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With an Austrian acientist, Auer von Uelsbach, the history
of rare earth elements took a decisive start almost exactly
a hundred years ago. Since then not only a whole family of
elements, the actinides, was discovered and related with their
properties to the rare earth elements, but also the technical
use of many of these elements is well established and still
increasing. Some of these elements like Uranium or Plutonium
have changed the course of history dramatically since the
end of the Second World War. An international congress dealing
with the physical properties of rare earth and actinides and
their allays and compounds has to be judged not anlv an purely
scientific grounds, but also as an attempt to communicate
openly in a rather sensible field of research. For both
reasons this congress is very welcome in Austria.
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WORDS OF WELCOME
It'was and it is my firm conviction that the exchange of
scientific findings across geographical and ideological
boundaries represents one of the most important

preconditions

for the nclution of the problcmo of our age. A3 Provincial
Governor of Lower Austria I am very pleased indeed whenever
our federal province becomes the scene of great scientific
conferences. It has been shown again and again that we are
abie to provide ideal conditions for such events. Situated
at the very heart of the continent our country is virtually
predestined to act as a meeting place of scientists both from
the east and west.
Without pretending to be an expert in the complex field of
solid-state physics, I do believe I am able to say that the
ititernational exchange of ideas about rare earths within the
framework of the REACIM 84 at St.Polten is
for the future.

of great significance

1

I should like to offer a heartfelt welcome to all participants
of this important congress in our country and I hope that
beyond the scientific matters they will be able to hake home
beautiful and

lasting impressions both from Lower Austria

and from the Lower Austrians. The scientific conference
REACIM B4 itself I wish good and successful progress on
behalf of the- entire Province of Lower Austria.

Siegfried Ludwyg
Provincial Governor of
Lower Austria

TO THE PARTICIPANTS OF THE CONFERENCE ON RARE EARTH
INTERMETALLICS

In my official capacity as mayor of St. Polten I
bid you welcome to our city.
St. Polten was initially a Roman settlement and
has developed over the years into a thriving
industrial and cultural centre. Your conference
is most important for the advancement of science
and technology in Austria and it is of particular
significance to us that it is taking place in
St. Polten.
I therefore wish every participant a most pleasant
stay, which will, I am sure, be rewarding both
scientifically and socially.

\

The Mayor of St. Pölten-city:

(Hans Sckj ckelgrhber)
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WELCOME
The rare earths as well as some of the actinides, especially uranium
are known since more than a century. Since the turn of the century
they have played a significant role in science (development of the
different atomic models and understanding the nuclear structure) as
well as in technology (in glass industry, lightning technique,
metallurgy, e t c . ) . With the development of solid state physics in
the last 40 years the investigations of the physical properties of
the lanthanide and actinide elements and of the corresponding intermetallic compounds gained momentum. Because of several reasons
(availability of pure elements, development of experimental techniques,
progress in theoretical physics and computational possibilities, etc.)
there has been recently a strong impetus in the f i e l d of the electronic
structure and the related properties of rare earth and actinide metals.
Usually the information collected in this conference is scattered
in different conferences dealing with the chemical, metallurgical,
magnetic, electronic or technical properties of materials. I t
seems therefore appropriate to try to bring together a majority
of scientists from a l l over the world working on the problems of
these specific intermetallies.
The organizing committee of the Technical University of Vienna
has set hopefully the frame-work for an interesting, f r u i t f u l and
enjoyable conference.

(Hans R. Kirchmayr)
Conference Chairman
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GENERAL INFORMATION
All sessions will take place in the conference
hall ("Julius Raab Saal") on the ground floor
of the main building of the Wirtschaftsfbrderungsinstitut (WIFI - Institute for promoting
economics, run by the chamber of commerce).
The poster sessions will take place in the foyer
of the conference hall.
THE OPENING SESSION ON MONDAY WILL START AT
8.30.

CONFERENCE OFFICE
The conference office is situated near the main
entrance of the WIFI. It will be open daily from
9.00 until 17.00.
PAYMENT
Participants,staying at the WIFI, who did not
pay for their accomodation upon arrival are
strongly recommended to settle payment on Monday, September 3, from 9.00 until 12.00.
Participants leaving on Thursday will pay full
board for four days (AS 1.200,--), which in-

eludes breakfast, lunch and dinner from Sunday
evening until Thursday noon. Those staying until
Friday morning are asked to pay AS 1.385,--.
Participants staying at a hotel will get tickets
for lunch and dinner (AS 50,-- each) at the
check-in. Payment for the lodging has to be done
at the respective hotel.
Since the Ladies program, depends on the weather,
and thus is ad hoc organized, only tickets for
dinner will be issued to the accompanying person upon arrival. In the case of requiring
lunch at the conference site, tickets are
available daily from 11.00 until 12.00.
EXCHANGE
For foreign currency exchange the participants
are recommended to use the branch of the
Creditanstalt-Bankverein (CA) in Josefstraße
94 within a walking distance from the conference building. Exact location and opening hours
will be displaced on the information board.
MEALS AND REFRESHMENTS
Coffee will be offered in the "Ausstellungshalle"
next to the conference hall during the morning

break (10.40 - 11.00) and at the end of each
poster session (15.30 - 16.00). Also lunch
(12.30 - 13.30) and dinner (19.00 - 20.00) will
be served there. Participants staying at the WIFI
take here their breakfast (7.00 - 8.30).
On Sunday, September 2, dinner is provided from
18.00 - 20.00 for those participants staying at
the hlFI. Participants staying elsewhere are
recommended to take their dinner at the appropriate restaurants.
SOCIAL EVENTS
On Sunday, September 2, at 20.30 a get together
party, sponsored by EVVA-Werk, Vienna, is given
at the IBIS-Hotel.
On Monday, September 3, a reception party will
be organized by the Chamber of Commerce of Lower
Austria in the WIFI (in combination with the
dinner). A typical Austrian buffet (hot and
cold dishes) will be arranged.
On Tuesday, September 4, at 20.00 all participants are invited by the Mayor of the City of
St. Polten. Bus transport is provided.

On Thursday afternoon, September 6, the conference tour through the famous "Wachau" starts
at 14.30 and ends in Go'ttweig monastery, where
guided tours are provided. Later on (19.00) a
reception party is given by the government of
Lower Austria.
SLIDES AND TRANSPARENCIES, POSTERS,
PAPER CORRECTION
Speakers are requested to hand their slides to
the projectionist in advance of the respective
session. All authors are kindly asked to
collect their slides and transparencies after
the session.
Posters should be exposed from 9.00 until
18.00 on the scheduled day in order to make
maximum use of the viewing time available
during the breaks and lunch time. One author
per poster is requested to be present during
the time of the poster, session (14.00 - 16.00).
Facilities for correcting papers are provided
in "Seminarraum 2" in the first floor near
the conference hall.

URGENT MESSAGES
Can be received through the telefone number
02742-64571 (WIFI Reception desk) and will be
transmitted to the person concerned. Public
telefones are available in the vicinity of the
conference area.
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B07
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CALCULATED GROUND STATE PROPERTIES OF LIGHT
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COOPER
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A 01
ELECTRONIC STRUCTURE OP THE INTERMETALLICS OF ACTINIDES AND RARE-EARTHS
A.J. Freeman.
Department
of
Physics
University, Evanston, Illinois 60201, USA

and

Astronony,

Northwestern

An overview is presented of recent developments in the determination
of the electronic structure and related properties of the intermetallies
of the rare-earths and actinides. This presentation will also set the
stage for discussions of presentations during tha rest of the conference.
The emphasis will be placed on the underlying physics and, in particular,
on the similarities and differences between the 4f and 5f systems.
Wherever possible, detailed examples will be presented in order to
elucidate the underlying physics.

A 02
STRUCTURE, MAGNETIC AND RELATED PROPERTIES OF THE TERNARY

4

• AND ThMn 1 2 -TYPE COMPOUNDS
Wojciech Suski, Institute for Low Temperature and Structure Research, Polish
Academy of Sciences, P.O.Box 937, 50-950 Wroclaw 2, Poland.
Structure, magnetic and related properties of the BaAl, (M^M^ Xo - where
M f - f-electron metal, M d - d-electron metal and X = Si or Ge) and T h M n ^
(M%42_ X A1 ) ternaries are presented. From crystallographic considerations it
follows tnat there exists considerable interaction between the f- and d-electron metals. For the BaAl4 phases this interaction seems to be responsible for
nonmagnetic state of the 3d metal sublattice except of Mn but the 3d metals
control the type of magnetic ordering in the f metal sublattice. For the
ThM]2 phases the 3d metal is supposed to be more important magnetic component,
however, both the 3d and 4f metal sublattices significantly contribute to magnetic properties. In the contrary for actinides recent examination of magnetic
properties of their compounds suggests a dominating influence of the d metals.
Moreover Pearson [!] comments on that relative transition metal sizes in the
order Fe < Cu < Mn < Cr in the ThMn 12 phases different than in the elemental
metals where manganese is larger than chromium and chromium is approximately
the same size as iron result from weaker magnetic interactions in the compounds than in elemental metals.
[1] W.B. Pearson, J. Less-Common Metals, 9j6, 103 (1984).

A 03

INFLUENCE OF HIGH MAGNETIC FIELDS (10 T) ON PARAMAGNONS IN RARE-EARTH

INTERMETALLIC COMPOUNDS*
K. A. Gschneldner, Jr., S. K. Dhar, K. Ikeda, T.-W. E. Tsang,
0. D. McMasters and R. J. Stierman
Ames Laboratory and Department of Materials Science and Engineering,
Iowa State University, Ames, IA 50010 U.S.A.

Low temperature (1 - 20 K) high field (0 - 10 T) heat capacity and low
field (0 - 2T) magnetic susceptibility (2 - 300 K) measurements have been
used to study and characterize the quenching of spin fluctuations (paramagnons) in highly exchanged enhanced and itinerant "ferromagnetic" rare
earth-based materials.
Primary emphasis will be concerned with the RCo 2
phases, where R =* Sc, Y and Lu. These RCo 2 compounds are characterized by
large many-body mass enhancements (ranging from 2.54 to 5.38) and large
Stoner factors (ranging from 15.5 to 25.3).
The application of magnetic
fields lovers the electronic specific heat constant by 4 to 10% at 10 T for
these compounds. For YCo 2 the coefficient of the T 3 term (£) in the normal
heat capacity equation is found to increase by 182 at 10 T, but for ScCo z
and LuCo 2 0 remains constant.
These results will be compared to the behaviors found in other highly
enhanced materials (Sc, Pdj- x Ni x , AINij, CeSn^, CeSij.gg) and in the
itinerant ferromagnet Sc 3 ln.
Supported by the U.S. Department of Energy, Office of Basic Energy
Sciences, Division of Materials Sciences, under Contract No. W-7405-ENG82.
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A 04
MÖSSBAUER STUDIES OF AMORPHOUS RARE-EARTH ALLOYS: STRUCTURE AND MAGNETISM
G. Czjzek, Kernforschungszentrum Karlsruhe, Institut für Nukleare Festkörperphysik, Postfach 3640, D-7500 Karlsruhe, Federal Republic of Germany
Mössbauer spectroscopy with rare earth nuclides as probes in amorphous
solids yields information about local properties on the atomic scale which is
complementary to the global information obtained by bulk measurements as well
as to the spatial correlation functions determined by diffraction methods.
When analyzing the results obtained by Mössbauer spectroscopy, we must
differentiate between probe nuclei associated with S-state ions (Eu +, Gd +,

j

Yb + ) and all others (Dy+, Yb +, for example). In the first case, the hyperfine interactions are dominated by potentials and fields originating from the
charge- and moment-distribution in the environment of these ions. Thus, the
distribution of the components of the electric-field-gradient (EF6) tensor is
directly related to the symmetry character of the probe sites. Its sensitivity to structural short-range order provides a unique possibility for a dis-
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crimination between different structural models for amorphous alloys.
For the other rare earth probes, the hyperfine interactions are dominat-

ft ;

ed by the local 4f shell. The determining factors are the crystal fields and
the exchange interactions sensed by the 4f electrons. Analysis of the Mössbauer spectra yields information concerning their average strength and their
variation from site to site in amorphous alloys.
Examples for experimental results covering these different aspects of
hyperfine interactions in amorphous rare-earth alloys and their relation to
magnetic properties and to predictions of theoretical models will be discussed.

A 05
INVESTIGATION OF THE ELECTRONIC STRUCTURE OF Y-Fe INTERMETALLIC COMPOUNDS
USING NMR, MAGNETIZATION AND CURIE POINT MEASUREMENTS AT HIGH PRESSURE. •
+

£ £ Riedi*, T Dumelow* and J S Abell
* Department of Physics, University of St Andrews, Fife, KY16 9SS, Scotland
+ Centre for Materials Science, University of Birmingham, PO Box 363,
Birmingham B15 2TT, England
The effect of pressure on the magnetization per unit mass (a ) and the
hyperfine field (H) of a metallic ferromagnet near OK provides a particularly
clean experiment for comparison with theory. While the hyperfine field of
course arises from the magnetization the pressure dependence of the two
quantities may be quite different, ie
O«.nH/9P)T = a(3£no/3P)T

(1)

with a^ 1. In pure iron and nickel a = 0.52 and -3.6 respectively and these
values are in good agreement with first principles computer calculations
[1,2].
In inter-metallic systems such as Y-Fe however there seems no
possibility of calculating (38-n H/9P) from first principles at present and
while it is known that o i 1 for the iron sites this cannot be related to the
electronic structure of the material . The hyperfine field at the nonmagnetic Y sites however arises almost entirely from conduction electron
polarization and therefore should be easier to understand.
Yttrium is soluble in iron over a wide range of compositions and
produces, among others, the intermetaJlic compounds YFe«, YFe, and Y2Fe-|7 .
The Y hyperfine field in these compounds is negative and its magnitude is
consistent with the field arising via the RKKY interaction [3]. It has been
shown that in these materials this implies a = 1 and that this is in agreement
with experiment for YFe« and that only a small discrepancy arises for YFe, due
to the slightly different value of (3«,nH/3P) for the two Y sites [4].
Measurements of (3Ä.nH/3P) of both the Fe and Y sites of Y 2 F e 1 7 at 4.2K will be
reported at the conference.
Further evidence of the magnetic state of a metallic ferromagnet may be
obtained for measurements of 3T /3P and results will be reported for YFe 9 ,
C
l
YFe^ and Y/e,^.
[1]
[2]
[3]
[4]

P C Riedi Phys Rev B20 (1979) 2203
J F Janek Phys Rev B20 (1979) 2206
A Oppelt and K H J Buschow J Phys F:Met Phys 3 (1973) L212
P C Riedi and G 0 Webber J Phys F:Met Phys 13 (1983) 1057

A 06
INFLUENCE OF THE STRENGTH OF RANDOM ANISOTROPY ON THE MAGNETIC
PROPERTIES OF AMORPHOUS RARE EARTH ALLOYS
B. Barbara and B. Dieny
Laboratoire Louis Neel, C.N.R.S., 166X,
38042 Grenoble-cedex, France
Topological disorder in amorphous alloys leads to a scale
dependent breaking of symmetry

involving a new type of phase

transition between the high temperature paramagnetic phase and
the low temperature state.
This transition is studied on the model system Dy Gd._ Ni
where the strength of the random anisotropy changes by several
orders of magnitude with x. A progressive change from a
"ferromagnetic" to a "spin glass" type of behaviour will be
analysed in connection with recent theories. In particular the
linear susceptibility will be compared quantitatively to the
anisotrqpy

to exchange ratio and critical exponents derived from

scaling will be given. The effect of the random anisotropy field
will be included in our scaling analysis.

A 07
THERMOPOWER IN RARE EARTH INTERMETALLICS
E. Gratz.
H. Nowotny,

Institute
Technical
Institute
Technical

for Experimental Physics,
University Vienna
for Theoretical Physics,
University Vienna

Thermopower belongs to the most interesting properties of
metallic solids, but compared to other physical properties of
metals the understanding of this phenomena is rather poor,
particulary with respect to the influence of magnetism on
thermopower. Some reasons can be given for this fact. Firstly,
it is difficult to measure this effect in a metal because it
needs the measurement of very small voltages and small temperature differences. Secondly the theoretical interpretation leads
to considerable difficulties in comparison to other transport
phenomena such as electrical resistivity or thermal resistivity.
To study the influence of magnetic scattering on thermopower rare earth (RE)-intermetallics are favourable candidates
since the magnetic properties are well understood especially
in those RE-compounds with non-transition metals (e.g. REA1- or
RECu 2 ).
Theoretical calculations for the temperature dependence of
thermopower are presented, which are based on the variational
method for the linearizöd Boltzmann equation. We have found
that the use of a linear combination instead of only one trial
function for the variational method can give somewhat different
results depending on the temperature range and the scattering
mechanism under consideration. For the transport phenomena such
as electrical resistivity (p) or thermal conductivity (A) different scattering mechanism contributions can simply be summed
up to obtain the total value of p or A. This is known as
Matthiessen's rule. For the thermopower usually Kohler 's rule
or the Nordheim-Gorter rule is used to obtain the total value.
The validity of these rules will be discussed.
Experimental results of the temperature dependence of
thermopower of RE-intermetallics will be presented and discussed
in the light of the above mentioned calculations. The main subject of this analysis is the influence of magnetism and impurity
scattering on thermopower.

I

A O8
SUPERCONDUCTIVITY, SPIN FLUCTUATIONS AND MAGNETIC ORDER IN URANIUM COMPOUNDS
UNDER HIGH PRESSURES
J.J.M.Franse
Natuurkundig Laboratorium der Universiteit van Amsterdam,
Valckenierstraat 65, 1018 XE Amsterdam, The Netherlands
The systematics in the occurrence of superconductivity and magnetic order
in the actinide compounds points to a critical value for the nearest neighbour
distance (<1A C _A C ) between the actinide ions. In uranium compounds,for instance,
magnetic order is only observed for d^_p values larger than 3.5 8 whereas
superconductivity is restricted to compounds with d.._.. values smaller than
this critical value. Although fascinating exceptions exist, among them the
superconducting compounds UPt.j and UBe._ and some of the ferromagnetic
Laves phase compounds, we expect on the basis of these systematics a
suppression of magnetism and an enhancement of the superconductivity in the
actinide compounds under pressure.
High-pressure results are reviewed for superconducting systems
(e.g. U^Co), spin-fluctuating materials (e.g. UA1, and UPtj) and a variety of
magnetically ordered compounds.

A O9
PRESSURE EFFECTS ON THE MAGNETIC PROPERTIES OF ACTINIDE 1NTERMETALLICS
J.M. FOURNIER
Centre d'Eludes Nucleaires de Grenoble and Universite de Grenoble, France.
The use of high pressure as a sensitive and well suited parameter
for the investigation of the physical properties_of actinide systems
has been recognized for some times (1]. A spectacular example of application being the phase diagram of Plutonium metal |2j.
The basic feature of light actinide compounds is the uncomplete
localization of 5f electron states. Ulis gives rise to magnetic properties ranging from transition metal-like to lanthanide-1ike, an
essential parameter being the interactinides distance [3].
Pressure effects on several classes of magnetic materials will be
reviewed. These included spin fluctuation systems, itinerant ferromagnets and antiferromagnets and localized 5f intermetallics.

Ref. 1. J.M. Fournier, Ph.D. Thesis, U. of Grenoble (1975)
2. C. Roux and Ch. Roux in "Plutonium 1965", 133 (1967)
3. H.H. Hill in "Plutonium 1970 and Other Actinides" 2 (1970)
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AP 01
THE UüiSi'ULNiÖÖ OF Till; tOüITHOW ANNIHILATION METHOD TO TILS
ÜX 2 AND UXY JSÜSCTMOMIÜ STRUCTURE EXAMINATION
E.Debowska, A.Ostrasz and B.Hozenfeld
Institute of Experimental Physics, University of Wroclaw,
Cybulskiego 36, 50-205 Wroclaw, Poland.
On the basis of the angular distribution of gammaquanta coming from the annihilation of the positron-electron pairs in polycrystalline sample it is possible to
calculate the number of valence electrons per molecule
of the compound« Such a calculation has been made for
pnictides UX 2 /X = P, As, Sb/ and chalcogenides UAsY /Y =
S, Se, Te/ compounds* The directional anisotropy of the
angular correlation curves for single crystala has allowed
for the calculation, of the electron momentum density distribution and the suggestion of the Fermi surface shape
for these compounds.
.Further investigations of the other pnictides and
chalcogenides will be carried out provided that the appropriate single crystals are available.

AP O2
MAGNETIC BEHAVIOUR OF RARE - EARTH - PD 3 COMPOUNDS
W.Drewes, A. Leson, W. Schelp, K. Bömken, H.-G. Purwins
Institut für Angewandte Physik
University of Münster
D-44oo Münster, Germany
Abstract:
Magnetic measurements on single crystals of light rareearth - Pd, - compounds in the temperature range from 2K
to 1ooK and for magnetic fields up to 8 Tesla are discussed.
Furthermore we present specific heat measurements of polycrystals in magnetic fields up to 7.5 Tesla in the temperature range from 4K to 16K. The experimental data are interpreted in terms of a crystalline - electric - field (CEF)
and compared to existing CEF - parameters.
This work was supported by the BMFT (Bundesministerium für
Forschung und Technologie)
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Equation of State of Pu Metal at Finite Temperatures
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B.Johansson* and M.S.S. Brooks**

'

*

Insititute of Physics, university of Ärhus
DK-8000 Ärhus C, Denmark.
**Commission of the European Communities, Joint Research Centre
Karlsruhe Establishment, European Institute for Transuranium Elements
Postfach 2266, D-7500 Karlsruhe, Federal Republic of Germany

The atomic volume of plutonium is significantly affected by
spin-orbit coupling. Since the spin-orbit splitting is of the order of
the bandwidth, the preferential occupation of the j=5/2 band increases
the volume and lowers the bulk modulus. Thus the results of
self-consistent energy band calculations are brought into reasonable
agreement with experiment/1,2/.
We have made a series of 19 self-consistent RLMTO energy band
calculations foi values of Wigner-Seitz radius (S) ranging from 3.0a.u.
(just less t h a n S for the α-phase) to 3.8a.u. From the computed zero
temperature equation of state, the derivatives B(V,T=0)=-V3P/av and
t(V,T=0)~31nB/3lnV were calculated. In the region S~3.4a.u. B was
found to be small and the Grüneisen parameter, X, was found to be
greater than 30 at S=3.4a.u.
At finite temperatures the phonon contribution to the equation of
state is given, in the quasi-harmonic approximation/3/, by AP=3K_TJT/V
and is large for S~3.4a.u. Consequently we find that the total finite
temperature electronic pressure crosses zixo both at a volume
corresponding to the α-phase (at low temperature) and at a volume
corresponding to the 6-phase (for temperatures in excess of 500K).
We conclude that the β-phase of Pu is a finite temperature phase,
stabilized by phonon pressure, which itself arises from the softening of
the lattice at zero temperature - a purely relativistic effect.
References
1. H.L. Skriver, O.K. Andersen and B. Johansson, Phys.Rev.Letts. 41
42 (1978)
2. M.S.S. Brooks, J.Phys. F13 103 (1979)
3. D. Glötzel and A.K. McMahon, Phys.Rsv. B20 3210 (1979)
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AP 04
BINDING MECHANISM AND ITINERANT MAGNETISM OF ZrFe2 and TFe 2
P.Mohn and K.Schwarz, Technical University Vienna
A-1060 Vienna, Getreidemarkt 9 , AUSTRIA
Certain magnetic properties of RT 2 compounds crystallising
in the cubic Laves phase (where R is a heavy rare earth and T a
transition metal) are related to compounds consisting of -transition elements only. Before entering the controversy about a
localized versus itinerant picture of magnetism it is of interest
to study systems, where one can expect the itinerant picture to
work. For such investigations the two cubic Laves phases ZrFe2 or
YPe 2 have been chosen as representative examples- For this purpose self-consistent spin-polarized calculations employing the
augmented spherical wave (ASW) method (Williams et al 1979) have
been performed. They yield the total energy as a function of
volume for both the paramagnetic and magnetically ordered states
and thus allow an interpretation of the magnetovolume effects.
Recently it was shown (Schwarz and Hohn 1984) that the
related system YCo? is a strongly enhanced Pauli parämagnet
which, at a slightly increased lattice constant, would show a
metamagnetic transition.
In contrast to YCo 2 the two compounds studied here are
clearly magnetically ordered. An analysis of the band structure
results yields the following binding mechanism which will be
illustrated for ZrFe2: i) there are two types of Zr-states , one
which can interact with Fe and the other which lies at slightly
higher energies and corresponds to predominatly Zr-Zr interactions; ii) the energetic position of the first type of Zr
states relative to the exchange-split Fe states causes a different interaction for the two spin directions which can be
described in terms of covalent magnetism (Williams et al 1981).
It has been argued that in such compounds only Fe carries a
moment, but according to our results both atoms show spin moments
which have opposite alignment, i.e. these systems exhibit ferrimagnetic ordering which can be understood from the binding mechanism presented above. The moment at the Zr site is caused by the
covalent interaction rather than from a rigid splitting of the
the paramagnetic bands. Although such a rigid band model would
work for bcc Fe, it fails completely for the present systems.
Schwarz K and Mohn P 1984 J.Phys.F: Metal Phys. (submitted)
Williams A R, Kubier J, and Gelatt JΓ C D 1979
Phys.Rev. B1_9 6094
Williams A R, Zeller R, Moruzzi V 1, Gelatt JΓ C D, and Kubier J
1981 J.Appl.Phys. 52 2067

AP 05
DENSITY OF STATES AND MAGNETIC PROPERTIES OF YCo 5 , Y 2 C o )7
Barbara Szpunar*, Department of Physics, University of Durham,
Science Laboratories, South Road, Durham, DH1 3LE, U.K.
The density of states of Y Co. and Y„Co. 7 has been calculated in
the tight-binding approximation using the continued fraction method.
At zero temperature the spin flip scattering can be neglected and
this provides us with a method for calculating the density of states
of spin up and down electrons separately. The origin of antiparallel
coupling between the spins of 3d electrons of the transition metal and
spins of 4d electrons of the rare earth metal has been explained. It
has been demonstrated that the magnetic moment on Ytrium site cannot
be calculated properly using the Stoner model and the paramagnetic
density of states. Using this model, we find that the magnetic moment
on Ytrim is zero (1) in contradiction to spin polarised energy-band
calculations (2,3,4,) (M = -.3p ß , -•'•Mg, "-^Mg correspondingly).
References
1)
2)
3)
4)

M. Cyrot, M. Lavagna, J. Physique 40 (1979) 763.
S.K. Malik, F.J. Arlinghaus, W.E. Wallace, Phys. Rev. B16 (1977) 1242.
B. Szpunar, J. Phys. Fl2 (1982) 759.
B. Szpunarj B. Kozarzewski, Phys. Status Sol. 682 (1977) 205.

* Permanent address: Department of Solid State Physics, Academy of
Mining and Metallurgy, 30-059 Krakow, AI. Mickiewicza 30, Poland.

AP 06

CALCULATIONS FOR THE ELECTRONIC STRUCTURE OF ISOLATED CERIUM IMPURITIES
R. Zeller and P.H. Dederichs, Institut für Festkörperforschung,
KFA Julien, W-Germany
The electronic structure of Ce impurities in several cubic hosts is calculated within the local spin density approximation of density functional
theory. The atomic potentials-are assumed to have muffin-tin form. Perturbed potentials on the Ce site and on the neighbouring host sites are
calculated self-consistently. The embedding of this cluster of perturbed
potentials into the infinite array of self-consistent unperturbed host
potentials is correctly described by the KKR-Green's function technique.
Results for the local densities of states for the Ce impurities are given.
In particular, the position and width of the virtual bound states, the
hybridisation with the host d-electrons, and the local f-charges are
considered.

AP 07
ELECTRONIC STRUCTURE AND d-f-EXCHANGE RESONANCE
IN RARE-EARTH COMPOUNDS AND ALLOYS
A.B. Beznosov, V.V. Eremenko,

V.P. Gnezdilov

Physico-Technical Institute of Low Temperatures,
UkrSSR Academy of Sciences, Kharkov 310164, USSR
The properties of rare-earth metals,alloys and compounds
are essentially determined by a strong intraatomic correlation
of spins of 4f-shell and 5d-band electrons. The effect of this
correlation on the optical properties of rare-earth intermetallics in the d-f-exchange resonance region is studied on our
model of j-polarons (quasi-localized electron states of a 5dtype which are given for each RE ion in an intrinsic coordinate
system whose orientation is dependent on temperature and related
to the 4f-shell spin orientation). The systems are considered
with ordered or completely disordered arrangement of RE ions,
for example, of the (A,.x Bx)m Gn -type where A, B stand for Ln,
Sc, Y; C is a transition metal; x ^ 1 ; m > 1 , n > 0 are integers.
For a general case_, the calculated dynamic dielectrical susceptibility, X. (q'iq.co)» describes resonance electron transitions
on the frequencies close to the intraatomic d-f-exchange resonance frequency, and consists of two parts:
coherent,XfoA C O D 2 c 2 ,
and incoherent,Xi^oAcoD 2 C(1-C) + K}
where D is thetemperature-dependent average dipole moment of \he
5d-electron transition between spin sublevels_j3plitted by the
exchange interaction with 4f-shells; df= Dz- f) is the deviation
from the averaged value of transition dipole moment at a site 1;
<...> is average over the crystal; c is the atomic concentration of RE elements! CS is the complex frequency.
The optical ellipsometry technique measurements of
/C(0,0,co) are carried out on a number of disordered substitution alloys 6d/-A R x where R stands for Y, La, Dy, Er;0<ix4 0.12.
The experimental results are in agreement with the theory. After
the transition into the magnetically ordered state, the spectra
of ImX(0,0,o5) of the alloys studied, as well as of pure Gd,
display a peak centered near<foo~0.7 e¥ and increasing with
distance from the Curie point. In all the cases, the resonance
peak has a distinct "fine structure", in which up to nine bands
can be separated. The positions of all bands in the investigated
alloys are either close or coincide.

AP 08
INDIRECT JiAüHAWüE VIA SPliM-UkBIT COUPLED STATES
IN R-Cu-Sn INTERMETALLICS
A.B.Beznosov,

V.V.Eremenko,

R.V.Skolozdua*

Physico-Technical Institute of Low Temperatures,
UkrSSR Academy of Sciences, Kharkov 310164, USSR;
*Lvov I.Franko State University, Lvov 290005, USSR
Recent studies of a wide range of properties of pure
rare-earth (RE) metals have shown that the main contribution
into an indirect exchange interaction of well localized 4f
shells is made by 5d-band electrons. Quasilocalized nature of
5d electrons causes a number of specific elements of their des
cription taking into account spin-orbit coupling and interelec
tron interaction both on one and on the neighbouring lattice
sites. These properties of intermediate states essentially
change the parameter of indirect exchange interaction between
4f shells of RE ions. The Hamiltonian in the model of nearest
neighbours interaction is
where I , I L , I , are indirect exchange interaction parameters
of the neighbouring 4f-shell spins, orbital angular momenta of
these shells, and of one 4f-shell spin an£ orbital angular
momentum of another shell, respectively; J and g are total _
angular momentum and Lande factor of 4f shell respectively; 1
is translational vectorj Ti is distance to nearest neighbours
(one-electron aspect of parameters in (1) was discussed earlier:
P.M.Levy. Solid State Comm., 2» 1 8 13 (1969} }.
This paper deals with ternary compounds RCuSn (R - Y, Ge,
Pr, Nd, Sm, Gd, Tb, Dy, Ho, Er, Tm, Lu), R e Cu e Sn e (R - Gd, Dy,
Er, Lu), RCu a Sn 2 (R - La, Ce, Pr, Nd, Sm), R C u ^ S n ^ C R - La, Ge,
Pr, Nd),'. We have determined contributions into the Curie-Weiss
magnetic susceptibility, magnetic moments of 4f shells in RE
ions and paramagnetic Curie temperatures op which, depending on
the surroundings, may vary for the same RE element not only in
absolute values, but in sign as well. Hamiltonian (1), unlike
the simple RKKY-De Gennes scheme, naturally and fairly well describes the obtained data. For RCuSn and R e Cu a Sn 8 compounds
parameters I S t I L , Is(j are equal to -O.52K,~O.O23K, 0.12K and
-O.46K, 0.13K, -0.10K, respectively.
Our results confirm the concept of quasilocalized spinorbit coupled nature of wave functions of those collective
electrons in intermetallics which form the indirect exchange
coupling between 4f shells of RE ions.

AP 09
CALCULATION OF THE TSmGTRON-FilONW-BlMMGBMENT FACTOR FOR THE
ACTINIDE METALS
I.Mertig, Technische Universität Dresden
H.L.Skriver, Ristf National Laboratory
P.Ziesche. Technische Universität Dresden
The aim of t h i s paper i s t o study the electron-phonon
coupling f o r the metals Th, Pa, IT, Np, Pu. To i n v e s t i g a t e e s p e -

cially the influence of relativistic effects we use a relativistic
LMTO bandstructure of the elements.
The basic problem in the theory of electron-phonon interaction is the calculation of the change in the crystal potential
due to an infinitesimal displacement of an ion. Here, we use the
rigid muffin-tin approximation. For the spherical part of the
Hopfield parameter -^ vie use a non-relativistic expression / 1 / .
With empirical values for <u/> we get finally the electronphonon coupling parameter
i
A

v

-

where M is the atomic mass.
Furthermore we investigate the pressure dependence of the
electron-phonon enhancement factor of Th in comparison with
experimental values.
/1/

W.John, D.Hamann and P.Urwank, p h y s . s t a t . s o l . ( b ) 86, 569
(1978).

AP 10
SEMIRELATIVISTIC SW-X M CLUSTER CALCULATIONS OF URANIUM
COMPOUNDS
V. Heera, Zantralinstitut für Kernforschung der Akademie
der Wissenschaften der DDR,

DDR-8051 Dresden, GDR
G. Seifert, P. Ziesche, Sektion Physik der Technischen
Universität Dresden, DDR-8027 Dresden, GDR

I

The electronic structure of some uranium compounds was
calculated using the cluster model and a semirelativistic
variant of the scattered wave X« method (SR-SW-X« ) .
The semirelativistic treatment considers all relativistic
shift effects - direct (Darwin-shift, mass-velocity shift)
as well as indirect (via potential). The spin-orbit
coupling is omitted, but can easily be taken into account
by perturbation theory. It can be shown that the used
method is equivalent to methods described in literature
(Wood and Boring). But our scheme seems to be more efficient
in numerical realisation. For details see Heera, Seifert,
Ziesche.
The results of the calculations are discussed with
respect to the chemical bond in the considered compounds.
Especially the role of the 5* electrons is studied. We
compare our results with other investigations on these
systems - non-relativiatic SW-S«. calculations, band
structure calculations, XPS measurements.
Finnaly, the electron densities at the uranium nucleus
are compared in the studied clusters for interpretation
of nuclear "isomer shifts".
>
References
J. H. Wood, A.M. Boring, Phye.Rev. B18, 2701 (1978).
V. Heera, G. Seifert, P. Ziesche, JTPEys. B16 (1985).

