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We measured the isomer chemical shifts (ICS) of the 37.2-keV y line of the Sbi2 I nucleus in isoelectronic 
complex antimony salts NaSbF 6 , NaSb(OH)6 , HSbCl6 • x H20, and also in Sb20 3 , Sb20 5 , SbCl5, InSb, and Sb. 
The Sni2I m isotope in the {3-Sn and Sn02 lattices was employed as the resonance y -radiation source. For 
Sn02 , the emission line of the 37.2-keV resonance y quanta is singlet and practically unbroadened, where­
as the Mossbauer effect (fraction of non-recoil quanta f) at T = 78°K exceeds f for the {3-Sn source and 
equals f78° (Sn02 ) = 0.32::.g:~- The dependence of the ICS on the electronegativity of the antimony-ligand 
for six-coordination antimony compounds is found to be linear just as in the case of six-coordination tin 
compounds of the SnHal;2 type. By comparing these dependences, a relation is obtained between the rela­
tive variations of the mean-square charge radii for two Mossbauer y transitions (37.2-keV transition in 
Sb121 and 23.8-keV transition in Sn119): (1iR/R)st/(<'>R!R)sn = -(5.5 ± 0.3). Calibration of the magnitude of 
the ICS corresponding to detachment of a 5s electron in the Sb atom is performed by extrapolating the 
ICS dependence to a completely covalent bond. The value thus found is 29 x 10-7 eV (23 mm/sec). Meas­
urements of the magnitude of the resonance effect as a function of thickness of Sb20 5 absorbers yield a 
value a ~ 10 for the total resonance internal conversion coefficient. 

WE have already shown in [IJ that an investigation of 
the isomer chemical shifts (ICS) of the Mossbauer y 
line in isoelectronic compounds of elements with va­
lence electrons in the same shell (in our case-octa­
hedral complex salts of tin and tellurium) makes it 
possible to relate more reliably the values of the ICS 
with the singularities of the chemical bond. It turns out 
to be possible in this case to determine also the rela­
tive change of the charge radius in the resonant transi­
tion (1iR/R) for both nuclei, without performing exact 
calculations of the electron density on the Mossbauer 
nucleus in a many-electron molecule, which at present 
cannot be performed with sufficiently high accuracy. 

In the present investigation, following the approach 
developed in [IJ, we measured the values of the ICS for 
the 37.2-keV y line of the Sb12I nucleus. Antimony has 
a valence-shell configuration 5s2 5p3 and forms anum­
ber of octahedral complex salts that are isoelectronic 
to the tin and tellurium compounds investigated earlier. 
We report here the results of the measurement of the 
ICS for these components of antimony and present a 
comparison of the obtained dependence of ICS on the 
electronegativity of the ligand with the result of [lJ. 

DESCRIPTION OF EXPERIMENT 

The resonant 37.2-keV y radiation is produced in the 
decay of the isomer state of Sni2 Im. (The first commu­
nication of the observation of the Mossbauer effect for 
Sb121 nuclei was published in [21.) In our case the reso­
nant sources were made of metallic tin (total weight 
~ 500 mg) enriched with Sni20 to 98% and activated in a 
reactor. The irradiated tin was subjected to chemical 
purification to eliminate the radioactive impurities 
Sbi25 and Tei2sm produced in the reaction Sni24 (n, y)Sni25 

- Sbi25 - Te 125m. The purified tin was used to pre-
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pare sources in the form of metallic f3-Sn121 (electroly­
sis on a substrate of Au) and in the form of Sn02 • 

The resonant y radiation was recorded with detec­
tors in the form of a photomultiplier FEU -13 with a 
thin Nai(Tl) crystal (thickness 0.3 mm) and a propor­
tional counter (mixture of xenon and isopentane), using 
the peak of the 37.2-keV y-quantum emission. Under 
the operating conditions, the counting rate in the win­
dow of the differential analyzer, set at the emission 
peak, was on the order of 200-300 counts/sec for the 
proportional counter and 50-70 counts/sec for the 
crystal. Comparative measurements of the y spectra 
of the sources have shown that the fraction of the use­
ful count K in the region of the emission peak is appre­
ciably larger in the case of the Nai(Tl) crystal and is 
close to unity. The measurements were made with both 
detectors, using an electrodynamic Mossbauer setup 
operating in the constant-velocity mode. 

