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The nuclear gamma-resonance (Mossbauer) method was used in an investigation of the electron states of
tin impurity atoms in the crystal lattice of In,Te;. It was found that, in the investigated range of
concentrations (1-8 at. %), the tin atoms introduced into the In,Te; lattice remained neutral and this
accounted for the unusual (for semiconductors) absence of extrinsic conduction in In,Te;-type crystals
doped with elements belonging to various groups of the periodic system. A scale was derived for the
isomeric shift as a function of the effective charge of the s valence electrons in tetrahedrally coordinated

compounds of tin.

PACS numbers: 76.80.+y, 71.55.Dp

The introduction of impurities into inorganic crystals
results, irrespective of the dissolution mechanism,
either in ionization or formation of covalent bonds with
the crystal matrix atoms. This applies particularly to
any semiconductor crystals with the diamond-type lat-
tice (Ge, Si, @-Sn) and to similar—in respect of their
structure and nature of the bonds—crystals with the
sphalerite lattice (CdTe, GaAs, ZnS, etc.). All these
crystals are characterized by the tetrahedral coordina-
tion of atoms and sp® bonds. Crystals of the In,Tes; type
occupy a special place in this class of substances: they
also have the sphalerite lattice but the cation sublattice
includes additional tetrahedral voids (one third of the
total number of cation sites).

Earlier theoretical and experimental studies of the
dissolution of impurities in InzTeg-tyI%e crystals and the
electron properties of these crystals "2 showed that
the equilibrium states of impurity atoms in these addi-
tional tetrahedral voids were neutral and that such
atoms did not interact chemically with the matrix atoms.
However, these investigations yielded only an indirect
proof of the neutral state of impurity atoms in the in-
vestigated crystals. Therefore, it would be interesting
to confirm this conclusion by a direct method. Direct
evidence on the electron states of atoms in a crystal
lattice can be obtained from the isomeric shift in the
nuclear gamma resonance (Mdssbauer) spectra. The
present paper reports an investigation of electron states
of impurity atoms of tin in indium telluride by the
MOssbauer method.

The technology of preparation of In;TesSny alloys and
the control of the single-phase nature and homogeneity
of these alloys were the same as in (sl Samples were
doped with tin enriched (to 85%) with Sn'!°. X-ray phase
and microstructure analyses showed that all the samples
consisted of just one phase. The Mdssbauer absorption
was determined using a constant-acceleration spectro-
meter based on an AI-256-1 analyzer whose address
register was changed to the reversible form. (4) The
source of the y rays was BaSn'*°0s.

The Mossbauer spectra were recorded for In,TesSny
samples with three different concentrations of tin
(x = 0.015, 0.04, 0.08) at room temperature. Figure 1
shows the absorption spectrum of In.Te3Sno,os; the spec-
tra of the samples with the other concentrations of tin
were similar. The absorption spectra were single lines
(AT = 0.76 mm/sec) with an isomeric shift
6 = +(3.58 + 0.08) mm/sec, which was the same for all
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FIG. 1. Absorption spectrum of Sn''*-doped In, Tes.
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the investigated Sn''° concentrations. Thus, the electron
state of the tin atoms was the same throughout the inves-
tigated range of tin concentrations, which indicated that
the dissolution mechanism was the same in all cases.

The electron state of tin corresponding to
5 = +3.58 mm/sec was found by plotting a scale of iso-
meric shifts as a function of the effective charge eg of
the s valence electrons at the tin nuclei. In plotting the
scale, it was necessary to bear in mind certain points
which had not been considered in the derivation of sim-
ilar scales in the past.

1. The scale should be the dependence of the isomeric
shift on e* and not on the difference between electro-
negativities, (5:6] pecause the linearity of the dependence
of the degree of ionicity A on the difference between
electronegativities is usually observed for these com-
pounds only in a narrow range of this difference. More-
over, plotting the dependence of the isomeric shift on eg
makes it possible to include in the same scale the
neutral tin atoms when e; = 2 (the electron configuration
of a neutral atom of tin is 4d'%s%5p?). In the case of
atoms in the sp® bonds, we have el =1+ X (in electron
charge units), where the "+" and "' signs correspond
to the behavior of tin as an anion or cation.

