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Section A

The complexes, in which the metal ion has two or 
more types of ligands in its coordination sphere, are 
termed mixed ligand complexes. The ligands may be uni- 
dentate or polydentate* In the latter case the complex 
is known as heterochelate. It is now generally agreed that 
in a solution containing metal ions and two different 
suitable ligands, mixed ligand complexes will be formed.

The catalytical action of metal chelates and 
enzymes often involve the intermediate formation of ternary 
or mixed ligand complexes in which a metal ion is bound

1_0 k Cto two or more ligands^ D Watters pointed out that
the formation of mixed ligand complex, MAB, from a metal
ion M in presence of equal concentrations of ligand A and B,
is always more favoured, on a statistical basis, than the
formation of MAa or MB2, Thus the probability of bringing
two different ligands together, or a small substrate
molecule and enzyme via a m^tal ion is enhanced -— a factor
having great biological implications.

In the systems containing one metal and two ligands,
with significant differences in complexing tendencies,
simple:', complex 4s formed between the more complexing
ligand and the metal ion, whereas, the other ligand remains
unbound in solution. However, if the complexing tendencies
do not differ very much, following types of reactions take

6place, leading to the formation of mixed ligand complexes.



86
<i) Coordination of the metal ion with both ligands 
simultaneously to form a mixed ligand chelate in a single 
step or two overlapping steps, reflecting slight difference 
in the affinities of the ligands for the metal ion -

M + A + L MAL
M + L + A MA + L MAL

(ii) The formation of a mixed ligand chelate in two 
distinctly separated steps, reflecting a large difference 
in the affinities of the ligand for the metal ion -

M + A S==:-..^ MA 
MA + L ^===i- MAL

In the reaction of the first type the solution 
consists of the species MA, ML, MAL, MA2 and ML2, formation 
of each being governed by a formation constant. The 
following reactions can lead to the formation of mixed 
ligand complex MAL and four different formation constants 
have to be considered -

MA + L s=*'MAL k, = [m]/ [maXl 3

ML + A ^=^MAL k2 = [mai]/ [ml][a 3

M + A + L^=^MAL k3 = Qul]/ C«XaXlH

MA2 + ML2^=t2MAL Ku. = [mal]2 / [maT|CMLjl]

The study of such systems has been carried out by
Watters and coworkers^’ Nansen and eoworkers^’10 and

11—11Perrin and Sharma J have also extensively worked out 
such ternary complexes.

In the second type of reaction the species present
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in the solution can be MA and ML, There is only one

mixed ligand formation constant which characterises the 

reaction -

MA + L MAI C, - M f HH
The necessary condition for such a system is that 

the two ligands must combine with the metal ion in the 
different pH ranges. The formation of[k&] should take 

place at lower pH and it should be stable upto higher pH,
In Isl complex [maJ, the remaining coordination positions 

of the metal ion are occupied by water molecules,6n the 
addition of a secondary ligand L, water molecules are 

displaced resulting in the formation of mixed ligand complex
[ml].

Several systems of the above type have been studied, 

Punger and coworkers y employed the high frequency titri- 
metry technique to study the complexes of JSi(Il) with 

dimethylglyoxime and dipyridyl. The solution stabilities 
of mixed ligand complexes of the type [uu(dipy)Lj| where

L is polyhydroxy phenols and acids have been reported by
X6 '

Martell and coworkers. Formation constants of mixed ligand
chelates of Uu(II) have been determined by Martell^J where

dipyridyl and o-phenanthroline are primary ligands. The

secondary ligands being hydroxy compounds, substituted
TO 21salicylic acids and oxalic acid, Sigel and coworkers 

have investigated ternary transition metal complexes with 
dipyridyl as the primary ligand and many monodentate or
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bidentate secondary ligands coordinating through two

oxygen atoms, two nitrogen atoms or one oxygen and one
nitrogen. The ternary complexes in solution, where

dipyridyl is used as primary ligand and aliphatic and
aromatic acids are the secondary ligands, have been 

22 2"\reported. Sigel and coworkers ° reported the stability
constants of 2,2*-dipyridyl Ou(II) pyrocateehol complex.

The ternary transition metal complexes with dipyridyl have
2b 2*>been reported by Greisfryr and Sigel. They have also 

determined the rate constant for the formation and dissocia- 
tion of the mixed ligand complex | Cu(dipy)(gly)j2+ using 

temperature jump technique. The mixed complex studies in 

solution, where dipyridyl or o-phenanthroline is the primary 

ligand and amino acid$, polyhydroxy phenols, thioacids are 
the secondary ligands have been reported from our laboratories 

The experimental methods for the determination of 

mixed ligand complex formation constants have been discussed 
by Beckl^ The stability of mixed complexes in solution.; 

have been reviewed excellently by Marcus and Eliezer!^

Sharma has discussed about the statistical factors in the 
formation and stability of ternary and mixed complexes!^ 

Rammorthy has suggested a method for evaluation of stability 
constant of mixed ligand complexes pH-metrically^ Recently

Of)
Sigel has reported-* on the stability of mixed ligand 

complexes of biological importance having dipyridyl as 
primary ligand and amino adds, diamines, dipeptides as 

secondary ligands.
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Sigel used pH metric method for the calculation of

formation constants in the reaction of the second type. 
He calculated considering the reaction to be

2h

strictly of the type MA + L; -MAL and also by
considering it to be of the first type i.e. involving 

species ML and the step ML + A^=^MAL. The values 

worked out to be almost same.
A study of ternary comply QWwT] has shorn

that in eases where L is a o bonding ligand Kj^ is nearly

equal to KM{dipy)L 311(1 this has been explained to be
due to M—^ N fr interaction in Ql(dipyPJ complill^1*’'^ >^-44-

Values of mixed ligand formation constants in cases where

L is a mercapto acid follow the same order as other charged
<f bonding ligands and on this basis it has been infered

that the contribution of w interaction in M~S bond is not
significant^0’^ In order to confirm the results further,

an attempt was made to study, the system JjMidT] where L is

an established v bonding ligand. Acetylacetone is known to
be a strongly chelating compound and the M—0 ir interaction

1±A 4-7in the acetylacetone complexes has been established. ’ '

The v interaction is also expected in benzoylacetone and 

dibenzoylmethane complexes.
In the present chapter studies of the system jjslAL ~j 

where M = Gu(II), Ni(Il)| A = dipyridyl(dipy) or o-phenan- 

throline(o-phen) and L = acetylacetone(AcAc) or benzoyl- 

acetone(BA) or dibenzoylmethand(DEM) have been carried out 
using modified form of Irving-Rossotti titration technique. ’ °



The formation constants have been determined.by titrating 

a mixture of M + A + L against standard alkali.

Experimental :

Materials, purification, preparation and 

standardisation*

Conductivity water was used throughout the work.
All titrations were carried out in 5®% dioxan medium.
Dioxan was purified by the known method^ Solutions of 

oxalic acid, sodium hydroxide, perchloric acid, sodium 
perchlorate were prepared and standardised as discussed 
in chapter II.

The other reagents were Dipyridyl and o-phenan- 
throline (Merck,pure), Acetylacetone (BDH,pure), Benzoyl- 
acetone (Fluka,pure), Dibenzoylmethane (K.Light). Their 
standard solutions were prepared by dissolving the required 
weighed quantity in known volume of purified dioxan. Metal 
perchlorates and instruments used were same as detailed 
in previous chapter.

In case of J^(dipy)Tjsystems solutions were prepared 

as follows :
(1) Perchloric acid (0.2M,5.0 ml.) + sodium perchlorate 

(1M, 9.0 ml.) + conductivity water (11.0 ml.) + dioxan 
(25.0 ml.). Total volume = 50 ml., u = 0.2M.

(2) Perchloric acid (0.2M, 5.0 ml.) + dipyridyl (0.Q2M,
5.0 ml.) + sodium perchlorate (1M, 8,9 ml.) + conducti
vity water (6.1 ml.) + dioxan (25.0 ml.). Total volume = 
50 ml., u = 0.21V »



(3) Perchloric acid (0.2M, 5.0 ml.) + dipyridyl (0.02M,
5.0 ulL.) + metal perchlorate (0.Q2M, 5.0 ml.) + sodium 
perchlorate (1M, 8.8 ml.) + conductivity water (1.2 ml.)
+ dioxan (25,0 ml.). Total volume = 50 ml., p = 0.2M.