AP 11
THE INFLUENCE OF MAGNETIC SCATTERING PROCESSES ON THERMAL
CONDUCTIVITY IN RARE EARTH INTERMETALLICS
E. BAUER, E. GRATZ, Inst.f.Experimentalphysik, TU Vienna,
Austria
G. ADAM,
Inst.f.Theoretische Physik, TU Vienna,
Austria
The influence of magnetic scattering processes on electrical resistivity in rare earth (RE) intermetallics has been studied in a large number of works /1/. Good agreement between
experimental results and the theory was found, especially in the
cases of rare earth nontransition
metal compounds e.g. RE-A1,
2
/2/
The aim of this work is to show the influence of magnetic
scattering processes on the temperature dependence of the thermal conductivity.
The RE-intermetallics are good candidates for such investigations because of the large number of isostructural nonmagnetic
and magnetic compounds that exists in this family, where the
RE-ions are in the 3+ state.
We therefore deduce the magnetic scattering contribution
to the thermal resistivity by comparing isostructural nonmagnetic and magnetic RE-compounds.
The results will be considered in the light of theory based
on the linearised Boltzmann equation. The formulas are obtained
in the framework of the relaxation time approximation. The paramagnetic temperature range, where spindisorder scattering processes exist, will be the main subject in this work. Spindisorder scattering is due to the interaction of conduction electrons with the statistically orientated localized magnetic 4f
moments of the RE-ions. Using a Heisenberg-Hamiltonian we are
able to show that such a scattering mechanism gives rise to a
T~1 contribution to the electronic part of the thermal resistivity. It is known that the total thermal conductivity is a sum
of the electronic part and the lattice part. The contribution
of the lattice part to the thermal conductivity, where the phonons are the heat carrier, will also be discussed.
/1/ E.Gratz, M.J. Zuckermann, "Transport properties of rare
earth intermetallic compounds" in Handbook on the Physics
and Chemistry of Rare Earths, edited by K.A. Gschneidner,
Jr. and L.Eyring, North-Holland Publishing Company, 1982
/2/ E.Gratz, M.J. Zuckermann, J.Mag.Mag.Mat 29,(1982),181-191
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ELECTRICAL RESISTIVITY of the TETRAGONAL U(TM)„(Ge,Si)
COMPOUNDS with TM = Mo, Ru and Rh
J. Baumann, J. Diesing, W. Krause and W. Schlabitz;
II. Physikalisches Institut der Universität zu Köln,
D-5000 Köln 41, Zülpicher Str. 77, Fed. Rep. Germany
The electrical resistivity of polycrystalline samples of the
tetragonal U(TM)2(Ge,Si)_ compounds with TM = Mo, Ru and Rh has
been measured between 4,2 and 300 K.
The starting point of our investigations is the question of
the degree of localization cr delocalization of the 5f-electrons
in these intermetallic Uranium-compounds. We expect that the
Uranium ion delivers {partly all) its 5f electrons into the
conduction band going step by step from Rh to Mo.
First we observe very high resistivities at room temperature
(p3
= 590 yßem URl^Ge«, 720 pflcm URh 2 Si 2 , 435 pßem URu-Ge,,
835 \iilcm URu_Si2, 255 pßem UMo_Ge2 and 182 \iiicm UMo 2 Si 2 ). Such
high resistivities have also been measured on other intermetallic
Uranium compounds P 3 0 0 = 260 yßem for UPt 3 / 1 / , 270 pficm UAs / 2 / ,
600 ußcm USb / 3 / .
URhjSi« and URu2Si- order antiferromagnetically at T„ = 137 K
/ 4 / and 40 K. Above T N the resisitivity p is dominated by a very
high spindisorder resistivity. Below T M p decreases drastically
4
by a factor of 10, and below 30 K we observe p ^ T , which gives
an indication for electron-magnon scattering in an antiferromagnet. The resistivity of URh 2 Ge 2 shows an anomalous temperature
dependence comparable with CeCu^i- and UBe.^. Looking at
URu 2 Ge 2 , UMo-Ge„ and UMo 2 Si 2 the general temperature dependence
of p looks like that of UAl 2 or Np metal, where p is determined
by spin fluctuations.
/1/
/2/
/3/
/4/

J.J.M. Franse et al: to be published
J. Schoenes et al: 13emes Journees des Actinides 1983
B. Frick et al: Solid state Commun. $2_, 331 (1982)
J. Leciejewicz et al: phys. stat. sol. (a) 51 K 71 (1979)
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LOW TEMPERATURE MAGNETIC AND ELECTRICAL PROPERTIES
OF THE NEW TERNARY SILICIDES LaMSiß AND CeMSi3 WITH M = Rh, Ir, Ru, Os
B. Chevallier , J. Etourneau , P. Haen , B. Iloret

and M. Sera

+ Laboratoire de Chimie du Solide du CNRS, Universite de Bordeaux I, 351 Crs
de la Liberation, 33405 Talence-Cedex, France.
o Centre de Recherches sur les Tres Basses Temperatures, CNRS, BP 166 X,
38042 Grenoble-Cedex, France.
We have prepared a new family of ternary suicides with general formula
RMSi3, where R is a rare earth and M a transition metal. They crystallize in
the BaNiSn3 structure.
We have measured the low temperature magnetic susceptibilities and electrical resistivities of the compounds with R = La and Ce and M = Rh and Ir.
The La based compounds are superconducting, with T c = 2.5 K.
No superconductivity has been found down to 50 mK in the Ce-based compounds. In the latter, the susceptibility exhibits a Curie-Weiss behaviour
above ^ 50 K with 6„ = - 110 K and an effective moment close to the 3+ value ;
the resistivity shows a T 2 variation below a, 0.8 K.
The study of La and Ce compounds with M = Ru, Os, ... is in progress.
These properties will be compared with those of other ternary suicides.
x On leave from Tohoku University, Sendai, Japan.
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HIGH FIELD MAGNETOBESISTANCE OF Gdln 3 SINGLE CHYSTAL
Z.Kletowsfci, N . I l i e w , B . S t a l i r i s k i
I n s t i t u t e of Low Temperature and S t r u c t u r e Research, Wroclaw,
P.O.Box 037
M.Glinski
International Laboratory of High Magnetic Fields and Low
Temperatures, Pröchnilc Str. 95, 53-529 Wroclaw
The transversal magrietoresistance of the cubic /AuCuo
structure/ antiferromagnetic Gdln„ compound has been investigated along [lOOj axis at 4.2 K and 2.2 K in the magnetic
field up to 17 T.
The measurements have been performed in two sets of
experiments i.e. an angular dependence of the magnetoresistivity at the constant external magnetic field for the rotated
sample as well as the field dependences of the magnetoresistivity for chosen directions have been measured.
The magnetoresistivity has been found to be positive and
anisotropio. Moreover oscillations of the inugnetoresistivity
have been observed at magnetic field above 6 T.
The angular dependence of the frequency of the oscillations is given.
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SEARCH OF COMMENSURATE-LOCKING EFFECTS IN THE HELICAL PHASE OF Tb AND Dy
SINGLE CRYSTALS, USING ELECTRON TRANSPORT TECHNIQUES

(*)

Joao B.Sousa.J.M.Moreira.M.E.Brapa
Centro de Fisica da Universidade do Porto, 4000 Porto, Portugal
R.D.Greenough, S.B.Palmer
Department of Applied Physics,University of Hull, HU6 7RX, U K.
D.Fort,D.W.Jones
Centre for Materials Science,University of Birmingham B15 2TT.U K.
Increasing attention is being paid to the study of commensurateincommensurate transitions in generally modulated structures. The interesting
case of the helical order in rare earths led in particular to considerable
experimental difficulties, and it became clear that if locking effects exist
in these elements, they are very minute indeed (1,2).
We report here a high resolution and sensitive method to investigate
the possibility of small locking effects in helically modulated structures
in rare earth metals.
The method relies on the fact that electrons moving along the c-axis
strongly interact with the helical structure (q-2w/c) and so, by measuring
along this direction a highly sensitive transport coefficient as the
temperature of the electrical resistivity (dp/dT) one expects to see subtle
effects related to the change in the turn angle w with temperature, including
locking effects at the appropriate temperatures T*,
w(T*) •= (m/n).(«/3)
where m and n are integers.
We used this new method to investigate the antiferromagnetic structure
of pure Tb and Dy single crystals. Sharp and rather localized anomalies
(AT£0.2 K in Tb ; A X ^ 0 . 6 K in Dy) were in fact observed in these crystals,
at the expected commensurate turn angler of 40° for Dy and 20° for Tb.
A* simple theoretical model is presented to describe the observed
anomalies in dp/dT, in terms of locking effects in the helical magnetic
structures of these elements.

l.J.Baruchel, A.Drillat, D.Fort, D.W.Jones, S.B.Palmer, M.Schlenker, J.Magn.
& Magn. Mat.11^3«,183(1983).
2.A.Drillat, These 3erne cycle, Univ. de Grenoble, 30 June 1983.
(*) Work supported by IHIC (Portugal).
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CROSSOVER EFFECTS IN THE CRITICAL FEATURES OF TRANSPORT COEFFICIENTS AT THE
ONSET OF HELICAL ORDER IN Gd, -Y SINGLE CRYSTALS (*).
J.B.Sousa. J.M.Moreira, M.E.Braga
Centro de Fisica da Universidade do Porto, 4000 Porto, Portugal
S.B.Palmer, S.Bates
Department of Applied Physics, University of Hull, HU6 7RX, U K.
S.Legvold, B.J.Beaudry,T.Ito
Ames Laboratory,Iowa State University,Iowa 50011,USA
Gdj_ x -Y x is a fascinating system with a very complex magnetic behaviour
near the critical composition xc-3l at.Z,where it changes from ferromagnetic
to helical order. This is revealed by magnetization studies (1,2) and by ultra
sonic and transport property measurements (3,A). The q-vector of the helical
phase decreases with the addition of Gd,leading to Che question of whether q
goes smoothly to zero at x«x c (Lifshitz point-like behaviour), or if there is
a finite jump in q.
In this communication we present very accurate and detailed data on the
behaviour of the temperature derivative of the electrical resistivity for two
compositions close to x c : »»30 atZY,corresponding to a ferromagnetic sample(A),
and x-32 atZY corresponding to a sample B already exhibiting the helical order.
As shown in Fig.l, d /dT in crystal A exhibits the usual increase in the
paramagnetic phase towards a positive high value in the ferromagnetic phase at
T (and below; q«0) ;for the crystal B,
- surprisingly,in the paramagnetic phase
d /dT behaves as if the sample were a true
ferromagnet.with an exact match of the
curve to that of sample A,just up to T c .
This suggests an overwhelming dominance of
very low q-values in the paramagnetic phase
of sample*B.As T decreases below Tc,the
helical long range order suddenly sets in,
and d /dT exhibits a sharp break towards a
deep negative minimum. Further reduction in
T then produces the usual smooth rise in
d /dT,which can be accounted for in a simple
mean field treatment.A full analysis of the
critical indices is presented,and a comparj,
son with samples outside the critical range
is aleo given.
l.Ito.Legvold, Beaudry, Phys. Rev. B23JJ409( 1981)
2.Legvold.Burgardt,Beaudry,Phys.Rev.B22,
2573(1980).
3.Sousa,Pinto,Pinheiro,Braga,Moreira,Blacki£
Palmer,Hukin,J.Mag.Magn.Mat.28,175(1982).
4.Braga,Pinto,Sousa,Blackie,Hemsley,Palmer,
J.Mag.Magn.Mat. 29,203(1982).
0.95 11.0 1.05 T/Tc
(*) Work supported by INIC (Portugal).
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BEHAVIOUR OF MAGNETORESISTANCE, ELECTRICAL RESISTIVITY, AND ITS TEMPERATURE
DERIVATIVE IN Pr (Co

Fe )

?

FERROMAGNETIC PSEUDO-COMPOUNDS (*).

J.M.Moreira, J.B.Sousa, J.D.Montenegro, M.E.Braga
Centro de Flsica da Universidade do Porto, 4000 Porto, Portugal
A thorough investigation of the pseudocompounds Pr,(Co, Fe ) . _ with
x«0,0.2,0.3,0.4,0.55,0.8 and 1.0 (at 7 » ) has been made using~üigfi accuracy
measurements of the electrical resistivity p(T), magnetoresistance Ap(T,H),
and the temperature derivatives dp/dT and dp/dH.
Data has been obtained in the range 77-350 K (in some cases up to 800 K ) ,
and in applied fields H up to 10 KOe. Our main interest was foccused in the
following points:(i) to obtain detailed information on the different etages
of the magnetization process at several temperatures, in connection with the
changes in the anisotropy constants K.(T);(ii) the accurate location and
characterization of the spin-reorientation transitions in this system, using
electron transport techniques (l);(iii) the study of the critical behaviour
of the transport coefficients near the Curie point T ;(iv) to obtain information on the non-magnetic contribution to the electrical resistivity,'in
particular on the role played by interband transitions (s-d).
The results can be summarized as follows:
- The non-magnetic contribution to the electrical resistivity takes the
form:
_
p - A.T + B.T
except at low temperatures ( T ^ 100 K ) ; from the direct measurements of dp/dT.
the coefficients A and B were accurately separated. A pronounced variation
was found in A along the series (up to -300*/»); a much smaller change was
found in B. These effects»are interpreted in terms of pronounced changes in
the rate of the interband s-d transitions, due to the variation of N(E_)
with x.
*
- At the Curie point, dp/dT exhibits a positive pe&k, followed by a sharp
decrease due to short range effects; a sharp minimum is also observed in the
magnetoresistance at T , when plotted as a function of temperature (with
constant field).
- The existence of spin-reorientation transitions (T ) was confirmed for
the samples with x-0.2 ( T ^ 1 9 0 K) and for x-0.3 (T r * 9 6 r K ) .
- The longitudinal magnetoresistance at temperatures far below T is always
positive, but in high fields it gets negative as T approaches T . Marked
changes in the magnitude of tne magnetoresistance were observedcwith respect
to composition, temperature and field. These effects are discussed in terms
of the anisotropy constants K. in Pr„(Co, Fe ) . _ .

1. J.B.Sousa, J.D.Montenegro, J.M.Moreira, M.E.Braga, J.Phys.F12,351(1982).
(*) Work supported by INIC (Portugal).
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CHARGE TRANSFER AND HALL EFFECT IN AMORPHOUS
GdCo.GdCoMo AND GdFe FILMS
T.Stobiecki.K.Kowalski and Z.Obuszko
Solid State Physics Department Academy of Mining and Metallurgy
30-059 Krakow,al.Mickiewicza 30,Poland
The Hall effect investigations of amorphous RE-TM films were demonstrated ina number of papers,see McGuire et al for review [1].Shirakawa et al and Asomoza et al suggested from the
temperature dependence of the Hall resistivity 9 u that TM sublattice magnetization dominates in the Hall effect. In contrary McGuire et al shows that Gd and Co have opposite signs for
f> „ and point in opposite directions so that Hall scattering is
aaditve.In their model they considered the tangent of the Hall
effect as the algebraic sum proportional to the atomic fraction
of each component of the alloy?P-g/Anu and (&/?)T}E* ^h* 3 simple
model is compatible only for RE--TM amorphous
alloys in limited range of concentration and it does not apply directly to
GdCo alloys.
Amorphous Gd.. (TM=Fe,Co) (.65$x£i) and (Gd, „CoJ ,.- Mo
(.60*x$1 and y= 73Co4, .06, .1$, .17 ) films were prepared * y by y RF
sputtering technique. The Hall tangent,resistivity and magnetization as afunction on temperature and concentration were measured. From measurements of the Hall tangent of FeB and CoB
films we found extrapolated values of Ai/f for pure amorphous
?e and Co /.o6 and .017 respectively/. Knowing from magnetization measurements change of magnetic moment on TM atom due the
charge transfer
and Uding values for the Hall tangent of pure amorphous Fe and Co we calculated(?«/?)T M dependence on x
concentration. From the dependence of (fa/r) w on x and the data of the Hall angle for GdCo and GdFe
films we obtained the
Hall angle of Gd as a function on x content. The total Hall tann, gent for GdFe,GdCo and GdCoMo amorphous
" ö alloys is presented in Fig.1.
It is shown that both sublattices take
05 part in the Hall scattering. Changes in
the Hall tangent on TM magnetic sublat•04 tice are due the charge transfer from
Gd to Fe and Co.
•03 Fig.1 The total Hall angle of amorphous
GdFe,GdCo and GdCoMo y=.13 films.Dotted
.Q2 and solid lines calculated, data from

0 .2

1.T.R.McGuire,R.J.Gambino and R.C.O'Handley "Hall effect and its appli«ations",Eds.C.L.Chien and CR.Westgate,
Plenum Press 1980.New York

AP 19
PRESSURE DEPENDENCE OF THE ELECTRICAL RESISTIVITY AND T c OF THE
"NEARLY-HEAVY-FERMION" SUPERCONDUCTOR U 2 P * C 2
J . D. Thompson and G. P. Meisner, Los Alamos National Laboratory, Los Alamos,
NM 87545, U.S.A.
Recently, evidence

for "nearly-heavy-fer»1on" superconductivity was found

for UgPtCg In the temperature dependence of the electrical r e s i s t i v i t y p(T)
and from the electronic coefficient Y of the specific heat.

The enhanced

2

Y a 75 mJ/mole-U atom-K of U,PtC, Is Intermediate to those of the uraniw»
2 2

based superconductors UPt, (Y - 450 mJ/mole-U atom-K ) and U,Fe
2 3
(Y - 25 mJ/mole-U atom-K ) .

To characterize further this Interesting

material, we have studied the effect of hydrostatic pressures to over 16 kbar
o n p ( T ) and the superconducting transition temperature T . At ambient pressure,
thermal variations i n the r e s i s t i v i t y of U^PtC« are qualitatively similar to
those in UPt3 and UßFe.

Unlike the l a t t e r two materials, however, UgPtCg

exhibits a "shoulder" i n p ( T ) near 25 K.

Pressure suppresses the magnitude of

this shoulder and moves i t to higher temperatures.
residual r e s i s t i v i t y p
(3TC/GP = - 53 mK/kbar).

(T>, T ) and T

In addition, both the

drop rapidly with Increasing pressure

We compare our results to observations made on other

uranium-based heavy-fermion systems, suggest a possible explanation for the
pressure-dependent resistive behavior of U„PtCp, and discuss I t s relation to
superconductivity.
1 . G. P. Meisner, A. L. Giorgi, G. R. Stewart, and A. C. Lawson, to be
published.
2. G. R. Stewart, Z. F1sk, J . 0. W i l l i s , and J . L. Smith, Phys. Rev. Lett.
52, 679 (1984).
3. TTT E. DeLong, J . G. Huber, K. N. Yang, and M. B. Maple, Phys. Rev. L e t t .
51_, 312 (1983).
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TEMPERATURE DEPENDENCES OP THERMOELECTRIC POWER AND ELECTRICAL '
RESISTIVITY OP RARE EARTH METALS ABOVE THE MELTING POINT.
A.TiBurkov, M.V.Vedernikov - A.P.Ioffe Physico-Technical Institute of the Academy of Sciences of the USSR. I9402I, Leningrad,
USSR.
The paper concerns experimental investigation of thermopower and
resistivity of rare earth metals Pr, Nd, Sm, Gd, Tb, and Yb both
in liquid and high temperature crystalline state. Measurements
were carried out in tantalum crucibles under pure helium. For
the first time possibly the temperature range of these measurements reached to 300 K above the melting point. Information on
the thermopower of liquid Pr, Nd,Sm, Gd, and Tb is obtained for
the first time. It is possible now to compare a character of temperature dependences in crystalline and liquid phases near the
melting temperature. Temperature dependences of thermopower and
resistivity of liquid Yb were calculated accordingly to Ziman
theory in single site approximation. It is shown the temperature
dependences observed can be described well taking into consideration energy dependence of d-phase shifts.
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LOW-TEMPERATURE SPECIFIC-HEAT STUDY OF URANIUM MONOPNICTIDES AND -MONOCHALCOCENIDES
H. Rudigier, 11.R. Ott, 0. Vogt, Laboratorium für Festkörperphysik,
ETH-Hönggerberg, 8093 Zürich, Switzerland
We report specific-heat experiments for small samples (80-280 mg) of
single crystalline NaCl-type UX compounds (X = N, P, As, Sb, Se, Te) which
were made in order to determine the low-temperature electronic specific heat
denoted as c = Y > T . The experiments were performed in the temperature ranges
between 0.13 < T < 1 K and 1.5 < T < 11 K, respectively. Extending the measurements to below 1 K proved useful for an unequivocal determination of both the
electronic and the lattice contribution to c at low temperatures. Furthermore
our results below 1 K confirm the common assumption, that the nuclear Schottky
anomaly arising from the hyperfine-field split nuclear levels of the anion and,
to a lesser extent, the ^35^ n u c i e i <j0 not affect the data above 1.5 K.
For the pnictides our results show an increase of the electronic specific
heat parameter y from UN (y = 25.8 mJ/moleK^) to UAs. The rather high γ-value
for UAs (53.2 mJ/moleK ) points to a considerable density of f-electron states
at the Fermi energy. However, for USb, a very low value (0.2 mJ/moleK ) is
observed, which in accordance with photoemission experiments of Reihl et al.
and with neutron-scattering measurements ' leads to the conclusion, that the
5f electrons are localized in USb. It is suggested that the increasing importance of correlation effects within the pnictide series is responsible for the
transition from itinerant f electrons in UAs to localized f states in USb.
For UTe.the y value is 10.3 mJ/raoleK . Our data on USe and published results for US ' indicate that in this series, the electronic specific heat decreases with increasing size of the anion.
The Debye temperatures derived from the T contribution to c and valid
for low temperatures, decrease with increasing anion mass (with the exception
of UN) for both the pnictides and the chalcogenides. This agrees with the
variation of the bulk moduli as the lattice constant increases . For UTe, the
low value for 8 Q (98 K) for three degrees of freedom may be due to the same
reasons as the anomalous phonon dispersion as found in neutron scattering experiments. This would imply fairly strong electron-phonon interactions to be
present and which would have to be taken into account when comparing density
of state calculations with the experimental value for y.
1. B. Reihl, N. Martensson, 0. Vogt. J. Appl. Phys. 53, 2006 (1982)
2. G.H. Lander, M.H. Müller, D.^. Sparlin, 0. Vogt, Phys. Rev. B14, 5035 (1976)
3. E.F. Westrum.Jr., R.R. Walters, H.E. Flotow, D.W. Osborne, J. Chem. Phys.48,
155 (1968)
4. W.J.L. Buyers, T.M. Holden, J.A. Jackman, A.F. Murray, P. de V. DuPlessis,
0. Vogt, J. Mag. Magn. Mat. 31-34, 229 (1983)
5. T.M. Holden, W.J.L. Buyers, E.C. Svensson, J.A. Jackman, A.F. Murray,
0. Vogt, P. de V. DuPlessis, J. Appl. Phys. i>3, 1967 (1982)

AP 22
VALENCE INSTABILITIES IN MAGNETICALLY ORDERED COMPOUNDS
M.M. Abd-Elmeguid, Ch. Sauer and W. Zinn, Institut für Festkörperforschung,
KFA Jülich, D-5170 Jlilich, F.R.G.
Performing 151-Eu Mbssbauer effect measurements on the series
Eu(Pdi_ x Au ? )2Si2 (0 * x s i ; tetragonal ThC^Sig crystal structure) offers
the possibility to study systematically the coexistence between electronic
instabilities via the isomer shift and magnetic instabilities via the
effective magnetic hyperfine field at the Eu site. Recently, this system
has been partially investigated (Mössbauer isomer shift and magnetic susceptibility) up to x = 0.25 and a "global" magnetic phase diagram has been
derived /I/: Below the critical concentration of x 0.175 the system
behaved mixed valent, above this concentration the system ordered magnetically
keeping a weak mixed valent character.
The prime motivation of the present work has been the search for a
correlation between the valency and the magnetic hyperfine field in the
magnetically ordered region of the phase diagram. The investigation of
the samples hat been extended up to x = 1.0 corresponding to the magnetically ordered compound EuAu„Si„ (x = 0, 0.20, 0.25, 0.30, 0.40 and x = 1.0).
After analyzing the effective magnetic hyperfine fields, the isomer
shifts and the lattice constants in the whole concentration range we obtained
the following results: (i) Above the mixed valent region up to x = 0.175
we found a broad region where mixed valent and magnetic order coexist,
(ii) The values of the effective hyperfine field in this region are found
to be unusually large (Beff s 50 T) compared to the value for EuAugSig
(Beff « 28 T ) . The existence of higher values of the hyperfine fields
in this mixed valent region is probably caused by an additional contribution
to B e ff , which is due to the admixture
from 'F]_ and 'F2 excited states
into the 'F o ground state of Eu^ + , producing a non-zero effective magnetic
field at the Eu nucleus.
The above results show for the first time the sensitivity of the
effective magnetic hyperfine field as a new parameter characterizing the
magnetically ordered mixed valent compounds.
References
ill C.U. Sergre, M. Croft, A. Hodges, V. Murgai, L.C. Gupta and R.D. Parks,
Phys. Rev. Lett. 49, 1947 (1982).
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ELECTRONIC ASPECTS OF ALLOYING INDUCED Sm-VALENCE TRANSITION
G. Spronken, Ecole Polytechnique, Universite de Montreal, Montreal,
Quebec H3C 3AT, Canada.
M. Avignon, Laboratoire d'Etudes des Proprietes Electroniques des Solides,
(LEPES), C.N.R.S., BP 166, 38042 Grenoble-Cedex, France.
The Sm-valence transition similar to the pressure induced transition in
SmS has been obtained by alloying with a number of RE—chalcogenldes. Beside
the 'chemical' pressure, band structure effects should be taken into account.
In order to clarify the role the electronic parameters play in the valence
transition, we have studied the valence of Sm in the low Sm-concentration
limit including che intra-atomic Coulomb interaction Ujf between localized f
and itinerant d states. The behaviour is significantly different from the
case where U,jf has an extended character(". The delocalizatlon of Sm f-electron Is dominated by charge transfer between RE and Sm sites. Lattice effects
are introduced'through the crystal field on RE as well as on Sm d-states. For
a given lattice constant (size effect), the d-level of RE-S needs to lie below a critical value for Sm to become trivalent. The c-itical concentration
for valence transition is studied as a function of the lattice parameter and
discussed through the whole RE-chalcogenldee serie. Comparison will be made
with other possible mechanisms for valence transition in these alloys,
(1) G. Spronken and M. Avignon, J. Phys. F : Metal Phys. 12, 2541 (1982)
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THE EVOLUTION OF THE xo/V RATIO IN TWO MIXED-VALENT Ce SYSTEMS
M.J. Besnus, J.P. Kappler and A. Meyer, L.M.S.E.S., Institut de Physique,
3, rue de 1'Universite, 67064 Strasbourg, France

I

^ß and CePdß have been well established by numerous typical experiments to be mixed valent systems-. From the analysis of our whole data relative to the (Ce,La)Bei3 and (Ce,Y)Pd3 series,, one deduces a continuous evolution of the IV state upon dilution. Whereas in CePd-j all our experimental
results (1) seem to recognise that the mixed valent state goes progressively
over to a non-magnetic state reached for Y concentrations of about SO at X,
in the CeBei3 series one has to deal with a continuous evolution from a non
integral IV regime for the Ce-rich alloys towards a near integral Ce^ + valence with a Kondo-like resistive behaviour in the La-rich concentration
range (2). We present here the results of a detailed study of the evolution
of the XQh
ratio, as this latter is a valuable tool for the appreciation of
the electronic state in substitution series. Our results show that the.
correlation between the low temperature susceptibility Xo ant* t*ie electronic
specific heat coefficient Y which is"known to exist for binary IV Ce compounds extends also to these quasibinaries including both strong and weak
mixed valent systems. Indeed the \0/y ratio stays nearly constant with a
value of "\> 3.5 10"' cnr erg~* K^ in the Y substituted alloys up to the non
magnetic limit as well as in the La-substituted CeBe^-j series. This leads to
R.« (u 2 k|/p|f f ) x ( X O / Y ) = 1-2, i.e. the value expected in Fermi
liquid approaches and also in the Kondo limit for a Ce impurity with a
2J+1 « 6 degeneracy.
The main results of this study are the constancy of R in these concentrated and diluted IV Ce systems, independently of the value
of the mean
occupation number <nf>,and further the stability of the 2J+1 spin-orbit
ground state multiplet degeneracy, with, no manifestations of CEF effects, as
long as Ce retains a fluctuating electronic state. The evolution, in the
(Ce x Yi- x )Pd3 series, from'a 2J+1 « 6 to a J • 0 non magnetic state is experimentally well described by the variation of R which for x £ 0.5 drops
towards its free electron value.
(1) M.J. Besnus, J.P. Kappler, G. Krill, M.F. Ravet, N. Hamdaoui and
A, Meyer, Valence Instabilities, ed. P. Wächter and H. Boppart (Amsterdam : North Holland), 1982, p. 165.
(2) J.P. Kappler, G. Krill, M.F. Ravet, M.J. Besnus and A. Meyer, Valence
fluctuations in Solids, ed. M. Falicov et al. (Amsterdam : North-Holland)
1981, p. 271.
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Pressure induced phonon frequency
shifts in mixed valent CeSn,

O. Blaschko, G. Krexner , L. Pintschovius
and G. Ernst "*'**'

, W. Assmus

Institut für Experimentalphysik der Universität
Wien, Strudlhofqasse 4, A-1090 Wien, Austria
Kernforschungszentrum Karlsruhe, Box 3640;
D-75OO Karlsruhe, F.R.Germany
Physikalisches Institut der Universität
Frankfurt, F.R.Germany
Forschungszentrum Seibersdorf, A-2444 Seibersdorf, Austria

Abstract
Pressure induced nhonon frequency shifts have been
determined in mixed valent CeSn3« The results evaluated as mode Grüneisen parameters show rather
normal positive values. No indication of a lattice
softening under pressure has been observed.
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THE ONE-ELECTRON PICTURE OF THE
ACTINIDE HEAVY-FERMION SYSTEMS
A. H. Boring, R. C. Albers and F. M. Mueller*
Los Alamos National Laboratory
Los Alamos, NM 87544
and
D. 0. Koelling
Argonne National Laboratory
Argonne, IL 60439
We have determined the electronic structure of the heavy Ferraion
systems UBe.„ and UPt. at the one-electron lgvel. These two systems in
which the U-β distances are very large (~ 5 A apart) have very large
effective electron masses (flat bands). Both systems also exhibit
superconductivity (UPt„ is spin fluctuating before going superconducting)
which is unusual for such large actinide separations. The energy bands
of UBe
(28 atoms/unit cell) were calculated using the semi-relativlstic
LAPW method. The UPt. (8 atoms/unit cell) electronic system was determined
using the semi-relativistic LMTO method. Tl'e electronic structure of both
systems was determined for the observed crystal structure and crystal
volume at zero pressure. We find that both systems have very narrow f bands
pinned at the Fermi energy (E„). The widths and peaks of the f densities
of states (LlOS) are at least one to two orders >>f magnitude wider and
lower than those inferred from low temperature specific hear (LTSH) data.
In both systems the electronic structure near E_ is dominated by the
hybridization with f states. This is most clearly seen in the partial
local site DOS functions in which all the partial waves (on both the
uranium and non-uranium sites) near E„ fall inside the f band DOS
envelope. Some discussion is given of the electronic anisotrope in
these systems.

/.
jl
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THEORY OF HEAVY FERMIONS — THE QUASXPARTICLE SPECTRUM OF
THEANDERSON LATTICE HAMILTONIAN

B. H. Brandow
Los Alamos National Laboratory

The recent discoveries of superconducting materials which exhibit valencefluctuation behavior above T , the "heavy-Fermion" superconductors, have reiterated the importance of wording out the spectrum of quasiparticle excitations
in periodic valence-fluctuation models. We have recently succeeded in doing
this for the simplest such model, the Anderson Lattice Hamiltonian. We use
the variational approach described previously, ' but extended now in several
respects: (1) Our previous wavefunction, with one variational parameter per
k-state, has been generalized to produce a ground state with a sharp Fermi
surface, i.e., a discontinuity in the conduction-state occupation numbers.
(2) Excited states are described in terms of quasiparticles, in a manner
consistent with the Luttinger picture of a Fermi liquid. (3) These developments have been generalized to a more elaborate wavefunction with two variational parameters per k-stnte. Relevant expectation values (for H, and orbital
occupation numbers) are obtained approximately, by diagrammatic analysis, and
the variational parameters are then fully optimized numerically. As the position of e (the f-electron energy level) is changed with respect to the band,
all physical properties evolve smoothly, from the Kondo regime, through the
valence-fluctuation regime, and into a perturbative regime (where perturbation
in V suffices), in agreement with the previous results.
Although the 2-parameter version is surely more realistic, the one-parameter version has the
virtue of analytic simplicity. This demonstrates, for example, that the
effective mass at the Fermi level is enhanced by a factor of order W/f, i.e.,
bandwidth over resonance width.

1.
2.

B. H. Brandow, Int. J. Quantum Chem. , Syrap. Vol. 1_3, 423 (1979).
B. H. Brandow, in "Valence Fluctuations in Solids", L. M. Falicov, W.
Hanke, and M. B. Maple (eds.) (North Holland, 1981), p.357.
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THERMAL EXPANSION OF ÜRANIUM-PLATINUM COMPOUNDS
A> de Vlsaer and J. J. M. Franse
Nat mirk und ig Laboratorium der Uiniversiteit van Amsterdam
Valckenlerstraat 65, 1018 XE Amsterdam, THE NETHERLANDS

ABSTRACT

The lntermetalllc compound IJPf, (hexagonal MgCd,-type
of structure) Is attracting a lot of Interest because of
Its unusual low-temperature properties: the magnetic parameters are strongly anlsotroplc

J1,2], superconductivity Is

observed

He here

near 0.54

K

[3,4].

report

on

thermal

expansion measurements on UPt_ and its non-magnetic neighbours »Pt ? and UPt^ in the temperature range 1.2 K - 100 K.
The thermal expansion data are compared with the specific
heat results on the same 6ampJ.es.

[1]

P. i>. Frings, J. J. M. Franse, F. R. de Boer and A.
Menovsky, J. Magn. Magn. Mat. 31-3« (1983) 240

[2]

A. de Vlsser,' J. J. M. Franse and A. Menovsky, to be
published In J. Magn. Pfagn. Mat.

[3]

G. R. Stewart, Z. Flsk, J. 0. Willis and J. L. Smith,

[4]

A. de Vlsser, J. J. M. Franse and T. T. M. Palstra, to

Phys. Rev. Lett. 52^ (1984) 679

he published In Physica B

AP 29
MAGNETIC PROPERTIES OF INTERMEDIATE VALENT Tm-IONS in (TmLa)Se
AND (TmY)Se
U. Köbler, K. Fischer
E. Holland-Moritz

IFF/KFA Jiilich Postfach 1913
D-5170 Jülich, W. Germany
II. Physikalisches Institut, üniverstität
Köln, Zülpicher Str. 77
5000 Köln 41, W. Germany

Polycrystalline samples with a Tm concentration of 2,5 and 10% were
produced by freezing of the melt in closed tungsten ampouls. The
magnetic properties of diluted intermediate valent (IV) Tm-ions in
LaSe and YSe are qualitatively the same as in the concentrated
TmSe. At low temperature (LT) the neutron scattering spectra show
an inelastic line and a rather narrow guasielastic line. The width
of the quasielastic line increases with VTm/2 ^Β0.7 k^T. Thus with
increasing temperature both lines merge into one broad quasielastic
line with a nearly temperature independent width. (1%, /2 = 7 meV
for TmSe). The effective moments extracted from the Curie-Weisslaw of high temperature susceptibility and from the Curie-law of
low temperature susceptibility agree quite well with those values
obtained from the magnetic cross-sections for the quasielastic
lines at high and low temperatures respectively. Neutron scattering and susceptibility data have been combined to construct an
energy level scheme for the IV-Tm-ion in the limit of single ion
behaviour which is consistent with both types of investigations.

I
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MAGNETISM, INTERMEDIATE VALENCE BEHAVIOR AND STRUCTURAL CHEMISTRY
IN PSEUDOBINARY ALLOYS CeRu„ OS AND CeRU- Os Si
JL *"X

X

^ ™X

X

^

K.HIEBL, C.HORVATH, P.ROGL
Institut für physikalische Chemie
Universität Wien
A-1090 Wien, Waehringerstrasse 42, Austria
and
M.J.SIENKO
Baker Laboratory of Chemistry
Cornell university
Ithaca, New York 14853, USA
Congruent melting behavior as well as complete solid solubility
with a continuous range of stability from 1000°C to the melting
temperature was observed for both alloy series CeRu

Os

(cubic

MgCuo-type) and CeRu. Os Si_ (bct-ThCr_Si--type) . Samples wera
prepared by arc melting with subsequent annealing and analyzed by

j<
!'
'.

means of X~ray powder diffraction and metallography.
The magnetic properties of these alloys were studied in the

jJ

temperature range 1 . 5 < T < 1 1 0 0 K and in fields up to 1.3 Tesla.
The superconductivity of CeRu

with predominatly tetravalent

cerium-ions is rapidly decreased on alloying with the homologous
osmium-compound.
Magnetic susceptibility data for CeRu. Os Si» reflect the
demagnetization of the Ce-4f electrons at low temperatures according
to a two energy scale phenomenology (interconfiguration
fluctuations-ICP).

>
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CERIUM COMPOUNDS IN THE FASHION OF THE LIGHT ACTINIDES*

D. D. Koelllng, Argonne National Laboratory, Argonne, IL 60439, USA

Researchers familiar with the light actinides easily recognize in cerium
compounds a microcosm of the rich variety of properties seen in the light
actinides. The parallelism seen between comparable cerium are actinide compounds strongly suggests that the same physical models and applicable only
varying in the controlling parameters. The most significant of these is the
relative size of the f-orbital. In cerium compounds, the localisation is
generally tighter than that for uranium compounds, making them roughly analogous to those of the actinides Np through Am. A quick way to see the
parallelism is to compare the Hill plots of Ce and the light actinides noting
that those compounds in the different regions of the plots (representing
differing physics) are actually isomorphic compounds involving the same companion elements. The most common materials exhibiting a direct f-f interaction are the cubic Laves compounds. To augment our understanding of this type
of compound, we have determined the band structures of CeRu 2 , CeRh 2 , Celr 2 ,
CeOs 2 , and CeNi2- On the other hand, the compounds which best illustrate the
intereaction of the f-orbitals with "ligand" orbitale are. the Cu^Au structured
materials. The band structures calculated for materials in this class are
CeRh.3, CePd 3 , and CeSn 3 — the materials of much Interest as "mixed valent."
Our results strongly support the Idea that hybridization is very significant
aspect of these systems. Although the focus here is on the Ce compounds, we
have performed band calculations for many of the uranium isomorphs and these
can be used to highlight the interesting physics.
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PARAMAGNETIC SPECTRAL RESPONSE IN MIXED VALENCE SYSTEMS
A.P. MURANI
Institut Laue-Langevin, 1S6X, 38042 Grenoble Cedex, France
Paramagnetic scattering using relatively high energy neutrons
(Ei <\J 50-100 meV) from mixed valence materials like CeSn3, YbAlß and others
reveal, at low temperatures, well defined inelastic magnetic peaks superposed
on a broad quasi-elastic spectrum. The inelastic peaks broaden and melt away
progressively with increasing temperature, accompanied possibly by some
softening, and disappear almost completely around the temperature of the
maximum in the static susceptibility. The origin of the inelastic peaks is,
at present, not entirely clear. Several possible mechanisms such as excitation
across the f-d hybridisation gap, localised f-electron excitation to the Fermi
sea or even some modified form of crystal field excitations may possibly
account for the observed spectral response. It may be noted that the appearance
of the inelastic structure below T m a x , the temperature of the maximum in the
static susceptibility, strongly correlates with the observed deviations of the
linear dependence of the nmr Knight shift (as well as rauon Knight shift) on
the bulk susceptibility. In cases where nmr determinations of the effective
spin relaxation times are available a close agreement with the neutron data
is obtained if proper account: is taken of the inelastic structure in the low
temperature spectral response.
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INFLUENCE OP Mo CONTENT ON MAGNETIC PROPERTIES OP GdCoMo
AMORPHOUS THIN FILMS

x/
L.J.Maksymowicz, D.Sendorek, R.2uberek, W.Madkowiak
Solid State Physics Department, Academy of Mining and
Metallurgy, 50-059 Cracow, al.Mickiewieza 30, Poland
Influence of Mo contensts in (Gd1_x Cox ) - Mo
thin
amorphous films was studied* Samples
' '
were prepared by rf sputtering technique with x from
0.66 to 0.97 and y from 0.01 to 0.14. It was found that
molybdenum influences the saturation magnetization, the
g-factor and the uniaxial anisotropy field. She anisotrop?
constant is greatly influenced by molybdenum especoially
near the compensation composition. Also surface modes in
spin wave resonance in thin films (Gd,, ^Co,.),, Mo„
1 ac x 1
x = 0.85 • 0.94, y = 0.01 • 0.12
"
~y y
were studied. The surface anisotropy constant was determined from the surface inhomogeneity SI model [1J.
The fitted K
values [2] agree with theoretically predicted ones.
For some of our samples the best fit between
model and experimental data was obtained when the surface
anisotropy energy was assumed as a superposition of the uniaxial anisotropy term and a biaxial anisotropy term. The study
of the influence of temperature and Mo con-tent on the value
of surface anisotropy» constants shows that:
i/ There is a critical temperature when surface uniaxial
anisotropy constant changes its character
ii/increasing Mo content makes temperature dependence of
surface anisotropy constants more stabilized.

I

\
[il H.Puszkarski, Progr.Surface, 9 (1979) 191.
[2J L.J.Maksymowioz, D.Sendorek, J.Magaand Magn.Mat.
57 (1985) 177.
x/ Institute of Physics, Polish Academy of Sciences,
al.Lotniköw 52/46, 02-668 Warszawa, Poland
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EXCHANGE INTERACTIONS AND RANDOM ANISOTROPY IN ErC<>2 AND TbCo 2
AMORPHOUS ALLOYS
D. Givord , A. Lienard
+

and J. Schweizer* 0

Laboratoire Louis Neel, C.N.R.S., 166X,
38042 Grenoble-cedex, France

*D.R.F./D.N., C.E.N.G., 85X, 38041 Ürenoble-cedex, France
Institut Laue-Langevin, 156X, 38042 Grenoble-cedex, France.
The configurations of magnetic moments in rare-earth-cobalt
amorphous alloys have been described in terms of asperomagnetic
and asperimagnetic arrangements

. According to this picture,

the large 3d interactions in these systems lead to ferromagnetic
alignement between Co moments. The main interaction on the 4f
ions is the CEF interaction which determines a local direction of
magnetization. The orientation of the 4f moment along this
direction is then determined by weaker 4f-3d exchange interactions. High field magnetization measurements and neutron
scattering in ErCo„ and TbCo„ are analysed within this framework.
In particular, the introduction of non-axial second-order term in
the CEF Hamiltonian allows a consistent description of these
effects in both compounds.
Furthermore, polarized neutron scattering with polarization
analysis

reveal in ErCo„ ferromagnetic correlations between Er

moments, in a plane perpendicular to the applied magnetic field
which nearly saturates the Co magnetization. These features are
attributed to the breaking of the collinear ferromagnetic state
due to competition between exchange interactions and random
anisotropy.
(1)

J.M.D. Coey, J. Appl. Phys., 49, 1646 (1978).
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ANISOTROPIC MAGNETOELASTIC COUPLING IN CeNi ^INTERMEDIATE VALENCE
COMPOUND
• '
<
G. Creuzet, A. Fert, C. Goanach
Laboratoire de Physique des Solides, Bat. 510, UPS, 91405 ORSAY
France
D. Gignoux
Laboratoire Louis Näel, CNRS-USMG, 166X, 38042 GRENOBLE Cedex,
France
The CeNi compound has been shown to be an intermediate valence compound with strong anisotropic magnetic susceptibility
(1) due to the local orthorombic synmetry. This behaviour is
quite different from usual Cerium intermediate valence compounds
like CeSn3 in which the cubic symmetry gives rise to isotropic
effects.
We present magnetostriction and thermal expansion measurements at low temperature along the three symmetry axes. The field
effects are clearly the sum of two contributions :
- the main one, arising from the intermediate valency character, which is temperature independent,
- in addition a smaller one whose temperature and field dependence is characteristic of G e 3 + impurities (the 1/T contribution to the susceptibility at low temperature has been also a s cribed to such impurities (2)).
The low temperature thermal expansion and the main contribution to the magnetostriction are large (comparing with the normal
LaNi compound) and strongly anisotropic, the b-axis showing a particularly different behaviour.
These results can be accounted for in a model based on an
electronic free energy Fe = - kTNf(T/Tf), where the fluctuation
temperature T f ( e a , e^, e c ) depends on the strains'e a , E^, e c in
a different way. In this model the anisotropies of the thermal
expansion and the magnetostriction are related to strong differences between the 3 Grüneisen parameters y. = - 3Log T-/3e..
l

Both the temperature and field dependance of the lattice parameters and the previous susceptibility measurements (1) are consistent together, especially at low temperature where T « Tf. We
shall discuss the microscopic mechanisms which can give rise to
this behaviour.
(1) D.
J.
(2) G.
to

Gignoux, F. Givord, R. Lemaire and F. Tasset,
of Less Comm. M e t a l s , £ 4 , 165 (1983)
Fillion, D. Gignoux, F. Givord and R. Lemaire,
appear in J. of Mag. and Mag. Mat.
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CRYSTAL RADIUS AND VALENCE STATE OF URANIUM IN U.Se,,
3 4
H. Noel '
Laboratoire de Chimie du Solide et Inorganique Moleculaire,
L . A . C . N . R . S . n° 254, Universite de Rennes I, Avenue du General L e c l e r c ,
3 5042 Rennes Cedex (France)
The valence state of uranium is not yet really known in some binary
compounds such a s the uranium selenide UgSe which crystallizes in the
cubic T h ^ P . type s t r u c t u r e .
As in r a r e earth compounds (SmSe, Sm^Se^. . . ) , the f electron occupation number can be approximated from correlations with the ion size in
the lattice, i . e . the uranium crystal r a d i u s . It was shown, from a compilation of crystallographic data, that the U3 + (5f 3) crystal radius is ^ 0 . 1 1 A
higher than that of U
(5f ) and, in 8 fold coordination, the mean uraniumselenium distances a r e typically equal to 3.08 - 0.02 A for U -Se, and
2.97 ± 0.02 A for U ^ - S e (1).
We have refined the crystal structure of U-Se^ from single crystal
X - r a y diffraction data in order to derive ^precise interatomic d i s t a n c e s .
The mean U-Se spacing is equal to 3.05 A, which indicates that uranium
is not tetravalent -as this was previously assumed (2)- but is probably in
an intermediate valence state (5f 3-6 ), nearly trivalent with a weak 5f electron delocalization.
References
(1) H. Noöl, J . Solid State Chem. j £ (1984) (in p r e s s )
(2) R. T r o c , J . Mulak, W. Suski, P h y s . Stat. Sol. B 43_, J47 (1971)
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A STUDY OF CRYSTALLINE AND AMORPHOUS DyAg BY HUON SPIN RELAXATION*
3

1

L„ ftsch« *» , B. Boucher« * ' , J. Chappert« » , 1s0. Hartmann' * ' , G.M.
Kalvius *'
s
E. Karlsson«*' , J. Litterst« * > , K. Nagamine ' ,1 3 K. Nishiyama' > ,
R. Wappling' •» , T. Yamazaki« " , and A. Yaouanc '
(1) Physik-Department, Technical University Munich, P-8046 Garchingr, Germany;
C2J DPh-G/SR/f CEN-Saclay, F-91191 Gif-sur-Vvette, France;
CSJ DRF/LIH CEN-Grenojble, 85X, F-38041 GrenoJhJe Cedex, Ftance;
(4) Institute of Physics, University or Uppsala, Uppsala, Sweden;
(5) Meson Science Laboratory, University of Tokyo, Tokyo 113, Japan
In recent years, positive ntuons have emerged as a powerful tool for the
study of dynamics of atomic spins in magnets. For example, we have performed
such measurements on various REA13 compounds in the paramagnetic regime /I,2/.
Particularly in DyAl2 we found evidence for the presence of spin correlations
far above T fiSR has also contributed largely to the understanding of spin
dynamics in spin glasses /3/, but no such data exist to date on amorphous magnets, especially in the RE region. We report on longitudinal and transversal
//SR experiments in crystalline (cr) and amorphous (am) DyAg, carried out on
the "surface beam" at the BOOM pulsed muon facility.
In cr DyAg we find a much slower variation of RE spin correlation time
than in DyAla when approaching TH from above. Only around 300K a clear signal
could be obtained for am DyAg. It indicates that the distribution of local
fields at the μ-site is not significantly different in the cr and am compound. Probably even at temperatures only slightly below 300K, the spin fluctuations in am DyAg become so slow, that the j/SR-signal is already damped out
on a time scale short compared to 1 /us. These μ-data are an important addition to previous Mossbauer results /4/ on account of their different time
window. We will compare both sets of data.
References:
/I/ 0. Hartmann et al.. Hyperfine Interactions (in press), 1984
/2/ G.M. Kalvius et al.. Hyperfine Interactions (in press), 1984
/3/ Y.J. Uemura et al., Phys. Rev. Lett. 45, 583 (1980)
/A/ 3. Chappert et al., J. Magn. Magn. Mat. £8, 124 (1982)
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LOCAL MOMENT FORMATION IN MAGNETIC RARE EARTH
. INTERMETALLICS.
Jaime Keller, Carlos Amador, Carmen de Teresa
D.E.Pg., Fac. de Qulmica,
Universidad Nacional Autönoma de Mexico,
Ciudad üniversitaria, Delegaciön CoyoacSn,
04510, Mexico, D.F., Mexico.

