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Complexation of Bi(II) with Chloride ion in non-aqueous medium
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Summary: The complexation of Bi(IlI) with chloride ion has been studied in non-aqueous medium.
The state and behaviour of BiCl, and its higher complexes have been examined in organic solvents.
This attempt is merely an addition to the study of Bi(III} complexes with potassium diphenyldiseleno-
phosphate where Bi(IIl) forms complexes of definate {1: 3} composition,

Introduction

In an earlier communication® the complexation of
Bi(I1II) with potassium diphenyldiselenophosphate (dsp)
was discussed which was carried out in chloride ion
medium, In this regard the data had to be examined by
taking into account the complexation of the metal with
chloride ion present in the system. Therefore an attempt
has been made to study the complexation of Bi(III} with
chloride ion in non-aqueous solvents. This study is of
considerable significance since chloride ion is a ligand
which differs from dsp in the sense that it has a smaller
radius and subsequently possesses high electron density
and that it forms bonds of ionic character as it is a
“harder anion”? compared to dsp. The following text is
an attempt to discuss the pattern of complexation of
Bi(Iil) with -chloride ion in organic solvents, as the
orientation of chloride ion is different from dsp.

Experimental

The absorbance of sclutions was recorded on Hita-
chi EPS-3 spectro-photometer. All the measurements
were made at 25+0.1°C by providing themostated
camera for the cuvettes,

Resuits and Discussions.

Absorption speetra of Bi(IIl) chioride solutions in
cthanol and DMF are presented in figure 1 {curve 1) and
figure 2 (curve 1} (for off-setting the hydrolysis of Bi(III)
a negligible amount of HCI was added to the solutions).
Both these figures depict that the character of bismuth
chloride spectra in ethanol and DMF is almost similar
and are characterised by the presence of only one
absorption band in the near UV region. This absorption
is apparently due to charge transfer in bismuth(IfI)

chloride. Figure 1 carries the absorption spectrum of .

bismuth(Ill) in ethanol at various chloride concentra-
tions. The addition of chloride ion brings about a change
in the absorption spectrum of bismuth(IIl) chioride as
has been reported earlier® in case of aqueous solutions
where the absorption maximum is shifted towards
longer wavelengths. In the studied concentration interval
of HCI two isospestic points are observedat X\ =298 nm
and A =315 nm.

The dependence of absorbance on the concentra-
tion of chloride ion allows the calculation of step-wise
stability constants of higher bismuth{III) chloride com-
plexes. For calculating stability constants only that con-
centration range was selected in which only two forms
of bismuth(IIl) chloride complexes exist- Bi(IIl), BiCi,,
and BiClH +1.

The presence of two types of complexes is evident
from the two isosbestic points in the curve (A —X) in
the given concentration range. For all such series of cur-
ves the constant was calculated graphically taking the
chloride concentration to be equal to the total HCI con-
centration, from the values of absorbances at 275 nm
317 nm, since the concentration of HCl was always in
excess to that of Bi(III). Using the methods proposed by
Rossotti4, we have: .

A= A~ K[L] (Ag Ay (1)
and the value of stability constant is calculated as the
tangent of the slope from the co-ordinates A, — L(AZ
A,) (figure 3 ab). The values obtained are K = 8.1 x

104 M-1 K, ;- 466 M Land K ., =29 M L,

The absorption spectra of bismuth chloride solutions
in DMF at varying concentration of LiCl are shown in
figure 2. Here too like ethanol the addition of chloride
ion the absorption maximum is shifted to longer wave-
length region of the spectrum. In the studied concentra-
tion range two isosbestic points at A= 306 nm and
A= 324 nm are observed. The calculation of step-wise
stability constant was carried out graphic:;a.lly4 from the
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Figure 1: Absorption specira of 6x107° M BiCly at
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various HCl concentrations (in moles) in ethanol?;
(1)6x107°  (2)4.6x10° % (3)9.2x107% (4)1.8x10~
(5)2.8x1072 (6)3.7x1073 (7)7.4x10 ° (8)1.16x10 ™2

(9)2.1x1072 (10)4.6x10 2 (11)0.11 (12)0.16 (13)0.35
(14)0.46 (15)0.58 (16)0.67 (17)0.93 (18)1.04 (19)1.16

values of absorbances at A= 330 nm. The concentration
range involved in the calculation corresponds to the
presence of two types of complexes Bi, BiClm and
BiCl , ; {- The value of stability constant is equ_al to the
t:angent of the slope from the co-ordinates [(AX——AO)/
Cricl & — (_I_(m+1) and from the co-ordinates
[('KX —AJHAL AV TCLig —K,, (figure 3 ¢d). The
values obtained are K = 1.5 x 104 M Land Kipeg ™
385M L

