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The introduction of synthetic organic chelating agents into
the environment can have a marked effect on the transioca-
tion and biocavailability of trace metal ions!. The synthetic
ligand may form complexes that are most soluble, more
toxic or more readily absorbed than the predominant
naturally occurring species. Because these ligands must
compete with natural complexing agents. To understand
the driving forces leading to mixed ligand complexes in
biological systems, ternary complexes of the type M(mAL,
where M(n) = Ni, Zn or Cd; A = 2,2"-bipyridyl, o-
phenanthroline, 2,2’-bipridylamine, histidine or iminodia-
cetic acid; L = glycylglycine, phenylalanine or aspartic
acid, have been investigated.

Results and Discussion

The potentiometric titration curves at 25°for 1 : 1 : 1
MAL involving Nill-histidine-aspartic acid was drawn (fig-
ure not shown). It is evident from histidine and Nill-his-
tidine curves that 1 : 1 complex is formed at low pH and
stable up to higher pH. This is because the horizontal dis-
tance between these curves remains constant upto pH ~7.5.
Similar behaviour has been observed in case of 1 : 1 Ni-
IMDA complex. While in cases of Zn-hist, Cd-hist, Zn-
IMDA and Cd-IMDA, 1 : 1 complexes are formed at low
pH and stable upto pH ~8.0, ~8.25, ~7.5 and ~7.75 respec-
tively. In case of neutral primary ligands 2,2"-bipy, o-phen
and 2,2-bipya, 1 : 1 MA [Nil, ZnT or Cd"] complexes are
formed at low pH and stable upto pH ~7.5.

The mixed ligand complex formation MAL takes place
in all the cases only after complete formation of [MA]. The
mixed ligand complex MAL is stable upto higher pH,
above which the curve starts converging indicating absence
of hydrolysis or hydroxo complex formation. In case of
secondary ligand (aspartic acid) curve, one or two
equivalents of extra perchloric acid have been added to ac-
count for the hydrogen ions liberated as a result of com-
plexation of hist or IMDA with Nill, Zn" and Cd" in Ni-
histidine-aspartic acid curve. The titration curve of the
mixed ligand complex is well separated from the secondary
ligand (L). Thus, replacement of H* ion is due to com-
plexation of [MAJ?>" or [MAJ?** with ligand (L).

The stability constants of the ternary metal ion com-
plexes containing MAL were calculated for the equilibria
shown in equation (3), using data obtained in poten-
tiometric pH-titrations,

M+ A==MA m
MA + L = MAL V)]
M + A + L==MAL 3

~_[MAL] 4
log KMAL IMIILIA] (€]

Average number of ligand molecules 7, attached per metal
ion and free ligand exponent values pL were calculated®.
Precise value of mixed ligand formation constants were
determined by the method of averages®. The results are in
good agreement with the previously reported values®. The
relative stabilities of ternary complexes compared with the
corresponding binary complexes can be qualitatively ex-
pressed in many different ways. We have expressed the
relative stabilities in terms of Alog Ky
A log Ky =log K, - log K},

The advantages of using A log Ky for comparison of the
stability of binary and ternary complexes have been re-
viewed’. The values obtained are presented in Tables 1-4.

The electronegativity order of [MA] is found to be as
follows : [M (aq)]**~ [M(2,2"-bipy)}>*~ [M(o-phen)?* ~
[M(2,2-bipya)** < [Mhist)]* < [MIMDA)]°. The stabi-
lity of the metal jons with glycylglycine, phenyl alanine
and aspartic acid follows the order : Ni?* > Zn>* > Cd*
respectively. The mixed ligand formation constant in the
MA amino acid systems are in the order : glycylglycine <
phenylalanine < aspariaic acid, same as in the binary sys-
tem. This is in expected order of the decreasing basicities
of ligand.

The most important aspect of the study is that the
values of log KMA, are slightly lower than log Ky, and

higher than log KML, which is due to the fact that the ten-

dency of L to get bound with aquated metal ion [M(aq)}**
is more than to combine with the metal ion already bound
with A. From statistical consideration also the driving force
for the binding of the secondary ligand with [MAJ*®
should be less than for the binding of L with [M(aq)}?* in
binary system.

2,2'-Bipyridyl, o-phenanthroline and 2,2-bipyridyl-
amine molecules are neutral in behaviour and bound to the
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TABLE 1-DISSOCIATION OF FREE LIGAND AND STABILITIES OF THE BINARY M(11)- AMINO ACID COMPLEXES*

Temp. =25+ 0.1° p = 0.2 M (NaClO,)

Ligand pKy! pKy log Ky, logkNi,  logkZn,  logKZi,  logK&i.  logKGi.,
Glycylglycine 8.12 321 433 iaN 378 274 327 273
Phenylalanine 8.80 220 5.20 4.62 470 3n 3.88 315
Aspartic acid 9.60 3.60 717 532 574 4.09 453 3.50

*Constant Values accurate to % 0.05 units.

TABLE 2-FORMATION CONSTANTS OF THE 1 * 1 : 1 TERNARY COMPLEX OF METAL IONS WITH VARIOUS PRIMARY LIGAND AND SECONDARY LIGANDS

Temp. =25+ 0.1° p = 0.2 M (NaClO4)

Ligand log KMBE log KMo REL log K2Rt log KL log KMIMBAL
N Z» © N Z ©® N Z © N Zn G N Zn  Cd
Giycylglycine 388 336 326 419 373 320 400 357 326 39 332 315 402 325 319
Phenylalanine 449 409 379 481 439 382 489 414 364 401 381 376 395 366 351
Aspartic acid 604 489 429 647 568 457 674 524 449 473 469 440 509 497 447

*Constant values accurate to + 0.05 units

TABLE 3—VALUES OF A log K1 OF THE 1 : 1 : 1 TERNARY METAL COMPLEXES OF NEUTRAL PRIMARY LIGANDS WITH VARIOUS LIGANDS

Temp =25+0.1° p =02 M (NaClOs)

Ligand Ni-2,2"- Zn-2,2- Cd-2,2"- Ni-o-

bipy.L bipy.L. bipyL Phen.L
Glycylglycine -0.45 -0.42 -0.24 -0.14
Phenylalanine -0.71 -0.61 -0.09 -0.39
Aspartic acid -1.13 -0.85 -0.24 -0.70

*Constant values accurate to + 0.05 unis.

