a small number of atoms quantum chemical calculations can be performed with a
high degree of accuracy, which allows for a direct comparison with experimental results. A theoretical and
experimental investigation of Ihe dchydrogenation reactions
CH3NH3+
CH 2 NH 2 +
NH2NH3+
NHNH 2 +

5
5
3
3

CH2NH2+
CHNH+
NHNH2+
NNH +

+
+
+
+

H2
H2
H2
H2

(1)
(2)

(3)
(4)

is presented. All four reactions give rise to broad metastable peaks, indicating substantial uanslational
energy release. Peak profiles were recorded using a four-sector double-focusing mass specirometer (JEOL,
JMS-HX/ HX110A) in the MIKES mode. From the experimental peak shapes translational energy release
distributions were obtained.
The molecular structure of reaclanls, products and transition slates, and ihe potential energy surfaces have
been calculated by ab initio methods. The reaction trajectories were calculated by the method described in
the accompanying presentation. This also gives (he translational energy release.
The theoretical translational energy releases reproduces the corresponding experimental values satisfactory
and provides detailed insight into the reactions.
References:
1.0ieslad, E.. 0iestad, A. M., Hclgakcr. T.. Vulpius. T., Uggerud, E.:
"Translalional Energy Release 1: Experimental and Theoretical Methods."
Poster to be presented at the 13lh International Mass Spcctromelry Conference.

ThA28
The Collision Induced Emission Spectra of Polyatomic Organic Ions
J.L. Holmes and P.M. Mayer
Chemistry Department, University of Ottawa, Ottawa, Canada KIN 6N5
The role of electronic excitation in KeV polyatomic projectile ion - target gas collisions is
poorly understood. The coupling of optical emission spectroscopy with collision induced dissociation
mass spectrometry has resulted in the determination of the electronic states produced in several 8
KeV di- and triatomic projectile ion - target gas collision experiments [1].
The collision induced emission (CIE) experiments were performed in the 3FFR of an extended
VG ZAB-2F mass spectrometer (BEE geometry). Target gas was introduced into one of two collision
cells, the observation cell (OC) or a cell located 1 cm in front of the observation cell (PC). Light
emitted in the near UV-VIS (190-680 nm) passed through a quartz window in the OC, was analyzed
by a grating spectrograph and detected by a CCD array detector.
The results presented here are for 8 KeV polyatomic projectile ions of composition C2,H4,O*\
Four isomers and their fragments were studied in order to elucidate the emitting species. The spectra
for the four isomers were remarkably simple, the emitting species found to be predominantly the
atomic and diatomic fragment ions and neutrals H\ C", O*, HC, HC* and HO'. The CIE spectra are
discussed in conjunction with the CID mass spectrum of each isomer.
1. J.L. Holmes, P.M. Mayer and A.A. Mortimers, Int. J. Mass Spectrom. Ion Proa, submitted for
publication.
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ThA29
Emission Spectroscopy of Collisionally Activated Ions
Fred A. Wiedmann and Chrys Wesdemiotis
Chemistry Department, The University of Akron, Akron, Ohio 44325-3601, U.S.A.
Collisional activation (CA) of mass-selected ions induces inter alia the emission of radiation
in the UV-visible range.1 Holmes et al. measured the emission spectra of H s *-, Ha*, and of several
C2H4O*' and C 2 H 6 Cr- isomers; the organic isomers lead to distinct emission spectra, suggesting thai
this method could become a viable alternative to structural analysis.1 Here, we report and discuss
the first collisionally activated emission (CAE) spectra from larger ions, generated by FAB. The
experiments were conducted with a VG AutoSpec E8E tandem mass spectrometer containing two
collision cells between MS-1 (E,B) and MS-2 (E2). The tops of the cells and the cover of the
instrument are equipped with quartz windows, thus permitting the detection of light emitted inside
the cells during CA; the light is measured by a photomulliplier tube mounted onto the cover window.
Under constant pressure (-80% Iransmitlance with O 2 ), the total emission of homologous
Ions Is found to increase with mass. From equivalent amounts of CS2I*, CS3I4+ and Cs^a*, the
relative intensities of emitted light are 1.0 : 2.9 : 4.4. Similarly, the total emission ratio for
protonated glycerol versus its proton-bound dimer is 1 : 4. Cs*, the only atomic ion studied, emits
a relatively large number of photons (-1.5 times more than Cs 2 l*). Any degree of unsaturatlon
raises the total CAE. For example, [MH-H 2 O|* from glycerol (most likely a resonance-stabilized
oxonium cation) emits ~3 times more light than MH* itself. The effect is dramatic for the
rhodamine cation, which contains an extensive ji-system; the total emission intensity from this
latter ion is >60 times larger than that from an equal amount of protonated glycerol.
Wavelength dispersion of the emitted radiation using cut-off filters in the range 200-700 nm
shows that the CAE from Cs* gives rise to peaks in the ranges 200-300, 450-525 (most intense
signal) and >650 nm. The wavelength range of the observed peaks matches the resonances reported for
C s \ not Cs°. The CAE spectra of Cs2l* and Cs* are similar, suggesting that the radiation from Cs 2 l*
mainly originates (rom its dissociation product Cs*. In contrast, the spectrum of CS4I3* is different
(now, most abundant band in 400-450 nm range), as are the spectra of the glycerol clusters.
The CAE spectra depend on the target and its pressure. Multi-collision conditions maximize
total emission intensities. The increased emission from heavier ions could be a possible reason for the
inability to dissociate them, even if large amounts of energy are deposited onto them.
1. J. L. Holmes, P. M. Mayer and A. A. Mommers, J. Am. Chem. Soc. 113, 9405 (1991).

ThA30

MEASUREMENTS OF LONG RADIATIVE LIFETIME FOR IONS,
USING A MULTISTAGE FTICR SPECTROMETER.

G. Mauclaire, S. Jullien, M. Heninger, S. Fenistein, J. Lemaire and R. Marx.
Laboratoire de Physico-Chimie des Rayonnements
CNRS-Universite Paris-Sud, 91405 ORSAY, France.
By chemical probing of the internal energy of stored ions, very long radiative
lifetimes (in the ms to s range) can be determined. A differentially pumped triple cell
FTICR is used, ensuring (almost) collision free relaxation of the ions.
Recent results will be reported, concerning particularly vibrational levels in
+

HCO /DCO + , H 2 O + /D 2 O + , and HBr + /DBr + . In the latter case, lifetimes associated to
the two spin-orbit sub levels have also been measured, and ab initio calculations,
performed in collaboration with G. Chambaud and P. Rosmus for the vibrationally
excited ions, are in excellent agreement with the experiments.
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ThA31
I'hutodissociation of mass selected ions in a ZAII-IlEqQ sector mass spectrometer
Use Aben. Frans A. Pinkse, Pict G. Kistemakcr and Nico M. M. Nibbering
Institute of Mass Spectromttry, University of Amsterdam, Nieuwe Achtergnchl 129.1018 WS Amsterdam,
The Netherlands

Photodissociation experiments are performed on ions by a laser in a ZAB-BEqQ sector mass spectrometer in a
crossed beam setup. The goal of these experiments is to demonstrate that photodissocialion can be used as an alternative
to collision induced dissociation for structure analysis of ions. The parent ions can be generated via the various ionizalion
methods available on the spectrometer. Mass selection is achieved by adjusting the magnetic (B) and electric (E) fields of
the instrument. These mass selected parent ions are then decelerated lo about 20 cV at the interaction region where they
are irradiated by the UV-lighi of a pulsed excimcr laser. Mass identification of the photodissociation products is obtained
through the use of the analyser quadrupole (Q).
Photodissociation of the ten-butylbenzcne ions is succcsfully demonstrated with the 248 nm light from the excimcr
laser where the main product is C~H~ .
Since then effort has been concentrated on the characterization of this laser induced inn signal. Particularly the time
characteristics of the signal are importanL We have now arrived at a thorough understanding of the different time-aspects
involved in the experiment which are characteristic for this particular experimental setup. It is shown that the
photodissociated ions undergo an additional spread in lime as they travel through the analyser quadrupole. This makes the
detection of the photodissociation product ions less cfficienl when spontaneous fragmentation plays an important role.
Continuous spontaneous fragmentation can introduce a considerable background signal on which the pulsed
photodissociation signal is superimposed. We have therefore incorporated a gated ion-counting detection system. Results
with this system will be presented.

ThA32
TRANSLATIONAL ENERGY LOSS OF LIF CLUSTER IONS | l |
Karoly Vckcy and Kris/.tina Ludanyi
Central Research Institutefor Chemistiy, II-102S Budapest,
I'uszteszcii tit 59-6 7, Hungary
Several years ago large translational energy losses (TEL) have been observed . when
high molecular weight molecules (mostly peptides) were colliding on He gas. This
caused the collision induced fragmentation (CID) peaks to appear at a lower energy,
coresponding to lower fragment ion mass, indicating tip to 50eV internal excitation of the
peptides. [2]
Studies on Csl clusters also showed large TEL values. The TEL depends strongly on the
center of mass collision energy. This results indicate that only small part of TEL comes
from internal excitation of the ion, the major part is due lo scattering. [3|
To get more information on collision processes, we have studied TEL of LiF clusters.
These atoms are of similar size, etc. than the atoms of organic compounds, the results can
be directly compared with that of Csl clusters.
TEL valuse have been determined for the (I.15F5)4 colliding on He, Ar and Xe gas in the
1-IOkV laboratory collision energy range. Up to 8eV TEL values were observed in these
experiments, that about 2eV is converted from translational to internal energy in the
collision. The rest (up to GcV) is used to give kinetic energy to the target (scatlcring).
Compared with Csl clusters scattering effects are less important (both scatering angles
and TEL values) but are the main cause of TEL.

1111 iminriiil suppnit nf (he Ol KA 41 -to piojirt is gu-iit fully ark mi\\ l
| 2 | C.I), liiucllcy. P.J. Dcirick. Oig. Mass Spcctn.m . 2l<. W< (IWI1.
niul icfs. therein
111 K. Vckcy mid (i. « Vira. Org. Mas Sprlcli<>»i.. ?S. 5-lf. ( I ' » t )
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ThB1
DEVELOPMENT OF RF GLOW DISCHARGE ION SOURCE
FOR MASS SPECTROMETRIC ANALYSIS OF SOLIDS
A.I Saprykin, J.S. Becker, F.-G Mclchcrs, H -J Dietze
Central Department for Chemical Analysis, Research Centre Jiilich GmbH, D-52425 Juiich, Germany
The glow discharge mass spectrometry (GDMS) has
become one of the most powerful methods for direct
elemental analysis of solids. The use of a radio
frequency (rf) glow discharge ion source gives the
possibility to determine the main and trace components
in bulk samples and layers with the complete range of
conductivity
(conductors,
semiconductors
and
insulators).
A rf glow discharge ion source (Fig. I) powered by a
13.56 Mhz generator (Dressier Type MAG-137) had
been designed and coupled to a double-focusing mass
spectrometer with Mattauch-Herzog geometry (SMI-B
by MAT). Several problems had to be solved, especially
the rf shielding and the supply of the accelerating
potential. The solution of these problems enabled to
analyse flat semi- and nonconducting samples and pin
conducting electrodes.
The study of the ion currents and sputtering rates of
semi-insulating gallium-arsenide wafers in dependence
on the applied rf power and the gas (argon) pressure was
carried out. The discharge power of 15-30 W and a gas
pressure of 0.2 • 0.4 hPa were found to be an optimum
for the mass spectrometric signal intensity. Total ion
currents of 1 0 ' A have been achieved for conducting as
well as for insulating samples. The detection limits
(GaAs) are in the range of 1-10 ppm (at mass resolution

M/AM > 8000). The relative abundances of atomic and
molecular ions (Ar r \ ArnHm', H2O' etc.) in a rf glow
discharge in dependence on the energies of these ions
will be discussed

Hn~2UkV
Sample 11..l.ltri

MS
Inn llcim

Hack I'lalc
fAnode I

Diicli.upcCcll

Fig. I:

The construction of rf glow discharge ion source
(flat sample holder) for double focusing mass
spectrometer

ThB2

A pulsed cluster ion gun Tor desorption ionization and surface analysis by time-of-flight mass
spcctroinetry

K. HimJin, A. Bnmelle, S. Della-Negra, J. Itapanw. Y. l.e Heyec.
Inslilul de Physique Nucleaire, CNRS-IN2P3, 91406 Orsay, France
It has been shown recently that cluster ions as projectiles are a very efficient way to eject molecular
ions from a solid sample. A cluster ion gun has been built which produces a beam of gold clusters
(Au) n at 30 keV with a liquid metal ion source. The cluster masses are separated by a small Wien
filler and the cluster beam is focused on a spot of about 50 microns. In order to use time-of-flight
mass spectrometry for secondary ion analysis the (Au) n cluster beam is pulsed with a high frequency
(20 to 50 kHz) by applying a I kV voltage on deflection plates in a very short lime (15 nsec).
AU4 can be for example directed onto the sample for surface analysis. By comparison to single atom
impacts the signal/noise ratio is much more enhanced and the analysis is rapidly made. In addition,
cluster projectiles may give rise to ejection of molecular ions which are not observed when single
atoms are used. A description of the system will be given.
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ThB3
Secondary emission (electrons and ions) induced by medium (keV) and high (MeV) energy
cluster ion impacts.
K. BanJin, A. Brunette. P. Oiaurand. S. Della-Negra. .1. Depauw. P. Hdkansson*, Y. Le Beyec,
Institul de Physique Nucleaire, CNRS-1N2P3, 9l406()rsay. France
* Uppsala University, Department Radiation Sciences, S-75I-2I Uppsala, Sweden
Ion interactions with surfaces and materials can be investigated with a large variety of projectiles.
Cluster ions of (Au)n (n = I to 10), C (n = 1 to 12) and carbon 60 with energies ranging from 50
keV to 50 MeV have been used to bombard organic and inorganic surfaces Medium energy clusters
like Aun were produced by a liquid metal ion source. Other clusters were accelerated by electrostatic
accelerators to high energies by a new technique (see abstract to this conference). It has been shown
thai clusters ions as projectiles are an extremely efficient way to produce secondary molecular ions
and secondary cluster ions by bombardment of solid samples Non linear effects in the secondary ion
emission yield are very large. This means that the effects induced at the surface of solids by clusters
projectiles are mucht larger than the sum of the effects due to single atoms.
The use of clusters for analytical purpose will be described Hie role of the total mass and the
number of constituents will be presented as well as the future of this new domain of high energy
collisions of particles with solids.

ThB4
Acceleration of new projectiles for secondary ion mass spectrometry : « high energy clusters »
K. Bowisoftane-Baudin, A. Brunette, S. Delia-Negro,J. Depauw, Y. IA: Beyec, J.I'. Mouffron,
B. Waast, P. Hakanssan*
Institut de Physique Nucleaire, CNRS-/N2P3. 91406 Onay, France
* Uppsala University, Department Radiation Sciences, S-751-21 Uppsala, Sweden
Ion interactions with solid surfaces have been investigated with complex projectiles in the keV
energy range. Strong non linear effects in the secondary ion emission have been observed with
cluster ions as projectiles, moreover the desorption yields are proportional to the square of the
cluster velocity [1]. To increase the energy of projectiles, the ORION-TANDEM project was started
3 years ago at Orsay to accelerate cluster ions up to 15 MeV of energy per charge. The first beams
have been obtained recently. Two ways to accelerate cluster ions at high energy are now available.
The first method consists of producing negative ions by sputtering with Cs' ions from a cesium gun
and to inject them into the accelerator. The change of charge from negative to positive is achieved by
collision with N 2 molecules in a gas cell at tiie high voltage terminal before a second acceleration.
Multiply charged fullerenes CM*' (n = 2 to 4') have been produced and accelerated to 50 MeV [2].
Carbon and gold clusters have also been produced [3]. The second method allows the acceleration of
metallic clusters and possibly biomolecules up to MeV energies A liquid metal ion source associated
with the beam line is now mounted directly to the terminal of the Tandem at 15 MV. Beams of gold
clusters Aunpt I < n < 6, p = 1, 2, have been obtained with a current of 100 pA. These two methods
will be described and compared. Experiments on secondary ion emission are planned with these new
beams.
[I]M Benguerba et al, Nucl. Instr. and Meth B62 (1991) 8
[2] S. Della-Negra et al, Nucl. Instr. and Melh. B74 (1993) 453
[3] K. Boussoliane-Baudin et al, Int. J. of Mass Speclrom. and Ions Processes 130 (1994) 73.
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ThB5
GLOW DISCHARGE MASS SPECTROMETHY USING A QUADRUPOLE ION TRAP
MASS ANALYZER
DC. Duckworth,' C.M. Barshick,' D.H. Smith,' S.A. McLuckey,' K.R. Hess,2 Richard Yellona
1 Chemical and Analytical Sciences Division, Oak Ridge National Laboratory,
Oak Ridge, TN 37831-6375, USA
2 Franklin and Marshal College, Lancaster. PA, USA
3 Teledyne Electronic Technologies, Mountain View, CA, USA
Glow discharge mass spectrometry has become an accepted analytical technique for the bulk
elemental and isotopic analysis of solid materials. With the development of radio frequency
powered glow discharges, both conducting and nonconducting matrices can be analyzed directly
with little sample pretreatment. Quadrupole and sector-based mass analyzers are commercially
available which afford major-to-ppb levels of element quantification. Among the more novel
analyzers for GDMS are the ion traps, including both Penning and quadrupole ion traps.
Quadrupole ion trap mass analyzers promise to be as advantageous to inorganic mass
spectrometry as they have been for organic applications. These relatively inexpensive and
robust analyzers promise sub-ppm detection for most elements and have been successfully used
in the field and laboratory. Additionally, the collision-rich environment of the trap promotes the
dissociation of weakly bound polyatomic ions (e.g.. argides and dimers). Strongly bound
polyatomic species such as oxides are readily dissociated using the MS/MS capabilities of the
trap. In this work, preliminary results will be presented describing the injection of glow dischargegenerated ions into a quadrupole ion trap (Teledyne HST 2000), and the operation of the GDITMS system. Collisional and chemical processes occurring in the trap and the resulting spectra
will be presented.
Research sponsored by the U.S. Department of Energy, Office of Basic Energy Sciences, under
Contract DE-AC05-84OR21400 with Martin Marietta Energy Systems, Inc.