(*+) Perchloric acid (0.2M, 5.0 ml.) + secondary ligand 
(0.02M, 5.0 ml.) + sodium perchlorate (1M, 8,9 ml.) + 
conductivity water (llel ml.) + dioxan (20.0 ml.).
Total volume = 50 ml., p = 0.2M.

(5) Perchloric acid (0.2M, 5.0 ml.) + dipyridyl (0.02M,
5.0 ml.) + secondary ligand (0.02M, 5.0 ml.) + metal 
perchlorate (G.Q2M, 5.0 ml.) + sodium perchlorate 
(1M, 8.7 ml.) + conductivity water (1.3 ml.) + dioxan 
(20.0 ml.). Total volume = 50 ml., p = 0.2M. .

(6) Perchloric acid (0.2M, 5.0 ml.) + secondary ligand 
(0.02M, 5.0 ml.) +. metal perchlorate (0.02M, 5.0 ml.) + 
sodium perchlorate (1M, 8.8 ml.) + conductivity water 
<6.2 ml.) + dioxan (20,0 ml9). Total volume = 50 ml.,
p = 0.2M.

In cases where o-phenanthroline was the primary 
ligand, more dilute solutions were used (0.01M concentration 
of metal, primary ligand and secondary ligand) because 
precipitates of M-o-phen are formed in concentrated solutions.

The ionic strength of each solution was initially 
raised to 0.2M. The solutions were titrated against 0.2M 
sodium hydroxide. The plots of pH against volume of alkali 
have been shown in figs. IIIA 1 to IIIA 8.

Discussion :
The formation of mixed ligand complex can be 

represented in the following two steps %



M^+ + dipy —

Mixed ligand formation constants -

The above equations presume that the formation of
complex takes place at lower pH, and it is

stable at higher pH where the combination of secondary ligand 
takes place. The observation of the titration curves 
supports this presumptions.

lower pH by the dissociation of the protons attached with 
the tertiary nitrogen of dipyridyl molecules. The M-dipy 
curve diverges from acid curve at higher pH indicating that

this pH range. The curve(5) remains merged with curved) 
at low pH showing that complexation of p-diketone does not 
take place at low pH. The curve(5) diverges from curved) 
at higher pH shoidng that M + dipy + p-diketone combination 
takes place where M + dipy lsl complex formation is 
complete. In this range hydroxo complex formation also 
does not occur.

Since o-phenanthroline is struetarally similar to 
dipyridyl, it can be expected to behave in a similar way.
The natures of the o-phenanthroline curve and Ni-O-phen,

M-dipy curve diverges from the dipyridyl curve at
r— —12+

[ indicating that the M(dipy) is formed at

the formation of hydroxy complex
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curve are also similar to that of dlpyridyl and Ni-dipy 
curves, indicating that |ni(o-phen)(H20)2j| 2+ formed at 

low pH is stable at higher pH range.
The horizontal distance between eurve(4) and (5), 

V"' can be measured and used for calculation of n, 

where n is the average number of secondary ligand molecules 
associated with one [M(dipy)j2+. Equation used for 

calculation of n would be same as given in original paper 
and the termsused have the same meaning as in binary 

systems.

50

n *
+ E° + T£(Y nri)>1

(V- + T»).nH.IS

The calculation of n was carried out below the pH 
where jll(dipy)(0H)Q2+ formation starts, i.e. where 

JjvKdlpyfj2* curve diverges from the dipyridyl curve, n 

and pL were calculated at different pH values and have 
been presented in tables IIIA 2.1a - IIIA 2.8c.

The value of pi at n = 0,5 is equal to logK^L . 

However, this will be only one point and may involve experi
mental error. More precise values were obtained by plotting 
pi* at each point against lo|(l-n)/n and getting a straight 
line. (fig. IIIA 9 - IIIA 16), At each point; on the 
straight line logK^T< is equal to pi* - log(l-n)/5. The 

average values were thus calculated and have been presented 
with mean deviation in tables IIIA 2,1a - IIIA 2,8c,

Mixed copper complex in case of DBM was not possible



due to precipitation,;. Studies were not possible in 
Uu(o-phen)lTj due to the fact that the binary complex 

Cu(o-phen)Q is insoluble and precipitates out,

The order of formation constants in the mixed 
ligand system is same as in binary complexes - DBM y BA^>

1cAc, This can be explained from basicity considerations. 
It is observed that the values of log^^{p.aiket) 

are in the same order as in the binary complexes, The
values of io^MCdipylcp-diket) also do' 4 not show much

difference from the values of lo§KM(p-diket) * 111 CaSe
of earlier studies also it was shown that lo§KM(dipy)L^

M
l°gKML* This tlas be©n explained to be due to the special 
behaviour of dipyridyl^’2^’26’^2-1^ Besides N—a" 

bonding there exists M—>N v interaction in dipyridyl 
complexes. This retains the electronegativity of the metal 
ion in ^MCdipyTJ2* same as i>n |^M(H20)n]2+. Thus the

O-f.

tendency of L to get bound with MA is same as with M21

and hence is nearly equal to K,M
ML' In case of

p-diketone complexes, however, there exists ir interaction 
between the metal dv orbitals and the ir electron cloud on 
the p-diketonate ion. Thus there is back donation from 
metal to p-diketone. In case of mixed ligand complexes, 
jjtf(dipy)(p-diketone)J both the ligands are ir bonded. The 

metal after having donated ir electrons to the dipyridyl 
molecule should have less tendency to donate the electron
to the second ligand i.e. p-diketone.

Similar explanation is extended for the greater



difference between K| and K2 in case of binary v bonded 

complexes. However, it is observed that the value of
KM(dipy)(p-diket) ls nearly same as C,' Thus> 14 does 

not agree with the theoretical expectation. The reason

lies in the fact that the above generalisation may not
always be t*ue. Even in [M(dipy>2]2+ and Ij^CS-diket)^]

systems,, K1/K2 ratio is not highiP»^ This may be

because M—^L ir interaction is balanced by L—<5~
interaction and the electronegativity of jjkdipy;Q2+ is

same as in [^aoTp+> is true the tendency of a

second ligand to form both <f and v bonds with [~M(dipy)J2+

should be same as with [M(aq)1|2+, Thus the extent of

stability of Metal - p-diketone bond will not be reduced
in [M(aipy)(ft-dlk«t[] and hence K“<d*ry>(p_dlket) is

Mnearly same as KM(p-<l:Iket;)-* Even if there is some lowering 

in d" or rr bonding of the secondary ligand, they compensate 

each other.. If there is some lowering in the v interaction 
in M-p-dike tone bond in j~M(dipy) (p -diket^J the increase in 

d" interaction is more and vice-versa and hence the stability 
of metal and (3-diketone bond in [MMipyHp-diketjJremains 

same as in binary metal-P-diketone complexes even in spite 

of M-6-diketone v interaction.



U * Q.2M 
= 0.02M

V° = 50 ml.
= 0.002M

Table IIIA1.1

T<>Dipy = °*002M Tm * 0.002M
U = 0.2M t * 30 °C.

Perchloric
acid

Dipyridyl Ou.Dipyridyl Ni.Dipyridyl

Vol.Of B Vol.of B Vol.of B Vol.of B
alkali alkali alkali
(in mlT) (in mln) (in ml.) (in mlt)
0.00 1.80 0.00 1.80 0.00 1.80 0.00 1.86
1.00 1.90 1.00 1.90 1.00 1.90 1.00 1.85
2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
3.00 2.15 3.00 2.25 3.00 2.20 3.00 2.15
4 .00 2 >5 4.00 2.60 4.00 2.45 4.00 2.45
4.50 2.75 4.10 2.70 4.50 2.85 4.50 2.75
4.60 2.85 4.20 2.80 4.60 2.95 4.60 2.90
4.70 2.95 4.30 2.95' 4.70 3.05 4.70 3.05
4.80 3.15 4.40 3.05 4.80 3.15 4.80 3.25
4.85 3.30 4.50 3.20 4.85 3.35 4.85 3.45
4.90 3.55 4.60 3.40 4.90 3.55 4.90 3.65
4.92 3.65 4.70 3.85 4.93 3.80 4.92 3.75
4.94 3.85 4.80 4,00 4.96 4.15 4.94 3.85
4.96 4.15 4.85 4.20 4.98 4.50 4.96 4.15
*.98 4.50 4.90 4.50 5.00 6.05 4.98 4.50

. 5.00 7.20 4.94 4.80 5*10 ppts 6.55 5.oo 6,80
5.oi 8.50 4.98 5.55 5.20 6.80 5.05 7.60
5.05 9.55 5.oo 7.15 5.30 7.00 5.io 7.95
5.08 10.20 5.oi 8.50 5.40 7.40 5.20 8.35
5.io 10.45 5.05 9.55 5.50 8.15 5.30 8.55

5.io 10.45 5.60 9.05 -
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Table IIIA 1.4

8 9

N = 0.2M

E“ = 0.02M

DBM

V° = 50 ml. T£ =

TDipy=0-002M « =

Ni.Dipy.DBM

0.002M T" =

0.2M t =

Ni .DEM

* 0.002M

30°c.

