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ABSTRAcT

A paper electrophoretic method is described for the study of equilibria in mixed @and [nitrilotriacetate (NTA)-peniciIlamine]
complex systems in solution. The stability constants of Zn(II)-NTA-peniciiIamine  and Cd(B)-NTA-penicillamine  complexes
were found to be 5.36 and 5.18 (log K values), respectively, at p = 0.1 and 35°C.

INTRODUCTION

The properties and more important chemical
reactions of naturally occurring penicillamine
have already been subjected to wide investiga-
tions. The main biochemical aspects have been
reviewed by Jocelyn [l]. The biological impor-
tance is attributed to the capabilities of the
mercapto group to undergo various complex
formation processes, primarily in non-haem iron
proteins [2] and the blue copper proteins [3].
Sorensen [4] has demonstrated the anti-inflam-
matory activity of the copper-penicillamine com-
plex. The complexes of Zn(I1) and Cd(I1)  with
penicillamine and other sulphur-containing
amino acids are of great importance because of
the interesting biological role of Zn(I1) and the

* Corresponding author. A Systronic (Naroda, India) Model 604 elec-

toxic nature of Cd(I1).  The significance of in-
vestigations relating to these complexes is further
enhanced by the recognition that penicillamine can
be advantageously employed .for the treatment
of metal ion poisoning (Pb, Hg, Cd, Zn, etc.).
A search of the literature [4-71 indicated that
there is only one report on Zn(I1) and Cd(I1)
binary complexes with penicillamine and no in-
formation on ternary (mixed complex) systems.

In view of this, attempts were made to estab-
lish the optimum conditions for metal (M)-
penicillamine, M-nitrilotriacetate (NTA) and
M-NTA-penicillamine complex formation. In
addition, this paper describes an electrophoretic
method for the determination of the stability
constants of these complexes.

EXPERIMENTAL

Apparatus
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trophoresis system was used. It has a built-in
power supply (a.c.-d.c.) that is fed directly to a
paper electophoresis tank. In order to maintain
the temperature constant, two hollow metallic
plates coated with thin plastic paper on the outer
surface were used for sandwiching paper strips
and thermostated water (35°C) was circulated
through these plates. pH measurements were
made with an Elico (Hyderabab, India) Model
L,_,, pH meter using a glass electrode.

Chemicals
Zinc and cadmium perchlorate solutions were

prepared as described elsewhere [6]. Metal spots
were detected on the paper using dithizone in
carbon tetrachloride (BDH, Poole, UK) for
Zn(II)  and 1-(2-pyridylazo)-2-naphthol (PAN)
(Merck, Darmstadt, Germany) for Cd(B). A
saturated aqueous solution (0.9 ml) of silver
nitrate was diluted with acetone to 20 ml. Glu-
cose, as a black spot, was detected by spraying
with this solution and then with 2% ethanolic
sodium hydroxide.

Background electrolyte
The background electrolytes used in the study

of binary complexes were 0.1 M perchloric acid
and 0.01 M penicillamine. For the study of
ternary system the background electrolytes used
were 0.1 M perchloric acid, 0.01 M NTA and
various amounts of 0.01 M penicillamine. The
ternary system was maintained at pH 8.5 by the
addition of sodium hydroxide.

Stock solutions of 9.0 M perchloric acid, 2.0 M
sodium hydroxide and 0.5 M penicillamine were
prepared from analytical-reagent grade chemi-
cals (BDH). A 0.01 M NTA solution was pre-
pared from the compound obtained from Merck.

Procedure
The hollow base plate in the instrument was

made horizontal with a spirit level. A 150-ml
volume of background electrolyte was placed in
each tank of the electrophoretic apparatus.
Paper strips (Whatman No. 1, 30 x 1 cm) in
triplicate were then spotted with metal ion solu-
tions and glucose in the centre with a micropi-
pette and were subsequently placed on the base
plate and sandwiched under the upper hollow

metallic plate with the ends of strips lying in the
two sides of the tank solutions. A 200-V potential
difference was then applied between the tank
solutions and electrophoresis was carried out for
60 min. Subsequently the strips were removed
and the spots were detected. The averages of
triplicate strips were noted for calculations and
the movement of the glucose spot was used as a
correction factor. It was found that the variation
in the movement was about 5%. The mobilities
were calculated by dividing the distance b the

Y -1potential gradient and are expressed in cm V
min-‘.

RESULTS AND DISCUSSION

M(II)-penicillamine binary system
The plot of the ionophoretic mobility of a

metal spot against pH is a curve with a number
of plateaux, as shown in Fig. 1. The first corre-
sponds to a region in which metal ions are
uncomplexed. The second plateau in each in-
stance with zero mobility indicates the formation
of 1:l neutral complexes. With a further increase
in pH the mobility decreases, giving rise to a
third plateau lying in negative region, indicating

12c
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Fig. 1. Mobility curves for the M-penicillamine systems.
l = Zn(II)-penicillamine;  0 = Cd(II)-penicillamine.
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an anionic nature of the metal complexes. The
predominant liganding properties of unproto-
nated anionic species of penicillamine have also
been reported ruling out any such property of a
zwitterion [B]. In view of these observations, the
complexation of the metal ions with the penicil-
lamine anion [L2-] can be represented as

Kl
M2+ + L2- e ML (1)

5
ML+L2--_ ML;- (2)

The metal spot on the paper is thus a combina-
tion of uncomplexed metal ions, a 1: 1 complex
and a 1:2 complex. The overall mobility of these
is given by

u = uo + U,K,[L2-] + U2K,K2[L2_12

1+ K,[L2_] + K1K2[L2_12 (3)

where uO, u1 and u2 are the mobilities of the
uncomplexed metal ion, the 1:l metal complex
and the 1:2 metal complexes, respectively.

