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The Vibrational Spectra of SbX,3- and TeXb2- Anions: New Observations on 
the Singular Properties of some Systems Related to XeF, 

By C .  J. ADAMS and A. J. Do.wxs* 
(Depaidment of I?zoizganic Chemistry, U.lzivevsity of Oxfovd, South Parks Rond, 0xfoi.d OX1 3QR) 

Sztrizmuifj~ New measurements of the vibrational spectra of 
thc isoelectronic anions TeX,2- and SbX63- (X = C1, Br, 
or I ) ,  electronically related to SeF,, reveal some remark- 
able deviations froin the properties established for 
conventional octahedral systems. 

REGARD ISG the stereochemical peculiarities of systems 
related to XeF,,l we report some of our results for the 
anions TeX62- and SbX,3- (X = C1, Br, or I), i.r. and 
Rainan spectra of which have been recorded in a wide 
variety of conditions. These results expose striking 
departures from the spectroscopic properties of normal 
octahedral species, and imply for the SbX63- anions an 
unusual degree of stereochemical flexibility. 

For the TeX,2- anions in non-aqueous solution the 
frequencies of the observed vibrational fundamentals are 
generally in good agreement with those reported elsewhere2 
for thc anions in crystalline solids and in aqueous solution. 
Neither the patterns nor the frequencies of the bands are 
substantially dependent on the nature of the solvent or of 
the cation. The most noteworthy findings, seen to best 
eifect for the TeBr62- ion, the spectra of which in dichloro- 
methane solution are illustrated in the Figure, are as follows : 
(i) The Raman lines due to vl(al,) and vz(e,) of the TeC162- 
and TcBrS2- ions are unusual in their relative intensities, 

I ( v 2 ) / I ( v l )  being 0.5-1 : for SnCI62- and SnBr,2-, octs- 
hedral species presumably representative of normal 
behaviour, I(v2)/I(vl)  is about 0-05-0.1. Because of the 
apparent coincidence of v1 and v, the relative intensities 
cannot be assessed for Te162--. Anrong other octahedral 
anions behaviour comparable with that of TeC162- and 
TeBrS2- has been reported only for PdC1,2-, PtCl,2-, and 
PtBr62- for which l(v2)/I(vl)  > L3 
(ii) Contrary to the 0, selection rules the fundamental 
v3 (tl,) is clearly perceptible in the Ranian spectra of 
T~BI- ,~-  (in various solvents) and 'I'eI,3- (in water2). 

(iii) No feature attributable to the tl, deformation v4 could 
be detected at frequencies above 70 cnr-I. 

The spectroscopic distinctions between the SnBr62- and 
TeBre2-- ions are evident in the Figure. 

Subsequent to the formation of the ions SbX4- and 
SbX,2- in non-aqueous solution (S = F, C1, Rr, or I) ,  the 
ions SbBr63- and SbIS3- have been identified as the ultimate 
complexes formed between the appropriate antimony 
trihalide and an excess of halide ions in the presence of the 
cations NEt,+ or NBun,+. In the i.r. and Raman spectra 
of the anions, essential features of which are sumniarised 
in the Table and illustrated for SbBr63- in the Figure, the 
frequencies, relative intensities and polarization properties 
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I .r .  and R a m m  spectra of hexahaZoge~zoantinzonate(I1~) anions 

Solid [Co(NH,),]SbX, SbXg3- in aq. H S  SbX,3- in CH2Cl2a 
Raman 1.r. Raman Raman 1.r. 

Anion cm-1 cm-1 cm-1 cm-1 cm-1 
SbClG3- 320 s,p 

268 m 263 s,p( ?) 
218 w 215 sh 

124 m 140 w,dp 
113 s 

172 vs,vbr 

S~BI-,~- 229 s,p 229 w 
176 s,vbrb 

159 m 156 s,br,p ca. 150 vbr 

137 w 
81 s 
67 w 

sb1,3- 

141 s,br 

69 m 

122 s 

131 m,dp 

183 "'p 183 w 
60 'cv 

136 s,p 

117 m 
104 s 104 m,dp 105 s,p 100 w 

96 w,dp 
79w 
61 mw 
40 mw 39 ms 

s = strong; m = medium; w = weak; br = broad; sh = shoulder; v = very; p = polarized; dp = depolarized. 
a Similar results obtained with MeCN, Me,CO, or RiieOH as solvent. 
b Band polarized on the high-frequency side. 

cm -' 
250 200 150 100 5 0  0 

I I I i 

I J 

1 I I 1 I I 

I .r. 

T e B r6 *- 

R a m a n  
A 

I I i I I i 
1 1 

I ,  r. 

S n B re 2- 

R a m a n  
A 

250 200 150 100 50 0 

c ,-' 
FIGURE. 
bronaoinetallates i t s  dicltlorornetlzarze. 

Ramatt and fGr4.r. spectra of S O ~ Y L ~  solutiom of hexa- 

of the bands are strikingly at variance with those of a con- 
ventional octahedral species like SnBr,2-. The region 
associated with Sb-X stretching modes of the anions con- 
tains no less than three Raman lines, two of which are 
polarized and coincident with absorptions in the i.r. 
Although manifestly incomplete, the spectra can be recon- 
ciled not with regular 0, symmetry for the SbX63-- anions 
but with a distorted octahedral unit belonging to the 
symmetry group C3v. A similar structure is favoured1 for 
the instantaneous configuration of gaseous XeF,. For the 
solvents dichloromethane, acetonitrile, acetone, and meth- 
anol the results are found to be independent of the nature 
of the solvent. However, for aqueous solutions of the ions 
SbBrG3- and SbI,3-, as well as for SbC1,3- (not found in 
significant quantities in non-aqueous media), the Raman 
spectrum consists of two or three relatively broad bands; 
where comparison is possible, radically different frequencies, 
intensities and depolarization ratios are found for the ions in 
aqueous and non-aqueous solutions. In turn, the form of 
the vibrational features recorded for the hexahalogeno- 
antimonate(II1) ions in crystalline solids bears little resem- 
blance to that found in the solution studies, and is moreover 
highly sensitive to the nature of the cation. 

In their failure to conform with the vibrational behaviour 
of conventional octahedral systems the isoelectronic ions 
TeS,2- and SbX,3- are themselves dissimilar in their 
properties. We believe that TeX62- has an 0, ground 
state the vibrational characteristics of which are perturbed 
by less syminetrical electronically excited states, leading to 
the breakdown of the 0, selection rules and giving rise 
possibly to a vibration of abnormally low frequency and 
large amplitude for the t l ,  deformation vq.4 However, 
except in the solid complexes [Co(NH,) ,]SbS,, SbXe3- 
appears to adopt a non-octahedral configuration highly 
susceptible to the influence of its environment. 
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