
IAEA-CN-80/74

THE DETERMINATION OF ISOTOPOMERS IN POOLS OF MOLECULES
CONTAINING MORE THAN ONE POLYISOTOPIC ELEMENT

A.M. ZYAKUN
Skryabin Institute of Biochemistry and Physiology of Microorganisms, Russian Academy of
Sciences, RUSSIA

C A M . BRENNINKMEIJER
Max-Planck Institute for Chemistry, Mainz, GERMANY XA0100912

In the application of stable isotope variations in environmental research little attention has
been given to the actual distribution of isotopes within the molecule. Not until recently has the
case of N2O attained attention. The number of 14N15N16O molecules of this greenhouse gas,
and supplier of reactive NO to the stratosphere, differs from the number of 15N14N16O
molecules. Furthermore, scenarios for 18O distribution in CO2 have been calculated. In this
paper we explore possible further implication and use of isotopic distribution for
environmentally relevant molecules.

A pool of molecules containing atoms of a polyisotopic element (PIE) comprises a set of
isotopically distinct molecules (isotopomers) of this element. Analysis of abundances of PIE
isotopic atoms in a molecular pool can bear unique information about the physico-chemical
and biological processes in which these atoms participated. If a molecule contains one PIE
atom, one can make inferences about the ratio of its isotopic abundances by analyzing the
number of the isotopically distinct molecules by this element. Isotopic analysis gets
complicated when a molecule contains more than one PIE atom. PIE atoms occupying
different positions in the molecule can be both similar or different as to the source of their
origin, and accordingly, have similar or different characteristics of their isotope composition.
In case the isotopic content of PIE atoms at all their positions in the molecule is the same, the
isotope distribution was called homogeneous, and in the case of different contents of PIE
isotopes - non-homogeneous [Zyakun & Schidlowski, 1997].

At homogeneous distribution of PIE isotopic atoms the quantitative ratios of isotopomers in a
molecular pool satisfy the equation:

(R-Ro)
n=0 (1)

where Ro - the ratio of isotopic abundances for PIE, n - the number of atoms of this element in
molecule. At non-homogeneous distribution of PIE isotopic atoms the quantitative ratios
of isotopomers correspond to the equation:

(R-Rj) <R-R2) -(R-R3) • • • (R-Rn) =0 (2)

where R],R2,R3,...,Rn are ratios of abundances of PIE isotopic atoms at their different
positions in molecule, n- the number of PIE atoms in molecule. If the molecule contains
more than one PIE atom, then, depending on their position, isotopomers may be symmetrical
and asymmetrical by this element relative to other atoms of molecule. Carbon dioxide is an
example of symmetrical isotopomer by oxygen relative to carbon as well as isotopomers of
CC12F2 (CFC-12) and CH2C12 (dichloromethane) are symmetrical by chlorine relative to
carbon. The molecular pool of CC12F2 includes two clusters different by isotopes 12C and 13C
and three isotopomers distinct by chlorine in each cluster. For homogeneous distribution of
chlorine isotopes each cluster is characterized by the value R =[ ^^Cl]/[ 37 ci]. For non-
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homogeneous distribution of chlorine isotopes these clusters are characterized by two
different values of[35Cl]/[37Cl], that is

The molecular pool of N2O (nitrous oxide) has three clusters for oxygen (16O, 17O and 18O)
and each of them includes three isotopomers for nitrogen. In case of N2O the isotopomers
proved asymmetrical by nitrogen relative to oxygen. Distribution of nitrogen isotopes in each
cluster can also be either homogeneous or non-homogeneous. Nitrogen isotope composition
of these clusters will be characterized by one or two R values at homogeneous and non-
homogeneous distribution of nitrogen isotopes, respectively.

The factors responsible for violation of homogeneous distribution of PIE isotopes in
molecular pools are considered. In particular, analysis of the influence of kinetic isotopic
effects in chemical reactions and diffusion processes on break of homogeneous distribution of
PIE isotopes, dilution of homogeneous molecular pool by a pool with non-homogeneous
distribution of PIE isotopes has been made.

Thus, the suggested scheme for analysis of PIE atoms distribution in the molecular pool
permits to systematize information about the processes in which these PIE atoms participated.
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