ThB6
A TRIPLE FILAMENT ION SOURCE FOR TIMS
Cl Fatu, A. Pamula
Institute for Isotopic and Molecular Technology
In order to cover the needs for isotope ratio
measurements, especially for geological
purposes, a home made mass spectrometer
was developed [1], of rather usual ion
optical parameters (r=238 mm, 0 = 9 0 ° ,
26.5°, C-type magnet). Correspondingly, a
thermal ionisation ion source was developed able to accept solid sample materials.
A triple filament solution was finally retained, because of some evident advantages: 1) ion-optical symetry, 2) more sample
material can be loaded on the two side
filaments and 3) better transmission factor.
The geometry of the extraction region, as
well as of the accelerating and focussing
structure was initially modelled by a computer program. This modelling was recently
confirmed by the ion-optics computer program SIMION [2].

[1]
Cl. Fatu, A. Pamula: Proceedings of
the Progress in Fizica, lasi 1985
[2]
D.A. Dahl, J.E. Delmore: The
SIMION PC/PS2 user's manual EGGCS-7233, nov 1987

The ion-optical structure of the source (of
rather unorthodox type) as well as some
operating parameters are given for current
analysis of B, Sr, Pb and U.
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Ion Mobility Studies of Explosives Using Pulsed Laser Ionisation
K.M. Deas, A. Clark, C. Kosmidis*, K.W.D. Ledingham, A. Marshall and
R.P. Singhal
Department of Physics and Astronomy, University of Glasgow,
Glasgow G12 8QQ, Scotland
'Permanent address: Dept of Physics, University of Ioannina,
Gr-45110, Greece
Laser induced multiphoton ionisation has been utilised to produce ions at
atmospheric pressure in a ion mobility spectrometer (IMS). These ions are
separated according to their ionic mobilities in a drift gas of dry air and
subsequently detected. This paper will discuss the ionisation mechanisms
and detection sensitivities of various nitro-explosive compounds.
Laser ionisation in the wavelength range 210-230nm has been studied and
intense NO* ion signals have been detected originating from these nitroexplosives. Discrimination between particular nitro-explosives can be
obtained by their characteristic negative ion mobility spectrum.
In addition, the wavelength dependence of positive and negative ions
formed in the IMS will be presented. The dependence of ion signal with
laser wavelength reveals the ion formation mechanism. These
mechanisms will be discussed.

ThB8
Automated Adjustment of Laser Power for Matrix Assisted Laser Desorption Mass Spectrometry
*Copperwhite. M. F.; Henderson. M. S.: CoUrcll. 1. S.
Finnigan MAT Ltd, Hemel Hempstead, Herts HP2 4TC. UK
In order to obtain optimum mass resolution and good mass measurement accuracy in matrix assisted laser desorplion,
(MALD), it is essential to adjust the laser power to just above the threshold for ion production. This adjustment is
normally performed by the instrument operator, who makes iterative adjustments to the laser power in response to a
continually updated display of single laser shot mass spectra.
We have been working towards the goal of fully automated sample analysis for the Lasermat MALD instrument. This
is not a trivial task, for the following reasons: (i) The threshold power is strongly dependent on the choice of matrix
and the nature of the sample. Sometimes, the threshold seems to depend on the irradiation "history" of the sample, e.g.
hysteresis effects, (ii) Peak shapes and intensities can vary widely from laser shot to shot and between different laser
aim positions, (iii) The first few shots on a fresh sample are often atypical, (iv) Optimised peak width and intensity for
a small peptide are very different from those for a medium or large prolcin. (v) For a linear analyser, there is a
substantial, background signal which results in an elevated baseline of varying gradient, (vi) Although many samples
will provide useful signal levels for hundreds of laser shots, this is not always the case and the response of some
samples rapidly deteriorates.
We have developed algorithms which come close to the "success rate" of a skilled operator. The only essential user
input ahead of analysis is a rough indication of the mass region in which peaks arc expected. There are several other
parameters which could be optimised for an individual situation, bul the goal was to make the adjustment process as
insensitive as possible to the precise values of these other parameters, so that system defaults would be acceptable in
the majority of cases.
All MALD spectra represent a compromise between signal to noise and peak width. One measure of the success of an
algorithm is how closely it can approach the ionisation threshold without "losing" any of the significant peaks. This is
particularly difficult for mixtures, in which the relative peak intensities cover a wide dynamic range. For difficult
cases, the user can influence the algorithm through a "target signal to noise" parameter.
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A Comparison of Magnetic and Electric Ion Traps
Peter Engelmohr and Karl Peter Wanczek
Institute of Inorganic and Physical Chemistry, University, D-28334 Bremen, Germany

The most important types of ion traps are the magnetic and the
electric traps. In the magnetic trap ion confinement is achieved by static magnetic field generated outside the trap and by
a small dc electric field. The rf trapping field of electric
traps is generated by the electrode structure. The combined
trap employs a magnetic field, superimposed by a rf electric
field. The three types of ion traps are compared. The experiments which can be performed are similar in most aspects,
however, the fundamental operation principles of magnetic and
electric traps are very different. Ion trapping and excitation, mass range and resolution and sensitivity are discussed.
The different methods of ion detection, charge detection and
resonance detection show different ranges of applicability in
fundamental research and analytical chemistry. New trap designs are compared, which offer better electric field geometry
and ion detection methods.

Th B10
A New Paul Ion Trap Mass Spectrometer with an Arbitrary Waveform Synthesizer
i. N. Louris, S. Bradshaw, D. J. Hoekman, L. B. Jones, P. E. Keliey, and R. W. Wilson
Teledyne Electronic Technology, Scientific Instruments. 1274 Terra Bella Ave., Mountain View, CA
94043. U.S.A.
Telephone: (415) 691-6800
Telefax: (415) 967-4353
We recently described a new method of operation for the Paul ion trap (Quistor) in which a
Tillered noise field (FNF) is used to perform selective ion storage (SIS). The FNF is a notch filtered
broadband waveform that is applied to the end electrodes of the trap during, and for a short time after,
the creation of ions within the trap (or the introduction of ions into the trap). The broadband
waveform ejects undesired ions as they arc created, so that ions of interest may be accumulated without
creating a space-charge condition. This accumulation greatly increases the detection limit when the
presence of interfering matrix ions would otherwise limit the storage of analyte ions. Once isolated,
the ions of interest can be studied by ms/ms analysis, selected reagent ion chemical ionization, and
other techniques. The FNF method also allows true selective ion monitoring operation and can be used
during gc/ms analysis to minimize interferences caused by incomplete chromatographic separation.
Also, by using more than one notch in the broadband waveform, a multiple ion monitoring experiment
is possible.
Our preliminary experiments with FNF were performed with existing ion trap instruments by
supplying the FNF from an external waveform generator in which the waveforms were produced by
table look-up and digital synthesis. We now report the construction of an instrument in which an
arbitrary waveform synthesizer is directly accessible to the microprocessor controlling the scan function
so that interactive control is allowed for virtually all aspects of the scan. The time course of the
waveforms is controlled by a series of tables and the microprocessor selects and initiates the desired
waveform at the required points in the scan function. This design makes possible experiments in which
an FNF waveform is used during ionization and a second broadband waveform is subsequently used
for dissociation as part of an ms/ms analysis. The amplitude of the rf trapping potential is similarly
controlled by a table look-up, providing much finer control than was possible in earlier instruments.
Representative spectra acquired using the new instrument are shown.
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Quistor Mass Spectrometer with External Ion Sources
M. Schubert1, Y. Wang*, C. Stacey^, J. Franzen1
1) Bruker-Franzen Analytik GmbH, Fahrenheitstr. 4, D-28359 Bremen
2
) Bruker Instruments Inc., Fortune Drive, Manning Park,
Billerica, MA 01821
We present applications of a new Quistor based mass spectrometer
with an electrospray ion source. This instrument has a mass range
of 50-2000 amu. Usage of a non-linear trap enables fundamentally
faster scans and better resolution. The performance characteristics of this instrument are ideally suited to MS" studies of
larger ions produced by electrospray ionization.
The determination of molecular weights of high mass proteins and
small molecules are discussed with regard to sensitivity and mass
accuracy. For structure elucidation and peptide sequencing, we
demonstrate the various possibilities for CID with this
instrument: nozzle-skimmer CID in the high-pressure region of the
ESI source, MS/MS in the quistor on the singly or the doubly
charged ion of a peptide. Combinations of these fragmentation
techniques, such as selection of a CID fragment ion in the
Quistor for further MS/MS studies are also examined.

Th B12
THE ION CLOUD PULSATIONS IN QUADRUPOLE ION TRAPS

D.Ursu ind A.Romanian
Inst.of hotopic & MolcculirTccli.. POBox 700, R-34OO Cluj-Nipoca, Rominia
In order lo measure llie "mass analyzed" ion
currents from time to time on proceed lo the ions ejections
towards the measuring system.
The ejection is done with efficiency if the ion
cloud of interesting ion* i»> bolb radial and axial
dimensions as small as possible, or at least the radial ones.
The studies o f the ion clouds temporal pulsations
are of high interest in finding the most favourable moments
for measuring ejections.

As an example, in figure I, arc shown the
temporal variations of "minimal" volumes in function of
some values o f the initial phase. The results o f data
processing, done for finding periodicities of cloud
pulsations, are given in figures 2 and 3 .

. i. r i. II

The ion cloud temporal variations are deduced
from considerations on the ion trajectories, which are
calculated by numerical integration o f Mathieu'i equations.
The influence of different parameters, on
pulsations characteristics, were considered.

Fig.2 "Spectrum" of time intervals between all
"minimal" volume pulsations.

Fig.3 "Spectrum" of time intervals between
"minimal" volume pulsations.

Fig.l Temporal variations o f "minimal" volumes.
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Tandem Four-Sector Mass Spectrometry: Fullerenes to Cancer
Michael L. Gross. Ronald L. Cerny, Joelle Wellemans, and Daryl Giblin, Department of
Chemistry, Washington University, St. Louis, MO 63130, USA
Mass spectrometry has during the 1980s moved into position to make important
contributions to biochemistry and biomcilical research. The key developments are new
ionization methods (fast atom bombardment, electrospray, and laser desorption) and new
or improved mass analyzers (tandem spectrometers, Fourier transform instruments, ion traps
and improved time-of-flight mass spectrometers).
This poster presentation will contain a description of method development of a
four-sector tandem mass spectrometer with an extended array (152 mm) for simultaneous
detection of product ions in the MS/MS experiment. The motivation for the spectrometer
is the determination of structure and sequence of biomolecules such as peptides and modified
parts of DNA. This instrumentation is being developed in part for understanding DNA
damage by polycyclic aromatic hydrocarbons. Progress in improving detection limits for
modified bases and nucleosides and in combining the instrument with high-resolution
separation (e.g. capillary lectrophoresis) will be reported. The ultimate aim is to determine
structure of subpicomole-level components in complex mixtures of biological origin.
Another application is the characterization of endohedral complexes of various
fullerenes. Earlier work showed the feasibility of inserting small, noble gas atoms into
fullerenes by utilizing high energy collisions in a tandem mass spectrometer. More recently,
in collaboration with M. Saunders (Yale University), we have obtained direct evidence that
endohedral complexes of C<jo and C70 can be prepared at high temperatures and pressures.
These complexes have also been examined under collisional-activation conditions.

ThB14
FURTHER INVESTIGATION OF "GHOST" PEAKS CAUSED BY
NON-UNEAR FIELD IN ION TRAP MASS SPECTROMETER
W. Mo. M.L Langford and J.F.J. Todd
University Chariest Laboratory, University of Kent.
Canterbury, Kent CT2 7NH.UK
'Ghost" peaks are generated by the superposition of higher order multipole fields [1] which
are produced by deviations from in the ion trap geometry, e.g. the stretched distance between
the endcaps [2]. During data acquisition some ions (m0) are ejected by the non-linear field
when they pass through the non-linear resonance point (q.) on the Mathieu stability diagram
rather than by the quadrupole field at q,=0.908 on the p,=1 boundary. The prematurely
ejected ions will be seen as m, = (q./0.908)m0 producing a ghost peak.
Investigations have revealed that small variations in the distance and angles between the
endcaps leads to a variation in the relative contributions of higher order fields. This produces
ghost peak spectra with peaks that vary in relative intensity. Higher order multipole fields
increase their contribution to the trapping field with increasing distance away from the centre
of the ion trap, thus ghost peaks are more noticeable at low buffer gas pressures when the
ion cloud is incompletely cooled. Similarly, when a tickle voltage was used to increase the
secular motion of the ions and thus move the trapped ions to the edge of the trap, the
intensities of the ghost peaks increased substantially.
In this investigation ghost peaks due to hexapole, octapole and dodecapole field have been
observed; the dodecapole resonance effect has not been previously reported. The hexapole
effects proved the most persistent producing ghost peaks even at 6x10 s Torr.
[1] J. Franzen and Y. Wang. Inl. J. of Mass Speclrom. Ion Processes, 112 (1992), 167.
[2] J. Louris, J. Schwartz, G. Stafford, J. Syka and D. Taylor. Proceedings of the 40th ASMS
Conference, Washington, DC, June 1992, P 1003.
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Strategies for Improved High Mass-To-Charge Measurements in Fourier Transform MS
Michael L Gross. Don L. Rempel, Chris L. Holliman, and Paul Hopfer, Department of
Chemistry, Washington University, St. Louis, MO 63130, USA
Fourier transform MS (FTMS) has proved to be a high resolution, multichannel mass
analyzer. This has motivated the highly successful merger of FTMS with electrospray
ionization. Nevertheless, the potential of the technique is seldom achieved for small
populations of high-m/z ions produced, for example, by matrix-assisted laser desorption.
In 1990, we introduced a method called "scaling" whereby problems associated with
high-mass ions can be investigated systematically and reproclucibly by using low-mass ions
at low magnetic inductions. For example, the behavior of an ion of m/z 39000 at 7 tesla
can be modeled by an m/z 78 ion at 0.31 tesla.
We propose that a partial solution to the problems for detection high m/z ions is to
use a high-pressure event (called the rf-only-inode event) to focus diffuse ion clouds, produced
by laser desorption, to the center of the cell. Detection is then achieved with a compensated
cell. Whereas diffuse ion clouds are not detectable under normal FTMS conditions, the
combination of high-pressure focussing and a compensated cell permit high-resolution
detection.
The compensated cell may be viewed as a stratagem to obtain double focussing in
FTMS. Just as the double-focussing principle in sector MS allows for sharp spatial focussing
of ion beams with energy and angular spreads so does compensation permit for sharp
frequency focussing of ions with z-axis and magnetron spreads or amplitudes.
The efficacy of pressure focussing and cell compensation for detecting high-mass ions
is being tested with a new, high-field magnet system under construction in our laboratory.

ThB16
ACCEPTANCE COMPARISON OF A QUADRUPOLE MASS FILTER
IN THE SEPARATION MODE OF A FEW STABILITY REGIONS
N.V. Konenkov
Laboratory of Quadrupole Mass Spectrometry, Scientific Research
Technology Institute, 390011 Ryazan (Russian Federation)
Acceptance of QMF in stability zones

I, II

calculated. Input fringing fields with linear

and PI have

been

dimension of

l.Sr
o

was taken into consideration. Integration of ion motion
have been done with combination of

the

Runge-Kutta
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method,
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matrix method and Numerov method.
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10~4E

E for working region at upper tip M and from 7.2

10~ E

Input fringing fields increase QMF acceptance from
to 9.0 10
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to 2.0 10~ E at lower tip S of the intermediate stability zone
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and for zone I - from 4.7 10"*E to 5.1 10" E. E=r f*, f is
o
ency and r is field radius. QMF acceptance in zone II
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decreases notwithstanding on smallness of fringing dc fields.
The results given above obtained for resolution 100 and
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mal axial ion velocities. Acceptances are determined at 50% transmission level.
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Coupled gyrators: a new paradigm for space-charge effects in cyclotron
mass spectrometry
A.J. Peurrung and R.T. Kouzes
Molecular Science Research Center
Pacific Northwest Laboratory
Richland, Washington 99352
Space-charge effects are a known limitation to the accuracy and precision of an entire family of
mass spectrometers. These effects limit dynamic rang';, since there is a point beyond which the
addition of more ions to a trap is accompanied by a deterioration in the resolution, accuracy, and
precision of mass measurements- We propose a new model for the study of space-charge effects in
cyclotron mass spectrometry and numerically investigate its predictions. This model holds that the
dynamics of Coulombically interacting ion clouds are like those of a system of coupled gyrators, and
that the detailed form for the interaction is relatively unimportant. Using this model, we predict a
range of phenomena that are experimentally manifested as space-charge effects. As in any system
of coupled oscillators, a substantial exchange of energy between ion clouds can occur when the
gyration frequencies are approximately commensurate (a common case in mass spectrometry). If
the coupling is sufficiently strong, separ te gyrators may synchronize, causing failure of the mass
spectrometer to resolve different masses Wh- . three or more gyrators are mutually commensurate,
ion cloud motion becomes chaotic, Iosi ••; M ueriodicity and exhibiting extreme sensitivity to initial
conditions. We provide a scaling law t
-Hows prediction of the severity of space-charge effects
and test this law for a simulated xenon mass measurement. The measured gyration frequencies
of ion clouds in an actual mass spectrometer will be broadened and shifted unpredictably by these
chaotic dynamics. Irreproducibility of mass measurements may result from the dynamical sensitivity
to initial conditions.

