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X—-Ray Diffraction, Electron Densities and
Chemical Bonding

W.H.E.Bchwarz, L.Mensching, K.Ruedenberg and L.Miller
(Theoretical Chemtstry Broups, University of Siegen, Garamany, and lowa
State University, Ases, USA)

Molecular slectron densities srs often sxamined in the form of diffe-
rence densities (DDs). Conventionally they are defined with respect to
thae superimposed dansities of the spherically asveraged atoss. These
DDs are denoted here as Total Difference Densities (TDDw). Theay are
particularly useful for the discussion of the electrostatic +fields
created by wmolecules in the space sround thes. However, only atoss
with spatially nondegenerate ground states are of necessity spherical-
; ly symmstric. Most atoas with open p and d shells are not, and conse-
Quantly their TDDs are often doainated by gquadrupolar density distri-
butions which ars the result ef the prientation of the undeformed
: otomic groundstates. These orientational sffects can be quite large
and hide the getuine atesic deformations that are sssociated with sole-
ctule forsation. Because of tha superposition of tha atomic orismtation
and cheaical deforsation effects, it is intrinsically difficult to com—
pare TDDs of differsnt systems, and the term “deformation densities"
for thes seess unfortunate.

As a more appropriate quantity for the
slucidagion of .the .natwre of chemical Charge —

. Ghesical Deferastien Dansi- 4
v toow) in & Defictt—A——

: ty (CoD) t» detined here with respect to

é the  referance density ef a promeleculs f H+6
; whose wnpeciurhed atoms, in aeddition to

being pepitioned st their correct places Bond
in the dolecule, &¥lwe have their muliti- charm
poles appropriately griented. This proce-

dure is alao a natural one from an infor-

mation theoratical point of view. The L(ne
approach in spplied te theorstical dansi-  Pail
ties to a series of small molecules and

to sxperisental x-ray scattering data of

a series of organic molecular crystals.

H

The eigenvalues af the orientation tensors are comparad with theoreti-
cal Mulltken populationa. The COUs offer a coherent picture of bond
and lone pair density deformations. In particular fluorine, orxygen and
nitogen compounds do no lonQer axhibit exceptional features.




8 P1.2

The effects of hybridization, charge transfer and
constructive interference on the electron
deformation density maps of the first-row hydrides

Arthur A. Low and Michael B. Hall
Abdstract

Standard deformation density maps, molecular density minus
the sum of the sphcrlcal atom deasities, may show some’ festures
conmmwhﬂhcxpectedhycheaﬂulhmiﬁon mum»w

-cﬂmofhybﬂdiuﬁmandcwmsfnnﬂlmnmwiﬂm
mask the effects of constructive m«m. of atomic orbitals.
Changiag the choice of promolecjle to ‘the sum of valencem‘
bybrid atoms partitions the effects of hybridization odt eof -the
_standard deformation demsity maps. Another ehoice of peomelotals,
nmclytenmotmdendﬁu.fbﬁglyocupied GVS puiy
orbitals, subtracted from the total GVB moloculer Jensity. m&uc«
deformation density maps which partiions out the effecs of ohrgo
transfer. This produces deformation density maps which only show
the offects of constructive interference. These deformation demity
maps and various difference demsity maps of the first-row hydrides,
AH; (A = Li-F, x=l1-4) are computed in order to observe the effects of
hybridization, charge transfer and constructive interference on their

deformation density maps.
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P1.3

Polarisation effects in Mg(water)6(hydrogenmaleate)2
L. Vanhouteghem, A.T.H. Lenstra and H.J. Geise

U.l. Antwerpen, Dept. Chemistry,

Universiteitsplein 1,2610 wilrijk (Belgium)

An electron density study of the title compound was carried

out using low temperature (100K} X-ray and neutron data. A
1 nearly symmeric deformation density was observed in the hy-
» drogen maleate moiety, even though the moiety has no crys-

tallographically imposed symmetry. This observation points
4 towards a large internal consistency in the data. With the
Mg-ion at an inversion center, the metal coordination oon-
tains three independent water molecules. Only ene shows a
deformation density tible to ths distortion expectad
from an ‘sb-initio’model (fig.1.). The distortion cbserved
in the N20 bisecting plane of the two other water molecules
has no parallel in theoretical model (£ig.2.), and is
believed to Ba connected to the slectrostatic tial crea-
tad by the M0 neighbours. Mence, we calcula s defotwmation
potential from the difference betwesn the multipole and mn
independent atom model, leavinig cut the weter eculd
investigation. For the ’normal’ H20 we find a nearly constant
] deformation potential (£ig.3.), wvhereas the maps for the
‘ ‘ancmalous’ K20 sntities mch larger variations(fig.d.).
é‘ The observed polarisation follows an electronic redistribution

Y ~ aleng en equipotential plane.

AN o e v e«

figure 1.

C

figure 3.
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Transferability of locslized charge distributions

Harry Bruning and Dirk Fe{l

Chenical Physics Laboratory . Twente University
PB 217, TS00AE Enschede, the Netk¥rlands.

The calculation of the ~ioloétrocfatic interaction in molecular
complexes requires knowledge of the charge distribution in the

‘monomers. Only for small molecules this knowledge can be obtained

by quantumchemical calculation. The present study shows how the
electron density distribution in orown sther molecules can be
obtained Dy addition of fragment densities, derived from
Hartree-Fogk-Slater calculations on H,0, CH,OH, CH,OCH,. The
constructed density is compared with the electron density
distribution 4n 1@-crown-6. Transferability is seen to
apply to polarisation by ionic guests as well.




P1.5

Electron Density in the Alkali Halide Crystals *

G.Bdbel, P.Cortona a., P.G.Fumi
Dipartimento di Fisica, Universitd di Genova and CISM/MPI -
GNSM/CNR, Unitd di Genova (Italy)

8tructure factors at room temperaturs are computed for
LiF, NaF, NaCl and XCl by means of theoretical ionic form
factors and theoretical chyc—nlli’r factors. The values
obtained are compared with the best available experimental
data. Yor LiP and KCl - for which good experimental data are
avajlable - we find excellent agreement, whils loi ¥aCl snd
NaP the discrepancies that we find can be rather n‘eurally
attributed to deficiencies of the experimental data. We
conclude that there is no apparent need to question the
validity of the DW theory as recently proposed in the
literatcure.

»

Supported in part by a grant from the Italian Research
Council under the French-Italian Scientific Collaboration
Aqgreament. ’

11
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12 P1.6

Electronic density study of hexacarbaonyl -} -di-t-butylacelylene
-di-iron : a joint experimental and theoretical study.

by F.Baert and A.tLaamyen UFR de physique Bat. PS5

USTL 59655 Villeneuve d’'Ascq France.

R.Wiest and M.Benard lab. de chimie quantique Institut Le Bel
Unlversité L. Pasteur F67000 Strasbourg France.

An experimental electronic density and a theoretical
analysizs of the title compound have been undertaken.

The deformation dénsity calculated with x-xao formallss
at 8 resolution of 0.9%0 K‘l ()18 (1)) shows four peaks around
the Fe atoms. Multipole refinesents with different models
have been done using the Stewart modified by Hansen & Coppens
formalism. The best results are obilained with the 4-’ incorporated
the core and the 30‘ represented by the monopole 1. There {2 good
agresasnt between the model dynasic seps and the experimental
ones. The d orbital occupancles have been calculated from the
aultipole paraneters.

Interpretation of the oxporluoht-l and theorsticsl results
shows that the forsal double motal-metal bond postulated for
Poz(co).(nczu) does not involve any direct coupling between
the metal d slectrons. The metal-setal lateractions are effective
through back-donation processes involving either the semi-
dridging carbonyl or the acetylenic group.

Thase results ars comspared to thoss of the Coz(co)6
((CII,),C2 cospound which has two sore electrons.

'3
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P1.7

E.N. Maslen & N. Spadaccini
Crystallography Centre, University of WA, Nedlands 6009 West Australia

Medium Range Atomic Overlap in Perovskite Structures

Ap maps for the transition metal KMF3 perovskites have been studied extensively (Kijima
et al, 1981; 1983; Miyata et al, 1983; Spadaccini, 1988). The divalent metal M is
octahed-ally coordinated to F atoms, with eight second nearest neighbour K atoms
located on the <111> vectors. Ap along the M-F bonds is increasingly depleted from the
Mn to the Ni structure, as expected for an exchange term. The density along the M-K
vectors is correspondingly enhanced. The Ap map for KMnF3 is shown in Fig. 1.

There Is a structural cavity midway between and 2A from the K atoms, which is 2A and
2.8A from the F and M atoms respectively. Ap at that location is .6eA-3 for KMnF3,
progressively decreasing to a hollow of -.8eA*3 in the Ni structure. This cannot result from
random error and is unlikely to arise from related systematic errors in four separate
experiments. Though too far from the atomic sites to be attributed to known chemical
effacts, the changes through the series are highly correlated with other significant
features. Ap values at the F atom, in the metal gy orbital and the density in the metal 75
orbital projected onto the MF4 plane, are plotted against cell dimension for the series in
Fig. 2. The variation with cell size is inear. This is not surprising for Ap near the atomic
sites, since the overlap between the metal atom and the F ligands must vary in a regufar
manner. However Ap at the structural cavity shows the same finear variation. Because
the feature Is far from the nuclei, at a site of low electrostatic potential, this has significant
implications for the related series high Te LnBazCu3O7 superconductors.

Feoture

Difference density (eA3)

U —
LI TRY TR SRTY B WY S BT ¥ Ty

Cell dimension (A)
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QUANTUM TOPOLOGY APPROACH TO THE X-RAY DIFFRACTION
RESULTS INTERPRETATION: ETHANE, ETHYLENE, ACETYLENE

KAPPHAHN M., TSIREL'SON V.G., OZEROV R.P.

Mendeleev Institute of Chemical Technology
Moscow 125820, Miusskaya S8Sq. 9, U.S.8.R

The chemical bond in molecules and crystals is .oftem
analysed in terms of the deformation - dengity .distribution.
There exists another nppro«:h W‘d by Bader et al.,
which is dealing with tq»loql.cﬂ m;yu- of the electron
density distribution p(x) .. This aothqd l- w on the M
Thom catut:opho theory, . m«mﬂ Pl& n(zltcnt t;pn of
critical po:mtn xevealing nnd mim ot the ut) !mction
and its derivatives utmtun at ﬂnt puqu “The duntao.
otthunppmehh r.mwootam!&mmdw
into calculations.

The method of topolmen -dyu- of the p(:) «penotkon
derived from x-ny dutncum mc. ie ~munt-g~
structure analysis drawbacks (such es finite resoluticm,

series termination effect. etc.) being taken intd ecdount.

Topological results for the wperimental density $exp(E): of
the crystals CaHg, CaHy. C2H2 are compared with those from the
free molecular theoreticsl density Pech(r) of CaMg. Calty and
C2H2. An estimation of the influence of atomic thermal metions
on the topological characteristics of p(r) for the single,
double and triple bonds has been given. The topological method
allows to receive more information from the X-ray diffraction
experiment, for instance, about intermolecular interactions,
chemical reactivity and the most probable sides of
electrophilic and nucleophilic atacks.

