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The isomer chemical shifts (ICS) of the Sb*?! 37.2-keV M0ssbauer v line in trivalent antimony halides
are measured. The value of Ar/r (change of nuclear charge radius due to excitation) is obtained for
Sb**! by comparing the ICS values for the tri- and pentavalent antimony compounds SbCl; and HSb
HSbCle * xH.0 and found to be (—9.5 + 3) X 107*. The ICS for SbHal; compounds increases linearly with
increasing of ionicity of the bonds 8. From a comparison of the observed slope of the straight-line
plot of the ICS against 8 with the calculated value it follows that the change of the density z,bss(O)2 due
to screening by valence electrons in these compounds is insignificant.

IN the investigation of the spectra of resonant absorp-
tion of 37.2-keV y rays by Sb**' nuclei in various com-
pounds of pentavalent antimony‘!!, we obtained for the
ratio p = Ar/r of the changes in the radius of the dis-
tribution of the nuclear charge in Sb**! and Sn'*® a value
p(Sb**%)/pSn'*® = —5.5, which agrees well with the results
of Ruby et al.*!

We have continued the investigation of the isomer
chemical shift (ICS) in halides of trivalent antimony
(Sbclg, prr;;, SbI;).

The spectra of resonant absorption of 37.2-keV
y rays by Sb**! nuclei were measured with an electro-
dynamic setup operating in constant velocity mode. The
measurements were carried out at liquid-nitrogen tem-
perature. The y rays were recorded with a standard
scintillation spectrometer with NaI(T1) crystal (thick-
ness 0.3 mm). The y-radiation source was the isotope
Sn'?! in SnO,.

In all the investigated compounds, the resonant spec-
trum was an unresolved asymmetrical line with notice-
able broadening (see Fig. 1). Eight components of the
quadrupole structure for the nuclear transition 7/2
— 5/2 could not be resolved, owing to the large width of
the nuclear level (I' = 1.052 mm/sec). The ICS obtained
by us (0) are listed in the table. The values of the ICS
were obtained by adding eight peaks, the positions of
which were determined by the equation

Vmem = — e2gQ[RC (I, m*) — C (I, m)] + &, (1)
4E,

where
C(I,m) = [3m2— I(I+1)]/1(2I — 1),

R = Q*/q—ratio of the quadrupole moments of the exci-
ted and ground states, I*, I—spins and m*, m—their
projections for the excited and ground states. The inten-
sities of these peaks were determined by the squares of
the Clebsch-Gordan coefficients™®!. For an analysis of
the experimental spectra, we used data on the nuclear
quadrupole resonance (NQR)*®! (see the table). Ac-
cording to the NQR data, the gradient of the electric
field increases from iodine to chlorine, which is in good
agreement with rexp (experimental line width) for these
compounds.
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FIG. 1. Absorption
spectrum of SBCl;. The form
of the spectrum corresponds
to an unresolved hyperfine
structure due to quadrupole
interaction. The positions of
the individual components of
the hyperfine structure are
shown by lines in the lower
part of the figure. The velocity
corresponding to the isomer
shift is indicated by the arrow.

AN,
1001

294+

0921

090 5

§ mm/sec

=

ANALYSIS OF THE EXPERIMENTAL DATA

The expression for the ICS, with allowance for the
screening of the internal s-electrons and for the change
of the density of the valence s-electrons on the Sb
nucleus, owing to the change in the ionicity of the bond,
can be written in the form

5= A{(1 — Bo) (Ny' — Ng) + 2b(N — N') N, (2)

where
A= K@) 14se (0) |
=L (2)~ s (0) |s?,

N’S, Ng—number of valence s-electrons of the absorber
and of the source, N’, N—number of valence electrons,
Bo—Crawford-Schawlow correction'®, for which we as-
sumed the value B, = 0.17, the same as for Sn'**'® and
b—parameter that depends on the screening of the

5s electron by other electrons of the same shell.

X-ray diffraction studies of the compounds SbCl;t*7,
SbBr;'**?, and Sbl;!**? show that the molecules of these
compounds have a configuration of a trigonal pyramid
with 6 = 95.5° (where 6—angle between the Hal-Sb-Hal

Compound | §, mm/sec Ir‘.:él;sec equ,L\;;x{ibue., e2qQ :dnH}ZlaL, 8
SbCl, —15.5+0,2 43+0.2 383,73 40,4 [9] 0,48
SbBry; |[—1585+0.2| 3.35%02 343,97 [4] 337 0.42

Sblz —16,5+0,3 2.85+0.2 169,74 [4] 1163 [6] 0.35
Note: B — ionicity of bonds calculated from the formula =1 — Up — s?

