
(where A= bipy, OPDA or phen; L= BMIMP)

bility constants, log KOH and log KtH(PYI were eval­
uated and the values were found to be 9.67 and
3.80 respectively. From the metal-ligand forma­
tion curves, the fl values (0.1 < n < 1.8) obtained
for M(II)-L systems indicate the formation of both
1:1 and 1:2 compkxes2.

In the ternary systems studied, the ternary
M(II)-AL 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(ll)-A-L curves from the
binary M(II)-A curves beyond pH 3.5 suggests the
coordination of I:Lj- as a secondary ligand in
presence of [A]. Hence, the formation of M(II)-A-L
ternary complexes could be considered in step­
wise equilibia (Eqs 1 and 2).

The formation of ternary complexes is further
supported by non-superimposable nature of the
theoretical compiOsite curve with respect to the
experimental mixed ligand curve6.

From a '.:10wledge of proton-ligand and metal­
ligand formation comtants, 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 7. As a representative case the species dis·
tribution diagram for Cu(II)-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(II)-bipy-L ternary systems are
higher than those iOfM(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 j[ bonds as
observed by Griesser and SigelR and Bhattacharya
and coworkcrs9 The higher stabilities of M(II)-bi­
py-L than those of M(II)-phen-L may be due to
the flexible nature of bipy molecule. The order of
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The formation of milced ligand complexes f the
type: M(II)-A-L where A= 1,1O-phenanthroline ( hen),
2,2'-bipyridyl (bipy) or o-phenylenediamine ( PDA)
and L= 2-[j( 1H-benzimidazol-2-ylmethy1)iminol ethyl]
phenol (BMIMP) have been investigated by pH- etric
technique at 30°C in 60% (v/v) aqueous-meth 01 at
[= OJ M(NaCl04). The ligand [L]- coordinate as a
secondaIY ligand in presence of ligand [A]in st pwise
equilibria. The order of stabilities of ternary c elates
with respect to the ligands is bipy> phen > OP and
that with respect to metal ions is [Cu(lI)> i(lI)>
CoOl)> Zn(II)> Cd(I1)] in conformity with the rving­
William's natural order.

In continuation of our earlier studies 1.2on t e co­
ordinating tendencies of schiff bases with metal
ions, we report herein the formation const ts of
ternary chelates of Cu(II), Ni(II), Co(II), n(II),
Cd( II) with 2,2' -bipyridyl (bipy), 1,1O-phena thro­
lin(~ (phen), o-phenylenediamine (OPDA and
2-[( IH··benzimidazol-2-ylmethyl)iminofmeth 1]­
phenol (BMIMP) in 60% (v/v) aqueous me hanol
medium at 1= 0.1 M(NaCl04) at 30°C.

Experimental
The proton-ligand and metal-ligand for ation

constants for binary system were determin d us­
ing Irving-Rossotti pH titration technique, and
formation constants of ternary chelates of M(II)­
AIL systems (L=BMIMP; A=bipy, phen, PDA)
were evaluated by the method of Santap a and
Ramamoorthy4. The general experimental roce­
dures are similar to those reported ealierl . The
pH meter readings (B) in the aqueous m thanol
medium were corrected by the method of n Ui­
tert and HaasS.

R(~~iUIt~1and discussion

From the proton-ligand formation Jcun·cs< ;IH< 1.8) of BMIMP, the proton-liga Hl sla-

M(II)+A ~ [MAJ2+

[MAJ2+ + [L]- ~ [MAL] +

... (1)

... (2)

"
,

,I
I

1.1 " III'
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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) aq. methanol[1= 0.1 M(NaCl04); Temp. = 30°C]Metal

logK~L logK~L2logj:32logK~1L

bipy

phenOPDA

Cu(II)

9.277.6416.918.598.468.29

Ni(II)

8.967.4016.368.368.258.04

Co(II)

8.557.0515.608.198.147.97

Zn(II)

8.106.8814.987.727.527.39

Cd(II)

7.806.5214.327.397.187.03

• Standard deviations are within ±0.03 log units.

.'

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

The stability constants of ternary chelates are
lower than those of the binary (logK~L) ones
probably due to the availability of lesser number
of coordinating sites for [L]- on [M(ll)-A] than on
the free [M(I1)-(aq)]ionslO•
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