P1.8
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P1.9

CHARGE DENSITY DISTRIBUTION, ELECTROSTATIC POTENTIAL
AND COMPLEX FORMATION ABILITY OF SOME NEUTRAL AGENT

VARNEKA.A., GLEBOV AS.,KUZNETSOV AN.

Mendeleev Institute of Chemical Technology,
Miusskaja Sq. 9, Moscow 125820, U.S.S.R.

Charge density and electrostatic potential (MEP)
distributions have been obtained from the gquantum-chemical
calculations (MNDO,CNDO/2)and crystal chemistry considerations
for some macrocyclic and phosphorganic agent.

1, Introduction of the dlcqtton acceptors (C1,NO2) into
the benzens rings of dibdnzo-le-ctwn-sz(l) reduces the ligand
donor atoms charges. Elecdonor alkilic substitutors (Me+Oct)
practically do not influence on the charge distribution in the
macrocycle cavity. The negative MEP values in the macrocycle
¢avity in dichloro- (1I) and dinitro- (IIXI) derivatives I are
lower than 3in I but in dialkile derivatives (IV) MEP
distribution is same as in I. The stability of the complexes
II-IV with metal cations reduction, regarding unsubstituted
ligand, which has been observed experimentally, can be
explained by some reasons: by cation-ligand interaction energy
lowering in 1T and 1II, by solvatation effects in IV. These
suppositions have been confirmed by molecular mechanics and
Monte-Carlo methods.

2.The complex formation and extraction ability in the

rows (MeO) 3P0- (MeO) 2MePO-MeOMe2PO-Me3PO and (MeO) 2 (OH) PO-
- (MeO) Me (OH) PO-Me2 (OH) PO increases while changing the
alkoxylic radical by alkilic one. As the result of such
substitution, according calculations the donor oxygen atom
(Oph) negative charge is reduced while the MEP value in Oph
vicinity becomes more negative. So that MEP distribution
describes the complex formation ability better than atomic
charge analysis,

15
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THE ATOMIC AND ELECTRON STRUCTURE REFINEMENT WITH THE
USE OF A PRIORY CHEMICAL BOND DATA

KRASHENINNIKOV, M.V.

Mendeleev Institute of Ch_anical Technology.
Moscow 125820, Miusskaja Sq. 9, U.S.S.R.

The free spherical symmetric atom model is usually used
in the traditional methods of covalent crystal structure
refinements. Some of the important atomic electron density
distribution peculiarities are not taken into account in this
model. This can influence the thermal parameters, scale factor
and other values refined as well as the expsrimsntal electron

. density distribution. Many models (aspherical form factors,

double atom, ®-technique, multipole decomposition) had DBeen
suggested in order to improve the situation.

The iteration refinement procedure is proposed which is
dealing with the standard parameters determination as well as
full crystal potential distribution in reciprocal space
calculation. The corrections to the experimental and
calculated structure factors can also be determined in the
linear quantum perturbstion theory approach the Fermi wave
number being taken into account. Procedure converges to the
self consisted parameters into the limit accepted.

B it = SRR . - §
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P1.11

NOESSBAUER-EFFECT STUDY OF THE SPIN-DENSITY-WAVES IN Cr*

S. M. Dubiel, Institute of Metallurgy. Academy of Mining
and Metallurgy. PL-30-059 Krakow, Poland

A rascinating phenomennn known as spin-density waves
(SD¥W)> 4in wmetallic chromium was up~to-now mainly
investigated by means of neutran and x-ray scattering
techniques. We will show that also a spectrascopy based
on the Moessbauer effect i.e. a technique involving the
hyperfine interactions can successfully be applied teo
study SDV and associated effects.

In particular, using 1195n-s1n¢ Moessbauer efftect. we
succeeded (1> to observe the so-called - spin-flip
transition in metallic chromium i.e. the transition at
T=123K between transversally and longitudinally
polarized SDV and Cii) to detect the third harmonic of
SD¥ and to quantitatively determine its rel.tlvp
contribution.

In our model study we show that the 119 site
Moessbausr spectra are well sensitive to such parameters
characterizing SD¥ like: higher order harmonics, their
signs and their relative amplitudes. This can be taken
as a challange tor the Moessbauer spectroscopy in its
future applications in this field.

+ Supported in part by The Institute of Physics. PAN,
Varsaw ’
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THE INFLUENCE OF INEQUIVALENT COBALT SITES ON THE SPIN AND ORBITAL
MAGNETIC MOMENTS IN !Cos

Barbara Szpunar and Vedene H. Smith, Jr.
Department of Chemistry, Queen's University
Kingston, Ontario, Canada K7L 3N6

»

Self-consistent band atructure calculations for YCo
-with the linear-muffin-tin-orbital, atomic-sphere ap
method. In contrast to earlier calculations, the 2¢c and 3g cobalt sites were
not oonstrsined to be equivalent. The resulting differences in the local
electronic and magnetic structure of these codbalt sites are discussed.

have been performed
oximation (LMTO-ASA)

Sagamore IX Conference on Charge, Spin and Momentum Densities, 26 June-2 July 1988.
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ANTIFERROMACNETISM IN SEMICONDUCTORS RELATED TO HIGH TRANSITION TEMPERATURE
SUPERCONDUCTING COPPER OXIDES

Barbara Szpunar and Vedene H. Smith, Jr.
Departments of Chemistry and Metallurgy
Kingston, Ontarifo X7L 3N6 Canada

The possibility of obtaining itinerant antiferromagnetic ordering in the
new high 'rc superconductors is explored by means of aself-consistent spin
polarized calculations for the non-superconductor !Ba20u306. which is related to
the superconductor !Buzcuso.,_‘ and for models of doped copper oxide planes.
Investigation of both the ferromagnetic and antiferromagnetic ground states
reveals the former to de mﬁtablc and the latter to be stable. Our calculations
show that for antiferromagnetic ordering of copper magnetic moments in the Cu2-0
plane, there is a Peirels-type gap around the Fermi energy and “'20“306 in
particular, 1s semioonducting as observed experimentally. Comparison is made
with recent neutron diffraction studies.

19

Sagamore IX Conference on Charge, Spin and Momentum Densities, 26 June-2 July 1988.
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MAGNETISATION DENSITY DISTRIBUTION
IN AX ORCANO-BIMETALLIC COMPLEX OF Cu(IX), Wi(II)

B. Cillon*, Y. Journaux®*, 0. Kahn**

*Laboratoire Léon Brillouin (CEA-CNRS), CEN-Saclay

91191 Gif-sur-Yvette cedex, France

#*tLaboratoire de Spectrochimie des Eléments de Transitiom,
ERA 672, Université Paris-Sud, 91405 Orsay cedex, France

Organo-bimetallic complexes of 3d trausition metals present a large
variety of intramolecular magnetic iunteractions, at long distance,
between the 3d ions, depending on the number and the nature of the
ligands surrounding each metal. The determination of the magnetisation
density 1is such systeme, using the Polarised Neutron Diffraction
method, yields direct information about the magnetic coupling and
the role of the atoms of the orgsnic bridge relating the metals
ions.

In the complex Cu(Salen) lli.(hfa).z two oxygen atoms form the
central bridge between the cul* and Ni2f fons

! l
-“\
Cu

-T/ k (\
The experimental study was performed on the polarised ueutron
diffractometer 5C1 at the LLB in Saclay (France). Two sets of data
have been collected using a 1lifting counter, for two different
orientations (a vertical, then b vertical) of the same single crystal,
at 2K under an applied field of 5 teslss. The whole set of 362
reflections permfted to determine the three-dimensional image of
the wagnetisstion density, using & sultipole refinement wmethod.
A strong positive density on the Wickel and s weak negative density

on the Cupper are observed, in sgreement with a fundamental doublet
spin stste. The spin delocalisation on the ligands {s discussed.

/
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in and orbital effec’s in 5f comgounds

G.H. Lander and M. Wulff

Commission of the European Communities, Joint Research Centre
European Institute for Transuranium Elements
Postfach 2340, D-7600 Karisruhe
Federal Republic of Germany

Abstrect

The 5f electrons that surround the nucleus of the light actinide elements (U, Np,
Pu, and Am) behave in a different way to the 4f electrons that one finds in the
lanthanide series. The large spatial extent of these 5f electrons means that they
interact strongly with electrons belonging to neighboring atoms, In this sense, of
course, they are not anlike 34 electrons. However, their { quantum number means
that they have a strong orbital charactsr. What happens to this orbital character
when there is a strong hybridization between the 5{ slectrons and neighboring 4
or p electrons? This is an important question in actinide physics. It has been
addresesd by theory and in this paper we shall discuss neutron experiments that
address this issue.

In the light actinides with less than a half-filled shell the orbital (L) and spin (S)
moments are opposite if we follow Hund's rule and Russell-Saunders coupling.
The magnetisation densities of the L and S components have a different spatial
density. Thus, we can imagine a cancellation of L and 8 when integrated over all
speace, but for a certain Q (scattering vector) a finite moment exists. We will
discuss the unusual magnetic form factors of PuSb, PuFes, and UFeg that
demonstrate this point.

21
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COEXISTENCE OF MAGNETIC AND NON MAGNETIC CERIUM
IN CeSng OR Ce3Sny

J.X. BOUCHERLE?®, F. GIVORD*, P, LEJAYS,
J. SCHWEIZER®, A, STUNAULT®

° Centre d'Etudes Nucléaires, DRF/SPh-MDN, 85 X, 38041 Grenoble
Cedex, France.

* Centre National de la Recherche Scientifique, Laboratoire Louis
Néel, 166 X, 38082 Grenoble Cedex, France.

§ Centre National de la Racherche Scientifique, CRTBT, 166 X, 38042
Grenoble Cedex, France .

Polarised neutron experiments have been performed on CezSng and
Ce3Sny single crystals. These two compounds are orthorhombic
superstructures of the cubic intermadiate valence compound CeSnj.
In both compounds the Ce stoms occupy two sites : Ceq Is similsr to
the Ce site in CeSnj, with 12 Sn neighbouring atoms, and Cej has
2 Ce and 10 Sn neighbouring atoms. Both compounds are very
anisotropic : their magnetisations are the largest when the field is
applied parallel to &

The magnetisation density maps evidence that oniy the Cej atoms
are magnstic and perticularly that no magnetisstion is present around
the Cej atoms.

The form factors of the Cej atoms are dffcrcm in the two compounds.
In CezSng it corresponds to a spherical Ce3* whereas In Ce3Sny it

is much st r, which corresponds to a more delocalised magnetisation
in the (B, c c) ptane.

— . —— e —— v ey,
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ELECTRON DENSITY OF SACCHARINE DERIVATIVES

J. Buschmann, R. Rudert, P. Luger (Institut fiir Kristallographie,
Free University of Berlin), G. Trummlitz (Dr. K. Thomae GmoH,

Biberach)

To get behind the mystery why artificial sweeteners have specific
3 testes we are doing structure snd electron density investigstions
! on sweet and bitter tasting saccharine derivatives. The results

: are compared with previous, mors general and thesoretical work in
this field.

