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In view of the importance of mixed ligand complexes
in various biological processess !. the present commu-
nication reports the stability constants of mixced ligand
chelates involving anthranilic, ascorbic. nicotinic and
sulphanilic acids as primary ligands and glutathionc
(GSH) as secondary ligand alongwith their correlations
with somc propertics of central mctal ions.

Results and Discussion

From the pH titration curve (Fig. 1). it is observed
that secondary ligand titration curve (B) and mixed
ligand complexaticn curve (D) are well separated from
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Vig. 1.pH-titration curves [Zn-AA-GSIT] system: temp. = 30,
I=0.0 M (KNOy).

the acid titration curve (A), indicating that libcration
of protons occurs during complexation. Also, the pri-
mary ligand complexation curve (C) is scparated from
the mixed ligand complexation curve (D) at pH 3.0,
which indicates that addition of primary ligand occurs
in this pH range. The mixed ligand complexation curve
(D) is separated from the secondary ligand complex-
ation curve (B) at pH 5.0 due to sclf-dissociation of the
sccondary ligand. After pH 5.5, mixced ligand complex-
ation curvc shows the indication of attachment of sce-
ondary ligand with Zn!!.

Mixed ligand stability constants - Mixced ligand sta-
bility constants of chelates were obtained by using Irv-
ing and Rossotti cquations2. Formation curvc for mixcd
ligand stability constant was obtaincd by plotting #
values against pL, and log K| was cvaluatcd using half-
integral method at » = 0.5. corresponding to p/. valucs.
n values extend from 0 to 0.79 indicating that 1 : 1 : |
complex is formed. The order of stability of mixced
ligand complexes with respect to metal ions follows
the Irving-Williams natural order?: Mn!' < Co!' <« Nill <
Cull > znl!

The values for mixcd ligand stability constants (log
K) for different mctal ions arc presented in Table 1. log
K decreases with increase in temperaturc from Mn!! to
Zn!! mixed ligand complexes in cach system. suggest-
ing an cxothermic nature of the metal-ligand interac-
tion, 1.c. log K is inverscly proportional to tempera-
ture.
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1ABLE 1 — STABIT11Y CONSTANIS O1 [HI MIXLD LIGAND
COMPI E XES AT A CONSTANT [ONIC SIRENGIH
(/=01 M KNO3) Al DIFFERENT |LMPLRATURIS (01 )

System log K at temperature
30 40 50
Mn AA GSH 5 60 505 470
Mn ASA GSH 575 538 518
Mn NA GSH 540 489 4 60
Mun SA GSIT 679 659 640
Co AA GSH 605 583 556
Co ASA GSH 648 578 568
Co NA GSH 598 583 s33
(o SA GSH 7 60 719 700
Ni AA GSH 625 5 87 567
N1 ASA GSH 6 R3 6 64 644
N1 NA GSH 625 605 567
N1 SA GSH 795 773 753
Cu AA GSIT 772 750 720
Cu ASA GSH 870 840 820
Cu NA GSH 892 870 8 6O
Cu SA GSIH 9 90 9 80 950
/n AA GSII 589 550 520
/n ASA GSH 6 8Y 652 630
/n NA GSl 600 570 540
/n SA GSIE 750 690 6 80

The cquilibria mvolved 1n metal@) mixed higand
complexes can be presented as

M2t + A == MA*

K
MA* + L} =MAL?

Correlation of log K with some properties of cen-
nal metal 1ons  This correlation gives information on
the naturc of chemical bonding 1n mined ligand com-
plexcs viz (1) atomic number of the bivalent metals® 5
(n) 1cciprocal of 1onic radu of the bivalent metals®
(1) electroncgativity of the bivalent metals’ ¢ (1v) sum
of first and sccond 1onisation potentials of bivalent metal
ons® ¥ (v) reciprocal of temperaturc” and (v1) cnthalps
change (14 ) vs atomic number !¢

The correlation between log K| values with the
atonuc numbers reveals that theirc 1s a monotonic rise
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to a maximum of coppcr followed by a lower value of
zinc This 1s 1in conformity with the observations of
Irving and Rossott12 The correlation between the sta-
bility constants with the reciprocal of 1onic radu r-
veals that apart from Cul! and Zn!! other metal 1ons
show linear bchaviour A lincar relationship is revealud
betwcen log K| values of mixed hgand complexes with
the known electroncgativity values for the same met-
als It 1s observced that stability incrcases with increase
in the electronegativity of the metals which suggest that
the metal-higand bond would be covalent®

The plot of log K against the sum of fiist and suc-
ond 1onisation potentials shows that there 1s a nse to
maximum of Cul! followed by a lower valuc of Zn! as
observed by Calvin and Mclchior” The greatest duvia-
tion observed n case of Cu!l may be probably due to
Jahn-Teller effect!! resulting the distorted octahcdral
geomcetry The comparatively smaller deviation in case
of Zn1! as compared to Cu!! may be duc to completh
filled d'© system of Zn!! where no stabilisation occuts
while in casc of Cull 4 stabilisation attains maxmun
valuc

The plot of log K aginst reciprocal of tempcrature
indicates that stability constant value (log K| ) decreascs
with incrcasc of tempcraturc suggesting that the mter-
action of mctal 1ons with the ligand is exothermic m
naturc (1 ¢ spontancous ptocess) The plot of cnthalpy
changc (4 H ) against atomic numbcr shows that from
Mn!!to Co!! enthalpv change decreases which remains
constant from Co'" to Ni!! then maximum to Cu®' and
finally lowers to Zn!! This may be accounted for ¢xo-
thermic naturc of the rcaction 1¢ complezation of the
hgand with the metal 10n 1s a spontancous process

Comparison of the plot of log K vs atomic number
reciprocal of 1onic radu etc for other mrved higand
svstem viz M-ASA-GSH, M-NA-GSH and M-SA-
GSH sy stems indicates no change in the curve Thus it
scems that simular tvpe of mined ligand complenes are
formed 1n cach case

Experimental

The metal salts anthranilic ascorbic nicotinic and
sulphanilic acids potassium hvdroxide potasstum nt-
tratc used were of A R grade Glutathione (reduced)
(Aldrich) was used All solutions were preparcd in con-
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dictivity watcr. Metal salts were standardiscd
complexometrically by EDTA 12,

A Systronics 331 pH meter and a Julabe F-40 HC
thermostat werce uscd.

Following four sets of mixturcs were prepared. kecp-
ing the total volume 50 ml in each casc : (A) 10 ml,
0.001 MHNO; + 5 ml, 0.1 M KNOj; + 35 ml H,O0,
(B) 10 mL. 0.001 M HNO; +4.7ml 0.1 M KNO; +
10 ml. 0.001 M sccondary ligand (GSH) + 25.3 ml
H,0.(C) 10 ml. 0.001 M HNO;+4.8ml. 0.1 MKNO; +
10 ml. 0.001 M primary ligand + 10 ml. 0.001 M
metal(ih + 15.2 ml H,O. and (D) 10 ml, 0.001 M HNO; +
46ml 0.1 M KNO;+ 10ml, 0.001 M primary ligand +
10ml. 0.001 M sccondary ligand (GSH) + 10 ml. 0.001
M metaldh + 5.4 ml H,O. These mixture were indi-
vidually titrated against standard 0.01 M KOH solu-
tion under the atmosphere of nitrogen and the pH was
recorded after addition of alkali.
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