For the calculation of the first stability con-
stant (K,), the region between the first and
second plateaux is pertinent. The overall mobili-

ty U will be equal to the arithmetic mean of the
mobility of uncomplexed metal ion, u,,, and that
of first complex, u,, at a pH where K, = Il[L’-1.
With the help of the dissociation constants of
penicillamine (k, = 10’.90,  k, = 1O7.85 and k, =
10’“.55),  the concentration of the liganding

TABLE I
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penicillamine, [L2-1,  is calculated by

[L2_] = LI
1 + [HI/k,  + [H]‘lk,k,  + [H13/k,k2k3

(4)

where [LT] = total concentration.
The stability constant K, of the second com-

plex can be calculated by taking into considera-
tion the region between the second and third
plateaux of the mobility curve. The calculated
values of K, and K, are given in Table I.

M(ZZ)-NTA binary system
Fig. 2 shows the overall mobilities of the metal

spots in the presence of NTA at different pH.
The mobility at the last plateau is negative,
showing the anionic nature of both the Zn(I1)
and Cd(I1)  complexes. The stability constants
(K3)  of these complexes were calculated using
the same method as described for the M-penicil-
lamine system (the dissociation constants for
NTA are k, = 10’.66, k, = 102.67  and k, = 109.49)
and are presented in Table I. The complexation
may be represented as

M2+ + NTA3-  2 [M-NTA] - (5)

M-NTA-penicillamine ternary system
This system was studied at pH 8.5. It is

observed from the mobility curves of the

STABILITY CONSTANTS OF BINARY AND TERNARY COMPLEXES OF Zn(I1) AND Cd(I1)

Ionic strength = 0.1; temperature = 35°C; NTA anion = N(CH,COO):-;  penicillamine anion = (CH,),C(S)CH(NH,)COO-.

Values Metal ion Stability constant”

Log K, !i. Log K, :,, Log K, !-,,, Log K MIN’A4M  NTA-I.

Calculated (this work) Zn(I1) 9.80 17.11 8.88 5.36
WII) 9.35 16.70 8.05 5.18

Literature values Zn(I1) 9.48 [9] 19.42 [9] 10.66 [9] -
9.42 [lo] 19.44 [lo] 10.00 [lo] -

10.00 [ll] 18.98 [ll] - -
9.51 (111 18.51 [ll] - -

Cd( II) 10.89 [9] - 9.78 [9] -
11.48 [ll] 18.50 [ll] 9.48 [ll] -

“K , :, = lMLl~lMIlLl~  K, :,, = 1ML,I~lMLIlLI~  K, :-,,A = [M-NTA]/[M][NTA]; K,;I;& = [M-NTA-L]/[M-NTA][L];
M = metal cation; L = ligand (penicillamine); NTA = nitrilotriacetate.
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Fig. 2. Mobility curves for the M-NTA systems. 0 =
Zn(II)-NTA;  0 = Cd(II)-NTA.

M-penicillamine and M-NTA binary systems
that binary complexes are formed at pH ~8.5.
Therefore, it was considered necessary to study
the transformation of the [M-NTA]-  binary
complex into the [M-NTA-penicillarnine]3-
mixed complex at pH 8.5 to avoid any side
interaction. The plot of mobility against the
logarithm of the concentration of added penicil-
lamine gives a curve containing two plateaux
(Fig. 3). It is inferred that the moiety in the last

-101 I I I I I
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Fig. 3. Mobility curves for the M-NTA-penicillamine
systems. 0 = Zn(II)-NTA-penicillamine; 0 = Cd(II)-
NTA-penicillamine .
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plateau is due to coordination of penicillamine
anion to the [M-NTA]- moiety (l:l), resulting
in the formation of a 1:l:l [M-NTA-penicil-
lamine13- mixed complex:

[M-NTA]-  + L*- 2 [M-NTA-L13- (6)

where L is penicillamine.
In this electrophoretic study, the transforma-

tion of a simple complex into a mixed complex
takes place, hence the overall mobility (U) of
this complex is given by

u = %J&W*]+  %&W&L, (7)

where u,,, 4 and f[M-NTA]~ &A-NT&L] are the
mobilities and mole fractions of the [M-NTA]-
and [M-NTA-L13-  complexes, respectively.

On adding values of the mole fractions, the
above equation becomes

u = (UO + U1K4[L2-])l(l  + K,[L2_]) (8)

where u0 and u1 are the mobilities in the region
of the two plateaux of the curve.

The concentration of penicillamine anion at
pH 8.5 was calculated. K., is obviously equal to
l/[L-*I.  All these values of K4 (stability con-
stants of mixed complexes) are given in Table I.

It can be concluded from these studies that
penicillamine and NTA can be used to reduce
the levels of Zn(I1) and Cd(I1)  in biological
systems.
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