Shallenberger and Acres (1967)1 found that many sweet tasting
compounds_have two electronegative stoms with s distance of

2.5 to & X between thes with one of tgun having a covalently

bonded hydrogen atom, and Kier (1972)° added as asnother characteristic
s hydrophabic -o;oculnt part away from the two electronegative atoms.
Trummlitz (1985)° carried out quantum chemical calculations with
CNDO/2 for saccharine derivatives and obtained as one result that

the keto oxygen stom of the sweet tasting compounds carries s negative
charge.

3 X-ray and neutron single crystal diffraction experiments were

1 performed on sweet and bitter tasting ssccharine derivatives st the

3 temperature of 123 K. The difference Fourier synthesis for the

sweet tasting compound shows the keto oxygen atom (se Fig. 1, atom 03)
with additiona]l negative charge. Further work on a bitter tasting
derivative is in progress.

Fig. 1 : X-N difference Fourier synthesis of UNAF ;0 Na, cut through
molecular plane, contour intecval 0.1 ¢/R

References:
1. Shallenberger, R.S., Acree, T.E., "Molecular Theory of Sweet Taste”,
Nature, 216, 480 (1967).

2. Kier, L.8., "A Molecular Theory of Sweet taste”, J. Phacrm. Sci.,
61, 13%s8 (1972).

3. Trummlitz, G. (1985) unpublished results.

Acknowledgement: The suthors gratefully acknowledge the
scientific end experimental help of
Oc. David Gregson st the SILOE resctor
of C.E.N.C at Grenoble. This wocrk has
been funded by the German Fedecal Minister
for Research and Technology (BMFT) under
the contrsct number 03-LULFUB-0-01-33
and the Fonds der Chemischen Industrie.
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Charge Density sStudies of Tetramethylthiuram Disulfide and
: Tetraethylthiuram Disulfide

(!’:1::31:;? :;?poifi;:imm of Chemistry, National Taiwan
Two - Thiouram disulfide compounds were studied by X-ray
diffraction at 105K, 143K. The room temperature structures were
studied previously (Wang:; Liao; Ueng; 1986). Tetramethylthiuram
disulfide, menoclinic, C2/c ; T=143K, a=9.524(4), b=9.911(3),
c=11.795(1)R, 8=99.22°(1), Z=4, a(MoK,)=.71069 %. Pinal R=.031
for 2881 reflections. Tetrasthylthiuram disulfide, wmonoclinic,
nz/c, T=105K, &=10.922(3), - Db=135.946(4), c=8.444(1) 8,
.-91.93(1)°, A(MoKa )=.71069 £. rinal R=.029 for 5772 reflections.
They both contain a disulfide bridge connecting two identical
thiuram parts. The sulfur-sulfur bonds with length 2.0052(4),
2.0057(4) R respectively, are essentially single bonds. The
tetramethyl derivative undergoss a phase transition at 140K,
the high temperature molecular structure has a C, symmetry. There
are OC=8 double bond and C-8 single bond in both wmolecules. The
accumulation of electron density along the C-N and C-8 bonds in
the experimental deformation density maps are as expected. The
lome pair feature around sulfur atom is also observed. The
psculiax appearance along sulfur sulfur bond are comparable with
other. recent works ocontaining sulfur sulfur bond. Some
theorstical model density calculations could be adopted to give
reasonable explanation.

Wang, YusLiso, J.H. and Ueng, C.H.
Acta Cryst. (1986)C42,1420-1423
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N-0 bouding electros in p-auitrobeszese derivatives
by Shigeru Ohba and Yoshihiko Saito, Neio University, Japan
In the X-X and X-N maps of p-aitropyridine N-oxide(3) at 30 K, the N-0 boading

electron was sot sigaificantly observed. ‘*’ Rowever, the boadiag peak was
dotected in LiNOs. B0 at 120 K. ‘® A»s ab initio MO calculation wsing HIDI4 °
basis set (double-2eta + pelarisation fuaction) seggests that the deformation
density is alacst the sase for BNO; aad WO;~. ‘® The uaknows factor is (3)
is the interactions between the aitro growp sad the aromatic risg. In the
preseat work, the deformation dessities of p-disitrobeasens(l) and p-sitro-
beazoic acid(2) has beea detersined at 120 K. (D) P2:/a, 2=2, 20..:00 Ra)
=110° , B=0.055 for 2045 ssique reflections. (2)A2/a, 2:8, 20ues= 120 ° ,
B=0.042 for 3930 reflections. 1-I saps ca the beazens rings are shewa ia Pig,
1. The deforsation densities oo the aitro plases are also given, becawse the
didedral angles hetueer the aitro group aad the beasene ring are (1)10.2 ° and
@14.8 * . The K-0 boading peak st well se the lone-pair pesks of the tarwierl
oxygen atons are closrly obeerved. feutrom work i3 sow ln progress.

fiz.. 1. Deformation deasity. Contowr interval 0.1 eA-?. 0 (A 0)e0.05 ¢A-",

(1)Coppone B Lebmenn (1970 Acta Cryat.B3:.17T7 (2)0hba, Kikkaws § Saito(1985) Acta
Cryst. €41.10 (3)Xikhawe.Ohha,Saite, Kanate b Inata(1987) Acta Cryst. 843, 83.
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L. BRAMMER and E.D. STEVENS

Department of Chemistry, University of New Orleans, New Orleans
Louisiana 70148, U.S.A.

THE RXPE RIB
BIS HEZI))TET( IIFG{H + NACL 1 (BRD3)g o

The experimental electron density distridbution of bis(triphenylphosphine)
dichloronickel(II) has been determined from single crystal I-ray
diffraction data, collected at 94(1)X. The molecule crystallizes in space
group P2/c (No.13), with Z=2, requiring two-fold molecular symmetry

about the central nickel atom. A total of 25248 intensities vere sasured
(excluding standard reflections), to a resolution of sin®/) = 1. 0:
Symmetry averaging yielded 13288 independent reflections, R(int) = 0 o019,
after correction for absorption. Coventional refinement using constraincd
hydrogen positions yielded R = 0.038, GOOF = 1.274 for 8610 reflections
wvith F>3¢(F).

The tetrahedral rather thas cqu’rc-plnnar coordination of the ligands in
NiC13(PPhj), 1is uausual for a d¥ Ni complex. This requires s paramagnetic
clcctronic structure and leads to a substantial dipole moment, a property
vhich 1s yet to be investigated using the XI-ray measurements. The total
electron density has been modelled using atom-centered multipole density
functions. Deformastion density saps show accusulatioa of electon density
betveen all covalently bonded stom pairs. In addition, phosphorus
lone-pair peaks comsistent with the principally &-donor bomding mode of
phoshine ligands are observed.

The support of the Science and Eagineering Research Council (UK) in the
form of a NATO postdoctoral fellowship to L.B. is acknovledged.
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ELECTRON DENSITY IN PEPTIDE DERIVATIVES
(N) ACETYL-TRYPTOPHANE-METHYLAMIDE (Ac tr) AND (N) ACETYL-
DEHYDROPHENYLALANINE-METHYLAMIDE (Ac A)

M. SOUHASSOU, and A. AUBRY
Laboratoire de UA CNRS N°809, Université de Nancy I, BP 239,
54506 Vandoeuvre les Nancy Cédex,

Ac tr, group space P2,2,2,, Mo(Kcx), 100°K, sin@/A max = 1.14 A-1, 10527 collected dam,
2800 unique, multipole analysis, Rw = 2.7 %, GOF = 0.86.

Ac A, group spacs C;, Mo(Kcx), 100°K, sin®/A. max = 1.36 A-1, 14666 reflections collected, in

wsmmmmn--m.m- 1.00 (sin®/A < 09 A-l, Rw = 1.31%,

Déformation maps calculaed from [P} snd muitipole phases, fig. 1 and 2 are view of Ac tr

_and Ac A respoctively, deformation mags of Ac r (fig. 3) and of Ac A (fig. 4) , will be comented and
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TRYING TO GET INFORMATION ABOUT THE Pd-Pd DOND

m«mmiom s aos, Ydu-;yntr 199,-94506
v » & 'um . (]

Pd, Cr; Cps (1#5C0); (10,C0) (PE1y), (igure 1). Centosyxmmesic (P2 /c, a = 10.706,
b =9.375, ¢ = 17.370 A, B = 11538°, Z = 2). 24181 yeflections wers measured 22 100+ 5K

with MoKa radiadon using graphire monochromstor (CAD4 - /26 scan, 7 sandard
reflections, sin@/A € 1.35 A-t). After trearment sbearpion, corrections and averaging, the
aumber of independans reflections were 9138 with 1> 4 SIG (I) and 4020 having sin6/A >
wkliAIunB.O.d-md:“Gm-Ch.-Itha: 3 analysis, (R =
0.023 ; Rw = 0.024) deformation and dynamic model map (Bgures were dsiculsted
dwEhMﬁMnhn&M&hmmma

Fi 3 Figure 4
Défom‘:';nsiq map Deformadon deasiry map of the
of the Pd-Pd C; plane Pd, molecule (p_.., = 0.6 /A"
Pou = 2.3 A3 (Shim and Gingesich, I. Chem. Phys..

1984, 80 (10) 5107)
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11K Charge density study of a short non-bonded
s...0 contact in 2,5-diaza-1,6dioxa-6a-Thiapentalene
b

P. Becker (1), B. Fabius(2), C. Cohenz'Addad (3), F.X. Larsen (2),
M.S. Lehmann (4)
(1) Lab. Cristallographic, CNRS, BP 166, 38042 Grenoble, France.
(2) Dept. Chemistry, Aarhus Univ., DK-8000 Asrhus C, Denmark.
(3) Lab. Spectrométric Physique, Univ. Grenoble, BP 87, 38402
St Martin d'Heres, France. (4) Institut Laue-Langevin, BP 156,
38042 Grenoble, France.

Many compounds contsining the X-S—O ceafiguration ( X = 0, C)
exhibit very short S--O distances. In order to uadsrstand the
molecular stabilization in these compewnls, we have wndesiphse =
investigation of the charge dessity by Xway diffraction msngwrements
tAt 11K in 2,5-diaza-1,6-dioxa-6a-thispensaiens (3-—-O distangs of 1.84
)-
The charge density distribution in the molecule was aet elegrly
understood from proviows 122 K Xeuy and noutven dmsesusiysents (1]
{2]. In the preseat study, results obtsined. with 11K X-riy Jifieastien
measurements and aspherical atom refisemtat using the program
MOLLY {3] are pwscated. , o
The stutic déformstion mode! maps &% fn good agroement fn
caltulstion. The electric dipole momeat ¢eiceleted from muliipile
paramoters, ¢ (11K) = 2.0D is in good agreemnent with the valus known
from a microwave study, o = 2.88 (2) D (4]
The mechanism proposed to interpret the X-S..0 interaction depes
on the electronegativity of X and involves a ¢ -type coupling between
oxygen and sulfur p and a stabilization of the molecule through sulfur
d orditals. The experimental charge distribution obtaimed at 11K
supports this theory and leads to the rejection of the previous
controversial deduction that oxygen is in a special state with little
hybridation. A reinvestigation of the previous 122K X-ray data using
also the MOLLY program is qualitatively consistent with the results.

