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The introduction of synthetic organic chelating agents into 
the environment can have a marked effect on the transloca­
tion and bioavailabitity of trace metal ions1• 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 !eading to mixed ligand complexes in 
biological systems, ternary complexes of the type M(n)AL, 
where M(n) = Ni, Zn or Cd; A = 2,2'-bipyridyl, o­
phenanthroline, 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 l : 1 : 1 

MAL involving Nill...histidine-aspartic acid was drawn (fig­
ure not shown). It is evident from histidine and Ni8 -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 [Njll, Zn8 or Cd8] 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 [MAJ. 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 Nin, Zn8 and CcJU in Nill.. 
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 [MAJ2-n or [MA]2+ 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 

MA+L:;;:::::eMAL 

M+A+L~MAL 

uMA _ [MALJ 
log AMAL- [M](L](A] 

(1) 

(2) 

(3) 

(4) 

Average number of ligand molecules ii, attached per metal 
ion and free ligand exponent values pL were calculated2.3. 
Precise value of mixed ligand formation constants were 
determined by the method of averages4• The results are in 
good agreement with the previously reported valuesl. 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 tenns of A.J.og KT 

A log Kr = log Kt1~t -log Ktlt 
The advantages of using A log KT for comparison of the 
stability of binary and ternary complexes have been re­
viewed'. The values obtained are presented in Tables t-4. 

The electronegativity order of [MA] is found to be as 
follows : [M (aq)]2+_ [M(2.2'-bipy)]2+- [M(o-phen)]2+ -
[M(2,2' -bipya)]2+ < (M(hist)J+ < (M(IMDA)]0 • The stabi­
lity of the metal ions with glycylglycine, phenyl alanine 
and aspartic acid follows the order : Ni2+ > Zn2+ > Cd2+ 
respectively. The mixed ligand formation constant in the 
MA amino acid systems are in the order : glycylglycine < 
phenylalanine < aspartaic 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 Ktnt are slightly lower than log Ktk. and 

higher than log Ktft;. which is due to the fact that the ten­

dency of L to get bound with aquated metal ion [M(aq)]2+ 
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 [MAJ1--n 
should be less than for the binding of L with [M(aq)]2+ 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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NOTI! 

TABLE I-DISSOCIATION OF PREs LIGAND AND STABli..ITIIlSOI'lliE BINARY M(ll)·AMINO AOD COMPLBXIlS• 

Temp.= 2S ± 0.1°, 11 = 0.2 M (NaCO,.) 
Ligand p~ p~ logKf:d. log~~ logxf::.L log~ log«L log K8: 4 
Glycylglycine 8.12 3.21 4.33 3.41 3.78 2.74 3.27 2.73 

Phenylalanine 8.80 2.20 5.20 4.62 4.70 3.72 3.88 3.15 

Aspartic acid 9.60 3.60 7.17 5.32 5.74 4.09 4.53 3.50 

• Constant Values accurate to ± 0.05 units. 

TABLB2-FORM"TION CoNSTANTSOFlliE 1 · 1: l'I'BRNARY CoMPLEx. OF METAL IONS WJ'IHVARIOUS PRIMARY LloAHDAND SEcoNDARY UOANDS 

Temp. = 25 ± 0.1 °, 11 = 0.2 M (NaC04) 
Ligand log Ktl:t$~ L log Kti!:R::.L tog Ktt:B:::t;ti. log Ktl:i:l:tL log Ktfft1B~L 

Ni Zn Cd Ni Zn Cd Ni Zn Cd Ni Zn Cd Ni Zn Cd 

Glycylglycine 3.88 3.36 3.26 4.19 3.73 3.20 4.00 3.57 3.26 3.96 3.32 3.15 4.02 3.2S 3.19 

Phenylalanine 4.49 4.09 3.79 4.81 4.39 3.82 4.89 4.14 3.64 4.01 3.81 3.76 3.95 3.66 3.51 

Aspartic acid 6.04 4.89 4.29 6.47 5.68 4.57 6.74 5.24 4.49 4.73 4.69 4.40 5.09 4.97 4.47 

*Constant values accurate to± 0.05 units 

TABLB3-VALUESOF dlog Kr OPlliE 1: 1: l'I'BRNARYMIITAL CoMI'LBXESOFNEuntAL l'lllMARY L!OAHDSWJ'IH VARIOUS LIOANDS 

Temtt = 25 ± 0.1 °, 11 = 0.2 M (NaC04) 
Ligand Ni-2,2'- Zn-2,2'-

Glycylglycine 
Phenylalanine 

bipy.L bipy.L 
-0.45 -0.42 
-0.71 -0.6I 

Aspartic acid - I.I3 -0.85 
• Conslant values accurate to± 0.05 units. 