ABSTRACT.
The formalism of the magnetic spin susceptibility theory
for metallic systems, is presented and generalized to include
the concept and formulas of a local density of enhanced Pauli
susceptibility,

using the local electronic density functional

theory approximation.
The local susceptibility analysis is used to study
magnetic moment formation in RE intermetallics and their
spatial distribution.

Finally, iterative self-consistent cal-

culations are used to estimate magnetic moments.

The results

of the calculation made with the new theory are presented for
some illustrative examples of rare earth intermetallics.
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INFLUENCE OF 5£ ELECTRONS ON STRUCTURE AND BONDING
IN THE ACTINIDE-HYDROGEN INTERMETALLICS*
John W. Ward
Materials Science and Technology Division
Los Alamos National Laboratory, Los Alamos, NM

87545

The physicochemical properties of the early actinide (through Pu)
hydrides present a fascinating electronic picture that is unique in
the .periodic

table.

Complex phases form for the Th + H and Ü + H

systems that are found with no other metals.
simple

body-centered

cubic,

C15

Laves

and

dependent on temperature and composition.

In the Pa + H system,
A15

phases

can

form,

The phase transformations

appear to be magnetically-driven, as a result of the decoupling of the
metallic

5f

electron bonding that occurs during hydriding; the C15

phases contain two kinds of Pa atoms—the one sublattice being still
fully f-bonded and the other Magnetic.

I

solid

This is a unique situation in

state physics which defies a valence description.

situation obtains for A15 ß - UH3 structure.

A siuilar

It can be shown that the

parent metals themselves exhibit electronegativities not unlike those
of

the raid-3d transition

metals

(e.g.,

Fe)

because

the

valence

electrons are tied up in metallic bonding.

However, under the driving

force

open

for

hydriding,

the

lattices

f-bonding and inducing magnetism.

can

up,

decoupling

the

The systems then aggressively form

very stable hydrides typical of highly-electro-positive metals.
Beyond

uranium

rare-earth-like
theless,

the

the

hydrides
solid-state

trivalent
are

found

and

metallic

state

for Np + H and

transport

is

favored

Pu + H.

properties

are

and

Nevermarkedly

different than for the rare-earth hydrides, showing that the latent
influence of the 5f electrons is still strong.
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Electronic Structure of Actinide Hydrides

M.S.S.Brooks* and B.Johansson**
* Commission of the European Communities, Joint Research Centre
Karlsruhe Establishment, European Institute for Transuranium Elements
Postfach 2266, D-7500 Karlsruhe, Federal Republic of Germany
**
Insititute of Physics, University of Srhus
DK-8000 Ärhus C, Denmark.

The hypothesis that the partial 5f contribution to electronic
pressure (or equation of state) becomes negligibly small when Sf
electrons localize has now been tested for both metals /I/ and
compounds/2/. The small difference between the lattice parameters of
ThH 2 (5.489Ä) and PuH2(5.395Ä) suggests that the 5f electrons
in PuH„ are localized.
Fully self-consistent LMTO, spin-polarized LMTO, and RLMTO
calculations were made for ThH- and PuH, for 5 values of lattice
parameter close to the measured equilibrium, and the zero temperature
equations of state were calculated. For ThH. the calculated lattice
constant was within 5% of the measured value but for PUH. the'
calculated lattice parameters were 4.74Ä (LMTO), 4.89Ä (RLMTO),
and 4.98Ä (spin polarized LMTO). If the calculated partial Sf
pressure is subtracted from the calculated total pressure, the
calculated lattice parameters become 5.2 and 4.4 & for LMTO and
RLMTO calculations, respectively. It is deduced that the 5f electrons in
PuH_ are localized. The volume collapse associated with
delocalization is expected to be about 18%.
References
1. H.L. Skriver, O.K. Andersen and B. Johansson, Phys.Rev.Letts. 41
42 (1978)
2. M.S.S. Brooks and P.J. Kelly, Sol.St.Commun. 45, 689 (1983)
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SOFT X-RAY SPECTROSCOPy

OF Ce(Al,Cu)2 AND Ce(Al,Ni)2

H. Müller, H. Kirchmayr
Institute of Experimental Physics, Technical University Vienna,
Karlsplatz 13, 1040 Vienna, Austria
A. Sasz, J. Kojnok
Institute for Solid State Physics, Eötvös University, Budapest
Muzeum kt. 6-8, Hungary

these alloys are measured with a computerised soft X-ray grating
spectrometer /1/'.
The Al-L, 3 emission spectrum of CeAl- measured in this work
is in good agreement with / 2 / . It shows three characteristic
peaks resulting from the aluminium s- and d-electron contribution.
The influence of copper- and nickel substitution on the
Al-L, 3 emission band was studied as a function of the concentration x. The shift of the A1-L- 3-Fermi edge relative to the
CeAlp-spectrum was determined äs a function of the effective
"Charge density" c of copper and nickel (c = x A 2 , d Z: valence
difference with respect to Al). Due to the fact that the valence
of Cu(1) respectively Ni(2) is lower than that of Al(3) in both
cases, Ef decreases with c. This is similar to the rigid-band
model, wnich is correct in some dilute cases. Additionally the
shift of the Fermi level for the monovalent Cu is more pronounced than that for the bivalent Ni. According to the small shift
of E f it is verified that the density of states at the Fermi
edge is high. This assumption i s i n good agreement with /3,4/,
where N(E f ) = 1 2 0 states rydberg
(unity cell)
have been obtained from band structure calculations.
/1/ H.E. Goldstein, R. Pfliegl, H. Kirchmayr; Int. Conf. Physics
cf X-ray Spectra, NBS Washington, Sept. 1972, Gaitherburg 238
/2/ G. Wiech, E. Zopf in D.J. Fabian, L.M. Watson "Band Structure Spectroscopy of Metals and Alloys" Academic Press 1973,
173
/3/ W.E. Pickett, B.M. Klein; J.Less-Common Met. J93_ (1983) 129
/4/ T. Jarlborg, A.J. Freeman, D.D. Koelling, J. de Phys. C7 ,4_3
(1982) 317
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Magnetic Measurment on the Pseudobinary Compounds
La 2 . x Gd x Al
by
Ahmad Yazdani
N.R.C.Demokritos,Aghia Paraskevi
Attikis-Greece
A number of compounds of the pseudobinary system La 2 Gd Al
for xe(0,2) were prepared and their magnetic susceptibility from
4.2 to 300K and up to 20k0e was measured.
La„Al examined by x-rays was found to exist and have the
same strQcture as Gd2Al(COoSi type structure).
The magnetic susceptibility measurments on well annealed
samples shown that (a) La2A1 is a Pauli Paramagnet (b) for x < 0 . 2
the compounds are paramagnetic and follow c-w low, (c) for 0.3<x<1.2
a long range interaction is observed of a non coilinear structure
and (d) for 1.2<x<2 a clustring formation is observed.
In Figs 1,2 the magnetic susceptibility with respect to T
is shown for the
three last categories.
• Oft, L»;.*l
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A Local Density Functional Description of the
Properties of UPt

by

P. Strange and B.L. Gyorffy
Department of Physics, Bristol university, U.K.

The actiniae intermetqllic compound UPt

shows some remarkable

properties including a strongly enhanced linear contribution
to the specific heat.

A self consistent, fully relativistic

band structure calculation for this material within the local
density approximation is described and the implications of the
results for the properties of this material are discussed.
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A Band Theory Description of the Valence Transition
in Samarium Sulphide

by

P. Strange

Department of Physics, Bristol university, U.K.

Self-consistent, relativistic band structure calculations on
Samarium Sulphide are described.

Energy bands were calculated

as a function of lattice constant.
was observed.

An f-d valence transition

The importance of using a fully relativistic

formalism is discussed.

The limitations of using the local

density approximation for this type of material are also described.
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MAGNETIC INVESTIGATIONS OF (Nd., _x R x ) 1 5 Fe 7 7 B 8 AND Nd 1 5 Fe 8 5 _ x B x
X. Sun, R. Grössinger, H. Kirchmayr
Technical University Vienna, Karlsplatz 13, A-1O4O Vienna, Austria
The change of the Curie temperatures substituting Nd by R = Y, La
and Ce in (Nd.,_xR )-5Fe77Bg is small (A T c ^20 K) indicating that
the Fe-Fe exchange1 is dominant in these compounds. In N< 3i5 Fe o5_ x
B for x ^ 4 a constant T equal to that of Nd,Fe 17 was founa.
Tnis structure was also determined by X-rays. At x = 4 T jumps
to approximately 600 K and stays for x > 4 constant too. The
higher T value detected for x > 4 is typical for the Nd2Fe.,4B
structure, which was verified by X-rays also.
The anisotropy field of (Nd-_ Y )Fe_7B„ was measured in a
pulsed field between 77 K and 300 K using the SPD - method
(Single Point Detection). Subtracting the anisotropy field of
Y
15 F e 77 B 8 f r o m t h a t of Nd1-xY-iFe77B8 9 i v e s a n estimate of the
anisotropy of the Nd sublatci^e. The strong increase of the
anisotropy field of the Nd containing compounds at low temperatures compared with the nearly constant H (T) of Y.^Q-JBQ
can
be explained with the Nd anisotropy. At temperatures below 140 K
a change of the easy axis was found for all Nd containing compounds. The linear 1/x ( x = concentration) dependence of
4 H " 1 = C H ((Nd1 Y )Fe77B ) - H Or1(-Fe77Ba)J~1 gives evidence
for the valadity
of
tfie single ion
model for the anisotropy of the Nd sublattice.

<i
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MAGNETIC SUSCEPTIBILITY MEASUREMENTS IN RANDOMLY MIXED Tt>2Au and GdgAu
V. Bredimas and H. Gamari-Seale
Nuclear Research Center "Demokritos", GR-153 41 Aghia Paraskevi, Attiki, Greece
A random mixture of two different magnets with different types of magnetic
ordering can lead to a new phase with different magnetic characteristics.
Such an interest random magnetic system is a mixture of a ferromagnet and
antiferromagnet with localized magnetic moments where, in principle, the dominant exchange interactions are those of the nearest neighbours.
We report here the results of magnetic susceptibility measurements on a
randomly mixture.of Tb2_xGdvAu of a ferromagnet and antiferromagnet.
The antiferromagnet Tb£Au [JΜ = 5BK (1) and 36.3 (2)] and the ferromagnet
Gd2Au [Je - 58K (2)j have the same C02S1 orthorhombic crystal structure with
close lattice constants. Thus we can expect that the two compounds make a
good solid solution over the whole range of concentration.
In the Tb-rich side, the compounds exhibit the characteristics of Tb'2Au
while in the Gd-rich side the characteristics are similar to those observed
for Gd2Au.
For x=1.2 (Tbo.8Gdi.2Au) the sample exhibits (a) history dependent magnetic susceptibility, (b) thermoremanent magnetization and (c) time dependent
magnetization at low temperatures which are characteristics of "spin glass"
or "cluster glass" indicating that in this range of concentration the interactions are competitive, in Fig. 1 the magnetic susceptibility with respect to
temperature is shown for x=1.2, In different measuring magnetic fields as
obtained by a vibrating sample magnetometer. Thus we observe that in this
range of concentration a new phase is obtained. More experiments are carried
out in closer concentration intervals to find out the range of concentration
that this phase is extended.
References
1. L.R. Sill and R.R. Biggers, J. appl. Phys. 49, 1500 (1978).
2. J.K. Yakinthos, P.F. Ikonomou and T. Anagnostopoulos, J.Magn.Magn.Mat.
8, 308 (1978).
3. H. Gamari-Seale and V. Bredimas, J. Magn.Magn.Mat. 36, 131 (1983).

Fig. 1 The temperature dependence of the magnetic susceptibility for G d x -Tb „Au in various
measuring magnetic'fields. The
inlet shows the magnetic history,
dependent of the magnetization.
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INELASTIC NEUTRON SCATTERING. AND SPECIFIC HEAT
IN
E.A.Goremychkin (a), E.Mühle (a), P.Frach (b)
(a) Joint Institut for Nuclear Research, Dubna, USÜR
(b) Technical University, Dresden, GÜR

Measurements of inelastic thermal neutron scattering
and specific heat capacity of the intermetallic compounds
CeCUc and LaCuc

are reported. The crystal electric field

parameters are found from neutron scattering spectra to be
Bg =1.76 meV and B? = -2.36 lO'^meV. The low temperature
peak in the specific heat of CeCu,-

is ascribed to an, anti-

ferromagnetic phase transition. The value y = 120 mJ/mol K
of the electronic specific heat flT, shows that there is an
appreciable hybridization of the 4f- and the conduction
electron states.

AP 49
MAGNETIC EXCITATIONS IN Er Afc„

H.B.

Stanley"*" , B.D.Rainford*, W.G.Stirling* and

J.S.Abell°

+ Physics Department, Southampton University, S09 5NH England
* I n s t i t u t Laue Laiigevin, BP156X, 38042 Grencble Cedex, France

o Centre for Materials Science, Birmingham University, England

Abstract
The cubic Laves phase compound Er At. is ferromagnetic
below 12.5K.

Me have measured the magnetic excitations in

a large single crystal at low temperatures using neutron
inelastic scattering.

Two relatively dispersionless

branches were observed centred near 2.5 meV and 7.0 meV.
An analysis of the energies and intensities, using the RPA
dynamical susceptibility has allowed a refinement of the
crystal field parameters estimated from bulk magnetisation
measurements.

B 01
COMPETING ANISOTROPIES AND THE MAGNETIC STATES OF CRYSTALS
J. Cullen
Naval Surface Weapons Center
White Oak, Silver Spring, MO 20910
E. Callen
Naval Surface Weapons Center and
American University
Washington, DC 20016
In many magnetic materials, there occur spontaneous rotations of the easy
axis of magnetization which are brought about by cancellation of the magnetic
anisotropy. Two broad classes of such transitions are considered. In one
case, cubic crystals with significant sixth-order (K2) as well as fourth order
(Kj) magnetic anisotropy energy in an applied magnetic field near the hard
axis are studied. It is found that, for a certain range of ^ / K j and when
[111] is the hard axis, normal, reversed, and anomalous three-state Potts
diagrams in magnetic-fieId space are obtained. The anomalous case is shown to
result from competition between [110] and (100]-like domains. The effects of
temperature fluctuations on the nature of the anomalous phase diagram are
discussed.
In the second case, the competing anisotropy is studied in crystalline
alloys of two species of magnetic atom with different easy direction. Unusual
low-temperature phases have been observed in RR'Fe2 compounds, for example,
when R and R' are rare earth elements whose fourth-order Steverns factors are
of opposite sign. After a review of the experimental situation, a simple
picture of these phases is presented, using an expression for the free energy
correct to second-order in the ratio of crystalline field to exchange
energy. The phase boundaries, in both temperature concentration space and in
magnetic field concentration space, are presented. Finally the effects of
fluctuations due to the random nature of the crystalline electric fields are
considered. It is shown that this randomness prevents the formation of any
uniform state of magnetization, at any temperature, for concentrations near
that for which the average anisotropy vanishes.

B 02
EPS TOPICAL CONFERENCE ON ELECTRONIC STRUCTURE AND PROPERTIES OF RARE
EARTH AND ACTINIDE 1NTERMETALLICS - St Pollen (Austria) 3-6 Sept. 1984

NEUTRON SCATTERING STUDIES OF ACTINIDE INTERMETALLICS
J. Rossat-Mignod, P. Burlet, S. Quezel
DRF/DN, Centre d'Etudes Nucleaires, 85 X, 38O41 Grenoble Cedex
O. Vogt
Laboratorium für Festkörperphysik, E.T.H., CH 8083 Zürich
J.C. Spirlet, J. Rebizant, W. Müller
European Institute for Transuranium Elements, P.O.B. 2266, D 7500 Karlsruhe
During the past years neutron experiments have provided important results for
the understanding of the physical properties of actinides, especially when single
crystals are available. The emphasis was mainly on investigating the uranium
monopnictides and monochalcogenides and their solid solutions ; recently, however,
a program on the corresponding transuranium compounds has begun.
The most important results which have been achieved are observation of multik structures and especially the discovery of the Ik - 2 k phase transition in UP and
UAs, determination of complex magnetic phase diagrams, evidence for large
anisotropic critical scattering and unusual behaviour of magnetic excitations.
These unusual magnetic properties result from the mixing of 5f-electrons with
band electrons giving rise to strongly anisotropic couplings. Recent experiments
on plutonium. monopnictides will also be reported ; they exhibit many
similarities with the corresponding cerium compounds. Among the compounds
of tetragonal structure, the interesting magnetic behaviour of NpAs2 will be
pointed out.

B 03
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MAGNETIC FORM FACTOR IN ANOMALOUS INTERMETALLIC Ce COMPOUNDS
J.X. Boucherle, J. Schweizer
DRF/DN, Centre d'Etudes Nucleaires, 85 X, 38041 Grenoble France
The magnetic form factor investigation by diffraction of polarized neutrons is a very powerful method of analyzing the electronic state of cerium in anomalous intermetallic Ce compounds.
Compared to macroscopic measurements, it directly covers the
microscopic behaviour of the electrons in the compound.
In these Ce compounds 2 questions arise : which electrons participate in the magnetic properties and how to characterize these
electrons ?
Electrons f, d and p have very different spatial extensions and
therefore the analysis of the K dependence of the magnetic form
factor allows a separation between the different contributions
to the magnetic moment. For all the compounds studied, a
positive 5d like contribution has been observed, superimposed
on the 4f one. The sign of the coupling between the 2
contributions is opposite to that observed for the other rare
earths. The relative magnitude of the 5d moment varies from
compound to compound (CeAl2, Celn3, CeInSn2f CeSn3).
The 4f contribution is characterized by the importance of the 4f
orbital moment. This result is an anisotropic magnetization density. The corresponding form factor is very sensitive to the
crystal field. The ground state of the 4f contribution
can easily be determined as shown in CeAl2, CeSb, CeTe, Celn3.

B 04
ABSTRACT (RE AC IM84 Conference, St. Polten)
M. Loewenhaupt
Institut für Festkörperforschung
KFA-Jlilich, West-Germany
"Magnetic Neutron Scattering beyond Thermal Energies: Possibilities and
Restrictions".
A new type of neutron source (the spallation neutron source) expands the
region' of available incident neutron energies into the eV region. This
opens e.g. the field of inelastic magnetic scattering experiments with
energy transfers of up to several hundred meV. The possibilities and first
results on magnetic excitations from 4f and 5f moments in this energy region are discussed together with the severe kinematical restrictions imposed
by the neutron scattering process if even higher energy transfers at low momentum transfer are aimed at. Examples comprehend crystal field excitations,
intermultiplet transitions and the magnetic response of unstable moment
systems.

B 05
MICROSCOPIC BASIS OF MODELS FOR INTERMEDIATE VALENCE STATES
A. Bringer, Institut für Festkörperforschung der Kernforschungsanlage Jülich, Postfach 1913, D-5170 Julien 1, FRG

A simple scheine to include local correlations according to
Hund's rules in a solid state bandstructure calculation is presented. From this microscopic basis, the relative stability of
local 4f moment formation at rare-earth sites as compared with
4f-band formation and/or f-d transfer is discussed. Particular
attention is payed to hybridization and Coulomb matrix elements
with respect to existing model calculations.

f
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CRITICAL AND "SUBCRi.1CAL" MAGNETIC STATES OF AMORPHOUS TbFe 2 and

J. J. Rhyne and C. J. Glinka
National Bureau of Standards, Washington, DC 20234 USA

The development of magnetic order in rapidly sputtered amorphous TbFe 2
and the response of the "ordered" magnetic state *.o an applied field has been
studied using neutron small angle scattering techniques (SANS). The NBS area
detector SANS facility was used for measurements over the scattering wave
vector range (0.014 < q < 0.14 A) at temperatures from 498 K down to 16 K, in
zero field and in fields applied in the plane of the sample.
The zero field scattering above the magnetization-determined T = 408 K
shows a conventional Lorentzian line shape with a spin correlation length
(£) which increases to only about 130 A at and just below the bulk T . There
is only a weak indication of a cusp in the scattering at fixed q in the
vicinity of T ; rather
below T the scattering continues to increase with
decreasing temperature with the lineshape d e p a r t i n g strongly from a
Lorentzian. This subcritical scattering can be represented by the sum of
Lorentzian (L) and Lorentzian-squared (L2) terms as suggested for random
anisotropy systems. The correlation length below T derived from this model
gradually drops to an essentially constant value of 5% A for T < 100 K. The
coefficient of the L2 term increases significantly below about 250 K reflecting the T dependence of t. M as implied by the random field theory.
This
behavior is in marked contrast to amorphous YFe_, which shows a Lorentzian
line shape for all temperatures with a gradual monotonic increase in correlation length up to only about 25 A at 10 K, and other features consistent with
more conventional spin glass behavior.
On application of a field in the range 2-12 kOe at 295 K, for TbFe 2 the
overall scattering at finite q is sharply suppressed reflecting an increase in
the ferromagnetic component with field. The residual magnetic scattering
intensity contours exhibit an elliptical distortion with major axis along the
field direction demonstrating that the remaining spin clusters do not exhibit
a ferromagnetic response. The (L + L2) model well represents the q-dependence
of the residual scattering, and yields an effective spin correlation length
which drops from the 130 A at H = 0 to less than 50 A at 4 kOe and above. The
correlation length also exhibits hysteresis with field.
These results confirm that the ground state ordering in this large random
anisotropy system is not ferromagnetic in accord with recent calculations
which show that the lower critical dimensionality becomes four in the presence
of finite random anisotropy.

B 07
CERIUM AND CERIUM INTERMETALLICS: 4f-BAND METALS
A.R. Mackintosh, H.C. 0rsted Institute, University of Copenhagen
and Department of Physics, Iowa State University
The promotional model for the γ-a phase transition in Ce,
according to which the 4f electron is transferred to a 5d state,
has lingered on long after it has outlived its usefulness. The
positron-annihilation experiments of Gustafson and his collaborators in the 1960's revealed the presence of 4f electrons in the
α-phase which, they suggested, behave as itinerant conduction
electrons. This idea was developed by Johansson who, primarily by
considering the cohesive properties, postulated that a Mott transition occurs at the γ-a transition, in which the 4f electrons change
character from localized to itinerant, Since then, the evidence
that the Gustafson-Johansson model describes at least the groundstate properties of Ce has become increasingly convincing. Band
structure calculations, initially performed by Glotzel, showed
that the cohesive properties can be semi-quantitatively understood
in terms of the band model, and the recent calculations of Skriver
have emphasized the importance of the 4f electrons for the structural stability of the various phases. Magnetic form-factor measurements by Stassis and his collaborators have revealed the presence
of 4f electrons in both CeSn3 and a-Ce, and photoemission studies
by Lynch and others showed that there are 4f electrons at the Fermi
level in a-Ce and slightly below in γ-ce. The de Haas-van Alphen
measurements of Crabtree and his co-workers proved beyond reasonable doubt that the 4f electrons in CeSn 3 are itinerant, though
heavy.
This evidence will be reviewed and new calculations presented.
The interpretation of photoemission and inverse photoemission
experiments will be discussed and methods for the further elucidation of the electronic structure of Ce suggested.

1.5 Mixed valence compounds
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MAGNETISM IN ACTINIDE (RARE EARTH) - 3d LAVES PHASES
1)

2)

V. Sechovsky ', G. Hilscher , 1) Charles University, Prague,
Czechoslovakia, 2) Technical university, Vienna, Austria
The onset of magnetism in actinide - 3d metal Laves phases
AnFe 2 , AnCo 2 and AnNi 2 (An = U, Np, Pu) is reviewed in comparison with isdstructural rare earth (R) and Y compounds.The magnetic moment of R atoms is well localized irrespective of the 3d
element. On the other hand a 5f band is formed, accompanied by
strong 5f-3d hybridization due to the extended nature of 5f wave
function and low interatomic distances in An compounds.
The electronegativity difference between the constituents
in these compounds results in a charge transfer towards the unfilled 3d band. Thus, due to successive 3d band filling, only Fe
possesses an intrinsic magnetic moment in all compounds of interest, while an induced moment of Co was observed in RCo- compounds due to an additional splitting of the nearly fillea 3d
band. Finally, Ni is usually nonmagnetic, probably due to the
filled 3d band. The character of the 3d magnetism in R compounds
is well documented by the magnetic behaviours of Y compounds
YFe2 (ferromagnet) YCOj (enhanced Pauli paramagnet) and YNi,
(weak paramagnet).
The situation in a An-3d compound is even more complicated.
A deep minimum in density of states appears as a result of the
5f-3d hybridization. In AnFe- compounds both the Fe moment and
T c were found to be comparable with those of LnFe 2 (for Np and
Pu), while they are strongly reduced in UFe 2 . A well defined moment was detected only on Np and Pu. UCo- and PuCo- are exchange
enhanced Pauli paramagnets, whereas NpCo, orders AP at low temperatures. Ferromangetism reappears in tne hexagonal phase of
UNi, and in NpNij. The mostly 5f character of magnetic moments
in these two compounds is suggested and a tentative band picture
is discussed in the light of experimental results.

:
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PREPARATION AND CRYSTAL GROWTH OF RARE EARTH AND ACTINIDE INTERMETALLICS
0. Vogt, Laboratorium für Festkörperphysik, ETHZ, 8093 Zürich, Switzerland
For deciding on a scientific project the reasoning "are single crystals
of transuranium compounds really needed ?" is almost as important as the final
choice of the methods for realizing such a program. Single crystals require a
considerable financial involvement.
For some experiments the need for single crystals is obvious (e.g. optical measurements on cleaved surfaces, angular-resolved photoeemission, neutron
diffraction, de Haas-van Alphen effect, elastic constants). Other measurements
seem to be possible on polycrystaliine or powdered samples. Experience has
shown that in the case of rare-earth and actinide compounds (excepting Gd) all
experiments in magnetic fields (magnetization, magnetostriction, magnetoresistance, specific heat in magnetic fields, e.g.) have to be performed on
single crystals since magnetic anisotropies are of predominant importance.
Experiments with recently available single crystals of actinide compounds
have revealed problems which were encountered many years ago in rare-earth
compounds: The observation of multi-k spin structures in U compounds gave a
single and plausible explanation of old and extensively discussed problems
such as the HoP spin structure or the 22 X transition in UP. Extending magnetization measurements beyond the rare-earth series to actinide compounds led to
a well defined (and theoretically partially understood) model of anisotropic
exchange forces. Such a concept has been discussed earlier for certain Ce
compounds, which seemed to be specific feature of the element Ce while today
it is recognized as a specific property of all partially delocalized f
electrons.
These are a few examples for how in a completely unpredictable way the
extension of experiments to single crystals of actinides led to significant
progress.
Rare-earth metals are commercially available in good quality. Actinide
metals usually have to be purified in the laboratory prior to crystal growth.
Depending on the elements different methods are applied (metallothermic reduction of halides, oxides or carbides, vacuum refining, electrorefining, e.g.).
Due to scarcity, reactivity, toxicity and radioactivity of the acfinide compounds such work (in glove boxes) is very tedious and elaborate.
The choice of a suitable method for crystal growth depends crucially on
the class of compounds to be crystallized. The easiest way is crystal growth
from the melt (Czochralski, floating-zone, arc-melting or Bridgman techniques). Unfortunately evaporation of components or compounds melting incongruently often exclude these methods. Such difficulties can be overcome by
solid-state transformations (grain coarsening, mineralization, strain-anneal
recrystallization). Further, very valuable methods are transport reactions or
high- and low-temperature solution growth.
Finding the appropriate method and adapting it to the specific compound
is a long and time-consuming task, which is justified by the above mentioned
benefits.

BP O1
THE INDUCED MAGNETIC MOMENT SINGLET TRIPLET SYSTEM TmB ] 2 .
P.CM. Gubbens and A.M. van der Kraan,
InCeruniversitair Reactor Tnstituut, 2629 JB Delft, the Netherlands.
K.H.J. Buschow,
Philips Research Laboratories, 5600 JA Eindhoven, the Netherlands.
169
TraBj2, which has a simple cubic structure is studied by
Tm Mössbauer
spectroscopy. At T = 1.85 K the relaxation broadened spectrum has a hyperfine
field of (42 ± l)cm/s and a quadrupole splitting of (1.0 ± 0.5) cm/s. With
increasing temperature the hyperfine field decreases while the line
broadening due to relaxation increases. As the Mössbauer spectrum remains
nearly symmetrical around zero velocity with increasing temperature, the
small quadrupole splitting has to be almost constant untill TJJ = 3.2 ± 0.2 K.
A scan of all the possible ground states for J = 6 by diagonalizing the
crystal field and exchange field leads to a Fj singlet state as the only
possible ground state for such a small quadrupole splitting. Since the Tj
state is a non-magnetic singlet it follows that tne exchange is induced by a
near lying magnetically split T^ triplet. From the relaxation behaviour it
appears that the distance between I"j ground state and T^ excited triplet
state is 6 ± 2 K. Use of a theoretical approach made by Hsieh and Blume [li
gives as a result A = 5.0 ± 0.5 K in reasonable agreement with the
experimental value.
Reference.
[1] Y.Y. Hsieh and M. Blume, Phys.Rev. B ^ , 2684(1972).
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SPIN-LATTICE RELAXATION IN TraNi, ABOVE T

5

4.5 K.

c

P.C.M. Gubbens and A,M, van der Kraan,
Interuniversitair Reactor Instituut, 2629 JB Delft, the Netherlands.
K.H.J. Buschow,
Philips Research Laboratories, 5600 JA Eindhoven, the Netherlands.
g which crystalliz.es in a hexagopal CaCu. type of structure, shows
a highly anisotropic behaviour below T c = 4.5 K and a crystal field diagram
has been determined with two near lying | + 6 > singlets as lowest levels
isolated with respect to the higher levels flD. In such a system paramagnetic
relaxation is expected.
In order to study such a relaxation behaviour we have performed '""Tm
Mössbauer spectroscopy of TmNi5 between T = 4.2 and 353 K. Uptil T a 60 K,
well above T c the observed spectra show a six lines pattern. With increasing
temperature the spectral lines are broadened and the overall splitting
decreases. The spectra above T - 100 K show an asymmetric quadrupole doublet
of which Che lines become equal at about T = 250 K. Such a behaviour can be
described with the simple spinup-spindown relaxation model of Blume and
Tjon [2].
From the deduced relaxation times at different temperatures it follows
that the spin lattice relaxation is of the Orbach type. From the linear
semilog plot, the energy of the intermediate state is found to be 160 ± 20 K.
This result is in agreement with the crystal field diagram as determined by
Gignoux et al [1] who found a | ± 5 > doublet lying 143 K above the two
lowest states.
References:
[1] D. Gignoux, B. Hennion and A. Nail Saada, Proc. of Conf. on Cryst.
Electronic Field Effects, Wroclaw, edited Plenum Press, New York/London
(1982)p. 485.
[2] M. Blume and J.A. Tjon, Phys.Rev. 165(1968)446.

Subject category: 3.2
Responsible author: P.C.M. Gubbens, Interuniversitair Reactor Instituut,
Mekelweg 15, 2629 JB Delft, the Netherlands.

BP 0 3
QUADRUPOLE SPLITTING OBSERVED IN CUBIC TmCuc BY MEANS OF
SPECTROSCOPY.

l69

Tra MÖSSBAUER

P.C.M. Gubbens and A.M. van der Kraan,
Interuniversitair Reactor Instituut, 2629 JB Delft, the Netherlands.
K.H.J. Buschow,
Philips Research Laboratories, 5600 JA Eindhoven, the Netherlands.
In cubic intermetallic Tm compounds of different structures as
(Heusler structure), TmZn, TmAg, TmRh (CsCl-structure) and TmRti2,
2
Tmlr2 (Laves phase structure) it has been observed that the '^Tm Mössbauer
spectra consist of an electric quadrupole doublet with equal line widths in
stead of an expected single absorption line for Tm in cubic symmetry ft]. The
occurrence of such a quadrupole splitting has been interpreted in terms of
randomly oriented static or dynamical lattice distortions.
Now we report on a '"'Tm Mössbauer study of TmCttc, which has a cubic
AuBeg structure. Knorr et al [2] deduced from inelastic neutron scattering
and specific heat measurements in TmCuc a non magnetic T^ doublet as ground
state which would be magnetically split by the above lying magnetically split
triplet.
The '^^Tra Mössbauer spectra at temperatures below T=30K only show a
quadrupole doublet of which decreases with increasing temperature. From this
result it follows that the perturbation on the crystal field diagram can not
be of a magnetic origin and has to be described by dynamic or static crystallographic distortions. By determining the relaxation time from the broadening
of the line width we have found 3 x IO~° sec, which is much longer than the
l69
Tm Mössbauer lifetime (4 x I0" 9 sec).
From a tentative calculation based on the temperature dependence of the
auadrupole splitting of TmCu^ using the x and w parameters as determined by
Knorr et al [2] we have determined: B° = - 0 . 1 0 + 0.03K and B* = - 0.25 + 0.05K.
References:
[1] P.C.M. Gubbens, A.M. van der Kraan and K.H.J. Buschow, Proceedings Int.
Conf. on the Applications of Mössbauer Effect, Alma Ata (1983) to be
published.
[2] K. Knorr, W. Grcss, J.F. Olijhoek and K.H.J. Buschow, J.Phys.F.Met.Phys.j),
645(1979).
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BP 0 4
Habib LATROUS
Faculty des Sciences de Tunis, Tunis, Tunisia.
DETERMINATION OF SELF-DIFFUSION COEFFICIENTS OF THE TRANSPLUTONIUM
TRIVALENT IONS OF 241 Am, 2 4 ?Cf, 2 4 9 B k AND 2 5 4 E s IN NEODYMIUM
PERCHLORATE SOLUTION.
241
249
Self-diffusion coefficients of the trivalent ions of
Am,
Cf,
249
254
Bk and
Es, were determined in neodymium Perchlorate solution
at pH 2.5 to avoid hydrolysis.
The Onsager limit law relating the self-diffusion coefficients to the
square root of ionic strength is used in an approximation to deduce
the self-diffusion coefficient of actinide ions at infinite dilution.
The self-diffusion /D / of metal ions can ben determined by using
radioactive tracers With the open end capillary technique. This
technique was used for the determination of the diffusion coefficients
of ions of the transplutonium elements
Am, 2 4 9 C f , 2 4 9 B k and 2 5 4 E s .
The smooth variation of D for trivalent ions with the position of the
elements in the 5f series reflects the regular change in their ionic
radii and the relationship can contribute to a better understanding
of the hydration of these ions.
We have carried out an experimental study of the variation of the selfdiffusion coefficient of the Eu3 + ion as a function of concentration
of Eu/NO,/, electrolyte in aqueous solution.
The aim of these experiments was to compare the self-diffusion coefficients of the 4f and 5f ions under identical experimental conditions(1)
It was hoped that such work would be useful in elucidating the electrolytic behaviour of actinide and lanthanide ions, especially with respect
to ion-ion and ion-solvent interactions under equilibrium and nonequilibrium condition.
The results may serve to provide information on the structure of the
ions in aqueous solution(2)(3).
(1) H. LATROUS, M. AMMAR, J. M'HALLA
RADIOCHEH. RADIOANAL. LEITERS 53/1/ 33-44/1982/.
(2) H. LATROUS, J. OLIVER, M. CHEMLA
RADIOCHEM. RADIOANAL. LETTERS 53/2/ 81-88 /1982/

(3) H. LATROUS, Ref. Fac. Sc. Tunis, Tome 1, pp. 75-78,1981.
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MAGNETIC PROPERTIES OF UFe n Al 1 2 _ n (n = 4, 5 or 6) AND ThFe^Alg
INTERMETALLIC COMPOUNDS

, '

A. Baran and W. Suski, Institute for Low Temperature and Structure Research,
Polish Academy of Sciences, Plac Katedrainy 1, 50-950 Wrocjaw, Poland.

