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The Mossbauer isomer shift 5 of Te'” decreases on a decrease of the electronegativity
of the surrounding atoms in crystals of diamond-like semiconductors with imperfect
crystal lattice structure. A correlation between § and interatomic distances is found; &
increases with decreasing distance between atoms. It is suggested that such variation of
6 may be due to the contribution of the wave functions of neighboring atoms participating
in formation of molecular orbitals to the electron density at the Te nucleus.

The Mossbauer isomeric shift § is connected with
the change of the Coulomb interaction following a
change of the electron density at the nucleus. In the
atomic-orbital approximation, which is widely used to
interpret the experimental results, it is proposed that
the change 6 is connected with a change in the density
of the valence electrons of the Mossbauer atom itself.
Therefore the change 6 is determined mainly by the
change in the density of the valence s-electrons, as a
result of which the shift § should increase with this
density for nuclei whose radu increase on going to the
excited state (AR/R > 0) U

This approach makes it possible to explain qualita-
tively or semiquantitatively most experimental data on
Mossbauer isomeric shifts. On the other hand, it is
only a crude approximation of reality. In a solid, the
electrons are collectivized to a lesser or greater de-
gree, so that the wave functions of the valence electrons
cannot, strictly speaking, be regarded as belonging to
individual atoms. To take this into account, different
variants of the molecular-orbital method have recently
been used!?™*!, In the widely used approximation in
which the molecular orbitals are constructed as linear
combinations of atomic orbitals, the electron density at

the nucleus can be represented as a sum of three terms:

1) the density of the electrons described by the wave
function of the Mossbauer atom, 2) the density resulting
from the valence electrons of the neighboring atoms,
and 3) the overlap density. In the atomic-orbital ap-
proximation, one considers in fact only the first term.
In the present article we report experimental results
for which an explanation based on the atomic-orbital
approximation is patently insufficient, and which ap-
parently constitutes an example in which the change of
5 is due mainly to the electron density connected with

the last two terms (principally with the overlap density).

We have investigated the Mossbauer spectra of the
35.48-keV 7 lines of Te'” in diamond-like semicon-
ductors with defects. We expected a decrease of the
electronegativity of the surrounding atoms to cause the
shift 6 to increase as a result of the increased reat-
traction of the valence electrons of the hybrid sp3 or-
bitals to the Te atoms. Experiment revealed an oppo-
site and ‘‘anomalous’’ change in the isomeric shift.

The spectra were investigated with a variable-
velocity Mossbauer spectrometer based on the AI-256-1
multichannel analyzer. We used a ZnTe'®™ source.

: The investigated compounds were synthesized with
tellurium enriched with Te'® (77.3%) by melting a

stoichiometric mixture of the initial components at high
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temperature in evacuated quartz ampules. The com-
pounds with aluminum were synthesized under the same
conditions, but the components inside the quartz ampule
were placed in a corundum crucible. The isotopically
enriched tellurium was purified beforehand by recrys-
tallization in a stream of hot hydrogen. The structure
of the synthesized compounds was checked with a
URS-50-IM x-ray diffractometer. The thickness of the
absorbers in terms of the Te'® isotope was 1.8—2.5
mg/cm? In the measurements of the spectra, the
source and the absorber were at 130°K. The moving
unit was the source.

The quality of the measurements and the overall ap-
pearance of the spectra are illustrated in Fig. 1. In
measurements with a source and absorber made of
ZnTe, the width 2T of the unsplit line was 7.8 mm/sec.
The measured spectra were reduced by least squares
with a BESM-4 computer, using the program for the
determination of the parameters of doublet Lorentz
lines. The values obtained for the isomeric shift &
(relative to ZnTe) and of the quadrupole splitting A
are listed in the table.