Zn-o- Cd-o- Ni-2,2"- Zn-2,2- Cd-2,2
Phen L PhenL bipy-A.L bipy-A.L bipy-A.L
-0.05 -0.07 ~0.33 -0.21 -0.01
-0.31 ~006 -0.31 -0.56 -0.24
-0.06 +0.04 -0.43 -0.50 -0.04

TABLE 4-VALUES OF A log KT OF THE 1 : 1 : 1 TERNARY METAL COMPLEXES OF CHARGE PRIMARY LIGANDS WITH VARIOUS SECONDARY LIGANDS

Temp. =25£0.1°% p = 0.2 M (NaCIO,)

Ligand Ni. Zn. cd. Ni. Zn. Cd.
histL hist.L. hist.L. IMDAL. IMDAL. IMDAL
Glycylglycine -0.37 -0.46 -0.12 -031 -0.53 -0.08
Phenylalanine -1.19 089 -0.12 -125 -1.04 -0.37
Aspartic acid 244 -1.08 -0.13 -2.08 -077 -0.06

*Constant values accurate to % 0.05 units.

metal ion by o-bonding. Hence, electronegativity in case of
[M(H,0),J?*, [M(2,2"-bipy)J?*, [M(O-phen)P* and [M(2,2"-
bipya)]?* is almost same. Therefore, it is expected that log
KMA, should be near to log K}, . However, in case of o-
phenanthroline, log XM4; values are lower compared to
2,2’-bipyridyl and 2,2’-bipyridylamine. This is due to big-
ger size of the o-phenanthroline molecule. Besides, there is
also m-bond formation by the back donation of n-electrons
from metal to the ligand. The dn-pr interaction has been
observed in metal-2,2"-bipyridyl and -o-phenanthroline
complex by earlier workers®. The dn-pr interaction does
not allow to concentrate electron density significantly. In
other words, positive charge on the metal ion in [MA]?*,
where A = 2,2-bipy, o-phen or 2,2’-bipya is almost same
as in [M(aq)}?** complex.

2,2"-Bipyridylamine as the primary ligand has shown
that in the presence of an aromatic nitrogen donor metal
ion becomes more selective and discriminating to the
donor groups on the incoming’ secondary ligand. The be-

haviour of 2,2"-bipyridylamine is similar to that of 2,2’-
bipyridy] and o-phenanthroline. However, log kM4, values
in case of 2,2"-bipyridylamine is higher than 2,2’-bipyridyl
and o-phenanthroline. This is due to presence of one more
nitrogen atom in 2,2"-bipyridylamine molecule.

In case of hist or IMDA, the values of log kM4, are sig-
nificantly lower than the values of log K}M,. This can be
explained to be due to the negative charge existing on hist
(-1) and IMDA (-2) ions. Histidine exhibits bi- or triden-
tate character®, coordination taking place from COO- and
from nitrogen of the imidazole group or two nitrogens from
both imidazole and amino groups. Histidine has one nega-
tive charge and being a bigger molecule exerts more repul-
sion on the incoming ligand. Therefore, there is a decrease
in the stability of mixed ligand complex. IMDA behaves as
tridentate? ligand, the coordination taking place from the
nitrogen atom and two carboxylate groups. It has two nega-
tive charges and hence tendency of the secondary ligand to
combine with [Ni(IMDA)] will be less than to combine
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with [M(aq),]**. Therefore, logMf4, values are lower in case
of MIMDA L complexes.

It is observed that Alog K} values are smaller in cases
of 2,2"-bipyridyl, o-phenanthroline and 2,2"-bipyri-dyla-
mine, while in case of hist or IMDA, with phenyla-lanine
or aspartic acid the Alog Ky values are bigger. The ob-
served values of Alog K agree with nature of the A and L.

Experimental

The amino acids glycylglycine, phenylalanine and
aspartic acid (all AnalaR), sodium perchlorate (Fluka),
perchloric acid (Baker analysed) and sodium hydroxide
(AnalaR) were used.

Stock solutions (2 X 1072 mol dm™3) of Ni, Zn¥ and
Cd" perchlorates were prepared and standardised!®. The
carbonate-free sodium hydroxide was prepared and stand-
ardised!!. Double-distilled water was used throughout. The
formation constants of ternary metal complexes were deter-
mined by potentiometric titrations!? of different mixtures
agaisnt standard carbonate-free sodium hydroxide. An
APX-175 pH meter was used. Solutions (2 x 102 mol
dm3) of ligands A and L were used for the determination
of ternary formation constants. For the mixed ligand sys-
tem, the total volume was raised to 50.0 ml and ionic
strength initially raised to 0.2 mol dm using sodium
perchlorate as an inert electrolyte. The following mixtures
were titrated : (a) HCIO,, (b) HCIO, + primary ligand (A),
(c) HCIO, + secondary ligand (L), (d) HCIO, + M(n) +
primary ligand (A) and (e) HCIO4 + M(u) + primary ligand
(A) + secondary ligand (L).
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