-

T. Mydlarz, International Laboratory of High Magnetic Fields and Low
Temperatures, ul. Prochnika 95, 53-529 Wroc/aw, Poland.
The ternary uranium and thorium intermetallie compounds of the form
UFenAl]2-n (n = 4 , 5 or 6) and ThFe/,A1g have been obtained. Preliminary results for UFei,Aiß and UFegAlg have been already published [ 1 , 2 ] . The X-ray
analysis shows that a l l compounds are isostructural with a body centerd tetragonal ThMnj2~type of • rue tu r e , space group l4/mmm, each u n i t c e l l contains
two formula u n i t s . The exact crystallographic parameters for UFe^Alg single
crystal have been determined on the basis of X-ray f o u r - c i r c l e diffractometer
results [ 3 ] .
Magnetization measurements were performed on powdered samples in the
temperature range of 4 . 2 - 3 0 0 K in high magnetic fields up to 140 kOe using
a vibrating sample magnetometer.
The magnetization, curves for UFecAJy and UFegAlg e x h i b i t ferromagnetic- l i k e character. The low temperature maxima for UFe^Alß and ThFei^AlQ are observed on magnetization vs. temp, curves f o r external magnetic f i e l d s w i t h i n
the range 2 - 1 0 kOe. These maxima disappeared when samples were cooled down
low temperatures in magnetic f i e l d and are probable connected with high magnetocrystalIine anisotropy in these compounds.
References
1. A. Baran, W. Suski and T. Mydlarz, Proc. I n t . Conf. Magnetism of Rare-Earth and Actinides, Bucharest (1983) 224.
2. A. Baran, W. Suski and T. Mydlarz, J . Less-Common Met., 96 (1984) 269.
3. A. Baran, W. Paciorek, J . Stepie/i-Damm, W. Suski and M. Wo/cyrz,
J. Less-Common Met., to be published.
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MAGNETIC PROPERTIES OF TbAu2 - TbAg2 SYSTEM
Kazuo Kamigaki, Takejiro Kaneko, Shunya Abe and Hajime Yoshida
The Research Institute for Iron, Steel and Other Metals,
Tohoku University, Katahira, Sendai 980, Japan.
TbAu2 and TbAgp have the same structure of MoSi„ type and
antiferromagnetic, but the magnetic spin structure is not same:
In TbAUp, incommensurate transverse wave structure appears in
between the commensurate state and the paramagnetic state.
However, in TbAg2, such noncommensurate structure does not
appear.
In this report, the magnetic properties of the pseudobinary system of TbAu„ and TbAg„ are presented.
The specimens prepared are specified as x = 0, 0.5, 1.0, 1.5,
According to the X-ray analysis, all
and 2.0 in TbAu„ Ag
X

specimens are body centered tetragonal MoSi, type structure, a1
is 3.71 A independent of x, c1 increases linearly with x. Hence,
the system is composed of a continuous solid solution.
Variation with temperature of the magnetic susceptibility
was measured from 4.2 K to 300 K.
In TbAu2-x
transition
temperature T..(Ot) to the in-

60

commensurate state and T (ß)
to the commensurate state
decreases with x as shown in
Fig. 1, and both seems to
converge to the Neel temperature of TbAg2>
The
substitution of gold with
silver in TbAu2 results in
the reduction of the interactions which stabilize the
incommensurate state.

2.0

0
FIT.
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The atoms arrangement and magnetic properties of some
La-Cu-Mn systems.
J.Kosiorowska. Institute of Nuclear Physics, Krakow.
R.B.Helmholdt, Netherlands Energy Research Foundation, ECN,
Petten.
Neutron diffraction and magnetic measurements of some
La-Cu-Mn systems based on LaCu,- and LaCu^Mn compounds v/ith
different manganese concentration were performed.
These compounds show different magnetic properties but the
common feature is the occurence of the maximum on the magnetic susceptibility curves which decreases and becomes more
diffuse with increasing manganese concentration. For the lower
manganese concentration the ferromagnetic interaction predominates but for higher concentration an antiferromagnetic
interaction starts to dominate.
Neutron diffraction measurements were performed at liquid
helium and liquid nitrogen temperature. The crystallographic
structure parameters and the distribution of manganese and
copper atoms have been determined.
The long range magnetic order was not found.
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LOW FREQUENCY DYNAMICS OF PRASEODYMIUM, TERBIUM AND THULIUM
CUBIC COMPOUNDS
L. Kowalewski, R. Wojciechowskl, Institute .of Physics,
A«lflcklewicz University, liatejkl 48/49, 60-769 Poznan, Poland
The dynamical mechanism of magnetic phase transition in
praseodymium, terbium and thulium cubic compounds has been
discussed.
We analyze the magnetic longitudinal relaxation function
with the aid of the Karasudanl et al |YJ version of the Mori
formallem. We Introduce as initial variables the Fourier transforms of the order parameter and the conserved variables.
In the linear hydrodynamlc approximation the relaxation
function of the order parameter is a linear combination of
terms which deoay exponentially in time fjfl . The mode-mode
ooupling terms modify the time dependence of the relaxation
funotion especially in the near vicinity of the Curie point.
In speolal case of a singlet-triplet system,in tbe long-time
limit, the time dependenoe of the relaxation function takes the
form

where a is the temperature dependent coefficient.
The spectral intensity function S(qo)modlfied by the
longitudinal and transversal mode-mode interactions tends to
infinity for T-^-T and q-*0. The nonlinear contributions to
S(qoi)exhibit the effects of thermodynamioal and kinematloal
slowing down.
[YJ

T.Karasudanl et al, Prog.Theor.Phys. §1 , 650 /1979/
L.Kowalewekl, R.Wojoiechowekl, Acta Phys.Polon. A64.
429 /1983/
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MAGNETISM AND HYPERFINE INTERACTIONS OF

X3D

Gd IN Gd Me 2 Si 2

/Me - 4d AND 5d METALS/
G.Czjzekx, H.SchmidtK, K.Jja.tka, E.A.Görlich, R.Kmiec"+, K.Tomala.
Institut für Nukleare Festkörperphysik3*, Kernforschungszentrum
Karlsruhe, D 7500 Karlsruhe 1, Federal Republic of Germany,
Institut of Physics, Jagellonian University, Krakow, Poland.
Institut of Nuclear Physics , Krakow, Poland.
X-ray diffraction, magnetization and hyperfine interactions
measurements studied by
Gd Mössbauer Spectroscopy in GdMe_Si2
/where Me=Ru, Rh, Pd, Ag and Os, Ir, Pt, Au/ intermetallic tetragonal phases are reported. All compounds except of GdPt2Si2 form
of the body-centered tetragonal ThCr.Si- type structures /space
group I4/mmm/. GdPt 2 Si 2 crystallizes in the primitive tetragonal
CaBe2Ge2 type structure. All samples were found to consist of the
single phases. The lattice constants are determined.
Magnetization measurements were carried out in the temperature range between 1.8 K and 290 K in fields up to 6 Tesla.
For compounds studied a Curie—Weiss law was found at high temperatures with an effective moment p „ close to the theoretical
3+
"
value 7.94
of Gd ion. Antiferromagnetxc ordering was established at low temperatures for all compounds except of that with
Pt which was not till now investigated.
The Mössbauer spectra for 86,5 keV gamma transition were recorded at 4.2 K and 1.5 K, These spectra reveal the similarity in
character for the samples with Me constituents for the same column of the periodic table /including previously investigated
compounds with 3d metals /I//, Systematic studies of hyperfine
interactions were performed. The role of the transition d-elements in the compounds studied is important for magnetic properties
as revealed by the hyperfine irteractions of gadolinium in these
compounds.
/I/ G.Czjzek et al, - to be published.
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MAGNETISM OF CALIFORNIUM METAL*
S. E. Nave,1" Paul G. Huray,f** R. G. Haire** and J. R. Mooref
+
Physics Department, The University of Tennessee, Knoxville, TN 37996
**Transuranium Research Laboratory, Oak Ridge National Laboratory,
Oak Ridge, TN 37830
Magnetic susceptibility measurements have been made on several samples
of well-characterized californium-249 metal having the dhcp crystal structure.
The californium metal was prepared by reducing californium oxide with
lanthanum metal at 1100°C in vacuum, followed by distillation and condensation of the californium on a tantalum collector. Previous measurements using
a low-field (less than 1800 Gauss) micromagnetic susceptometer have indicated
that three temperature regions of differing magnetic character were necessary
to fully describe the behavior cf the dhcp form of Cf metal. These results
indicated a paramagnetic behavior at temperatures above 160 K, corresponding
to a Curie-Weiss relationship with an effective magnetic moment of 10.75
UJJ.
This value is in good agreement with that expected for a free-ion, f 9 configuration based on a L-S coupling scheme and Hund's Rule (10.62 yg). At
temperatures between 45 K and 66 K an antiferromagnetic transition which
showed hystersis with temperature was observed. This transition may have
been due to oxide and/or nitride impurities resulting from contamination of
the metal's surface by the atmosphere. In measurements on additional samples
this feature was absent. At temperatures below 35 K the magnetic behavior
was consistent with either ferromagnetism or ferrimagnetism but, due to our
inability to achieve saturation at the low fields used in these measurements,
a clear distinction could not be made between these states. More recent
measurements on Cf metal with a high-field SQUID magnetic susceptometer (up
to 50 kG) have shown that the low temperature phase is ferromagnetic with a
saturated moment of 10.5 pß at 4.2 K. The new high field device has allowed
us to determine the magnetic phase diagram for dhcp Cf metal.
*Research sponsored by the Division of Chemical Sciences, Office of Basic
Energy Sciences, U.S. Department of Energy, under contracts DE-AS0579ER10348 with The University of Tennessee (Knoxville) and W-7405-eng-26
with Union Carbide Corporation. The californium-249 used in this work was
made available through the same offices through the transplutonium element
production facilities at the Oak Ridge National Laboratory.
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PARAMAGNETIC SUSCEPTIBILITY OF RCu2 INTERMETALLIC COMPOUNDS
H. Nowotny, Institute of Theoretical Physics,
Technical University,
Karlsplatz 13, A-1O4O Vienna, Austria
v
S. Zajac,
Faculty of Mathematics and Physics of the
Charles University, Ke Karlovu 3, 121 16 Prague 2,
Cz echoslovakia
The series of rare earth copper interraetallic compounds
Uj with the orthorhombic CeCu_-type structure is known by
large magnetic anisotropy corresponding to the crystal field
in these materials. Hashimoto et al /^\/ have obtained the main
crystal field parameters V, and V~ from measurements of anisotropic paramagnetic Curie temperatures of given compounds.
We have calculated with the given crystal field parameters
the energy levels and the eigenfunctions resulting from the
splitting of the ground terms of rare earth ions. Using these
quantities we have calculated the temperature dependence of
paramagnetic susceptibility along the principal crystallographic
axes. On the basis of the molecular field approximation we have
shifted the inverse crystal-field-only susceptibility and compared it with measured reciprocal paramagnetic susceptibility.
It was shown the upward deviation from the Curie-Weiss law at
low temperatures but slighter than was reported from measurements /1/.
/1/ Hashimoto Y., Fujii H., Fujiwara H., Okamoto T., J.Phys.
Soc. Jap. 47(1979)67,

I
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MAGNETIC SUSCEPTIBILITY OK RCu AND R Q 5 Ud Q ^
/R = Tb,Dy,Ho,Er and Gd./

A.Chelkowsk:i,E.Talik, J. Szade, J. Heimann.
Instytut Fizyki.Uniwersytet Sl^ski,Katowice

Samples of RCu and GdQ 5 R Q ^Cu were obtained from cold crucible by Czochralski method. The magnetic susceptibility was measured using Faraday method in field of 0.1 - 0.2 T. The measurements were made ruring a complete cooling heating cycle in temperature range 60-1000 K.' For each sample several cycles were made.
The fully Reversible hystereeia loops were found in GdCu.TbCu,
GdQ cTbQ cCu and GdQ cD7 0 cCu. Similar hysteresis phenomena were
described by Gefen, Rosen Ili and van Dongen et al. 2 . It is
connected with crystal structural transformation CsCl-FeB at low
temperature. Samples DyCu,HoCu,ErCu,GdQ cErQ ^Cu and GdQ cHoo ,-Cu
didn'tshow any histeresis. We found Curie-Weiss behaviour in ErCu
contrary to Walline and Wallace \3'r The effective moments of R in
all these compounds are a few percent higher than the freeTion
values.

I
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MAGNETIC INVESTIGATION Oi1 i'HE ALLOYS Gd Al 1 - x Me x

2

/Me=Cu,Ag,Pd/.

A. Chelkowski, G. Wn e.trzak
Instytut Pizyki,Uniwersytet &l$ski,Katowice

The paramagnetic susceptibility has been measured in the
Gd Al, „Me

o systems for Me=Cu,Ag,Pd in the temperature range

from the Curie temperature to 1000 K. The polycrystalline samples
were prepared by melting stoichiometric quantities of the Gd,
Al and Me elements in an arc furnace under pure argon atmosphere. The Curie temperature and paramagnetic moment was established.
We obserwed dramatic decrease of the Curie temperature with x
in all systems. The effective paramagnetic moments depends on
the metal Me used in the system. This effects can be explained
on the RKKY model and band structure consideration.

HP 2 8

BP 14
MAGNETIZATION OF YTTRIUM-LIGHT-RARE-EARTH ALLOY SINGLE CRYSTALS
A. DAUD+ and K.A. McEWENx
+ Department of Physics, University of Salford, Salford MS 4WT, U.K.
x Institut Laue-Langevin, 156X, 38042 Grenoble Cedex, France.
A comprehensive study of the magnetization of single crystals of Y]-xRx
(where R = Fr, Nd and Sm ; 0.01 .< x « 0.25) has been made at the Grenoble High
Magnetic Field Laboratory (SNCI). Fields up to 15 Teala were applied along the
a, b and c directions of the hexagonal crystal structure, at temperatures from
4.2 K to 100 K.
These measurements have allowed us to make a stringent test of the crystal field parameters deduced by Touborg et al /I/ for very dilute concentrations (x *v> 0.01), over a wide range of concentrations, taking into account the
growth of the exchange coupling with x. Our results will also be compared with
the parameters determined for these alloys and for Fr and Nd, from neutron
inelastic scattering measurements.
IM

P. Touborg, R. Nevald and T. Johansson, Phys. Rev. B 17, 4454 (1978).
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NEUTRON DIFFRACTION STUDY OF THE MAGNETIC STRUCTURE
OF NEODYMIUM IN A MAGNETIC FIELD
K.A. McEwen"*", E.M. Forganx, H. Stanley"1",
J. Bouillot aid D. Fort"
+ Institut Laue-Langevi? 156X, 38042 Grenoble Cedex, France
x Department of Physics, University of Birmingham, U.K.
a Centre for Materials Science, University of Birmingham, U.K.
Neutron diffraction studies /I/ of neodymium reveal a complicated sequence of modulated magnetic phases below TJJ - 19.9 K. However, it has not been
possible to distinguish unambiguously between single-q and multiple-q models
for the magnetic structure.
He have recently made a detailed examination of the hexagonal array of
magnetic satellite reflections around (100), as a function of magnetic field
(up to 5 Tesla, applied along a and b directions) and temperature (T > 10 K ) .
The intensities of the various satellites were found to have a striking field
dependence. We compare our results with the differing predictions of single-q,
double-q and triple-q models in order to elucidate the magnetic structure of
Nd.
IM

For a review, see B. Lebech, J. Appl. Phys. 52, 2019 (1981).
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MAGNETIC EXCITATIONS IN NEODYMIUM
K.A. McEwen, W.G. Stirling and H. Stanley
Institut Laue-Langevin, 156X, 38042 Grenoble Cedex, France
Whilst magnetic excitations in rare-earth systems in which the full
ordered moment develops at each site have been comprehensively investigated,
the excitations in sinusoidally modulated magnetic systems have proved to be
rather elusive. Moreover, the character of the magnetic excitations in modulated magnets has been a subject of theoretical interest for many years.
Neodymium metal exhibits a complicated sequence of modulated antiferromagnetic structures below T N - 19.9 K. Following cur first observations /I/
of magnetic excitations in this element, we have now carried out an extensive
study of the spin dynamics of Nd, in both the modulated and paramagnetic phases.
The wavevector and temperature dependence of several branches of excitations,
whose energies range from I to 16 meV, have been measured, and will be discussed in detail. Additionally, some results of the field dependence of the excitations will be presented.
IM

K.A. McEwen and W.G. Stirling, J. Mag.Mag. Mater. 30, 99 (1982).
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Tlffi IRON MOMENTS IN THE HEAVY RARE EARTH - IRON COMPOUNDS
J.Pszczola and K.Krop
Solid State Physics Department, AGH, 30-059 Cracow, Poland
Magnetization measurements on a large number of R x Fey
compounds have been reported on the literature ( R=Y,Gd,Tb,Dy,
Ho,Er,Tm and L u ) . The compounds are collinear ferrimagnets with
the rare earth moments antiparallelly coupled to the iron
moments. The experimental iron moments nfe=(xnp-n{ixpie )/y are
reduced in relation to the iron elemental value np e =2.2i6. The
origin of reduction is not quite clear yet. The aim of paper is
to explain magnetic moments of iron. The intermetallic compounds
are formally treated as three sublattice ferrimagnets (4f)[5d]{3d)
with the ferromagnetic coupling between 4f-5d and with the antiferromagnetic coupling between 5d-3d electrons (Campbell's
scheme). Then the saturated magnetic moment per formula unit can
be expressed as

- v / » » * « »
nn
f1 \
n
ln
RxFey ~ x ln R
5d'~ ^ F e '
'
where n^=gJ and n^=^. According to the formula(1) the reduced
magnetic moment of iron can be written as
n

Fe = HFe " y n5d '
I2 >
Figure shows the saturated magnetic moments of iron versus (x/y),
the 5d electron amount per iron atom
for Dy x Fey (o) and Ho x Fey {•» ) as an
example. Both dependences, theoretical
(formula ( 2 ) - line)and experimental
(circles, crosses) are in good agreement. It is necessary to notice that
also a good agreement for the other
iff
t—
heavy rare earths - iron intermetallic
Ol
1
QJ
S>*
iff
compounds appears. It seems, the iron
u. if—
ir
vO
Of
a a
a> atoms in the compounds "tend" to
I
preserve their elemental value n F e and
1
i
a
the 5d electrons reduce it to the
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observed magnetic moment.
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On the Spin Polarization of 4f Bands in Ferromagnetic KC05 Compounds
(R= Rare Earth Metal)
K. Kurihara, S. Ohtsuka, T. Ukai, W. Mori
Shibaura Institute of Technology
The approximate d bands for YCos and RC05 (R- Rare Earth Metal) compounds
are built up by using the Deegan's^prescription and Slater and Koster's2'forraulae in the tight binding approximation. Lendi3* has derived the d-f elements
in this formulation with the two center integral (dfa), (dfir) and (dfö).
Then, we have the approximate d-f bands in the tight binding approximation.
We investigate the spin polarization of the f bands for RCos compounds in
divalent and trivalent states. He see that the spin polarization antiparallel
to the polarization of Co metals is produced in the f bands due to d-f interaction. Additionally, the spin polarization antiparallel to the polarization
of Co atoms in 5d bands is also produced, but it is feeble in comparison with
the polarization in the f bands. This supports the experimental result that
in RC05 compounds where R(rare earth atoms) has 4f electrons less than 7, the
magnetization due to Co atoms and the one due to rare earth atoms are parallel
with each other, and when rare erath metals has 4f electrons greater than 7 ,
the magnetization of Co atom becomes antiparallel to the magnetization of rare
earth atoms.
Divalent

Trivalent

4f
0.24

3d
24.31

4f
1.25

3d
24.36

0.81

16.56

0.052

3.71

16.61

0.052

1.05

40.86

0.102

4.96

40.97

0.102

t

0.20

24.52

0.43

1.23

24.50

0.43

+

0.79

16.40

0.65

3.76

17.06

0.65

TOTAL

1.001

40.92

1.08

4.99

41.56

t.08

(dfn)-O.

(df6)=0

The spin polarization for 3d, 5d and 4f bands in RCos
compounds with f 1 and f 5 configurations in the divalent
and trivalent states.

References
1) R. A. Deegan: Phys. Rev. 17J (1968) 659.
2) J. C. Slater and G: F. Koster: Phys. Rev. 94. (1954) 1498.
3) K. Lendi: Phys. Rev. B | (1974) 2433.
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5d
0.050

TOTAL

(dfa)•=±0.005,
Table I.

5d
0.050
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TE1IPE1LATUBE - AND FIELD - INDUCED TRANSITIONS IN

g

A.Czopnik. N . I l i e w , B.Staliriski
I n s t i t u t e of Low Temperature and Structure Research, Wroclaw,
P.O.Box 937, Poland
C.Bazan, U.Mädge
International Laboratory of High Magnetic Fields and Low
Temperatures, Prdchnik Str. 9S, 53-529 Wroclaw, Poland
R.Pott,
II.Physikalisches Institut, Universität zu Köln, 5 KOln 41,

F.ri.G.

The cubic /AuCu3 - type structure/ compound Ndlnjj has
been investigated by means of specific heat, thermal expansion
aad high-field magnetization experiments. It undergoes at
5.90 K a second-order transition to an antiferromagnetic state.
In the ordered range we have discovered two first-order
transitions at T&1T= 4.61 K and T^ '= 5.15 K.
These transitions are due to changes of the magnetic structure
from the collinear to the Maxis one and the return to the
collinear structure at T£ ' and T^*2', respectively.
A4 low temperatures in comparison to TJJ we have observed
two sharp, first-order field-induced metamagnetic transitions
in the <00i> direction. The first of these is the transition
to an intermediate phase I with the magnetization equal to the
half of the saturation value, and the second one to the
paramagnetic state P.
At high temperatures the AF-I and I-P transitions are of
a second-order. The changeover from the second- to the firstorder occurs at the .tricritical point for the I-P transition
and at the multicritical point for the AF-I one. These
critical points are near 4.0 K.
In the intermediate phase I a perpendicular spin arrangement,
similar to the spin flop-side configuration of holmium
phosphide in zero magnetic field, probably occurs.

I
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MAGNETIC AND STRUCTURAL TRANSI'l'IONS IN TiaGa3
A.Czopnik. N.Iliew, B.Stalinski
Institute of Low Temperature and Structure ltesearch, Wroclaw,
P.O.Box 937, Poland
H.Madge, C.Bazan
International Laboratory of High Magnetic Fields and Low
Temperatures, Prdchnik Str. 95, 53-529 Wroclaw, Poland
B.Pott
II.Physikalisches Institut, Universität zu Köln, 5 Köln 41,
F.R.G.
We have established for the cubic /AuCu„ - type structure/
compound TwGa„ the occurence of two close lying first-order
transitions. The first transition at T Q = 4.29 K drives the
compound to a tetragonally distorted pnase and the second one
at T N s 4.26 K to an antiferroinagnetic state. They are pushed
apart marledly by an applied magnetic field.
In the whole temperature range of the ordering we nave
observed a first-order field-induced metamagnetic transition
along the <00i> direction. Therefore, TinGa3 is a unique
metamagnet because it has not a tricritical point at which the
changeover from the first- to the second-order transition
occurs for an ordinary metamagnet.
The temperature variation of the reciprocal susceptibility
gives the magnetic fg ' as the ground state.
~
It is well known that the
Ts ground state of Tm + ion
leads to a strong first-order structural transition in TmCd
and TmZn intermetallics. Therefore we may assume that the
structural transition in TmGaß has the same origin as in mentioned above compounds. This transition is driven by quadrupolar pair interactions. The lattice follows the quadrupoles
and distorts in such a way as to minimize the Jahn-Teller
coupling energy.

V
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LOW TEMPERATURE SPECIFIC HEAT MEASUREMENTS OF UNi2
C. Schmitzer, E. Gmelin , G. Hilscher
(Institut f. Experimentalphysik, T.U. Wien, 1040 Wien,
Karlsplatz 13
+MPI f. Festkörperforsohung, D-7OOO Stuttgart 8O)
The origin of magnetic order in UNi2 may either be due to
i) Ni antistructure atoms (Ni atoms on U-sites) giving rise to
magnetic clusters which lead to long range magnetic order or
ii) the Fermi energy is situated in the U-5f band. In the latter
case the .high density of states value may cause the occurance
of magnetism.
We report on specific heat measurements of UNi, U(Ni_
aCon i^?
U(Nio g Fe Q ~)2 and U(Ni.,_xCux)2 (x = 0.03,
0.06) u '* u
in
'
*
the
temperature range from 1.5 to
30 K.
The comparison of the electronic specific heat coefficient
of UFe2 and UCo 2 with UNi2 shows that f (UNi,) exceeds
the y- values of the other compounds by a factor of 3. Since
UCo2 is pauliparamagnetic and the magnetism of UFe, is caused
by 3d electrons we suggest from the specific heat data that
the magnetism in UNi2 is due to U-5f-electrons.

t
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Ho B e 1 3 COMMENSURATE AND INCOMMENSURATE MAGNETIC STRUCTURES
F. VIGNERON*, M. BONNET + , P. BECKER*
LabonaXxyvuL Lion WuMouin,
*ln*£Ltut

Latin Lanqzvln,

CEN Saciay,

91191 Gii-AWi-VveXte.

J56X Cenfrtz de. &tl,

3&042 Gnwoblz

Cedox {Fiance.)
Cede* (France)

o

Neutron diffraction (A = 1.140 A) studies show that the cubic intermetallic compound Ho B e ^ exhibits an incommensurate helimagnetic structure
in the temperature range between TJJ< =4.5K and Tf| = 6 ± 0.5 K and a commensurate magnetic structure below T^> (a,a,3a tetragonal magnetic unit cell).
The magnetic moments of the Ho3+ ions lie in a plane perpendicular
to the crystallographic c axis. The propagation vector of the magnetic
structure, parallel to the crystallographic t axis, is a function of temperature :
?(T) = | c * (l-e(T))
with
and

e(T) < 5.10'2
E(T) = 0

for
for

T

N

1 < T

^TN

T < TN> .

These magnetic structures result from the competition between exchange
interactions and magnetocrystalline anisotropy. A magnetic phase diagram has
been obtained for the RE Beiß intermetallics(RE = Rare Earth), within the
frame of a hamiltonian model incorporating isotropic exchange interactions
(molecular field approximation) and fourth order magnetic anisotropy in the
(001) plane. Theoretical and experimental results are then compared for
RE = Gd (Incommensurate magnetic structure) ,_Jb and Ho (Commensurate - Incommensurate), Dy and Er (Commensurate T = 1/3 c* magnetic structure).

4
1
I
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TEMPERATURE AND FIELD DEPENDENCE OF THE 57 Pe HYPERFINE FIELD IN
Er Pe
6 23
G. Wiesinger, Institut für Experimentalphysik, TU, Vienna,Austria
Ferrimagnetic compounds exhibiting a compensation point are
a well suited tool for testing the molecular field model fi 1 .
Because the antiparallel moment? are predicted to be broken up
at a certain critical field, the investigation of the field,
as well as of the temperature dependence of the magnetization,
is of essential interest.
The advantage of Mössbauer spectroscopy is the direct
determination of the hyperfine fields at the sublattice atoms,
which in fortunate cases (Er, Dy, Tm) holds not only for the
Fe sublattice but also for the rare earth sublattice j^2, 3].
In the present study attention was focussed upon the field
dependence of the 57j?e hyperfine field in order to analyze the
general applicability of the molecular field calculations,
performed by Clark and Callen [4 3 . Concerning the temperature
dependence of the -*'Fe hjperfine field, it is shown that its
uurve follows closely the Fe-sublattice magnetization derived
by molecular field calculations[5j
At T = 1OO K (compensation point) the Mössbauer spectra were
recorded in an external magnetic field; the overall shape is not
changed distinctly. When increasing the external field the
hyperfine fields at the different iron sites are reduced in a
uniform way indicating a parallel arrangement of all the
moments. The abrupt cnange of the slope in the H e f f vs H e s curves
at H e x s^ 20 kG indicates the breaking up of the antiprallel
moments.
[i] P.H. Frings, J.J.M. Franse, G. Hilscher, J. Phys. F 13
(1983) 175.
|.2j P.CM. Gubbens, K.H.J. Buschow, J. Phys. F 12 (1982) 2715.
f3j P.CM. Gubbens, A.M. v^n der Kraan, K.H.J. Buschow, J. Phys.
"
F 14 (1984) 235.
[4j A.E. Clark, E. Callen, Jour. Appl. Phys. Jj) (1968) 5972.
[5] G. Hilscher, H. Rais, J. E-hys. F8 (1978) 511.
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MAGNETIC ANISOTROPY OF B r C o 5 _ x N i x ALLOYS.

Z.Drzazga
Instytut Fizyki, Uniwersytet Slqaki, Katowice

Single-phase ErCoc;_xNix alloys, where x = 1,2,3 were prepared by melting In argon are furnace. The single crystals of
ErCo,Nl2 were obtained by thermal annealing at high temperatures.
Magnetic measurements were carried out with an extracting
sample magnetometer and with a foreion magnetometer In the magnetoc fields up to 1.8 T In the temperature range 4.2<-T^293 K.
The compounds have shown the easy c-axls. The anlsotropy
constant K. decreases with temperature approuching a compensation point. The peculiar property of these alloys is a unidivectional anisotropy observed In a wide temperature range in magnetic fields up to, 1.8 T. Plot of critical magnetic field below
which the forqüe curves exhibit a 360° period against temperature are determined. The uniderectional anisotropy constant changes sign from positive to negative at the compensation point.
In temperature dependences of the magnetization it becames evident as a change of the resultant magnetization sign of the Er
and 3d sublattices coupled antiferromagnetically.
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INVESTIGATIONS OF THE MAGNETIC PROPERTIES OF Nd-Fe-B HARD
MAGNETIC MATERIALS
R. Grössinger, P. Obitsch, G. Hilscher, R. Strnat, R. Eibler,
H. Sassik, G. Wiesinger, and H. Kircnmayr
Institute for Experimental Physics, Technical University of
Vienna, Karlsplatz 13, 1O4O Vienna
The hard magnetic properties of Nd-Fe-B-based alloys have
recently becomj of great technical and scientific importance.
Permanent magnets with energy products of up to 40 MGOe have
been produced based on these materials (1). The production of
Nd-Fe-B magnets at the Technische Universität (TU) Wien was
performed either by a melt-spinning technique similar to that
used for amorphous ribbons (2), or by a conventional grindingsintering-annealing procedure using two bulk materials (1).
The aim of the present work is to evaluate the melt-spinning production technique vs sintering. Intrinsic magnet properties like the anisotropy field H and the Curie temperature
T are compared for the two preparation methods. The effects of
the metallurgy upon the shape of the hysteresis loop as a function of the magnet preparation technique were also studied. Initial susceptibility magnetisation and thermal expansion were
measured between 4.2 K and room temperature, and the data are
reported.
From the measurement results we conclude that a spin reorientation process occurs at T ~ 1 4 0 K. The experimental results
are presented, along with a discussion of the technical advantages inherent to this new material.
(1) M. Wagawa, S. Jufimura, M. Togawa, H. Jamamoto, Y. Matsuura
29
Ann. Conf. on Magn. & Magn. Mat. Pittsburgh, Pennsylvania USA, 1983 to appear in Journal of Appl. Physics
(2) J.J. Croat, J.F. Herbst, R.W. Lee, F.E. Pinkerton, ibid
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ANISOTROPV IN ( Y i. x Nd x ) 2 Co 17 COMPOUNDS
Z. Kekol. H. Figlel
Solid Stat« Physlca Department
Unlverelty of Mining and Metallurgy
al. Mlcklewlcza 30. 30-059 Krakow. Poland
The compounds V^Co.y and Gd2Co*_ have easy plane anisotropy, and the latter with auch higher anleotropy energy due to
Nd contribution. To find more details concerning the Nd contribution the ( Y i_ x Nd x )2 Co i7 aeries has been Investigated by uee
of pulse aethod in the teaperature range 78 - 340 K. The
anlsotropy constants Kj and K£ were calculated froa the M(H)
curves obtained In aeaeureaents.
It was found, that the anisotropy energy E^ • K^ * K£
changes parebollcally with Nd concantration. That is an
evidence of two - ion anleotropy contribution of Nd [iQ .
together with one - Ion contrlbutlone ©f Nd and Co. the twoIon anleotropy of Nd Is of the seaa order of aagnitude as
that of one - ion aniaotropy. The one-ion contrlbutlone of
Nd and Co were eeparated froa the two-ion anlsotropy of Nd.
Following a routine theoretical procedure with use of
the point charge aodel with Thoaes-Ferai ecreening, the oneIon anisotropy contrlbutlone of Nd and Co were calculated.
The theoretical results agree with experinental data.
l.V.P.Karpenko. Yu.P.Irkhln. Zh.Exp.Teor.Flz..64 (1973)
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THE FERROMAGNETIC RESONANCE MEASUREMENTS OF MAGNETOCRYTTALLINE
ANISOTROPY OF Y-Co SYSTEM
I
K. Türe*. Z. Kajcol, A. Kolodziejczyk and K. Krop
Department of Solid State Physlce IM, Academy of Mining and
Metallurgy, al. Mlckiewlcza 3o, 3O-OS9 Krakow, Poland.
The results of FMR measurements of anieotropy are presented for powdered lntermetalllcs of Y-Co eyetern, nemely YCo,,
Y Co
2 7 * Y C o 5 ant* Y 2 C o 17* T n e r e e u ^ t * e r e compared with thoee
wnlcn are extracted from Magnetisation curves.
A simple theoretical model for interpretation of FMR spectra ha« proved to be useful, when the powder of the anlsotroplc specinen Iβ poured into epoxy glue in the presence of
a steady Magnetic field. Then one can obtain chain« of grain*
In the specimen end as a first eproximatlon they can be treated e»:solid cylinders. When the exis of the cylinders are
parallel to applied Magnetic field, what is equivalent to
so-called parallel geometry, then the theoretical Model gives
very good agreement with the experimental line shape for
uniäxial YCo, compound.
_
The values Of anlsotropy fields measured by FMR <H!T) ere
proved toMbe lower than those obtained from magnetisation curve» ( H " ) . The anieotropy fleld-H^ of YCo- is of 0,6 x io'
A/a and oi v 2 C o 1 7 is of 0,35 x lo'A/m, Thes» values are about
half of H. values. It is shown that the complex magnetic structure, called by the authors orthogonal ferrlmagneijlc structure,
may be the reason of discrepancy between nC and nv. Thw «trueture 1« characterized by at least two magnetic
sublattiCes
with orthogonal anlaotropy fields. In V 2 Co- the resonant U n a
Is observed from Co sublattice with almSst zero anieotropy
field. Existence of such sublattice Iβ confirmed by the crystalline-field calculations. In YCo 5 FMR of Co magnetic moaenta
should not be observed because of extremely high anlsotropy
field. But in this compound like in YCo- resonant lines are
recorded which probably come from Y atoms.

i
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On the Anisotropy Energies for YCo5 and FrCoS Compounds
K. Kurihara, S. Ohtsuka, T. Ukai. N. Mori
Shibaura Institute of Technology
The approximate d bands for YC05 and PrCos compounds are formulated by
using the Deegan's prescription. We take into account the spin-orbit interaction and calculate the anisotropy constants Kui and Ku2 by comparing the
electronic energies with the different direction of the magnetization (spin).
In our calculation we take the three directions, specified by the polar
angles, 0, TT/4 and TT/2, respectively. The calculation of the electronic
energies are worked out by using the Gilat-Raubenheimer's method.2)>3!
We analyze the experimental result of the anisotropy constants for YC05
and PrCos compounds by using the d bands for these compounds. We estimate the
feeble difference between the number of d electrons of the states with the
different direction of the spin. In PrCos compound such feeble difference is
much larger than those for YC05 compound. This suggests that in YC05 compoud
the anisotropy energy is considered to be produced by d electrons, but in
PrCos compound it may be produced by not only d electrons but also 4f electrons, and that in PrCos the contribution due to 4f electrons is remarkable.
We estimate the contribution to the anisotropy energy due to 4f electrons
under the assumption that the contribution to the anisotropy energy of PrCos
compound due to d electrons may be much the same as that for YCo5 compound.
The contribution due to 4f electrons is analyzed by the crystalline field
theory.' We introduce the following crystalline field.
Vcrys = A o + A t cos 2 ö+ A 2 cos A 9+ A 3 cos 6 6.
We introduce the spin orbit interaction and the exchange splitting in f
state. We see that the contribution due to 4f electrons deduced by us can be
interpreted by the use of the moderate values of parameters Ai and A2,
We find, therefore, that in PrCos compound the contribution to the anisotropy constants Kul and Ku2 can be separated into two parts; one is due to
d electrons, and other is due to 4f electrons and can be interpreted by the
moderate crystalline field potential.
References
1) R. A. Deegan: Phys. Rev. 17J (1968) 659.
2) G. Gilat and L. J. Raubenheimer: Phys. Rev. 144 (1966) 390.
3) L. J. Raubenheimer and G. Gilat: Phys. Rev. 157 (1967) 586.
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MAGNETIC CHARACTERISTICS OF R 2 F e u B SYSTEMS PREPARED WITH HIGH PURITY 11AÜE
EARTHS*
M. Q. Huang, E. Oswald, S. Hirosawa, E. Schwab and W. E. Wallace,
Metallurgical Engineering and Materials Science Department, Carnegie-Mellon
University, Pittsburgh, PA 15213 U.S.A.
Commercially procured rare earth metals frequently contain 2-5 atomic
per cent oxygen. Rare earth intermetallic compounds prepared from these
materials with compositions estimated by synthesis can significantly deviate
from the intended composition. A series of R2Fei4B systems has been synthesized using rare earth metals obtained from the Ames Laboratory which typically contain <25 ppm oxygen (by weight). The fundamental properties of
these materials will be presented. Results obtained are typified by those
acquired for Pr2Ndx4B. At room temperature (">- 295°K): saturation magnetization = 31.5 Uß/f.u., saturation induction = 15.6 kG, H A = 76 kOe, theoretical
energy product = 60.8 MGOe. The corresponding quantities at 77°K are 35.3
UB/f.u., 17.5 kG, 158 kOe and 76.5 MGOe. T c is observed to be 280°C. Results for the alloy systems (R,R')2Fei4B will be presented and discussed in
the light of the general coupling systematics which have been observed
earlier for the (R,R')TX systems, where R and R' are (a) two light rare
earths, (b) two heavy rare earths or (c) one heavy and one light rare earth
and T is Fe, Co or Ni.

*The present work was supported by the Army Research Office.
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Band Theory of Crystal Field and Magnetostriction Phenomena
in Dilute RE-M Alloys with Cubic Symmetry.
J. Deniszczyk
Institute of Physics and Chemistry of Metals,
Silesian University, «tO-OO? Katowice, POLAND

The theory of magnetostriotion, formulated previously by
Denis sac zyk and Kozarzewslci, is improved by the use of an appropriate
band electron wave function. Furthermore the band electron contribution to CEF parameters is calculated. Band electrons with different
characters enter the expressions for CliF and inagnetoelastic coupling
parameters independently. The general results are valid for an
arbitrary crystal point symmetry. The final results are compared with
an experimental data for Ag-UE and Au-IiE dilute alloys. The field
dependence of the forced magnetostriction in the <OO1^ and
O'O
directions of the single crystal sample is in general quite well
reproduced by the theory.
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MAGNETIC TRANSITIONS

IN RMn 2 LAVES PHASES

J. Deportes, R. Lemaire, B. Ouladdiaf
Laboratoire Louis Neel, C.N.R.S., 166X,
38042 Grenoble-cedex, France
Anomalous thermal expansion in YMn, cubic Laves phase
(1 )
indicates
a significant volume change O 5 %) around 100 K
(2)
with a large hysteresis. As pointed out by Nakamura et a I
,
YMn„ is antiferromagnetic

below T„ - 100 K, and the volume change

can be ascribed to a large spontaneous volume

magnetostriction.

From powder neutron diffraction experiments performed with large
o

neutron wavelength (X = 2.5 A) it appears that the magnetic
structure of YMn, is not simply antiferromagnetic but incommensurably modulated with a propagation vector T very close to a
vector of the reciprocal lattice. Such a situation (3)
is very
similar to that observed in the ant iferromagnet Cr
The RMn„
compounds with the lighest rare earths present similar magnetovolumic effects. In particular, in the NdMn^ hexagonal Laves
phase, a erystallographic transition and a sharp change of the
magnetic susceptibility, associated with an antiferromagnetic
order, are observed between 103 and 105 K.
(1) Shiga, Wada, Nakamura, J.M.M.M., 31-34 (1983) 119.
(2) Nakamura, Shiga, Kawano, Proc. Yamada Conf. VI, Physica B
(1983).
(3) Bacon, Acta Cryst., 14 (1961) 823.
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THE MAGNETOSTRICTION OF ErA& 2
H.Stanley, O.Moze, B.D.Rainford and E.W.Lee
Department of Physics, University of Southampton
Southampton, S09 5NH, U.K.
and
J.S.Abell, Centre for Materials Science,
University of Birmingham, Birmingham, U.K.