Vol.of B Vol.of B Vol.of B
alkali 
(in ml.)

alkali 
(in ml.)

alkali 
(in ml.)

0.00 1.80 0.00 1.80 0.00 1.80

1.00 1.90 1.00 1.90 1.00 1.90
2.00 2.00 2.00 2.00 2.00 2.00

3.00 2.15 3.00 2.15 3.00 2.15
4.00 2.45 4.00 2.45 4.00 2.45

4.50 2 .75 4.50 2.75 4.50 2.75
4.60 2.85 4.60 2.90 4.60 2.85
4.70 2.95 4.70 3.05 4.70 2.95
4.80 3.15 4.80 3.30 4.80 3.15
4.35 3.30 4.85 3.50 4.85 3.35
4.90 3.55 4.90 3.65 4.90 3.55
*+.93 3.80 4.94 3.85 4.94 3.85
4.96 4.10 4.98 4.40 4.98 4.35
4.98 4.60 5.00 4.65 5.00 4.50

5.00 7.35 5.05 4,90 5.05 4.75

5.03 8.15 5.io 5.20 5.10 5.05

5.05 8.55 5.20 5.70 5.20 5.6o

5.io 9.10 5.30 6.25 5.30 6.10

5.20 9.60 5.40 6.70 5.4o 6.50

5.30 9.85 5.6o 7.90 5.6o 7.25

5.40 10.15 5.80 9.80 5.80 7.85

5.50 10.35 5.90 10.55 5.90 8.15
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Table IIIA 1.6

N - 0.2M V- = 50 ml. TJ-phen * °*001M TM * 0-°°1M

E° = 0.02M

BA

me —XL " 0.001M

Ni.o-phen BA

H =

DBM

0.2M t = 30° C.

Ni.o-phen DBM

Vol.of B Vol.of B Vol.of B Vol.of B
alkali alkali alkali alkali
(in ml.) (In ml.) (in ml.) (in ml.)

.

0.00 1.80 0.00 1.80 0.00 1.80 0.00 1.80

1.00 1.90 1.00 1.90 1.00 1.90 1.00 1.90

2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00

3.00 2.15 3.00 2.15 3.00 2.15 3.00 2.15

4.00 2.45 4.00 2.45 4.00 2.45 4.00 2.45

4.50 2.75 4.50 2.75 4.50 2.75 4.50 2.75
4.60 2.85 4.60 2.85 4.60 2.85 4.60 2.85
4.70 2.95 4.70 2.95 4.70 2.95 4.70 2.95

4.80 3.15 4.80 3.15 4.80 3.15 4.80 3.15
4.85 3.30 4.85 3.30 •♦.85 3.30 4.85 3.30
4.90 3.55 4.90 3.55 4.90 3.55 4.90 3.55
4.94 3.80 4.94 3.80 4.94 3.80 4.94 3.80
4.98 4.50 4.98 4.50 4.98 4.50 4.98 4.50

5.00 7.05 5.00 4.75 5.00 7.00 5.00 5.30

5.02 8.30 5.05 5.75 5.02 8.40 5.05 5.95

5.05 8.80 5.10 6.30 5.05 8.90 5.10 6.20

5.io 9.25 5.20 7.25 5.10 9.**0 5.20 6.70

5.20 9.85 5.30 8.55 5.20 9.95 5.30 7.50
5.30 10,35 5.40 9.95 5.30 10.45 5.40 8.65
5.40 10.75 5.5o 10.45 5.40 10.90 5.50 9.95
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Table IIIA 2,1a

B, nfl, n, log(l-n)/n, pL and pL-log(l-n)/n data for Ou.dipyridyl 

acetylacetone system -

B V" ynt V»m _yn n log(l-n)/n pL pl-log(l-n)n

3.50 l.OOo 4.89 5.12 0.23 0.46, 0.069 9.21, 9.15o

3.55 l.OOo 4.90 5.14 0.24 0.48o 0.035 9.186 9.l5i

3.60 l.OOo 4.91 5.16 0.25 0.50o - 9.153 9.153

3.65 l.OOo 4.92 5.17 0.25 0.50o - 9.IO3 9.IO3

3.70 l.OOo 4.93 5.19 0.26 0.52o I.965 9.°7i 9.106

1o?KMAL = 9’13 - °*U1

Table IIIA 2.2a

B, nH, nf log(l-n)/n, pL and pL-log(l-n)/n data for Ou.dipyridyl 

benzoylacetone system - 30wo.

B V" yfit ywi^yn n log(l-n)/n pL pL-log(l-n)/n

---------- -•----------- --W -m ---— ...................
3.35 l.OOo 4.86 5.07 0.21 0.42, 0.138 9.47a 9.3^o

3.40 —
1

• 0 C O 4.88 5.12 0.24 0.48, 0.033 9.476 9.443

3.45 l.OOo 4.89 5.16 0.27 0.54, 1.929 9>79 9.55o

3.50 l.OOo 4.90 5.19 0.29 0.58, 1.856 9.469 9.6I3

3.55 l.OOo 4.91 5.20 0.29 0.58, 1.856 9.4l9 9.563

1osKmal = 9.50 + 0,06
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B, nH, n, log(l-n)/§, PL and pL-log(l-n)/n data for Ni.dipyridyl 
acetylacetone system - 30w0.

B V” y hi yni —Vn n log(l-n)/n pL pL-log(l-n)/n

6.oo l.OOo 5.oo 5.19 0.19 O.380 O.2I3 6.659 6.446
6.10 l.oo0 5.oo 5.21 0.21 0 £ O 0.140 6.589 6.449
6.20 l.OOo 5.oo 5.23 0.23 0.460 0.07o 6.519 6.449
6.25 l.OOo 5.oo 5.25 0.25 0.50o - 6.503 6.5O3
6.30 l.OOo 5.oo 5.26 0.26 0.520 I.965 6.471 6.506
6,40 1.000 5.oo 5.2 9 0.29 0.58o I.860 6.42 9 6.569
6.50 l.OOo 5.oo 5.31 0.31 0.62o 1.787 6.373 6.586

• —« m ^ ■m —• -• - • -4 ^ -m~4

1osKmal = 6-5° - °'02

labl9^IIlA^244b

B, nH, n, log(l-n)/n, pL and pL-log(l-n)/n data for Wi.dipyridyl 
benzoylacetone system - 30"0.