ThB18
CAS CHROMATOGRAPHY-HIGH RESOLUTION MASS SPECTROMETRY USING A
OUADRUPOLE ION TRAP MASS SPECTROMETER.
Anthony W.T. Bristow and Colin S. Crcnscr,
Department of Chemistry and Physics. Nottingham Trent University. Clifton Lane.
Nottingham. NGII8NS.UK.
Alan W. Payne,
Kodak Limited, Headstone Drive. Harrow. Middlesex. HA I 4TY. UK.
Gas chroinatography-high resolution mass spectrometry has been investigated on a quadmpole ion trap
mass spectrometer (ITMS). Resolutions in the region of 5000 to 10000 arc achieved by reduction of the scan
rate (694-87 Da.s" ) combined with resonance ejection. Spectral quality was enhanced using an RF/DC isolation
prior to data acquisition. This allowed a greater control of the ion population within the mass window of
interest, resulting in a reduction of space charge effects. The use of a lock mass ion was investigated as an aid to
mass assignment for the high resolution monitoring of the niolcculc-ion of propylbcnzcnc (m/z 120) during the
GC-ITMS analysis of complex mixtures.
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A MULTIPLE REFLECTION SYSTEM FOK THE VIME-OF-FLtGriT MASS SPECTROMETER
Ching-shen Su
Institute of Nuclear Science, National Tsing Hua University,
Hsinchu, Taiwan, R.O.C 30043
A mulcjple reflection system designed and constructed in our laboratory using a series of cylindrical reflecting mirrors made of stainless
steej sheet. Theoretical equations for the ion trajectory have been
deriveu, and the calculated result has been verified by using a He-Ne
laser beam to simulate the ion beam travelling through the reflection
system. The results show that the beam width after many reflections
can be adjusted to give acceptable spot size and intensity.
The resolution of this multiple reflection system used for the time-offlight mass spectrometer was estimated to be increased due to the longer flight path. Loss of ions from the multiple reflection due to the
initial ion beam divergence has been discussed. The performance of a
small prototype of this TOF mass spectrometer has been tested to compare with the theoretically calculated result.

ThB20
Gridless Ion Optics for the Reflecting Time-of-flight Mass
Spectrometer with Orthogonaly Injected Ions.
A.V.Tolmachev, A.F.Dodonov
Institute of Energy Problems of Chemical Physics, Russian Academy of Sciences,
Chernogolovka, Moscow Region, 142432, Russia.
Orthogonal ions injection allows to construct an efficient interface between continuous ion sources,
such as atmospheric pressure or electrospray ion source and time-of-flight mass analyier (TOF MS)
[1]. It was shown [1,2] that grids are the main factor of the mass resolution limitation for reflecting
TOP MS with orthogonal ions injection. At the same time gridless systems considered [3,4] have used
cylindrical symmetry, wbicb is inconsistent with two-dimensional (2D) geometry of the ion packet
for the orthogonal TOF MS.
The present work was aimed for a creation of a numerical model of the 2D gridless TOF MS ion
optics system. The acceleration system and the ion mirror were considered to be consisted of a set of
slits. Every slit was represented by a set of infinite 2D charged wires. The length charge density was
computed so that to obtain given slit potential distribution; then the space electric field and potential
arrays were computed for the accelerating and reflecting regions. Tbe procedure allows to obtain a
sufficient accuracy of the electric field computation and high enough ion trajectory simulation speed.
Dimensions of tbe system were chosen corresponding to compact TOF MS construction: the total
length of accelerating, drift and reflecting regions is equal to 550 mm. 4 and 8 mm slits were used
for accelerating and reflecting systems. Both systems have two constant potential gradient regions.
The first results show that the negative bend of the potential in the acceleration region allows to
obtain the best time-of-flight focusing; the values of AAf/Af ~ 10000 were obtained.
1. A.F.Dodonov, I.V.Cberniishevich and V.V.Laiko. Book: "Time of flight Mass Spectrometry" (ed.
R.J.Cotter). ASC Symposium Series #549 Washington DC 1994, pp. 108-123
2. V.V.Laiko, A.F.Dodonov. Thesis of this conference
3. U.Boesl, K.Walter and E.W. Schlag, Int.J.Mass Spectrom.Ion Proc, 71, 309, (1986).
4. R.Grix, R.Kutscher, G.Li, U.Gruner, H.WoUnik. Rapid Comm. Mass Spectrom. 1988, 2, 83.
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Resolution and Spectra Line Shapes in The Reflecting
Time-of-flight Mass Spectrometer with Orthogonaly Injected Ions.
V.V.Laiko, A.F.Dodonov
Institute of Energy Problems of Chemical Physics, Russian Academy of Sciences,
Chernogolovka, Moscow Region, 142432, Russia.
The reflecting TOF MS with orthogonaly injected ions is an ideal mass analyzer to operate
together with API ion sources: electrospray, ion spray, corona discharge, radioactive foil and so on
'!]. It gives the maximum accesible sensitivity and fast spectra recording. The estimation of different
factors determining the mass resolution of this type TOF MS have been alredy made in [1]. The
present report is devoted to the more detailed theoretical analyses of pricipial factors limiting mass
resolution of the TOF MS with orthogonaly injected ions.
Results. 1. Ion mirror voltages which enable the second-order compensation of the influence of
both the initial ion spartial and velocity distributions on the ion flight time have been calculated
analytically. The expression is valid for the case of point ion injection source. The ability of compensation of both the initial ion spartial and velocity distributions by static electric fields is the unique
property of the reflecting TOF MS with orthogonaly injected ions.
2. Above analitical results are proved by direct numerical simulations of mass spectra line shapes.
The numerical gimulation is based on the computer calculation of flight times of a large number of
ions differing by their initial conditions. All grids are treated as "ideal".
3. The influence of elementary sell dimensions of grids on the mass resolution have been investigated
by the numerical integration of large number of ion trajectories. The grids consisting of a set of equally
spacing parallel wires have been treated. The analitical approximation of the electrical field potential
of grids have been used; ion impact parameters have been selected randomly. The calculation of up
to 8000 ion flight times have got both the line shapes and mass resolution. It has been found that
he optimization of TOF MS analyzers should include the treatment of ion scattering by grids.
[1]. Dodonov, A.F.; Chernushevich, I.V.; Laiko, V.V., in Time-of-flight Mass Spectrometry, ACS
Symposium Series Cotter, R.J., Ed., No.549, Ch. 7, Washington, DC 1994.

ThB22
Design and Setup of an Ion-Trap-Relleclron-Time-of-Flight Hybrid Mass Spectrometer
K.P. Aicher, M. Muller, U. Wilhelm, J. Grotemeyer
Institute for Physical Chemistry, University Wiirzburg, Marcusstr. 9/11,97070 WUrzburg, Germany
Quadrupole ion traps are widley used for fundamental and analytical investigations of molecules [1].
Recently Lubman et al. [2] have demonstrated that coupling a quadrupole ion trap and a time-of-flight
mass spectropmeter is possible and yield in high mass resolving powers as well as long ion storage
times. In this paper we present first data of the setup of such hybrid instrument consisting of an ion
trap and a reflectron-time-of-flight mass spectrometer for fundamental studies in the ionization and
fragmentation processes.
Different inlet systems for preparing molecules in the gasphase are used, ranging from utilization of
supersonic beams to direct laser desorption.At the present moment we can store in this experimental
setup ions up to 10 ms before introducing them into a linear a Reflectron-Time-of-Flight mass spectrometer for mass analysis. The mass resolving power of the ReTOF is about 1000. The trap has the
ability to store single molecules up to a mass of 2000 Dalton.
This rather complicated setup allows not only a time dependent ion storage of the molecules with
some MS/MS capabilities of the trap, but also, due to features of the ReTOF, second order focusing
of the ions can be reached. This method allows to activate the ions after ejection from the trap into
the ReTOF. Therefore different lifetimes and reactions of ions after ejection from the trap can be
investigated.Furthermore we try to improve the ion signal by storing ions from a few desorption laser
shots ( 2 - 1 6 lasershots). The ion signals for substances of low volatility are strongly improved
and therefore larger masses can be investigated. Details of the ion trajectory calculations between trap
and ReTOF as well as the complete performance of the hybrid system are shown. First mass spectra
of smaller molecules with respect to the ion storage time are presented. Mass spectra of peptides up
to mass 18S1 (Gramicidin D) are inverstigated.
[1]
[2]

J.F.J. Todd; Mass Spectrom.Rev. 10,3 (1991).
B. M. Chien, S. M. Michael, D. M. Lubman, Rapid Commun. Mass Spectrom. 7, 837 (1993).
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The Fourier Truuform Multiple Reflection Time-of-Flight Mass Spectrometer:
A Novel Detection Technique Concerning Dynamic Mass Spectrometers
F. Strehle
Fakultat fur Chemie, Universitat Bielefeld, P.O.B. 10 01 31, D-33S01 Bielefeld, Germany
Ion beam reflecting techniques to reduce ion energy spread originated a new area in time-of—
flight mass spectrometry [1]. According with the basic idea several autors have shown that
higher order reflection leads to considerable resolution power enhancement [2,3].
The presentation relates to a theoretical consideration to improve conventional dynamic mass
spectrometers employing only electrical fields. It is an object of the invention to provide a mass
spectrometer which is structurally simple and which requires only simple supplementary electronic devices for its operation: The multiply reflection principle is used to obtain an axially
oscillating ion beam within the field-free drift path of a linear TOF. The image current induced by the oscillating ion packets is measured using radial signal electrodes. For a given
oscillation path length and reflection potential the ion frequency will be dependent only on
their mass—to-charge ratio. Applying the Fourier transform detection technique it will be
shown that high resolution mass spectra may be obtained.
[1] V. I. Karataev, B. A. Mamyrin, and D. V. Shmikk, Sov. Phys. Tech. Phys. 16, 1177 (1972).
[2] C. S. Su, Int. J. Mass Spectrom. Ion Proc. 88, 21 (1989)
[3] H. Wollnik, and M. Przewloka, Int. J. Mass Spectrom. Ion Proc. 96, 267 (1990)

ThB24
Pulsed Ion Extraction to Improve the Mass Resolution in a Low-Acceleration-Energy
Linear-TOF MALDI Instrument
K. Breuker, M. Karas, F. Hillenkamp
Institute for Medical Physics and Biophysics, 48149 Munster, FR Germany
Linear TOF instruments for MALDI typically use high ion acceleration energy in order to
achieve acceptable mass resolution by keeping the relative energy spread low and
minimizing time spreads in the ion acceleration; acceleration voltages up to 35 keV are
used. Another approach to enhance the mass resolution is to apply pulsed electric fields
either for ion extraction or for bunching of the ion cloud. An experimental set-up has
been tested which applies a time-delayed pulsing of the acceleration voltage by using a
laboratory-built fast high-voltage switch which allows for ns-rise-times up to 5 keV
voltages. One major promise of such an arrangement is that both time spreads due to
delayed ion formation and collisional effects should be strongly reduced. Experiments
will be presented documenting that a considerable improvement of the mass resolution
is obtainable for a short linear TOF tube (0.5m) using ion accelaration energies of 3 to 5
keV. The measured functional dependance of mass resolution on delay time, voltage
and ion mass will be presented and compared to calculations assuming different initial
ion velocities and velocity spreads.
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Electrospray Ionization Time-of-Flight Mass Spectrometry
W. Ens, I.V. Chernushevich, K.G. Standing and A.N. Verentchikov
Physics Department, University of Manitoba, Winnipeg, Canada R3T 2N2
An electrospray ion source has been coupled to a reflecting time-of-flight mass spectrometer [ I ]
using orthogonal injection as introduced by Dodonov et al. [2]. The instrument may be operated either
in linear mode, with the ions detected behind the electrostatic mirror, or in the reflecting mode, with
ions detected after reflection. Spectra are recorded with a time-to-digital converter at a repetition rate of
- 4 kHz. Compared to the usual method of acquiring electrospray spectra with a quadrupole mass filter,
a time-of-flight spectrometer provides better transmission, parallel detection (no scanning), a higher
range of m/z and better resolution.
Mass resolution of M/AMpw^ ~ 6000 is as.' ieved for pepUdes up to molecular weight of
melittin (2846 u). This is sufficient to resolve lysine and glutamine which have the same nominal mass.
Mass accuracy is 10-30 ppm for molecular weight below 2000 u, even for spectra accumulated in one
second, corresponding to less than 10 fmol sample consumption. Source conditions may be adjusted to
give very soft ionization conditions allowing the observation of weakly bound complexes. In these
cases, the average charge state is normally lower, and ions up to m/z ~ 6000 have been observed.
The residual gas pressure in the range 1O5 to 10*7 Torr has been found to have a significant
effect on the resolution and sensitivity. Higher pressure causes broader peaks in the linear mode, and
smaller peaks with higher background in the reflecting mode. Spectra of several proteins between
molecular weight 10 000 u and 100 000 u will be shown to demonstrate the effect.
1. A. N. Verentchikov, W. Ens, K. G. Standing, Anal. Chem. 66 (1994) 126.
2. A. F. Dodonov et al., 12th Int. Mass Spectrom. Conference, 1991, Amsterdam, Abstracts p. 153;
Anal. Chem. 66 (1994) 99.

ThB26
A fast laser-TOF-mass spectrometer for dynamic engine exhaust gas
analysis
Riidiger Frey, Holger Nagel and Jochen Franzen
Bruker-Franzen Analytik GmbH, Bremen, Germany
Hugo Betzold, Walter CJlke,
Dornier GmbH, Friedrichshafen, Germany,
Most emissions of pollutants from combustion engines take place in
the cold engine starting phase and in instationary motor phases.
Thus, the optimization of the instationary motor operation will be
one of the main efforts to reduce the emission of pollutants.
A TOF-mass spectrometer combined with a laser ion source and a
real-time sampling system is particularly suited for fast engine
exhaust analysis due to the following features:
*
*
*
*

l ppm sensitivity for the individual exhaust constituents
simultaneous detection of up to 10 exhaust compounds
measurement rate of up to 50 Hz
2 ms time precision relative to the motor phase.

The system has been applied at a motor test facility to investigate
the emissions of nitrogen monoxide, formaldehyde, acetaldehyde and
benzene, toluene and xylene in transient engine operation. The
time-resolved concentrations have been measured at sudden speed
changes, misfiring and motor control effects.
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THE El MASS SPECTRUM OF (2-BENZYL-3-XYLYLENE)-15-CROWN-4.
A MECHANISTIC STUDY OF A PERPLEXING FRAGMENTATION
B. L. M. van Baar,a G.-J. M. Gruter,a O. S. Akkerman," F. Bickelhaupt,a
A. Schwietersb and P. Kuckb
*Scheihmdig Labomtorium, Vrije Universiteit Amsterdam
De Boelelaan 1083, NL-1081 HV Amsterdam, The Netherlands
h
Fakultatfur Chemie, Universitat Bielefeld
P.O.B. 10 01 31, D-33501 Bielefeld, Germany
In the course of extended synthetic studies on magnesium crown ethers, the electron impact
mass spectrum of a precursor compound, [2-phenylmethyl-l,3-xylylene]-15-crown-4 (1), was
found to display an unexpected fragmentation behavior. The mass spectrum of 1 is nearly
identical to that of 1-methylanthracene, C1SH12> suggesting that the entire crown ether moiety
is eliminated extremely easily as a molecule of triethylene glycol.

In order to study the fragmentation of 1 in detail, several deuterium labelled analogues and
other model compounds were synthesized and their ionization-induced and collision-induced
dissociation were studied. On the basis of these investigations, a detained mechanism for the
fragmentation of ions 1 #+ to a C i 5 H 1 2 + (m/z 192) species is proposed.

ThC2
Chiral FAB Mass Spectrometry: Enantiomeric Recognition of Organic Ammonium
Ions by Chiral Crown Ethers.
Masami Sawada. Yoshio Takai, Hitoshi Yamada, Koichiro Naemura, Kimiko Kamada,
Takashi Mizooku, Keiji Hirose, Yoshito Tobe
The Institute of Scientific and Industrial Research, Osaka University and Faculty of
Engineering Science, Osaka University
The chiral crown ether (5,5)-l having adamantyl groups on ring carbon atoms
has been synthesized and the ability of the enantiomeric recognition of various organic
ammonium ions such as a-amino acid methyl ester ammonium ions ere,
(CH3SCH2CH2CH(COOCH3)NH3+and (l-naphthyl)CH(CH3)NH3+, etc.) has been
detected by FAB mass spectrometry. The technique used in this study is the
application of our relative peak intensity (RPI) values using an internal standard host
method.
The extent of enantiomeric recognition for the
compiexation between {S,S)-l host and various organic
ammonium ion guests could be characterized by the RPI
S**o' \

ratio values of I {[(S,S-1) + A*]+} / 1 {[(5,5-1) + A*]+}

in the range 1.0-1.5. Some of the results obtained were
confirmed by subsequent NMR experiments and MO
calculations (PM3).
Further power of this type of chiral FAB mass
spectrometry, especially another enantiomer-labeled
racetnic guest method, for example, using (RyCHsSCHz
CH2CH(COOCH3)NH3+ and (5)-CH3SCH2CH2CH(COOC
D 3 )NH 3 + ,erc, is presented.
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ThC3
A negative-ion glow discharge ionisation ion trap
mass spectrometric
study of indole and quinoline
S N Cairns, M L Langford and J F J Todd
Chemical Laboratory, University of Kent, Canterbury, Kent CT2 7NH, UK

A study of indole and quinoline by an Air Sampling Glow
Discharge lonisation (ASGDI) Source coupled to an ion trap mass
spectrometer has been undertaken. Indoles and quinolines have
a significant effect on petroleum chemistry, and alkaloids
containing indole and quinoline rings are frequently found in
nature.
In the ASGDI source the sample is drawn into the glow
discharge by an ambient airstream and thus the sample constitutes
a low percentage of the total gas sample. This greatly increases
the complexity of the spectra; for this reason quinoline and
indole need to be studied in order to understand more complex
substituted structures.
The spectra of the compounds are dominated by clusters and
adducts formed between the heterocyles and 02~, N0 2 ~ and NO". In
addition to the normal fragmentation pathways there is evidence
for further complication of the spectra by ion/molecule reactions
after initial ionisation between stable fragments and the
abundance of neutrals present in the matrix.
In order to complement the normal methods of interpretation
of complex spectra the relative thermodynamic stabilities of the
most probable fragments and adduct structures were calculated.
This has been done using semi-imperial AM1 calculations available
within the HyperChem™ software.