[1] Becker, P., Cohen-Addsd, C., Delley, B., Hirshfeld, F.L. & Lehmann,
M.S., Applied Quantum Chemistry, 361, Reidel Publishing Company
(1986). (2] Cohen-Addad, C., Lehmann, M.S., Becker, P. & Davy, H,,
Acs Cryst,, in press. {3] Hansen, NK & Coppens, P., Acta Cryst., A4,
909 (1978). {4] Larsen, N.W., Nygaard, T., Pedersen, C.Th., Davy, H,, J.
Mol. Struct., 118, 89 (1984).
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ELECTRON DENSITY DISTRIBUTION IN TERBIUM TRIS
(TRIFLUOROMETHANESULPHONATE) NONAHYDRATECRYSTALS !

By - A. Chatterjee*

Crystallography Centre, The University of Western Australia,
Nedlands, Australia 6009

The electron density distribution in crystalline title
compound has been !hvuilggm with the single crystal X-ray
diffraction wmethod. [Evidence for trigonally deformed
distridution of 4f electrons around terbium atom was observed
in the final differenve Fourier synthesis. The zgesidual
electron densities wexe ocbssxved to be dependent on the
orientation of the water oxygen atams. The salient features
of the contour maps have been discussed,

* Present address: - Department of Physics, Univ. Rajshahi,
Rajshahi 6205, Bangladesh,
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ELECTRON DENSITY DISTRIBUTION IN SPINEL-LIKE CACr28eq
TSIREL'SON, V.G., BOROVSKAJA, T.N., OZEROV, RP.

Mendeleev Institute of Chemical Technology Miusskajas 8q. 9,
Moscow 125820, U.S.S.R.
BUTMAN, L.A.
Institute of General and Inorganic Chemistry Leninsky P. 31,
Moscow 117071, U.8.8.R.

Maandncm and ferrimagnetic spinel-like CdCrzSeq has
beent muuquu by X-zay aiffraction precision experiment
(u.nt-: 31 dl.ttnm.r, Mo-Ka radiation, spherical sample
d:l.mtot n.lh Cm reflections in twe Iwald aphere octants,
s1n0/AL1,0540).  Cperections - for . sbsorption,  ancmslous
mtn:ing 108 and Becher -Coppens extinction have been spplied.
High angle refinements cdnverged to R=0,013, Ry=0,013S,
8x1,0%3,

The deformation électron density Aistribution has been
calculated in the wl way. The peculiarities have been
miynd in terms of electron orbitals population. For
sxample, the preférred occupation of eg and a1g orbitals has
been foind in Cr¥ fon in trigomal distorted octahedron leeding
to uncoupled electrom spins in this fon. There are no covaleat
peaks on the Se-Cr bond line. But the peak 0,2e¢A"? has been
found 1,1A away from the Cta* ion near the octahedron face.
This has been attributed to the preferred occupation of
Gxy.xs and dyg orbitals with the group % ligand orbital.
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CHARGE DENSITY STUDIES IN TWO HEXAGONAL LAVES PHASKS

M.J.M. de Aimeids, M.M.R. Costa, J.A. Paixlio

Centro FC1, INIC - Departamento de Fisica, Universidade de Coimbra
3000 Coimbra, PORTUGAL

Accurate measurements of X-ray intensities were mads at
room temperature on two single crystals A and 8 of Timny
(0.06x0.06x0.10 am® and 0.07x0.08x0.08 sm’, respectively) and one
single crystal of TiFez (0.08x0.06x0.0S mm’).Both structures are
hexagonal Laves phases (space group P63/mec) .

Reflection intensities inside an Bwald sphere of radius
1.254°) were acturately measuréd with a CAD4 diffractometer,
No-K& radiation end & graphite momochromator in «-26 scans.

The ususl gecmetrical oorrections and an empirical
absorption correction were spplied to the data,

Nigh-angle refinements (sind/A z 0.6A')) of positional ama
thermal paremsters and & scsle factor ware garrded out from each
data set. Ancmdlous dispersion corrections were included in the
spherical atomic scattering factors. Extinction was empirically
sorrected through a g parameter refined will all data.

Difterence density maps (with corresponding error maps)
were conpared and discuised in terss of a subsequent least-squares
refinement of 3d orbital populations.

a2 e R T
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1 ELECTRON DENSITY OF A CUBIC LAVES PHASE, TiCo2

4

Ana Matos Bejs, L. Alte da Veiga, L.C.R. Andrade, M.M.R. Costa, J.A Paixdo

R T Sucr g

Centro FC1,INIC - Departamento de Fisica da Universidade de Coimbra
3000 Coimbra, PORTUGAL

e R i b e e

3 The Laves phase TiCo2z has a cubic structure of type MgCuz,
L3 spece group Fd3m (6 espiricel formules per unit cell).

£ A single crystal of TiCoz (s130:0.10 x 0.12 x 0.15 su) has
H been studied by X-Ray diffraction techmique, using & CAD4
diffractometer with a plene graphite donochromator and MNo-Ka
radiations; the wnit cell persieters dre: a = b = ¢ = B.7084MA,
e= P = y =09,99(2)°, and all the atomic positions are fixed by

The Aaiffracted intensities of the whole apliere of
Teflection were measured in -3¢ scans, up to sind/A = 1.184'l,
The total mmber of independent reflectioms with I x 30 1s MA.

The whole set of eon.cm data (incluting week
reflections, total of 18329 Mloeum) was eorretted tot
Lorents and polarisstim fectors, and for the variatian in the
intesisity of standard reflections; en analytical absorption
corraction was applied to these dats.

The 114 independent “cbserved® reflections resulting from
averaging the corrscted intensities were used to carry out least
squares refinements; the thermal parameters were cbtasined from
high-sngle refinements (sin®/)A 2 0.65), together with the scale
faccor.

A empirical extinction paramster, ¢, was refined after
words (keeping all other parameters fixed) with all 114
independent reflections.

Difference density maps and the corresponding error »aps
were obtained and s subsequent refinement of the occupation
parameters of 3d orbitals has been undertsken.
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BLECTRON DENSITY OF FeF2

M.J.M. de Aimeida, M.M.R. Costa and J.A. Paixdo

Centro FC1, INIC - Departamento de Fisica, Universidade de Coimbra
3000 Coimbra, PORTUGAL

The electron dAmsity distribution of PFeF; (rutile type
-tmm Q-b-d,'lm 033.3100& has Dean derived at room

atyne - from uquto X-xey @éiffraction measurements (CAD4
uum No-Kg ' gadiation, graphite .monochromator, ©-20
.w- mmum-u-nmeo-wn-1u)
wmummmama (with aspproximate
@aenyione 0.10 x 0:31 x 0.12 s’ wnt 0.07 x 0.08 x 0.11 ma’,

mwlr)

othen§ fot Locents, puuuuen end adecrption were
.»uqﬂb 3% reticctiond from crystal A and 3014 from crystal
.. mdﬁ n&n.u. qudhm reflection intensities.

Atoatc et Cuipurative pirameters and a Scalé factor were
refined frem Bigh-arple data (sin®/A 2 0.6A°}; 123 independent
reflections from crystal A #hd 1285 from crystal B), sgainst a
sphrical modsl with dtomic scattering factors corrected for
aonalous dispersiom. An extinction parameter, g, was refined
using the whole data set.

Pifference density maps and error saps were calculated. The
significant features were interpreted in terms of 3 orbitals

population.

E
|
|
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ELECTRON DENSITY OF NiF2

M.M.R. Costa, M.J.M. de Almeida, J.A. Paixdo and L.C R. Andrade

§
3
H

Centro FC1, INIC - Departamento de Fisica, Universidade de Coimbra
3000 Coimbra, PORTUGAL H

Precision X-ray diffraction measurements were carried out
at room temperature on a single crystal of NiFy (rutile type
structure, ax=b=4.6499A; c=3.08334) with approximate dimensions
0.04x0.03x0.08sm>  (CAD4 diffractometer, Mo-Ka radiation,
graphite monochromator, ®-20 scans, all octants of an Ewald

sphere with radius 1.14°Y,

Lorentz polarization and analytical absorption corrections
were applied to 2560 reflections.

Data processing was carried out in two different ways (DP1
and DP2):

DP1: Atomic and temperature parameters and a scale factor
were refined from high-angle data (99 independent reflections
with sin®/A 2 0.6A')) against a spherical model with atomic
scattexing factors (International Tables for X-Ray
Crystallography) corrected for ancmalous dispersion.

An empirical extinction correction wis applied to the data
based on an extinction parameter, g, refined with the whole data
set.

Difference density maps and error maps were obtained; the
results were interpreted in terma of refined occupation
parameters of 3d orbitals.

DP2: A multipole refinement of all parameters including the

symmetry . allowed multipole populations was made using the
program MOLLY and 1343 reflections with 1I1>30 corrected for

isotropic, type I, Gaussian extinction (Becker and Coppens).
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DISTRIBUTIONOF THE BELECTRON DENSITY IN THE Al5 PHASE Cr38i

Ana Matos Beja, L. Aits da Veiga and MMR. Costa
Centro FC1, INIC - Departamento de Fisica, Universidade de Coimbra
3000 Coimbra, PORTUGAL

One of the most interesting structural features of AlS5
phases is the existence of 1linear atomic chains in three
orthogonal directions; the interatomic distances along these
chains are shorter than those predicted by metallic radii
criteria. Among the AlS phases (cubic, space grouwp Mdn), Crisi
is one of those in which the shorteming of these distances is
more—-important; the unit cell hss 8 atoms with symmetry fixed
positional parameters.

Accurate measurements of X-ray single crystal daiffraction
data were undertaken. Six dsta sets were obtained, using four
distinct ecrystals of the same sample, and two different
radiations (Ag-Kz and Mo-Ka), at rosm temperature amd, for one
of the crystals. also at low tempezature (T ~ 170K). For every
crystal, data within sn Bwald ephere (with radius 1.284°Y) were

collected with a CAD4 AQdiffractometer, plane graphite
sonochromator, in #-20 scans. The msasured cell parameters were

in good agresment; reflections with I 2 30 (about 4600) have
besn wused to perform the analysis: usual geometrical
corrections, the correction resulting from differences in
intensities of standaxd reflectioms, and two dAtfferent
absorption corrections have been applied. After averaging, 143
independent reflections were used to perform least squares
refinements; ecale factor and thermasl parametexs were refined
from high-order data {(eind/) 2 0.6).

An empirical extinction parameter, g, has been refined with
all data,

The results obtained from the different dJdata sets are
compared.

Careful measurement of asbsolute scale factor confirmed the
value obtained from high-oxder refinements.