Since the counting rate turns out to be quite small 
under the operating conditions, the choice of conditions 
under which the largest experimental effects would be 
observed, in order to obtain better statistical accuracy, 
turned out to be very important. Preliminary measure­
ments were therefore made with both sources, f3-Sni2I 
and Sn I21Q2• It was established that the probability of 
the Mossbauer effect (the fraction f of recoilless y 
quanta for the Sbi2 I nuclei in the Sn02 lattice is almost 
twice as large as in the case of the f3 -Sn matrix. This 
result is not unexpected if account is taken of the data 
on the probability of the Mossbauer effect for the 23.8-
ke V y transition in the Sn 119 , according to which the 
value of f in Sn02 is much larger than for f3 -Sn; this 
can be attributed to the influence of the optical branches 
of the phonon spectrum. [3 1 

The width and the emission line shape of the reso­
nance y quanta from the Sbi2 I in Sn02 nuclei were veri-
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FIG. I. Examples of resonance-absorption spectra obtained with a 
Sn121 0 2 source (measurement temperature 78°K). The absorbers were 
made of antimony with natural content of the Sb121 isotope. The thick­
ness of the absorber is in terms of the Sb121 isotope. The abscissas repre­
sent the relative velocity in mm/sec, and the ordinates the value of the 
effect in relative units. 

fied by measuring the resonance -absorption spectra in 
the lnSb samples. The corresponding spectra were sin­
glet lines of width 2. 7-3.0 mm/sec, which made is pos­
sible to conclude that there are no mechanisms that 
broaden noticeably the emission line (natural width 2r 
= 2.1 mm/sec). The spectra of the resonant absorption 
in Sb20 5 were similar (Fig. 1). By way of an example, 
Fig. 1 shows also the absorption line in the Sb sample, 
broadened (r exp = 6.4 mm/ sec) as a result of the quad­
rupole interaction. [41 

From the methodological point of view it was of in­
terest to determine the absolute value of f for the Sb121 
nuclei in the Sn02 lattice. To this end, we measured the 
effect £ (0) on Sb20 5 samples of different thickness. The 
measurements were made with a source and absorber 
at liquid nitrogen temperatures with an Nai(Tl) detec­
tor, since it is possible to assume in the calculation of 
f that K = 1 for such a detector. The result of the 
measurement is shown in Fig. 2. 

The dependence of the experimental effect £(0) on 
the absorber thickness, as is well known, can be de­
scribed by the expression (see [sJ) 

s(O) = xf[1-10 (C /2)e-c'~], (1) 

where C = nf'a0 , n is the number af the resonant nu­
clei per cm2, f' is the probability of recoilless absorp­
tion of the resonance y quanta, 

21, + 1 ')..2 1 
ao = 210 + 1 2n 1 + a 

(the symbols are standard). Comparison of the experi­
mental and the theoretical dependence of £(0) on n 
yields a value f = 0.32:g:~· 

We note that the value of f for the 37 .2-keV y tran­
sition can be estimated by using data on the Mossbauer­
effect probability for the 23.8-keV y line of Sn119 in the 
Sn02 lattice. Indeed, we can write 

e(OJ 
0.3 

10 20 

FIG. 2. Dependence of the maximum resonance absorption effect 
o:(O) on the thickness of the Sb20 5 obtained with an Sn121 0 2 source. The 
abscissas represent the thickness in mg/cm2 in terms of the Sb121 isotope . 
The solid curve is calculated for f = 0.32 under the condition that C = I 
for a thickness 2.8 mg/cm2. 

fsno,(Sn"") = e-const(23.8J', /sno,(Sbl21) = e-const(37.2,00 

whence, assuming fsno2 (Sn119) = 0.65/61 we get 

fsno2 (Sb121) = 0.33. 

This value agrees satisfactorily with that obtained 
by us from the measurements. In addition, this result 
can be regarded as an indication that the disturbance of 
the lattice -vibration spectrum, due to the preceding {3 
decay (Sn121 - Sb121), attenuates by the instant of the 
emission of the resonant quantum and does not affect 
the value of f. 

We also performed measurements with the Sn1210 2 
source at room temperature. In this case the values of 
the experimental effects £(0) were reduced by approxi­
mately one -half. Thus, for the Sn1210 2 source f amounts 
to ~ 0.16 at room temperature. 