ThC4
HASS-SPECTROHETRIC STUDY OF THERHAL DECOHPOSITIOH OF
ORGAHIC DYES IN SOLID STATE AND OH A SILICA SURFACE.
0. Yo. KoziK. V.A. FoKrovsKr
Institute for Surface Chemistry, UKralnlan Academy of Sciences
Temperature-programmed thermolysis mass-spectrometrr was
applied to the investigation of heteroaromatic dyes in a solid
state and on the surface of disperse silica.
Thermal stability of a dre cumarlne-120 was observed to
be limited br the thermal destruction of heteroaromatlc crcle
which occured at 120 C. It was found for molecules of
methylene blue, malachite green, fuchslne basic and rhodamlne
6G that the destruction had similar features and included in
the first state the interaction of dealKrlation products with
a chlorine counter-Ion, in subsequent staves, the rupture of
molecular heterocrcle and formation of phenyl-containing
compounds occured.
Dre adsorption on aerosil surface lead to a increase of
thermal stability of the compounds. Here, the first stage of a
solid state thermolysis disappeared. This fact was explained
by the absence of chlorine on the surface and impossibility of
its participation in degradation processes.
On the other hand, radicals that were formed during
thermal degradation could not act as initiators of further
transformations and rearrangements, since they were captured
br active surface centers and recoobine.
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ThC5
MASS-SPECTROMETRlC STUDY OF THERMOLYSIS OK TR1PHEHYLP1RILIUM
DYE IH SOLID STATE AND OH A SILICA SURFACE.
0. YO. K0Z1K
institute for surface Chemistry! Ukrainian Academy of sciences
Thermal decomposition of 2.H, e-triphenyipiniium boronfluoride (TFPBF) in solid state and on a silica surface was
investigated by means of desorption mass-spectrometrr with
linear increase of sample temperature. Thermolysis of T P P B F in
solid state yielded benzoyi fluoride and chalKone as major
products. These products were observed when temperature achieved 470 K. when the thermolysis of T P P B F was carried out on a
silica surfacei the product distribution changed: benzole acid
and chalKone became major products of surface reaction.
Thermolysis of 2.4.6-trlPhenyltlopinuum
perchlorate
(TPTPPC) in a solid state proceeded by similar mechanism.
ChalKone and benzole acid, as well as sulphur oxide and hydrogen chloride were found among products of reaction. The
presence of two latter products raahe evident the participation of counter-ion in redox reaction.
The initial stage of thermal decomposition of T F T P F C in
adsorbed state was found to be 170 K lower than for solid
state decomposition. This fact was explained by asumption of
blocKading the active surface sites by acetone molecules and
subsequent increase in mobility of the resulting radicals and
a possibility of their interaction with each other.

ThC6
Fragateatadoa Mechaaisau «f Peptide low Studied by Taadeai Mass Spectroasetry
Jackie A. Mosdy and Peter J. Derrick.
Warwick Institute of Mass SpectrMsetry, Departsteat «T Cheaistiy, Uaiversily of Warwick, Coventry CV4 7AL UK
David J.BelL
SakaKliae Beechaas Pfcarasacertkals, Great Burgh, Yew Tree Bottoas Road, E « M B , Samy, KTli SXO
Tandem mast spectrometiy is a very powerful investigative technique whkh hat been successfully applied to the study of
peplidesasweUatotherbioroolecules. In this study two different tandem mass spectrometers have been used. Afour-sedor
tandem mass spectrometer, combined with a scanning array detector to achieve highresolutionand high sensitivity in the
spectra, hat beta used with lio^secondaiyie«snassspectronieiiy<LSIMS)kMiisalion In addition, a triple quadrupole
ipectometer with an ekctrospny
post-acceleration detection. On both instruments,,
py source was used with p
coUitionally induced decomposition's of the precursor ions was achieved using a range oftarget gases; mass assignment of
the product ions for measurements made on the scanning array detector were to +/4.2amu.
The peptide analysed in this study is the biologically active tetndecapeptide bombesin (pClu-Gln-Arg-Leu-Cry-Asn-Cln-TipAls-VaI-Gly-His-Leu-Met-NH2 « pGlu^-R4XJ-NK2-W-A-V-G-H-L-M-NH2). Thefragmentationpattera for pntonated
bombesin was compared to the product km apectia for the molecule-ion* ofsevenl analogues of bombesin (1]:
1. Lys3-BN; the arguuneresiduereplacedby lysine giving pGhi-Q-K-L<3-N-Q-W-A-V-G-H-L-M-NH2.
2. Ah/tesin; a gtycineresiduereplacingthefirstgluUmine residue indthreonine replacing asparagine giving pGlu-G-R-LG T ^ > W A V ^ H L A f h W2 .
GT^>WAV^HLAfhW
3. D-AU'-BN; the fifth residue, glycine, replaced by D-aUnine giving pGlu^}-R-L.DAla-N<J-W-A-V-G-H-L-M-NH2.
4. D-Ala1 i-BN; the eleventhresidue,grycine, replaced by Dndanine giving pGIU-Q-R»L-G-N-Q-W-A-V-DAU4I-L-MNH2.
From the series of related tandem mast spedia,fiagmenlationpathways have been elucidated. Initialresultssuggest that the
[M+H]+ charge ispostiWy retained on the arguune residue. This conclusion would be in accordance to previousreports[2]
»nd provided thereasonforobtaining analogues whose difference to bombesin lay in the positioaing of the arginiae residue.
The bombesin spectra showed a strong patter*forN-terminal WM, produced mainly from trie cleavage of the badtbone
towards the centre of the peptide. All a-kms were present from 84 to a 12 , with the exception of as and an.bothof which
involve glycine residues. A number ofd-ions were also present The pnnihiliiy that ttm m^h^nit ^•ft
involve intramolecularreanangemeiiUvia intermediates in the gas phase stale will be discussed.
[1]
J.E.RiverandM.R.Brown,Biochemi$try(ASC) (1978) J7 1766.
(2)
S.A.Morris and KBiemann, fat J. Mass Spectrom. Ion Pioc. (1987) 7 | 213.
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LOCATION OF DOU1ILE BONDS IN DIENES
C. PEPE(", I. DAGAUT*2'. P. DIZABo'". A. SAUO7*2'
(1>
Laboral(we de Speclrochimie Moleculaire, CNRS URA SOB. Universe Pierre el Marie Curie, Bolte 49. 4 Place Jussieu,
7S252 Paris cedex 05, France.
(^Laboratoire de Physique et Chimie Marines. CNHS UBA 353. Universite Pierre et Marie Curie. Boite 134, 4 Place Jussieu.
75252 Paris cedex 05. France.

Several studies have been proposed to locate the double bond in mono-unsaturated alkenes. fatty acids and wax esters by
GC/MS of their dimethyl disulfide derivatives.
These compounds are used as markers to study the sources and the different biosynthetic pathways ol organic matter In the
chemistry of aquatic environments. We report here the use of the method following the reactions mentioned below:
H— CH=CH—(CH2)n — CH=CH—FT*2CH3 — S — S — C H

3

»-R — C H — C H — ( C H j ) , , — C H — O H — F T

II

II

SCH, SCHj

SCH 3 SCH3

Three fragmentation pathways are observed according to the value ol n :
a ) n = 0 or 3. Classical M * * - CH 3 S and M * — CH 3 SH ions are generated and it is impossible to locate the double bonds. For
n = 0 a M addition is observed, only one molecule ol CH3-SS-CH3 is added.
b ) n = 1 or 2. Alter the loss of CH 3 -S-CH 3 molecule, a
cyclic ion is generated.
The cycle ion gives the usual fragmentation. The position
of the double bonds can be obtained from the fragments A *
andB*.

R—CH --C—<CHj)n
SCHj

c ) n i 4. Another fragmentation pathway gives the ions
A*. B*. C * and D*. From these ions, the position ol the
double bonds can be also obtained.
A* —

I

1SCH3

••r'T
SCH,

R —CH - - C H — (CHj)n — C H - -CH— R1
SCH3 S C H 3 ,

SCH 3

*.

I

-CH3SH

I

ThC8
THIOL GROUP REDOX REACTIONS IN LIQUID SECONDARY ION
MASS SPECTRA OF GLUTATHIONE
Francisco M. L. Amado, Pedro

N. Domlngues, M . Graca O. S. Marquee and A. J . Ferrer

Correla
Department of Chemistry, Matt Spec. Group, University of Avclro
The oxidation-reduction chemistry oC glulathiimc (CSH) on a glycerol matrix has been investigated under
LSI MS conditions.
The resulli presented clearly demonstrate that there are oxidation-reduction reactions of the Ihiol group in
both OSH reduced and oxidised forms. In spile of the reduction process being the most extensive feature an
unexpected oxidation alio occun, leading to the formation of a disulphidc bridge. Possible explanations are the
slightly negative reduction potential of GSH. and the reductive conditions of the acidic glycerol matrix. One and twoelectron processes are tentatively discussed.
Beside* that, from the data obtained, there is evidence that, on LSIMS, and for glulathione, these procesKS
are the result of ion-molecule reactii •-. during the desorption. Further studies of conjugation reactions of glutathionc,
on the probe, were also studied, and some example* arc presented.
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Formation of Stable (M-H) Ions in the El Fragmentation of
Arylidene and Heteroarylidene Ketones and Diarylazenes
Richard Ellam, Martin Frearson. Stephen Graham, and Anne Jones
Chemical Sciences, University of Hertfordshire, Hatfield, Herts,
AL10 9AB,United Kingdom.
A wide range of mono and diarylidcnc and hctcroaryiidcne kcloncs have been
synthesised as pan of a programme directed towards new bioactivc compounds and
their El spectra obtained. In particular we have examined cycloalkanoncs from C4 to
C8.
In agreement with the previous work of Smith ct al. (1) the production of
benzopyrylium ions formed following the loss of an or/Ao-hydrogen dominates the
spectra.
High resolution studies show further fragmentation involves the exclusive
loss of CO followed by ethene from the cycloalkanonc moiety.
Ortho
substitucnls such as F, Cl, and Br arc readily eliminated to give the analogous
bcnzopyrylium ions as shown by the behaviour or compounds formed using 2- and
2,6-disubstitulcd aldehydes.The work has been extended to include hctcroarylidcne
and cinnamaldchyde analogues.
The loss of the ortho
subslilucnt was also observed in the spectra of diarylazincs,
ArCH=N-N=CHAr, suggesting fragmentation
via a similar stabilised intermediate.

REFERENCES
(1)

P.I. Smith.

J.R. Dimmock, and W.A. Turner. Can

J.Chem,51,1458,1973.

THC10
Negative Ion Eltctro»prav Examination of Porphvrin Sulohonic Acids.
A.E. AshcroftM, R A W Johnstone<b), S. Lowest*), p.A. StockfW.W Fisons Instruments Biotech MS. Tudor Road.
A/trinehtn. Ctnthk; WA145RZ, UK; (b) Deptrtmenl of Chemistry. University of Liverpool. Liverpool. L693BX. UK
Both alky) and arylsulphonic acids present difficulties for analysis and identification, being strongly
acidic, mostly water soluble, involatile and often hygroscopic or even deliquescent. For these and other
reasons, they are frequently examined as salts. Porphyrins are being widely investigated as possible
oxidation catalysts, as agents for photodynamic therapy, as novel constituents of molecular electronic
devices and in solar energy conversion. To water solubilise these porphyins, they are often converted into
Iheir sulphonic acid derivatives either through use or concentrated sulphuric acid, or more recently and more
cleanly, through chlorosulphonation1.
In examining the scope of chlorosulphonation a means or direct analysis of free sulphonic acids was
needed which could differentiate amongst the possibles of there being anything from none to four, five or
more sulphonic acid groups present. Mass spectrometry is attractive in revealing the numbers of sulphonic
acid groups but El, Cl and FAB were uninformative. giving either no molecular ions or only thermally
degraded fragment ions. Eledrospray was found to be ideal in the negalive ion mode. Thus, any porphyrin-(SO3H),, appears as a series of negative ions, porphyn'n-(-SO3*)n and allows direct examination of products
of sulphonaUon.
The course of chlorosulphonation of tetrakisarylporphyrins could be followed by reacting a porphyrin
e.g. (1) with chlorosulphonic acid to give chlorosulphonatoporphyrins (2) which could be converted into the
free sulphonic acids (3) by treatment with water. In this way, optimum conditions have been found for
synthesising the sulphonic acids (3) in very high yields. Typical eleclrospray spectra are presented, including
one of
a mixture of sulphonic acids from a reaction mixture, and one of a pure
telrakissulphonaloarylporphyrin. This electrospray melhod was also satisfactory for examining
melalloporphyrins.
so,"

SOi*

CISC,

(1)
(2)
(3)
1. R A W . Johntlone. P A Slock*. SCI Symportum on 'Now! Otgmic ClwnMiy. Univtfiity of Mmdwslw. UK. M»rch, 1994.
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Desorption Chemical Ionization (DCI) and Tandem Mass Spectrometiy of Macrocyclic Esters:
Application to Polyesters Characterization
A. GUARINI, G. GUGLIELMETTI and R. PO
Enichem, Istituto Guido Donegani - Novara (Italy)
Cyclic oligomers are formed during both synthesis and pyrolysis of condensation polymers. The
determination of their identity and MW distribution is therefore important in polymer characterization.
We found that DCI/MS is a powerful technique for the analysis of the cyclic oligomers of
aromatic polyesters since they form abundant molecular anions under negative ion chemical ionization
conditions.
DCI/MS was used for the determination of the MW distribution of oligomers extracted from
various polyesters. When recycled or thermally treated polyethylene therepthalate) (PET) samples were
analyzed, a modified MW distribution was observed and other types of low-MW species (among which
open-chain oligomers) could be detected.
DCI/MS was also used for the direct pyrolysis of a series of polyesters. Two distinct degradation
mechanisms were observed at different temperatures and the corresponding pyrolysis products were
identified. Gas-phase H/D exchange experiments with ND, were useful in distinguishing between the
isomcric cyclic and linear oligomers.
We also investigated the low-energy CID of a series of cyclic oligomers of various polyesters.
Cyclic dimers were particularly interesting since they followed two totally different dissociation pathways
depending on the collision energy. Another important result was that cyclic trimers containing the
isomeric therepthalic and isopthalic acid repeating units could be easily differentiated on the basis of their
CID mass spectra.

THC12

Curie point Pyrolisij/GC/MS in the Identification of Painting Media
Massimo Carbini*, Stcfano Volpin" and Piclro Traldi*
'1st. Chimica Indusuialc, Facolla Ingegncria Via Mr. ..„ 9.1 35100 Padov.i (Italy), "Lab. Scicntiflco delta Sovrintcndcnza
ai Bcni Storici c Artislici, Cannarcgio. Vcnczi,%(ll.ily). *CNR. Area di Riccrca, Corso Stali Uniti 4,135020 Padova (Italy)
The analitycal problems related to the identification of natural compounds used in art objects liavc been well described byMills and While'.The complex mixtures usually employed need the use of sensitive and highly specific analitical
procedures, able to give effective fingerprints of the different natural substrates. In this framc.thc identification of painting
media is a particularly difficult task2, due mainly to Ihc small sample size, the low concentration of organics in the sample
and the chemical complexity of the binders (casein, animal glue, egg yolk, resins, waxes and drying oils). The analysis of
painting materials is relevant to establish the Painter's technique, to settle authenticity questions and to help Ihc restorers in
their work: for such reasons, many analytical approaches have been proposed in the past, in particular to distinguish
between oil and distemper (protcinaccous) paints 2 . Among them, one of the moat promising has been that based on
filament pyrolysis directly coupled with a gas-duomalographic system (Pyr/GC) and with a GC/MS one (Pyr/GC/MS)3. A
mcthylating agent was employed in a procedure called "simultaneous pyrolysis mcthylation" to improve the response of
fatty acids. Looking at such results we retained of interest to undertake the present study, based on Curie point
pyrolysis/GC/MS of both oil and tempera paints. First of all a systematic investigation on die pyrolysis conditions (
pyrolysis temperatures and times, sample quantity and deposition) was carried out on different model samples, allowing
Ihc identification of the best ones. In parallel some compounds have been chooscn as highly diagnostic for the different
binders. Their identification in some different real samples, performed by reconstructed ion cliromatograms, has led to an
unequivocal identification of the painting media.
1. i. S. Mills and R. While, Naf. Gallery Tech. Bull. 2. 71 (1978).
2. J. S. Mills and R. While, The Organic Chemistry of Museum Objects, Buttcnvorths, London (1987).
3. G. Chiavari. P. Bocchini and G.C. Gallctti. Sciences ami Technology for Cultural Hertage 1. 153 (1992).
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An Investigation of Polycarboxylate Detergent BuHders using Electrospray Mass
Spectrometry
Henry T. Kalinoski*. Brian J. Shay, Leonard O. Hargiss
Unilever Research U.S. 45 River Road Edgewater, NJ 07020 USA
One essential ingredient in modem detergent formulations is the builder, present to enhance surfactant
cleaning efficiency through inactivation of water hardness ions (calcium and magnesium). Secondary
functions include increasing wash water alkalinity and soil suspension and dispersal. Phosphates,
particularly sodium tripolyphosphate (NaTPP), have been the most common builders, due to their low
cost, effectiveness and overall system compatibility. Recent environmental concerns regarding the use of
phosphates have prompted a shift to the development and use of other builders, including organic
polycarboxylates. The development of effective polycarboxylate builders requires structural
characterization of candidate molecules and measurement of calcium binding efficiency. Traditional
methods for measuring calcium binding are time-consuming and require substantial quantities of
material.
Electrospray ionization for mass spectrometry is an atmospheric pressure technique ideally suited to the
analysis of charged materials dissolved in a liquid solvent. The approach allows multifunctional, reactive
molecules, such as polycarboxylates, to be addressed without derivitization. The present work describes
the investigation of a series of known polycarboxylate builder molecules, with an emphasis on
producing ions characteristic of intact analyte structure, their solution-phase chemistry and complexes
with calcium ions. The relative calcium binding capacities of the materials are compared with the type
and abundance of ions present in their electrospray mass spectra. Electrospray mass spectrometry may
provide a means to determine the calcium binding effectiveness of candidate builders relatively quickly
using small amounts of material.

