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Polarographic Study of Mixed Ligand Complexes in Aqueous
Medium: Lead(II)-Thiourea-Glutamate System
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The mixed ligand complexes of thiourea (tu) and glutamate (glu) ions with
Pb(II) have been studied polarographically in aqueous medium at 25 +0.5°C
and u=10M (NaClO4). Four mixed ligand complexes, viz.,
[Pb(tu)(glu)]+, [Pb(tu)z(glu)]+, [Pb(tu)(glu);] and [Pb(tu);(glu);] with their
respective stability constants log 311 =4.79, log Bp1 = 5.78, log B, = 8.76 and
log B2 =9.01 respectively were detected. The values of mixed ligand com-
plexes are compared with the stability constants of the simple mono- and
bis-complexes of the binary systems. The statistical factors in the complexation
constants were evaluated by following the procedure suggested by Walters. The
simultaneous n-bonding between the metal ion and ligand was inferred from the
deviation observed in the relationship of log Ky and (N — 1) where N represents
the coordination number as suggested by Van Panthaleion Van Eck.

INTRODUCTION

Complexes of thiourea and glutamic acid with some metal ions have been
studied by various workers'™. Complexes of Cd(II) with organic and inorganic
ligands have been reported by polarographic technique from our laboratory®™”.
Mixed ligand complexes of Cd(II) and Pb(II) with thiourea and glycine/B-alanine
at the isoionic point of the amino acids has already been reported®®. Cd(II)
complexes with thiourea and glutamate have also been investigated in a previous
report'®. The study is further extended to determine the composition and stability
constants of simple and mixed ligand complexes of Pb(II) with thiourea and
glutamate in aqueous medium by polarographic method at 25 + 0.5°C.

Schaap and McMasters'' applied an extension of DeFord and Hume
method'? for the calculation of consecutive stability constants to the more general
system, where more than one kind of ligand was added to the central metal ion
to form polynuclear species.

According to Schaap and McMasters'' mixed complexes should be preferred
over simple complexes whenever the concentrations of the ligands involved are
such that the products of the formation constants for the simple complexes and the
concentrations of the ligand, raised to the appropriate power, are approximately
equal, i.e.,

Kyx, [XI' = Kuy, [YP = Knz, [Z]¥

A complexation reaction of two ligands X and Y with a central metal ion M

can be written as

M +iX +jY = MXY;
where i and j are the stoichiometry numbers. The DeFord and Hume'? expression
for Fy(X) may be extended to give a new function Fyy(X, Y).
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Fpo(X, Y) = antilog 0.4343 RT AE,;; + log Ic

where the symbols have their usual meaningsm. From Leden’s function!?
Foo(X, Y) = {Boo + Bor (Y1 + Boal YT* + Bos[ YT} (X1°
+{Bro + BulY] + Bl YI*)[X]
+ {Bao + Bu[Y] + Bl YPHXI?
+ {Bao + B [YIXP’

+ {Bao}IX1*

The function Fyo(X, Y) = A + B[X] + C[X]? + D[X]® + E[X]* where A, B, C,
D and E are the constants. The values of all the constants in the above equation
can be calculated, if half-wave potentials and diffusion currents of the two series
of solutions are measured. The value of A was obtained from the intercept of the
plot of Fyo(X, Y) vs. [X]. There was a good agreement between the observed and
calculated values of A.

In this method, other functions have been calculated from the following
equations:

Fio(X, Y) = F—""—(Z(f’)vz;)—_A =B + C[X] + D[X]?
Fio(X,Y)-B 5
and Fa(X, Y) == z——=C+D[X] + E[X]

so that the intercept of the plot of Fo(X, Y) vs. [X] extrapolated to [X] = 0 gives
the respective value of B. This procedure is repeated ina similar manner to get
C, D and E. From these values stability constants of mixed ligand complexes
were evaluated.

EXPERIMENTAL

All the chemicals used were of BDH AnalaR grade and used as such. Sodium
perchlorate (E. Merck) was used as a supporting electrolyte to maintain constant
ionic strength at 1.0 M. No maximum suppressor was found necessary. All the
experimental solutions were prepared in glass distilled water.

Polarograms were recorded at 25 + 0.5°C with a Cambridge automatic record-
ing polarograph with a saturated calomel electrode (SCE). The pH measurements
were made with the help of a digital pH meter model L-120 (Elico Hyderabad).

The cell resistance was found to be low in all the cases, so no correction by
IR drop through the cell was necessary. Deoxygenation of the solutions to be
polarographed was achieved by passing purified nitrogen gas. Half-wave poten-
tials were obtained from log plots. The dropping mercury electrode had the
following characteristics at 58 cm of mercury head: t = 3.0 sec, m = 1.92 mg/sec.
in 1.0 M (NaClOy).

