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Ni(II) yields a single irreversible and diffusion-controlled wave
in the presence of tryptophan at pH 1 and II. = 0.1 (NaCIO.).
However Zn(II) and Co(II) afford two waves of which the first
is diffusion-controlled and irreversible and the second one is
kinetically controlled. Zn(II) forms two consecutive complexes
[Zn(TryptW and [Zn(Trypt)2] with stability coustants log ~, =
9.0 and log ~. = 14.1 while both Ni(lI) and Co(JI) form a single
complex, viz, [Ni(Trypt)]+ and [Co(Trypt)]+ with stability cons-
tants log () = 1.2 and 4.12 respectively.

A SURVEY of literature ~eveal~ that I?olarographic
studies on complex formation of Zn(U) and

Co(II) with r.-tryptophan do not appear to have
been undertaken so far, though a few reports are
available on the polarographic behaviour of Ni(II)-
tryptophan system. Chandra and Srivastava! re-
ported that the reduction of Ni(II)-tryptophan
system at d.m.e. resulted in a single i.rr.e~erslble ~~ve
in the presence of KCI, the wave exhibiting a posiuve
shift in E1I2 with increasing [nr.-tryptophan]. . B~t
in borax and Kolthoff buffers a negative shift 111

E1I2 was noticed. Lal and. Christian 2 studied
Ni(II)-DL-tryptophan system 111 0.1 M. KN03 .and
reported that the reduction o~curred III two Irre-
versible steps due to the formation of two complexes
in sluggish equilibrium with each. other. l;lowe~er,
Lal and Christian did not take into consideration
the role of the pH in complex formation, and the
pH at which their investigat.ions were mad~ was not
mentioned. Their calculations of stability cons-
tants also suffered from a serious error in that they
did not take into consideration the free [ligand] i.e.
tryptophanate ion concentration in the calcula-
tions. It was therefore worthwhile to study the
polarographic behaviour of.Zn(II),. Ni(II), and Co(II)
at pH 7 in the presence of increasmg JL-t:yptophan]
with special reference to the determination of the
composition and stability constants of the complexes
formed.

All the chemicals used were of reagent grade and
their stock solutions were prepared in conductivity
water. The concentration of Zn(II) and Co(H) .was
kept at 1 x 10-3 M in each case while that of N[(II)
was kept at 5 x 10-4 M. NaCI04 solution was used
to keep the ionic strength constant at 0.1 M.

The concentration of tryptophanate ion was cal-
culated from pH of the solution and pKa values of
L-tryptophan (pKl = 2.28 and pK2 = 9.72).
Triton X-IOO (2 x 10-3 %) was used as max!ma
suppressor in the case of Ni(II) an? Co(Il). SInce
no maximum was encountered with Zn(TI), the
addition of Triton X-IOO was avoided. Polarograms
of the deaerated solutions were taken on a I?anual
set-up (Toshniwal polarograph model CI02 III con-
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TABLI! 1 - POLAROGRAPHICCHARAcrl!RISnCS OF Zn(II)-L-
TRYPTOPHANSYSTEM

[Zn2+] = 1xlO-3M; II.= O.1M (NaCI04); pH =1
r r

[L-Tryptophan] [X-] -E", -E'/2 id Slope
xlO' (M) x 105M (V, vs (Y, vs (I-'A) (mV)

SCE) (SCE)

0 0 1.010 1.060 1.04 44
10 2.404 1.210 1.190 5.10 80
20 3.908 1.220 1.200 4.25 85
30 5.128 1.230 1.210 3.96 82
40 1.638 1.235 1.216 3.69 89
50 9.550 1.240 1.220 2.64 82

[X-] = Tryptophanate ion concentration.

junction with Toshniwal polyflex galvanometer,
model PL-SO) at 25 ± 0.01°C. Saturated calomel
electrode (SCE) was used as a reference electrode.
The d.m.e. had the following characteristics (in O.IM
NaCI04, open circuit) : For Zn(II) system: m =
1.44 ttiglscc, t = 4.87 see, m2/3 t1l6 = 1.66 mg2/3

sec-l/2; hborr = 61.9 em; for Ni(II) and Co(lI)
systems: m = 1.67 mg/sec; t = 4.04 see; m213 t1l6

= 1.778 mg~/3 sec.-1'2 hcorr = 63.0 cm. The
number of electrons (n) involved in the reduction
processes was determined by millicoulometric method
of DeVries and Kroon". This gave the value of
n = 2 at pH 7 in each case.

Zn(JI)-L-fryptophan system - The polarograms of
the solution containing 1 X 10-3 M Zn(II) and
10 x 10-3 M L-tryptophan at different pH values,
indicated that the negative shift in El/2 was maxi-
mum at pH 7 and hence this pH was chosen to study
the complex formation. Well-defined diffusion-
controlled quasireversible wave appeared in the
absence of tryptophan. On the addition of trypto-
phan in the concentration range 0.0 to 5 X 10-2 M
two waves appeared in each case-the first being
diffusion-controlled and totally irreversible+"
while the other being kinetically controlled. Lal
and Christian" and recently Zutshi and Gupta"
suggested a method for determining the composition
and stability constants of consecutively formed com-
plex species undergoing irreversible reduction at
d.m.e. This consisted of determining the value of
reversible half-wave potential (Er1/2) by Gellings'
method-s. This method has been followed and the
Pl/'.! values as a function of [(tryptophanate)-] are
presented in Table l.