ThC14
Direct temperature resolved PYMS of varnishes and binding media in
samples from a 17th century oil painting by Ferdinand Bol.
Jaap J Boon, J.Pureveen, David Rainford. Unit for Mass Spectrometry of Macromolecular Systems, FOM
Institute for Atomic and Molecular Physics, Kruislaan 407, 1098 SJ Amsterdam, The Netherlands, telefax:
31-20-6684106.
For effective conservation of master pieces of old Masters and even the work by 20th century
artists, precise quantitative measurement of the current physical and chemical condition of art work
is necessary to identify the materials and techniques originally used and to understand the degradation
processes that have occurred during the lifetime of the art objects.
For this purpose the technique of direct temperature resolved analytical pyrolysis mass
spectrometry (PYMS; [1]) performed at FOM-AMOLF on a reversed geometry double focussing mass
spectrometer (JEOL SX-102 A) is very suitable because it gives information on the volatile
physically absorbed fractions such as oils and waxes, on the constituents of the macromolecular
network such as proteinaceous substances, lipid-polymerisation products, polysaccharide gums,
varnishes, resins, and on some inorganic components (carbonates, sulphates, sulphides, chlorides)
and metals (for example . Na, K, Rb, Cs, Ca, Mg, Sr, Ba, Pb, Cd, Hg, Zn). All this information is
obtained in one experiment with a sample requirement on the microgram level. The application of
various ionisation techniques i.e low and high voltage electron impact, chemical ionisation, thermal
ionisation and electron attachment negative ionisation gives PYMS a broad chemical compound
sensitivity.
Samples from an oil painting of the 17th century artist Ferdinand Bol were subjected to direct
PYMS analysis. Temperature resolved analysis revealed the degree of impregnation of the paint film
with waxes and varnishes. The oxidation state of the oil paint film and the varnish was studied by
reactive PYMS under direct transalkylation conditions. Several reagents and analysis conditions (El.
ammonia Cl and different T-ramps) were investigated. Quantitative results on fatty acids and diacids
from the oil paint network are compared with wet chemical data obtained by GCMS. The advantage of
the direct and the reactive PYMS approach is the speed and sensitivity. Less than 10 microgram of
paint sample is necessary for analysis.
[1] JJ.Boon (199Z). Analytical pyrolysis mass spectrometry: new vista's opened by temperature
resolved in-source PYMS. Int. J. Mass Spectrometry and Ion Processes 118/119, p. 755-787.
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Laser Desorption Mass Spectrometry of Polymers, in particular Decoupling Polymers
PJ.W. Schuyl, J.J. Schilt
Unilever Research Laboratory Vlaardingen, The Netherlands
To get independent and absolute molecular mass values of polymer mixtures Laser Desorption
Mass Spectrometry has been investigated as a measuring technique.
First polymer standards of polymethylmethacrylate with a known molecular mass distribution were
analyzed. The measured Mn and Mw values of PMMA are in good agreement with the values
given by the supplier. No response factors need to be considered in the investigated mass range
from 1000 to 7000 Dalton.
Then decoupling polymers of the acrylic acid/laurylmethacrylale type were subject of investigation.
They can be measured only if they have been converted from the Sodium form into the acid form.
The distributions are in the same order of magnitude as measured by the supplier by size exclusion
chromatography.
At our own laboratory size exclusion chromatography gives much higher values but if calculations
are restricted to a maximum of 10000 Da comparable results are obtained for Mn and Mw.
Some details about the nature of the side chain can be deduced from the spectra.
The structure of the methylated products (necessary for NMR analysis) can be confirmed by this
method.
The elucidation of the end groups is possible, by comparing the spectra of the decoupling polymer
and its methylated form.

ThC16
Laser Deiorption Laser Photoionisation Time-of-flighl Mass Spectrometry (L 2 TOFMS)
of Electropolymerised Indole Derivatives
Craig It. Ilcdpath, J. Gordon Mackintosh, Anita C. Jones, Andrew It. Mount and Patrick
R.It. Langridge-Smith
Department of Chemistry, University of Edinburgh, West Mains Road, Edinburgh, EH9 3JJ.
The eloctropolymerisation of 5-subslitiilcd indoles results in the formation of conducting polymer films with site-specific functionality [I]. To dale, however, the structural characterisation
of conducting polymers has been extremely limited, mainly because these layers arc generally
insoluble and difficult to process. We have shown that laser desorption, laser pliotoionisation
time-of-flight mass spectromctry (L'TOFMS) is an ideal technique for characterising these
polyindote films.
When elcctropoiymerining indole-5-carboxylic acid, two dilfcrcnt chemical species arc deposited on the electrode surface, and these can be separated by their different solubility in
DMF [2]. The DMF soluble fraction was examined by L'TOFMS. A large molecular ion peak
at m/z 477 and three imtll fragment peaks separated by 44 amu are observed. The base
peak at m/z 477 corresponds to a cyclic trimcr of indole-5-carboxylic acid and the fragments
correspond to three successive losses of the side-chain. No peaks are observed below m/z 345
and this we attribute to the great stability of the central aromatic unit.
We have also investigated the products formed by electropolymcrisation of indole, 5-cyanoindole, 5-methyl indole and 5-cliloro-indolc. In each case under soft ionisation conditions the
base peak corresponds to a cyclic trimer species. The cyclic trimcr structures have been fully
characterised by NMR, UV/V1S spectroscopy anil I,2TOFMS. Examination of the DMF insoluble fractions show similar mass spectra to the DMF soluble fractions, however with much
reduced intensity. Full characterisation of those polymer species by the above techniques indicate that the polymers consist ofiinkeit trimer species. The mass spectral data arises from
fragmentation of linkages in the polymer.
[1] P.N. Dartlett, D.II. Dawson and J. Farrington, J. Chem. Soc. Faraday Trans., 88,( 1992),2685.
|2] .I.G. Mackintosh, C.R. Rcdpath, A.C. Jones, P.ll.R. Langridge-Smilh and A.R. Mount.,
J. Electroanal. Chem. accepted for publication.
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THC17
Molecular Surface Characterization by FT/MS
Long-Sheng Sheng, Sandy L. Shew and Joseph E. Campana
Extrel FTMS, Millipore Corporation
The traditional methods for surface analysis (XPS, AES, and SIMS) can provide three-dimensional
quantitative information about elements and the chemical environment of elements in a sample.
However, they are not very useful for determining the molecular identity of species in intrinsic
molecular solids or for identifying molecular species on a surface. Even molecular SIMS typically
provides a paucity of molecular information on real samples.
Today, laser desorption/mass spectromeiry techniques provide semi-quantitative information on a
wide variety of materials. The data generated is generally rich in molecular information. We have
used CO2 laser desorption for several years coupled with an ion trapping mass spectrometer, or specifically, the Fourier transform mass spectrometer (FT/MS). Like time-of-flight (TOF) mass
spectrometers, the FT/MS measures all ions simultaneously, which make it uniquely suited for pulsed
laser desorption. In addition, the FT/MS is a high-performance mass spectrometer providing ultrahigh resolution, accurate mass measurements, and multistage mass spectrometry for materials and surface analysis. We find these features invaluable when applying the laser desorption method to real industrial problems.
We have recently compared the results from a variety of lasers - CO?, Nd:YAG, and N 2 and a
variety of wavelengths for both matrix-assisted and non-matrix-assisted laser desorption. An overview of this comparative work will be given. We find that each laser offers various advantages for
broad analytical applications.
We will illustrate the quality of data obtained by this method by showing a few general examples,
such as Dolymer characterization, polymer additive determination, and the determination of molecular
contaminants on surfaces. We'll illustrate how video viewing of the sample in the mass spectrometer
is used to obtain spatially-resolved mass spectra. Then we will illustrate industrial problem-solving
examples with several series of mass spectral and other spectroscopic and/or chromatographic data.
For example, we'll illustrate the direct determination of additives in a proprietary polymer formulation
with a single laser shot, and compare it with conventional methods of analysis.

ThC18
Characterization of Polymers by Laser Desorption lonization and Electrospray FT/MS
Long-Sheng Sheng, Sanford L. Shew, Brian E. Winger, and Joseph E. Campana
Extrel FTMS, Millipore Corporation
The scope of mass spectrometry applications in polymer characterization is continuing to expand as a
result of new ionization techniques that are suited to polymers. Traditional laser desorption ionization
(LDI) techniques as well as the more recent matrix-assisted laser desorpn'on ionization (MALDI)
coupled with Fourier transform mass spectrometry (FT/MS) can rapidly produce accurate molecular
weight information for solid polymeric materials with molecular weights below 10,000. This is important because classical methods such as gel permeation chromatography are not generally useful below
50,000 in molecular weight, and they must be used with extreme caution and care below 10,000 in
molecular weight.
In a single laser shot, FT/MS can provide detailed chemical information on polymeric molecular structure, including end-group determination, and provide direct determination of additives and contaminants in polymers. Several examples will be presented.
Not all polymeric materials can be easily analyzed by laser desorption ionization methods. For example, highly polar species, for example, polyacrylic acid are difficult to analyze by MALDI.
Electrospray ionization (ESI) FT/MS offers an additional means for characterizing highly polar
polymeric materials in solutions. And in addition, coupled with liquid chromatography, ESI FT/MS
offers new analytical capabilities. Examples of using these techniques to solve real industrial
problems in research, development, production, and defect analysis will be illustrated.
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Fr D19
Analysis of Tributyltin Compounds in Environmental Samples by
Stable Isotope Dilution GCMS
By S J Buckland, J M Fry, D J Hannah, L J Porter. C J Randall, and T van Maanen
ESR:Environmental, P O Box 30 547, Lower Hutt, New Zealand

Low levels of tributyltin compounds in coastal waters and sediments are a legacy of their
widespread use as marine antifouling paints. They have been shown to be highly toxic to
shellfish and other marine organisms and were subsequently banned from use in the marine
environment. There is a continued requirement to monitor the leached products [(Bu3Sn)2O
and Bu3SnCl] from tin based paints to assess their impact. The poor performance of current
analytical methods, atomic absorption (lack of specificity), GC-ECD and GCMS with external
calibration (both poor precision) prompted us to develop a GCMS method based on stable
isotope dilution. We have synthesised 2H27-Bu3SnCl. This is added to the sample prior to
extraction. The sample is then hydrolysed (HCl) to the chloride which is reduced (NaBH4)
and analysis is performed by GC-LRMS (Trio-1000) on Bu3SnH and the 2H27-Bu3SnH internal
standard. This method gives a CV of <20% at 10/ig/litre tributyltin.

Fr D20
INTERFERENCE PEAKS IN MASS CHROMATOGRAMS OP SELECTED DECOMPOSITION
MONITORING I!Y GO-MS/MS OP I'CISs AND I'CNs IN BIOLOGICAL SAMPLES
It. Kralj 1 , D. Zigmi 1 , .!. Marsel2 and J. Jan 3

' j . Stefan Institute and Department of ('heuiistry. University of Ljubljana, Public Health Institute
of Slovenia, Ljubljana, Slovenia
During tlic last decade tandem IIIH.SK
spectromelry (MS/MS) became an attractive
technique in organic trace analysis. In particular,
the combination
of high resolution gas
chroniatography (IIRGC) and inultiple-rcactionmonitoring (MRM), represents a highly specific
method Tor analysis of complex environmental
samples.

'selected daughter ions of the fragment ion
decomposition of higher chlorinated series of
these compounds.
The determination of PCNs with five or more
chlorine atoms in the molecule in the presence of a
higher concentration of PCBs (100 times or more)
with GC-MS/MS leads to wrong conclusion if the
molecular ion of PCN with elemental composition
CI(,II8_X35CIX (x> 5) is selected as parent ion.
Namely, the isotopic patterns of hexa-, hepta- and
octa-chloro-naphthalenes are partially overlapped
in the region of the molecular ions by penta-,
hexa-,
and
hepta- chloro- biphenyls.
These
interference peaks, corresponding to different
chlorinated PCBs and PCNs in the mass
chromatogram
of
selected
decomposition
monitoring,
were successfully
avoided by
selecting a proper parent ion and specific reaction
of this ion.

In the present work the application of GCMS/MS is outlined ns a suitable tool for the
determination of polychloro-biphenyls (PCBs) and
polychloro-naphthalenes (I'CNs) in biological
samples from a contaminated area.
In an MRM experiment a parent ion (ni/z) is
selected by the first mass analyser (magnet) and
selected daughter ions are analysed witli a
quadrupole mass filter and monitored. The selected
parent ion (integer m/z) might represent the
molecular ion (M"*"") of the compound investigated
or a fragment ion (F + "). Peaks in the mass
chromatogram of selected reactions products in
HRGC-MS/MS determination of PCHs and PCNs
might correspond to:
*selccted fragments of the molecular ion of a
particular PCB or PCN

Considering all the possible interferences, the
identification/determination of PCNs in the
presence of a higher concentration of PCBs in
samples of human fat tissue from a contaminated
area will be presented.
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Fr D21
RAPID DETERMINATION OF DEGRADATION PRODUCTS OF
INDUSTRIAL CHEMICALS IN BIOLOGICAL FLUIDS BY FAST GO-MS
A Gilbert S Hanson L Lu

Fisons Instruments

Manchester U.K.

A Preston

University of Manchester

Manchester U.K.

G Skarping

University Hospital

Lund Sweden

Health effects of exposure to toxic chemicals are well known. To minimise health
hazards it is of great importance to monitor the exposure. For a few compounds there
are GC-MS methods based on the determination of biomarkers in biological fluids.
Method developments for many other compounds are in progress. To get satisfactory
statistics many samples need to be analysed, but one limiting factor is the relatively
low sample throughput using GC-MS, which results in high analysis costs.
A fast GC-MS was constructed by modifying a commercial GC-MS. The
chromatography time was reduced by using a short column. The mass spectrometer
was modified to support faster scan rates, and the data acquisition hardware and
software was enhanced in line with the reduced GC peak widths. This system was
used to investigate how the analysis time could be reduced while retaining sufficient
analytical performance.
In this swdy the possibility to analyse samples from woskere exposed to 4,4'Methyenediphenyl diisocyanate (MDI) is demonstrated. Urine or plasma were
hydrolysed, to the MDI corresponding amine (4,4'-Methyenedianiline, MDA). MDA
derivatised using pentafluoroproprionic acid anhydride (PTFA) and analysed by GCnegtive ion CI MS. Dideuterium labelled MDA was used as the internal standard.

Fr D22
Positive and negative atmospheric chemical ionisation in the analysis of
environmental and clinical samples.
Ellis C M .

Fisons Instruments

Manchester, UK

Within recent years literature reviews on LC-MS separations has increased significantly with
further developments in atmospheric pressure chemical ionisation [ APcl 1 and electrospray
interfaces. The ionisation process is very soft generating [M+H] + or [M-Hr ions for analytes
which are recognised as being thermally unstable or non-volatile. APcl in both negative and
chemical ionisation modes has been applied to Ihe analysis of a number of classes of
compounds from environmental and clinical matrices.
APcl+ and APcl- provides selectively and sensitivity for parent and metabolite identification
in steroid analysis with picogram sensitivity. APcl+ proved to be a highly selective rrielhod
development tool in the analysis of complex unresolved component chromatograms and in
discriminating analytes in complex plasma matrices.
In environmental matrices for studies with sea water and rain water, triazines have been
measured to low picogram quantities [ atrazine, simazine, desisopropylatrazine and
desethylatrazine and other substituted triazines ]. Inducing further fragmentation by applying
increasing cone voltage provided an additional tool in structural conformation. A further
advantage in APcl lies in the ability to use negative chemical ionisation mode for the
measurement of chlorinated pesticides and herbicides. Several polychlorinated biphenyl
compounds will be used as examples in the application of negative chemical ionisation.
Results will show the application of APcl in steroid analysis in clinical applications and also
with triazine and polychlorinated biphenyl analysis in providing environmental solutions in
LC-MS.
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Automated Methods for the Analysis of Trnce Elements in the Environment by ICP-MS
E C P Gillyon, C TTyc, K Robinson nnd I Abcll
Fisons Instruments Elemental Analysis, Ion Path, Road Three, Winsford, Cheshire CW7 3BX
Trace elemental analysis is one important aspect of environmental monitoring. In the USA the
methodology for this type of work is defined by the EPA and maximum permitted levels of contamination
are strictly regulated. Similarly in Europe, standards arc regulated by DWI. The existence of these
standards forces the analysis of large numbers of samples according to rigorous analytical protocols.
In this paper we will explore the implementation of ICP-MS for drinking water analysis. Data will be
presented on sample throughput, the use of automated QA/QC checks and the transfer of data into a
spreadsheet program for archiving and statistical manipulation. Finally, (he potential for semi-quantitative
analysis in rapid screening of water sources in suspect regions (for example some pans of Eastern
Europe) will be presented.

Fr D24
Mass spectrometric demonstration that PNGase F selectively deglycosylates
Asn-52 in a-hCG
Geert Jan Rademaker1, Carol van Zuylen2, Tonny de Beer2, Johannis P. Kamerling2, Johannes F.G.
Vliegenthart2, Johan Haverkamp', and Jane Thomas-Oates'
Bijvoet Center tor Biomolecular Research, Depts. of Mass Spectrometry1 and Bio-Organic Chemistry2, Utrecht
University, P.O. Box 800B3, 3508 TB Utrecht, The Netherlands
Human chorionic gonadotrophin is a heterodimeric glycoprotein which is produced in the placenta and which
acts in maintaining the corpus luteum during the early weeks of pregnancy. Us a-subunit has two sites of
W-glycosylation: Asn-52 and Asn-78. Although glycosylation of the a-subunit is not required for receptor
binding, it has been shown that glycosylation of Asn-52 is vital for signal transduclion1. 'H-NMR data obtained
from a-hCG which had been digested with W-glycosidase F (PNGase F) under native conditions indicate the
selective deglycosylation of one of the two Asn-residues.
"FAB-mapping'2 was used to determine which of the two Asn residues had been deglycosylated by the PNGase
F. This method is based on the observation that glycopeptide ionisation under FAB conditions is suppressed in
the presence of peptides. The FAB-map of the tryptic digest of partially deglycosylated a-hCG was obtained and
compared with that of native a-hCG. The spectrum of the partially deglycosylated a-hCG was very similar to that of
the native a-hCG, but contained an extra signal corresponding to the tryptic peptide containing deglycosylated
Asn-52. In contrast, no ion corresponding to the tryptic peptide containing deglycosylated Asn-78 was
observed. These data together demonstrate that the Asn residue which had been deglycosylated by the
PNGase F is Asn-52.

