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Abstract

The succinate, glutarate and adipate complexes of zinc have been examined polarographically and their overall
stability constants evaluated. Since zinc is reduced quasi-reversibly at the dropping mercury electrode, the Gelling’s
method was used to obtain the reversible half-wave potential { E7,2) from the observed ( £12).The standard rate
constant, k; was of the order of 10™ cm/s, showing a quasi-reversible reduction.
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Various methods' developed to determine the kinetic parameters (&, and a) are due to
Neiman, Koutecky, Detahay, Kivalo and Oldham, Tamamushi and Tanaka, Tachi, Mat-
suda and Ayabe, Randles, Stromberg and Sathyanarayana.

Tartarate, citrate, acetate complexes of zinc have been studied by Matsuda and co-
workers>*, However, very little attention has been paid to the complexes of zinc which are
not reversibly reduced at the dropping mercury electrode.

The present paper deals with the determination of kinetic parameters, composition and
stability constants of the zinc complexes with succinic, glutaric and adipic acids.

Reagent grade chemicals were used. The 0.001 M solution of zinc was prepared from zinc
nitrate. Sodium perchiorate was used to keep the ionic strength constant at 2.0. Solution of
the sodium salts of succinic, glutaric and adipic acids were prepared by adding sodium
hydroxide to the respective acids and adjusting the pH to approximately 6.8.

. L - .
The apparatus used and the working procedure is similar to Gaur et al’ with minor

modifications (Table I).

Solutions containing 1 mM Zn*? and 0.00, 0.05, 0.1, 0.15 up to 0.5 M sodium succinate,
glutarate and adipate were prepared. Requisite amount of sodium perchlorate wasadded to
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Table I

Overall formation constants of zinc complexes with various dibasic acids *

Complexing agent 8, 8 B8

Succinate 15 100 625
Glutarate 10 75 385
Adipate 9 70 350

* Operating conditions:

Reference electrode: Calomel

Temp: 30 £ 0.02°C

Characteristics of dropping mercury electrode:
m = 1.33 mg/s, t = 4.9 sec at
1.0 V vs SCE in 2 M sodium perchlorate.

keep constant {onic strength (u = 2.0). In each case, a single well-defined reduction wave
appeared whose half-wave potential was found to shift towards more negative side and the
diffusion current was found to decrease with the increasing concentration of succinate,
glutarate and adipate ion. The plots of log [/ (ie—i) Y vs Eue, were found to be linear but the
slope comes to be of the order of 40 & mV. The plots of iy vs 'k (his effective height of
mercury column after applying back pressure correction) were linear passing through the
origin.

Furthermore, the plots of is vs concentration of Zn** were found to be linear. The above
“results clearly indicate that the reduction process, though diffusion-controlied, is not reversi-
ble. The reversible half-wave potential ( £Y/z) was obtained from plots* of [E~ RT/nFin
(fg~1)[ i vsi(fig 1). The plots of log(z—1) vs{ E~ ( E{;; ) for zinc adipate system are givenin

fig. 2. The method for calculating (£%;:) has been described elsewhere ',

The plots of (E iiz) vs - log C. were found to be smooth curves (fig. 3), showing the
formation of two or more complex species which are in equilibrium. The composition and
stability constants were calculated by DeFord and Hume's method . The values of overall
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Fic. 1. (a): Determination of £, A, Zinc: B, Zine
containing 0.05 M Succinate; C, Zine containing 0.1 M
Glutarate (Left hand ordinate); D, Zinc coptaining 0.5;
i M, S (Right hand inate) in NaClOs (u=2.0).

F1G. 1 (b): Determination of £5p, E, Zinc comaiu{ng
0.05 M Adipate (I £ft hand ordinate); F, Zinc contain-
ing 0.5 M Adipate, G, Zinc containing 0.5 M Glutarate
(Right hand ordinate) in NaClOs { p=2.0).



POLAROGRAPHIC STUDIES OF ZINC 289

«04
0o ~ 104r 1- SUCCINATE 1
= 3 2 - GLUTARATE 7o
N 04 O 3- ADIPATE
z . 102
-d w
o >
) o
:s 1.00
w
. 0.98
o] 0.01 0.02 003 004 13 1.1 0.9 0.7 0.5 0.3

(e-e},] vours 29 O

l

Fic. 2. Plots of log{ Z~ 1) vs(E- Eiz) volts. A,C.E,F  FIG. 3. Plot of half-wave potentials { £7,2) vs Log Cx,
& G (Left hand ordinate) B & D (Right hand ordinate).  C. ~ Molar concentration of succinate, glutarate and
adipate.

forination constants §; were calculated by the graphical extrapolation method. In each case
zinc forms complex species Zn( A4 ), where A4 stands for succinate, glutarate or adipate as the
case may be. The formation constants i.e. 81, Bz and B; (Table 1) for zinc are lesser than the
corresponding values of lead and cadmium. The distribution of zinc present in various forms
was calculated as a function of the logarithm of the ligand concentration.

The values of ks (4 21X 107 cm/sec), calculated by Gelling’s * method, were determined
in sodium perchlorate and complexing media indicating that the reduction process is
quasi-reversible.

References
L. GAUr, J.N. JaIN, D.S, J. Chem. Soc. (A), 1968, 2201 (and references 1-10 cited therein).
AND PALRECHA, M.M. '
2. MATSUDA, H. 2. Electrochemie Ber. Bunsenges Phys. Chem., 1961, 65, 489; 1938, 62, 977.
3. MATSUDA, H. AND 2. Electrochemie Ber. Bunsenges Phys. Chem., 1959, 63, 1164.
AYABE, Y. N
4 GELUNGS, P.J. 7. Electrochemie Ber. Bunsenges Phys. Chem., 1962, 66,477,481 &799; 1963, 67,
167.
5. DEForp, D.D., J. Am. Chem. Soc., 1951, 73, 5321.

AND HUME, D.N.