B V” y*»t Vhi _yii n log(l-n)/n pL pL-log(l-n)/n

5.90 l.OOo 5.oo 5.20 0.20 0.40o 0.176 6,914. 6.738
6.00 l.OOo 5.oo 5.23 0.23 0.460 0.069 6.859 6.79o
6.10 l.OOo 5.oo 5.24 0.24 0.48o O.O35 6.776 6.74|
6.15 l.OOo 5.00 5.25 0.25 0.50o 6.743 6.743
6.20 3 ,000 5.oo 5.27 0.27 0.54o 1.935 6.729 6.794
6.30 l.OOo 5.oo 5.28 0.28 0.56o 1.895 6.64g 6.754
6.40 l.OOo 5.oo 5.29 0.29 0.58o 1.859 6.569 6.71o

logKMAL = 6,7? 1 0<0lf
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Table^IIIAjs^b

B, nH, n, log(l-n)/n, pL and pL-log(l-n)/n data for Ni.dipyridyl 
dibenzoylmethane system - 3°“04

B hh V" V»M V«| »v,f n log(l-n)/n pL pL-log(l-n)/n

5.90 l.OOo 5.00 5.23 0.23 O.l+6o 0.069 7.179 7.11o

5.95 l.OOo 5.oo 5.2*+ 0,2b O.’+So 0.035 7. Ibi 7.11,

6.00 l.OOo 5.oo 5.25 0.25 0.50o - 7.H3 7.H3

6.05 l.OOo 5.oo 5.26 0.26 0.52o I.965 7.08, 7.116

6.10 l.OOo 5.oo 5.27 0.27 0.5^0 1.936 7.0^9 7.H3

6.15 l.OOo 5.oo 5.28 0.28 o.56o I.895 7.019 7.12%

6.20 l.OOo 5.oo 5.29 0.29 o.580 1,859 6.989 7.13o

1 m m<*m

logK,MAL = .11 + 0.01
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* Table IIIa 2n6e

Bt n, logd-n)/?!, pL and pL-log(l-n)/n data for Ni.o-phenanth- 
roline acetvlacetone system - 30°0.

B V" y»»» V*M n log(l-n)/n pL pL-log(l-n)/n

6,15 l.OOo 5,oo 5.07 0.07 0.28o 0.4l0 6.7S 6.335

6.20 l,00o 5.oo 5.08 0.08 0,32o O.327 6.7I9 6,392

6.25 l.OOo 5.oo 5.08 0.08 0.32o 0.32 7 6.669 6.3M-2

6.30 l.OOo 5.oo 5.09 0.09 0.360 0.249 6.646 6.397

6.35 l.OOo 5.oo 5.10 0.10 0.40o 0.176 6.624, 6M8

u a _ — , j M , ,___ j, ..
, J ,, , ... «...____ .............B

T°S^MaL ~ 'j»3c i 0.04

Table TTIA 2f7o

B, n*,, n, log(l-n)/n, pL and pL-log(l-n)/n data for Ni.o-phenan- 
tbrollne benzoylacetone system - 3°uO.

B V" Y»M V"» _V" n log(l-n)/n pL pL--log(l-n)/n

6.20 l.OOo 5.00 5.09 0.09 O.360 0.249 6.886 6.637

6.30 l.OOo 5.00 5.10 0.10 0.40o 0.1?6 6.3I4 6.63a

6.4o l.OOo 5.oo 5.11 0.11 0,440 O.IO5 6.744 6.639

6.50 l.OOo 5.oo 5.12 0.12 0,48o 0.035 6.676 6,64^

6.60 l.OOo 5.00 5.13 0.13 0.52o ^ .965 6.61, 6.646

^•°=^MAL ~ 6.6*4- Ot01
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Table I IT A. 2tSc

B, nH, n, log(l-n)/n, pL and pL-log(l-n)/n data for Ni.o-phenan- 
tbrollne dibenzoylroethane system - 30w0.

B »K V" 7»tt yni _y w n log(l-n)/n pL pL-1og(1-n)/n

6.20 l.OOo 5.oo 5.10 0.10 0.400 0*17 6 7.134 6.958

6.25 l.OOo 5.oo 5.H 0.11 0.440 0.10 5 7.114 7.009

6.30 l.OOo 5.oo 5.12 0.12 0.48o 0.035 7.096 7.06,

6.35 l.OOo 5.oo 5.13 0.13 0.52o I.965 7.08, 7.H6

1o8KM#L = 7-04 - 0-04
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Section B

A survey of the literature shows that not much
work has been done on mixed ligand complexes containing 
dipyridyl or o-phenanthroline and tridentate Schiff base 
ligands.

HEA, HEBA, HPA and HPBA it could not be confirmed whether 
the ligand is tridentate or bidentate in binary complexes.

M = Uu(II) or Ni(II)$ A = dipyridyl or o-phenanthroline 
and L = HEA or HE BA or HPA or HPBA. An extension of

in previous Section III-A.

Experimental :

The tridentate Schiff bases, used as secondary 
ligands, were prepared as detailed in chapter II- Section 
II-c. Other chemicals used were same as detailed in 
previous Section III-A. All solutions were prepared in 
50% dioxan medium. The solutions were prepared as follows :
1. Perchloric acid (0.2M, 5.° ml.) + secondary ligand (0.05M, 

10.0 ml.) + sodium perchlorate (1M, 8.9 ml.) + conducti
vity water (11.1 ml.) + dioxan (15.0 ml.). Total volume = 
50 ml., u - 0.2M.

2, Perchloric acid (0.2M, 5.0 ml.) + secondary ligand (0.05M, 
10.0 ml.) + metal perchlorate (0.Q1M, 5.0 ml.) + dipyridyl 
(0.01M, 5.0 ml.) + sodium perchlorate (1M, 8.7 ml.) + 
conductivity water (1.3 ml.) + dioxan (15.0 ml.). Total 
volume = 50 ml., « = 0.2M.

As seen in previous chapter in cases of ligands

The. ternary complexes studied where



3. Perchloric acid (0.2M, 5.0 ml.) + secondary ligand 
(Q.05M, 10.0 ml.) + metal perchlorate (0.01M, 5.0 ml.) + 
sodium perchlorate (1M, 8.8 ml.) + conductivity water 
(6.2 ml.) + dioxan (15.0 ml.). Total volume = 50 ml.,
U = 0.2M.

4. Perchloric acid (0.2M, 5.0 ml.) + dipyridyl (Q.01M,
5.0 ml.) + sodium perchlorate (1M, 9.0 ml.) + conducti
vity water (6.0 ml.) + dioxan (25.0 ml.). Total volume = 
50 ml., h ~ 0.2M.

5. Perchloric acid (0.2M, 5,0 ml.) + dipyridyl (0.01M,
5.0 ml.) + metal perchlorate (0.01M, 5.0 ml.) + sodium 
perchlorate (1M, 8.8 ml.) + conductivity water (1,2 ml.)+ 
dioxan (25.0 ml.). Total volume = 50 ml., u = 0.2M.

6, Perchloric acid (G.2M, 5.0 ml.) + sodium perchlorate 
(1M, 9.0 ml.) + conductivity water (11.0 ml.) + dioxan 
(25.0 ml,). Total volume = 50 ml., u = 0.2M.

It is seen that in j~M(dipy)£Tj solutions the 

ligands are in the ratio 1:1*1. An excess of the secondary

ligand has been taken unlike in the cases of mixed ligand 

systems described in the previous section. This is because 

the tridentate Schiff base undergoes hydrolysis in dilute 

solutions.

Discussion *

j~M(dipy)J2+ formation is complete at low pH and 

stable upto high pH as seen in previous section. The 

combination of the secondary ligands (tridentate Schiff
J— -,2 +bases) with [_M(dipy)J takes place below the pH where

H(dipy) (0H)2 is formed, n and pL values were calculated

by using the equation suggested in previous section. Average



i i 0

value of l°gKM(dlpy)L was found out using the method 
of linear plots?* The figs, and tables have been presented 

in fig. IIIB 1 to IIIB 12 and tables IIIB 2.1a to IIIB 2.4e.

It is observed that the values of formation constants 
^(S.B.)^ KM(dipy)(S.B.)* Earlier studies of the 

ternary systems JTl(dipy)(p-diket)J also has shorn that

KM((S-diket) is nearly equal to (pHllk.t) • This

has been attributed to the special behaviour of dipyridyl 
as explained in section mA23,24,26,^2-4*+

The study of the tridentate ligand in ternary 

complexes in solutions will show whether the coordination 

from alkylamine -01 is possible or not.

It is observed that in Ou(II) complexes KMA
MAL is

slightly higher than K■M
ML' Such observation has been

made ear lie-in case of 0u(dipy)( polyphenols )J. This can 

be attributed to dynamic Jabn-Tellor distortion. Dipyridyl 

being a strongly coordinating neutral ligand produces 

stronger electrical field around the Ou(II) ion during 
formation of j^(dipy)(H20)jr|2*ril, The distorted octahedron

r~ * % 12+|Ou(H20)6 gets somewhat more strongly distorted towards 

the square planar structure on coordination of dipyridyl, 

thus creating the right geometry for coordination of

secondary ligand and resulting in increase in the value of
rMA 24 
rMAL •

In case of Hi(II) mixed ligand complexes with 

dipyridyl, the formation constants KM(dipy)L are higher 

than corresponding mixed ligand complexes with o-phenanthroline,



Kf*J( o-phen)L* ™-s Gan expected to fee due to the bigger 

size of o-phenanthroline molecule} which produces more 

steric hindrance. Besides.^ the metal ligand tt interaction 
is less in j~li(o-»phenTj2+ and hence its tendency to bind 

with the secondary ligand will be less than that of
Ni(dipy7j2+.