2. 1t is shown in[7) that the definition of A for crys-
tals with sp® bonds based on the well-known Pauling
formula

A=1—cxp(—0.18Az%), (1)

where ax is the difference between electronegativities,
gives incorrect results. The expression (1) was obtained
by Pauling for hydrogen halides (sp bonds) and, strictly
speaking, it is valid only for this class of compounds. In
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FIG. 2. Dependence of the isomeric shift (relative to an Sn!'°0,
source) in tin compounds (SnCl,, SnBr,, Snls, a-Sn, Mg,Sn, LisSn,
Na,Sn) on the effective charge of the s valence electrons: a) without
allowance for screening, § = 1.47eg* + 0.24; b) with allowance for
screening, § = 2.50eg* — 0.13.
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the case of crystals with sp® bonds, the degree of ionicity
is given by [

A(sp*) =1—exp (—0.5Az%), (2)

where, instead of the constant 0.18 in Eq. (1), we now
have 0.5 and we then find that X describes well the ionic-
ity of crystals with sp® bonds.

3. Finally, in the determination of the electron density
at tin nuclei, we must allow for the screening effects. ts,8]
Figure 2 shows the dependence of the isomeric shift for
several tin compounds with sp® bonds®’ on the value of e
without allowance for the screening effect (a) and with
allowance for this effect (b). The straight lines in Fig. 2
were obtained on a computer by the least-squares analy-
sis of all the published values of 6. Extrapolation of the
line a to e* = 2, corresponding to the neutral state of tin,
gave 6 = +3.19 mm/sec for Sn*!° atoms in the In,;Te;
lattice, which differed considerably from our experimen-
tal value. However, the extrapolation of line b to e;
= 1.51 (corresponding to the neutral state of tin subject
to a correction for screening in accordance with
Shpinel’ °7) gave 6 = +3.65 mm/sec, which agreed
(within the limits of the rms error A6 = 0.11 mm/sec)
with our isomeric shift of 3.58 mm/sec. This indicated
that the screening effect was important,

Thus, an investigation of the Mossbauer effect in Sn*'®

nuclei introduced into the In.Te; lattice shows that the tin
atom remains in the neutral state. This accounts for the
unusual (in the case of semiconductors) absence of ex-
trinsic conduction when In;Te;-type crystals are doped
with elements belonging to different groups in the
periodic system. (%

Studies of doped In;Te;-type crystals provide, in a
sense, a unique opportunity for investigating the electron
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states of neutral atoms which are in equilibrium with the
host lattice. In particular, the isomeric shift obtained
for neutral tin atoms makes it possible to establish a
scale for the determination of & (or e;) throughout the
full range of ionicity in any tin compound in which tin
atoms are tetrahedrally coordinated.

The application of the scale of isomeric shifts
together with the calculated electron density z,b;(O) ata
tin nucleus [®7 to the 4d'°5s25p? and 4d'°s5p° configura-
tions gives the following change in the charge radius of
the tin nucleus in the case of a y transition of 23.8 keV
energy: 6R/R = +7.9x 107

It should be noted that our experimental value of the
isomeric shift of the neutral state of tin is in agreement
with an estimate of the isotopic shift obtained by
Bryukhanov et al.: 1) 6 = +(3.5—3.6) mm/sec, found by
extrapolation from the values of the isomeric shifts of
tin atoms introduced into various metallic matrices.

The authors are grateful to V. V. Eremenko for valu-
able discussion of the results.

DThe compound SnF, is not included in the SnHal, series because
Gol’danskil [°] shows that the coordination number of tin in this
compound is 6 and the Sn—F bonds are due to electrons which are
not in the sp state.
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