
.J. Indian Chcm. Soc., NOTE 
Vol. 72, August 1995, pp. 551-553 

pH-Metric Studies on Mixed Ligand Chelates of some 3d 
Bivalent Transition Metals, involving some Organic 
Acids as Primary Ligands and Glutathione as Secondary 
Ligand alongwith their Correlations with some Properties of 
Central Metal Ions 
HAIU PRASAD SRIVASTAVA* anJ RAJESH K\JMAR SRIVASTAVA 

J)cpartmcnt of Chemistry. Faculty of Science. Banaras Hindu I JniveJsity, Varanasi-221 00.5 

Manu.•cript recei1•ed 23 Seple111her ]993. accepted 8 FelJTIUIIV ]l.)~'.f 

In view of the importance of mixed ligand complexes 
in various biological processess 1• the present commu­
nication reports the stability constants of mixed ligand 
chelates involving anthranilic, ascorbic. nicotinic and 
sulphanilic acids as primary ligands and glutathione 
(GSH) as secondary ligand alongwith their correlations 
with some properties of central metal ions. 

Results and Discussion 

From the pH titration curve (Fig. I). it is observed 
that secondary ligand titration curve (B) and mixed 
ligand compk-.;atir·, curve (D) arc well separated from 
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the acid titration curve (A), indicating that liberation 
of protons occurs during complexation. Also, the pri­
mary ligand complexation curve (C) is separated 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 self-dissociation of the 
secondary ligand. After pH 5.5. mixed ligand complex­
ation curve shows the indication of attachment of sec­
ondary ligand with Zn II 

Mixed ligand stability constants : Mixed ligand sta­
bility constants of chelatcs were obtained by using Irv­
ing and Rossotti equations2. Formation curve for mixed 

ligand stability constant was obtained by plotting 11 

values against pL, and log K 1 was evaluated using half­
integral method at n === 0.5. corresponding top/_ values. 

n values extend from 0 to 0.79 indicating that I : I : I 
complex is fonned. The order of stability of mixed 
ligand complexes with respect to metal ions follows 
the Irving-Williams natural order-~: Mn 11 < Co 11 < l\i II < 
cuii > znii. 

The values for mixed ligand stabilit)· constants (log 
K) for different metal ions arc presented in Table I. log 
K decreases \Vith increase in temperature from Mn 11 to 
zniimixcd ligand complexes in each system. suggest­
ing an exothermic nature of the metal-ligand intcrac-

Fig. l.pll-litrati•>n curves IZn-AA-<TSIIJ system: temp.= 30 . tion, i.e. log K is inversely proportional to tempera-
/= 0.1 M (KN01). ture. 
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The ... quthbna mvolved m metal(lll mrxed hgand 
eomplc'\.eS can be presented as 

M 2++ A ~ MA+ 

( 01 relatiOn of log K wuh wme properties of cen-
11 a/ metalwm Thts correlation gives mformatton on 
the nature of ehemtcal bondmg m mt'\.ed hgand com­
p!c,es viz (t) atomic number of the bivalent metals4 " 

(u) IL-Clprocal of Iomc radu of the bivalent metals 'i 
(m) clectronegatt"It\ of the btvalcnt metal<; 'l 6 (I\) sum 
of first and second JOmsatJOn potentials ofbJValent metal 
tons" 8 (") rcctprocal oftemperature'1 and (H) enthalp\ 
change ( jH ) \ s atomic number I 0 

1 he corrclatton bet\\ccn log K 1 \alues \\Ith the 
atomtc numbers reveals that the1e IS a monotomc nsc 
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to a ma'<Imum of copper followed by a lower value of 
zmc Thts IS m conformtt\ with the observatiOns of 
Irvmg and Rossott12 The correlatiOn bet\\ecn thl- sta­
bility constants With the reciprocal of Jomc rad11 rv 
veals that apart from Cu 11 and Zn11 other mctalwns 
show lmear behavtour A lmear relatiOnship IS rcveal~d 

bet\\ een log K 1 values of mrx:ed hgand complexes \\ tth 
the known elcetronegatlvity values for the same mt.t­
als It Is observed that stabthty mereases wtth mcrt.as~ 
m the electronegattvtt} of the metals whtch suggl-1>t that 
the mctal-hgand bond would be eovalent8 