Thus the present ligands behave.- similarly as 

earlier bidentate ligands. If the ligand would have been 

tridentate, a lowering in the value of A ^ would

have been observed. In case of Uu(II). mixed ligand complex, 

dipyridyl already occupies two positions in the equatorial 

plane. The tridentate ligand with a double bond cannot 

occupy two positions in equatorial and one in. the axial 
direction^’^ A large amount of strain will be felt if 

the tridentate ligand occupies one position in the equatorial 

and two in the axial direction forming a trigonal bipyra- 

midal structure. Due to Jahn-Tellor effect in Uu(II) complexes 

the ligand will be put to strain in occupying the two axial 

positions; The strain would cause L to go down

considerably compared to However, L is
Cu * * *

nearly equal to Hence it can be concluded that

the -OH oad of the alkylamine part of the ligand does

not get coordinated and the Hchiff base behaves as a

bidentate ligand} in the binary as well as the ternary

complexes. It has been shown by various workers that other

tridentate Bchiff bases, though having three coordination
S7jCc

sites, behave as bidentate in solution'.



Table IIIB 1.1
112

N * 0.2M ?® a 50 ml.

a 0.02M »P €» —AL 0.01M

Perchloric
acid

Dipyridyl

Vol.of 
alkali 
(in ml.)

B

'O’MWil

Vol.of 
alkali 
(in ml.)

B

0.00 1.85 0.00 1.85
1.00 1.90 1.00 1.90
2.00 2.00 2.00 2.00
3.00 2.20 3.oo 2.20
4.00 2.40 3.50 2.45
4.50 2.75 4.00 2.75
4.60 2.85 4.50 3.20
4.70 3.00 4.60 3.35
4.80 3.25 4.70 3.60
M5 3.“*5 4.80 4,00
4.90 3.75 >*.85 4.40
4.93 4.00 4.90 4.90
4.96 4.75 5+.93 5.20
*».98 5.25 4.96 5.65
5.00 7.85 5.00 7.50
5.02 8.60 5.05 9.30
5.05 9.20 5.10 10.05
5.08 9.75 5.15 10.50
5.io 10.00
5.15 10.50

TW * °-001M *m * °-001M

M = 0.2M t a 30*U.

Uu.Dipyridyl Ni.Dipyridyl

Vol.of B Vol.of B
alkali 
(in ml,)

alkali 
(in ml.)

0.00 1.85 0.00- 1.85
1.00 1.90 1,00 1.90
2.00 . 2.00 2.00 2.00
3.00 2.20 3.00 2.25
4.00 2.45 4.00 2.45
4.50 2.85 4.50 2.90
4.60 2.95 4.60 3.05
4.70 3.05 4.70 3.20
4.80 3.25 4.80 3.^5
4.85 3*^5 “*.85 , 3.60
4,90 3.75 4.90 3.80
5.00 5.50 4.95 4.45
5.10 6.30 5.00 5.40

>5.20 6.50 5.10 6.85
5.30 6.85 5.20 7.00
5.40 7.50 5.30 7.75
5.50 8.65

(ppts)
(ppts)
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* 0.02M
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Vc * 50 ml. T£ * 0.01M Tg * O.OOIM
TDipy = °*001M H s 0.2M t * 30*0.

HEA
***** ca'<mrmn

Vol.of 
alkali (in ml.)

B

0.00 2.05
0.50 2.15
1.00 2.25
1.50 2.50
2.00 2.80
2.10 2.90
2.20 3.05
2.30 3.30
2.35 3.45
2.40 4.05
2.43 6.00
2.47 6,90
2.50 7.25
2.60 7.75
2.70 8.00
2.80 8.20
2.90 8.35
3,00 8.45
3.50 8.70
4.00 8.90
4.50 9.20
5.oo 9.50
5*50 9.^5
6.00 9.85

Oti.Dlpy.HEA
OMJiilW ■» —Mm'm ■

Vol.of 
alkali (in ml.)

B

0.00 2.05
0.50 2.15
1.00 2.25
1.50 2.50
2.00 2.80
2.20 3.05
2.40 3.10
2.50 3.15
2.60 3.25
2.70 3.45
2.80 3.95
2o90 5.45
3.00 6.45
3.10 7.45
3.20 8.10
3.30 8.40
3.40 8.60

Ni.Dipy.HEA
Vol.of B
alkali(in ml*)

__
0.00 2.05
0,50 2.15
1.00 2.20
1.50 2.50
2.00 2.80
2.20 3.05
2.40 4.00
2.50 4.50
2.60 5.15
2.70 5.80
2.80 6,35
2.90 7.00
3.00 7.50
3.10 7.85
3.20 8.10
3.30 8.30
3.40 8.50
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Table IIIB 1^ 

N = 0.2M V* a 50 ml.

Jfi° = 0.02M T“ipy = 0.001M

rn yal

HE BA Ou.Dipy.HEBA

0.01M T£ = 0.001M 

0.2M t a 30w0.

Mi.Dipy.HEBA

Vol.of
alkali

B Vol.of
alkali

B Vol.of B

(in ml.)
____

0.00 2.05
0.50 2.15
1.00 2.25
1.50 2.50
2.00 2.85
2.10 2.95
2.20 3.10
2.30 3.35
2.35 3.55
2.VO 3.80
2.43 5.25
2.45 6.60
2.50 7.45
2.60 7.85
2.70 8.05
2.80 8.25
2.90 8.40
3.00 8.50
3.50 8.80
4.00 9.05
4.50 9.20
5.00 9.45
5.50 9.80
6.00 10.15

(in ml.)

0.00 2.05
0.50 2.15
1.00 2.25
1.50 2.50
2.00 2.85
2.10 2.95
2.20 3.10
2.40 3.15
2.50 3.20
2.60 3.30
2.70 3.50
2.80 3.80
2.90 4.30
3.00 5.75
3.10 8.00
3.20 8.50
3.30 8.75
3.40 8.80

alkali
(in ml.)

_____
0.00 2.05
0.50 2.15
1.00 2.25
2.00 2.85
2.20 3.10
2.40 3.75
2.50 4.70
2.60 5.30
2.70 5.7 5
2.80 6.35
2.90 6.90
3.00 7.45
3.10 7.85
3.20 8.10
3.30 8.25
3.40 8.40
3.50 8.55
3.60 8.65
3.70 8.75
3.80 8.80
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Table IIIB 1.4

N * 0.2M Vu ■ 50 

E° * 0.02M T«ipy *

HPA

ml. T l =

0.001M n *

Ou.Dipy.HPA

0.01M T° = 0.001M

0.2M t s 30°0.

Ni.Dipy.HPA

Vol.of B Vol.Of B Vol.of B
alkali alkali alkali
(in ml.) (in ml.)

____
(in ml.)

0.00 2.05 0.00 2.05 0.00 2.05
0.50 2.15 0.50 2.15 0.50 2.15
1.00 2.25 1.00 2.25 1.00 2.25
1.50 2.50 1.50 2.50 1.50 2.50
2.00 2.80 2.00 2.80 2.00 2.80
2.10 2.95 2.20 3.10 2.20 3.10
2.20 3.10 2.40 3.15 2.40 4.10
2.30 3.to 2.50 3.20 2.50 4.65
2.35 3.60 2.60 3.25 2.60 5.20
2.40 3.90 2.70 3.50 2.70 5.70
2.42 5.75 2.80 3.95 2.80 6.25
2.44 6.45 2.90 *+.50 2.90 6.80
2.46 6.85 3.00 6.50 3.00 7.25
2.48 7.25 3.10 8.00 3.10 7.60
2.50 7.50 3.20 8.50 3.20 7.95
2.60 7.95 3.30 8.75 3.30 8.10
2.70 8.15 3.^ 8.80 3.40 8.30
2.80 8.30 3.50 8.85 3.60 8.55
3.00 8.55 3.60 8.90 3.80 8.75
3.50 8.85 4.00 8.95
4.00 9.05
4.50 9.35
5.00 9.60
5.50 9.90
6.00 10.20
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Table IIIB 1.5

N = 0.2M V° = 50 ml. T£ * 0.01H T° = O.OOIM

E° = 0.02M mo —Dipy “ O.OOIM K - 0.2M t = 300 0.