Abstract
The magnetostriction of a single crystal of
has been measured in the ordered and paramagnetic
phases.
The magnetoelastic coupling constants have
been determined by fitting the data to a magnetoelastic Hamiltonian.
Revised values of the cubic
crystal field parameters B^ and B°, obtained from
neutron spectroscopy, have been used to test the
adequacy of the point charge model in accounting for
the magnetoelastic coupling constants.
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MAGNETIC CONTRIBUTION TO THE ATOMIC VOLUME OF Th-3d INTERMETALLIC COMPOUNDS
R.J.Radwanski and J.J.M.Franse
Natuurkundig Laboratorium der Universiteit van Amsterdam,
Valckenierstraat 65, 1018 XE Amsterdam, The Netherlands
The concentration dependence of the atomic volume of the Th-Fe, Th-Co
and Th-Ni series has been examined at 300 K over the entire concentration
region. Thorium metal does not form alloys with 3d transition metals. Intermetallic compounds in strictly stoichiometric compositions occur in quite
different crystallographic structures. Although these structures are not
simply connected, their atomic volumes follow in good approximation Zen's
law: V » (I ~x)V. + x V B - This law is not always strictly obeyed for metallic
systems, even
not for non-magnetic alloys. In this latter case the deviations from linearity are mainly due to changes in the effective atomic
radii, connected with acharge transfer between the elements. The Th-3d compounds exhibit an almost perfect linear composition dependence of the
atomic volume for the non-magnetic compounds, indicating that charge transfer is of minor influence. Nevertheless, large deviations are observed for
the magnetically ordered compounds. These deviations are attributed to the
magneto-volume effect. The spontaneous volume magnetostriction derived from
these lattice parameter studies exceeds the thermal expansion and forced
volume magnetostriction results that were obtained for Dy^Fe,., by almost
one order of magnitude.
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MAGNETOSTRICTION IN LAVES PHASE COMPOUNDS R1_xPrFe2(R=Ce,Sm,Tb,Y) AND
THEIR EASY AXES OF MAGNETIZATION
*
Michio Shimotomai. Hideyuki Fujisawa and Masao Doyama
Department of Materials Science, Faculty of Engineering, The university of
Tokyo, Bunkyo-ku, Tokyo 113, Japan
§Earthquake Research Institute, The University of Tokyo, Bunkyo-ku, Tokyo 113
The magneto-elastic properties of the Javes phase compounds RFe, and
their pseudo-binaries were extensively investigated in recent years. However,
none of the previous investigators has reported the magnetic properties of
R
Fr Fe.(R=Ce,Sm,Tb,Y). We have succsessfully prepared these compounds for
x»Ö?3 £o x>1.0 by the high-pressure methods.
The magnetostrictions have been measured using standard strain gauge
techniques for magnetic field up to !8 kOe. Figure 1 shows the magnetostriction of Sm, Pr Fe« at room temperature. The easy axes of magnetization have
been determinedly the MBssbauer spectroscopy. Thermal variation of the
direction of the easy axis in Sm, Pr J'e, is shown in fig. 2.
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SYNTHESES OF RERh4B4(RE=Ce,Pr, Nd) AT HIGH PRESSURES AND TEMPERATURES
Michio Shimotomai, Manabu Enoki, Masao Doyama and Hideyuki Fujisawa
Department of Materials Science, Faculty of Engineering, The University of
Tokyo, Bunkyo-ku, Tokyo 113, Japan
§Earthquake Research Institute, The University of Tokyo, Bunkyo-ku, Tokyo
113, Tokyo
The ternary rars-earth tetra-rhodium tetra-borides (RERh B.) are materials
of current interest owing to the coexistence of superconductivity and magnetic
order. The known compounds in this series are isomorphic with a primitive
tetragonal structure of the CeCo^B.-type. None of the previous investigators
has reported the synthesis of LaRlvB , CeRh.B., PrRh.B. nr YbRh.B.. A single
phase NdRh.B. has not yet been prepared. It appears that the increase in
radius of the rare-earth component is primarily responsible for the premature
termination of the series. The application of high pressure will create a
condition suitable for a successful synthesis by reducing the radius of the
rare-earth to a greater degree than those of the other components.
The ingots of CeRh^B., PrRh^B. and NdRh.B& with the starting composition
of RERh.B. „ were preparea by pllsma arc-melting of the constituent elements
unaer a mixture of argon and hydrogen. The apparatus of piston-cylinder type
was used to generate high pressures and high temperatures.
X-ray spectral analysis revealed that the conditions of 20 kbars at 1100°
C for NdRh.B. resulted in the formation of the compounds (Nd , 7 Rh ,,)Rh,B„ and
RhB. Conditions of 20 kbars at 1400°C for 30Uninutes, however, yielded the
compounds NdRh.B. and RhB along with minor impurity phases. Measurements of
dc electrical resistance indicated the superconducting transition temperature
of 5.3 K for this sample. Magnetization measurements revealed the coexistence
of ferromagnetic phase NdRh B„ with T of 17.5 K.
We have failed to synthesize CeRn.B. under conditions of 25 kbars and
1350°C. Experiments on PrRh.B. are currently under way.
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THE CRITICAL FIELDS OF MAGNETIC SUPERCONDUCTOR YgCo.,
B.V.B. SARKISSIAN and J.L. THOLENCE*
Institut Laue-Langevin, 156X, 38042 Grenoble Cedex, France
+ CRTBT, C.N.R.S., B.P. 166X, 38042 Grenoble Cedex, France.
The magnetic and superconducting properties of the compound YgCo-j have
been of considerable interest in recent years (1). Above the superconducting
transition temperature this system is believed to be close to being an
itinerant electron ferromagnet (2). A property of particular interest is the
dependence of the lower and upper critical magnetic fields Uci and HC2> which
are expected to be particularly sensitive to the effect of ferromagnetic spin
fluctuations.
In this paper we report the results of an experimental study of the
temperature dependence of these critical fields using the techniques of low
field magnetisation and high field resistivity measurements for temperature
down to "v 100 mK. This includes the range of temperatures for which Y9C07
displays both superconductivity and magnetism (3).
An analysis of these results, in conjunction with the results of specific
heat and zero field susceptibility measurements, has allowed various microscopic parameters Aph» ^spin etc. to be estimated. The behaviour of the superconducting surface sheat with the temperature will also be reported.

(1)

B.V. Sarkissian, J. Appl. Phys. 53, 8070 (1982) and references
therein.
(2) B.V.B. Sarkissian and J. Beille, J. Appl. Phys. (1984) in press.
(3) B.V.B. Sarkissian and A.K. Grover, J. Phys. F. : Metal Phys. \2^, L107
(1982).
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STRUCTURAL ANALYSIS ÜF

INTEKMETALLIC COMPOUNDS

I.Pop.V.Crlgan.M.Coldea.C.Haqan and G.Borodi
Faculty of Physics,University of Cluj,Romania
The isoetructural compounds R 2 N i 17-X A ^xf" Gd,Tb and x> O
to 17) crystallize in the hexagonal structure of Th„Ni 17 type.
X-ray diffraction patterns were obtained from finely powdered
sample. Prom the intensity of X-ray diffraction lines was dedu*
ced a structure model for each investigated compound. In table
1 are given the lattice parameters and the distribution of atoms
in the equivalent positions for Tb 2 Ni 1 7 x Al x intermetallic compounds. In general, the Ni atoms are rep lac eel by Al atoms in the
equivalent positions corresponding with the number of the substituted atoms. In this situation are affected the least symrne»
try operations* The parameters which settle the positions of the
reticular plans in the unit cell increase monotously with concentration. The spatial group is changing from one compound to
another in function of the occupied equivalent positions and of
the number of the substituted atoms. The energy bands of Gd atoms in Gd-Ni^Al.,,- compound were identified by using the local
symmetry of Gβ ana Ni atoms.
Table 1 sOistribution of atoms in the unit cell.
Compound

Lattice parameters
a(A)
c(A)

Th2Ni17

7 .080
7 .130
7 .152
7 ,203
7 .284
7 .362
7 .441

8.470
8.475
8.477
8.485
8.518
8.569
8.665

Tb 2 Ni 6 Al 1 1 7 .524
T b 2 N i 4 A l 1 3 7 .598
Tb 2 Ni 2 Al 1 5 7 .681

8.831
9.089
9.380

Tb 2 Ni 1 6 Al
Tb

2Ni15A12
2N1i4Al3
Tb
2Ni12Al5
Tb
2N110Al7
Tb 2 Ni 8 Al g
Tb

R

Equivalent positions
Ni

2b ,2d
2b ,2d
2b ,2d
2b ,2d
2b ,2d
2b ,2d

4f,6g.l2j,12k
4f,6g,12J,12k
4f.4e.12j.12k
6g.12j.12k
4f.12j.12k
12J.12k
2b .2d 4f,4e.l2k
2b ,2d 4f,12k
2b ,2d 12k
2b ,2d 4f,4e

2b ,2d 4f

Al

2a
2a, 2c

6g
4f.6g
2a,12j
2a,4e,12j
2a.4e.12j.4f
2a.12j.12k
6g.12j.12k
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A COMPARISON BETWEEN CRYSTAL STRUCTURE AND MAGNETIC PROPERTIES OF RARE EARTH
AND TRANSITION METALS 3d COMPOUNDS
Xavier OUDET, Laboratoire de Magnötisme, C.N.R.S., 92195 Meudon Principal
Cedex, France
The homogeneity of the rare earth properties is an important aspect wich
is absent in the case of the transition metals 3d (1). So the NaCl structure
of LnX (X =S, Se, Te) put in view a cation-cation bond with metallic conductivity. A similar bond is found in different crystal structure of MX where
M = 3dmetals. With the La203 structure lanthanum has h.c.p. arrangement.
For three La there are two oxygen at a tetrahedral site and one at an octahedral site. These two sites for the oxygen can be explained by supposing
that just the electrons 6s2 from La atoms can be lost to 0 atom. The charge
neutrality leads to the following ions :

with a covalent bond between LaT,, and Ojj (the roman numeral for the
oxidation number o.n.). Then 0?j is at the octahedral site and 017 at the
tetrahedral site. Numerous experimental facts corroborate this analysis. For
the 3dmetals the study of the spinel structure allows to propose the existence of ions such as M?tj.
These results obtained mainly without the help of magnetic properties
offer important help for their study. For example in ZnFe20 4 iron with o.n.
Ill has a Curie constant which is expected for an o.n.II. Now if one considers
TmSe it is possible to interpret its Curie constant of 4.5°Ke.m.u/gm. at along
similar line and the difficulty arising from the lattice parameter disappears (2).
1. Oudet X. Ann. Chem. France in French, 8, 483-507, 1983, English version
is avaibie from the author.
2. Oudet X., J. Phys. CJJ L 205-8, 1980
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CRYSTALLOGSAPHIC AND MAGNETIC PROPERTIES OF REInAu, INTERMETALLICS
M.J. Besnus , J.P. Kappler , A. Meyer , J. Sereni , E. Siaud*,
J. Pierre*
L.M.S.E.S., Institut de Physique, 4, rue Blaise Pascal
67084 Strasbourg-cedex, France
*Laboratoire Louis Neel, C.N.R.S., 166X,
38042 Grenoble-cedex, France
We have studied the crystallographic, magnetic ani transport
properties of rare earths (RE) ternary compounds REInAu,, with
RE - La, Ce, Pr, Nd, Gd, Tb, Er, Tm, Yb, Lu.
From Ce to Lu at room temperature, crystal structures are
cubic, isotypic of CsCl (B,)

o r

more probably of Heusler phases

(L2.). Compounds with Ce, Pr, Nd undergo at lower temperatures
martensitic transformations to tetragonal structures with
distortions of the order of 3.5 % ; the tetragonal phase is
already stable in LalnAu, at room temperature. These first-order
transitions have large effects on resistivities, but do not give
significant discontinuities of susceptibility curves. However,
large deviations from Curia-Weiss behaviour occur at low temperature showing crystal field effects. These electronic instabilities are to be related to similar effects observed in
REAg,

In

for instance.

Gd and Tb compounds order with Neel points at 11.5 and 8 K
respectively. Other compounds under investigation do not order
above 1.5 K.
The specific heat for CeInAu 2 shows a large anomaly centered
at about 1 K, which may reveal magnetic ordering. The electronic
contribution to the specific heat is much larger than that for
non magnetic La and Y systems. The resistivity of CelnAu, does
not seem to show any Kondo-type anomaly, but the magnitude of the
magnetic contribution is large (t* 10 μ^xcm).
Susceptibility and resistivity measurements on the intermediate valence compound YblnAu, are in agreement with previous
2 5
results. The resistivity behaves as T ' at low temperatures.
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MAGNETIC AND MÖSSBAUER STUDIES OF (GD Yj_ )

M.J.BESNUS+, P.BAUER§, J.P.KAPPLER*, M.REISSNERX, W.STEINER31

+ Institut de Physique, Universite Strasbourg I, France
§ Institut des Sciences de 1"Ingenieur, Universite Nancy I, France
x Institut für Angewandte und Technische Physik, T. V, Wien, Austria

Quite different magnetic properties are observed in the Al substituted
GdFe, and YFe_ Laves phase systems. Whereas in Y(Fe,Al) 2 local environment
effects are dominant, these effects are less important when Gd - Gd and Gd Fe interactions are present. We report here a complementary magnetic and

Fe

Mössbauer study of the dilution of the RE exchange at constant Fe concentration for a series of (Gd Y ^

) ( F e x A l l j £ ) 2 alloys ( O ^ y <£. 15 x «= 0.1, 0.2,

O.3 ) .
At constant x magnetic dilution, reflected by the linear variation of
the saturation moment is observed up to about 70 at% y, whereas for higher
Y content with the disappearence of this long range magnetic order typical
inhomogeneous magnetic behaviour is evidenced. Correlatively the mean hyperfine field at the Fe nucleus stays nearly constant in the same concentration
range ( y >

0.3 ) . Local environment effects are chiefly due to the Al neigh-

bourhood, the influence of the Gd moments appearing only at high Y content.
Compared to the Y(?e,Al) 2 case the presence, of

he magnetic Gd subsystem re-

sults thus mainly in two effects:
(i) A shift of the percolation limit for the unset of long range ferromagnetic order towards fairly lower values of the concentration of the magnetic atoms.
(ii) A dilution behaviour, similar to the one characteristic of the
Gd(Fe,Al) 2 series, resulting in nearly constant values of the mean Fe moment
near 1.5 yuß up to high dilution of the magnetic RE.
A further comparison with the Y(Fe,Al) 2 and Gd(Fe,Al) 2 series will be
made in order to discuss the concentration dependence, the nature and the
extent of the exchange interactions.

I
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MAGNETIC PROPERTIES OP HO(PE j£ AL 1 _ x ) 2 COMPOUNDS STUDIED BY NEUTRON
DIFFRACTION, MAGNETIZATION AND MÖSSBAUER MEASUREMENTS

w. STEINER"1", M. REISSNER"1", W. SCHKFER*, G. WILL31

5

+ Institut für Angewandte und Technische Physik, T. U. Wien, Austria

'

i
x Mineralogisches Institut, Universität Bonn, West Germany

The magnetic properties of several compounds on the Al rich side of the
series Ho(Fe x Al l j t ) 2 with O ^ x < 0 . 3 , crystallizing in the cubic MgCu 2
structure type (Laves phase C15 ) , have been investigated by powder neutron
diffraction, bulk magnetization and Mössbauer measurements.
For pure HoAl., which orders ferromagnetically, T. * 38K andyu^
_+ O.I ^

= 8.7

was obtained at 4.2K, in close agreement with previous reported

values. The partial substitution of Al by Fe leads to a ferrimagnetic structure with an antiparallel coupling of the ferromagnetic Ho and Fe sublattices
( fiF

= 1.2 j^O.eyUg for x - 0.25 at 4.2K ) ,
The bulk magnetisation measurements indicate i) a strong influence of

the Ho moments on the Fe content, resulting in a reduction of the saturation
magnetization and an increase o£ the anisotropy, and ii) a dominance of the
Bo - Bo exchange interaction in contrast to HoFe,.
From the Mössbauer data it can be concluded that all Fe atoms carry a
magnetic moment. The kyperfine fields depend strongly on the local environment. Charge transfers caused by the Fe substitution are of minor importance.
With increasing Fe concentration a decrease of the ordered Bo moment is
observed by neutron diffraction measurements: fx- • 7.3 + 0.5yu_ for x » 0;10
andya Ho - 6.1 +^0.5yu„ for x » 0.25 at 4.2K. The decrease is correlated with
the observation of an increasing modulation of the diffuse neutron scattering, indicating the formation of magnetic clusters with a distribution of.the
ferrimagnetically ordered moment directions around the preferred direction
of magnetization.
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PRESSURE EFFECT ON THE CURIE TEMPERATURE
OF Dy 2 Fe |7 _ Al

COMPOUNDS

2
2
R.J.Radwanski , J.J.M.Franse, K.Krop
R.Duraj and R.Zach
Natuurkundig Laboratorium der Universiteit van Amsterdam,
Valckenierstraat 65, 1018 XE Amsterdam, The Netherlands,
'Academy of Mining and Metallurgy, Cracow, Poland,
2
Politechnical University, Cracow, Poland.
The pressure variation of the Curie temperature T has been measured
up to 15 kbar (1.5 GPa) for Dy.Fe., Al intermetallic compounds with
y « 0, 1.5, 3.0, 5.0 and 6.0.
^
T -values were determined from
the termal variation of the ac
susceptibility. The pressure changes
of T are negative, large and non-linear i.e. -dT /dP decreases with increasing pressure. The initial and average (between 0 and 15 kbar) values
of dT /dP are equal to -6.2 and -4.6 K kbar"1 for Dy2Fe... Using a compressibility value K, equal tc 0.8 Mbar"' we evaluate, the logarithmic
volume dependence of T as 15.4. It corresponds to a - 1875 K 2 kbar"' in
the equation dT /dp « 5?3 K Tc-aT,,"1 and B » 2.3 IO^ K 2 in the equation
din Tc/dln V « -5/3 + BTc"2 . These equations follow from the StonerWohlfarth theory of itinerant-electron ferromagnetism. The above given
number is very close to the value of Fe-Ni Invar alloys
(a - 1700 K 2 kbar"1 for F e 64 N i 36^ - T n e A 1 substitution reduces the pressure dependence of T down to
-1.13 K kbar"' for Dy~Fe..Al,. The coefficients a and B are constant up to y = 3 and afterwards rapidly decrease. The pressure results are compared with thermal expansion data
for Dy 2 Fe ( 7 . from which a value for the spontaneous magnetostriction at
0 K of
1.62 10" 2 is derived.

On leave from the Solid State Physics Department,
Academy of Mining and Metallurgy,
30-059 Cracow, Poland.
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GROUND STATE MAGNETIC MOMENT OF RARE EARTH IN CUBIC INTERMETALLIC COMPOUNDS
E. BELORIZKY, Y. BERTHIER
Laboratoire de Spectronietrie Physique (associe au C.N.R.S.)
Boite postale n" 68
384O2 Saint-Martin-d'Heres Cedex (France)
In ferromagnetic cubic rare earth intermetallics, the magnetic properties are determined not only by the localised At electrons of the rare
earth but also by the 5d and 6s conduction electrons. In order to separate both contributions, a very precise knowledge of the 4f electronic moment is required. Several attempts for this determination were performed
by other authors using magnetic measurements or polarized neutron diffraction experiments on single crystals or inelastic neutron scattering spectroscopy.
Our purpose here is to describe the analysis of the quadrupolar effects on the hyperfine spectra of the rare earth nuclei measured by NMR in
zero external field. When they are possible these experiments are very precise and may be performed on powder samples. A simple theoretical analysis
allows the determination of the 4f shell ground state magnetic moment with
a better accuracy than the previous methods. Comparative results are provided for the series RE Al., RE Zn, RE Fe..
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MAGNETIC TRANSITION IN THE CePd 3 B x SYSTEM
J.P. Xappler, M.J. Besnus, A. Meyer, L.M.S.E.S., Institut de Physique,
3, rue de l1Universite, 67084 Strasbourg, France,
J.G. Sereni, G. Nieva, Centro Atomico, Bariloche, Argentina.
The intermediate valent state of CePd3 is well established by numerous
typical data. Alloying effects in mixed valence compounds may or may not
affect the 4f instability : valence transitions or continuous evolutions
towards either a near integral valence with a Kondo-like behaviour or a nonmagnetic state are known to occur in Ce-based Systems. We present here the
results of a study of the low temperature properties of CePd3Bx alloys
through susceptibility, high-field magnetisation, specific heat and resistivity measurements. Susceptibility and specific heat data clearly evidence
the transition for the Ce atoms from the IV state towards the trivalent state,
almost achieved for x £ 0.25. Low field susceptibility measurements in the
T range 0.1 - 4 K show the presence of maxima around 1 K with irreversible
phenomena occuring at lower temperatures, bearing witness to some magnetic
ordering effects. In addition, specifi.c heat data for 7 £ 0.4 K and in fields
up to 30 kOe, with Schottky-like anomalies, evidence magnetic transitions
near 1 K. The detailed study of the compound CePdßB demonstrates the fact
that the Ce atoms are in their normal tripositive ionic state and have
loosed the 2J+1 spin-orbit ground state multiplet degeneracy conaonly observed in IV compounds.Magnetisation, susceptibility and heat capacity data
indicate the Tj doublet as the ground state, the Tj-Ts overall splitting
being of about 60 K. Combined with the results of a NMR study for x < 0.1
(1), the obtained results suggest that the boron induced transition is of
mainly local character.
(1) E. Beaurepaire, thesis, 1983 and to be published.
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EPR AND MAGNETIC SUSCEPTIBILITY OF GdgCOgAljj
INTERMETALLIC COMPOUND
M. Coldea.I. Pup and V. Crigen
Faculty of Physi.ee,University of Cluj,Romania
The ieoetructural compounds GdgCogAl,^ and G d 2 A l 1 7 crystallize in the hexagonal structure of Th^Ni,- type. The magnetic susceptibility of these intermetallic compounds has been
measured over the temperature range 80-1200K. The contributions to the magnetic susceptibility are the Curie-Weiss term,
expressing the paramagnetism of the localized f and d electrons
of Gd and Co atoms,and a temperature-independent

term ICo for

which all the contributions have been estimated. The most important contribution to the temperature-independent

term is gi-

ven by an enhanced Pauli paranagnetiem,the enhancement

factor

for GdgCOgAlj^ compound is derived to be f>2.75. The magnetic
moment per Co atom, JUQ&

3/lg.was determined from the slope of

the curve V 3 £ C o ( T ) obtained by subtracting the Langevin part
( X> - %e)

of Gd_Al 1 7 compound from that of G d g C o - A l ^ compound.

This value is close to 3,Z/LCB observed for the pure Co in the
paramagnetic state. This result suggests that the 3d electrons
of Co atoms in G d - C o ^ A l ^ intermetallic; compound are well localized.

'
3

EPP of Gd * ions in G d g C o ^ l ^ and G d g A l 1 7 intermetallic
compounds was studied in the temperature range 150-300K. The
A g shift is constant in G d 2 A l 1 7 compound,while in G d g C o . A l ^
compound the A 9 ( T ) presents a minimum &t TS£ 23OK. From the .
experimental A g shifts and magnetic ausceptibility data were
estimated the phenomenologicel echange constants ^~f~- ~ 0.03eV
and J'ed<^ -O.OleV between the conduction electrons and the localized f and respectively d electrons.
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NNR INVESTIGATION OF (G*i„xVx)jfio3 PSEUDOBINARIES
H. Figiel, Cz. Kapusta, E. Gratz*
Solid State Physic* Department
University of Mining and Metallurgy
al. Mlcklawicza 30, 30-059 Krakow. Poland
^Institut für Experimentalphysik
Technische Unlvereltit Wien
1040 Wien, Austria
The compounds G d X o , , Y4C0, and their pseudoblnarles
(Gd. Y ) 4 Co 3 «ere Intensively Investigated with respect to
•agnetlc and transport properties. The Measurements of magnetisation showed, that the Co aoaent* in Gd.Co, ere Induced by Gd
neighbours and rapidly diminish with growth of Y content. Only
20% of Y redueee the mean Co momant from 0 . 6 ^ to 0.1 K g ,
which remains constant for higher Y concentrations.For pure
Y Co
4 3 (recently Identified as YgCo 7 ) coexistence of weak magnetlc and nonmagnetic Co atoms has been deduced from NMR and
magnetisation measurements. The previously,reported analyele
of 5 9 Co NMR spectrum taken at zero field and 4.2 K for Gd 4 Co 3
yielded differentiated Co moments with respect to sublattlces.
The NMR epectra for ( Gd i. x Y x )4 Co 3 compounds were token
by epln echo technique at 4.2 K without external field.
On the contrary to the Co moment changes, the smooth
reduction of Co hyperflne fields following growth of Y eontent up to x • 0.5 has been deduced from the NMR epectra.
That effect may be attributed to the RKKY polarisation of s
electrons caused by Gd neighbours. For Y rich sample with
x « 0.85 the resonance line at the earn» range es for Gd^COj
was found. To explein It either Gd clustering or formation
of weakly coupled with 6d isolated Co moments may be assumed.

.•
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THE ORIGIN 0? MiGNETISM IN
L. Havela, J. Hrebik, V. Sechoveky, A. Zentko 1 \ P. Diko1*,
J. Sternberk, Charles University, Prague, 1'Slovak Academy of
Sciences, EoSice,
The polycryetal of ÜNig prepared by melting of etoichiometric amounts of components exhibits the hexagonal HgZn 2
structure. Recently the successful attempts to prepare single
crystals of this compound have been made in several laboratories • Surprisingly the two modifications (cubic HgCUg and
hexagonal MgZn2 types, respectively) were obtained depending
probably on the preparation procedure*
The hexagonal phase (both the polycryetal and the single
crystal) is ferromagnetic below TQ~21 E, while the cubic one
behaves as an exchange enhanced Pauli paramagnet.
Two contradictory interpretations of the origin of magnetic ordering in the hexagonal UNi« have been suggested recently. First of them is based on the band magnetism due to
sufficient density of 5f states at S«. Second one, on the other
hand, suggests the ordering of localized moments of antietructure Hi atoms interacting via the susceptible ideal UNi 2 matrix.
This implies of course a strong dependence of magnetism on
stoichiometry changes.
In the contribution we present and discuss results of
magnetic and resistivity study performed on a number of compound« DNi 2 + x with different stoichiometriea. The alight
increase of T c with increasing Ü concentration practically
excludes dominant role of antistructure Hi atoms in magnetic
ordering. The band model is further supported by considerations
regarding the systematic« of An-An distance in An-3d Laves
phases and by previous studies of U(Ni,I) 2 pseudobinary compounds (JWe, Co,Cu). Concluding we suggest the hexagonal
UNi 2 to be a prototype of 5f weak itinerant ferromagnet.

'

I
*j

BP 48
ELECTRICAL RESISTIVITY OF

239PuSb

A. BLAISE', J.M. COLLARD1»2, J.M. FOURNIERi.3, J. REBIZAOT4,
J.C. SPIRLET4, 0. VOGT 5 .
1.
2.
3.
4.
5.

Centre d'Etudes Nucleiires de Gr»'..oble, France
Scientific and Technical Fellowship of the C.E.C. Bruxelles, Belgique.
Universite de Grenoble, France J^&SjO'P'fiR
.
.
^r
Commission of the European Communities, J.R.C. Karlsruhe, F.R.G. > H >0<>^'-' *"-'
E.T.H. Honggerberg, Zurich, Suisse.

The electrical resistivity of the PuSb single crystals has been
measured between 4.2 and 300 K with the current parallel to <100> and
<111> directions. FuSb is a semi-metal with a room temperature resistivity p (300 K) - 550 ußcm.
The complete £ versus T curve is shown in figure 1. A maximum
in d p/dT at 79 K correlate well with the onset of magnetic ordering
while a second anomaly at 64 K reflects the change of magnetic structure
[i] . Below 60 K, the magnetic resistivity follows a T 2 law. Above a
broad maximum at 106 K the resistivity decreases and can be fitted by
1266 pf2cm and A - 146 uftcm.
+ C T - A log T with p
P (T)

'M

M

This is reminiscent of the dense Kondo- like behavior of the CeSb.

Eleccricll Htsiscivity for m PuSb sinilt- crvscal 3 along <IOO>.

Ref. : 1. B.R. Cooper, P. Thayamballi, J.C. Spirlet, W. Müllerand,
P. Vogt, Phys. Rev. Let. 51, 2418 (1983)
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ELECTRICAL RESISTIVITY OF NpASi
P.G. THEROND1, A. BLAISE1, J.M. FOURNIERi>2, A. WOJAKOWSKY3
1. Centre d'Etudes Nucleaires de Grenoble, France
2. Universite de Grenoble, France
3. Institut for Low Temperature Research, Wroclaw, Poland.
The electrical resistivity of NpAs 2 single crystals has been
measured between 4.2 and 300 K and in magnetic fields up
to 100 kOe.
NpAs2 crystallizes in the anti Fe2As tetragonal structural and crystals
grow as thin platelet perpendicular to the c-axis ; so that measurements
have only been made with the current parallel to a <100> direction. It
is found that NpAs2 is metallic for such current direction (a strong
anisotropy of the electrical conductivity is expected as in isostructural
UX2 compounds [i] with a room-temperature resistivity value P ^ . Q Q S (300 K)
- 90 uft cm. The temperature dependence of the electrical resistivity
is shown in figure 1, having no likeness
with that found for cold
pressed powder samples [2]. A very sharp discontinuity occurs at 18 K
where a first order transition occurs [3].The onset of magnetic ordering
at 52 K gives rise to a much weeker anomaly.
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Electrical resistivity for a NpAs2 single crystal, J along <100>
Ref. 1. Z. Henkie and W. Trzebiatowski, Phys. Stat. Sol. 35,827 (1969)
2. A. Blaise, D. Damien and W. Suski, Sol. Stat. Com. 37, 659 (1981)
3. A. Blaise, J.M. Fournier, D. Damien, A. Wojakowski and
J.P. Charvillat, J. of Magn. and Magn. Mat. 30, 265 (1982).
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STRUCTURAL AND MAGNETIC PROPERTIES OF R 2 F e u B COMPOUNDS
D. Givord*, H.S. Li + , J.M. Moreau* and F. lasset"
+

Laboratoire Louis NSel, C.N.R.S., 166X,
38042 Grenoble-cedex, France
Laboratoire de Structure de la Matiere, Universite de Savoie,
9, rue de 1'Arc-en-Ciel, 74019 Annecy-le-Vieux, Francye

"Institut Laue-Langevin, 156X, 38042 Grenoble-cedex, France.
Outstanding permanent magnet properties have been discovered
to occur in ternary compounds Nd-Fe-B

. The associated tetra-

gonal structure of the compounds R„Fe' ,B is described and shown
to be related to the hexagonal CaCu^-type structure which is the
fundamental basis for the structure of many rare earth-transition
metal compounds.
Exchange interactions and anisotropy are analysed from high
field measurements and polarized neutron studies on single
crystals. In Y„Fe,,B, the Fe anisotropy, although much smaller
than the Co anisotropy in RCo,- intermetallics, favors the
uniaxial direction which is the same in both structures.
Competing interactions are revealed between Fe atoms on different
crystallographic sites. With magnetic rare-earth, the large
second order term of the crystal field environment is of opposite
sign as compared to all other compounds whose structure is
derived from the CaCu~ one. Higher order terms in CEF interactions
are large at low temperatures. In particular, they account for
the rotation of the bulk magnetization away from the c-axis,
observed at 125 K in N d ^ e ^ B .
(I)

M. Sagawa, S. Fujimura, M. Togawa, H. Yamamoto and
Y. Matsuura, J. Appl. Phys., March 1984 (to appear).

One of us (H.S.L.) thanks the French Government for financial
support granted to Chinese students.
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Calculated Ground State Properties of Light Actinide Metals
and Compounds

M.S.S.Brooks
Commission of the European Communities, Joint Research Centre
Karlsruhe Establishment, European Institute for Transuranium Elements
Postfach 2266, D-7500 Karlsruhe, Federal Republic of Germany

Recent progress in the calculation of the ground state
properties of the light actinide metals and compounds is reviewed.
Agreement between calculated and measured atomic volumes, bulk moduli
and cohesive energies of the light actinide metals is good enough to
establish the combination of self-consistent energy band and modern
density functional theory as an appropriate description of these, the
last, transition metals in the periodic table/1,2/.
Similar calculations for NaCl-type compounds of the light
actinides/3/, as well as providing a detailed description of the valence
electronic structure, are able to explain characteristic trends in
lattice lattice parameter and bulk modulus although no studies of the
cohesive energies have yet been made. Furthermore the onset of
ferromagnetic ordering and the observed relationship between lattice
parameter and magnetic moment are, at least qualitatively, given
correctly.
Relativistic, in particular spin-orbit, effects alter the
calculated magnetic properites dramatically being responsible for both
large magnetic anisotropy and predominant orbital moments in all
magnetic light actinide compounds in which the f electrons are
itinerant. The calculated magnetic moments of uranium compounds with
larger lattice parameters and some NaCl-type plutonium compounds
are, however, not in agreement with experiment. Recent attempts to
improve this situation are described.
References
1. H.L. Skriver, O.K. Andersen and B. Johansson, Phys.Rev.Letts. 41
42 (1978)
2. M.S.S. Brooks, J.Phys. F13 103 (1983), F14 1157 (1984)
3. M.S.S.' Brooks, J.Phys. F14 639, 653, 857 (1984)
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ELECTRONIC STRUCTURE OF Ö-Pu A N D

6-Pu ALLOYS

P.Weinberge/ 1 } , A.Gonis* 2 ', A.M.Boring < 3 ) ond AJ.Freeman* 2 *
( I ) Institut für Technische Elektrochemie, TU-Vienna, Austria, (2)
Physics Department, Northwestern University, Evanston, Illinois, USA
and (3) Los Alamos National Laboratory, Los Alamos, New Mexico,
USA.

As an example for the use of the fully relativistic KKR-Greens Function
(GF) and KKR-Coherent Potential Approximation (CPA) methods for f electron systems the electronic structure of 6 - P u , of single impurities
in 6-Pu and of concentrated alloys such as Pu A I .
is discussed. This
discussion includes a very brief summary of th£ methods and concepts
applied, the characterization of the electronic structure in terms of
densities of states (component densities of states, partial local densities
of stares) and in terms of bandsfructures and/or Bloch spectral functions.
Particular attention is drawn to the Fermi surfaces for 6 - P u and

x Supported by the JubilOumsfonds der österreichischen Nationalbank
(Projekt Nummer 2301)
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ANGLE-RESOLVED AND RESONANT PHOTOEMISSION SPECTROSCOPY OF RAREEARTH AND ACTINIDE INTERMETALLICS
B. Reihl, IBM Zürich Research Laboratory, 8803 Rüschlikon,
Switzerland
Photoemission spectroscopy is the technique by which the
electronic structure can be investigated over a broad energy range:»
Angle-resolved studies provide the dispersion E(k) of occupied
energy bands, some final-state bands, and energy positons and
symmetries of critical points. This is demonstrated for Gd(0001)
for which the s,d band dispersion is determined in agreement with
calculations. Hence it is shown for the first time that the concept
of angle-resolved photoemission also works in the presence of a
partially-filled localized f-shell. To follow the dispersion of an
f band has been the goal for some time. For UN(001) and Ulr (001,
f-band dispersion has actually been observed now. The change of the
electronic band structure upon cooling UN through its Neel temperature has been monitored. The experimentally determined energy bands
of Ulr, agree well with the deHaas-van Alphen data and band structure calculations.
*
Resonant photoemission allows to extract the f-character out
of the valence band emission which usually consists of f and non-f
overlapping (mostly hybridizing) contributions. This is again
demonstrated for UIr_, as the designation of f character to the
dispersive energy band is only possible by its identification with
resonant photoemission. This technique is also applied to UNi_ and
UCu.. The latter is believed to be mixed-valent. He show that UCu,
is ""not mixed-valent in the sense of a promotional model which
applies e.g. to YbAl 2 for+which we + see f
and f
final-state
multiplets due to
Yb
and Yb , but may be mixed-valent in
the sense of cerium.
Our resonant photoemission work on the γ-a transition in
cerium and the heavy-fermion superconductors CeCu.Si« and UBe.currently represent the frontier in photoemission, since the
spectra can no longer be interpreted simply as a density of states
or occupation-dependent multiplet structure. New and refined
theories, however, again allow to determine the position of the
*
f level, the number of f electrons, and the magnitude of the
f-d hybridization.

I
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PHOTOEMISSION SPFTIROSOOPY OF ACHNIDE INTERKETALUCS
Jochen R. Naegele
Commission of the European Communities
Joint Research Centre
Karlsruhe Establishment
European Institute for Transuranium Elemente
Postfach 2266
D - 7500 Karlsruhe
Federal Republic of Germany
The actlnldes form a series of elements with Incomplete outer 5f shells
similar to rare-earth and transition elements. The 5f electrons show a full
cross-over from bonding properties to magnetic moment formation, i.e. from
delocalized to localized 5f character. Np, Pu, and An are those elements
which are near the cross-over point. 3? formation of Intermetallic compounds
the transition point can be varied.
The aim of this paper is to demonstrate that photoemlssion of the actlnldes and their intermetallic compounds offer an opportunity to study the
gradual localization of 5f electrons.
The experimental conditions will be described with special emphasis on
surface sensitivity and the radioactivity of actlnldes. 3he study of Intermetallics requires, as a basis, a good knowledge of the metals forming the
compound. A comparison of the final state multiplet picture (localized f
electrons) for the rare-earths and actlnldes shows that for the actlnldes the
broadening effects, that can wash out multlplet structures In the valence
band region completely, play a crucial role. It is shown that the intermetallics, in contrast to highly ionic compounds like the actlnlde oxides,
form a system for Which multiplet structures can be resolved and exploited
to determine 5f localization. The final state multlplet scheme and the
ground state band description are discussed and calculations are compared to
valence band spectra. It is obvious that the light actlnides are not beet
suited to separate contributions from density of states and final state
multlplets because the
low f occupation does not permit the unambiguous
Identification of 5tn~1 final state multlplets as is possible for heavier
actlnides.
The XPS study of core levels give additional Important information on
the 5f character since screening by conduction electrons, multlplet splitting,
and chemical shift from differently charged Ions can characteristically
Influence the spectra. It is shown that the actlnlde 4f core levels and
their accompanying satellites are even better suited than the rare-earth 3d
levels to study the f electron localization because of their high intensity
and the negligible exchange coupling that can complicate the core level shape
considerably. Thus, the «If core levels almost purely reflect the specific
screening mechanism by conduction or valence electrons and therefore may
serve In the near future to establish a quantitative scale of localization.
Finally, the Importance of measurements on binary actinide alloys as PU]_xAnx
Is emphasized.

I
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SPECTROSCOPIC INVESTIGATIONS OF Ce AND ITS COMPONENTS
J.C. Fuggle, Laboratorium voor Fysische Chemie, Katholieke Universiteit Nijmegen,
Toemooiveld, 6525 ED Nijmegen, Nederland.

We review the role of core level X-ray photoelectron spectroscopy (XPS), X-ray
absorption spectroscopy (XAS) and Bremsstrahlung Isochromat spectroscopy (BIS) in
studies of the 4f levels of aCe, vCe and Ce intermetallies. Dynamical, or manybody, effects play a significant role here because of the importance of hybridization
in both initial and final states. Qualitatively, it is found that the intensity of
the peaks lying closer to threshold in XPS, XAS, UPS, and BIS are enhanced at the
cost of the intensity in higher lying peaks. The physical reason for this is that
the wave functions of the ground state contains a linear combination of the
*
components with all coefficients of the same sign. The lowest energy final Eigenstate also has coefficients of the same sign, resulting in constructive interference for the intensity. These phenomena have been used the "classical" or
"conventional" studies to obtain f-counts and f-level hybridizations from
spectroecopy of Ce intermetallics and o, y Ce/]/, as well as information on the
strength of effective Coulomb correlation energies.
There are, however, less conventional methods to extract such information,
e.g. from the f n line shapes or from multiplet intensities in XPS and XAS, and
these will also be discussed. All methods lead to the same conclusion that
hybridization effects are strong and the contribution of the f configuration to
the ground state is small.

