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The formation of mixed ligand complexes of the
type M(II)-A-L where A= 1,10-phenanthroline (phen),
2.2"-bipyridyl (bipy) or o-phenylenediamine (QPDA)
and L=2-{{ 1H-benzimidazol-2-ylmethyl)Jimino}methyl]
phenol (BMIMP) have been investigated by pH-metric
technique at 30°C in 60% (v/v) aqueous-methanol at
I=0.1 M(NaClO,). The ligand [L]” coordinate3 as a
secondary ligand in presence of ligand [A] in st pwise
equilibria. The order of stabilities of ternary chelates
with respect to the ligands is bipy > phen> OPDA and
that with respect to metal ions is [Cu(11) > Ni(II)>
Col(II)> Zn(I1)> Cd(I)] in conformity with the [rving-
William's natural order.

In continuation of our earlier studies'? on the co-
ordinating tendencies of schiff bases with |metal
ions, we report herein the formation constants of
ternary chelates of Cu(Il), Ni(II), Co(II), Zn(II),
Cd(11) with 2,2-bipyridy! (bipy), 1,10-phenanthro-
line (phen), o-phenylenediamine (OPDA} and
2-:(1H-benzimidazol-2-ylmethyl)imino}methyl]-

phenol (BMIMP) in 60% (v/v) aqueous methanol
medium at /=0.1 M (NaClO,)at 30°C.

Experimental
The proton-ligand and metal-ligand formation
constants for binary system were determingd us-
ing Irving-Rossotti pH titration techniquef, and
formation constants of ternary chelates of [M(II)-
A-L systems (L=BMIMP; A=bipy, phen, QPDA)
were evaluated by the method of Santappa and
Ramamoorthy*. The general experimental proce-
dures are similar 1o those reported ealier'f. The
pH meter readings (B) in the aqueous mgthanol
medium were corrected by the method of Van Ui-
tert and Haas®.
Results and discussion
From the proton-ligand formation |curves
(0.2 <y, < 1.8) of BMIMP, the proton-ligand sta-
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bility constants, log Koy and log Ky, were eval-
uvated and the values were found to be 9.67 and
3.80 respectively. From the metal-ligand forma-
tion curves, the 7 values (0.1 <7<1.8) obtained
for M(II)-L systems indicate the formation of both
1:1 and 1:2 complexes®.

In the ternary systems studied, the ternary
M(II}A-L titration curves coincided with 1:1
M(II)-A binary curves in the pH region <3.5
where the 1:1 M(II-A complexes were formed.
This indicates the formation of only M(II}-A com-
plexes and the non-coordination of (L]~ with
these metal ions in that pH region. The diverg-
ence of mixed ligand M(II}-A-L curves from the
binary M(II)}-A curves beyond pH 3.5 suggests the
coordination of [L]” as a secondary ligand in
presence of [Al. Hence, the formation of M(II)-A-L
ternary complexes could be considered in step-
wise equilibia (Egs 1 and 2).

MID+A = [MA}F* UNEY
[MAP* +[L]- = [MAL]" o (2)
(where A= bipy, OPDA or phen; L=BMIMP)

The formation of ternary complexes is further
supported by non-superimposable nature of the
theoretical composite curve with respect to the
experimental mixed ligand curve®.

From a “nowledge of proton-ligand and metal-
ligand formation constants, the distribution of the
total metal among the various metal-ligand species
as a function of pH has been calculated by com-
puter program BEST due to Martell and Mote-
kaitis”. As a representative case the species dis-
tribution diagram for Cu(Il)-bipy-BMIMP system
is shown in Fig. 1. This diagram also reveals the
formation of ternary complex in a stepwise man-
ner.

A perusal of the data in Table 1 indicates that
the stabilities of M(IT)-bipy-L ternary systems are
higher than those of M(II)}-phen-L and M(II)-OP-
DA-L systems. The higher stabilities of M(II)-bi-
py-L and M(II)-phen-L systems compared with
those of M(II)}-OPDA-L systems may be due to
the ability of phen and bipy to form 5 bonds as
observed by Griesser and Sigel® and Bhattacharya
and coworkers?. The higher stabilities of M(II)-bi-
py-L than those of M(Il)-phen-L. may be duc to
the fiexible nature of bipy molecule. The order of
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Fig. 1 - Distribution diagram of Cu{II)-bipy-BMIMP system.

Table 1 — Formation constants* of binary and ternary metal che-
lates of BMIMP in 60% (v/v) ag. methanol

[I=0.1 M(NaClO,); Temp.=30°C}]

Metal logK}; logKY;, logB, log K¥AL

bipy phen OPDA
Cu(ll) 9.27 7.64 16.91 8.59 846 8.29
Ni(II)  8.96 7.40 16.36 836 825 804
Co(ll) 8.55 7.05 1560 8.19 8.14 7.97
Zn(ll) 8.10 6.88 1498 7.72 7.52 7.39
Cd(n) 7.80 6.52 1432  7.39 7.18 7.03

* Standard deviations are within + 0.03 log units.

stabilities of ternary complexes with respect to
metal ions  [Cu(Il)> Ni(I[)> Co(Il)> Zn(II) >
Cd(Il)] is in agreement with the Irving-William’s
order.

The stability constants of ternary chelates are
lower than those of the binary (logKM; ) ones
probably due to the availability of lesser nrumber
of coordinating sites for [L]~ on [M(II}-A] than on
the free [M(II)-(aq)] ions'°.
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