HP BA Cu.Dipy.HPBA Ni.Dipy.HPBA

Vol.of 
alkali 
(in ml.)

B Vol.of 
alkali 
(in ml.)

B Vol.of 
alkali 
(In ml.)

B

0.00 2.05 0.00 2.05 0.00 2.05
0.50 2.15 0.50 2.15 0.50 2.15
1.00 2.25 1.00 2.25 1.00 2.25
1.50 2.50 1.50 2.50 1.50 2.50

2.00 2.85 2.00 2.85 2.00 2.85
2.10 2.95 2.20 3.05 2.20 3.15
2.20 3.15 2.40 3.10 2.40 4.10

2.30 2.50 3.15 2.50 4.50
2.35 3.65 2.60 3.30 2.60 5.oo
2,40 4.00 2.70 3.55 2.70 5.55
2.43 5 >5 2.80 3.90 2.80 6.05

2.46 6.50 2.90 4.40 2.90 6.70

2.48 7.oo 3.00 6.00 3.00 7.25
2.50 7.50 3.10 7.60 3.10 7.60

2.60 7.95 3.20 8.05 3.20 7.90
2.70 8.25 3.30 8.35 3>o 8.35
2.80 8.40 3.40 8.65 3.60 8.60

2.90 8.55 3.50 8.90 3.80 8.80
3.00 8i65 3.60 9.00 4.00 9.00
3.50 8.95
4.00 9.15
4.50 9.40
5.oo 9.65
5.50 9.95
6.00 10.50
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Table II1B 1.6

N = 0.2M V- = 50 ml. 

iS" = 0.02M U s 0.2M t = 30w0.

Perchloric add o-phen Ni.o-phen

T- . = 0.001M T® * 0.001M
o-phen M

Vol.of
alkali

6 Vol.of
alkali

B Vol.of

(in ml.)

o.uo 1.85
1.00 1.90
2.00 2.00
3.00 2.20
4.00 2.40
4.50 2.75
4.60 2.85
4.70 3.00
4.80 3.25
4.85 3.35
4.90 3.65
4.93 4.00
4.96 4.75
4.98 5.25
5.oo 7.85
5.02 8.60
5.05 9.20
5.08 9.75
5.io 10.00
5.15 10.50

(in ml.)

0.00 1.85
1.00 1.90
2.00 2.0c
3.00 2.20
4.00 2.65
4.10 2.70
4.20 2.75
4.30 2.85
4.40 2.95
4.50 3.15
4.60 3.35
4.70 3.65
4.80 4.15
4.85 4.45
4.90 4.90
4.94 5.25
4.98 5.75
5.oo 8.50
5.05 9.20
5.io 10.00
5.15 10.50

alkali
(in ml.)

_____
0.00 1.85
1.00 1.90
2.0c 2.00
3.00 2.20
4.00 2.40
4.50 2.75
4.60 2.85
4.70 3.00
4.80 3.25
4.85 3.35
4.90 3.6 5
4.94 ^.35
4.98 5.25
5.00 7.00
5.05 7.90
5.10 8.35
5.20 9.10
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Table HIB 1.7

= 0.2M

= 0.02M

HEA

v° =

Tc =

50 ml.

0.01M

Ni.o-phen,.HfciA

o-phen
u * 0.

HE BA

= 0.001M T

2M t

Hi.o-phen.

0 s o M U*

= 30

.HE BA

Vol.of B Vol.of B Vol.of B Vol.of B
alkali alkali alkali alkali
(in ml,) (In ml.) (in ml.)

, ,
(in ml.)

, 1-.

0,00 2.05 0.00 2.05 0.00 2.05 0.00 2.05

0.50 2.15 0.50 2.15 0.50 2.15 0.50 2.15

1.00 2.25 1.00 2.20 1.00 2.25 1.00 2.25

1.50 2.50 1.50 2.50 1.50 2.50 1.50 2.50

2.00 2.80 2.00 2.80 2.00 2.85 2.00 2.85

2.10 2.90 2.20 3.05 2.10 2.95 2.20 3.05

2.20 3.05 2.40 4.00 2.20 3.10 2.40 3.75

2.30 3.30 2.50 4.65 2.30 3.35 2.50 4.75

2.35 3.**5 2.60 5.30 2.35 3.55 2.60 5.30
2.40 4.05 2.70 5.95 2.40 3.80 2.70 5.80
2.43 6.00 2.80 6.45 2.43 5.25 2.80 6.50
2.47 6.90 2.90 7.oo 2.45 6.60 2.90 7.05

2.50 7.25 3.00 7.50 2.50 3.00 7.50
2.60 7.75 3.10 7.90 2.60 7.65 3.10 7.85

2.70 8.00 3.20 8.20 2.70 8.0 5 3.20 8.10

2.80 8.20 3.30 8.40 2.80 8.25 3.30 8.30

2.90 8.35 3.40 8.50 2.90 8.40 3.40 8.40

3.00 8.45 3.00 8.50 3.50 8.55

3.50 8.70 3.50 8.80 3.60 8.65

4.00 8.90 4.00 9.05
4.50 9.20 4.50 9.20
5.00 9.50 5.00 9>5

5.50 9.65 5.50 9.80
6.00 9.85 6.Oo 10.15

OOlM
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Table IIIB 1.8

= 0.2M v° = 50 ml. T° . = 0.o-phen
001M T° == 0.001M

= 0.02M mo — 0.01M u * 0.2M t = 30°0.

HPA Ml.o-phen .HPA HP BA Nl. o-phen .HPBA

Vob.Of 
alkali 
(In ml.)

B Vol.of 
alkali 
(In ml.)

B Vol.of 
alkali 
(In ml.)

B Vol.of 
alkali 
(in ml.)

B

0.00 2.05 0.00 2.05 0.00 2.05 0.00 2.05
0.50 2.15 0.50 2.15 0.50 2.15 0.50 2,15

1.00 2.25 1.00 2.25 1.00 2.25 1.00 2.25
1.50 2.50 1.50 2.50 1.50 2.50 1.50 2.50

2.00 2.80 2.00 2.80 2.00 2.85 2.00 2.85

2.10 2.95 2.20 3.10 2.10 2.95 2.20 3.15

2.20 3.10 2,40 4.25 2.20 3.15 2.40 4.05

2.30 3-*+o 2.50 4.75 2.30 3.^0 2.50 4.55

2.35 3.60 2.60 5.20 2.35 3.65 2.60 5.05
2,40 3.90 2.70 5.75 2.40 4.00 2.70 5.60
2.42 5.75 2.80 6.25 2.43 5.45 2.80 6.15
2.44 6.45 2.90 6.80 2.46 6.50 2.90 6.75
2.46 6.85 3.00 7.30 2.48 7.oo 3.00 7.25
2.48 7.25 3.10 7.70 2.50 7.50 3.10 7.75

2.50 7.50 3.20 7.95 2.60 7.95 3,20 8.00
2.60 7.95 3.30 8.20 2.70 8.25 3.30 8.20

2.70 8.15 3.40 8.40 2.80 8.40 3>o 8.35

2.80 8.30 3.50 8.55 2.90 8.55 3.50 8.50

3.00 8.55 3.60 8.70 3.00 8.65 3.60 8.65

3.50 8.85 3.50 8.95 3.80 8.95
4.00 9.05 4.00 9.15
4.50 9.35 4.50 9.40

5.oo 9.60 5.oo 9.65

5.50 9.90 5.50 9.95
6.00 10.20 6.00 10.50
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Table 1IIB 2^1a

E, nH> n, log(l-n)/n, pL and pL-log(l-n)/n data for Ou.dlpyridyl 
HEA system - 30°0.