I
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£ ELECTRON DELOCALIZATION GIVING SIMILAR MAGNETIC PROPERTIES OF CERIUM AND
PLUTONIUM COMPOUNDS
Bernard R. Cooper, Pradeep Thayamballi, and Amitava Banerjea, Department
of Physics, West Virginia University, Morgantown, WV 26506-6023, U.S.A.
There is much interest in the magnetic behavior of light actinide (II,
Np, and Pu) and cerium compounds because of the opportunity to use different
families of compounds to span the full range of behavior as the f electrons
vary between localized and bonding character. Monopnictides and
monochalcogenides are "model" systems to study the naderate f delocalization
regime because of the relatively large spacing between f-ion sites and the
relative simplicity offered by the limited nunber of hybridizing anion p
electrons (which increases by one on going from monopnictides to monochalogenides). We have gained basic understanding of the magnetic behavior of
moderately delocalized f electron systems on the basis of an anisotropic
two-ion interaction that arises from the hybridization of band electrons
with the f electrons. Important characteristics resulting from this
interaction are extreme anisotropy in the high-field magnetization,
striking magnetic structural peculiarities, and an anisotropic and unusual
magnetic excitation spectrum, all of which properties are in agreement with
experiment. The angular dependence of the anisotropic two-ion hybridizationmediated interaction depends on the band-f hybridization and on the correlation effects within the f n ion, and thus varies markedly with f occupation
number and variation of intraionic coupling between L-S and j-j.
«Supported by U.S. NSF Grant DMR-82-04261 and U.S.D.O.E. Contract DE-AS0583ER45022.

1

C 07

ySR STUDY OF MAGNETIC PROPERTIES OF RARE-EARTH COMPOUNDS
J. CHAPPERT. A. YAOUANC
Departement de Recherche Fondamentale, CEN-G,
85 X, F-38041, Grenoble, France.
L.ASCH, G.M. KALVIUS
Physik Department, Technical University Munich,
D-8046, Garching, Germany.
0. HARTMANN, E. KARLSSON, R. WAPPLING
Institute of Physics, University of Uppsala, S-Uppsala,
Sweden.
In recent years muon spin rotation and relaxation measurements (uSH)
have become a powerful tool for-the study of magnetism [1]» The reason is that
the positive muon, once implanted in a magnetic material can be considered a
probe of its magnetic properties, in particular at interstitial sites. The information provided by the HSR technique is twofold. First most experimental
work concentrated on investigations of static properties and a wealth of information was obtained on local hyperfine and dipolar fields as well as spin
configurations. More recently an increasing attention has been paid to the possibility of investigating dynamical processes. This results from the fact that
the VSR technique opens a very wide time window for the measurement of spin
correlation times which exceeds the capabilities of other established methods
like neutron scattering, perturbed angular correlations, Mössbauer spectroscopy, NMR. For example it has been demonstrated that the jiSR technique, particiliarly zero field and longitudinal field iiSR, can effectively probe relaxation
times of order of 1 0 " 1 0 to 10" 5 sec.
In this talk, first we present a brief introduction to the MSR technique
applied to magnetism and then we discuss the results obtained in the study of
two sets of rare earth (RE) intermetallic compounds : the cubic Laves phases
REA12 (RE = Ce, Pr, Nd, Gd, Dy, Ho, Er and Tm) [2,3] and the cubic CsCl phase
DyAg. Two physical parameters are of interest. First the Larmor precession
frequency of the muon spin due to the local magnetic field present at the mucn
site. Two contributions to this field will be discussed : the field B<jjp produced by the surrounding RE dipoles and the field B h f due to the spin polarized conduction electrons. These fields can be related to the V* location site
and to the local spin density respectively. The other parameter is the muon
spin relaxation through interaction with the RE ions. Concentrating on the paramagnetic region above the critical temperature T c , we will ahow that PSR has
proven to be extremely valuable for the study of short range RE spins correlations which are still present at temperatures substantially higher that T c .
The region over which these correlations are significant varies strongly for
the different compounds.
References :
[1] see I.A. Campbell, P.F. Meier and T. Yamazaki in "Huons and Pions in Naterials Research", ed. by J. Chappert and R.I. Grynszpan, North Holland, 1984
[2] 0. Hartmann et al., Hyperfine Interactions 17-19 (1984) 491
[3] G.M. Kalvius et al., Hyperfine Interactions 17-18 (193/!) 497
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MAGNETIC PROPERTIES OF ANOMALOUS RARE-EARTH IN1ERM2TALLIC COMPOUNDS
B. Coqblin, L. C. Lopes and Nguyen Ngoc Thuan, Laboratoire de Physique des
Solides, Bat. 510, University Paris-Sud, Centre d'Orsay, 91405 Orsay, Prance.
We present theoretical results which describe some magnetic properties
of anomalous rare-earth intermetallic conpounds, with a special enphasis on
neutron diffraction experiments.
Firstly, we present the two-band spin fluctuation model which has been
initially introduced for actinide metals and conpounds. We extend this model
to the case of Cerium compounds and we conpute the tenperature dependence of
the quasi-elastic line width observed in Cerium Kondo and intermediate valence compounds. Couparison between neutron diffraction and M R results is also
given, for example in CeCut&U compound.
Then, we discuss the model which describes both the Kondo and the
crystalline field effects. We present an extension at low temperatures of the
calculation of the magnetic resistivity ; this model explains the exnrimental resistivity cf Cerium compounds which order magnetically (such as CeAl-)
and gives a phenomenological description for Cerium conpounds which become
non magnetic at low temperatures (such as CeAl,). Finally, we conpute the
neutron diffraction spectrum including both quasi-elastic and inelastic
lines in the same model and a reasonable agreement is obtained for Cetyg,.

C 09
POINT CONTACT SPECTROSCOPY OF SOME RARE EARTH AND ACTINIDE INTERMETALLICS.
M. Moser and P. Wächter, Laboratorium für Festkörperphysik, ETHZUrich, 8093 Zürich, Switzerland
?oint contact spectroscopy (PCS) is a relatively new method when
applied to new and exotic materials. A sharply etched wire (typical radius Iμ) is contacted with the material to be 2investigated.
The dynamical resistivity dU/dl and its derivative d U / d I 2 is
then measured in function of an applied dc voltage. Whenever the
electronic density of states at E F is constant within a range of
e.g. ± 50 meV as for normal 2 metals, the dynamical resistance
is
more or less constant and d I/dU is proportional to a 2 F, the
phonon density of states times the matrix element of electronphonon interaction. Whenever the electronic density of states p(E)
near Ep is a strongly varying function of energy in the meV range
dU/dl exhibits sharp maxima or minimal)jn zeroth approximation
(where scattering processes of electrons with inelastic excitations are of first or higher order) the current I through the
constriction is I « /p(E)dE, thus dl/dU <* p(E) or dU/dl « Vp(E):
a maximum in dU/dl at zero bias corresponds to a minimum in p(E F )
- a gap or a pseudo gap -, a minimum in dU/dl at zero bias points
to a density of states peak at Ep. The width of these structures
can also be determined from the experiment and it is typically meV.
Point contact spectroscopy has been applied to a series of
rare earth and actinide intermetallics which exhibit intermediate
valence, heavy Fermion behavior or can be considered as reference
material. CePd, is a prototype of an intermediate valence (IV)
material and we measure a minimum in dU/dl and interprete this as
a peak in p(Ep) which has a width of 14 meV. CeAl. is a heavy
Fermion system with an extremely large y term of the specific
heat. We measure a peak in p(E F ) with a width of about 2 meV.From
the combination of the specific heat results and PCS we derive
that the occupation of the f band at E F is close to one electron.
R.Martin 2 ' used the Luttinger theorem to predict if a IV
material can have a hybridization gap or not by counting electrons.
Only for Sm and Yb materials gaps are predicted because there is
an even number of f and d electrons. Thus YbPd 3 could exhibit at
least a pseudo gap when it is IV. Our PCS measurements give indeed evidence for this. ThPd, and UPd3 are used to be normal
reference materials where phonon density of states are measured.
1) I. Frankowski and P. Wächter, J.Appl. Phys. 5jJ, 7887 (1912)
2) R.M. Martin and J.W.Allen, in Valence Fluctuations in
Solids,L.Falicov et al, eds, pg.85 (1931)
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MAGNETISM AND SUPERCONDUCTIVITY IN WEAK FBRROMAGNETS
A.Koiodziejczyk
Department o f S o l i d S t a t e P h y s i c s , Academy o f Mining
and M e t a l l u r g y , Mickiewicza 3 0 , 30-059 Cracow,Poland

.
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From the experimental r e s u l t s on Y4Co, and YqCo7 compounds
i t was concluded that they exhibit both weax itinerant electron
ferromagnetism and superconductivity.On the basis of twenty seven
experimental papers on the subject published t i l l now one can argue
that: Dweak itinerant ferromagnetiem i s double character because
of the crystal structure of the compound with two distinguishable
groups of cobalt positions i s the unit c e l l ,
1 1 ) i t i s most l i k e l y long range order because the theories
of long range ordered weak itinerant ferromagnets f i t the experimental data quite good , and
i i i ) t h e ferromagnetic ordering ( Tc» 4.5K) e x i s t s far below
the superconducting transition temperature ( T a e « 1.5K - 3K) and
superconducting correlations occur in the magnetic region implying the coexistence of both c o l l e c t i v e phenomena within rather
wide temperature interval, in contrast to the well-known ternary
ferromagnetic superconductors i.e.ErRh.B., HoMofiSa,or ETJRh.Sn.,.
The basic reasons the magnetism and*supere8n8uctlvity 4 a r *
found to coexist in the compound are : i ) i t s particular crystal
structure and, 11)very weak itinerant electron type of ferromagnetism .
Interplay between cobalt tendency to form the magnetic moment and the yttrium tendency to the superconducting behaviour
y i e l d s the coexistence . Owing to f a i r l y long distance between
cobalt atoms in the I»Co2 clusters and the chains of cobalt atoms
along hexagonal c-axis in the YqCo? structure, the conduction electrone-magnetic electrons β-d^exchange interaction i s presumably too weak to destroy superconductivity. In principle one should
expect email itinerant magnetic moment coning from almost f i l l e d
hybridised 3d cobalt - 4d yttrium band and coexisting with superconductivity .
Another example of interrelation between weak magnetism and
superconductivity was announced recently for rare-earth rhodium
s i l i c i d e s e . g . RERh2Si2 with RE«La and Y. In the compounds, four
times smaller than in YQCO- magnetic moment e x i s t s on Rh atom
because of lack of magnetic'ions with tendency to form i n t r i n s i c
magnetic moment . Here again, the special crystal structure of
ThCr2Si2 type and very weak itinerant magnetic moment are the
reasons of coexistence .
Because there i s not observed suitable crystal structure in
other archetypal weak itinerant ferromagnets i . e . ZrZn?, InSc, ,
TlBe1 gCuQ 2 and Ni^Al , therefore, one f a i l s to observe their
superconductivity .

CP 01
ANGLE RESOLVED AND RESONANT PHOTOEMISSION MEASUREMENTS IN SOME ACTIN1DE
INTERMETALLICS*
A. J. Arko and D. 0. Koelllng, Argonne National Laboratory; B. Relhl, IBM
Zürich Research Laboratory; and Z. Fisk, Los Alamos National Laboratory
Angle resolved and resonant photoecilsslon measurements utilizing
synchrotron radiation have been Bade on several actinide interoetalllc
compounds of the type AuXj where Au • U, Th and X is a group IV or VIII
element. In at least two compounds (URh3 and Ulrj) small but measurable
dispersion is observed for peaks in the photocurrent clearly identifiable
from resonant photoemlselon as having f-orbital character. The extracted
f-density for URI13 and VIT^ I S pinned to Ep and has a width of • 2.5 - 3.0
eV. For UGe 3 the measured width of the f-denslty at Ey Iβ about 1 eV
consistent with the higher value of Y as compared to URli-j. This reflects
the fact that in the AuCuß-type structure, p-f hybridisation is
considerably weaker than d-f hybridization. Although large dispersion Is
seen in UGej both In normal emission and as a function of the polar angle
for bands with orbital character 1 < 3, It appears that almost no
dispersion exists for the f-bands.
Normal emission data for UPd3 and Th Pd 3 are quite olallar with the
exception of the localised Sf peak previously Identified^1' from resonant
photoemlsslon In UPd3. Very little dispersion is seen in both materials
along the c-axie In normal emission. Thus the dispersion found In polar
angle variation of the detector probably reflects reasonably well the
energy bands perpendicular to c.
The data will be compared to calculated bands for cases where
calculations exist.
*Work supported by the U. S. Department of Energy.
O Β .

Relhl, N. MSrtenson, D. E. Eastman, A. J. Arko, cad 0. Vogt,
Phys. Rev. J^ 26, 1842 (1982).
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CP 02
THE ELECTRONIC STRUCTURE OF LAB,:
t>

A COMPARISON OF DIFFERENT SPECTROSCOPISS
H. Hinkers, B. Merz, U. Rolke, J. Schnieder, C. Sohn, R. Stiller
Physikalisches Institut der Universität, O 4400 Münster, Germany
Polycrystalline Laß, has been studied with different spectroscopies probing the unoccupied states above the Fermi energy.
The spectroscopies differ in the number of final electrons resp.
holes involved in the excitation and decay step of the process.
We present bremsstrahlung isochromats, together with Auger
electron-, energy loss- and appearance potential (SXAPS, AEAPS,
DAPS) spectra with primary electron energies near the 3d-4£
excitation of lanthanum. An intensity contour I(E_,E) from a
series of AEAP spectra near the excitation threshold of the
La M45N45N45 Auger structure will be shown.
A comparison of the results demonstrates the influence of
the final state configuration. A tentative explanation of the
structures will be given.

CP 03
ORIGIN OF TWO PEAK PHOTOEMISSION SPECTRA 111 CERIUM COMPOUNDS
M. R. Norman, D. D. Koelling, Argonne National Laboratory, Argonne, IL 60439,
USA and A. J. Freeman, Northwestern University, Evanston, IL 60201, USA and
Argonne National Laboratory, Argonne, IL 60439, USA
Considerable controversy has centered on the origin of the observed two peak
structure in photoemiesion from Ce compounds especially as it relates to the
nature of the 4f states. The pnictides offer a particularly advantageous set
of Materials for studying this feature since they range from delocalised
systems for the lighter pnictides to the more localised heavy pnictides. We
report results obtained using a model based on competing screening mechanisms.
It is assigned that the peak near the Fermi surface arises because of complete
screening of the 4f hole via repopulation of the f orbital on the hole site.
In that case, to a first approximation, the contribution to the spectrum
follows the band density of states for the ground state. The more interesting
problem is the second peak which lies 2-3eV down in energy due to a poorly
screened f-bole. This screening process is studied by means of selfconsistent LAPW supercell calculations in which the variational freedom is
restricted for the impurity (excited) Ce site to not include f-etatee. The
self-consistency process then allows relaxation to take place and the final
results can be analysed using transition state techniques. For CeSb, we find
the centroid of the fully screened peak to lie at O.53eV below the Fermi
energy and that of the partially screened peak to lie at 3-O3eV. These values
are within 0.1eV of the observed photoemiesion results. The poorly screened
peak results primarily from d-orbital screening of the hole. Calculations are
being extended to other pnictides to study the systemstice down the series.

Supported by the U.S. Department of Energy and U.S. Air Force Office of
Scientific Research.

CP 04
OPTICS AND MAGNCTO-OPTICS OF UAsSe
W. Reim, 3. Schoenes and F. Hulliger
Laboratorium für Festkörperphysik, ETH Zürich, CH-8093 Zürich, Switzerland
The metallic uranium compound UAsSe crystallizes in the tetragonal PbFCl type
crystal structure and orders ferromagnetically at T c = 113 K [ij. Here we
present first optical and magneto-optical measurements in the photon energy
ranges 0.03-12 eV and 0.5 - 5 eV, respectively. While the normal optical spectroscopy probes the electronic structure of all states some eV around Ep,
the combination of optics with magneto-optics allows a separation of spin-polarized ftjni unpolarized electronic states.
We have measured the optical reflectivity R at room temperature and the
complex polar Kerr effect at magnetic saturation on cleaved single crystals.
The diagonal and off-diegonal elements of the conductivity tensor a, which are
related to the electronic structure, have been computed from the obtained data. In the 0.03 - 12 eV energy range the diagonal element <JI XX shows two
huge maxima, centered at 0.75 and 6.B eV, respectively. The off-diagonal conductivity 0Xy displays at 0.75 eV a single narrow transition with diamagnetic line shape. Similar magneto-optical signals have been observed in all UX
compounds (X = S, Se, Te, P, As, Sb) [2] and are indicative f or f + d transitions. The absence of any fine structure points to an f-band width, which is
large compared with atomic splittings in the final state.
The large peak in di x x around 6.8 eV occurs with similar oscillator
strength and at about the same transition energy as in UAs and USe and is related to p •*• d transitions. Around 4 eV i.e. at the low-energy side of this
transition, C2Xy exhibits a broad maximum similar to the uranium-monopnictides [2]. The enhanced magneto-optical response of the this transition from
the valence (p) band at these energies indicates a strong admixture of bonding
f- and d-electrons to the arsenic p-states.
The contribution of the free carriers to o x x is found to be very weak.
Their contribution to a x v can not be resolved which points to a vanishing
free-carrier spin polarization.
Photoemission experiments [3] have shown two f emission peaks located at
Ep and at 2.6 eV binding energy. Our magneto-optical results indicate that
the maximum at 2.6 eV has to be interpreted as a final-state effect.
1] F. Hulliger, 3. Less. Common. Metals J6, (1968) 113.
21 W. Reim, 3. Schoenes and 0. Vogt, Phys. Rev. B29, (1984)
3J 3. Brunner, M. Erbudak and F. Hulliger, Solid State Commun. _3§> (1981),
B41.

CP O5
Abstract

The 4f Photoemission Spectra of the Early Rare
EarthsTT'.S. Riseborough, Polytechnic Inst. of H.Y.
The photoemission spectrum of Ce has long been the
subject of controversy. It appears as though there are
two peaks in the 4f emission spectrum, one located 1n
the vicinity of the Fermi level and another 2 to 3 eV
below It. This bimodal spectrum 1s not expected on the
basis of naive arguments based on the promotional model.
Recent experiments of Parks et.al. on various Pr and
Nd based systems show that th« bimodal character of the
4f emission spectra is common to the early rare earth
elements. These results support the Idea, first proposed, by Liu and Ho; that there are two different
channels available for screening. One channel corresponds to screening of the final state 4f hole by the
Itinerant electrons, as in the heavier rare earths. The
other channel corresponds to screening by electrons
localized by the presence of the 4f hole. Me Investigate, theoretically, the influence of hybridization on
the shape of the spectrum, and correlate this with the
variation observed in the early rare earth compounds.

CP 06
OPTICAL PROPERTIES AND ELECTRONIC STRUCTURES OF UPt 3
J. Schoenes, Laboratorium für Festkörperphysik, ETHZ, 8093 Zürich,
Switzerland
J.J.M. Franse, Natuurkundig Laboratorium der Universität van Amsterdam
1018 XE Amsterdam, The Netherlands
UPt3 crystallizes in the hexagonal Ni 3 Sn-type structure with space group
P63/mnic. First magnetization measurements on polycrystalline samples were
interpreted in terms of an antiferrocnagnetic transition at IS K (1). Subsequent susceptibility and specific heat measurements, however, pointed to
a spin fluctuation phenomena (2). This view hae been corroborated very recently and in addition superconductivity near 0.5 K was observed (3).
To shed light on the electronic structure of this heavy Fermion Super- .
conductor on a larger energy scale we have performed reflectivity measurements in the energy range from 0.03 to 12 eV. The sample was a single crystal with an optical surface containing both the a and the c axis and linearly polarized light has been used to study also anisotropy effects. The optical reflectivity has been Kramers-Kronig transformed to derive the optical
conductivity a, the energy loss and the effective number of electrons contributing to optical transitions.
At low photon energies we observe an anisotropic free carrier absorption with a(E//c) > 0(E//a). From a rather poor Drude fit one estimates a
free carrier concentration per formula unit of t<0.15 indicating a filling
of the d-conduction band of Pt by an electron transfer from uranium. This
interpretation gains support by an analysis of the interband transitions.
A sharp peak which occurs in Ft at 0.7 eV and which has been assigned to a
transition from a p-like L' band to a d-like L 4 L 5 band just above Ep (4)
does not appear in UPt 3 due to the increase of the Fermi energy. Instead
two peaks are observed at 1.7 and 2.4 eV which we assign to X, •+• X' and
X, * X' transitions, respectively. A further peak occuring at 6.5 eV can be
assigned to a LJ * I, transition, f •* d transitions may be correlated to a
structure at 1.2 eV. Hagneto-optical measurements are in preparation to
check this latter assignment.
The energy loss function peaks at 7.3 eV. Assuming a* « m we derive
fron the plasma energy 2.7 el./f.u. which is clearly less than the 4.1 el./
f.u. observed in UPd3 with tetravalent uranium (5). It is concluded that the
f occupation in OPtß should be close to three.
(1) N.D. Schneider and C. Laubschat, Phys. Rev. B23_, 997 (1981)
(2) P.H. Frings, J.J.M. Franse, F.R. de Boer and A. Menovsky, J. Bsyn. Magn.
Hat. 31-34, 240 (1983)
<3) G.R. Stewart, Z. Fisk, J.O. Willis and J.L. Smith, PRL 52_, 679 (1984)
(4) J.H. Heaver, Phys. Rev. B U , 1416 (1975)
(5) J. Schoenes and K. Andres, Solid State Commun. 42, 359 (1982)

CP 0 7
BULK AND SURFACE CURIE TEMPERATURES OF EPITAXIAL Gd ON W(110)

n. Keller, S.F. Alvarado, and M. Campagna
Institut fUr Festkörperforschung der KFA JUIich, D-5170 JUlich, W. Germany
We have investigated the magnetic phase transition of epitaxial
Gd-films on W(110) substrates with spin-polarized low energy electron
diffraction (SPLEED). The temperature dependence of the surface magnetization exhibits two phase transitions which we interpret in terms of a
decoupling between a two dimensional (2D)-surface layer and a 3D bulk.
The transition temperature of the bulk is Tc b=(17±2)°C. The surface
Curie temperature T. . i s found to be extremely dependent on surface
contamination and found to vary between 17 C and 34°C.

CP 08
Influence of D on the magnetic suceptilility and thermal
expansion of the mixed valence compound Ce Pd,
O.Blaschko , G.Ernst
, P.Pratzl , G.Krexner ,
CHilscher""" ', and P.Weinzierl"
K

Institut für Experimentalphysik der Universität
Wien, Strudlhofqasse 4, A-1090 Wien, Austria

P h y s i k i n s t i t u t , Forschungszentrum Selbersdorf,
A-2444 Selbersdorf, Austria
I n s t i t u t für Experimentalphysik öer Technischen
Universität Wien, Karlsplatz 13, A-1O1O Wien,

Abstract
The possibility of studying mixed valent rare earth compounds by addition of interstitially solved hydrogen is
discussed. First measurements of the thermal expansion and
of the magnetic susceptibility of 4K in intermediate valent
CePd,DQ 0 5 are presented.

CP 09
DIFFERENCES IN MIXED VALENCE BEHAVIOUR OF ¥3815 AT THE SURFACE
AND IN THE BULK.
I.»Abbati.L.Bcaicovich.U.Del Pennino ,A.Iandelli
A.Palenzona

,C.Carbone°,J.Nogami0,J.J.Yeh'> and I.Lindau".

+ Istituto di Fisica del Politecnico.Milano,Italy
++ Istituto di Fisica dell'Universita,Hodena,Italy
+++ Istituto di Chimica fisica dell'Universitä,Genova,Italy
* Stanford Electronics Laboratory,Stanford University,Cal.»U.S.A.

We present the results of the first study on photoelectron
spectroscopy from YbjSij,which is known to be a Mixed valence
compound. A etoichiometric,monophasic,polycrystalline sample
has been studied with angle integrated photoemission with
synchrotron radiation in the photon energy range 70-450 eV
and with Mg K^ radiation. The wide hv range and the fine hi>
scanning allow the sensitivity to the surface relative to the
bulk to be changed dramatically,taking advantage of the e>
nergy dependence of the electron escape depth. In the spectra the ratio of the intensities of the Y b 2 + to Tb3+ components is higher when the surface sensitivity increases;this
dependence can be fitted with a simple model by obtaining an
increase of Tb 2 + /Tb3+ ratio of 25# at the surface. This direct spectroscopic evidence of a modification of the mixed
valence behaviour at the surface is interpreted in terms of
the reduced coordination of Tb atoms with Si atoms.
Moreover,the Si 2p lineshape points out the inequivalent
nature of different Si sites in TbjSi^.
The comparison with photoemission from pure Tb shows the
redution of the promotion energy from T b z + to Tb3+ typical
of

''

CP 10
ESR of Gd3+-and Mn2+-IMPURITIES IN MIXED VALENCE Ce COMPOUNDS
H. Schaeffer and B. Elschner (Institut für Festkörperphysik,
TH Darmstadt, Fed. Rep. Germany)
In the mixed valence compounds CePd, and CeOs2 we observed a
non-linear increase of the Gd3+-ESR linewidth AH(T)in the
temperature range 1.5K<T<300K. At low temperatures (kR* T <<
AE4f«width of the Ce 4f energy states) the slope d(AH)/dT is
very small, whereas at high temperatures the slope asymptotically approaches the values measured in the reference
compounds LaPd3 and LaOs2 respectively. To describe this unexpected deviation from the linear Korringa law we assume
that the hybridization of the Ce 4f states with the conduction electron states causes a reduction of the conduction
electron density of states in the energy range AE^f ("hybridization hole"). With this simplified theoretical model we
calculated a linewidth function AH(T) which can be well
fitted to the AH(T) data. For a typical cerium valence of
3.5* the fit yields AE4f/kB»650K in CePd3 and 850K in CeO&2.
To support this hybridization model we doped CePd, with Hn.
In fact, the conduction electron density of states must be
very small at low temperatures because it was possible to
observe a resolved hyperfine structure of a Mn-ESR spectrum
in a metal for the first time. The width AH of each of the
six hyperfine components Increases linear with temperature
(T<4K) according to AH(T)«a+b-T with a>24 Oe and b=14 Oe/K.
He find a hyperf ine constant of |A*=0.0055 cm
and a g-shift
of Ag*g-2.00*-0.12. For T M K the hyperf ine components are no
more resolved because AH(T) becomes too large and finally,
for T520K the hyperfine splitting is narrowed to a single
line due to the exchange interaction of the Hn 3d electrons
with the conduction electrons of CePd,.

CP 11
BORON INDUCED CHANGES IN THE ELECTRONIC STRUCTURE OF CePd3
W.-D. Schneider, E. Wuilloud, B. Delley and Y. Baer
Institut de Physique, University de Neuchatel
CH-2000 Neuchatel, Swit7erland
and
F. Hulliger
Laboratorium für Festkörperphysik, ETH Zürich
CH-8093 Zürich, Switzerland
Rare Earth intermetallics of CePd£ x , with 0 < x < 0.5, have been
studied by X-ray photoelectron spectroecopy (XPS), Bremsstrählungs-isochromat
spectroscopy (BIS) and electron energy loss spectroscopy (EELS). As a function of the boron concentration variations of the occupied and empty parts of
the valence bands as well as of the Ce3d core levels are observed indicating
i3 valence change of Ce fro« a nixed valent state in CePda to • trivalent
state in CePd^o.s- An analysis of the spectroscopic results within the
frame work of the' Anderson impurity model shows that the boron concentration
dependent lattice expansion induces a non-linear increase of the f^occupation
number from nf ~ 0.9 in CePd3 to nf ~ 1 in CePd^u. 5- The implications
of these results for the interpretation of core level satellites, observed in
related actinide internetallics, e.g. UPd 3 ", are discussed.
1. Y. Beer, H.R. Ott, K. Andres, Solid State Commun. 36, 387 (19B0).
~i
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DEUTERIUM NMR INVESTIGATION CF THE RARE EARTH DIHYDRIDES
R.R. Arons and H.G. Bonn
Institut für Festkörperforschung der KFA Julien, D-5170 Julien, W. Germany
Deuterium NMR investigations of the rare earth dihydrides, RED2+X,
in the paramagnetic state are presented.
By comparing the D Knight shift with the susceptibility measurements,
the hyperfine fields in the magnetically ordered state are deduced.
Additionally, both for the ferromagnetic compounds NdD2+x and E u D j ^
and for the easy plane antiferromagnet GdDi 95, the hyperfine fields in
the ordered state have been observed directly. For EuDj.95 and GdDj.gs
its value is about -6 kG instead of +2 kG for NdDi.95. Magnitude and sign
will be discussed.
From the field dependence of the NMR frequency in the spin-flop phase
of GdDi.95 , the ordering temperature, T«, and the paramagnetic Curie
temperature, 8, the exchange constants in this system have been estimated.
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MAGNETIC PHASE DIAGRAM OF NONSTOICHIOMETRIC TbD,

2+x

R.R. Arons ' , W. Schäfer 2 and J. Schweizer 3
1
Institut für Festkörperforschung, KFA Julien, D-5170 JUlich, W. Germany
2
Mineralogisches Institut, Universität Bonn, D-5300 Bonn, W. Germany
3
CENG, F-38042 Grenoble, Cedex, France
From neutron diffraction and magnetic susceptibility experiments.
It was recently shown by the authors, that both the magnetic structures
and T N of the rare earth dihydrides, REH?+X and RED? +X , for x>-0.05
are strongly affected by the D concentration /1-3/. For x s -0,05, the
magnetic structures are commensurate with the lattice, whereas for higher
D concentrations the structures become incommensurate due to the occupation
of the octahedral sites for x > -0.05.
In the present work on TbDg+x , it is shown that, at Increasing D
concentration at the octahedral sites, the wave vector,T t of the incommensurate magnetic structure is turned from about the <113> into the < 001 >
direction. Only for D/Tb < 2.00, the deviation ofrfrom the<!13> direction
is sufficiently small, that the transition from the incommensurate into
the commensurate structure at lower temperatures occurs.
This is for the first time, that a magnetic phase diagram of a RE
dihydride is presented.

References
III R.R. Arons, W. Schaefer, and J. Schweizer, J. Appl. Phys. 53 (1982)
2631.
~
121 R.R. Arons and J. Schweizer, 3. Appl. Phys. 53 (1982) 2645.
IV
For a review, see e.g. R.R. Arons, in LandolT^Börnstein, Group III,
Vol. 12c, Magnetic and other properties of oxides and related compounds, edited by K.H. Hellwege and A.M. Hellwege, Springer-Verlag
Berlin (1982), Ch. 6.3, p. 372.
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MAGNETIC ORDER AND CRYSTAL FIELD SPLITTING IN CeD 2 + x
R.R. Arons. A. Heidel, and F.R. de Boer a)
Institut für Festkörperforschung der KFA Jülich, U. Germany
a
'University of Amsterdam, Netherlands
In recent works it was shown, that the antiferromagnetic structures
and T N of the rare earttt dihydrides, REH2+X and RED2 +X (RE = Sm, Gd
, Er,
/x/ jT 0.05), are strongly affected by the occupation of the octahedral
sites by the D atoms for x > -0.05 /1-3/. This concentration dependence
has given rise to many discrepancies between various authors in the past
The present work deals with the susceptibility and saturation magnetization measurements of CeÜ2+x and PrD?+x . It 1s shown for the first time
that also these dihydrides order antiferromagnetically for xC-0.05 and
that this order 1s destroyed for x» 0, due to the occupation of the octahedral
sites. A magnetic phase diagram for D/Ce between 1.95 and 3.00 will be
presented.
•
From the experiments
on CeD2+x it is inferred, that "a is the ground
3
state of the Ce * ions. In contrast to the exchange mechanism, this ground
state seems not to be affected by the presence of octahedral D atoms,
in agreement with electronic band structure calculations cf this system
References
III R.R. Arons, W. Schaefer, and J. Schweizer, J. Appl. Phys. 53 (1982)
2631.
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III R.R. Arons and J. Schweizer, J. Appl. Phys. 53 (1982) 2645.
IV
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/4/ O.K. Misemer and B.N. Harmon, Phys. Rev. B26 (1982) 5634.
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MAGNETIC INTERACTIONS AND STRUCTURAL PROPERTIES OF TERNARY HYDRIDES
Y. BERTHIER*. Th. de SAXCE+, D. FRUCHART++
J . L. ODDOll" and P. VULLIET*
+ Laboratoire de Spectrometrie Physique, Boite p o s t a l e n D 6 8 ,
38402 Saint-Martin-d':;eres Cedex (France)
++ Laboratoire de C r i s t a l l o g r a p h i e , C.N.R.S., b o i t e p o s t a l e 166 X
38042 Grenoble Cedex (France)
x Centre d"Etude NuclSaire de Grenoble, D.R.F., boite postale 85 X,
39041 Grenoble Cedex (France).
The crystallographic and magnetic properties of TbFe_H ternary
hydrides (O< x < 3,3) have been studied by means of X-rays diffraction,
bulk magnetic measurements, zero field n.m.r. on 1^9Tb, and "Fe Messbauer
spectroscopy. The experiments provide informations on the modification by
hydrogen of the electronic ground state of the rare earth ions, and on the
coupling between the magnetic moments of Tb and Fe atoms.
1 5 g
A s a t e l l i t e structure have been observed in the three lines of
Tb
(I = 3/2) n.m.r. spectrum, and i t s evolution versus the hydrogen concentration have been interpreted in term of a model taking into account the
progressive occupation of the i n t e r s t i t i a l s i t e s by hydrogen. The interaction of hydrogen with the domain walls in these ferrlmagnetic compounds have
also been observed by measuring the radiofreguency field enhancement in the
n.m.r. experiments.
CP 16

UNOCCUPIED ELECTRONIC

STATES IN CERIUM

HYDRIDES

J.Osterwalder and L.Schlapbach,
Laboratory for Solid State Physics, ETH
CH-8093 Zürich, Switzerland.

Isochromat spectra of Ce, CeH2 and CeH, were measured
at a photon energy of 9.7eV. The density of states at
the Fermi level i s by a factor rf 0.6 smaller in CeH_
than in Cerium metal and i t vanishes in CeH,. This i s
in accordance with XPS and conductivity data. In both
hydrides broad features ( ~ 2eV FWHM) appear at 4.3eV
above Ep which can clearly be distinguished from oxygen
contamination. The question of the 4f character of these
structures wilJ be discussed.
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Electronic Properties and Structure for the Plutonium-Hydrogen System
J. 0. Willis. J. W. Ward. J. L. Smith, and S. T. Kosiewicz
Los Alamos National Laboratory, Los Alamos, NM 87545 USA
J. N. Haschke and A. E. Hodges
Rockwell International, Rocky Flats Plant, Golden CO 80401 USA
We have performed resistivity, magnetic susceptibility, and x-ray
photoemission spectroscopy (XPS) measurements on several compositions of
Plutonium hydride. Bulk specimens were prepared by hydriding α-plutonium in
the plastic region (350-450°C) at high pressures, and then equilibrating
under controlled conditions of time, temperature, and pressure to yield the
required product. Five stable compositions of PuH x , with x • 1.93, 2.10,
2.42, 2.53, and 2.65 were prepared and confirmed by chemical analysis and
x-ray diffraction. All were single phase, cubic fluorite structure.
Standard four probe dc resistance measurments on the samples exhibit complex
behavior. The two lowest compositions show metallic behavior (dR/dT>0)
above 100 K and sharp transitions near 50 to 60 K. Roth samples exhibit
metallic luster, and the x>1.93 sample was free of microcracks allowing an
estimation of 70 uQ-cm for U s residual resistivity, considerably higher
than for pure plutonium. The three highest compositions were more friable
and less metallic In appearance; they have a negative dR/dT above 100 K,
with peaks in the resistance near 200 K and 100 K and an additional feature
near 60 K.
The magnetic susceptibility measurements show temperature-dependent,
Curie-Weiss behavior at high temperature and ferromagnetic ordering below 44
to 66 K, the ordering temperature Increasing monotonically with x. The size
of the effective paramagnetic moments ranges from 0.86 to 0.74 Bohr
magnetons with a minimum at x>2.42. The ordered moments are smaller (0.57
to 0.31 Bohr magnetons), but show the same trend with x. No anomalies In
the susceptibility are observed near the 200 K and 100 K features observed
In the resistance measurements.
The XPS measurements were performed on a sample with x~2.1. The
valence band spectra Indicate a probable f-d hybridized band with a peak at
1.8 eV below the Fermi energy, and a hydrogen bonding band at 6.5 eV,
typical of metallic hydrides. The core level 4f spectra show a peak at the
position expected for trivalent piutonfum, as In PuoO».
The present results will be discussed In the context of other recent
measurements and the proposed phase diagram of Flowtow, Haschke, and
VamoucM.
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MAGNETIC BEHAVIOUR OF Thfi(MnFe)23Hx STUDIED BY
SPECTROSCOPY