Difference density maps together with error Baps were
compared, and no significant covalency along the linear atomic
chains was found.
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Electron Correlation Bffect in the Momentum Distributions
of Transition Metals
Shinys WAKOH eand Makoto MATSUMOTO
University of Library and Information Science, Tsukuba 305. Japan

&

In the 1970' s band-theoretical calculations of Compton profiles of
vanadium and ofromium weir¢ published (Wakoh S and Yamashita J 1973
J. Phys. Soc. Japén Vol 88 1408, Reth J. Wang C S. Tawil R and Cailaway J
1973 Phys. Rev. Vol. B8 6189, Wakoh 8. Kubo Y and Ysmashita J 1976
J. Phys. Soc. Jupan Vol. 40 1048) end they were compared with the
avallable experimintal Compton profiles. Recent experimental multiple
scattering profiles of vianadium (Rollason A Yolt R S and Cooper M J
1983 Phtl. Mg B Val. 47 81)-a1n8 chromius (Cardwsll D A 1987 thesls at
Univ. of Waiwick. Coodér M J. Cerdwell D A and Wakoh S 1988 Phil. Mag.
to be published) ‘have been processsd by the Monte Carlo method
(Felsteiner J and Pattison P 1975 Mucl. Instrum Meths. Vol. 124 449).
and therefore their single scatterfing profiles are very much relisble.
The differences between the experiments and the theories. which were
estinated by the bend-theoretical one-electron approximation. show e
significant feature: around the origin of thse momentum axis the value
of the theoretieal Compton profiles is greater than that of the
exper imental ones. and at the higher momentum region it is the
opposite. The general feature has been ascribed to the
electron-~electron correlation effect which was not taken fanto account
in the one-electron band scheme. The difference curves
(experiment-theory) are shown by dotted curves in figure 1 for
vansdium. Although the effective one-electron potentials (modiffed
X,~-potentisls) msed by the APW band caloulations include some
eorrelation effects like the LSD spproximstion (Gunnarsson O and
Lundqvist B I 1978 Phys. Rev. Vol. B18 43274). the APW band theoretical
Coapton profiles do not fnclude any dynemical correlation sffects.

A theoretical correlation profile is proposed as follows:

i 4
I () = -I:.(l-n(l'))xJ(c- B)dE « J:ln(l')xJ(co B)dn. ()

Here. n(¥) is & Migdal function and J(q. &) ls a partial Compton
profile contributed from the states whose energy is between E-45/2 and
B+4B/2. The function for vansdium is as follows:
{ 0. 08+0. 091(B/8,) for B<B,
n(g) = '

@
0. 141x(8,-8)"/(B,-B,)* for B>E, .

v - e—————
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Bnergies are referred to the bottom
of the band (I';). The theoretical
correlation pronln obtained by
squation (1) are shown by solid
lines in figure 1.

It may be concluded thst the
correlation effects on the Compton
profiles of vanadium and ohromium
whose FPermi levels are jocsated at
the middle of the d- ..vm

edomigantly due to ¢ ;
unction n(E) for the
s are due to
and his Compton group. At ®.. 0
Werwick. and to SERC feér ﬂmcnl
support to visit the groun.
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HIGH RESOLUTION COMPTON PROFILE MEASUREMENTS
USING 29.5 KeV SYNCHROTRON RADIATION

ITOH, F., SAKURAI, M. ,SUGAWA, T. and SUZUKI, K.
Institute for Materials Research, Tohoku Univ.,
Sendal 980, Japan

SHIOTANI, N., SAKAI, N. and MAOQ, O.

} The institute of Physical and Chemical Research,

Ry Wakoh, Saitama 351-01, Japan
5 KAWATA, H., AMEMIYA, Y., and ANDO, M.

Photon Factory, KEK, Oho, Tsukuba 305, Japan

'
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A high resolution Compton spectrometer using
high energy X-rays from synchrotron radiation has
been installed at Photon Factory of KEK. This
spectrometer consists of 1) a curved crystal of
Ge(220) to monochromatize incident photons into 29.5
KeV( A E/E= 1.13x10-® at B=29.19 KeV), 2)a. Cauchois-
type curved crystal of 81(422)(the radius of bending
is 2100 sm) for the energy analyzer of scatterd
photons and 3) a position sensitive proportional
counter or an Imaging Plate as the detector. The
overall mosentum re#olutiorn is 0.1 atomic units
which is the highest resolution ever achieved for
the energy of 29.S5 KeV.

Compton profile measurements on single crystals
of Al, 81, LiH, L1s0, LisN and quasi-crystal of
LieAl.Cu have been successfully performed. The Coa-
pton profile of alusinum single crystal has shown a
clear Fermi cutoff but at the same time some devia-
tion from APW band theory is found to exist. The
features of high resolution Compton profile measure-
ment will de discussed particularly for Al single
erystal in terms of J(q) and B(r).
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The Compton-spectrometer at the HARWI-beamline (HASYLAB/DESY in
Hamburg)

J.R.Schmitz, H.Schulte-Schrepping and W. Schilke
Institut £fr Physik, Universitit Dortmund

The development of the Compton-spectrometer at the HARWI beamline is
based on the following concept as sketched in Pig.1:

Monochromator; fixed exit double crystal monochromator (8i) with sagittal
focusing. The first plane crystal is water—cooied, the second one is
cylindrically bant and groove cut on the reflecting surface to suppress
anticlastic bending. :

In cooperation with the Hahn-Meitner-institut (Beriin) the application of
specially tamparsd Si-crystals is copsidered. These erystals would make
mm furtha- m ts in intensity by broadening of the single

3
]
5
!

 Anslyzer: €ifferent Sétups pre proposed:
§: onirgy-dispersiye analysis by means of a Ge-35D for Compton

S

between 60 keV and 80 keV: momentum- {

e ahies. .

Alpids by mesns of a Cauchois~-type analyzing
erystal 1 it from 30 keV to 40keV; momentum-resolution
botter than 0.1 dtele wnit eiady tested at ¢onventional X-ray

Por the present s Xe-filled position-sensitive proportional counter is
:;hunpl efficleniy snd separstien of higher harmonics will be obtained
by & Go~strip-dstiiter with 200 atrips, which is under development in [
W: with thé Dnstitut #r Kertphysik , Kernforschungsanlage

ch. '

The Compton- femeter at the NARWI-beamiine will be avaliable as & l
user-experiment in 1989. .

PMC = plane monochremetor eryotel
SFMC = sagittal forusing menockromator crystel
8§S = ecallering semple
OTAC = Cauchoio type snalyzer crystal
PSD = position eensitive detector
RC = Roviand cirele

Experimental setup of the Compton spectrometer at the HARWI-beamline,
crystal-dispersive analysis.

S A . SRS
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MAGNETIC X-RAY SCATTERING FACILITIES USING
A HELICAL MULTIPOLE VIGGLER OF 6-GCEV RING AT KEK

SAKAI, N., SHIOTANI, N., end ITO, M.

The In:tﬂutc of Phys and Chem. Research,
Wako, S8aitama 351-01, Japan.

TOH, SAKURAI, M., and SUGAWA, T.

Institute for ﬁutcriolt Research, Tohoku Univ.,
Sendai )

uVATA. . YA. Ya‘n Illd ‘ﬂm. .

Mzoton ?&bw. » Oho, Tukudba 805. Japan.

i mlm ﬁlh atudied by using
uuu phé| qu because they
h -t A l' 2. ahd the electron
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ﬂlor 1- being

i Marlnuon vill be

- soattering. The
ordinary Kigh ruelﬁuu ton profile
sxperimenth oan be alad nd. by u‘gc 50-70 keV
X~-rays with b ulune of about 10

otons/s - + 0.1%8¥ (6 GeV, B0mA).

e practical duicll ot monochrometers, &
Compton scattering spectrometer., and a magnetic
Bragg scattering spectrometer vill be
presented.
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A. K. Singh, P. Genoud and T. Jarlborg

Département de physique de la matidre condensée
Université de Gendve

24, Quai Ernest Ansermet, CH-1211 Gendve 4, Switzerland

Calculation of Compton proffles in ferromagnetic iron
using IMTO wavefunctions

Abstract.

We report hers the calculations of magnetic Compton profiles in ferromag-
netic iron. A self:consistent together with a parametrized band structure
calculations wexe performed using the linear muffin tin orbital method.
Comparison with other calculations indicates that our results are in better
agreement with the experimental values. Moreover the parametrized curve
describes the measured magnetic Coapton profiles in ‘the low momentum region
more precisely than any other calculation. These results confirm the analy-
sis of positron annihilation data made by Genoud et al (*1988) which
requires a parametrized band structure calculation. The wmain differences
between both band structure concern the point N of the Brillouin zone: the
large N-centered hols pocket of wminority 37¢ bama given by the self-
consistent calculation almost venishes {in the parametrized calculation.
This trend is alsc supported by de Haas van Alphen measurements.

*) To be published in Journal of Physics F.
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FORM FACTORS AND COMPTON PROFILES OF SOME METALS
FROM AN ATOM-IN-JELLIUM-VACANCY MODEL

S.J. Mali, R.M. Singru and R.R. Mishra
Department of Physics, Indian Institute of Technology, Kanpur, 2080i6, India
and
D.G. Kanhere
Department of Physics, University of Poona, Pune, $21007, India

Sofe important properties a thedl- wqum«mmm
have peen al,:ﬂatqd for muk:w ;t' Ca_#nd | :
density. approximetion with the Q ¢
anld‘polmdudna was the comg ,
tlonp( r ) using the atom-in-jellium-vacancy mode). , ‘Afom

T were calculned for dmmt metals and the tesuits were m
) g(vnu with experiments! egsults. Tnnsbm- jvm h ;

) to the monnmum lty
L 3033
brv(g)ureweduea temmtfumnh ‘ the
tum expectation welues <p > ,<p> and<p’> for wvarinis ietals. .
theoretical results were dompored with experiment and’ satisfactory
ment was observed. In the case of metallic N,heﬁntdn?«um
ea"emm potentisls on the form factors and on the<p "> ,<p> and
>valves was examined.

(1] M. Mamninen, P. Jera, R.M. Nieminen and 3.K. Lee, Phys. Rev. E"
7057 (1981) 3 M.3. Puska, R.M. Nieminen end M. Manninen, Phys. Rev.

B2s, 3037 (198)).
(2] G. Burkhardt, Ann. Phys. (Lelpzig) 26, 367 (1936).
(3] A. Konya, Hung. Acta Phys. |, 12 (1949).
O] ﬁ.l\. Coulson and N.H. March, Proc. Phys. Soc. (London), A63, 67
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D.N.Timms and M.J.Cooper
Department of Physics, University of Warwick, Coventry. CV4 7AL.
R.S.Holt
Neutron Division, Rutherford Appleton Laboratory, Didecot, Oxon. 0X11 0QX

The [100],[1101,0111),(112] and ([221) directional Compton profiles
of dallium arsenide have been deduced from Compton scattering
measurements on single crystal slices at gamma ray source snergies of
412keV and 60keV. Both experimental systems detect profile anisotropies
which are approximately 1% of the peak height J(0). These profiles and
their Fourier Transforms have been compared with the predictions of a
pseudopotential band structure calculation. As expected the scale of the
anisotropy is smaller than for germanium and is correctly predicted by
the caloulation. However, the calculation consistently underestimates
:l;o 2:‘!: momentum component of the charge density in all three

rections.
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hy .
S.P. Collins, D.N. Timms, M.J. Cooper, A. Brahmia and P.P. Kane.
Department of Physics, University of Warwick, Coventry. CV4 7AL.
R.8. Holt, Neutron Division, Rutherford Appleton Laboratory, Chilton
Oxon. OX11 OQX.
D. Laundy, Daresbury Laboratory, Daresbury, Warrington, WNA4 4AD.