An analysis of the values obtained for step-wise
stability constants for higher chloride complexes of
Bi(III} in methanol and DMF shows that the constants
Kn‘Km’Kn 1 ,Km +1> Kn +9 correspond to K3, K4
and K5. This conviction is further supported by compar-
ing the values of these constants in water, ethanol and
DMF. In fact the values of K, and Ky, should siightly
depend upon the nature of the solvent because the left
hand and the right hand side species of equations account-
ing for step wise constants have equal number of charge
ions®: '
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BiCl, + CI 4, BiCI; (2)
. - K 2
BiCl, +Cl D BiCl? (3

Thus the values obtained for K, and K in water®
should almost be equal to the values in ethanol and DMF.
The results obtained in this work in conformity with one
another, This is exactly the case when we compare the
values in water K, equaling 898 is closer to the values
calculated for K, , 5 and K,  equaling 46.6 and
38.5 respectively. Similarly a satisfactory arrangement
exists between the vaiues of Kn + 2 calculated in etha-
nol {2.9) and Ky in water (3.2)6. On the other hand the
constant K3 accounting for the association of various
ions forming uncharged molecules must strongly depend
on the solvent®:

st - K )
BiCl, + Cl =t BiCl, (4)

Hence the values of K3 obtained are by no means
less by one order of magnitude than in water (in litera-
ture K3 for water is 2 x 103)7‘8.

The values of stability constants for the following equa-
tions:

BiCl3 (5)

BiCl + ¢l N
2 —
. - K .
BiCl, +Cl 4 BiCl; (6)
BiCl= + U Ks BiCI%
4 _= 5 (7)
A
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Figure 2:  Absorption spectra of 8x10° M BiClg at
various LiCl concentrations in DMF:
(1)8x107° M (2)1x10~ 4 M (3)2x10™ %4 M (4)6x10™4 M
(5)2x1073 M (612x10 ™2 M (7)4x10 "2 M (8)6x10 2 M
(9)8x 1074 M.
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Figure 3 (a} and (b) : Calculation of stability constant in cthanol. (a)f}(3 and {b}—Kfl
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Figure 3 (e) and {d} : Calculation of stability constant DMF: (c)—Kqg and (_d)—K4

in ethanol, methanol DMF and water are summarised in
table 1. The data in table 1 cleary shows that the solvent
appreciably changes the stability constant -changing Kg

by forly times from ethanol to water. While the values
of K, depend only slightly on the nature of the solvent
and do not correlate with dielectric constant. Instead it

is expected that K, would depend, in principle, on the
donor properties of the solvent if one takes into account
the solvation of equation (6) expressed by the following
equation:

BiCl,.8, +C 45 [BiCl,.8,] + 8 (8)
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Table 1.

Step-wise stability constants of higher chloride complexes.

Solvent Ka M1 KgM1 Kg M1 B
EtOH (8.1£0.4) 104 4713 2.9+0.3
MeQH* (3.0£0.3) 104 4043 7.0+05
DMF (1.5+0.2) 104 38+4 —
HoO%* 2x103 89 3.2
6

*data taken from
*¥data taken form5’7‘8

Apparently the contribution due to desolvation is
not significant in this case, because the more closely
bound molecules of the solvent remain attached. The
process of attaching the next chloride ion ecan be ex-
pressed as:

[BiCl,.S, 1+ CI f._S [BiCI.8]" +§ (9)

The value of K5 is almost equal for ethanol, methanol
and water having closer donor strength (DN = 18-19),

The values of K3, K4 and from table 1 can be used
to calculate the relevant proportions of various chloride
complexes of Bi(III). This is worked out as follows:

131(:12+ 1
EE— = (10)
[Bi(II)1,, (1+1/K, [CY] +K, [CT]) K, [CT]
[BiCl, ] 1

= (11)
[BI(IID)], 1+1/K, [CI'] +K, {CI]
[BiC} ] K, [CI]
— = (12)
[Bi(TI)1, 1+1/K, [OF] + K, [CT']

For the solvents studied the value of Ka=>1x 104
M~1. Hence the factor 1/Kg [CI'] while using a back-
ground conceniration of 0.01M Ci” does not exceed 0.01
that is it does not appreciably affect the overall values of
equations 10-12. K, depends slightly on the nature of
the and for all the investigated solvents falls within 38
to 47 M L. Substitution of these values in equations
10-12 shows that the relative portion of BiC]2 is negli-

gibly small while BiCly accounts for 70+ 2 % and BiCI;
for 30+ 2%. Since the value of K4, responsible for the
main contribution to the calculations according to
equations 10-12 is almost constant (table 1) for all the
solvents differing in their physico-chemical propetties,
The only conclusion that can be drawn is the starting
species in all these cases contain 70+2 % of BiCl3.
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