57

Fe-MÖSSBAUER~

G. Wortmann, Institut für Atom- und Festkörperphysik,
Freie Universität Berlin, D-1000 Berlin 33, W. Germany, and
J. Zukrowski, Department of Solid State Physics,
Academy of Mining and Metallurgy, 30 059 Cracow, Poland.
Among the hydrides of the so-called "6-23" intermetallic compounds, Th,Mn2_H , 0 is known because of its H-induced strong
(ferro-)magnetism, which contrasts the behaviour observed in
Y.Mn_,H , where H-uptake destroys the ferrimagnetic order observed in the unloaded compound /1,2/. In this contribution, the
magnetic properties of Th,(MnFe)_.H . where 0.5 %,Hn atoms are
57
~~~
57
substituted by
Fe, are monitored by
Fe Mössbauer spectroscopy. Results for different H contents are presented (x*G, 16,
30). In the case of x= 30, the resonance pattern allow an identification of magnetically ineguivalent Fe sites. The results
will discussed together with previous work on Y-Mn2,H /3/. Coraparision with magnetization measurements will be given.

I

1. X. Hardman-Rhyne, H.K. Smith, U.E. Wallace, J. Less-Common
Metals 96 (1984) 201
2. K. Hardman-Rhyne et al. Phys. Rev. B 29 (1984) 416 and references therein
3. 6.A. Stewart, J. Zukrowski, G. Wortmann, J. Magn. Magn. Mat.
25 (1981) 77
Supported by the Sonderforschungsbereich 161 of the DFG (TP D3)

e

CP 19

REAL STRUCTURE OF CERIUM SINGLE CRYSTALS AFTER PHASE TRANSITION.
A.Wlniarskl
Inetytut Fizyki.Uniwersytet Sla.ski,Katowice.
Because of very low vapour pressure of cerium at melting point
/1.13 X 1O~ 10 Pa/ a hermetic tantalum crucible was applied for growing single crystals by rapour condensation. Quartz ampoules contained the crucible were put Into a ressietance owen and heating duffo
ring 24-28 hours at 1063 K with temperature gradient 4-8 K/cm. Temperature of crystallization corresponded with existence 0 bcc
phase. The crystale grown on £i00( ^

faces as cubic or cuboic.

The dimension of the crystals was about 0.01 mm. X-ray measurements
showed the single crystals of 2f(fcc) phase at room temperature, so
phase transition o -*- ^° occured without mosaic spread. Shase transition J%-Rafter ooollng in liquid nitrogen didrif bring about mosaic spread too.
X-ray reflection topography showed existence mosaic spread
in 2mm single crystal grain obtained by the Csochralaki method,
and the speed of pulling was Icm/h. The dimension of the mosaic
blocks was about 0.01 mm. It was effect of iS--^"phase transtion.
If the dimension of crystals Is more 0.1 am, phase transition
donft bring about mosaic spread.
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PHASE TRANSITION IN THE Ln 2 NiO 4 OXIDES (Ln = La, Pr and Nd)
R. Saez-Puche, F. Fernandez and U.S. Glaunsinoer*
Departamento de Quimica Inorgänica, Facultad de Ciencias Qirimicas, Universidad Compiutense, Madrid- 3, Spain and
•Department of Chemistry, Arizona State University, Tempe, Arizona 85287 USA.
The reaction of NiO with Lnz03 gives the corresponding Ln 2 Ni0 4 oxides,
where Ln is La, Pr and Nd. These compounds crystallize in the tetragonal
KjNiF^ type structure or a monoclinic distortion of it, which consists of alternate KF layers Interleaved with KN1T3 perovskite layers along the c-axis
Me have studied these compounds by means of differential scanning calorimetry (DSC) and both the room and high temperature X-ray diffraction (Cu,
K^).
X-ray diffraction data obtained at room temperature reveal that the
La 2 NiO 4 has the tetragonal K 2 NiF 4 structure. By increasing the temperature it has been observed a small Increase of the lattice parameters as due to the thermal expansion of the lattice. However, it has not been detected any
change in the space group I4/mmm, which remains tetragonal up to 800°C.
In the case of the ProNiO« and NdoNi0 4 the X-ray room temperature data
indicate that the structure of both compounds can be considered as a monody
nie distortion of the tetragonal K ? NiF 4 type. This distortion produces the splitting of the X-ray reflections (hk!) in two, with Miller indices (hkl) -'
and ( K K I ) . The X-ray diffraction data obtained up to 800eC corresponding to
both Pr 2 Ni0 4 and NdoNi0 4 . indicate that the reflections with Miller Indices
(KFl) are not present and the data have been indexed to a tetragonal structure.
These results indicate that both Pr 2 Ni0 4 and NdoNiO* undergo a monoclinic to tetragonal phase transition at about 450 and 500°C at which appear en
dothermic effects in the corresponding DSC diagrams, having transition entaT
phies of 2.92 and 2.90 J/g respectively.
On the other hand, attempts to obtain Ln 2 Ni0 4 oxides where Ln 1s Sm, Eu
and Gd were unsusccessful1 and the final products of the reaction are NiO
and the corresponding Ln 2 0 3 form stable at high temperature. In this sense,
we were unable to reproduce the so-called "Eu 2 N1D 4 H phase which has been des
cribed by Kniga et al. (2), and the X-ray diffraction data of the final reaF
tion product showed the presence of both N10 and the monoclinic phase corre?
ponding to B-Eu 2 O 3 . This behavior has been, explained by considering the decreasing of the radius of the Ln + J cation with the Increasing of the atomic
number of the lanthanide element as a reflection of the lanthanide contraction.
References
1 . A.RABENAU and P.ECKERLIN, Acta Cryst. 2 , 304, (1958).
•
2. M.V.KNIGA, I.l.VYGOSKII, Y.P.VOROBLEV, A.N.MEN and G.I.CHUFAROV, Doklady
Akademii Nauk SSSR, 200, n° 5, 655 (1971).
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EXTEHDED X-RAY ABSORPTION FINE STRUCTURE (EXAFS) STUDIES OF THE ACTINIDE
ARSENIDES AND SELENIDES*

>
{'
:

G. S. Knapp and S.-K. Chan, Argonne National Laboratory
Both theory and experiment ahow that actlnlde materials have extended
and near edge abaorptlon structures that are sensitive to the valence,
bonding and, more generally, the electronic configurations. In this work,
the potential of using EXAFS aa a tool to study bot.h electronic and
lattice properties is explored« We focus on the NaCl compounds, AnX,
where An • Th, 0, Pu and Np and X - As and Se. These Materials are
selected because of their simple crystal structure and because both the K
edges of As and Se and the L edges of the actlnldes lie in an accessible
energy range» The basic EXAFS parameters, the backecatterlng phase shifts
and amplitudes are calculated as a function of energy and compared with
experiments. It has been found that an anomalous variation of the
backscatterlng phase shift with respect to momentum k occurs for the
actlnide lone at about k - 7A . Concurrently, the amplitude dips
abruptly into a rather pronounced minimum. This anomaly la Indicative of
a time delay of ehe propagation of electron wave packet In the range of
the potential of the actlnlde ions and can be traced to their electronic
structures. From accurate Information about theae phase shifts and
amplitudes, radial distribution of the Individual Ions as well as lattice
vlbrational properties in the form of Debye-Waller factors may be
deduced. This information may be used to Infer the static and dynamic
characteristics of any structural transformations that may accompany
magnetic orderlngs in these materials.
*tfork supported by the U. S. Department of Energy.
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LATTICE DYNAMICS IN LaB 6 AND YbB 6
K. Takegahara, M. Kasaya, T. Goto* and T. Kasuya
Department of Physics, Tonokü University, Sendai 980, Japan
•Research Institute for Scientific Measurements,
Tohoku University, Sendai 980, Japan
Because of their anomalous physical properties, various rare
earth hexaborides, RBg, have recently attracted special interest
and received extensive study, both theoretically and
experimentally. RBg crysatallizes in the CaBg type structure in
which R ions and regular octahedral Bg molecules make the CsCl
type structure. The band calculation showed that the valence
bands are made by the intra and inter molecular orbitale of the
Bg molecule, in which each Bg molecule requires two extra
electrons to fill the bonding orbits, and thus the divalent Bg
state is stabilized. Therefore, it is clear that trivalent rare
earth hexaborides are monovalent metals and divalent hexaborides
are either narrow gap semiconductors or semimetals.
The elastic constants of LaBg, CeBg and SmBg have been
reported. In CeBg and SmBg, the elastic constant Cig has the
negative value. It is well known that the valence fluctuating
compounds Sni_ x Y x S and TmSe show the negative C12 which is
thought to be related with the valence fluctuation. In the
non-magnetic and normal metal LaBg, too, however, the value of
C12 is very small, even though positive. In the non-magnetic and
non-metal YbBg, we measure the elastic constants and the results
are different from those of LaBg. Therefore we conclude that the
difference between the elastic constants of LaBg and thoee of
YbBg is due to the metallic bonds.
Recently, Smith et al. measured the phonon dispersion curves
of LaB- by the inelastic neutron scattering. It shows very flat
longitudinal and transversal acoustic modes at 100 cm' 1 . This is
due to the non-interacting vibration of La ion. Also, their
results are consistent with the temperature dependence of the
specific heat. He measure the specific heat of YbBg and get the
different temperature dependence from that of LaBg. Results show
that the flat modes should be at 70 cm' 1 in YbBg.
He analyze more carefully the phonon dispersion of LaBg and
YbBg which are the proper reference materials to study the
physical properties of CeBg and SmBg. Attention will be paid
mainly to the fact that, in LaBg, C12 is positive but very small.
The small value of Cj2 i n L a B 6 *• explained by the volume
dependent force acting en La ions. Furthermore, introducing the
long range force between La ions, we get the phonon dispertion
curves in good agreement with the measured ones. In YbBg, too,
the calculated curves are consistent with the measured elastic
constants and specific heat. The origin of the volume dependent,
and long range forces is considered.
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THE ELECTRONIC STRUCTURE AMD PROPERTIES OF RARE EARTH
HOSOCHAICOGENIDES
R. DAGYS and P. AKISBdOV
She Institute of Semiconductor Physics, 232600 Vilnius,
K. Pomelos 52, USSR

She peculiarities of the properties of rare earth monoohalcogenides mostly depend on the relative arrangement of the
energy levels corresponding to the 4 ^ , 4f n

5d and 4f n

ts

electronic configurations of these materials (fcs corresponds
to the electron In the lowest conduction band). The energy intervals between 4f n and 4f n

5d states were calculated In two

extreme representations - localised and Bloch 5d electrons. It

1

was shown, that the peculiarities of long-wave absorption
spectra of nonmeteXHc mooochalcogenides,including numerical
values of the peak positions, may be rather well explained in
the framework of the localised 5d electron model, taking into
aocount email corrections to the energy levels, caused by nondiagonality of the Hamiltonian relative to the states, corresponding to the exitations of 5d electrons on the neighbour
rare eerth atoms. For metallic monochalcogenides this model
leads to the lowest levels of 4 f n 5 d configuration being
below the ones of 4f n . The results of energy band calculations
in these materials are discussed.

V
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ELECTRONIC STRUCTURE OF ACT1NXÜE MONOSULFIDES AND MONOPHOSPH1DES*
D. J. Lam, Argonne National Laboratory and D. E. Ellis, Northwestern
University and ANL
Magnetic properties of actlnldc intermetalllc compounds are strongly
dependent on the amount of 5f-electron hybridization with other electrons In
the valence and conduction bands, Because of the hybridization, the magnetic
moment of the actlnlde Ion In many lntermetalllc compounds deviates strongly
from theoretically calculated values based'on free-Ion or crystal-field
modele. The effective valence and bonding scheme of the monosulfides AnS, and
monophosphldes AnP, with An » U,Np,Pu are studied In the self-consistent local
density theory using an embedded cluster model. The potential of the host
rock-salt lattice is determined self-consistently from least-squares
representations of the cluster charge and spin density obtained fron
varlatlonal solutions of the relativlstlc Dirac-Slater equations. Involvement
of actlnlde Sf orbitale in bonding to ligands as well as In "crystal field"
states Is noted, and densities of states are compared with photoelectron
spectra. A moment-polarized method is used to explore magnetization densities
In these compounds in a fully relatlvistic framework. Net magnetic moments
calculated fron partially occupied Kramer's pairs are found to depend strongly
upon bond length, with obvious Implications for pressure and composition
dependence of magnetic properties.

*Work supported by the U. S. Department of Energy.
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MAGNETIC AND MAGNETOELASTIC PROPERTIES OF DySb IN ITS
PARAMAGNETIC RANGE
P. Morin*, 0. Schnitt*, D. Osterman* and S.J. Williamson*
*Laboratoire Louis Nfiel, C.N.R.S., 166X,
38042 Grenoble-c£dex, France
+
Phy«ice Department, New York University, 4, Washington Place,
New York, N.Y. 10013, U.S.A.
The cubic rare-earth compound DySb which crystallizes
within the NaCl-type structure has been extensively studied in
particular for explaining its first-order antiferronagnetic
transition. We here focus ourselves on its physical properties
in the paramagnetic range in order to state the various couplings
of its 4f shell more precise. In addition to previous studies of
the ultrasonic velocity'*) and of the magnetic ordering"),
results of partstriction, third-order paramagnetic susceptibility
and first-order paramagnetic susceptibility under uniax'.al stress
are analysed. If quadrupolar interactions are active beside the
bilinear exchange as usually accepted it appears that additional
couplings are present too. In particular, a two-ion magnetotlastic coupling strongly influences the temperature dependence
wf the third-order paramagnetic susceptibility whereas it acts
only weakly on the para«friction and the susceptibility under
uniaxial stress. In addition, fluctuations seem to occur in the
close range of the N£el temperature. As a consequence the firstorder character of the coincident spin and quadrupolar orderings
results from a complex competition between these various interactions.
(1)
(2)

P.M. Levy, J. Phys. C, 6, 3545 (1973).
H.H. Chen and P.M. Levy, Phys. Rev. Lett., 27, 1383 (1971).
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KAGNFi'IC PROPERTIES OP ErSe AND ErTc COMPOUNDS
S.Pokrzywaicki.'T.liydlarz, L.Pawlak;' L;. Du camΓ-U^'
1/Lab, of E s t . Science, Hir. Eng. School, Opole,2/ ILILTITR,
Wroclaw, 3/ Innt. of Inorg. Cnem.r.nri fciet.of Rere ElementE,
Tech. Uaiv. Wrociaw, Poland
The ErSe and ErTc belong t o the large c l o s e of NsCl structured
rare ecrth nonochslcogenices. They may be thought of as e o e e t i a l l y i o n i c a l l y bound compounds with o t r i p o e i t i v e rare earth ion,
while the ligand ion has v. charge of - 2 and the extra e l e c t r o n
l i e s in a conduction b?nd.
For p o l i c r y n t a l l i n e powdered sample a of ErSe and ErTe the
magnetization at low temperatures and the magnetic s u s c e p t i b i l i t y up t o 4 . 2 K hove been meosureci. The obteiaed data indicat e the cntiferroraagnetic t r a n s i t i o n et T,,= 1B K and 16 K, r e s p e c t i v e l y . B e l o w these temperatures the s u s c e p t i b i l i t y e x h i b i t ,
however, e further increase end the magnetization curves s t
temp, of 4 . 2 K behave l i k e a paramagnetic s t e t e . This would
suggest an occarencc of the l a t t i c e d i s t o r t i o n e t T„ temperature * originated essentially from the,crystal-field
"splitting
of Iic/p ground multiplet of the Sr-''1" ion.
It'nsB been determiaed the r'i' crystel-field level as
the lowest lying, like in a semiconducting Er2Te- compound/1/.
Er2Te, forms a euperletticc of NeCl structure with« = 6.068 A,
whlle-'for ErTe a l a t t i c e constant i s 6.06? A acd for SrSe
5.662 A. The crystal field analysis of the magnetic susceptib i l i t y i s under way. One observes also the reduction of the
magnetization value ia comparison with the free ion erbium
magnetic moment gj in the field
140 KOe.
/1/ S.Pokrzywnicki, Phys. etat. solifli/E/ 55, K39 /1979/.

CP 27

»VBSTIGATIOH OF SaS-TmS SYSTEM
I.A.Bmimov*'. A.V.Golubkov*", Y.M.Sergeeva*, B.V.Goncharo+
+
va*, T.B.Zhukova*, Y.M.Buttaev ,M.Y.Romanova , H.H.Efremove**, L.D.Finkelstein**

+ A.F.Ioffe Physical-Technical Institute Academy of Sciences of the USSR, Leningrad, I9402I,USSR
++ Physics Metals Institute Academy of Sciences of the
US8B,Sverdlovek,6202I9,USSR
A number of samples «ith different composition has been
obtained in SmS-ffmS system «ich «as not studied earlier.
for all of them lattice constants «ere determined and
electrical, galvanomagnetic and thermoelectrical properties «ere
studied. Sα and Tm-valence «ere estimated by Z-Kay L§ absorption
spectroscopy-methods.
At x=tO,3 the first order semiconductor-to-metal phase tran
sltion takes place« At the transition all the parameters investigated cht-tuje discontiniously and the colour of the samples
change from blaok (x«0.3) to golden (x9>0.3).
At phase transition Sm ions valence changes, Tm ions valency keeps constant (+3) tox the «hole composition range.
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DOMAIN STRUCTURE ON U J ^ SINGLE CRYSTALS AT LOW TEMPERATURES
A.Szewczyk, R.Szymczak and Z.Henkie x
I n s t i t u t e of P h y s i c s , P o l i s h Academy of Sciences,Warsaw,Poland
X
I n s t i t u t e of Low Temperature and Structure Research,Polish
Academy of Sciences,Wroclaw,Poland
In the l a s t decade much e f f o r t has been concentrated on t h e
magnetic p r o p e r t i e s of U3P4 compound [ i , 2 ] . This compound has a
cubic c r y s t a l l i n e s t r u c t u r e of TI13P4 type and i s m a g n e t i c a l l y
ordered below TC=14O K with easy axes of magnetization along
the <111> d i r e c t i o n s . The temperature dependence of magnetizat i o n i n t h e constant e x t e r n a l magnetic f i e l d has an unconvent i o n a l shape f 3j» In p a r t i c u l a r , the occurence of a pronounced
maximum on magnetization versus temperature curve i s suggested
t o be connected with t h e domain s t r u c t u r e .
The aim o f t h i s work was t o perform the domain s t r u c t u r e i n v e s t i g a t i o n s on U3P4 s i n g l e c r y s t a l s In order t o understand the
magnetization p r o c e s s e s i n t h i s compound. As t h e low value of
the ordering temperature Tc prevents the conventional observat i o n of the domain s t r u c t u r e , a new method [ 4 ] of forming the
B i t t e r p a t t e r n s by s o l i d oxygen p a r t i c l e s has been u s e d . The
observations of t h e domain s t r u c t u r e have been performed on(111)
and (110) natural c r y s t a l l o g r a p h i c s u r f a c e s o f t h e bulk s i n g l e
c r y s t a l a t the temperature o f 10 K. Analysing the domain
p a t t e r n s obtained on both i n v e s t i g a t e d s u r f a c e s t h e information
about the i n t e r n a l domain s t r u c t u r e has been found. Also some
important information regarding t h e d i s t r i b u t i o n o f magnetizat i o n has been derived from t h e observed changes of t h e domain
s t r u c t u r e i n t h e e x t e r n a l magnetic f i e l d . The magnetic f i e l d
has been a p p l i e d i n [ i l l ] and [11O] d i r e c t i o n s . O n both i n v e s t i gated s u r f a c e s the main domains have t h e form of s t r i p e s with
180°, 109° and 71° domain w a l l s . General c o n c l u s i o n r e s u l t i n g
from t h e performed i n v e s t i g a t i o n s i s t h a t t h e domain s t r u c t u r e
i n U3P4 i s of the kind expected f o r cubic c r y s t a l s with easy
axes along the <111> d i r e c t i o n s . Some d e v i a t i o n s from t h i s type
of domain s t r u c t u r e are d i s c u s s e d .
References
[11 W.Trzebiatowski, Ferromagnetic M a t e r i a l s / Edited by
E.P.Wohlfarth/, pp.415-449, North Holland,Amsterdam (1980)
[ 2 ] P.Burlet, J.Rossat-Hignod, R.Troc iand Z.Henkie, S o l i d
S t a t e Commun. 39 (1981) 745
r
[ 3 ] S.Nasu, phys. s t a t . s o l . / a / 9 (19-72) 629
[41 K.Piotrowski, A.Szewczyk and R.Szynczak, J . Hagn. Hagn. Mat.
1 J
31-34 (1983) 979
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MAGNETIC ORDERING IK Hobi, KcS, ErS AND ErSe
F. Fischer, Institut für Reaktortechnik, ETH,
CH-5303 Wllrenlingen and
F. Hulliger, Laboratorium für Festkörperphysik, ETH,
CH-8093 Zürich
Results of neutron diffraction investigations of the
temperature dependence of magnetic ordering in the rareearth compounds HoBi, HoS, ErS and ErSe will be presented
and discussed with respect to bulk magnetic measurements.
The magnetic phase transition of HoBi from antiferromagnetic
fee II structure (T„ = 5.9 K) to a ferrimagnetic flopside
configuration similar to zero field HoP ordering is studied
in external magnetic fields. The phase diagrams will be
compared to HoP / I / and magnetization measurements on HoBi
121, which indicate peculiar steps related to magnetic
history and external stress.

/I/ P. Fischer, A. Furrer, E. Kaldis, D. Kim, J. Kjems and
P.M. Levy, to be published

(1964)

121 F. Hulliger, H.R. Ott and T. Siegrist, J. LessCommon Met. 96, 263 (198M
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ABSTRACT (RE AC IM84 Conference, St. Polten)

B. Frick and M. Loewenhaupt
Institut für Festkörperforschung
KFA-JUlich, West-Germany
"Very Diluted RE's in (Sc, V, La)Al 2 : Crystal Field Systematics and Spin Dynamics".
Inelastic neutron scattering results are presented which extend the earlier
work /I/ especially to RE's in ScAl« and furthermore to some RE's in LaAl«
(Pr, Nd, Tb, Dy, Ho in ScAlg; Pr, Dy, Ho in LaAl 2 ). For different RE's we report about the systcmatics of CF-parameters within and between the non-magnetic hosts (Sc, Y, La)Al2- A detailed study of the magnetic single ion behavior
and the description with the dynamical single ion susceptibility as calculated
by Becker, FuTde and Keller /2/ was done on 3000 ppm of Tm, Tb and Er in YA1,
and LaAl 2 over a temperature range between 0.5 K and room temperature. This
includes the discussion of line widths in the superconducting region for Tm
and Tb in LaAl». The importance of very low concentrations to ensure the single
ion behavior is illustrated by new results on Tm La, Alg (Xs0-003, 0.01, 0.02,
0.04, 0.06).
/I/ M. Loewenhaupt, S. Horn, B. Frick in "Crystalline Electric Field Effects
in f- Electron Magnetism" (Plenum, 1982} page 125
111 K. Becker, P. Fulde, J. Keller: Z. Physik B28 (1977) 9
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ANTIFERROMAGNETISM IN THE La-Co SYSTEM
1
1
1
2
D. Gignoux , R. Lernaire , R. Mendia-Monterroso , J.M. Moreau and
J . Schweizer 3 »*
>Laboratoire Louis N6el, C.N.R.S., 166X, 38042 Grenoble-<:6dex, France
2
Laboratoire Structure de la MatiSre, Universite de Savoie, C hem in du Bray,
74019 Annecy-le-Vieux, France
3
D.R.F./D.N., C.E.N.G., 85X, 38041 Grenoble-cgdex, France
^Institut Laue-Langevin, 156X, 38042 Grenoble-c6dex, France
We present the c r y s t a l l o g r a p h i c and magnetic p r o p e r t i e s of
the lanthanum r i c h - c o b a l t compounds : La2C<>3 and La2Coj -,. In the
hexagonal La2Co|,7 compound, La atoms l i e on an hexagonal ABAB
l a t t i c e while Co atoms form c h a i n s along the 6 - f o l d a x i s . The
Co-Co i n t e r a t o m i c d i s t a n c e in a c h a i n i s 2 . 3 9 Ä, a value
incommensurate with the c parameter a s s o c i a t e d with the La
o r d e r i n g . The orthorhombic s t r u c t u r e of La2Co3 i s c l o s e l y reilated
to that of La2^°l.7 : because of the i n t r o d u c t i o n of Co atoms
between c h a i n s t h i s s t r u c t u r e can be d e s c r i b e d as a packing of
a l t e r n a t i n g l a y e r s of Co and La.
Wherea* the La-Co r i c h compounds are ferromagnetic t h e s e two
compounds e x h i b i t a n t i f e r r o m a g n e t i c behaviours with high Neel
temperatures (310 K and 145 K r e s p e c t i v e l y in La2Co3 and La2Co].7).
Magnetic s t r u c t u r e s were determined from neutron d i f f r a c t i o n . In
La2Coi.7 the moments of a c h a i n are f e r r o m a g n e t i c a l l y ordered and
perpendicular to t h e s i x f o l d a x i s . Co moments of two neighbouring
c h a i n s make an angle of 1 2 0 ° . This f r u s t r a t e d t r i a n g u l a r s t r u c ture a r i s e s from a n t i f e r r o m a g n e t i c i n t e r a c t i o n s between c h a i n s .
In La2Co3, Co atoms of the same l a y e r e x h i b i t a ferromagnetic
arrangement whereas from l a y e r t o layer they are ant i f err omagr.at i c a l l y ordered. In both compounds the ant iferromagnetic i n t e r a c t i o n s , which are unusual i n Co-based compounds and which occur
through La atoms are d i s c u s s e d at the l i g h t of the strong
h y b r i d i z a t i o n between Co-3d and La-5d e l e c t r o n s . Crystallographies
and magnetic p r o p e r t i e s of the L f l 2 ( N i x C o j - x ) 3 i n t e r m e d i a t e
compounds are a l a o p r e s e n t e d .

:

|

CP 32

CRITICAL BEHAVIOR OF FRUSTRATED C e ^ L a J ) ,x Sb
B. Hälg, A. Furrer, Institut für Reaktortechnik, ETH Zürich,
.CH-5303 Würenlingen, Switzerland
0. Vogt,
Laboratorium für Festkörperphysik ETH,
CH-8093 Zürich, Switzerland
Diffuse critical neutron scattering experiments reveal a new magnetic
behavior at the onset of ordering in frustrated systems like Cex(La,Y)i-xSb
(x = 1.0, 0.9, 0.8). CeSb exhibits a first-order phase transition to a modulated spin-structure with q*0 = (0,0,.66) at T N = 16.4 K. However, the system
shows fluctuations above T Μ which are of AF type I (q = (0,0,1)) structure
and disappear when the long-range ordering occurs tlj. This crossover
behavior indicates that the system is close to frustration. By slight
substitution of the Ce ions by nonmagnetic ions we drive the system to full
frustration. For x = 0.9 the transition (TN - 11.7 K) to the modulated
structure (<f0 * (0,0,.69)) becomes second-order but the AF type I fluctuations
remain leading to a crossover temperature region of about 0.5 K. For x • 0.8
below T ~ 8 K both the modulated (cfo = (0,0,.53)) and
the AF type I structure are
C
11.
T
fluctuating simultaneously and
suppress the development of
5 «' 1 i.i.
•2- '
200 any long-range ordering down
••„.
to T ~ 1 K (Fig.). The critical region is smeared out over
«OK
100
an extremely wide temperature
/••
range.
This is the first
•
example of a magnetic system
in which two different kinds
575 K
•*• * ••
of fluctuations coexist. The
observed behavior can be
0
qualitatively understood in
terms of competing coupling
0
interactions in conjunction
I
with dilution [2]. However,
we are far from a quantitative
understanding of this new kind of quasistatic critical behavior.
Recently, similar effects have been observed in a CeP sample where
ferromagnetic and antiferromagnetic fluctuations coexist.
•
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1) B. Hälg, A. Furrer, W. Hälg and 0. Vogt, J. Phys. C14, L961 (1981).
2) B. Hälg and A. Furrer, J. Appl. Phys. 55, (March 198"4).
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MAGNETIC PROPERTIES OF RERu Si AND RERh Si
COMPOUNDS BY NEUTRON "DIFFRACTION
I.Leciejewicz, Institute of Nuclear Chemistry and Technology, Warszawa
H.Ptasiewicz-Bak, Institute of Atomic Energy, Swierk
A.S,zytuta, Jagiellonian University, Krakow
M.Slaski, Technical University, Krakow
Neutron diffraction patterns taken at LHT indicate that PrRu-Si- and
NdRj„Si„ are collinear ferromagnets with moments along the tetragonal
axis. Tdagnetic ordering in TbRu_Si_, DyRu2Si and HoRu-Si- is
described by a static linear transverse spin wave propagating along the
b-axis with propagation vector ( O , T , O), T - 0.2 and moments parallel
to the c-axis. In ErRu_Si_ the moment is along the a axis.
TbRh.Si«, HoRh„Si„ and ErRh„Si„ are all collinear antiferromagnets
of +-+- fype. Moments are pointing along the c axis in TbRh„Si_ and
HoRh„Si„, but normal to it in ErRh„Si„. Moments are close to free-ion
values, Neel points in reasonable agreement with magnetometric data.
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NEUTRON DIFFRACTION STUDIES OF MAGNETIC PROPERTIES
OF URANIUM 1NTERMETALLICS U T 2 X 2 ( T = Co, Ni, Cu; X = S i , Gc )
L.Chelmicki, Institute of Atomic Energy, Swierk
l.Leciejewicz, Institute of Nuclear Chemistry and Technolog5r, Warszawa
A.Zygmunt, Institute of Low Temperatures and Structural Research,
Wroclaw
Magnetic properties of intermetallic compounds with ThCr Si type of
crystal structure, UT_Si (T = Co, Ni, Cu)and UT-Ge ( T - TJi, Cu ) were
investigated by neutron diffraction using polycrystafline samples.
UCo_Si_ is a collinear antiferromagnet of +-+- type with moments
parallel to the tetragonal axis. The Neel point is at 85 K.
The magnetic stracture of UNi_Si_ is of longitudonal spin wave type
at 4.2K. Its propagation vector <J = ( 0 , 0 , q ) is 0,67 c*. This structure
transforms in the temperature range 53 K - 70 K into a collinear antiferromagnetic one of +-+- type. In both phases the moments are aligned along
the tetragonal axis. The Neel point is at 103 K.
UCu_Si 2 is a collinear ferromagnet with the Curie point at 103 K.
The magnetic ordering in UNUGe is antiferromagnetic of +-+- type
with moments pointing along the tetragonal axis. The Neel point is at SO K.
UCu_Ge„ exhibits a magnetic phase transition from collinear antiferromagnetism of ++-- type into ferromagnetic ordering. In both phases
moments are aligned along the tetragonal axis. The transformation occurs
in the temperature range between 25 K and 40 K. The Curie point is at
100 K.
In all compounds magnetic moment is localized on uranium ion only.
The stability of particular magnetic structure is discussed in terms of
isotropic "RKYY interactions.
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INFLUENCE OF TEMPERATURE ON THE INCOMMENSURATE MAGNETIC
STRUCTURE IN HoCUg
Z. Smstana+). V. äima +J , B. Iebech ++) and E. Grats"1"*"1'*
^Charles University, 121 16 Prague, Czechoslovakia
++)
Ris«J National Laboratory, DK-AOQO Boskilde, Denmark
+++' Technical University, A-1040 Vienna, Austria
Neutron powder diffraction experiments on orthorhombic
interuetallic HoCug compound have been carried out in the temperature region of liquid helium up to T<Tjj*10K. The previous
study of this compound revealed certain anomalies at Tfi-7K in
the temperature dependences of magnetization, electrical resistivity and theraopower [1J • These phenomena were ascribed to
the magnetic phase transition between two types of antiferromagnetic structures* From the neutron diffraction measurements
at 2.5K the magnetic structure of HoCug was found complex antiferromagnetic and incommensurate with the crystal lattice.
More detailed analysis of neutron diffraction patterns below 7K led to the new interpretation of the two observed series
of magnetic reflections. The first group indicates an incommensurate magnetic structure with the propagation vectors along
<IO1> -directions, the second one with a wavevector of aVß« The
temperature dependences of the intensities of reflections corresponding to these both series are different. The modulation
In the <101> -directions at TB«7K is suppressed, so in the temperature range 7 K < T < 1 0 K the magnetic structure becomes commensurate with the magnetic unit cell 3a x b x c> A description
of magnetic structure above Tfl«7K has been proposed. A discussion of this study and comparison with other magnetic structures of RCu 2 compounds will be presented.
[1] B. Oratz, 7* Sechovaky, V. alma» Z. Smetana and J.O. Strbm-Olson: phys. stat. sol. (b) 111, 19? (1982).
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AOTIFERROMAGNETISM IN DILUTE YTb ALLOYS
H.B. Stanley , B.D. Rainford and B.V.B. Sarkissian*
+ Physics Department, University of Southampton SO914H England
* Institut Laue-Langevin, B.P.156X, Grenoble C€dex France
He have studied the magnetic phase diagram of YTb alloys with Tb concentrations between 2 X and 7 Z, using neutron diffraction. Whereas it has
previously been claimed that a spin glass phase exists below 5 X Tb, our
measurements show long range helical antiferromagnetism down to 2 Z Tb. The
Nfiel temperatures, T„ vary linearly with Tb concentration from 12K at
2 2 Tb to 37.SK at 7 % Tb. The existence of long range order in such dilute
alloys implies extremely long range interactions, resulting from a sharp
peak in \(q) for yttrium.
The lineshape of the critical scattering is observed to be anomalous
above T N > with a narrow central component which persists to very high temperatures.
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APPLICATION OF A MEW LLW-LIKE FORMALISM ON ANALYZING CF-PARAMETERS,
OF TETRAGONAL R E O U j S i j

(RE « C e ,

Tm, Yb)

FROM INELASTIC NEUTRON

SPECTRA

D. Walter, E. Holland-Moritz

II. Phys. Inst., Universität Köln,
Zülpicher Str. 77
5000 Köln 41, W. Germany

In lower than cubic symmetries the number of independent CFparameters increases rapidly. In order to overcome the difficulties arising from this problem a Lea, Leask * Wolf like transformation will be presented. This transformation, which demands
a thorough normalization of the CF-parameters, generates new
CF-parameters W, X , which exhibits the same salient properties
as the LLH-parameters W, X in the cubic case. Moreover, the
transformation preserves all features of the original CF-parameters B™j. One remarkable feature is an equivocation of the
Bm's and it will hence be discussed in detail,
n
We have also done inelastic neutron scattering on tetragonal
TroCu.Si, in order to extract some similarities in the CF-parameters of the RECu2Si- (RE * Ce, Tm, Yb) compounds. We will
demonstrate how the application of the formalism described above
allows a more easy and systematic work in these non cubic systems.»

I
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MAGNON DISPERSION IN ANTIFERROMAGNETIC CeMg
J. Bouillot*. R.M. Galera*, J. Pierre*
Institut Laue-Langevin, 156X, 38042 Grenoble-cedex, France
Laboratoire Louis H6el, C.N.R.S., 166X,
38042 Grenoble-cgdex, France
CeMg is a trivalent cerium compound, which exhibits some
Kondo-type characteristics (resistivity, spin dynamics, pressure
dependence of Neel temperature). In order to get informations on
magnetic interactions in these systems, we have performed neutron
inelaetic scattering on monocrystalline CeMg.
CeMg undergoes at 19.5 K a first order transition to antiferromagnetism, a large tetragonal distortion arises due to
magnetoelastic effects on the F» quartet ground state. Two
branches of excitations were observed, one of them could be
followed through the whole Brillouin zone. There is a large
aniaotropy in the dispersion curves for magnon wave vectors
parallel or perpendicular to the tetragonal axis, which can be
well explained by the antiferromagnetic structure.
The analysis shows the failure of a mean field model to fit
the temperature variations of the antiferromagnetic moment and
of the distortion. Interactions do not seem strongly anisotropic,
contrarily to the case of Ce-pnictides.
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NpGa 4 - STRUCTURAL and MOSSBAUER EFFECT STUDIES
D. Dayan
, J. Gal f b ) and M.P. Dariel 'b'
(a) Nuclear Research Centre-Negev, POB 9001,
Beer-Sheva, Israel.
(b) Ben-Gurion University Beer-Sheva, Israel
Within the framework of our studies of gallium-rich lanthanide (Ln)
and actinide (An) binary systems, we have undertaken a study of Np-Ga
intermetallic compounds. Previous studies have shown the existence of
the LnGag compounds for all Ln elements (with the exception of Eu) and
of PuGae. On the other hand, no such compound was found in the light
actinide systems (An«Th, U ) . With respect to compounds with stoichiometry 1:4, only PuGa4 has been identified previously. It seemed of interest to determine and eventually to identify the respective compounds
in the Np-Ga system.
The alloys corresponding to the expected 1:4 and 1:6 stoichiometry
were prepared by arc melting followed by a homogenization treatment at
280*C for one week. A small amount of fine powder, obtained by crushing
the samples, was examined by XRD using a Ni-filtered C U - X Q radiation.
The results showed the presence of a set of diffraction lines which could
unambiguously be attributed to the NpGa4 compound, space group Imma, isostroctural with PuGa4> Least square fitting allowed to determine the following lattice constants of the unit cell: a - 4,381ft, b « 6,302A, c 13,687A. No evidence for the existence of NpGag was found. It is not implausible, however, that the annealing treatment took place at a temperature higher than the presumably peritectic de composition temperature of
this compound. Further attempts of annealing at lover temperature are
planned in order to clarify this point.
Preliminary Hossbauer effect studies show that NpGa4 undergoes a
hyperfme splitting at 4.2K with a hyperfine field of B e f f-330T and an
isomer shift of +14mm/sec with respect to NpA8.2. The isomer shift indicates the Np ion in the +3 charge state. The magnetic ordering temperature was derived by thermal scanning of the Mossbauer absorption single
line and found to be T o -35±4 K.
This research was partly supported by the Federal Ministry of Science
and Technology (BMFT) and the KFA, FRG and the National Council for Research and Development, Israel.
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COMPOSITION DEPENDENT MAGNETIC PROPERTIES OF Np LAVES
PHASE COMPOUNDS:

MOSSSAUER AND X RAY DIFFRACTION STUDIES

J. Gal and S. Fredo
Ben-Gurion University of the Negev and Nuclear Research Center
84190 Beer-Sheva, Israel
and

Ho Potzel, L. Asch and G.M. Kalvius
E-15 Physik Department, Technische Universität München
D-8046 Gaxching b. München FRG.
The influence of the Np-Np separation on the electronic and magnetic properties in the Np Lavas phase compounds which show highly
itinerant-electron magnetic character, was studied by means of controlled variation of the actinide-actinide spacing. This was achieved by changing th* content of the constituents in the neptumiumnetal Laves-phase compounds. Such influences are highly pronounced
in NpCo + compounds where a decrease in the Np-Np distance of M%
. .
from 3.067 £ Nto S3.046 X)n oreveals
a
decrease
of
^10%
in
B
ejf and
t>20% in TJJ. P° 2± *° t a n o w mjtX changes in the Np-Np spacing
associated with changes in the stichiometry X of the constituents.
All the itinerant magnetic oonpound studied show that lov-temperature-treatnent switches on the xugnetic hyperfine splitting: The
first cooling cycle reveals an unsplit hyperfine absorption spectra.
After heating the sanples to room teaperature and cooling again
several tines the Mosebauer spectra will split and show a normal
aagnetic absorption spectra.
A sample that has bean cycled and revealed once a split spectrum
will always remain so» pointing a stemory effect. The possible
explanations of this effect within available theories are discussed.
This research was supported by the Federal Ministry of Science
and Technology (BMFT) and the KFA, FRG, and the National Council
for Research and Development (NCRD), Israel.
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MAGNETIC PROPERTIES OF NpM.ftl. INTERMETALLICS