Circularly polarised synchrotron radiation (CPSR) extracted from the SRS
at Daresbury Laboratory has been used to determine for the first time,
the dirsctional magnetic electron momentum distribution in ferromagnetic
iron. The data provide a such more critical test of band theory than ia
possible with polycryatalline samples. The scattering measurements wers
ogrried out in transmission geometry using a Ge (220) sonochrometor
tuned to provide an incident energy of 58.8 keV, the scattered radiation
being detected by an intrinsic germanium detector. A large asingle
orystal wafer of silicon stabilised iron was aligned with the magnetio
field parallel to ome of the crystallogrephio direotions
((100],{110],(111)) and the scattering vector. The directional magnetio
Compton profiles determined from the unpaired spin distributions were
compared with APW gnd KKR calculations for pure iron convoluted with the
experimental resolution of 0.73a.u. The predicted directional
differences are qualitatively confirmed by the new data although some
interesting differences remain.
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X-Ray Inelastic Scattering Intensities Measured
By Energy-Dispersive Diffractometry
Takao Iijima and Keiko Nishikawa
Department of Chemistry, Gakushuin University
Toshima-ku, Tokyo 171, Japan

In the energy-dispersive maethod, the theoretical expression
of the inelastic scattering intensities to be compared with the
experimental values are usually given by the approximation of
neglecting the width of the Compton spectrum. ﬂn validity of
this approximation has been numerically examined for the case of
X-ray scattering from neon. The contribution from the tail of
the co-pton spectrum due to the inner 1s electroms was found to
be more isportant than that from the peak.

It has been found that the error due to the approximation
never exceeds 0.2 § of the total scattering intensity for the
scattering angles less than 35° and for the photon energy from
1S to 33 kev.

More important is the correction to the tabulated incoherent
scattering factor 8(K) for the experimental situvation vhere the
measurements were made in a constant-scattering angle mode as
theoretically investigated by Bonhanm.!)

1) R.A. Bonham, Phys. Rev. A23, 2950(1981)jerratum, ibid.
A35,3964(1987),
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Charge and Momentum Densities in Pressure-~Induced Metallie InSb
with NaCl Structure

T. KOBAYASI and H. WARA'

College of Medical Sciences, Tohoku University,
Seiryo, Sendai 980, Japan

tcollege of General Bducation, Tohoku University,
Kawauchi, Sendai 980, Japan

Pressure-induced InSb with rock-salt structure, obtained
from amorphous phase at the pressure of ~10 kbar, is experimen-
tally confirmed to be metallic. Previously([14r3], by performing a
self-consistent total energy calculation, we discussed metallic
stability of this material. In these papers, we found that the
material is a system of a coexistence of the metallic and the
strongly covalent properties. The mowentum density distribution
in the typically covalent semioonductors is rather insensitive
to a bonding structure of electrons(4]. On the other hand, in
metallic systems, it is indeed sensitive to an electronic stru-
ture. In view of these facts, it is interesting to study the
charge and momentum densities of this material in detail.

In this paper, we calculate the Compton-profile and the
positron annihilation angular correlation of this coexisting
system. We discuss the extent of appearance of metallic charac-
teristics in the covalent background. The results will also be
discussed in connection with the charge distribution in real
space, the charge transfer and the metallic stability.

{1] K.Shindo, S.8himamura, T.Kobayasi and N.Nara: J.Phys.Soc.Jpn.
49 (1980) 2083,

(2] x.shindo, T.Kobayasi and N.Nara: J.Phys.S8oc.Jpn. 50 (1981)
2274.

{3] Z.Robayasi, K.Shindo and H.Wara: Solid State Physics under
Pressure, od. by 8.Mimomura (XTK Sci. Pub., Tokyo 1985), pd9d.

(4] N.Nara, K.Shindo and T.Xobayasi: J.Phys.Soc.Jpn. 46 (1979) 77.
R.Mara, ?7.Kobayasi and K.Shindo: J.Phys.C: Solid State Phys.
11 (1984) 296¢7.
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Investigation of Klectronic Styucture of Some Oxides by Comptom
Scattering Techuique

Farid M. Mohamund, B.K. Sharms and B.L. Abuja*
Department of Physics, University of Rajasthan, Jaipur-302004
Rajasthan, India

*Department of Physics, Jodhpur University, Jodhpur, Indis.
ABSTRACT

Compton scasttering techoique has been applied to investi-
.u,-a.wmﬁ-cvao.»zosnduoo,. The
Gessuremente have hoen made ssing 3%au Compton spectrometer.
Theoretiesl Compton profiles were computed for varicus elactros
Mh“m. Pressat msasuresests support
mu—aum’mh—-ﬁuw

muwﬁammuu‘.

1. F. Werfel snd E. Mianil, J. Phys. C 16, 6091 (1983)
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Klectron Mowsutsm Distribstica is Zircosium sad Cedmism
B.K. Shacem and B.L. Ajuja®
Department of Physics, Ullv(n-uy) of Rajasthan, Jaipur-302004

*Present Address: Department of Physics, University of Jodhpur
: Jodhpur (Rajasthan), India

Klectron somentum disiributions ia hep Ir and Cd have
been studied for the first time ssiag Compton scattering technique.
Mossyremeats have besn made by scattering 59.54 keV gamme-
rays. Theoretieal campuiations heve bess carried out using
asd experimest is fowd f the electron coufigration for Ir
is choses as 4d°5s'. For Cd, the RFA wodel predicts ressonsbly
well the Cempton profile in comperison to free electron and
atomic models.
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Compton Profile of Polycrystaslline Tungsten
Usha Mittal, B.K. Sharma, Psrid M. Mohammed end B.L. Ahuja®
Department of Physics, University of Rajasthan, Jaipur-302004, India
w-mt of Physics, University of Jodhpur, Jodhpur (Bajasthan)

ABSTRACT

Compton scattering technique has been applied to study
the electron momentum distribution in polycrystalline tungsten.
The measurements have been made using Ul Y-ray source (5C1i)
and intrinsic Geymenium detector. Experimental results bave
been compared with the band structure caloulation of Pepenicelsou
ot 1 and with our Rencrmelised Free Atem Model (R.P.A.)
celculations. R.P.A. values for 6§ configiration sre in better
agreemert with the experimental values.

1. §.1. Papanicolacu, ¥N.0O. Bacalis and D.A. Papaconstantopoulos
Phys. Stat. Sol. (b) 137, 8597 (1986).
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THE CRYSTAL ELECTRON ENERGY AND COMPTON PROFILES FROM
X-RAY DIFFRACTION DATA

ALEXANDROV JU. V., TSIRELSON V.G., OZEROV RP.

‘Mendsleev Institute of Chemical Technology,
Miusskaja Sq. 9, 125820 Moscov, U.S8.8.R.

There are several different quantum aschanic apptouchi'
to oné-electron density satrix determination from X-ray
diffraction data. The more general method of that kind which
takes into acoount the crystal translation symsetry has been
developed and is presented here. The method has been applied
to electron energy and directed Compton profiles calculations
of some covalent crystals-dismcnd and silicom. Kinetic energy
(per atom in crystal) calculated practically coincides with
the . theoretical cne and experimentsl values. The binding
energies, which are determined as a difference of two very
lazge values, coincides in 36%-limit; this limit is
characteristic for Hartree-Fock calculation. Coincidence with
theoretical data is better.

The dairected Compton profiles had been calculated in
momentum approximation. Good agreement with theory and
experiment for both compounds in all regions studied has been
ocbtained. We would 1like to draw attention that in the
approach suggested the incoherent effects could be described
starting with the coherent X-ray data. The fundamental role of
the electron density can De seen here.
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Directional-Compton Profiles and their Fourier

Transforms in GaAs

- B.X, Panda,D,P,Mshapatra and H,C,Padhi

Compton profiles along the (100) and (111} directions
of GaAs were measured using 59,54 kev qamma-rays from a 3 Ci

annular source and an HPGe detector,

rofile anis

is found ¢b be

higher ¢ walues as COmph
an‘he,trgﬁ;ﬁﬂm—ug; _
bond anisotrepy as in

Compton profile as well as Fourier transformed Compton
otropies sre compared with pseudopotantial calcu-
ations using both local [1) as well as local plus non-~local
{2] potentials. The measured Compton profile anisotropy (Fig.l)
in reasonable agreement with theory for both
sets of potentials, It can also be seen from Fig,l that the
extremums in the measured anjisotropy are shifted slightly to
mpicyd 0 theory, The aitocorrelation
gshown in Fig.2 is dominated by the
tal. semiconductors [3] and because

of resclution the effedts bf second neighbour interaction

..-

are #ot satisfactory clese to

voe Caph. ,
w— toeat)
l’

, be seen, The negitive peak in the anisotropy ocours at
°.m!::l. i lower than Wq& (4,62 a,u), Some aniso-
tzo’&::‘_;ho foand at about 1 &.u, which is not predicted by
the ‘ v s, suggasts that the peseudopotential wavefunctions
atomic centre which perhaps is
evident from the fact het the wave~functions are not made
aorthaogonal to the core electrons,

AS (M- N8

s - Eupt.
seess Thaory {Locell
ace= Theery {Non-!

3

-0.09

-uT
-ois—i ——

Fig-2

N,L,Cohen and T.,K.,Bexrgstresser Phys, Rev,B 14l 789

} ¥ |
(TR L
Fig .
References:
'
(196¢€) .
2,
3,

J.R,Chetikowsky and M.L,Cohen, Phys. Rev, B 14 556 (1976).
P.Pattisin, W.K,Hansen and J.R,Schneider Chemical Physics

£9 231 (1981),
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Basis-Set Refinement by Cross - Entropy Minimization

Shridhar R. Gadre, Indira H. Shrivastava and Sudhir A. Kuikarni

A gonsadl Aechnique to refine a given atomic basis with the
constraints of experimental / theoretical «2> and <pz' values is
presented. The refinement, is achieved by minimization of the cross
- entropy s(b] Pyl = J o) m [ pofy Q,(f)ldf\whore o
and oo(?) are respectively the refined end reference { starting )
densities. The wavefunctions are chosen to be Slater determinants.
The procedure is tested on some Gaussian basis-sets for H, He, Li and
Be atoms. It is found that the refined basis-séts yield, in general,
excelient estimates of the <> and «p"> expectation values with
refatively small loss in the totat energy. Exploratory studies for

molecules employing these refined sets are also presented.