B “H V" V'M V»n »V" n •log(l-n)/n PL :pL-log(l-n)/n

3.io 2,OU0 2.24 2.44 0.20 0.402 0.173 14.718 l4.545

3;i 5 2.00o 2.26 2.43 0.22 0.442 0.10, 14.62, 14.52o

3.20 2.00o 2.28 2.52 0.24 0.482 O.03, l*+.523 14.492

3.25 2.0U0 2.30 2.58 0.28 0,562 1.890 14.427 l4.537

3.30 2 .OOo 2.31 2.62 0.31 0.622 I.78i. l'+.33o 1 4.54*

1oSKMAL. = 14,53 1 °-U2

B, nH, n, log(l-n)/n, pL and pL-log(l-n)/5 data for Ou.dlpyridyl 
HEBA system - 30°O,

B *h V” v*»» V"» _V” n log(l-n)/n pL pL-■log(l-n)/n

3.15 2.00c 2 .24- 2.44 0.20 0.4o2 0.173 15.078 14.9O5

3.20 2.OOo 2.26 2.50 0.24 0.432 . 0.03, 1^.983 14.952

3.25 2.000 2.28 2.54 0.26 0.522 I.962 14.835 14.923

3.30 2 ,00c 2.29 2.58 0.29 0.582 1.856 14.78s 14.932

3.3? 2.OOo 2,30 2.60 0.30 O.6O2 1.81s 14,689 14.87i

u ,, M . . m • m ■ m * m m m — ^ a

1oSkmal = 14.92 1 0.03
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Table JIIB^aa

B, nH, n, log(l-n)/n, pL and pL-log(l-n)/n data for Gu.dipyridyl 
HPA system - 30°0.

B V" V*»« V»M

------ — ------ - - ............... -------— -

3.10 2.000 2.20 2.>44 0.24

3.15 2.0Uo 2.22 2.50 0,28

3.20 2.00o 2,24 2.56 0.32

000.(\j 2.26 2.60 0.34

3.30 2,00c 2.28 2.63 0.35

»— •-< * ■>* —---—-

n log(l-n)/n pL pT--.log(l-n)/n

----------------------------------—-- --------------- —

0.483 O
N•

O
15.262 15.233

0.563 I.39o 15.166 15.276

0,643 1.745 15.07i 15.326
0.683 1.668 14.973 15.305

O.7O3 1.526 14.874 15.3**8

logKMAL ’ ± °-°3

Table IIIB 2,4a

B, n^, n, log(l-n)/n, pL and pL-log(l-n)/n data for Ou.dipyridyl 

HPBA system - 30-c.

B «H

2.00o

V" v*»« V**» -V" n log(l-n)/n pL pL-log(l-n)/n

3.10 2.19 2.42 0.23 o.463 0,064. I5.57i 15.507

3.15 2.000 2.21 2.48 0.27 o.543 1.92 5 15.475 i5.55o

3.20 2.00o 2.23 2.52 0.29 o.583 1.854 15.37s 15.524

3.25 2.0UO 2.25 2.55 0.30 0.6O3 1.819 15.279 15.460

3.30 2.00c 2.26 2.58 0.32 0.643 1.745 15.18, 15.436

. m m .̂ ----- ---------- -----------——
logK^ = 15.50 l 0.03
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Table IIIB 2.1b_

Bjji n, log(l-n)/n, pL and pL-log(l-n)/n data for Ni.dipyridyl 
HEA system - 30*0.

B V" y mi ynt _y»i n log(l-n)/n pL pL-log(l-n)/n

5.55 2.00o 2.42 2.66 0,24 0.480 0.035 9.82* 9.789

5.60 2.000 2.42 2.67 0.25 0.50o - 9.72 5 9.725

5.65 2.000 2.42 2.68 0.26 0.52o I.965 9.626 9.66,

5.70 2.000 2.42 2.69 0.2 7 o.5^i 1.92 9 9.527 9.59a

5.75 2.000 2.42 2.70 0.28 0.56, 1.893 9>28 9.53?

l0^KMAL = 9*66 1 °*°5

Table IIIB 2.2b

B, nH, n, log(l-n)/n, pL and pL-log(l-n)/n data for Ni.dipyridyl 
HEEA system - 30w0.

B V" y»»l ym _yM n log(l-n)/n pL pL-log(l-n)/n

5.65 2.OO0 2.44 2.63 0.24 0.48o O.O35 9.984 9.9^9

5.70 2.OO0 2.44 2.69 0.25 0.50o 9.885 9.885

5.75 2.000 2.44 2.70 0.26 0.52o T.965 9.736 9.82,

5.80 2.OO0 2.44 2.71 0.27 0.54, 1.92 9 9.687 9.75a

5.85 2.00o 2.44 2.72 0.28 0.56, I.893 9.589 9.696

logKMAL =9.82+0.05
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Table III F 2.3b

®» nH» n» log(l-n)/n, pL and pL-log(l-n)/n data for Ni.dipyridyl 
HPA system - 30VC.

B V" yw V"i .yw n log(l-n)/n pL ]pL-log(l-n),

5.4o 2.00p 2.40 2.0+ 0.24 0.48, 0.033 IO.664 IO.63,

5.45 2 ,oo0 2.40 2.65 0.25 o.5o, 1.99s IO.565 IO.567

5.50 2.000 2,40 2.66 0.26 0.52, I.964 10.46s 10.502

5.55 2,000 2,40 2.67 0.27 o.54, I.929 10.367 10.43s

5.60 2.00o 2.40 2.68 0.28 0.56, 1.893 10«268 10.375

logKMAL = 10*5° + °.°5

Table IIIB 2.4b

nH» n» log(l-n)/n, pL and pL-log(l~n)/n data for Ni.dipyridyl 
HP BA system - 30u0.

B “h V" y«i ywt„V» •m

n log(l-n)/n pL pL-Tlog(l-n)/n

5.40 2.000 2.44 2.68 0.24 0.48o O.O35 10.974 10.939
5.45 2.000 2.44 2.69 0.25 0.50o - 10.875 10.875

5.50 2.000 2.44 2.70 0.26 0.52o I.965 10.776 10.81,

5.55 2.000 2.44 2.71 0.27 0.54, I.929 10.687 10.75s

5.60 2.oo0 2.44 2.72 0.28 0.56| I.893 10.57s 10.685

logKMAL = 10*81 i °-°5
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Table IIIB 2.1c

E, nH, n, log(l-n)/n, pL and pL-log(l-n)/n data for Ni.o-phenan-
throline HEA system - 30 u 0.

B V" yrn V"t _vn n log(l-n)/n pL pL-log(l-n)/n

5.75 2.oo0 2.43 2.67 0.24 0.48o O.O35 9.424. 9.389

5.30 2.000 2.43 2.68 0.25 0.50o - 9.32 5 9.325

5.90 ro • c 0 0 2.43 2.69 0.26 0.52o T.965 9.13- 9*169

5.95 2.00o 2.43 2.70 0.27 o.540 1.92, 9.027 9.098
6.00 2.00o 2.43 2.72 0.28 o.560 I.893 8.928 9.035

1oSKMAL = 9.20 + 0.07

Table 11IB 2.2c

B, nH, n, log(l-n)/n, pL and pL-log(l-n)/n data for N1.o-phenan-
throline HEBA system - 30 -0.

B “H v*» VM» _VM n log(l-n)/n pL pL-•log(l-n)/n

5.75 2.00o 2.44 2.68 0.24 0.43o O.O35 9.784 9.749

5.80 2.00o 2.44 2.69 0.25 0.50o - 9.685 9.685

5.85 2.00o 2.44 2.70 0.26 0.52o T.965 9.587 9.622

5.95 2,Oo0 2.44 2.71 0.27 0.54, I.929 9.38a 9.459

6.00 2.00o 2.44

C
M•

C
\] 0,28 0.56, 1.893 9.239 9.396

---------- « - - — -.«• • m-m m m--+ m -m m- - rw — mm 114

l0§KMAL = 9.5S + 0.07



1 ii

Table IIIB 2.3c

B, nH, n, log(l-n)/n, pL and pL-log(l-n)/n data for Ni.o-phenan- 
throline HP A system - 30“0.