4

o

STUDIED BY HOSSBAUER EFFECT SUSCEPTIBILITY
AND NEUTRON DIFFRACTION
J. Gal and S. Fredo
Ben-Gurion University of the Negev and Nuclear Research Center
84190 Beer-Sheva, Israel
and
W. Potzel, F.J. Litteret, L. Asch and G.H. Kalvius
Physik Department E15, Technische Universität
München, D-8046 Garching-bei-MUnchen, F.R.G.

The preparation and characterization of AnH^Alg intermetallic system,
where An is an Actinide (Th,Np) and M is a transition metal (Cr, Cu) is
reported. The A11M4AI3 belong to the tetragonal space group 14/mmm.
The Hossbauer hyperfine spectra of NpC^Alg and NpC^Alg compounds show
significantly different behaviour upon increasing the sample temperature.
NpCr 4 Al e exhibits a normal collapse of the Zeeman pattern with Tjj«55(5)k with
B
eff ^ O O T at 4.2k. The Hossbauer spectra of NpCi^Alg between 4.2K and 50K
indicate paramagnetic relaxation phenomena with B e fj i> 320T. This situation
was confirmed by neutron diffraction studies.
The hoesbauer relaxation spectra is analyzed within the frame of the
Two-State-Model by assuming extremely slow charge fluctatuion phenomena.
This research was supported by the Federal Ministry of Science and
Technology (BMFT) and the KFA, Julien, Federal Republic of Germany, and
the National Council for Research and Development, Israel.
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LARGE CRYSTALLINE51 FIELDS
AND ANISOTROPIC VIBRATIONAL
MODES OF l Eu 2 * IN METALLIC EuRu 2 Ge 2
I. Nowik and I. Feiner
Racah Institute of Physics, The Hebrew University, Jerusalem,Israel
Xray, magnetization and Mossbauer studies of Eu2Ru2Ge2 have been performed. Xray studies confine single phase, tetragonal ThCr 2 Si 2 type structure, s * 4.263A and c * 10.18QA. Magnetization curves prove- that the Eu 1ions
are divalent and order ferromagnetically at 62K. Mossbauer studies of E u 5 1
in EuRu2Ge2 at temperatures 4.2 to 600K reveal the largest crystalline 2electric
field gradient ever observed in a metallic rare eaTth compound, A 2 <r >»42SK,
and most unusual anisotropic vibrational modes, leading to an anisotropic
recoil free fraction. At room temperature the ratio of the recoil free fraction in the basal plane to that along the tetragonal c axis is,2 tj/f^*2 «30
and the corresponding mean square deviations are <x?> * 0.012A and <x > *
0.002A2.
The isomer shift of the Mossbauer spectra is -10.2 mm/s, typical to
Eu 2 + values in RM 2 Ge 2 compounds. Above Tc a well resolved pure quadrupole
structure is observed with eqQ = -440 Mc/sec. Below Tc a well resolved magnetic and quadrupole split spectrum is observed. At 4.2K the magnetic hyperfine field is 330 kOe and the effective quadrupole interaction is +210Mc/sec,
proving that the Eu magnetic moments order in the basal plane.
Analysis of the quadrupole spectra from Tc to 600K reveals sharp
changes in the intensities of the nuclear Am«0 transitions relative to the
Am-il transitions, namely the Goldanskii Karyagin effect. The detailed study
of the relative intensities of these transitions together with the measurements of the average recoil free fraction, yield the temperature dependence
of the 2mean square displacements <x£>and <xf,>. While
at 80K, <x£> - <xf^> *
0.005A , at-SOOK, this difference rises to 0.013A2,, namely much larger vibrational amplitudes within the plane than along the c axis. This result is
consistent with the much shorter and stronger chemical R-Ge bond along the
c axis than the basal R-R metallic bond. This is the first Mossbauer observation of anisotropic vibrational modes in a metallic rare earth system.
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BULK MAGNETISM AND HYPERFINE INTERACTIONS IN AMORPHOUS Gd 2Q Y 3 Q A ß 5 0 ALLOY
J.L. ODDOU and C. JEANDEY
Centre d'Etudes Nucleaires de Grenoble
DRF/Laboratoire d'Interactions Hyperfines
85 X
38041 GRENOBLE CEDEX, France
G. CZJZEK, V. 0E3TREICH and H. SCHMIDT
Kernforschungszentrum Karlsruhe, INFP, P.O.S. 3640
D-75OO KARLSRUHE, Federal Republic of Germany
The magnetic properties of sputter-deposited amorphous Cd.Q Y_ &&C.Q
have been studied. The investigation includes susceptibility and magnetization measurements between 1.4 K and 300 K with fields up to 15 T, and '-'-'Gd
Mössbauer measurements in the temperature range 1.4 K to 30 K with fields up
to 6 T.
The low field d.c. susceptibility presents a maximum value at 12.8 K and
a non reversible behaviour below 17 K. These properties are characteristic of
a disordered magnetic system (spin glass like).
Mössbauer measurements reveal a distribution of nuclear quadrupole splittings of l55 Gd in the paramagnetic state. At 4.2 K, an hyperfine magnetic
field of about 10 T is superimposed on this distribution. The strenght of this
field decreases as temperature increases, but it cancels only at 26 K.
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INVESTIGATIONS OF f-ELECTRON STRUCTURE UNDER H U » PRESSURE
J. Zankert1«> , Ulrike Potzel' •' . A. Krat2er' " , H, Wunsch1 • ' . J. Moser' ' • .
W. Potzel1«' . Th. Obenhuber" • • , L. Äsch1 « • , F.J. Littersf ' • .
G.M. Kalvius' •» , J. Gal' " , and J.C. Spirlet' *'
(1) Physic-Department. Technische Universität München.
D-8O46 Garchingr. F/tG
(2) Ben Gurion University and Nuclear Research Center Mecrev.
Beer-Sheva. Israel
(3) European Institute for fi-ansuranium Elements.
D-7S00 Karlsruhe. FPG
Due to the considerably weaker localization of 5f electrons when conpared -to their 4f counterparts, intermetallic compounds of the light Actinides show a much stronger dependence oi their magnetic properties on
applied pressure than Rare Earth materials. We have studied this question
by Mossbauer speetroacopy on two cubic Laves phases of neptunium (NpAl,.
NpOsi), on DyAlj and on NpCojSi,. Pressures up to 90 kbar were applied
in the temperature range from 1.6K to -100K. In addition, high pressure
X-ray diffraction measurements were carried out at room temperature on
some of these materials.
Both, NpAl, and NpOs,. show a strong decrease of hyperfine field
(i.e. local magnetic moment) and magnetic ordering temperature with reduced
volume /I/. The data are interpreted as a progressive delocalization of Sf
electrons towards fully Itinerant electron magnetism. Mossbauer line shape
analysis points towards spin- and charge dynamical processes in connection
with 5f delocalization. Also the X-ray measurements indicate a transition 111
to an itinerant configuration in NpAl,and show NpOs, to be highly itinerant at room temperature even at ambient pressure.
In DyAlj and NpCo,Sit the ordering temperatures increase with
pressure whereas the magnetic hyperfine fields at saturation stay unchanged.
These facts indicate that both materials retain their highly localized
character.
References:
/I/ J. Noser, J. Gal, W. Potzel, G. Wortmann, G.M. Kalvius, B.D. Dunlap.
D.J. Lam, and J.C. Spirlet, Physica 1Q2, 199 (1980)
111 H.L. Skriver. O.K. Andersen, and B. Johansson,
Phys. Rev. Letters Ü , 1230 (1980)
Work supported by the Bundesministerium fur Forschung und Technologie
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K.Krop
Joaici Stale Physics j>pnrtn>ent, AC.!:, ~r-O59 Crr-cov.-, Poland
i". Juv.alski, Z.Kuchf-rski and I'.LuV.asifii:
,
Solid State Physics Department, 13J, 05-400 SwierV, Poland
The compounds Dy2Pe1y Co with 0< y < 17 have been
inveFtirated usinr the KÖssbauer resonances at thr
Dv and
Fe nuclei (at 4.2K). The ch-\nfies of Ihr hyperfine interaction paraneters have been deierrinpd as a function of the
Co content. Figure shows as an example of data: the isomer
(IS), the magnetic hynerfine field (H h f ) and the
auadrupole interaction parameter (QS) at the
Dy nuclei.
The magnetic hyperfine field
excepp at the
Dy nuclei is
discussed in term of the 5delectron transfer model. The IS
and I!fcf at the 161 Dy nuclei tr-11
alnost linsarly with the Co
content. The dependence of the H. ,
57
at the
Fe nuclei on y is quite
different from that for the 16i Dy
nuclei. The model to explain this
behaviour is presented.
The IS, K^ ana QS parameters
at 4.2K versus y in Dj^Fe^ Co .
Black points - data for Dy iretal.
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3upported in part by the Institute of Physics, Polish Academy
of Sciences.
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T:iE HYFEHFIHi . K4GNTCIC FI*"L1> EXCESS AT THE
Dy-Fe COMPOUNDS
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Dy laCLEl IK

J . P s z c z o i a , J.lukrowsfci, K.Krop
Solid S t a t e Physics Department, AGH, 50-059 Cracow, Poland
J.Suwalaki
Solid State Physics Department, IEJ, O5-4OC Swierk, Poland
The magnetically ordered Dy-Fe intermetallic compounds
•

'

1 fi 1

exhibit an excess of the iragnetic hyperfine field at the
JJy
r.uclei. At the ra^netic saturation, deviations from the free
ion value are on the order of 10 per cent. The hyperfine field
at the
Dy nucleus is a sum of several contributions and is
usually decomposed into: the field created by the 4f electrons,
the self-polarization field and the transferred hyperfine field.
Ihe aim of the paper is to separate the magnetic hyperfine
field into these terms in order to explain the excess. Therefore
the Kössbauer effect measurements at the
Dy nuclei in the
DyFe2. DyFe, and Dy 2 Pe i7 compounds were performed. The way to
achieve the purpose is the analysis of the
Dy together with
(treasured elsewhere) the Fe Kössbauer effect and the magnetization data. It has been established that the excess can be
explained by the selfpolarization and transferred terns.
The predominant contribution to the excess is the transferred
field caused by iron atoms. Mechanisms which originate the
excess are discussed in details. An importancy of the 5d electron transfer is discussed: the 5d electron transfer changes
across the series. According to the obtained conclusions the
hyperfine interaction parameters at the
Dy nuclei in dysprosium metal are explained. The 5d3d band model is discussed.

I
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HYPERFINE FIELD SYSTEMATICS OF 5<J- IMPURITIES IN Gd.
C.E.Leal
Universidade do Estado do Rio de Janeiro
Rua Säo Francisco Xavier 5 2 4 , Rio de Janeiro, Brasil
O.L.T. de Menezes and A.Troper
Centro Brasileiro de Pesquisas Fisicas/CNPq
Rua Or. Xavier Sigaud 150, Rio de Janeiro, Brasil
The hyperfine field systematics of 5d- transition impurities
in Gd is discussed within a two-band s-d model. A self-consistent
Hartree-Fock calculation of the s- and d-magnetizations is performed, thus obtaining the conduction electron polarization (s-)
and core polarization (d-) hyperfine field contributions. It turns
out from the calculation that the experimental data can be adequately explained in the framework of an extended RKKY picture 1 ,
without invoking a Moriya-like direct d-d interaction mechanism
between Gd ions 2 . The impurity localized d- magnetic moments obtained from the core polarization hyperfine contribution qualitatively agree with the estimated experimental values.

References
1.
2.

C.E.Leal, O.L.T. de Menezes and A.Troper, Solid St. Commun.
(to be published, 1984).
I.A.Campbell, W.D.Brewer, J.Flouquet, A.Benoit, B.W.Marsden
and N.J.Stone, Solid St. Commun. 15, 711 (1974).
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A NEW ISOTOPE FOR Yb MÜSSBAUER SPECTROSCOPY:

174

Yb

D. Weschenfelder, G. Czjzek, V. Oestreich, and H. Schmidt, Kernforschungszentrum Karlsruhe, Postfach 3640, D-75OO Karlsruhe I, Federal Republic of
Germany

Mössbauer spectroscopy has proven a very useful method in investigations of physical properties of Rare Earths and their compounds. One
of the elements of particular interest is Yb since both the trivalent
(4f 13 ) and the divalent (4f 14 ) state may be stable in solids. In the
past, Yb Mössbauer spectroscopy was carried out mostly with the 84 keV
transition in

Yb since good sources can be produced easily by neutron

capture. The low natural abundance of

Yb of only 3%, however,

severely limits the range of applications.
We have developed a method for preparing sources for Mössbauer spectroscopy with

Yb. This isotope is superior to

Yb because of the

higher isotopic abundance (32%), a larger f-factor, better resolution and
a longer half life of the sources.
A prototype source has been employed in studies of amorphous alloys
(to be reported by D. Weechenfelder at this meeting) and of the oxyhalide»
YbOBr and YbOJ. These materials which have tetragonal structure at room
temperature, show an orthorombic distortion at low temperature« (T < 4K).
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Jy AND ^'Fe lOSSBAlJHK EFFrlO'i SVÜDIES Cr Dy _,.Y Fe 1 7
COKPODKÜS'*"

J.Pszcüoia,
Solid S t s t e
J.Suwalski,
Solid S t a t e

J . i-ultrow^hi. K.Krop
P h y s i c s D e p a r t m e n t , AGH, 3O-Ö59 Cracow, Poland
Z . K u c h a r s k i and M.Lukasiak
P h y s i c s D e p a r t m e n t , I E J , 05-400 Sv/ierk, Poland
161,

57.

Fe
The hyperfine i n t e r a c t i o n parameters at the
i)y and
nuclei ir. Dy,. Y Fe 1 7 compounds ( O«;y<r' ) have bc-cn d<?tern:ined
frei' the r ö s s t s u e r effect meisurenier.ts at '-.211. Fifure shows
the- isomer s h i f t (IS), the magnetic hyperfir.e field ( H. - ) and
•the ouadrupole i n t e r a c t i o n ( QS ) parameters versus yttrium
content at the
Dy n u c l e i . The
dvsprosium atoms are substituted by
the yttrium atoms across the s e r i e s
and then the 5d alactrons of Dy are
replaced by the 4d electrons of Y.
As a r e s u l t the IS, nV- and QS
parameters remain constant upon
a l l o y i n g . In the other words a full
equivalency between 5d and 4d electrons i s observed for .Dyp_ Y ^ e i 7
compounds. The
Dy data are r » l a "57 d a t a . Results arp
ted to the ^'Fe
discussed in tern of the 5d4d
electron t r a n s f e r model.

-1

Fiß.1 The hyperfine i n t e r a c t i o n
parameters I S , H hf and QS a t the
Dy n u c l e i . Black points - data
for Dy metal.

""•Supported in part by the I n s t i t u t e of Physics, Polish
Academy of Sciences.
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NMR STUDY OF ELECTRIC QUADRUPOLE INTERACTIONS IN GdCo 2
A.C. Barata
Institute de Fisica e Quimica
Universidade Federal do Espirito Santo, E.S., Brazil
and
A.P. Guimaries
Centro Brasileiro de Pesquisas Fisicas
R. Xavier Sigaud, 150, 22290, Rio de Janeiro, Brazil
Quadrupole oscillations have been observed with 5 9 Co pulsed
NMR in the intermetallic compound GdCo2- From these oscillations
the nuclear electric quadrupole interaction (EQ1) has been studied
as a function of temperature in the range 4K-297K. The value
measured at 4K, v« = 672 ± 3 kHz, is the largest so far reported
for the cobalt EQI in the RC02 intermetallics. The EQI decreases
with increasing temperature, reaching 402 ± 5 kHz at 297K.
The amplitude of the oscillations tend to decrease with
temperature, being also dependent on the easy direction of
magnetisation of the compound. Thus, above about 220K, as the
direction of magnetisation changes, large oscillations are again
visible in the satellite line. The main line shows no oscillations.
The quadrupole interaction has also been studied in the
GdCo2 compounds in a range of cobalt concentrations near the ideal
ratio 2:1.

I
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THE EFFECT OF EAHDOM DISTRIBUTION OF Gd AND RE /Tb,Dy,Ho,i;r,Y/
IONS ON THE INTENSITY OF ESR LINES IN G d ^ ^ E ^ l g COMPOUNDS.

J. Jarosz, A.Cheikowski
Instytut Fizyki, Uniwersytet Slqski,Katowice

In the paper there is reported investigation of the ESR re-*eonance lines intensities in the paramagnetic region of the
Gd1

RE^Alg intermetallic pseudobinary compounds. The fully sy-

metrical resonance lines, proportional to the absorption part of
the complex magnetic susceptibility were recorded.
In all of the investigated -series /with the exception of
Gd.. Y Alp with the nonmagnetic ytterium / the decreasing of the
resonance lines intensities falling to the one Gd ion against
concnetration x of RE ions was ascertained. It was assumed that
the observed decreasing is connected with the decreasing number
of Gd ions giving contribution to the observed lines, which may
be caused by the rapid relaxation of the part of Gd io'ns to the
lattice through the RE Ions with I £ 0. The numerical symulation
of the random distribution of Gd and RE ions in the crystalline
lattice confirmed this assumption In the qualitative way. The
character of the resonance lines Intensities decreasing for different RE ions introduced to the GdAl2 and absence of such a decreasing in the case of nonmagnetic Y ions suggests that such a
rapid relaxation may be caused by the anisotropic exchange
interaction.
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239PuD NEUTROK POKDEK DIFFRACTION STUDY
x
K. BARTSCHER1, A. BOEUF2, R. CACIUFFO3, J.M. FOURKIER^, L. MANES1,
J. REBIZANT1, F. RUSTICHELLI3, J.M.
T
1. Commission of European Communities, J.3.C. Karlruhe, F.R.G.
2. Commission of European Communities, J.R.C. Ispra, Italy and
Institut Laue-Langevin, Grenoble, France.
3. liniversita di Ancona, Italy.
4. Centre d'Etudes Nucleaires de Grenoble and Universite de
Grenoble, France.
A neutron powder diffraction study has been carried out on
several deuterides of plutonium PuD x (x « 0.25 ; x * 0.33 ; x * 0.65)
to determine the positions of the deuterium atoms in the host metal
f.c.c. lattice.
^39
To overcome the high absorption of
Pu, the experiments were done
at I.L.L., Grenoble, on the high flux neutron spectrometer D2, using
a special geometry of the samples.
It has been found that vacancies occur in the tetrahedral sites.
Moreover, deuterium in the octahedral sites are randomly displaced along
<111> directions. However, no long range order is detected within the
experimental accuracy.
At low temperature, ferromagnetic ordering occurs below about 60 K
[i]. He measured an ordered moment JJO M).8 |h, much larger than the
reported saturation moment ug *v>0.3 iijj [2]. The shape of the form factor
as well as the ordered moment value point toward a trivalent Pu state
with a 5f5 configuration.

Ref. 1. A.T. Aldred, G. Cinader, D.J. Lam and L.W. Weber,
Phys. Rev. B 19,300 (1979).
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MAGNETIC EXCITATIONS IN RARE EARTH COMPOUNDS : CeSb AND CeBi
J. Rossat-Mignod, J.M. Effantin.
DRF/DN, Centre d 1 Etudes Nucleaires 85 X, 38041 Grenoble France
C. Vettier, Institut Laue Langevin, 156 X, 38042 Grenoble ,France.
0. Vogt, E.T.H. CH 8098 Zurich, Switzerland
In CeSb and CeBi the hybridization of f-electron with band electrons gives rise to a highly anisotropic behaviour : the great
variety of magnetic structures of these compounds results from
a strong ferromagnetic coupling within (001) planes and a weak
inter-planar coupling 1.1].
Using neutron inelastic scattering the excitation spectrum of
CeBi in the type I antiferromagnetic phase, and of CeSb in tlrs
type IA modulated phase was measured. The excitations with wavevector perpendicular to the ferromagnetic (001) planes were
found dispersionless in both compounds (in agreement with the
weak inter-planar coupling) ; whereas for a wave vector within
the (OO1) plane the dispersion curve displays an energy minimum
at the zone boundary [2].
The excitation spectrum was calculated in the randon-phase
approximation for a two level scheme assuming an effective
interaction of anisotropic exchange type. The effective exchange
parameters derived from inelastic measurements are compared with
those obtained from the analysis of the magnetic phase diagram
and with the theoretical predictions of the Cogblin-Schrieffer
interaction model of Cooper et al. [ 3 ] and of the p-f mixing
model of Kasuya et al. [4i .
til J. Rossat-Mignod et al., J. Mag, Mag. Mat., 31-34, 398-404
(1983)
[2] J. Rossat-Mignod et al. , Physica 12O B, 163-166 (1983)
J.M. Effantin et al. ILL Report (1983)
[3] P. Thayamballi et al. Phys. Rev. B (to be published)
[4] T. Kasuya et al. Proc. Zürich Conference on Valence
Instability (1982)
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MÖSSBAUER STUDIES OP TETRAGONAL DyCo^i

and DyCu'Ji*

J. Chappert1 " . L. Asch1 J' . M. Böge' 1 ' . 3. Gal'*' . E.A. Gorlich1 •' und
G.M. Kalvius 13 '
(JJ CEN-DRF-LIH, 85X, F-3804S Grenoble Gectex. France
(2) Physik-Department. Technical University Munich, D-8046 Garching, FRG
(3) Nuclear Research Center-Negev, POB 9001, Beer Sheva. Israel
(4J Institute of Physics, Jagellonian University, Qracov. Poland
Rare Earth intermetallics of the ThCrsSij structure have stirred much
interest in recent years on account of their unusual magnetic and transport
properties. Furthermore, these materials can also be formed with the light
actinides.
Our Mössbauer studies on DyCoj Si» and DyCi* 3i2 are concerned with the
influence of crystal field on the magnetic hyperfine field (and thus the
4f~electron structure) and with the relaxation of the localized 4f-magnetic
moment on the D y " -ions. Both materials exhibit magnetic order.'Neutron
diffraction /I/ showed DyCo,Si, to be a type I antiferromagnet with T«=21K
and DyCifcSii to possess a more complex antiferromagnetic structure with
TM=11K. The Mossbwer data on the two materials reveal the existence of
intermediate spin relaxation in both, the magnetic ordered and paramagnetic
phases. In fact, in neither compound can the magnetic transition point be
picked up by Hössbauer Spectroscopy.
DyCojSi2 shows a single site magnetic spectrum. Its unusual feature is
that the saturation hyperfine field (and the quadrupole coupling) slowly
decrease with rising temperature. This reflects an alteration of the
electronic ground state when the material warms. A possible cause could be a
change' in c/a ratio.
DyCujSii shows much more complex hyperfine spectra. At 4.2K at least
two different species of Dy3* -ions can be recognized. Upon warming, these two
species show quite different spin relaxation properties. The Dy1 * -ions with
the larger magnetic hyperfine field relax considerably slower than these with
the smaller field.
Reference:
/I/ H. Pinto et al., Phys. Rev. £27, 1861 (1983)
Work supported in part by the Bundesministerium für Forschung und
Technologie
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THE IRON MAGNETIC MOMENTS OP THE HEAVY RARE
EARTH - IRON INTERMETALIIC COMPOUNDS
J. PszczoJa and K. Krop
Solid State Physios Department IM, AGH,
Al. Mickiewicza 30, 30-059 Krakow, Poland

SUMMARY
The experimentally obtained iron magnetic
moments of the heavy rare e^rth - iron intennetalllc compounds are reduced as compared with the
iron elemental values. The increase of the rare
earth content in the compound causes a decrease
of the observed iron magnetic moment„ The aim of
thi3 paper is to explain this effect. The intermetallics are formally treated as three sublattice
ferrimagnets (4f>? [5d]t (3d}v with the 4f-5d ferromagnetic coupling and with the 5dh3d antiferromagnetic coupling. It is assumed that mainly the
magnetically polarized 5d electrons decrease the
elemental iron magnetic moment to the experimentally observed values. The experimental and
theoretical values are in good agreement.

J
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D 01
GROUND STATE PROPERTIES OF KONDO LATTICE SYSTEMS
F. Steglich, Institut für Festkörperphysik, Technische Hochschule Darmstadt, and SFB 65, D-6100 Darmstadt, FRG
Certain intermetallics of nearly trivalent Cerium behave
•as Kondo lattice systems. They provide several exotic ground
state properties, like magnetic ordering between reduced mo- .
merits as in CeAl2# enhanced Fermi liquid effects as in CeAl3
and heavy ferntion superconductivity as in CeCu2Si2* The present status of these exemplary systems will be reviewed on the
basis of recent results of thermodynamic, transport and neutron
scattering measurements.

I

D 02
ACTINIDES: FROM HEAVY FERMIONS TO PLUTONIUM METALLURGY
James L. Smith, MST-5, Zachary Fisk, MST-5, Siegfried S. Hecker,
MST-DO
Los Alamos National Laboratory, New Mexoco 87545
The actinide elements mark the emergence of 5f electrons.
The f electrons possess sufficiently unusual characteristics that
their participation in atomic binding often result in dramatic
changes in properties- This provides an excellent opportunity to
study the question of localization vs. delocalization of electrons; a question that is paramount in predicting the physical
and chemical properties of d and f electron transition metals.
The transition region between localized (magnetic) and itinerant
(often superconducting) behaviour provides for many interesting
phenomena such as structural instabilities (polymorphism), spin
fluctuations, mixed valances, charge density waves, exceptional
catalytic activity and hydrogen storage. The electrons in this
transition region are highly correlated and many of the conven• tional assumptions of electronic behaviour in solids break down.
This region offers most interesting behaviour such as that exhibited by the actinide compounds UBe», a n ^ UPt,. We have demonstrated that both compounds are "heavy-Fermion superconductors" in
which both magnetic and superconducting behaviour exist in the
same electrons. It is possible that the superconductivity is pwave (triplet pairing) in both of these compounds.
In the early actinide elements the f electrons appear somewhat delocalized and sufficiently extended in space1 to hybridize
with bandlike electrons. This behaviour is manifested by structural instabilities in U, Np and Pu, low symmetry crystal structures, and anomalously low melting points. Beyond plutonium the
f electrons become more localized and normal, metallic behaviour
resumes. The consequences of f electrons bonding (which appears
greatest at Pu) on the properties of the early actinides are dramatic. Phase stability, alloying behaviour, phase transformations
and mechanical behaviour all show the unusual influence of f
electrons in atomic bonding.
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D 03
SUPERCONDUCTING URANIUM COMPOUNDS
Z. Fisk, Los Alamos National Laboratory
Superconductivity is observed in uranium with specific heat
s varying over the range 35 to 1100 mJ/mole U-K . We examine
the systeMiatics of the occurence of these superconductors and
compare with the analogous cerium system. Finally, we discuss
experiments bearing on the possibility of novel pairing and
novel interactions in the superconductivity of uranium compounds.

D 04
GROUND STATE PROPERTIES OF HEAVY ELECTRONS IN U-INTERMETALLICS
H.R. Ott, Laboratorium für Festkörperphysik, ETH-Hönggerberg,
8O93 Zürich, Switzerland
"
First indications for anomalous low-temperature electronic
properties in a metallic state which is characterized by very
heavy electrons were obtained from studies of low-temperature
physical properties of Ce compounds. ' More investigations
established analogous features in U intermetallic compounds, -j
starting with the discovery of bulk superconductivity of UBe 1 3
whose low-temperature normal state is dominated by a large and
strongly temperature-denpendent electronic specific heat. In many
respets this state resembles that of a Fermi liquid which, amazingly, but just as in the relevant Ce compounds, seems to develop out of a high-temperature behavior which rather tends towards localization. This suggests to consider analogies to liquid He both in its normal and superfluid state and to investigate possible other ground states of such systems. Experimental
results obtained in studies of various uranium intermetallics
give support for these ideas by observation of superconductivity
or magnetic order involving heavy electrons.
1. K. Andres, J.E. Graebnes, H.R. Ott, Phys. Rev. Lett. 35,
1779 (1975)
2. T. Steglich, J. Aarts, C D . Bredl, W. Lieke, D. Meschede,
I.J. Tauz, H. Schafer, Phys. Rev. Lett. ^ 3 , 1892 (1979)
3. H.R. Ott, H. Rudigier, Z. Fisk, J.L. Smith, Phys. Rev. Lett.
50, 1595 (1983)
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MAGNETIC PHASE TRANSITIONS OF BOND AND SITE DISORDERED
Eu-CHALCOGENIDES
K.Westerholt, Institut für Experimentalphysik IV,
Ruhr-Universität Bochum,D463O Bochum,West Germany
We report on magnetic properties of mixed Heisenberg
magnets EuS Se,.,,, Eu Sr, Se and Eu Sr.. S Se1 . The system
EuS Se<
has pure magnetic bond disorder , replacing part
of the magnetic Eu by the diamagnetic Sr site disorder is introduced. The influence of these two different types of disorder
on the magnetic phase transitions is studied by measurements
of the specific heat, ac-susceptibility and magnetization.
Magnetic bond disorder affects the first order phase transitions on the antiferromagnetic side of EuS Se.j
leading to
smeared antiferromagnetic transition here. It has no influence
on the critical behaviour of the ferromagnetic second order
phase transitions.
Close to the bicritical point of the ferromagnetic and
the antiferromagnetic phase the atomic short range order has
an important influence on the type of magnetic order. Magnetic
double transitions, very spectacular antiferromagnetic orderferromagnetic disorder transitions and spin glass properties
can be observed dependent on the annealing temperature and
the preparation method.
Random site disorder strongly influences all magnetic
phase transitions and destroys long range order at a critical concentration x c < The critical concentration is close
to 1 near the bicritical point. The critical exponents
of the ferromagnetic phase-transitions depend on the degree
of site disorder, close to x c 0t~-1 and "JJÄ2 is obseved
for the exponents of the specific heat and the susceptibility respectively. For concentrations x < x c a spin glass
phase with a magnetic short range order reminescent of the
long range order on the other side of x exists.

1

D 06
MÖSSBAUER SPECTROSCOPY OF ACTINIDE INTERMETALLICS
G.M.Kalvius
Physik Department, Technische Universität Hünchen
D-8046 Garching, Federal Republic Germany
The wide radial extent of the 5f-electrons in the light
actinides makes possible their overlap with outer s-,p-,d-,or
f-orbitals of neighboring atoms allowing the formation of
5f-bands of quite different width and often strong hybridization
in the elemental metals and actinide intermetallic compounds.
This in turn leads to a wide spectrum of magnetic properties in
such materials ranging from diamagnetism through itinerant
electron magnetism to rare earth like localized magnetism.
Mössbauer spectroscopy, mainly on neptunium compounds, and to a
lesser extend on uranium and americium compounds has been used
extensively to study their 5f-electron structure, in particular
with respect to the above mentioned magnetic properties.
The simple metals up to americium are non-magnetic indicating the presence of wide 5f-bands. Measurements on dilute
impurities of Np in various actinide metals show that local
moment formation begins with Np. Compounds having the NaCl
structure like the mono-pnictides and -chalcogenides exhibit
more localized magnetism and consequently fairly large hyperfine
fields. A comparison with neutron diffraction data gives insight
into the formation of narrow bands.- In NpSm we find itinerant
electron magnetism and a small hyperfine field corresponding to
a moment of only 0.3/ii. A most interesting system is formed by
the cubic Laves phases NpX?, since they cover the range from
itinerant electron magnetism to fairly localized behavior.
Mössbauer measurements und,er applied high pressure demonstrate
that the lattice parameter is the crucial quantity controlling
the amount of 5f-delocalization. In addition the shape of the
Mössbauer pattern indicates that the delocalization process is
intimately coupled to spin and charge dynamics.
Recently the tetragonal systems of the ThCr*Sij structure
have stirred much interest in both the rare-earths and the
actinides. Mössbauer data, also under high pressure, will be
discussed with respect to magnetic properties. Other tetragonal
intermetallics like NpCu*Ali exhibit unusually slow
paramagnetic relaxation and seem not to order magnetically.
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GOREMYCHKIN E.A.
GORLICH E.A.
GOTO T.

Nr.
CP41
A01
CP03
C02
CP30
CP15
C05
BP34
BP35
CP32
CP39
CP40
CP41
CP54
CP44
CP38
AP47
CP31
BP50
AP34
CP20
B06
AP14
BP21
AP07
AP35
BP09
CP27
CP27
C02
AP48
CP54
CP22

AUTHOR

Nr.

AUTHOR

Nr.

GRATZ E.

A07

HODGES A.E.

CP17

GRATZ E.

AP11

HOLLAND-MORITZ E.

AP29

GRATZ E.

BP46

HOLLAND-MORITZ E.

CP37

GRATZ E.

CP35

HORVATH

AP30

GREENOUGH R.D.,

AP15

HREBIK J.

BP47

GROESSINGER R.

BP25

HUANG M.Q.

BP29

GROESSINGER R.

AP46

HULLIGER F.

CP04

GSCHNEIDNER K.A.

A03

HULLIGER F.

CPU

GUBBENS P.CM.

BP01

HULLINGER F.

CP29

GUBBENS P.CM.

BP03

HURAY P.G.

BP10

GUIMARAES A.P.

CP50

IANDELLI A.

CP09

GYORFFY B.L.

AP44

IKEDA K.

A03

HAELG B.

CP32

ILIEWN.

AP14

HAELG W.

CP29

ILIEW N.

BP19

HAEN P.

AP13

ILIEW N.

BP20

HAGAN C.

BP37

ILORET B.,

AP13

HAIRE R.G.

BP10

ITO T.

AP16

HARTMANN 0.

C07

JAROSZ J.

CP51

HARTMANN O.,

AP37

JEANDEY C.

CP43

HASCHKE J.M.

CP17

JOHANSSON B.

AP03

HAVELA L.

BP47

JOHANSSON B.

AP41

HECKER S.S.

D02

JONES D.W.

AP15

HEERA V.

AP10

KAKOL Z.

BP26

HEIDEL A.

CP14

HEIMANN J.

BP12

KAKOL Z.

BP27

HENKIE Z.

CP28

KALVIUS

CP44

KALVIUS G.M.

D06

KALVIUS G.M.

CP40

KALVIUS G.M.

AP37

KALVIUS G.M.

CP54

HIEBL K.

AP30

HILSCHER G.

BP25

C

HILSCHER G.

BP21

HILSCHER G.

CP08

HILSCHER G.,

B08

KALVIUS G.M.

CP41

HINKERS H.

CP02

KALVIUS G.M.,

C07

HIRDSAWA S.,

BP29

KAMIGAKI K.

BP06

KÄNEKO T.

BP06

AUTHOR
KAPPLER J.P.

BP44

Nr.

AUTHOR

Nr.

KROP K.

CP55

KAPPLER J.P.

AP24

KROP K.

CP45

KAPPLER J.P.

BP39

KROP K.

BP42

KAPPLER J.P.,

BP40

KROP K.

CP49

KAPUSTA CZ.

BP46

KROP K.

CP46

KARAS W.

AP40

KROP K.

BP27

KARLSSON E.

AP37

KUCHARSKI Z.

CP45

KARLSSON E.

C07

KURIHARA K.

BP18

KASAYA M.

CP22

KURIHARA K.

BP28

KASUYA T.

CP22

LAM D.J.

CP24

KELLER J.

AP38

LATKA K.

KIRCHMAYR H.

AP42

LATROUS H.

BP09
BP04

KIRCHMAYR H.

AP46

LEAL C.E.

CP47

KIRCHMAYR H.
KLETOWSKI Z.

BP25

CP35

AP14

LEBECH B.
LECIEJEWICZ J.

CP34

KMIEC R.

BP09

LECIEJEWICZ J.

CP33

KNAPP G.S.

CP21

LEGVOLD S.

AP16

KOEBLER U.

AP29

LEMAIRE R.

BP31

KOELLING D.D.

AP31

LEMAIRE R.

CP31

KOELLING D.D.

CP03

LESON A.

AP02

KOELLING D.D.

CP01

LI H.S.

BP50

KOELLING D.D.

AP26

LIENARD A.

AP34

KOLODZIEJCZYK A.

C10

LINDAU I.

CP09

KOLODZIEJCZYK A.

BP27

LITTERST F.J.

CP41

KOSIEWICZ S.T.,
KOSIOROWSKA J.

CP17

LITTERST J.

AP37

BP07

LOEWENHAUPT M.

B04

KOVftLEWSKI L.

BP08

LOEWENHAUFT M.

CP30

KOWALSKI K.

LOPES L.C.

C08

KRATZER A.

AP18
CP44

LUKASIAK M.

CP45

KRAUSE W.

AP12

MACKINTOSH A.R.

B07

KREXNERG.

AP25

KREXNER G.,

CP08

MACKOWIAK W.
MADGE H.

AP33
BP20

KROP K.

BP17

MADGE H.

BP19

AUTHOR
MAKSYMOWICZ L.J.

AP33

AUTHOR
McMASTERS O.D.

MANES L.

CP52

NAEGELE J.R.

MCEWEN K.A.

BP14

NAGAMINE K.,

MCEWEN K.A.

BP15

NAVE S.E.

AP37
BP10

MCEWEN K.A.

BP16

NGUYEN NGOC THUAN.

C08

Nr.

Nr.
A03
C04

MEISNER G.P.

AP19

NIEVA G.

BP44

MENDIA-MONTERROSO R.,

CP31

NISHIYAMA K.

AP37

MERTIG I.

AP09

NOEL H.

AP36

MERZ H.

CP02

NOGAMI J.,

CP09

MEYER A.

AP24

NORMAN M.R.

CP03

MEYER A.,

BP44

NOVOTNY H.

A07

MEYER A.,

BP39

NOWIK I.

CP42

M O W P.
MONTENEGRO J.D.

AP04
AP17

NOWOTNY H.

BPH

OBENHUBER T.

CP44

MOORE J.R.

BP10

OBITSCH P.

BP25

MOREAU J.M.

BP50

OBUSZKO Z.

AP18

MOREAU J.M.

CP31

ODDOU J.L.

CP43

MOREIRA J.M.

AP15

ODDOU J.L.,

CP15

MOREIRA J.M.

AP16

OESTREICH V.

CP48

MOREIRA J.M.

AP17

OESTREICH V.,

CP43

MORI N.

BP18

OHTSUKA S.

BP18

MORI N.

BP28

OHTSU<A S.

BP28

MORIN P.

OLCESE G.L.

CP09

MOSER J.

CP25
CP44

OSTERMAN D.

CP25

MOSER M.

C09

OSTERWALDER J.

CP16

MOZE 0.

BP32

OSTRASZ A.

AP01

MUEHLE E.

AP48

OSWALD E.

BP29

MUELLER F.M.

AP26

OTT H.R.

D04

MUELLER H.

AP42

OTT H.R.

AP21

MULLER W.

B02

OUDET X.

BP38

MURANI A.P.

AP32

OULADDIAF B.

BP31

MYDLARZ T.

CP26

PALENZONA A.

CP09

MYDLARZ T.

BP05

PALMER S.B.

AP15

AUTHOR

Nr.

AUTHOR

Nr.

PALMER S.B.,

AP16

RIEDI P.C.

PAWLAK L.
PIERRE J.

CP26
BP39

RISEBOROUGH P.S.

CP05

ROGL P.

AP30

PIERRE J.

CP38

ROLKE U.

CP02

PINTSCHOVIUS L.

AP25

ROMFNOVA M.V.,

CP27

POKRZYWNICKI S..

CP26

ROSSAT-MIGNOD J.

B02

POP I.

BP45

ROSSAT-MIGNOD J.

CP53

POP I.

BP37

ROZENFELD b.

AP01

POTT R.

RUDIGIER H.

AP21

POTT R.

BP19
BP20

RUSTICHELLI F.

CP52

POTZEL U.

CP44

SAEZ-PUaiE R.

CP20

POTZEL W.

CP44

BP36

POTZEL W.

CP40

SARKISSISN B.V.B.
SARKISSIAN B.V.B.

CP36

POTZEL W.

CP41

SASSIK H.

BP25

PSCZOLA J.

CP46
CP55

SAUER CH.
SCHAEEER W.

AP22

PSZCZOLA J.
PSZCZOLA J.

CP45

SCHAEFER W.

BP41

PSZCZOLA J.

CP49

SCHAEFFER H.

CP10

PSZCZOLA J.

BP17

SCHELF W.

AP02

PTASIEWICZ-BAK H.

CP33

SCHLABITZ W.

AP12

QUEZEL S.

B02

SCHLAPBACH L.

CP16

RADWANSKI R.J.

BP33

SCHMIDT H.

BP09

RADWANSKI R.J.

BP42

SCHMIDT H.

CP48

RAINFORD B.D.

CP36

SCHMIDT H.

CP43

REBIZAN J.

B02

SCHMITT D.

CP25

REBIZANT J.

CP52

SCHMITZER C.

BP21

REBIZANT J.,

BP48

SCHNEIDER W.D.

CPU

REIHL B.

C03

SCHNIEDER J.

CP02

REIHL B.

SCHOENES J.

CP06

REIM W.

CP01
CP04

SCHOENES J.

CP04

REISSNER M.

BP41

SCHWAB E.

BP29

REISSNER M.

BP40

SCHWARZ K.

AP04

RHYNE J.J.

B06

SCHWEIZER J.

B03

A05

CP13

AUTHOR
SCHWEIZER J.
SCHWEIZER J.
SCHWEIZER J.
SECHOVSKY V.
SECHOVSKY V.
SEIFERT G.
SENDOREK D.
SERft, M.
SERENI J.
SERENI J.G.
SERGEEVA V.M.
SHIMOTOMAI M.
SHIMOTOMAI M.
SIAUD E.
SIENKO M.J.
SIMA V.
SKOLOZDRA R.V.
SKRIVER H.L.
SLASKI M
SMETANA Z.
SMIRNOV I.
SMITH J.L.
SMITH J.L.
SOUSA J.B.
SOUSA J.B.
SOUSA J.B.
SPIRLET J.C.
SPIRLET J.C.
SPIRLET J.C.
SPRONKEN G.
STALINSKI B.
STALINSKI.
STALINSKI.

Nr.
CP13
AP34
CP31
BP47
B08
AP10
AP33
AP13
BP39
BP44
CP27
BP35
BP34
BP39
AP30
CP35
AP08
AP09
CP33
CP35
CP27
D02
CP17
AP15
AP16
AP17
BP48
B02
CP44
AP23
AP14
BP19
BP20

AUTHOR
STANLEY H.
STANLEY H.
STANLEY H.
STANLEY H.B.
STEGLICH F.
STEINER W.
STEINER W.
STERNBERK J.
STIERMAN R.J.
STILLER R.
STIRLING W.G.
STOBI2CKI T.
STRANGE P.
STRANGE P.
STRNAT R.,
SUN X.
SUSKI W.
SUSKI W.
SUWALSKI J.
SUWALSKI J.,
SZADE J.
SZEWCZYK A.
SZPUNAR B.
SZYMCZAK R.
SZYTÜLA A.,
TAKEGAHARA K.
TALIK E.
TASSET F.
THAYAMBALLI P.
THEROND P.G.
THOLENCE J.L.
THOMPSON J.D.
TOMALA K.

Nr.
BP32
BP15
BP16
CP36
D01
BP40
BP41
BP47
A03
CP02
BP16
AP18
AP45
AP44
BP25
AP46
A02
BP05
CP46
CP45
BP12
CP28
AP05
CP28
CP33
CP22
BP12
BP50
C06
BP49
BP36
AP19
BP09

r

' &

AUTHOR
TROPER A.
TSANG T.W.,
TUREK K.
UKAI T.
UKAI T.
VAN DER KRAAN A.M.
VAN DER KRAAN A.M.
VEDERNIKOV M.V.
VIGNERON F.
VOGT 0.
VOGT O.
VOGT O.
VOGT 0.
VOGT 0.,
VULLIBT P.
WÄCHTER P.
WAEPPLING R.
WALLACE W.E.
WALTER U.
WAPPLING R.
WARD J.W.
WARD J.W.
WARD J.W.
WEINBERGER P.
WEINZIERL P.
WELLER D.
WESCHENFELDER D.
WESTERTOLT K.
WIESINGER G.
WIESINGER G.
WILLG.
WILLIAMSON S.J.
WILLIS J.O.

Nr.
CP47
A03
BP27
BP28
BP18
BP01
BP03
AP20
BP22

B09
CP32
AP21
BP48
B02
CP15
C09
AP37
BP29
CP37
C07
AP39
CP17
CP52
C02
CP08
CP07
CP48
D05
BP23
BP25
BP41
CP25
CP17

AUTHOR
WINIARSKI A.
WNETRZAK G.
W0JAK0W3KY A.
WOJCIEaiOWSKI R.
WORTMANN G.
WUILLOUD E.

Nr.

ZELLER R.
ZENTKO A.
ZHUKOVA T.B.

CP19
BP13
BP49
BP08
CP18
CPU
CP44
C07
AP43
CP09
BP42
BPH
CP44
AP06
BP47
CP27

ZIESCHE P.
ZIESCHE P.
ZINN W.
ZUBEREK R..
ZUKROWSKI J.
ZUKROWSKI J.
ZUKROWSKI J.
ZUKROWSKI J.
ZYGMUNT A.

AP10
AP09
AP22
AP33
CP49
CP45
CP18
CP46
CP34

WUNSCH M.
YAOUANC A.
YAZDANI A.
YEH J.J
ZACH R.
ZAJAC S.
ZANKERT J.

i
b

i

Dimension
• ._ .

Sicherheit

r

Sehen Sie den Computer einmal so:
Er hilft Ihnen bei der Arbeit von
heute, damit Sie den Kopf frei haben, für
die Aufgaben von morgen.
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