The plot oflog K agamst the sum of fitst and SL.C· 

ond tOntsatiOn potentmls shows that there IS a nst. to 
ma'\.lmum of Cull follm'<ed bv a lo\\er value ofZn 11 as 
observed b~ Calvm and MelchiOr 7 The greatest d~,\ta­
tJon observed m case of Cu11 rna" be probablv du~.- to 
Jahn-Teller effect 1 1 resultmg the dtstorted octahl-dral 
geometn The comparattvcl~ smaller deviatiOn m cast­
of znii as compared to Cu II may be due to compktl.h 
filled d 10 system of Zn 11 where no stabihsattOil OCCUIS 

'' htle 111 case of Cu II d'J stabthsatJOn attams ma\.tmun 
value 

The plot of log K agmst rectprocal of tcmp\..ratun.. 
mdtcates that stabthty constant value (log K 1) dccr..aSLs 
\\ tth mcrcase of temperature suggestmg that thl- mt!.r­
actiOn of mL-tal tons "V"Vtth the hgand ts e\.oth\..rmlt m 
nature ( 1 e spontaneous pt ocess) fhe plot of l-nthalp~ 
change (LI H ) agamst atomic number shov,s that from 
Mnll to Coli enthalpv change decreases "V"Vhtch remams 
constant from con to Nl 11 then ma'\.JIDUJ11 to cull and 
finally lowers to Zn 11 Th1s rna' be accounted fm L.\.O· 

therm1c nature of the reaction 1 e comple\.attOn of th~. 
ligand wtth the metal ton ts a spontanl.OU~ process 

Companson of the plot oflog K V"l atom!\.. numb~.-r 
rectprocal of 1omc radu etc for othCI mi\.Cd ltgand 
s'vstem v1z M-ASA-GSH, M-NA-GSH and M-SA· 
GSH S\ stems mdtcatcs no change m the cun L Thus 1t 

seems that similar t\pc ofmr\.cd hgand compiL"\.e~ arL. 

fotmed m each case 

Ex pen mental 

The metal salts anthramhc ascorbtc mcotm1c and 
sulphamhc actds potasstum h'dro'\.lde potassnun nt· 

trate used \\l-re of A R grade Glut.athtone (rcducul) 
(Aidneh) \\as used All solutiOns \'<ere prepared m wn-
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dictivitv water. Metal salts were standardised 
complex.ometrically by EDTA 12 

A Systronics 331 pH meter and a Julabe F-40 HC 
thermostat were used. 

Following four sets of mixtures were prepared. keep­
ing the total volume 50 ml in each case : (A) 10 mi. 
0.001 M HN01 + 5 mt O.l M KNO, + 35 ml H20, 
(B) 10 ml. 0.001 M HN0 3 + 4.7 ml. 0.1 MKN03 + 
10 ml. 0.001 M secondary ligand (GSH) + 25.3 ml 
H20. (C) 10 ml. 0.00 I M HNO 3 + 4.8 mi. O.l M KNO 3 + 
I 0 mi. 0. 00 I M primary ligand + I 0 mi. 0 .()0 I M 
metal(l[)+ 15.2 ml H20. and(D) Hlml. 0.001 MHN0 3 + 
4.6 mi. 0. I M KNO 3 + I 0 mi. 0.00 I M primary ligand+ 
I 0 mi. 0.00 I M secondary ligand (GSH) + I 0 mi. 0.00 l 
M mctal(fll + 5.4 ml H 20. These mixture were indi­
VIdually titrated against standard 0.0 I M KOH solu­
tion under the atmosphere of nitrogen and the pH '"as 
recorded after addition of alkali. 
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