(1) M.M. Matzuk, J.L. Keene, and I. Boime, J. Biol. Chem. 264, 2409 (1989)
(2) A. Dell, J.E. Thomas-Oates, M.E. Rogers, and P.R. Tiller, Biochimie70,1435 (1988)
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Tandem Mass Speetrometry of Cationised Biomolecules
D. Despeyroux, V.C.M. Dale, J Lemoine. S G Summerfield. M.H. Florencio and K.R. Jennings
Department of Chemistry, Warwick University, Coventry CV4 7AL, United Kingdom
One of the first applications of metal ions in mass spectrometry was the confirmation of relative
molecular mass. The production of metal adducts from biomolecules for instance is fairly easy by Fast
Atom Bombardment (FAB) or Field Desorption (FD), and combined with tandem mass spectrometry
(MS/MS) it has been reported to increase the structural information content of the collision-induced
dissociation (CID) spectrum obtained It is known that in the gas phase, the fragmentation behaviour of
alkali-metal peptide complexes and their protonated analogues is different, and complementary
information can therefore be inferred.
Most of the research undertaken has focused on the nature of the adduct formed, the site of binding and
fragmentation patterns and it is now recognised that the [M+Cat]' population consists of a distribution of
"isomers" where the Cat* can bind at different locations on the peptide.
Peptides have not been the only biomolecules studied and many examples can be found in the literature on
the study of metal ion adducts of fatty acids, prostaglandins, carbohydrates and other related compounds.
We report here a compilation of recent work obtained on the Kratos Concept IIHH four sector mass
spectrometer, on the comparison of the CID spectra of protonated molecules and the corresponding
metal ion adduct (alkaline, alkaline-earth and transition metal) of different classes of biomolecules ranging
from 300 to 2000 Daltons. While the focus of numerous groups is currently centred on general binding
site predictions, this investigation is intended to show the effectiveness and interest of parallel studies of
the CID of protonated and cationised species
CID spectra will therefore be presented and compared for some cyclic peptide toxins (nodularin,
microcystis LR and RR), glycosidic antibiotics, oligosaccharides and peptides.
References
L.M. Teesch and J. Adams, Org. A/ass Spectrom., 27, 9? 1-943 (1992)
J. Lcmoinc. B. Fournct, D. Despcyroux, K.R. Jennings, R. Rosenberg and E. de Hoffmann, J.Am.Soc. Mass Spectrom., 4,
197-203 (1993)
S. Summerficld. V.C.M. Dale. D. Dcspeyroux and K.R Jennings, siibmillcd loJ. Am. Soc. Mass Speclnm.

Fr D26
TEMPERATURE PROGRAMMED MASS SPECTROMETRY OF BIOMOLECULES
IH SURFACE CHEMISTRY STUDIES
V. A. PoKrovsKlY
Institute for Surface Chemistry, UKrainlan Academy of sciences
The efficiency of up-to-date methods of investigation of
surface phenomena Is strongly limited in the case of disperse
systems. It is caused by a large surface area, by Its amorphous
disordered character and by the variety and lability of active
centers of the surface. They are very those properties of
disperse samples which cause the methodical difficulties in
study of the systems of such a type, but maKe them a diverse
and promising matrix for adsorption of bologlcally active
molecules (BAM).
Silica and alumina and their mixed forms being the main
material of the earth surface lndoubtedly tooK an active part
in the process of biological evolution which explains the fact
of their strong biological effect on living
beings and
predetermines
the scientific Interest to the details of
BAM transformations in adsorption layer on the oxide surfaces.
Temperature
programmed
mass
spectrometry
(TPD MS)
techniques have been developed for the alms of BAM surface
chemistry investigation. The automation of the experiment and
computer operation with MS data have been completed. Specific
features of the sample under investigation limit the rate of
temperature change for the sample of l mg weight to o. l K/s in
order to avoid readsorptlon and temperature gradients. During
the experiment the uninterrupted record of mass spectra is
realised simultaneously with temperature increase guided by a
computer program. The TPD MS information is represented either
as a set of mass spectra, or as a set of thermograms.
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INVESTIGATION OF CYANCOBALAMINE AND SOME CARBOHYDRATES ON THE
DISPERSE OXIDE SURFACE BY HEANS OF TEMPERATURE PROGRAMMED
DESORPTION MASS SPECTROMETRY.
V. A. PoKrovsKlr, N. P. Galagan, L. I. DembnovetsKaya.
institute for Surface Chemistry, UKralnlan Academy of Sciences
The adsorption of cyancobalamlne <B12 vitamin) from the
aqueous solution on the disperse silica and alumina surfaces was
studied. It has been found that adsorption of B12 on the silica
surface depends essentially on the P H value whereas adsorption on
the alumina surface was not observed at all in the Interval of P H
= 3-9. TPD MS data, compared with TA MS data of solid phase
thermolysis of cyancobalamlne confirm the multipoint mechanism of
the cyancobalamlne molecule adsorption in which the the
proplonamlde and benzamlde groups participate as well as the
positively charged cobalt atom.
The Investigation of monose, glucose and ollgosaccharlde
rafflnose by means of TPD MS has shown that the thermolysis In
solid state proceeds in a low temperature interval of 200-400 C.
The temperature dependences of mass spectra have been found to be
individual for each compound.
The starting temperatures of thermolysis for glucose and
rafflnose adsorbed on the disperse silica modified by amlne
groups are similar to that in a solid state but result In
alternate sets of ion fragments in the mass spectra. The probable
explanation of observed effects consist in the fact that the
initial stages of thermal decomposition approximately joincide in
both cases whereas the further reactions depend stronsly upon the
presence and structure of the disperse silica surface.

Fr D28
Hybrid MS/MS application to the study of some biocatalytic desulphurization
processes.
A. Mdndez, J. Bazdikian, J. Medina, M. Hazos, and R. Romero.
INTEVEP S.A., P.O.Box 76343, Caracas 1070A, Venezuela.
Government regulations to preserve the environment worldwide have become more and
more demanding. An especial concern is the sulphur content in fossil fuels. The
California Air Resource Board (CARB) for instance will not allow by 1996 a sulphur
content higher than 30 ppm in gasoline and 300 ppm in Diesel fuel. Conventional
processes to reduce the sulphur in fossil fuels and crude oils are inefficient towards the
most recalcitrant structure that sulphur forms in these materials, thiophenes. Therefore,
its transformation has to be attempted by alternative methodologies. Microbial
desulfurization is becoming increasingly attractive due to its selectivity and furthermore
it does not release carbon as an undesirable by-product.
The microbial transformation of sulphur compounds is not yet totally understood. The
experimental conditions to perform it in a quantitative manner is still subjected to
study. The reaction mixtures are very complex and require chromatographic separations
before their analysis. In this work, MS/MS was applied to the characterization of the
resulting biodegradation mixtures, showing several advantages with respect to
unambiguity and speed of analysis, as it avoids the separation steps. The experiments
were performed in a V.G. ZAB-2SEQ mass spectrometer in electron impact mode
using die daughter ion scanning technique. Results on model compounds show that the
sulfoxide and sulfones can be readily distinguished from their structural isomers monoand dihydroxi-dibenzothiophene formed in a competing pathway metabolism. Other
species were also identified indicating the different methabolic pathways.
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THE APPLICATION OF ELECTROSPRAY MASS SPECTROMETRY TO THE STUDY OF AZIRIDINIUM IONS
IN BIOLOGICAL FLUIDS
K.J. van der Merwe and S.S. de Kock.
Dept. of Biochemistry, University of Stellenbosch, Stellenbosch 7600, South Africa
Aziridines contain a saturated three membered ring consisting of one nitrogen and two carbon atoms as
part of their chemical structure. In aqueous media these compounds exist in equilibrium with their
protonated counterparts, called aziridinium ions. These ions have chemical properties similar to those of
many highly reactive intermediates. With nucleophiles they readily undergo reactions in which the three
membered ring is opened to yield substituted 2-ethylamine derivatives. Aziridinium ions can also react
with their own corresponding aziridines, acting as nucleophiles, to form dimers (known as piperazines) or
higher polymerization products. ES-MS lends itself to a study of all these reactions.
Aziridine rings occur in natural products such as the mitomycins, and in the extracts of certain Salsoia
species studied in our laboratory. Aziridinium ions are however best known as the biologically active
intermediates in the mechanism of action of the widely used chemotherapeulic alkylating agents, the
nitrogen mustards. Detailed knowledge about the qualitative and quantitative aspects of the equilibria to
which aziridinium ions are subjected before administration and afterwards inside the body, is therefore a
prerequisite for the effective use of these compounds. This paper describes the results obtained when
ES-MS was used for this purpose.

FrD30
The Use of Electrospray Mass Spectrometry In Understanding the Chemical and
Molecular Basis of Radloimmunoconjugates
Keirvn L. Bennett. Roger J.W. Truscott and Margaret M. Sheil
Department of Chemistry, University of Wollongong, Northfields Ave., Wollongong, NSW,
AUSTRALIA, 2522.
Suzanne V. Smith and Richard M. Lambrecht
Biomedicine and Health Program, Australian Nuclear Science and Technology Organisation (Ansto),
Menai, NSW, AUSTRALIA. 2234.
Monoclonal antibodies are 150 kDa proteins that can be directed at well-defined antigens for both
therapeutic and diagnostic purposes. The addition of radioisotopes to monoclonal antibodies is an
area of considerable interest in nuclear medicine as it offers the potential to direct radioisotopes to
cancer cells in vivo. Improved attachment of the isotope to the antibody can be achieved with the aid of
a bioconjugate. The aim of this project is to utilise electrospray mass spectrometry (ESI) in the
development of new bioconjugates for the production of radioimmunoconjugates which are
comprised of three components:
(i)
(H)
(iii)

the monoclonal antibody,
the bioconjugate (or bifunctional chelator). An organic compound which binds to the
monoclonal antibody and complexes the radioisotope, enabling coupling of the
radioisotope and the protein,
the radioisotope, which is chosen for its chemical, physical and biological properties for
either the detection or therapy of tumour or disease state.

Our preliminary results showing the attachment of bioconjugates to small proteins such as lysozyme
(14 kDa) and a-crystallin (20 kDa) demonstrate the utility of using ESI to characterise these complexes.
In particular ESI overcomes the difficulties associated with existing radiochemical methods for
characterisation which are both time consuming and inaccurate. We have also shown that ESI can be
used to monitor direct labelling (eg. iodination) of proteins. Finally, the ESI spectra of the B72.3
monoclonal antibody and fragments will be presented and the ionisation conditions for these large
proteins discussed.
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2

Analysis of H,-Phenylalaniiie at Very Low Enrichment: the Measurement of Protein Synthesis in
Health and Disease.
Christine Slater and Tom Preston
Scottish Universities Research and Reactor Centre, East Kilbride, Glasgow, G75 OQU, U.K.
During the inflammatory response, liver export proteins sucli as albumin and the acute phase proteins,
undergo major changes in plasma concentration. As fluid balance is often disturbed in critical illness, a
knowledge of the synthetic rate of individual proteins gives greater insight into the disease process and
provides a basis for assessment of therapeutic intervention
The incorporation with time of a stable isotope labelled amino acid into specific proteins is commonly
used to measure protein synthesis. A single large 'flooding dose' of labelled amino acid can be used to
overcome the uncertainty of the precursor enrichment at the site of protein synthesis. In this protocol it is
impractical to raise the precursor amino acid pool much above 10 mole % tracer excess. When the
fractional synthetic rate (FSR) of a protein is low (<10% per day) and the protocol duration short,
analysis of very low tracer enrichment (typically 0.002-0.02 mole % excess) in the protein hydrolysate is
necessary.
This work describes how albumin FSR has been measured using JH,-phenylalanine as tracer. Tracer
enrichment in free phenylalanine was measured by GC/MS (VG Trio-1000 with El ionisation) analysis of
the /«V-butyldimethylsilyl (TBDMS) derivative. The technical challenge of measuring tracer enrichment
of a few ppm has been met by careful control of sample preparation yield and analysis of the TBDMS
derivative of phenyJethylamine, formed by enzymic decarboxylation of phenylalanine. Use of the same
derivative for analysis of the free amino acid precursor and the protein hydrolysates facilitates
consecutive analysis of precursor and product enrichment on the same instrument without disturbing
operating conditions.
Albumin FSR is given for a group of patients undergoing elective surgery.

Fr D32
ICP-MS analysis of pig's blood
Annette Behrens, Lis Vinther Kristensen, Per Solgaard and Elfinn Larsen
Rise National Laboratory, DK-4000 Roskilde, Denmark

The content of Cr, Cu, Ni, As, Se, Cd, Hg and Pb in pig's blood was determined by
inductively coupled plasma mass spectrometry (ICP-MS). Two different methods were
used to digest/dissolve the blood samples: nitric acid using the microwave technique
and dissolution in tetramethyl-ammonium-hydroxyde. The dissolved samples were
diluted with water and measured by ICP-MS.
The aim of this research was to develop a method for fast screening of the above
mentioned elements to guarantee the quality of the pig. The method should be very
suitable for control analysis and with a detection limit corresponding to the normal
levels in blood, that means in the ppb range. Unfortunately, blood/muscle ratios are
not available for the elements. FAO (WHO) has established limit values of heavy
metals only in pork.
The determination of trace amount of Cr gives some problems due to interference
from ArC, less severe, however, using the microwave technique. Experiments with
variable amount of acetate, chloride and trace amount of Cr added to standards are in
progress. The data being subjected to a partial least square regression (PLS) analysis to
eliminate the spectral interferences.
The results from the two methods of digesting/dissolving the blood samples will be
compared and the success to eliminate the interferences in determining Cr discussed.
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AN APPLICATION OF ION-MOLECULE REACTION WITH V1NVL METHYL ETHER: DIRECT
LOCATION OF DOUBLE BOND IN C 2 5 TO C33 MONOOLEFINS OF ANT CUTICULAR EXTRACTS.

C. Malosse1, J. Einhorn1 and A. Lenoir2
1
2

INRA. Laboratoire de Phylopharinncie. Route tie S' Cyr, 78020 Versailles Ci'dex France.
CNRS. Laboratoire d'Elhologie Experimental el Coniparee. Universitc Paris Nord. 93430 Villetaneuse France.

Direct location of the double bond position using gas-phase ion-molecule reactions have been
investigated last years. Various reagent gases such as isobutane [1], amines [1], vinyl ethers [2]
and nitric oxid [1,3] have been proposed in the case of monofunctional olefins, With CI-NO+MS, a strong dependence of experimental factors i.e. sample and NO pressure {3] on the
production of the characteristic acylium ion(s) has been pointed out.This method leads however to
some success in practical applications [4]. Until recently, liquid phase prederivatization (i.e.
alkylthiolation [5]) followed by gas chromaiography-mass spectrometry analysis was a typical
method for determination of the double bond position in the long chain alkenes commonly found
in cuticular extracts of various species of insects such as ants, termites, flyes. In the present work
regarding identification of components playing a recognition role for ant species , it is shown that
we can more conveniently use a direct gas phase ion-molecule reaction between the vinyl methyl
ether (VME) radical cation and the olefinic substrates. Besides the molecular species, substituted
vinyl methyl ether radical cations are produced which identify unambiguously the position of the
double bond in the initial alkenes. According to experiments done with the deuterium labelled
(OCD3) reagent, these ions are in agreement with the reported process [2]. The examples studied
clearly demonstrate the usefulness of VME as such to initiate ion-molecule reactions for structural
determinations in the case of long chain alkenes.
[11-BudzikiewiczH. and Busker E., Tetrahedron, 36, 255-266, 1980.
[2)-Grealhead R.G. and Jennings K.R., Org. Mass Specnom., 15, 431, 1980.
13]-Einhom J. and MatosseC, Oig. Mass Specimm., 25, 49-52, 1990.
[4J-Febvay G., Bonnot G., Malosse C. and Einhorn J., Experieiiiia, 49. 915-918, 1993.
[5|-Francis G.W. and Veland K..J. Chromai.. 219. -)79. 1981

Fr D34
STEREOSPECIFIC DECOMPOSITIONS OF M H + AND [M + NH 4 ]+ IONS PREPARED IN
Cl AMMONIA FROM TETRACYCLIC ALKALOIDS IN TANDEM MASS SPECTROMETRY.

S. Gregoire , D. Dugas^, F. Fournicr1, J.C. Gramain2 ct J.C. Tabet*'
1

Laboratoire de Chimie Organique Structuralc, U. P. M. C., 75252 Paris Cedcx 05, FRANCE,
* Laboratoire de Chimie des Substances Naturelles, Universite B. Pascal, 63177 Aubiere Cedex.