The dependence shown in Fig. 2 can be used also .to 
estimate the total internal conversion coefficient a for 
the 37.2-keV y transition. To this end it is necessary 
to know the value of f' for Sb20 5• It was noted that f' 
for Sb20 5 changes by approximately 2-2.5 times on go­
ing from nitrogen temperature to room temperature, 
which is sufficiently close to the situation obtaining in 
the case of the Sn1210 2 source. In addition, the lack of 
ICS for Sb20 5 indicates that the chemical bonds of the 
antimony atoms with the surrounding oxygen octahedra 
in Sb20 5 and Sn02 are quite similar. We can therefore 
conclude that the binding forces of the antimony atoms 
in the Sb20 5 and Sn02 are also quite close, and conse­
quently, the probability of the effect for Sb20 5 is close 
to that of the case of Sn1210 5 , that is, ~ 0.3. Under such 
an assumption, we obtained from the dependence of £(0) 
on the thickness of the Sb20 5 absorbers (Fig. 2) a value 
0! ~ 10. 

The main measurements of the ICS were made at 
liquid-nitrogen temperature with an Sn1210 2 source. We 
measured in the spectra of the resonant absorption in 
Sb20 5 , Sb20 3 , SbC15 , NaSb(OH)6 , NaSbF6 , HSbC16 • xH20, 
InSb, and Sb. The corresponding absorbers were made 
of antimony with a natural content of the Sb121 isotope. 
With the exception of Sb20 3 and the pure antimony, the 
resonance-absorption spectra were singlet lines with­
out any noticeable broadening. The values of the exper­
imental effects were not less than 6-7%. The results 
of the measurements of the ICS are listed in the table. 

DISCUSSION OF RESULTS 

From among the investigated antimony compounds, 
direct interest attaches, from the point of view of com-



914 V. A. BR UKHANOV et al. 

Values of ICS (oE) for the investigated 
antimony compounds, obtained with a 

37.2-keVy source in the form of Sn1210 2 

Compound I 

0:aSb (OH), 
HSbCI6 ·xH,O 

N aSbF, 
SbCJ, 
Sb20 5 

Sb,03 

InSb 
Sb (•(metal)) 

HXC (5E), 
mm/sec 

+0.5±0.2 
-3.0±0.:l 
.!.') 0+0 '! 

_:_s:5±o:3 
0.0±0.2 

-10.4±0.3 
-8.4±0,2 

-11.2±0.3 

I 5E, 10-• eV 

+6.:l±:l,5 
-37.2±2.5 
+24.8±2.5 
-43.4±3. 7 

0.0±2.5 
-127 .9±3. 7 
-103.3±2.5 
--137.7±3.7 

parison with the results of l11 , to the complex salts of 
the pentavalent antimony NaSbF 6, NaSb(OH)6, and 
HSbCl6 · xH20. In these complexes, the antimony atoms 
have an octahedral surrounding, forming equivalent hy­
brid bonds sp3d2 with six ligands (symmetry group 
Oh l 7' 81 ). The values of the ICS for the indicated com­
plex antimony salts are shown in Fig. 3 as functions of 
the difference of the antimony -ligand electronegativity 
b.X (the values of b.X were taken from l9, 101 ). The 
same figure shows the results obtained in the case of 
octahedral complex salts of tin and tellurium. l11 We 
shall compare these dependences in a manner similar 
to that used by us earlier, and we shall not repeat the 
details. 

The dependence of ICS for the six-coordination com­
pounds of antimony on the difference of the electroneg­
ativity b.X turns out to be linear, just as in the case of 
the six-coordination compound of tin and tellurium. In­
asmuch as tin and antimony form identical chemical 
bonds in the compounds under consideration, via sp3d2 
hybridization (from this point of view, these compounds 
can be called isoelectronic), the electron density at the 
Sn119 and Sb121 nuclei should change in the same direc­
tion with increasing b. X. However, as can be seen from 
Fig. 3, the sign of the dependence of the ICS on the value 
of b.X for compounds of antimony and tin turns out to be 
different. Hence, taking into consideration the expres­
sion for the isomer shift 

fJR 
tiE = K (Z)R I'. If' (0), .{2) 

we can directly conclude that the sign of the change of 
the charge radius of the nucleus, 5R/R, should be dif­
ferent for Sn119 and Sb121• By now it has been estab­
lishedl11-131 that oR/R > 0 for the 23.8-keV y transi­
tion in Sn119. Consequently, 5R/R is negative for the 
37.2-keV y transition. 