* Abstract of the work to be presented at a Poster Session at

SAGAMORE - IX to be held in Portugal in June - July, 1988.
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P. Cenoud, A. K. Singh, A. A. Manuel, T. Jarlborg, E. Walker, M. Peter

Département de physique de la matidre condensée
Université de Gendve

24, Quai Ernest Anserwet, CH-1211 Gendve 4, Switzerland

and M. Veller

Max-Planck-Institut fdr Metallforschung
Instituc fir Werkstoffwissenschaften
Seestrasse 92, D-7000 Stuttgart, Germany

Rlectzon momentwm distributiom and spin density of ferromagnatic
iron studied by spin polarized positrom amnihilation

Abstract. :

Ve repert the first study of the Fermi surfacs topology, slectron momentum
density and spin mementum density in ferromagnetic iron wusing two-
dimensiensl sngular corxelation of polarized positren amnihilation radia-
tion (2D-ACPAR). We have performed a self-consistent tegsther with a par-
ametrized band structurs calculations using the linsar muffin tin orbital
(LMTO) method. Calculations of the momentum distributions were done both in
the independent particle model appreximation ~nd imcl electron-
positron correlation effects. The analysis of the ugorlunu data shows
that the large M-centered hole-ellipsoid of minority 39 band given by the
self-consistent band atructure ealculations doss not exist or is very
small. The nature of the electron-positron correlation cf‘oeu is found to
resemble the oues which were obissrved by Singh et al ("1986) for nicksl.
This confirms the systsmatic trends of the electron-positron corrslation
effects for localized d-electroms. The relative spin momentum density is
negative at small values of p and can be correctly described only with a

different treatment of the correlations for majority and minority electron
bands.

*) A. K. Singh, A. A. Manuel, T. Jarlborg, Y. Mathys, E. Valker, M. Peter,
1986 Helv. Phys. Acta, 59 410
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RESONANT RAMAN SCATTERING IN METALS
V. Etelaniemi, K..Himiliinen, S. Manninen and P. Suortti

4 Department of Physics, University of Helsinki,
Siltavuorenpenger 20 D, 00170 Helsinki, Finland

S.P. Collins, M.J. Cooper and P.P. Kane

Department of Physics, University of Warwick,
Coventry, CV4 7AL, UK.

In the resonsnt Raman scattering process (RRS) the incident x-ray photon energy is
Jjust below the the absorption threshold of the target clectron. The intermodiate state
involves a virtual hole anid in the final state there is & higher ahell hole, an electron in
the continuum and an emitted photon. The scatiered energy spectrum is continuous
becaus¢ the photon and the ejected electron share the available enexgy. RRS arises
from §. A term in the interacting Hamiltonian which conples the dlectromagnetic field
and electron and the scattering cross section in dipole approximation has been recently
calculated?. | e e

In order to study the energy dependence of the RRS cross section & tunable x-ray source
is required. This can now be done using synchrotron radiation. Scattering components
due to the A%-term can be elimated by choosing a scattering angle of 90° and lineaddy
pohrhedw incident beam. First experiments of this kind were made for Ni in LORE,
Paris®.

In this study synchrotron radiation from SRS storage ring in Daresbury, U.K., was
used to measure RRS cross section for Cu and Zn (K-shell hule) and Ho (L-shell hole).
Incident x-ray energies varied from values ~ 1 keV below the rtion edge up to the
energies ~ 300 ¢V above the edge where fluorescence was excited. The fluorescence
yield was used to determine the incident photon flux and absolute RRS cross sections
can then be obtained.

The double differential croes section d?¢/d'Qdw of RRS in Ni was also measured using a
high resolution crystal spectrometer and conventional x-ray tube®. This is particulasly
interesting because the cross section is modulated by the electron scattering from the
neighbouring atoms. Similar effects are seen in EXAFS (Extended X-tay Absorption
Fine Structure) but the role of the inner-shell hole is different.

1T, Abcrg and J. Tulkki in "Atomic Inner-Shelt Physics” edited by B. Crasemann
sPlenum. New York, 1985) Ch. 10.

S. Maaninen, P. Suortti, M.J. Cooper, J. Chomniilier and G. Loupias, Phys. Rev. B34,
353 (1966).
P, Suortti, V. Btelinieni, K. HimAliinen and S. Manninen, J. Physique, to be pub-
lished.

e et s e At < oa——




Py e at i
e gy PPN TR B

PO PRUUEITE
————
N

Binding and Correlation Effects in Simple Molecules
As Studied by Gas-Phase X-Ray Diffraction
Keiko Nishikawa and Takao Iijima
Department of Chemistry, Gakushuin University

Toshima-ku, Tokyo 171, Japan

We reported gas-phase X-ray diffraction experiménts carried
out by the energy-dispersive method in order to investigate the
binding and correlation effects in charge distribution of simple
gaseous molscules. Comparison of the measured total (coherent +
incoherent) intonsiﬁi.s with the Hartree-Fock independent-atom
calculation revealed the binding and correlation effects.!)

Recently improvement has bsen made in both the experiment
and analysis. Reform of the gas cell has decreased the back-
ground Snienitty mainly caused by the scattering from the windows
of the cell to 1/10.

For the inelastic cross section to be compared with experi-
ment, a more rigorous expression for constant-angle measurements
given by Bonham?) has been used instead of the Waller-Hartree
theory.

Vhen several angle-settings were made for covering a wide
range of s-values (s: scattering parameter), the applied tube
current was different for different scattering angles. This
difference of the tube current might change the energy-spectrum
of the white X-rays. This effect is now under investigation.
The improved results of 0, and Ne will be presentad.

1) K. Nishikawa and T. Iijima, J. Chem. Phys., 87, 3753(1987).

2) R.A. Bonham, Phys. Rev., A23, 2950(1981); erratum, ibid,, A3S,
3964(1987).
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HIGH ENERGY NEUTRON RECOIL SCATTERING

IN LIQUID “Be

R S Holt, L M Needhan and M P Paoli

Neutron Division
Rutherford Appleton Laboratory
Chilton, Didcot, Oxom. U.K.

Abstract

Neutrom recoil scattering from liquid “Be at 4.2 K and 1.6 K
has been ebserved for a momentus transfer of 150 it using
the elactron volt spectrometer on the pulsed neutrom source
ISIS at the Rutherford Applaton Laboratory. The spectrometer
is based en the (n,v) neutron resonance adsorption techaique
using a single Bismuth Germanate photon detector. Analysis
of the recoil scattering spectra yielded mean atomic kinetic
energy values =14.8:3.0 K at 4.2 K and K>«14.623.2 K at
1.6 K in good agreement vith values obtained at much lover
somentum transfer. Mo direct evidence for the Bose
Condensate peak vas found but an upper limit to the
condensate fraction, L of 20X vas determined using model
calculations. This value is in reasonable agreement with
other condensate fractions reported in the litecature at this
particular temperature.

63
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ANISOTROPY IN THE ATOMIC MOMENTUM DISTRIBUTION

OF PYROLYTIC GRAPHITE

M P Paoli and R S Holt

Neutron Division
Rutherford Appleton Laboratory
Chilton, Didcot, Oxon. U.K.

Abstract

Deep imelastic peutxde dcattéring using the (n,v) resonsnce
absorption technique o ‘the pWlsed soyrce ISIS-has been weed
to det the wegn atomic kinetic emergy in pyrolytic and
polycrystaliine gruphite. Ao anslysis of the recoil
distribution vidths shiovs a significant anisotropy in the

atomic momendim:dfetributies measured parsllel and e

perpendicular te the hixagonil layers. Comparison betveen
the .observed mesn kinetic énergies and those derived froe o
phonon density of statis -msodel are in agreesent perpendicular
to the layers mt ot varifunce parallel to the layers. A
small asymmetry in the recoil line shape has also been
observed and is asttritnited to the influence of final state
corrections to the Ispulse Approximation.
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DETERNINAYION OF ATOMIC NOMENTUN DEMSITIES

DERY INELASTIC NEUTRON SCATTERING

R S Holt and ¥ P Peoli

Beutron Pivision
Rutherford Appleton Laboratory
Chilton, Didcot, Oxon. U0.X.

Abstract

The technigues of neutron resonance shaerptien have been woed
on the pulsed seurce ISIS at the Rytherford Appleton
Laboratery te doternine the atenic wemmmtun distribution
a(p) of light atoms. The high flux of epithermal meutrons
allows strong meutrom resonances in the electron velt ragies
to be wned. An (n,7) or Ressnsng Detecter Spectrometer (RDS)
bossé on neutren TOF has besu daveloped on ISIS waing doth
single and wultidetector eenfigusations. The high ewergy
gomna Tuys enitted after sboorptiva are captured by Btasuth
Gernanate (IS0) photon detectors. The high mementun and
energy transfers achieved using the RDE technigue are
wecessary to validate the Ispulse Approximation in the recoil
scattering process alloving n(p) to de extractad from the
weasured 5(Q.¢) spectra directly. Neutron recoil spectra
(analegous to Compton profiles using photon scatteriag)
therefore provides s direct method of determining atomic
kinetic energies and atomic potentials. Recent measurements
in polyerystalline Be ave used te illustrate sowe of the
sspects of this technique.

e s A s o em—

e

ey - e | — e -




(/ L

66 P4.8

ELECTRIC PIELD GRADIERNTS NEASURED O¥ THE SYSTEMS NO-H AND Ta-~B BY
PRRTURBED ANGCOULAR CORRELATIONS

J.M., Gi1, P.J. Mendes, L.P. Perreira, A.P. de Lima and N. Ayres
de Campos

Phyvics Depsrtmest, University ef Coimbra, 3000 Coimbra, Portugsl

Hydrogen atoms form iaterstitial sublattices whea fntroduced
fn bee Bb and Ta lattices, where. they occupy tetrshedral sites
{1]. Its structure fs depundeant ea the hydrogen coaceatration and
sanple tesmperature. The phase-diagrams of thess systess are koown
to a grest extent, sad seas of the structurss wers determined by
X-rays, acutrom end TEN diffraction methods [1).

The Péxturded pngular Co&tolnttri techniques were aspplied
sucecessfully te those systems uotng Int eadtoactive stoas as
substitationsl prebes ia thé astal lattice {2,3]. The techalque

* glelds lafermation ceaterniag the close vicinity of the probes,

14 the fors of she electric field gradieat (efg) measured at the

prode nuclei.