Several studies investigated stereochcmical effects observed in the IE mass spectra and CID
spectra of molecular ions from synthetic and natural alkaloids. More recently, low collision energy
CID spectra of protonatcd cpimeric alkaloids yield additionnal informations and furthermore, the
mode of preparation of protonated species can significantly influence the fingerprint of CID spectrum because variation of the orientation decompositions depend upon modification of (i) initial
internal energy and (ii) ionisation site. Alternatively, ERMS investigation already used for natural
structure analysis, could be very informative to compare stereochemistry of organic and natural
compounds. For instance, tlie following cptmcric tctracyclic alkaloids which are important intermediates of natural compound synthesis are characterized by cis/trans ring junction geometries
and by different configuration of ethyl group linked to the cyclohexane ring:

Low energy CID spectra of MH + and [M + NH4I"1" present large differences according to (i) the
ring junction geometry and (ii) the stereochemistry of side chain. Likely, regioselective protonation
at basic site seems to be influenced by the skeleton structure. In addition, decompositions by H
migration can be hindered for a particular stereochemistry. Interpretation of certain fragmentations will involve ion-dipole formation and also consecutive decompositions merite to be scrutinized. For such purpose, ERMS investigations allow to give evidences on the proposed mechanismes
involving (or not) complex intermediates influenced by stereochemistry.
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Fr D35
EVALUATION OF ESSENTIAL OIL COMPOSITION DISTILLED FROM DIFFERENT
ECHINACEA GENUS BY COMBINED GAS CHROMATOGRAPHY-MASS SPECTROMETRY
J. Lefler, L. Lelik, E. Bihatsi-Karsai, G. Vitanyi and L. Praszna
University of Horticulture & Food Industry, Central Laboratory
Species of Echinacea genus (E. angustifolia, E. pallida, E. purpurea)
contain numerous biologically active compounds e.g. caffeic acid
derivatives, polyacetylenes, flavonoides, alkamides etc.
During systematic investigation of the components, the present study
focuses on the essential oil content of the root and leaves, which
were harvested in the fall of 1993. Literature data show that the oil
might be immunologically active.
The essential oil was gained by steam distillation and analyzed by a
coupled gas chromatograph mass spectrometer.
Analytical conditions: A HP-5890 gas chromatograph coupled by a
direct capillary interface to a VG TR1O-2 quadrupole mass spectrometer was used. An apolar fused silica capillary column (HP-1)
(25m x 0.32mm x 0.20um) was installed. Temperature was programmed.
Data acqusition and process control was performed by a DEC PDP 11/53
microcomputer. The identification of the compounds was based on
retention times and/or on NBS library data. More than 10 components
were successfully identified among them ketoalkenes and ketoalkynes.
This work was supported by the National Research Fund (OTKA No. 452.}

Fr D36
IDENTIFICATION OF VOLATILES, EXTRACTED FROM SHI-TAKE MUSHROOMS
BY GAS CHROMATOGRAPHY-MASS SPECTROMETRY
G. Vitanyi, E. Bihatsi-Karsai, L. Lelik, J. Lefler, M. Gasztonyi and
G. Vereckey
University of Horticulture & Food Industry, Central Laboratory
H-1118 Budapest, Villa'nyi ut.35-43. H U N G A R Y
Shi-take (Lentinus edodes) is an edible mushroom highly prized in
Japan and in Hungary as well. The fresh mushroom exhibits only a
slight odor, but upon drying and crushing, a characteristic,
sulfurous aroma gradually develops.
Lenthionine a cyclic sulphur compound known to possess the
characteristic aroma of Shi-take mushroom.
The aim of the present study was to develop a suitable GC-MS method
to monitor the volatile aroma components of the cultivated mushroom
and the mycelium. Cultivation was performed in a submerge liquid
medium in order to minimize the time of production.
Volatiles were extracted by a mixture of n-hexane-ethanol 9:1.
ANALYTICAL CONDITIONS; A HP-5890 capillary gas chromatograph linked
by a direct capillary interface to a VG TRIO-2 quadrupole mass
spectrometer was used. An apolar capillary column was installed.
Detection was performed in full SCAN mode. Based on NBS library data
lenthionine, trithiolane and other aroma compounds were successfully
identified in the mycelium and in the mushroom as well.
This work was supported by the National Research Fund (OTKA No.452)
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Fr D37
Degradative pathways for aqueous chlorination of several
structural fragments of humic material.
A.T.Lebedev, N.Y.Tretyakova, O.N.KIjueva, N.A.Moshkarina, V.S.Petrosyan
Moscow State Lomonosov University, Moscow, Russia.
Chlorination has been used in water desinfection since the beginning of the
20-th century. However, in the early 70-s it was found.that chlorination of drinking
water led to the generation of undesireable by-products which have been
indentified as an important source of chemical contamination of drinking water.
Until recently the attention has been focused mostly on trihalomethanes, however
modern GC-MS allows to detect a great variety of other chlorination products.
Any approaches to reduce the concentrations of chlorinated by-products in
drinking water require the clear understanding of the reaction pathways governing
their formation. The principal natural source of these compounds are humic
substances of various structures. Due to the complexity and variability of the
composition and structure of natural humic substances it is extremely difficult to
study the detailed mechanism of their reaction with chlorine. The most reasonable
simplification involves the usage of simple models comprising structural fragments
of humic material.
Methylacetophenone, m-dimethoxybenzene, orcinol, a- and b-naphtoles and
biphenyl have been selected for the beginning of this study. The experiments
were conducted at chlorine to substrate molar ratios from 1:2 to 20:1 and neutral
pHs. Chlorination of orcinol gave rise to more than forty reaction products and
intermediates, including chlorinated orcinols, non-cyclic and cyclic chlorinated
ketones, carboxylic acids, ketoacids, lactones and furanones, while other
precursors were not so productive.

FrD38
Analysis of High Mass Biomolecules and Polymers by MALDI-FTMS
Salvador Pastor, Michael Dey,and Charles L. Wilkins
Department of Chemistry, University of California, Riverside, Riverside, CA 92521, U.S.A.
High resolution matrix-assisted laser desorption/ionization was first demonstrated using
Fourier transform mass spectrometry in 19921. In that work, resolving power of about 12,000
was obtained for MALDI-FTMS of cytochrome C. Subsequently, it has been possible to
routinely obtain similar or better resolution for biomolecules and polymers with masses up to
approximately 12,000-13,000 daltons. However, although MALDI can be successfully achieved
for biomolecules with masses in excess of 100,000 daltons, mass resolution for 7 Tesla FTMS
measurements are no better than those for similar time-of-flight mass spectrometry
measurements (resolving power on the order of several hundred). It seems probable that the
reason for the much reduced resolving power for higher mass species is the significant
translational energies of desorbing molecular ions, which increase as a function of mass2. A
consequence in the FTMS measurement is that higher mass molecules are harder to trap for the
lengths of time required for high resolution measurements. Here, we will report recent
experiments intended to address this problem, including implementation of quadrupolar
axialization methods to relax energetic molecular ions to the center of the analyzer cell and the
use of new trapping protocols which have promise for yielding improved efficiency. We will
also present results delineating the current status of high resolution MALDI (still only possible
by FTMS) and discuss the implications of the new strategies for achieving the goal of high
resolution MALDI over the entire mass range available by FTMS.

Literature Cited
1. C. Koster, J. A. Castoro, and C.L. Wilkins, J. Am. Chem. Soc, 114,7572 (1992).
2. Y. Pan and R.J. Cotter, Org. Mass Spectrom., 27,3 (1992).
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Fr D39
CZE/MS/MS OF DYES AND PEPTIDES
L.W.Tetler. P.Cooper, "C.M.Carr and # B.Powell
Michael Barber Centre for Mass Spectrometry, *Dept of Textiles, UMIST,
PO Box 88, Manchester, M60 1QD, UK and #Zeneca Specialties, Manchester, UK.
Capillary zone electrophoresis (CZE) and mass spectrometry (MS) were first interfaced
in 1987 and since then the technique of CZE/MS has emerged as an important addition
to the field of analytical chemistry, combining the speed and highly efficient separations
from small sample consumption provided by CZE, with the sensitivity and more
importantly the selectivity and near universality of mass spectrometry.
Currently, the most favoured mass spectrometry ionisation method is electrospray (or
ionspray), the main feature of which is the ability to analyse large biomolecules on low
mass range quadrupole instruments, due to the multiple charging effect and 'soft' nature
of the technique. Although electrospray performs equally as well for smaller molecules,
the information obtainable is usually restricted to molecular ion measurement. When
further structural information is required it is therefore necessary to employ tandem mass
spectrometry methods such as product ion scans.
To this end, we have combined a home built CZE system with a PE Sciex API III triple
quadrupole mass spectrometer using a coaxial interface arrangement in order to
investigate various compounds, particularly those related to the textile and dyeing
industries.
The system was developed and evaluated using a simple peptide mixture. A dye from
the reactive dye class was then chosen to investigate the applicability of the technique to
this area. This type of dye usually exists as various species in solution. We have used
CZE/MS/MS to analyse these species with a view to studying samples extracted from
various textiles in order to achieve a better understanding of the dyeing process. The
results from these and other CZE/MS/MS analyses will be presented here.

Fr D40
Identification of marine fatty acids by mass spectrometry of their methyl esters
Terje Lygre and Otto Grahl-Nielsen
Department ofChemistry, University of Bergen. N-5007 Bergen, Norway
Electron impact mass spectrometry of methyl esters of long chain unsaturated fatty acids is
not considered useful for determination of position and number of double bonds, since single
fragments, diagnostic for the respective acids, have not been identified. However, the use of
chemometrics, collecting information from several fragments simultaneously, has made it possible to distinguish saturated, monounsaturated, diunsaturated, as well as polyunsaturated fatty acid methyl esters from simple mass spectra obtained from an ordinary bench-top, mass selective detector, Fig. 1. Among the monounsaturated acids the chain length and position of
the double bond were determined, and among the di- and poly-unsaturated the position and
number of double bonds could be recognized, Fig. 2. Eighteen fragments between m/z 43
and 143, present in the spectra of all fatty acid methyl esters, were selected for multivariate
treatment, i.e. principal component analysis. The results are displayed in principal component
plots, in which the relative position of the fatty acid methyl esters indicate the differences
among them.
' PC 2 • »

(*\ P o l y I
\

,

^\ unsaturated
/Jf
• \
Saturated/jf/

\*
Di
,
unsaturalni

IS

/i\
22:6n3

fef

20:4n6
P\

-

20:3n6

"I

»\ rk

/
) 20:Sn3
1 * l/^\

Mono20:3n3
-A
18:3
PC I en

PC 179.

Fig. 2. PC-plot of 7 poly-unsalurated
fatly acid methylesters. 3-4 replicates
of each, based on 18 fragments

Fig. 1. PC-plot of 18 fatty acid metyl
esters based on 18 fragments

-384-

13th IMSC, Budapest 1994

Friday, 2 September

Session D

FrD41
GC/MS and GC/MS-MS methods for structural analysis of cyclic fatty acids
formed in frying oils
J.L. Le Quere a , J.L. Sebedio b and W.W. Christie c
INRA a Laboratoire des Aromes and b Nutrition Lipidique, Dijon, France
c
Scottish Crop Research Institute, Dundee, Scotland
During frying operations, cyclic fatty acids (CFAM) are formed from oleic, linoleic and
linolenic acids and these CFAMs have been shown to exhibit a possible toxic effect. Direct
characterization of individual compounds was carried out by GC/MS of their methyl esters.
However, characteristic fragment ions were of very low intensity, and the positions of the
carbon-carbon unsaturations could not be located.
Three mass spectrometric methods were used in order to elucidate the complete structures
of the CFAMs isolated from linseed and sunflower oils : GC/MS of the picolinyl ester
derivatives 1) before and after total hydrogenation, GC/MS of the oxazoline derivatives 2)
before and after total hydrogenation, and GC/MS-MS of the pentafluorobenzyl esters 3 )
under electron-capture conditions in the B/E linked scan mode, using a Kratos Concept
mass spectrometer. The three methods will be compared to outline their respective
advantages and drawbacks.
References
(1)

Christie, W. W.; Brechany, E. Y.; Holman, R. T. Lipids 1987,22, 224.

(2)

Luthria, D. L; Sprecher, H. Lipids 1993, 28, 561.

(3)
Prome, J.-C; Aurelle, H.; Couderc, F.; Savagnac, A. Rapid Communications in Mass
Spectrometry 1987, 1, 50.

FrD42
ISOTOPIC RATIO MASS SPECTROMETRY: AN EVALUATION OF SOME
PARAMETERS OF ijuMxn FERMENTATION
F. Reniero", S. Schiavon00, N. Obiakov00, S. Daolio*, G. Bittante00
"Istituto Agrario, S.Michele a/A (TN);O0Dip. Scienze Zootecniche,*IPELP-C.N.R., Padova, I
Stable isotope analysis has been successfully used in food control and in biochemical
research, particularly in science nutrition.
Carbon isotope fractionation can play an important role for a better understanding of
metabolic pathways of nutrient utilization in living organism and the study of rumen
fermentation is of great interest for animal origin feed production.
Degradation of feed, growth of microbes and the evolution of gases as CO2 and CH4 in the
rumen can be followed by means of isotopic ratio determination and the literature reports
some good applications showing the method potentiality.
In the present experiment three diets based on alfalfa meal (50%), sojabean (10%) and
cracked or flacked or ground maize (40%) were fermented in vitro for 2,4,8 hours.
A complete dry matter balance was performed measuring variations of food residuals,
bacteria, protozoa, volatile fatty acids, carbon dioxide, methane with conventional methods.
The same fractions were analyzed by 13c/12Q isotopic ratio mass spectrometry in order to
evaluate the effect of different diets or treatment on microbes growth, food degradability
and finally to obtain efficiency data on the food utilization. Interesting preliminary data wilJ
be presented and discussed.
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A negative chemical ionization-gas chromatography-mass spectrometry method was used to measure the
isotopic enrichment of multiple serine and glycine isotopomers as the amino acid N-neptafluorobutyryl n-propyl
ester derivatives. Deconvolution of the ion abundances ratios to yield tracer-to-tracee ratios for each isotopomer
was done using Brauman's least square approach. (d-15N)serine and (I.Z-'^CgJglycine were given as a single
intravenous bolus to six health male subjects. Plasma concentration of glycine and serine were determined after
addition of (<*-15N,1.2.3-1 ^ J s e r i n e and (c(-1sN.1.2-1 ^ g l y c i n e as internal standards to 500 ul of plasma. Since
glycine and serine are rapidly interconverted by hepatic serine hydroxymethyl transferase. the resultant tracer
spectrum requires deconvolution of the enrichment of 4 isotopomers of each amino acid.. The method had good
analytical linearity between 10 and 8oo ug ml' 1 . and both precision and accuracy was 5% for plasma amino acids.
Sensitivity permited analysis of 100 pg amino acid on column.

Fr D44
ISOTOPE DILUTION GC/MS OF AMINO ACID FOR TRANSMEMBRANAR TRANSPORT STUD>
IN HUMAN RED CELL
Monica Culea*. Silvia Neamtu*. M. Chiriac. N. Palibroda*.. Z. Moldovan* and Simona Nicoara"*
" Institute ol Isotopic and Molecular Technology. Str. Donath. 65-103.3400 Cluj-Napoce
"Technical University ofCluj, Cluj-Napoca. Romania
A method for amino acids transmembranar transport

acid transmembranar transport study in human ted cell

study in human red cells, using isotope dilution

was compared with a transmembranar transport study

GC/MS technique, is presented. A stable isotopic
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derivative, was performed on a 1% EGA packed

cells studied. Incubation in the presence of some

chromatographic column, at 140°C, coupled to a

ingredients showed an increasing o f the ammo acid

double focusing mass spectrometer. The validation of

influx in the cell.

the method /I/ in the range 0-70ng/ml gave good
linearity and reproducibility. The amino acid influx

References

study in the red cell was related to temperature, tune,

1. M Culea, N. Palibroda, Z, Moldovan, M. Chiriac:

amino acid concentration and presence o f some

"Determination of some Amino Acids in Biological

ingredients (NaCl, drugs). An increasing amino acid

Extracts using the Isotope Dilution Mass Spectrometty

influx in the ted cell was detected. The influx was

Method", Rev. roum.Biochim.,28 (1991) 1/2,61.

measured at 37°C for 10 minutes to the concentrations
of "N-glycine of 0.1,1 and 5 mmoles/ml. The amino
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Fr D45
Desorption Chemical lonization Tandem Mass Spectrometry of Dolichyl and Polyprenyl
Phosphates
Beata A. Wolucka, Raoul Rozenberg, Tadeusz Chojnacki* and Edmond de
Hoffmann
Department of Chemistry, University of Louvaln, PI. Pasteur 1, B-1348 Louvaln-la-Neuve,
Belgium.
* Institute of Biochemistry and Biophysics, Polish Academy of Sciences, Rakowlecka St. 36, 02532 Warsaw, Poland.
We applied a negative-Ion desorption chemical lonization for the analysis of plcomole quantities
of dolichyl and polyprenyl phosphates of different sizes from 7 to 20 Isoprene units. All compounds tested
showed the presence of Ions corresponding to the loss of a part or the entire phosphate group. The
product Ion spectrum of the (M-H3PO4-H)- parent gave a series of Ions distant by 68 mass units (Isoprene
residue) accompanied by fragments 14 mass units larger or smaller. The most intense daughter Ions were
derived from cracking In the middle of the isoprenold chain, whereas the less Intense Ions corresponded
to the smallest (I.e. 3 Isoprene units) or the largest (i.e. (M-H3P04-H-69)- fragments. Therefore a
characteristic "gausslan-like" pattern of a daughter spectrum was observed. Studies with prenyl
phosphates deuterated specifically at C, or (C3 and C4) position showed clearly that the fragmentation of
the Isoprenold chain proceeds from both ends giving rise to two series of fragments: o-series and a-serles
with preserved the a>- and a-lsoprene unit, respectively. Dolichyl phosphates can be distigulshed from the
corresponding polyprenyl phosphates not only on the base of a 2 mass unit shift of the (M-98-H)" Ion and
of all ions of the a-serles, but also by the presence of much more intense (68 x n + 14). Moreover, the
analysis of an unusual, partially saturated octahydroheptaprenyl phosphate Isolated from Mycobacterium
smegmatis revealed that this method gives valuable information about subtle modifications within the
Isoprenoid chain.

Fr D46

ANALYSIS OF DERIVATIZED POLYISOPRENOID LIPIDS BY ELECTROSPRAY / COLLISION
INDUCED DISSOCIATION / MASS SPECTROMETRY
W. .1. Griffiths. A. Lundsjo, J. Sjovall, M. Hertman and O. Larsson.
Department of Medical Biochemistry and Biophysics, Karolinska Institute, S17177 Stockholm, Sweden.

Dolichols and polyprenols are polyisoprenoid lipids found in all cells. A chromatographic system has been
developed for their purification and separation involving normal- and reversed-phase HPLC and ligand exchange
chromatography. Dolichols and polyprenols give only weak molecular ions in FAB and ES spectra. To improve the
sensitivity for detection and for structural analysis derivatization procedures have been carried out.
Dolichols can be readily sulphated. The resultant sulphate esters gives strong [M-H]- pseudomolecular ions in
negative-ion ES spectra. Cone voltage fragment ions are also observed which correspond to the loss of succesive
isoprene units, and are separated by 68 Da. Negative-ion ES / collision induced dissociation (CID) spectra were
also recorded on the sulphate ester [M-H]- ion. The ES/CID spectra show similar fragmentation patterns to those
observed in the ES cone voltage fragmentation spectra with succesive intense fragment ions being separated by 68
Da. Fragmentations occur at the ally) carbon bonds and remote from the site of charge.
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Fr D47
Use of High Resolution Mass Spectrometry to Investigate the Potential Origins of Ethyl Carbamate in Port Wines
M.J. Lewis, Department of Agricultural Sciences, University of Bristol. Institute of Arable Crops Research, Long
Ashton Research Station, Bristol BS18 9AF, UK.
S.J. Watklns, Cockburn Smithes & Cla Lda., Rua das Coradas 13, 4400 Vila Nova da Gaia, Portugal.
The presence of ethyl carbamate (E.C.) In alcoholic beverages has been much Investigated in recent years. As a
knowr animal carcinogen, concern centres around the possible toxicity of EC. to human health. Much effort has
been put into understanding the mechanism of E.C. formation and, thus, to limit its concentration. The production
of E.C. Is generally believed to result primarily from the ethanolysis of urea. Using ' 3 C and ' 5 N labelled amlno acids,
known precursors of urea via the urea cycle, attempts were made to detect the presence of label In E.C.
The positive electron Impact mass spectrum of E.C. gives a prominent ion at m/z 62 due to a McLafferty + 1
rearrangement:-

OH
NH,

OH
The method relied upon the introduction of U C or 1SN labels into this fragment. Separation of the two labelled
species required mass spectral resolution of 10000 and, in addition, the unlabelled m/z 62 was monitored to
calculate total E.C. concentrations. Selected Ion monitoring was used on a Kratos MS80RFA mass spectrometer.
Calibration with conventional reference compounds proved Impossible at low mass so an aliphatic hydrocarbon was
used, both for calibrating and to provide a lock mass.
Arginine was found to be a very Important source of E.C. precursors, especially at the start of fermentation. In the
latter stages, other precursors were found to contribute significantly.