Cd-2,2'­
bipyL 
-0.24 
-0.09 
-0.24 

Ni-o­
Phen.L 
-0.14 
-0.39 
-0.70 

Pben.L 
-0.05 
-0.31 
-0.06 

Cd-o-

Phen.L 
-0.07 
-006 
+0.04 

Ni-2,2'­
bipy-A.L 

-0.33 
-0.31 
-0.43 

Zn-2,2'-

bipy-A.L 
-0.21 
-0.56 
-0.50 

Cd-2,2' 
bipy-A.L 

-0.01 
-0.24 
-0.04 

TABLE 4-V ALUES OF d log Kt OF 1liE 1 : I : I TI!RNARY METAL CoMPLExES OF CHARGE PiuMARY L!OAHDS Wmt VARIOUS SECONDARY LIGANDS 

Temp. = 25 ± 0.1 °, 11 = 0.2 M (NaCO,.) 
Ni. Zn. Cd. Ni. Zn. Cd. 

Ligand 
hist.L hist.L. hist.L. IMDA.L. IMDA.L. IMDAL 

Glycylglycine -0.37 -0.46 -0.12 -0.31 -0.53 -0.08 

Phenylalanine -l.l9 -0.89 -0.12 -1.25 -1.04 -0.37 
Aspartic acid -244 -1.05 -0.13 -2.08 -0.77 -0.06 

•Constant values accurate to± 0.05 units. 

metal ion by a-bonding. Hence, electronegativity in case of 
[M(H20)0 ] 2+, [M(2,2'-bipy)]2+, [M(O-phen)]2+ and [M(2,2'· 
bipya)]2+ is almost same. Therefore, it is expected that log 
~ should be near to log ~L· However, in case of o­
phenanthroline, log ~L 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 1t-bond formation by the back donation of 1t-electrons 
from metal to the ligand. The thr.-pTt interaction has been 
observed in metal-2,2'-bipyridyl and -o-phenanthroline 
complex by earlier workers6• The d7t-p1t interaction does 
not allow to concentrate electron density significantly. In 
other words, positive charge on the metal ion in [MAJ2+, 
where A = 2,2'-bipy, o-phen or 2,2'-bipya is almost same 
as in [M(aq)]2+ 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 incoming7 secondary ligand. The be-

haviour of 2,2'-bipyridylamine is similar to that of 2,2'­
bipyridyl and o-phenanthroline. However, log KWt_ 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 ca.<;e of hist or IMDA, the values of log ~ are sig­
nificantly lower than the values of log KtfA· 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 characterS, 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 
tridentate9 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 tb combine 
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with [M(aq)0 ]2+. Therefore, logt;1~ values are lower in case 

of M.IMDA.L complexes. 
It is observed that Mog KT 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 Mog KT values are bigger. The ob­
served values of Alog KT agree with nature of the A and L. 

Experimental 
The amino acids glycylglycine, phenylalanine and 

aspartic acid (all AnalaR), sodium perchlorate (Fiuka), 
perchloric acid (Baker analysed) .md sodium hydroxide 
(AnalaR) were used. 

Stock solutions (2 x I0--2 mol dm--3) of Niu, znu and 
Cdn perchlorates were prepared and standardised10. The 
carbonate-free sodium hydroxide was prepared and stand­
ardisedll. Double-distilled water was used throughout. The 
formation constants of ternary metal complexes were deter­
mined by potentiometric titrations'2 of different mixtures 
agaisnt standard carbonate-free sodium hydrollide. An 
APX-175 pH meter was used. Solutions (2 x Hr2 mol 
dm--3) 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.:1 ml and ionic 
strength initially raised to 0.2 mol dm--3 using sodium 
perchlorate as an inert electrolyte. The following mixtures 
were titrated: (a) HC104, (b) HC104 +primary ligand (A), 
(c) HC104 + secondary ligand {L), (d) HC104 + M(n) + 
primary ligand (A) and (e) HCI04 + M(n) +primary !igand 
(A) + secondary ligand (L). 
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