The crystal structure of the investigated substances
is well known!®!. It is derived from the structure of
chalcopyrite, one-quarter of the cation sublattice of
which is unoccupied. The structure of CdGa.Te,,
ZnInzTe4, and CdIn.Te, corresponds to the space group
SZ, that of ZnGa,Te, to the group SZ or , and that
of ZnAl.Tes and CdAl.Te, can be ascrlbeg not only to

S7 and Dy, but also to Dy and Dy4t*!. The short-
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FIG. 1. Mossbauer spectra: a—ZnGa, Te, , b—CdAl, Te, .
illustrates the separation of the doublet components.
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Experimental values of the isomeric shift & (relative to ZnTe) and of the

quadrupole splitting A.
Compound §, mm/sec A, mm/sec
7ZnAl;Te, I 0.730.11 6.4+0.2
ZnGa,Teq 0.23+0,05 3.5+0.2
ZnInyTes 0.1740.05 3.7+0.2
J, mm/sec
2. InAl,Tey
CdAL,Te,
7.4
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FIG. 2. Correlation between the isomeric shift § and the interatomic
distances.

range order is characterized in all cases by tetra-
hedral coordination. The hybrid sp® orbitals, which are
directed towards the vacancies and are occupied by un-
shared pairs of electrons, are regarded formally as
forming a chemical bond with the vacancy.

From the general expression for the Mossbauer iso-
meric shift!*! and from results of calculation of the in-
fluence of screening on the electron densities of the
core electrons and of the valence electrons at the
nucleusm, with allowance for the results of estimation
of AR/RU") we obtain for the isomeric shift of Te'® in
the atomic-orbital approximation the formula (6 is in
mm/sec):

~ 5[ (0.983n,, — 0.065n..* — 0.0567.47,,)
— (0.983n.. — 0.065n,.* — 0.056n:n,,) ], ®

where ng1, ngg, Npi1, and np2 stand for the populations
of the s and p orbitals for the Te atoms in the two
compared compounds.

The electronegativity increases in the series
In-Ga-Al'®). Therefore the attraction of the coupling
electron cloud towards the T atom in the bonds formed
by sp® electrons should become enhanced on going from
the Al-Te bonds to the Ga-Te and In-Te bonds. A
corresponding increase should also take place in the
density of the s-electrons at the Te nucleus, and since
AR/R is positivel”)] the isomeric shift should also in-
crease. It is seen from the table that experiment re-
veals a decrease of 5. The quadrupole splitting A
changes here as expected, namely it decreases on going
from compounds containing Al to compounds with Ga
and In, since the number of unbalanced sp® electrons
decreases!®’,

It is seen from (1) that when ngj increases (ngj
= ng2) the value of § can increase only if np decreases
strongly at the same time. No such decrease is obtained
if the condition np = 3ng is satisfied. If we forgo this
condition, then § should be most sensitive to np when
ng remains practically unchanged. Then
96/6np|ng =const ¥ —0.3ng [mm/sec]. Even in this ex-
treme case, the observed differences of 5 between the
pairs ZnAl,Te4 — ZnIn,Te, and CdAl,Tes — CdIn,Te,
(see the table) can be explained only if np changes by
1.5—2 units. The effective charges should change cor-
respondingly. Such a large change in the effective
charges of the Te atoms can obviously not be regarded
as realistic.
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Compound 8, mm/sec A, mm/sec
CdAl;Te, 0.56+0,15 5.640.2
CdGa,Teq 0.23+0.13 3.4+0.2
CdlIn,Tesy 0.07+0.15 3.2+0.3

Calculations!? with allowance for the exponents of
the wave functions of the neighboring atoms show that
the electron density at the nucleus should increase
rapidly when the atoms come closer together. This is
probably the explanation for the observed ‘‘anomalous’’
behavior of 6 in the investigated crystals.

From estimates with the aid of the wave functions of
Herman and Skillman!'! it follows that the direct con-
tribution of the ‘‘tails’’ of the wave functions of the
neighboring atoms to the electron density at the nucleus
is of the order of 1% in comparison with the density
produced by one valence s-electron, and the contribu-
tion due to the overlap can amount to several dozen
percent. Both contributions should increase rapidly
when the atoms come closer together (more rapidly
than l/rs, where r is the interatomic distance).