Fr D48

Electrospray LC-MS Investigation
Desertomycin complex

of

the

Components

in

the

Z. Dinya and F. Sztaricskai
Research Group for Antibiotics of the Hungarian Academy of
Sciences, University of Debrecen, H-4010 Debrecen, Hungary
The original Hungarian antibiotic Desertomycin proved to be a
mixture of several compounds. Besides Desertomycin A and B, the
structures of which were determined first by us, the fermentation
complex contains other antibiotics (Oasomycins) differing only in
the structures of the side chains. The original Desertomycin
fermentation complex was studied by electrospray LC-MS methods
and, in addition to the main component Desertomycin A, six
additional compounds were identified. Among them Oasomycins and
Desertomycin F - the N-methyl derivptive of Dessrtomycin B - could
be found.

-388-

13th IMSC, Budapest 1994

Friday, 2 September

Session D

Fr D49

Investigation
GC-LC-MS

of Organic Components

in Poplar

Bud Extracts by

Z. Dinya, J. Jek6 + and Gy. Litkei
Department

of Chemistry,

University

of Debrecen,

H-4010

Debrecen,

Hungary
+

Alkaloida Pharmaceutical

Works,

Tisz vasv&rI,

Hungary

Organic extracts of poplar buds (Populus Nigra, Populus Tremolides
etc.) obtained by different methods have been studied by GC-LC-MS
techniques. A number of flavonoid-glycosides could be identified
for the first time by means of TSP-LC-MS. In the course of our
studies more than 80 compounds were found among them a number of
new derivatives which haven't been identified so far. In addition
to flavonoid type compounds several new derivatives were also
identified.

Fr D50
COMPOSITION OF THE ESSENTIAL OILS OF THE NEW CHEMOTAXA
TANACETUM VULGARE L. by GC-, GC/MS METHODS.

OF

Eva S. H6thelvi. Istvan B. Cseko, Mikl6s Grosz, Gergely Mark
and J6nos J. Palinkas
CAOLA Cosmetics and Household Chemicals Co. LTD.
H-1119. Budapest, Hunyadi J. 9. HUNGARY
ABSTRACT:Chemical composition of 333 individuals of Tsnacetum
vulaare L. essential oil was determined by capillary GC-,
and GC/MS methods. The plant material was collected in sprout
form around Budapest, Balaton and the Matra mountain, and
clones were cultivated at the breeding garden in Budattro.
The essential oil of the clones contains highly different
components. Components of the essential oil and
their
structures
were
determined
with GC-,
GC/MS
.
The
representatives of the types with ketonic-, alcoholic-,
esteric functional group:their structural differences were
also revealed by the characteristic mass spectra.
In the course of phytochemical studies of T. vulgare we found
38
chemical compositions exieting in the country.
In
1992/1993 our botanical study tours we have been found some
new types: campher:umbellulone:thymol;
carveol:terpinen-4ol; dihydrocarvone:Juniper campher; Iinalo61:dihydrocarvone:
carveolrcarvone and borneol:lyrathol individuals.
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LM1
TOTAL AND FREE GLYCEROL DETERMINATION IN HUMAN SERUM BY
JSOTOPE DILUTION-MASS SPECTROMETRY: TOWARD A DEFINITIVE METHOD.
(jilli G.#. Magni F.. Raselti M.F.#, Amoldi L. and Galli Kienle M§.
#lnstitnle of Pharmacological Sciences, University of Milan; ^Department of Medical Chemistry
and Biochemistry, University of Milan; Scientific Institute H. San Raffaele, Milan, Italy.
Different routine methods used in clinical chemistry to determine triglycerides in human scrum
are based on measurement of glyceroi either before or after hydrolysis of the serum sample. To
(he best of our knowledge apical methods to be used as reference to the routine procedures have
not been defined yet if the procedure proposed by Siekmann el al. (Fresen. Z. Anal. Chem.; 1086;
324:280). We present here results of a procedure for measuring total and free glycerol in human
serum based on ID-MS which may be a candidate definitive method. Briefly the procedure
implies either plasma deproteinization or hydrolysis for free and (olal glycerol determination,
respectively. Pentadeuterated internal standard which is added to the serum sample before any
other manipulation is I^HsJglycerol and [^l^ltripalinitin in the former and latter case,
respectively. Glycerol is then converted into MTBS ether with a MTBSTFA:CH3CN (1:3; v/v)
mixture at 130°C for 3hr and analyzed in El mode by GC MS. The linearity of tiie method has
been demonstrated with standard calibration curves prepared with natural and deutcrated mixtures
of either glycerol (Y=-O.012+O.98X, r 2 =0.999l) or tripalmitin (Y=0.01+l .O54X, r2=0.9992). The.
feasibility of the procedure has been also verified with calibration curves prepared in human
serum (Y=0.707+l.i)lX, r 2 =0.9969; Y=0.9G4+1.003X, .2=0.9984 for free and total glycerol.
respectively). Imprecision of tire method lias been evaluated with four aliquous of serum analyzed
with bracketing calibrators.

LM2
METHOD FOR THE SIMULTANEOUS EVALUATION OF THE TURNOVER OF
AMINO ACIDS AND KETOACIDS IN HUMANS BY CC-MS.
Magni F.*, L.Arnoldi* G.Galati* and M.Gaili Kicnleg.
^Scientific Institute II. S. Raffaele, Via Olgettina GO, 2(H32 Milan; ^Department of Medical
Chemistry and Biochemistry, University of Milan, Via Saldini 50, 20133 Milan, Italy.
Stable isotopes have been extensively used to investigate human metabolism of various
endogenous compounds. Variably labeled leucine has been used to investigate the branched-chain
aininoacids (BCAA) metabolism. More recently it has been shown that die isotopic enrichment of
u- ketoisocaproic acid (KIC!) instead of thai of leucine represents an accurate index of metabolism
and of iittra and extra cellular exchange of aniinoacids. A number of procedures based on
different deiivatizing agents have been proposed for aniinoacids and for ketoacids in order to
measure their plasma enrichment by GC-MS. However .simultaneous detennination of the two
compounds has not been reported yet. We have set up a sensitive method for the simultaneous
analysis of plasma u-ketoisocaprotc acid (K1C) and leticinc using GC-MS. Plasma was
depioteinized after addition of both a-ketovaleric acid and norteucine as internal standards.
Derivatization of the compounds involved protection of keto groups with methoxyamine and lertbulhyldimelhylsiiylalion under optimized conditions. Analyses were carried out in Electron
Impact ionization mode and the selected gaschromatographic conditions allowed to avoid
interference by other ketoacids and aniinoacids normally present in plasma and by the biological
matrix. The between-day imprecision (%C.V.) for the measurement of leucine and KIC plasma
levels was 4.3% and 5.6%, respectively. The within-day imprecision was 2.8% and 5.1% for
leucine and KIC, respectively. Accuracy was evaluated by measurement of leucine and KIC
added to plasma in three different experiments. The % bias ranged from -3.5% to +1.6% for
leucine and +0.7 to +4.5% for KIC al the various tested concentrations. The C.V. value fur the
raw isotopic ratios ([M-57+n + /[M-57| + ) did never overcome \% both in enriched and nonenriched samples (0-2% MPE) for both leucine and KIC. Determination of both plasma levels and
isotopic enrichment of KIC and leucine required a single injection and was easily iicconiulrslicd
in 7-9 min. Validation of the method for its use in clinical studies is demonstrated.
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LM3
Adduct ion formation of methyl substituted anilines and amino phenols
in thermospray mass spectrometry.
M. Honing1. D. Barcelo', B.L.M. van Baar2 and U.A.Th. Brinkman2
I) Department of Environmental Chemistry. CID/CS1C. Barcelona. Spain.
2) Department of Analytical Chemistry, Free University. Amsterdam. The Netherlands.

Adduct ion formation, using nicotin acid [1] or primary, secondary and tertiary amines [2J as
additive to the eluent, has shown to be useful fcr the confirmation of compounds in TSP. Also the
presence of adduct ions of the anaJyte with the eluent solvents were observed f 1]. Unfortunately,
the abundance of these solvent adduct ions differ between the various types of commercially
available TSP ton sources [3].
For the metabolites of the dimethyl carbamate pesticide pirimicarb adduct ions were observed
[1]. The relative abundance of the [M+H+CH3OH]+ ion was most abundant for the primary
amines. For the secondary amines less abundant methanol adduct ions were observed, whereas for
the tertiary amines very low abundances for this adduct ion were obtained.
In this presentation the adduct ion formation of N-methylated anilines and amino phenols and
the three metabolites at different ion source temperatures, pH of the eluent and solvent additives
will be discussed, using different compositions of the carrier stream. For the anilines and the amino
phenols, as for the metabolites (for which PA values were calculated and analyzed), an increase of
adduct ion formation was found upon the decrease of the PA. This observation is consistent with
the fact that adduct ion formation is favored when the PAs of both molecules are comparable.
Increase of the ion source temperature resulted in a decrease of the adduct ion formation most
probably due to more complete desolvation of the TSP aerosol. The abundances of the solvent
adduct ions decrease rapidly when ion source temperatures of 300°C are applied, suggesting that
formalion of solvent adduct ions is due to incomplete desolvation of the particles and that they are
not formed in the gas phase by ion-molecule reactions. Furthermore the influence of the pH and the
type of eluent additive will be discussed.
1) M. Honing, D. Baruelo, B.L.M. van Baar. U.A.Th. Brinkman, J. Amer Sm: Mass Spectrom., In Press.
2) D. Volmer. K. Levsen, J. Amer Soc. Mass Specirom.. In press.
3) D. Volmer, K. Lcvscn, M. Honing. D. BarccI6. J. Abian. E. Gelpi. B.L.M. van Baar
and U.A.Th. Brinkrnan. In preparation

LM4
Interpretation of Mass Spectrometric Fragmentation of Trimethylsilyl N.N-ditnethylcarbamate and of its Carbon
Analogon by PM3 Quantum Chemical Method
G. Pongor1. R Hargitai1'. K. Ujszaszyb, Zs. Kolosh. D. Knausz''
Departments of Theoretical Chemistry and ^General and Inorganic Chemistry.
Edtvos Lorand University. 1518 Budapest 112, P.O.Box 32. Hungary
F.nergy Partitioning (EP) method of Clementi [1] has been found very useful at the MNDO level for the interpretation
,ind prediction of Mass Specrometric (MS) fragmentation processes [2]: significant weakening of diatomic Bonding
Energy Contributions (BEC's) during a vertical ionization predicts the primary bond cleavage of the molecular ion, and
supports the determination of the fragmentation routes. In the present work the PM3 method (RHF and ROHF
formalisms) [3] has been used because it is more suitable for hypervalent systems The aforementioned method has
been applied at the investigation and interpretation of the MS fragmentation processes of a powerful silylating agent [4],
the trimethylsilyl N.N-dimethylcarbamate, and of its carbon analogon. The following conclusions have been drawn:
(CH,)2NC(O)OSi(CH,»,
The El spectrum of the molecule shows the basic peak at m/z 146 corresponding to a methyl radical loss. The process is
supported by the calculated BEC values. The elimination of the methyl group from the trimethylsilyl moiety was proved
by isotope labelling technique. This fact is also in accordance with the calculations. In El MIKE spectrum of the
molecular ion the primary formation of trimethylsilyl ion (m/z 73) can be observed. This process occures from an
electronically excited ion state on the basis of the BEC values. In MIKE spectrum of the protonated molecular ion
produced by chemical ionization expulsion of silanol molecule is detected. This process is in accordance with the
calculations possessing the extra proton on ester oxygen. The primary fragmentation of the trimethylsilyl ion is suggested
by the calculated BEC values in both cases of the ester and carbonyl oxygen protonations.
(CH,),NC(O)OC(CH,),
The El spectrum of the molecule shows a peak corresponding to a methyl radical' loss in accordance with the
calculations Migration of a hydrogen atom from the tor.-buty] moiety to carbonyl oxygen is also forecasted by the
extraordinary high negative value of the non-bonding Energy Contribution between carbonyl oxygen and one of the
f£T/.-butyl protons. This fact is in accordance with the pyrolitic behaviour of the molecule including buthene
elimination.
[I] Clementi, E. J. Ghem. Phys. 1967, 46, 3842.
[2] Mayer, I ; Gomory, A. Int. J. Quantum Chem., Symp. 1993, 27, 599; J. Mol. Struct. (THEOCHEM) in press.
[3] Stewart, J.J.P. QCPE No. 455.
[4] Knausz. D.; et al. J. Organometat. Chem. 1983, 256, 11

-476-

13th IMSC, Budapest 1994

Last Minute Poster

LM5
MS/MS Experiments with Stereoisomeric Hydrocarbons
Jocfaen Rohloff and Rainer Herzschuh
Universitat Leipzig, Institut fur Analytische Chemie

Correlations between (he stereostructure and the mass spectrometric behaviour are of sustained
interest. In the present study stereoisomeric tricyciic hydrocarbons are investigated, which do
not contain heteroatoms ore s-bonds. Such mixtures are difficult to clear up when the
isolation of pure components is not possible. By means of coupling of an gaschromatograph
with an tandem mass spectrometer (BEqQ) detailed information about the substances are
accessible. Especially the influence of ringsize and strain to mass spectrometric fragmentations
in different regions of the spectrometer to different times under different energetic conditions
are shown. MIKES, high-energy-CAD, ARMS and CAD with an electrically floated collision
cell were applied to consider metastable decompositiones. Decompositions inside the ion
source were observed by simple double focussing scans.

LM6
Formation and analytical determination of chlorinated organic compounds in the Manufacture of Semiconductors
M. Pelzing, R. Herzschuh
Leipzig University, Department of Chemistry,

The application of DRY PLASMA TECHNOLOGY for faithful pattern replication in the fabricationof high density, small feature
integrated circuits is now well established.
The reaction in the plasma process depends on what is being etched and upon the primary gas used for an etchant.
Chlorine or chlorine-releasing compounds such as carbontetrachloride or boron trichloride are used as etching agents
in dry plasma etching of Aluminium layers. During this process a complex mixture of waste products was formed whose
structure and potential danger for the exposed people is little known.
In this poster we report a possibility of formation and the analytical determination of the different chlororganic
compounds as chemical byproducts in the manufacture of semiconductors. We analyzed the solid waste collected from
the gas pipeline after the vacuum pumps package and the contaminated pump oils by multispectral methods and found
up to 100 different halogenated substances.
For characterization of the multicomponent samples we used the combined GAS CHROMATOGRAPHY / INFRARED SPECTROSCOPY
to screen functional groups, and the combined GAS CHROMATOORAPHY / MASS SPECTROMETRY to identify the components.
Generally we obtained perhalogenated aliphatic, carbocyclic and heterocyclic compounds. Furthermore we found some
precursor molecules which are involved in the formation of higher boiling organic compounds. An interesting finding
is that the source of the N-heterocyclic compounds is the nitrogen itself, used as inert gas and pump ballast.
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LM7
Eliminating Signal Suppression of TFA Containing Solvents for Elecirnsorav-VtS
bv Addition of Selected Organic Solvents
Authors: A. Aprfci. S. Fischer. P. Coodley, F. Kuhlman from Hewlett-Packard B.A.O. - Palo Alto/USA
and F. Mandel from Hewlett-Packard GmbH - Waidbronn/Germany.
Abstract: The gradient separation of peptides by. reverse phase HPLC is widely used for analytical and
preparative purposes. The most commonly used soivenc system is water and acetomthle containing 0. 1%
tritiuoracctic acid (TFA). TFA is a highly usenii modifier because of its low UV cutoff, volatility and
ion-pairing characteristics. As such, it is the modifier of choice. However. TFA reduces pepttde and protein
signal in Hectrospray (ES) • MS as compared to acetic acid solutions (typically 10 tbid or greater). This
reduction in signal hinders the detection of low levei peptides or proteins in research or quality control of
rccombinant proteins.
The problem of TFA suppression lias been previously assigned to the highly conductive nature of TFA.
While it is true that the conductivity of TFA iffeos the ability to eiectrospray TFA solutions, the problem
is stiil observed with pneumatic and uitrasonicaily assisted siectrospray. Thus, the reduction in signal is
more than a spray problem, it is also a chemical problem.
Previous attempts to reduce the signal suppression of TFA have focused on solving the spray problems.
Solvents have been added by postcoiumn and sheath addition to reduce surtacs tension and hence improve
the spray process. While the spray process is improved, the signal is not substantially improved over
assisted eiectrospray. It is possible to eliminate or substantially reduce the suppression affects of TFA by
the addition of select organic solvents that address the chemical nature of the TFA signal suppression
probiem.
A mechanism of action tor reversing the suppression is postulated, that can be extended to other similar
signal suppressing agents.

MoB23

Calibration of the internal energy of ions in the Cone Voltage region of a Eiectrospray source
I. Bodart and E. Oe Pauw
Mass Spectrometry Laboratory. Liege University
B400O- Liege. Belgium
Single ion mass spectra, consisting only in the pseudomotecular ion. are often observed when working tt low
cone voltage in eiectrospray. The ions generated by the Eiectrospray process are characterized by a low internal energy
content. To obtain structural information, higher cone voltages are applied that increase the fragmentation extent. At
voltages above 30 Volts, spectra of small molecules look like classical LSIMS/FAB spectra. We have previously
developped a family of subitituted-benzyl pyridmium salts and used them as internal energy probe for various "soft
ionizanon* techniques. We extend bete their use to monitor the effect of the cooe voltage on the internal energy of the
ions during their path trough that region. An insight into the fragmentation mechanism may be obtained from the
A
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