RESULTS AND DISCUSSION

Stability constants of binary complexes: Binary complexes of Pb(II) with
thiourea (tu) and glutamate (glu) have been studied polarographically in aqueous
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medium at 25 +0.5°C. All measurements were carried out at constant ionic
strength of 1.0 M (NaClO,) and pH 6.80. The reduction of Pb(Il) was found to
be reversible both in the presence and in the absence of the ligands and diffusion
controlled as indicated by the linear plots of i4 vs. vh (effective) which passed
through the origin. The half-wave potentials of Pb(I) shifted to more negative
values on increasing the free ligand concentration indicating complex formation.
The relationship between (-E, ). and log C;, where C; is the concentration of
thiourea/glutamate, was not linear but gave a smooth curve showing the existence
of more than one complex species. The method of DeFord and Hume!? was used
to calculate the overall stability constants of the binary complexes. Glutamate ion
concentration [X] was calculated from the concentration, pK, value of glutamic
acid (determined at the same ionic strength) and pH of the solution. The thiourea
concentration was taken as the analytical concentration.

The normal state of thiourea' (tu) is considered to be a Zwitter ion (I) while
glutamic acid'® (glu) is present in the form (II) at pH 6.80

N Co0"
2:
Nes- (CH,),
HzN/ |
CHN*H,
|
Co0"

) an

Simple systems were investigated here in order to obtain their stabilities in situ.
The representative data for thiourea and glutamate complexes are set out in
Table-1. The overall stability constants of the simple complexes are
log B; =0.48, logB,=1.00, logPB;=0.78 and logP,=2.12 with thiourea;
log B, =4.84, log 3, = 8.38, log B;=10.48 and log B, =13.80 with glutamate.
The values in case of thiourea system are nearly identical with the reported value'.
Slight deviations may probably be due to the differences in experimental
conditions. The values in thiourea system exhibit the order as B; < B, > 353 < B4
which supports the order made by Lane et al!

The values of stability constants are found to be higher in case of glutamate than
with thiourea may be due to the strong chelating ability of glutamate. The trend in
values was ; < B, < B3 < B4. The value of P, is nearly identical with the reported
value?. However, it is not possisble to compare the values of stability constants of
glutamate with those obtained by other workers using potentiometric and
polarographic methods since the experimental conditions would be widely different.

The complexation reaction of glutamic acid at pH 6.80 may be represented as
follows:

Pb** + HL™ = Pb(HL)*
Pb(HL)" + HL™ = Pb(HL),
Pb(HL), + HL™ = Pb(HL);
Pb(HL); + HL™ = Pb(HL);”
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The value of the overall stability constant of the complex species
B,[Pb(HL)]" is identical with the reported value while B,[Pb(HL),] is higher than
would be expected®. This may probably be due to the neutralization of the charge
over the complex species at the particular pH selected in the present investigation.

TABLE-1

REPRESENTATIVE POLAROGRAPHIC DATA FOR Pb(II)-tu AND
Pb(Il)-glu SYSTEMS:

~(E1) = 0.3880 v, (ig)s = 6.25 pA, = 1.0 M (NaClO,), T =25 +0.5°C

Conc. ofligand | o \eli)  EipmV  igpA 1i§2§3(?§) EpmV  igpA
[glu] x 107° M M
1.26 3.899 26.0 425 0.08 25 6.13
2.53 3.597 400 413 0.16 55 6.00
5.06 3.295 54.0 4.00 024 100 575
7.59 3.119 63.5 3.88 0.32 150 5.50
8.85 3.053 67.5 375 0.40 220 525
10.12 2.995 700 363 0.48 290 525
11.38 2.944 73.5 3.50 0.56 36.0 5.13
12,65 2.898 765 3.50 0.64 420 5.00
15.18 2.819 82.0 338 0.72 460 485
1771 2.752 87.0 325 0.80 50.5 475
2024 2.694 91.5 3.13 0.8 55.0 475
2277 2.643 96.0 3.00 — — —
25.30 2597 1000 3.00 — — —

Pb(II)-thiourea-glutamate complexes

Polarograms were recorded with solutions containing 1 mM Pb(II), constant
glutamate, and increasing concentration of thiourea from 0 to 0.80 M. The two
constant concentrations of glutamate 1.00 x 107 and 3.15 x 107 respectively
were so chosen that at lower value 1:1 and at higher value 1:2 complex species
predominated in the simple system. In both the sets of the mixed ligand system
the reduction waves were found to be well defined, reversible and diffusion
controlled both in the presence and absence of the ligands. The half-wave
potential of Pb(II) shifted towards more negative values and increasing the
thiourea concentration. The shift was found to be more marked than in the simple
systems. The relationship between —(E;;) and log Cy. for both concentrations of
glutamate was not linear but gave a smooth curve showing the existence of more
than one complex species (Fig. 1). Schaap and McMasters method'! was applied
for the determination of the overall stability constants of mixed ligand complexes.
The half-wave potentials with change in ligand concentration at both the fixed
concentrations of glutamate are given in Table-2 along with the observed and
calculated Fyo(X, Y) values (in log form). However, the other F;; functions are
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not given. The values of A, B, C, D and E (having the usual meaning) and the
overall stability constants of mixed ligand complexes are given in Table-3.