Figure 2 shows the correlation between 6 and the
lattice constant a (the values of a were taken from[sl,
page 172). We see that smaller values of a correspond
to larger values of 6. Thus, the experimental data
should apparently be regarded as an illustration of how
an increase in the density of the 5s electrons at Te
nuclei is more than offset, as a result of direct reat-
traction, by the decrease of the electron density con-
nected with exponents of the wave functions of the
neighboring atoms that participate in the formation of
the molecular orbitals when the interatomic distances
are increased.

Many attempts have been made to estimate the ef-
fective electric charges e®ff of atoms in crystals with
tetrahedral coordination (for example Sn''*!*!! or
Sb'#[*2]') by measuring the values of &, and these
attempts yielded reasonable values of e®ff, Our present
results show that this method of determining eefl can-
not be used in the case of the Te atoms.

It should be noted that an ‘‘anomalous’’ change of the
6 of Te'” is also observed for binary defective
diamond-like compounds in the series Al:Te;
- Ga,Tes — In,Tes'* ! and that the decrease of &
likewise correlates with the increase of the interatomic
distances.

The authors take this opportunity to thank G.
Kudarauskas for taking part in the preparation of the
isotopic compounds and V. Dragunene and B. Morozova
for help with the computer reduction of the experimental
results. The authors are also indebted to E. F. Makarov
for remarks during the discussion of the results.

1V. S. Spinel’, Rezonans gamma-luchei v kristallakh

(Gamma Ray Resonance in Crystals), Nauka, 1969.
2M. L. Unland, J. Chem. Phys., 49, 4514 (1968). M. L.
Unland and J. H. Letcher, J. Chem. Phys., 49, 2706
(1968).
%S. P. lonov, E. F. Makarov, and D. I. Baltrunas, Zh.
Strukt. khimii 13, No. 5 (1973).
*S. P. Ionov and G. V. Ionova, Zh. strukt. khimii 9,
929 (1968).
®N. A. Goryunova, Slozhnye almazopodobnye poluprovod-

K. V. Makaryunas et al. 450



niki (Complex Diamond-like Semiconductors), ‘“Sov.
radio,’’ 1968.
®J. K. Lees and P. A, Flinn, J. Chem. Phys., 48, 882
(1968).
"K. V. Makaryunas, R. A, Kalinauskas, and R. I.

Davidonis, Zh. Eksp. Teor. Fiz. 60, 1569 (1971) [Sov.

Phys.-JETP 33, 848 (1971)].

®1. I. Kornilov, N. M. Matveeva, L. I. Pryakhina, and
R. S. Polyakova, Metallokhimicheskie svoistva
elementov periodicheskoi sistemy (The Metallo-
chemical Properties of the Elements of the Periodic
System), Nauka, 1968.

°K. V. Makaryunas and E. K. Makaryunene, Litovskii
Fiz. Sb. 10, 425 (1970).

'“F, Herman and S. Skillman, Atomic Structure Calcula-

tions, Prentice-Hall, Inc., New Jersey, 1963.

451 Sov. Phys.-JETP, Vol. 37, No. 3, September 1973

''K. V. Makaryunas, A. K. Dragunas, and M. L.
Adominaite, Tezisy dokladov IV Vsesoyuznoi konf. po
khimicheskoi svyazi v poluprovodnikakh i polumetal-
lakh (Abstracts of Papers at Fourth All-Union Con-
ference on Chemical Bonds in Semiconductors and
Semimetals), Minsk, 1970, p. 54.

21, V. Kradinova, V. D. Prochukhan, and V. K.
Jarmarkin, Phys. Stat. Sol. (a), 5, K137 (1971).

'*A. Dragunas, K. Makariunas, and M. Adomynaite,
Proc. of the Conference on Mossbauer spectrometry,
1, Dresden, 1971, p. 326.

“ P, Jung and W. Triftshauser, Phys. Rev., 175, 512
(1968).

Translated by J. G. Adashko
97

K. V. Makaryunas et al. 451