The plot of £[/2 versus log [(tryptophanate)-J was
a smooth curve, thereby indicating the formation of
successive complexes. DeFord and Hume's'! method
as modified by Irving> was applied for the calcula-
tion of composition and stability constants of the
complexes. The values of F, [X] functions at diffe-
rent [(tryptophanate)-] were determined. Two
complex species, viz. [Zn(Trypt)]+ and [Znf'Tryptj.]
with stability constants log ~1 = 9.0 and log ~t=

14.70 are formed.



Ni(II)-L-tryptophan system - The polarograms
of Ni(JI)-tryptophan system at different pH values
were taken and based on these, pH 7 was chosen
to study complex formation. At different concen-
tration of r-tryptophan a single well-defined diffusion-
controlled irreversible wave appeared with shift in
E1/2 to more negative potentials thereby indicating
complex formation between Ni(II) and L-tryptophan.
~h~ linear plot of Elt.~ versus log [(tryptophanate)-]
indicated the formation of a single complex. The
composition and stability constant were determined
following the method of Tamamushi and Tanaka!".
The value of coordination number j, comes out to
be 1. T~e composition of the complex is, there-
fore, [N I(Trypt)]+ with stability constant log ~=
7.2. The results are in contrast to those of Lal
and Christian", stability constants ~1 = 1.0 X lO3,
1'2 = 1.5 X 107 and ~J = 6.8 X 109•

Co(lI) - tryptophan system - As in Zn(IJ) and
Ni(II) system, pH 7 was chosen to study complex
formation. At different ligand concentrations two
waves appeared, of which the first was diffusion-
controlled and irreversible and the second one was
kinetically controlled. The El/2 of the first wave
got shifted to more negative potential with increas-
ing [(tryptophanate)-]. This shows that the first
wave is due to the reduction of Co(U)-tryptophan
complex,

The plot of Ell 2 versus log [(tryptophanate)-] was
linear, indicating the formation of single complex.
The method of Tamarnushi and Tanaka-" has been
applied to determine the composition and stability
<constant of the complex. The value of the coordi-
nation number, j, comes out to be I. The compo-
sition of the complex is, therefore, [Cof'Iryptj]+ with
stability constant log ~ = 4.72.

We thank Dr S. N. Srivastava, Principal, Agra
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The polarographic behaviour of Co(II), dioxouranium(VI),
In(III) and Th(IV) has been studied at 25°C in the presence of
increasing concentrations of some complex forming agents, viz,
sulphosalicylate (SSA2-), tartrate (Tart!") and EDTA2-. The
reduction of all the depolarizers has been found to be diffusion-
controlled and irreversible. Koutecky's treatment has been
applied to calculate the rate constant (kr,h) at various potentials
in the presence of increasing concentrations of the ligands, The
values of the kinetic parameters (IXna and kr,h) have been cal-
culated as a function of the concentration of ligand.

MANY metal complexes are irreversibly reduced
and several methods':" have been proposed

for the determination of their composition and stabi-
lity constants. Several other workers=w have put
forward methods for studying the kinetics of the
irreversible reduction of metal complexes at d.m.e.
However, in these methods the influence of the vary-
ing concentration of complexing agent on the electri-
cal double layer or on the kinetics of electrode reac-
tion of depolarizer has not been taken into account.
We report here a polarographic study on the influence
of increasing concentration of some complex form-
ing agents on the kinetics of the electrode reactions
of Co(ID, dioxouraniumfVf), In(UD and Th(IV).
This influence has been studied on the basis of the
variations observed in the values of the parameters,
cx.na and kk.h, and also in terms of the value of kr,h
at a selected potential (which lies between the foot
and the plateau of the wave). The following complex
forming agents (ligands) have been used: 5-sulpho-
salicylic acid (sodium salt), tartrate (as sodium
potassium tartrate) and EDTA (disodium salt of
ethylenediaminetetraacetic acid).

Stock solutions of U02(N03)2.6H20 (AR, BDH),
In(N03)3.3H20 (E. Merck, G.R.), Th(NOa)4 (M & B
England), and CO(N03)2.6H20 (AR, BDH) were
prepared in conductivity water. EDTA (disodium
salt) and sodium potassium tartrate were of AR
(BDH) grade. 5-Sulphosalicylic acid (sodium salt)
was of GR (E. Merck) grade.

The concentration of each of the depolarizers in
the final solution to be polarographed was main-
tained at 1.0 X 10-3 M. The polarograms of the
solutions were obtained in the presence of increasing
concentrations ofthecomplexing agents at 25 ± 0.1 °C
and at a constant ionic strength and pH by using a
manual polarograph (Toshniwal CL02) in conjunc-
tion with polyflex galvanometer (Toshniwal PL 50).
Purified nitrogen was used for removing the dissolved
oxygen. The potentials were measured against a
saturated calomel electrode (S.C. E.). Triton X-IOO
(1.0 x 10-3 %) was used as the maxima suppressor.
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