The relative quantity 

(fJR/R)sb 

(fJR/R)sn 

can be determined from the following expression 

fJE(Sb)ax=i K(Z)sn L'.ljl2 (Sn)ax=i 

'\> = fJE(Sn)ax=i K(Z)sb L'.ljl2 (Sb)ax=i · (3) 

The values of 5E corresponding to unity difference of 
the electronegativity turned out to be as follows: 
5E(Sb)ax = 1 = 62.5 x 10-a eV and oE(Sn)ax = 1 = 8.8 
x 10-8 eV. The ratio of the nuclear factors 
K(Z)sn/K(Z)sb was calculated with allowance for rela­
tivistic correctionsl141 and found to be 

K(Z)sn = 1,44·10-29 eV-cm_: 0,93. 
K(Z)sb 1.55·10-29 eV-cm3 

Further, with the aid of the nonrelativistic single­
electron wave functionsl151 we obtain 

L'.ljl'(Sn)ax=i ljls,'(Sn) 1.12·10'6 em - 3= 0.84. 
L'.'iJ2 (Sb)ax=1 ljls,'(Sb) 1.34·10'6 em - 3 

Using these results we get from (3) the connection be­
tween the relative changes of the mean-square charge 
radii for two Mossbauer y transitions (23.8 keV in Sn119 
and 37.2 keVin Sb121) a value v = -(5.5 ± 0.3). This 
value agrees well with the preliminary estimate v ~ -6, 
which we obtained earlierl11 in comparison of the values 
of the ICS for the pairs Sn1210 2-Sb121 and Sn1190 2-
!3-Sn119 under the assumption that the chemical bond of 
the antimony atoms in the Sn02 lattice differs little 
from the bonds of tin in the same lattice. 

If it is assumed that (oR/R)sn = 3.3 x 10-\ l131 then 
we get 

(tiR I R)sb = -18.1·10-'. (4) 

However, the value of (oR/R)sn was obtained in l131 with 
accuracy of approximately 30%. We emphasize that in 
principle a more accurate is a ratio v that depends lit­
tle on the degree of approximation used in the calcula­
tion of the electron wave functions 1/! 2(0) and the abso­
lute values of the ionicity of the bonds. 

We can attempt to estimate (oR/R)sb by an inde­
pendent method, by determining the shift 6E corre­
sponding to total detachment of valence 5s -electron. 
Figure 3 shows the value of the ICS for the compound 
InSb, in which a practically fully covalent sp3-hybrid 
bond is realizedl161 (to a certain degree, the compound 
InSb can be regarded as the analog of gray tin !3 -Sn 
when dealing with problems connected with the calibra­
tion of the values of the ICS). If it is assumed that a 
50% ionic bond takes place at b.X = 2/171 then we can 
obtain from Fig. 3 that detachment of one 5s-electron 
in octahedral antimony compounds corresponds to a 
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FIG. 3. Dependence of the ICS (llE) of the 37.2-keV 'Y transition in 
the Sb12t nucleus on the difference b.X of the antimony-ligand electro­
negativity for six-coordination components of antimony, 
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shift 6E = 250 x 10-a eV. Allowance for the screening 
action of the d-electrons (amounting to about 15%, as 
shown in LlJ) yields for the shifts due to one 5s -electron 
in the antimony atom a value 6E = 290 x w-a eV. Using 
the foregoing values of K(Z)sb and if'~s(O), we obtain 
with the aid of (2) 

(6R / R)sb = -14.4·1D-'. 

This quantity (with allowance for the experimental er­
ror in llSJ) does not contradict the result (4) obtained 
above. 

Considerations connected with the screening role of 
the d-electron follow also from a comparison of the 
values of the ICS for the complex salt HSbC16 • xH20 
and SbC15 • Antimony pentachloride has a trigonal hi­
pyramidal structure, wherein the antimony atom forms 
five sp3d-hybrid bonds with the chlorine. LtaJ As seen 
from the table, the absolute value of the ICS between 
SbC15 and HSbC16 • xH20 is 0.5 mm/sec, corresponding 
to a larger density of the s-electron 1/'~(0) in the SbC15• 

This result can be attributed to the fact that in the case 
of the sp3d-hybrid bond the d-electrons exert a smaller 
screening action compared with the screening in the 
sp3d2 bond. 

In conclusion we note that during the time that we 
measured the Mi:issbauer effect on Sb121 there was pub­
lished a brief communicationl191 in which v was as­
signed a value 3-4. Since this communication was by 
way of a summary, we cannot discuss this result. 
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