. 'Althosgh the fdeatiflcation of some kaewn phases could de
dine by unigue afg setas, the faterpretation of the efg themselves
te aot strasightforvard. Poeint charge asfels have deen developed
ta the §iot s oxplain the ofg velues ébtalaed {n many differeat
PAC expevivents [4}. )

I8 the préseat werk, the point echarge sodel which usually
ealy feked dmte acceunt (he pesitive charge of the foas of the
latiiee wae ispreved by adding negative charges olamulating the
ficst svadut of the electrenic charge dengity sround the probde
stome. The chotce of the polut chirges and their localizetion vas
Sased ou theorstical calculaticas of the changes iaduced on the
electroile chacge denslity by the introduction of & hydrogen atom
ian che wadel lattice [3).

f1)~T. Scheber, R. Vensl, ta “Hydrogen fn Metals II", Top. in
A"‘o ’.'.o. vel, 2’. G. A"‘.l‘. J. Voelkl (.dl.),
Sptingar, Berlin, 1978, p. 11,

{2)-P.J. Headnes, J.M, 911, W, Ayres de Campos, R. Pelchl, A.
'.“i...'. .”. t.to. (l’.!) 791.

{3]~-3.0n, Gt1, F.3. Nendes, A.P, de Lisa, W, Ayres de Canmpos,
Sheng VYuqin, R, Pelzhl, A. Wetdiager, J. of the Less-Common
Met., 129 (1987) 145,

[4) -5, BDodesatedr, Nyp. 1Int., 24/26 (1983) 321,

[3)-n.G. Priceche, F. Duebler, H. Mueller, Z. Anorg. Allg.
Cheam., 313 (1984) 46.
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HYPERFINE INTERACTIONS AND ELECTROWIC
STRUCTURE OF THR Felili; MOLBCULE

Joyce Terra and Diana Guenzburger

Centro Brasileiro de Pesquisas Frisicas, Rio de Janeiro, Brasil

Pe atoms, when trapped in frozen WHy matrixes, react
to form the moleculss Peiliy. This species provides a model
for the study of the intsractioh of W, with Te surfaces. The
N3ssbaves spectrim shews two ium peaks of equal intensity,

vhish duggests & quadrupole fataraction and a weli-defined Fe
site. The xu-u-m!t ‘Weatured is different from that of re
atoms in teve giiy atrimss. Mshbaver experiwents in the pré-
sence of an extermal magnatic field revesl a large positive
magentic hyperfise field (K. Saitovitch, Joyce Terra and

H. Litterst, enpublished).

We have performed self-consistent all-electron Mole-~
cular Orbitals celemlations fer the PFeNH; species which, com-
bined with the experimental data, provide insight on the elec
tronic structure of this molecule. The Discrete Variational
method with the lesal deneity spproximetion was employed. The
probable ground-state configuration is ....:m-’m.’m-‘;m .
and & Mmllikea-typs population analysis gives the Pe configu-
sation uzufdsg"'lag"lpg"’dpe'°2. The large positive cal-
culated contact hyperfine field (4980 kG), obtained from the
spin density at the Pe nucleus, in good accord with experiment,
is mainly due to the large population of the Fe 4s, orbital,
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relative to 4s,. The Quadrupole Splitting calculated (-1.61
sn/s) also compares well with the experimental valus. !
The calculated value of the charge @ensity at the Fe nucleus
is in good accord with the measured Isomer Shift. A small
negative charge on Fe (Vv ~0.1) is found, as expected from

N

consideration of the N lone-pair donation to Fe.
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ELECTRONIC STRUCTURE AND ISOMER SHIFYTS OF Sn HALIDES

Joyce Terra and Diana Guenzburger
Centre Brasileiro de Pesquisas FPisicas, Rio de Janeiro, Brasil

Measurements of the Isomer S8hift & of compounds by Méss-
bauer :ycctmcbpy, combined with first-principles calculations
of the electronic c.nuty at thc nucleus of the probe .m
plo), proviao valuable information on the chemical bonding of
the lﬁnsblm atom to its neighbors, besides making it poasible
to determine the nuclear parameter AR/R, which is thc ‘relative
changs of the nucletis radius in the Mdssbaver transition.We Kave
made calculations of p{o) for Sn halides (#nX,, X=F, Ct, B
and I), using the all-electron self-consistent Discrete Varia-
tional method in the local &uity approximation. An embedading
scheme was used to simulats the crystal. A very good linear
relationship between pl{o) and & was found, and the value AR/Rw
2.2 x 104 wae Gerived. The increass in p(o) from F to I is due
mainly 6 the increase in the populsation of the 5s orbital of

sn .
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LOCALIZATION OF ATOMIC IMPURITIES IN MINERALS BY
PRECISION X-RAY DIFFRACTION DATA

V.S.URUSOV, EL. BELOKONEVA

Moscow State University, Geological Faculty, Moscow i

¥iam  isprovement - of X-ray diffraction experiment and
tmt ot the data has permited to make precisionp study of
3 ,puhccuro details and peculiarities of electron
density . i.e. cliskical Bond felitures. The first
pepes, - ﬂn'mtmu the principel possibility of
localisation a asalil impurity amount in a structure by careful
lnlf’l-i ot ll-m halt dealt with ruby structure investigation
111. &mmmummmuuotamlmt
of Cx” (0,3wt%). Using such approach we studied three spinels:
1) neoble MIOC(O.M‘M {2),2) hercynite (3], 3) syntetic
Co-spiutlr wnd tive berylls: 4)practicaly pure Dberyll{d),
S) aguanarine(2,4wthPs) , ¢)smaragd(0,5wt8Cr.0.30Fe,2.0Mg) . syntetic
7)Co-(1, 1wty) and®) Ou- (1, Swtl) -hesring berylls. The experimental
data were cbtsined by 'mtu" P1, the structures were refined u
using an *Nlijee-8/200° compiter by INEXTL-programs. The
reliahility factors R, Ry and goodness of fit 8 for high-order
region of reciprocal spece are in the table. The atructure
positions of small aemount of impurities are important for
physical properties interpretation, especially magnetic and
spectral ones. The 8p-maps allowed to detect chemical bond

peculiarities in spinels as well as in ring-silicate beryll.

T 15 s T




Tablei ,

1) a) 3. & 5) §) 7 8)

'R,% 0,77 0,88 1,07 0,73 1,17 1,31 1,08 1,44
M,% 0,96 1,35 1,57 099 1,40 1,49 1,02 2,33
s 1,008 1,358 9,881 1,020 0,933 1,010 1,076 1,596

*the experimental data were kindly sent by Prof. Y. Saito

1. V.G, Tairelsom, M.Yu. Antipin. R.G. Gerr. R.P. Ozerov, Yu.
T, Struchkov, Phys. -Stat. Sol. (a) 87, 425, 1965. 2.v.G.
Tsixélson. K.L. ‘Belokoneva, Yu. 2. Nozik, V.8. Urusov,
Geothimita, N7, 1033, 1986, 3. V.A. streltzov, K.L.
Belokonava, V.G. Tiirelson, V.8. Urusov, R.P. Ozerov,

Geochimija, WNW10, 1456, 1987. 4. O.A. Evdokimova, &.L.

Belokoneva, V.. Tzirelsda, V.S. Urusov, NS, 1988.
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THE X-RAY PSEuDOroTENTIAL YOR ATV, aT¥RYT anp AT115Y cou-
FOUNDS, DETERMINED USING THE COMERENT AND NONCOMERENT SCATTE-
RING PACTORS By J.Jakimavichius, Vilnius Institute of Building
Engineering, Vilnius, USSR '

The X-Ray pseudopotential components (XPC) for AlV,allp'I
and AT¥I8Y compounds related with the charge density aistribdu-
tion in the crystals have been obtained using the measured
structure amplitudes and noncoherent scattering factors. The OPW

: approxisstion for valencs electron wave functions and first or-
i der of overlap integrals have been used. These approximations,
f as it was shown in (J.Jskimsviohius, a.unm-. Molecule rny-

.10.| m'. 1”‘.  § 2. ’0‘1’ Isad l‘
‘(t u nonoo (Goapton)

Ve(3)= b /vS" [kﬁ)-m; ‘

oXpres |
“5 ()R mrinc facsors. #he valence ' :
léctron scatte upntud” or factors have sepe
from the mm« values Jovp(3) sccoresng’ w%@{,@ e

where k‘ ~ 18 the core scattering factor.

XPC and ensrgy levels in the points [ ,X,I end along
lines A and A. for the 31, InS, 3nSe, 3nD, CdS, CdSe, CdTe, BN : [
and CsAs compeunds has been inwestigeted. The values of XIC and !
enexgy levels for SnSe et the 1llustration of the method are pre- ‘
sented in the tadle !

e Ve TIT""F ‘ A
: 31X 2 f" 3,0 2,9 '
, 233 -1,13 :72 lv * ’ ‘

- ‘
220 0. 0,14 h : 4,7 g}%

Hare v(8) "-pbuntm mpouonu. deternined by use of the
experisental structure amplisudes, V(l)wdouuin« with taking
into account the nonlocal part of pseudopotential, V(S)op-optical
pseudopotentisl coaponents. The main parts of XPC are expressed
by the 1local pert determined using the experimental values of
!(8).”. The energy levels in the besis of Vyp- and superposition '
of simsetricel plane vames have -besn determined. The agreeaent
of energy gsps calculaded using the measured scattering amplitu-
des wish opticsl experisental results has been odserved. The de- )
pendence 0f energy levels snd XJC on pecularities of charge dens!-
ty aistridution end effective charge of ions in the investigated
compounds has deen discusswd.
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THE VALENGE ELECTRON MOMENTUM DISTRIBUTION INVESTIGATION
IN THE SUPERIONIC f - AND F" - Na,0°x AL,0 COMPOUNDS

By J.Jakimavichus, Vilnius Institute of Building Enginee-
ring., A.Alishauskas and R.Purlys, Faculty of Physics, Vilnius
University, Vilnius, USSR

The valence electron momentum _d}stribution functions (VEMDF)
of superionic compounds P - and P - Na,0°x AL,0; bave been
investigated by use of the measured and calculated Compton pro-
files (CP). The dependence of CP and VEMDF on the change of lat-
tice structure of hexagonal P - and B" - aluminates has been
investigated. The influence of stoichiometric composition of -~
aluminates to the CP and VEMDF has been studied. The X-~Ray three-
-crystal spectrometer for Compton lines measurements has been
used. The scattering angle was 120°. The monochromatic Mo K,

( hY = 17, keV) radiation has been used. The monochromatization
of Mo X-Ray radiatlon was performed by Ceylon graphite. The Li
served as crystal - analyser. The exposure time was 200 s per
point. The noncoherent scattering factors, calculated with ta-~
king into account the ionization of atoms for normalization of
measured Compton lines have been used. The calculated CP and
VEMDF with taking into account the ionisation of atoms Na*,Al*,
0?~ for comparision with the experimentally obtained results
have been applied.

The decrease of measured CP as compared with the calculated
ones, including superposition of free atoms in the low amomentun
region for § - and P ~ aluminates has been observed. This
decrease of measured CP corresponds to the shift of VEMDF to
the region of higher momentum., Taking into consideration the io-
nigation of atoms A13"", N1+, 02~ leads to better agreement bet-
ween easured and calculated CP, The correlation of valence
electron distribution in real and impulse space has been inves-
tigated. The ircrease in charge density in the region of wave
function maximum and displacement to the nuclel in real space
have been observed. The influence ot electron structure change,
caused by ionization of atoms and charge density deformation
to CP and VEMDF have been discussed.
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