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From a study of Raman spectra, Delwaulle!=®
obtained evidence for the existence of mixed halide
complex anions [HgI, Cl,_, 1> and [HgI,Br,_,}*>-,
but she failed to get definite evidence for the corre-
sponding complex anions containing bromide and
chloride. Woodward and co-workers? confirmed
the formation of complex anions [HgI,Br,_,]* .
Aggarwal® estalbished the existence of the complex
anion [HgCl,Br,]*~ from physico-chemical studies
of the system HgCl,-KBr-H,O.

The aim of the present work is to investigate the
formation of mixed halide (Cl~ and Br~) complex
anions of mercury(IT) with the help of Raman
spectra.

TasLe 1. [HgCly: KCl=1:2]-KBr-H,O sysTEM
Solution R‘f}f”‘ﬂ’fj‘?{‘,ﬁi’f“ff"“ Ay Intensity
No. [Hg"] [CIF] [Br] cm~!  (visual)
1 1 4 0 270 s
2 1A 4 G 272 s
3 Y 37% 14 270 s
4 I 33 1% 255 m
5 1% 31s 15 191 w
256 w
6 1 3 1 190 m
7 1 215 11, 191 m
8 1 2 2 191 s
9 % 134 214 191 s
10 Y 145 214 188 s
11 Y 1 234 183 s
12 I7A 1 3 182 s
0 4 170 s

The solutions corresponding to Table 1 were
prepared by dissolving different amounts of KBr
in solutions containing HgCl, and KCl always
in the molar ratio>0.5. The Hg"/(Halide) ratio
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was kept constant at 1/16 in all the solutions except
solution Nos. 1 and 15. This ratio was selected to
enable us to observe the changes in the Raman
shifts due to successive replacement of CI~ by Br—
from the complex [HgCl,]*>~ on the progressive
addition of KBr.

From the table it is seen that with a gradual
increase in the ratio Br=/Cl-, hereinafter to be
represented by x, the shift due to [HgCl,]?~ (x=0),
is lowered in value. These results may be explained
by assuming that Br— jons take part in the formation
of mixed halide species and thus the shift in the
position of maximum intensity to a lower value is,
presumably, due to the successive replacement of
chloride ions by bromide ions.

The solutions corresponding to Table 2 were
prepared by dissolving varying quantities of KBr

TasLe 2. [HgCly: KCl=1:1]-KBr-H,O svystem
Solution Rdaivfff)f c?ltration Ay Intensity
No. [H/g”] [cl-] [B\r“] cm~!  (visual)
1 1 3 0 295 s
320 m
2 1 3 1g 295 s
320 m
3 1 3 1g 293 m
320 w
4 1 3 15 292 \
320 w
3 1 3 1 256 m
6 1 3 115 255 m
7 1 3 2 192 m
256 w
8 1 3 3 196 s
9 1 3 4 188 s
10 1 3 6 183 s
11 I 3 9 180 s
12 1 3 12 176 N
13 1 3 21 175 s
14 1 0 + 170 s
15 1 0 3 183 s
s, strong m, medium  w, weak
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in solutions containing HgCl, and KCL always
in 1:1 molar ratio. In a solution No. 1, with
x=0, two lines are observed corresponding to
[HgCl;]~ and HgCl, in agreement with the observa-
tions of earlier workers.®) The intensity of these
lines decreases with increasing value of x (soln.
1 to 4). With further increase in the value of x,
Raman shifts are obtained at lower Ay values
which are more or less similar to those observed
in the solutions of Table 1 containing Hg?*, Br—
and Cl~ ions. The similarity of the Raman shifis
observed in solutions of Tables 1 and 2 suggests
the formation of similar mixed halide anions in
the two different series of solutions.

A comparison of the results of Tables 1 and 2
further shows that the position of maximum intensity
falls to 2 minimum value of 183 cm™ in Table 1
as against 175 em™! in Table 2. This suggests
that the CI~ ions are more labile in the complex
anion [HgCl]~ as compared to [HgCl]2~. The
greater lability of [HgCl,]~ enables the formation
of mixed halide complexes of Hg!" in which the
number of the Br~ ions appears to be greater than
those formed from [HgCl]*.

Another series of solutions was prepared by
dissolving varying amounts of KCl in solutions
containing HgBr, and KBr always in 1 :1 molar
ratio. When v=0 a line 183 cm™! corresponding
to the complex anion?” [HgBr,]~ is obtained. With
the addition of CI~ ions this line shifts gradually to
a minimum value 175 cm™t when x=1/7. Since
the bromo complexes of Hg?* are more stable than
the corresponding chloro complexes, the replace-
ment of Br~ ions by Cl~ ions is not favoured and
hence the observed shifts to lower Av side produced
on addition of Cl~ ions to [HgBr;]~ ions can only
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be due to formation of a four-coordinated complex
of Hg?t viz. [HgBr;ClI]?—.

The fourth series of solutions was prepared by
dissolving HgCl, and KBr in different molar
proportions viz. 1:2, 1:3, 1:4 and 1:6. In
1 : 2 solution two strong lines at Ay 191 and 270 cm™?
are observed. The shifts at 270 may be attributed
to the anion [HgCl ]~ while the other at 191 em™?
is, in all probability, due to the mixed halide
complex anion formed in solutions.

It is interesting to note that in all the series of
solutions except that in Table 1 the minimum
shift is almost the same indicating the existence
of similar species in these solutions at some state.

Our observations compare favourably with those
made by Delwaulle and Woodward from a study
of mixed halide complex anions of mercury(II).
We find that the shifts, in each series, lie between
the Av values of [HgCl]>~ and [HgBr,]?>" suggesting
the formation of mixed halide complex anions as
shown below:

[HgCl,]>~ increasing Br—/Cl- [HgBr,]*~
Ay (em™4) 270 255 —» 176 170

With the increasing Br—/Cl~ ratio anions likely to
be formed are [HgCl,]?*~, [HgClLBr]?—, [HgClL,Br,]*~,
[HgCliBr,;]>~ and [HgBr,}*~— the shifts decreasing
in the order given. Broadness of the lines in many
cases suggests the simultaneous existence of more
than one complex anion in solution. The position
of maximum intensity corresponds to the species
present in relatively greater concentration.
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