(where s — hybridization of the bond ~0.15 [']).
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bonds). On this basis it can be assumed that the bond in
the SbHal, molecules has an sp*-hybrid character*!,
where one of the vertices of the tetrahedron is occupied
by an unshared pair of electrons.

Making up the hybrid wave functions for the antimony
atom!*®*1 | we can obtain

N, = 2—3ad —3ap, N=15— 3B, (3a)

where o = cos 6/(cos 6 — 1) = 0.09 gives the contribution
of the s-electrons to the bonding orbital, and 8 is the
ionicity of the bonds.

At the present time there is large scatter (1.2—3.3)
x 107* in the values of (Ar/r)Sn''® obtained by different
authors'®'**°1, This uncertainty does not make it pos-
sible to obtain a reliable value of Ar/r for Sn'*! from
the ratio p(Sb*?")/p(Sn'*®). Therefore, for an independent
determination of (Ar/r)Sb'*!, we compared the shifts for
the compounds SbCl; and HSbCle - xH>O. For the second
compound, on the basis of the sp®d® hybrid functions, we
can obtain

Using (2) and (3), we get for the ICS of these compounds

N=6(1—p).

b1 — dmsbelex 1,0)

=A{(1—Po) (1 — 3¢ —3ap’+ ) +2b(1 — 6B + 3p") (2 — 3o — SUﬁ,z‘}ly)
where B, B’'—ionicities of the bonds in HSbCls - xH-0 and
SbCl;. From the NQR data for SbCl; we obtain a value
B = 0.481°1 starting from the electronegativities of
the trivalent and pentavalent antimony (1.8 and 2.18)%7,
we can assume that 8 is 20% smaller. Substituting in
(4) the measured values 6 (gpCl,) =—15.5 mm/sec and
0 (HSbCl, - xH,0) = —3 mm/sec!’] and neglecting the sec-
ond term in the curly brackets (this results in an error
< 2%) we obtain A =—15.1 mm/sec. Further, using
K(Z) =—1.085 x 107 ajeV and the value ¥,4(0)*
= 18.28 a;® (obtained in®®! for the sp® state of the anti-
mony atom by the Hartree-Fock self-consistent field
method), we obtain from Eq. (2)

Ar/r= (—9.5 =+ 3) -10-4

This value of Ar/r is 50% smaller than that obtained
in*? under the assumption that the differences of the
electronegativities Ay = 2 correspond to a 50% ionic
bond, and for ¥,5(0)* we used the nonrelativistic value
1.34 x 10%® cm™. This value of Ar/r is 10% larger than
the results obtained by Ruby et al.”®) This difference is
apparently connected with the fact that in the present
paper we used the experimental values of 3, whereas
int! they assumed the atomic configurations s%?® and
sp® for the compounds SbFg' and SbF;, respectively.

We also obtained the dependence of 6 on 8 for the
compounds SbHal; (Fig. 2). From (2) and (3) we get for
the ICS of compounds of the type SbHals

0= A{(1 — Bo)[2 — 3a — 3aB — Ns]
+ 2b[N —5 + 3B] (2 — 3a — 3aB)}. (5)

Neglecting the term 3 o3, which is sufficiently small

FIG. 2. Dependence ot the ICS
for 37.2-keV gamma transitions in the
Sb!2! nucleus on the ionicity B of the
bonds for the compounds SbCl;,
SbBr;, and Sbl;.

compared with 2, we obtain for the slope of the depen-
dence of the ICS on 8 the relation

8E | 88 = A{(1 — Bo) (—3a) + 6b(2 — 3a)}. (6)

Comparing (6) with the experimental slope (6E /5 Bexp
= 8 mm/sec), we can estimate the constant b ~ —0.03.

It follows from this value of b that the change of the
density at the nucleus due to the change in the number of
the valence p-electrons in these compounds is insignifi-
cant, i.e., the change of the electron density at the nuc-
leus due to the screening by the valence p-electrons is
compensated by the change of the density due to the p,,.
electrons.
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