TABLE-2
REPRESENTATIVE POLAROGRAPHIC DATA FOR Pb(II)-tu-glu SYSTEM
~(B112)s = 0.3880 V, (ig)s = 6.25 pA, = 1.0 M (NaClOy), T = 25 £ 0.5°C

Conc. of -Ein Vvs. S.CEE. Values of log Fyo(X, Y)
ligand (tu _ ig (WA
e 0.00M 1.00x 107 @A) Observed Calculated
[glu] [glu]
0.00 — 0.4130 5.75 0.920 0.940
0.08 0.3905 0.4145 5.13 0.981 0.987
0.12 — 0.4155 5.00 1.025 1.041
0.16 0.3935 0.4175 4.88 1.104 1.100
0.20 — 0.4190 4.75 1.167 1.164
0.24 0.3980 0.4205 4.63 1.228 1.230
032 0.4030 0.4245 4.63 1.364 1.368
0.40 0.4100 0.4285 4.50 1.511 1.511
0.48 0.4170 0.4325 438 1.658 1.655
0.56 0.4240 0.4360 425 1.790 1.796
0.64 0.4300 0.4400 4.00 1.951 1.935
0.72 0.4340 0.4445 3.88 2.116 2.068
0.80 0.4385 0.4480 3.88 2.235 2.197
0.96 — 0.4545 375 2.469 2.437
[glu] =3.15x 1074 M
0.04 — 0.4320 5.00 1.583 1.619
0.08 0.3905 0.4335 4.88 1.645 1.666
0.12 — 0.4350 4.75 1.707 1.716
0.16 0.3935 0.4365 4.63 1.769 1.769
0.20 — 0.4380 4.56 1.826 1.824
0.24 0.3908 0.4395 4.50 1.883 1.880
0.32 0.4030 0.4420 4.50 1.984 1.995
0.40 0.4100 0.4460 4.44 2.108 2.109
0.48 0.4170 0.4490 4.38 2216 2224
0.56 0.4240 0.4525 4.38 2.334 2.338
0.64 0.4300 0.4560 4.25 2.465 2.449
0.72 0.4340 0.4590 4.25 2.567 2.559
0.80 0.4385 0.4610 425 2.668 2.665
0.96 — 0.4680 4.13 2.883 2.869
TABLE-3
OVERALL STABILITY CONSTANTS OF Pb(I)-(tu)-(glu) SYSTEM

Fixed conc. of [glutamate] M log A log B log C log D logE

1.00 x 107* [glu] 0.90 1.17 1.90 0.93 2.30

3.15x 107 [glu] 1.58 1.90 2.48 1.00 2.60

log B11 =4.79, log P12 = 8.76, log B21 = 5.78, log P22 = 9.01




728 Dongre Asian J. Chem.

461
b

()

—{eN.4, 2
w (b)

40
(@)

% 12 18 04 0
-Log C_

Fig. 1 Plot of —E;; vs. —log Cy, (a) [glu] = 0.00 M; [glu] = 1.00 x 10*M, and
(©) [glu] =3.15x 1074 M.

The values of the stability constants of mixed ligand complexes have been
compared with the binary complexes. From the reaction 1,

[Pb(tu)]** + [Pb(glu)]* = [Pb(tu)(glu)]* + Pb** 1)
The equilibrium constant A log K is given by the relation:

Alog K =log By; - (log By + log By;)

which is found to be —0.53. The negative value of A log K suggests that the mixed
ligand complex species is less stable than the parent monocomplexes. Similarly
the value of stabilization constant K calculated by using ref. 15 was found to be
—0.20, indicating the destabilization of the species (1:1:1) which may probably
be due to the unfavourable interaction between the two ligands. However, the
value of mixing constant K, for the reaction 1/2[Pb(tu),]* + [1/2 Pb(glu),] =
[Pb(tu)(glu)]* indicates the relative stability of the mixed complexes in solution
as compared to the parent binary complexes. This is given by the reaction

Kn= Bu/ [520[502
or log Kp, = log By — (log B + log Bo2)

The positive value of mixing constant (log K, =0.1) observed in the present
work suggests that the mixed ligand complexes are comparatively more stable
than the simple bis complexes. The values of A log K, log K., and log K were
found to be positive in case of Cd(Il) complexesw' 16,

Prediction of 3 values from statistical factors

The statistical factors in the complexation constants were evaluated following
the procedure suggested by Watters'” and Tedesco'®. The observed values of the
stability constants of mixed ligand complexes with the predicted values obtained
are represented next page:
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Constants B Bz Ba B2
Observed 1047 1087 1078 10%9
Predicted 1081 10772 1044 —
Enhancements  107%%2 10104 10% —

The observed values of the mixed ligand complex species [Pb(tu)(glu)]* is
nearly identical with the predicted value. But in case of [Pb(tu),(glu)]* and
[Pb(tu)(glu),] the observed values are higher than would be predicted on statistical
grounds. This may be due to some weak bonding between unlike bound ligands,
the coordination tendencies of Pb(IIl) ion and the basicity of the oxygen and
nitrogen of ligands.

The results were also tested with Van Panthaleon Van Eck cquation19 and the
possibility of simultaneous 7-bonding between the metal and ligands was
established from the non-linear relationship observed in the plots of log Ky vs.
(N - 1) where N is the coordination number.
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