B hh V" V"* V'M „VM n log(l-n)/n pL pL-log(l-n)/n

5.5o 2.000 2,42 2.66 0.24 0.48o O.O35 10.46* 10.429

5.55 2.000 2 >2 2.6 7 0.25 0.50o - IO.365 IO.365

5.60 2.000 2 .**2 2.68 0.26 0.52o 1.965 10.266 10.30,

5.65 2.000 2.42 2.69 0.27 0.54, I.929 10.l67 10.24a

5.70 2.000 2.42 2.70 0.28 0.56, I.893 10.068 10.175

logKMAL = 10*30 + 0.07

B, nH, n, log(l-n)/n, pi and pL-log(l-n)/n data for Ni.o-phenan- 
throline HPBA system - 30VC,

D nK V" 7*»i V"' „y»

5.50 2.00o 2.44 2.68 0.24

5.55 2,00o 2.44 2.69 0.25

5.60 w . 0 c 0 2.44 2.70 0.26

5.65 2.000 2.44 2.71 0.27

5.70 2.000 2.44 2.72 0.28

- - , -t - , , __ __ . ...

n log(l-n)/n pL pL- 3ogO-n

0.48o 0.035 10.77m- IO.739

0.50o - IO.675 IO.675

0.52o I.965 10.576 10.61,

0.54, I.929 10.477 10.548

0.56, I.893 10.37s 10.485

logKMAL = 10*61 1 °.°5
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Section C

Mixed ligand complexes containing charged ligand
EjQi Z-*

ions as primary ligand have been studied earlier.

Various mixed ligand complexes with iminodiacetic acid as
62 6^the primary ligand have been studied. ’ ~5 The mixed

ligand complexes of the type[il.IMDA,L~[ where L = pyridine,

ammonia or water have been studied by Fridman and coworkers

Potentiometric studies on stepwise mixed ligand complex
formation involving IMDA as the primary ligand were
carried out by Sharma and Tandon^’^ They also reported^

the mixed ligand formation constants of the ternary system
[m.IMDA.iT]where M = Cu(II), Ni(II), Zn(II) or Ud(II) and

L = glycine, a-alanine, dextro rotatory aspartic acid, 1,2-

propylenediamine, salicylic acid, sulphosalicylic acid,
chromotropic acid or tyron. The formation constants of the
complexes of the type [ou.A.l7| where A = II©A and L =

pyridine or N-butyl amine were studied by potentiometric
method^® Israeli^ studied the formation constants of

mixed ligand complexes of Uu(II) and Ni(II) with NTA and

glycine and other mixed ligand systems. Kirson and
coworkers^0 reported the ternary complex j~~Cu.en.KTA^j and

determined its instability constant. A pH metric method

h&s been employed to measure the solution stabilities of
the ternary systems of Be(II) containing NTA and tyron?1

72Martell and coworkers' have determined the stability of 
ternary complexes containing U(VI), NTA and hydroxy

64
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quinoline sulphonic acid, using their own method based 
on..the consideration that U(VI) NT A complex formed at 

lower pH combines with the secondary ligand at higher pH. 
Vehava and coworkers^ reported the Cr(III) complexes 

with NTA as a tridentate or tetradentate ligand. A pH 
metric study of the ternary systems, j^.NTA.glycineTJ where 
M = Gu(II) or Ni(II) or Zh(II) has been reported^* Israeli, 

and coworkers'7l+'“^ studied the mixed ligand complexes of 

Cu(II) and Ki(II) with NTA and amino acid by using spectro- 

photometric method. Potentiometric studies of stepwise 
formation of complexes containing Ou(Il), Ni(II),STA and 
hydroxy acid were also reported by Tandon and coworkers^ 

The system [~M(NTA)lT~j where I* = picoline, oxime, serine, 
arginine and ammonia have also been studied^’®0 Uomple- 

xation of rare earth metal ions with DBM, AcAc or BA and 
EDTA or hydroxyethylenetriacetic acid have been studied in 

aqueous acetone solutions. Hetero ligand complexes of 
Neodymium, Holmium and Brbium have been studied spectro-
photometrically^ with IDT A and BA. Formation constants

\

of lanthanones, with EDTA or NTA and citric acid were
Qk. OjJdetermined pH metrically. ’ ' Complexes of the type 

|~M.NTA.h~~| where M = Cu(Il), Ni(II), Zn(II) and Cd(II) and 

L = amino acids, polyhydroxy phenols and mercapto acids
kg Cl tfn Of. Qn

have been reported from our laboratory.
In all the above lsl complexes of the multidentate 

amino polycarboxylate ions the remaining, coordination 
positions of the metal ions are occupied by water molecules.



On the addition of a secondary ligand the water molecules 

are displaced resulting in the formation of the mixed 
ligand

She present section consists of the study of 
ternary systerns,[liALjwhere M = Ou(II) or Ni(II); A = 

iminodiacetic acid (IMDA) or nitrilotriacetic acid(NTA) and 
L = AeAc or BA or DBM.

IMDA behaves as a tridentate^® ligand, coordination 

taking place from the nitrogen atom and the two carboxylate 
groups.., HTA behaves as tri^" or tetradentate® ' ligand 

coordination taking place from nitrogen atom and two or 
three 000“ groups, respectively.

Experimental s

The reagents and instruments used were same as 
detailed in previous chapter.II, IMDA and NTA used were of 
A.fi. quality. All titrations were carried out in 50$ 
dioxan medium. An extension of Irving-hossotti titration 
technique has been used as in earlier cases.

For studying the ternary systems the following 
solutions were prepared :
For IMDA s
1. Perchloric acid (0.2M, 5,0 ml.) + perchloric acid (0.02M, 

10.0 ml.) + sodium perchlorate (1M, 8.8 mL.) + conducti
vity water (1.2 ml.) + dioxan (25.0 ml.). Total volume =
50 ml., u * 0.2M.

2. Perchloric acid (0.2M, 5.0 ml.) + IMDA (0.02M, 5.0 ml.) + 
sodium perchlorate (1M, 8.9 ml.) + conductivity water
(6.1 ml.) + dioxan (25.0 ml.) Total volume = 50 ml., «=0.2M.

complex I MALn-



3. Perchloric acid (0.2M, 5.0 si.) + IMDA (0.Q2M, 5.0 mL.)+ 
metal perchlorate (0.Q2M, 5.0 ml.) + sodium perchlorate 
(1M, 8.8 ml.) + conductivity water (1.2 ml.) + dioxan 
(25.0 ml.). Total volume = 50 ml., a = G.2M.

b, Perchloric acid (0.2M, 5.0 ml.) + perchloric acid (0.02M,
10.0 ml.) + secondary ligand (0.G2M, 5.0 ml.) + sodium 
perchlorate (1M, 8.7 ml.) + conductivity water (l.§ ml.)+ 
dioxan (20.0 ml.). Total volume = 50 ml., « = Q.2M.

5. Perchloric acid (0.2M, 5.0 ml.) + secondary ligand (0.02M,
5.0 ml.) + metal perchlorate (0.Q2M, 5.0 ml.) + IMDA 
(0.02M, 5.0 ml.) + sodium perchlorate (1M, 8.7 ml.) + 
conductivity water (1.3 ml.) + dioxan <-20.0 ml.). Total 
volume = 50.0 ml., a = 0.2M.

In case of HTA, the trisodium salt of NTA, was 

used and, therefore, the addition of extra acid was not 

required. The sets were prepared as in case of dipyridyl 

systems in previous section III-A.

Total volume was made 50 ml. and ionic strength 

was raised to G.2M. The solutions were titrated against 
0.2M sodium hydroxide. The plots of pH against volume of 
alkali have been represented in figs. IIIC 1 to 5 and '

III6 11 to 15.
For the curve (1) and curve (*+) in the IMDA systems 

two equivalents of extra acid have been added in order to 

account for the extra hydrogen ions liberated due to the 

combination of the primary ligands with the metal ion. In 

HTA the extra acid is not addedjbecause, trisodium salt of 

NTA is used.

It is observed from curve (3) and (1) that MA is
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formed at low pH, It undergoes hydroxo complex formation 
at high pH. The curve (5) remains merged with curve (4)t 
at low pH showing that complexation of 8-diketone does not 
take place at low pH, Curve (5) diverges from curve (4) 
at higher pH showing that [~MAlT| formation takes place 

where Mi 1:1 complex formation is complete. In this range 
hydroxo complex formation also does not start, The 
horizontal distance between curve (4) and (5) corresponds 
to the amount of secondary ligand which gets bound with Mi.

The n and pL values were calculated at different 
pH in the same manner, as done in Chapter III A and have 
been presented in tables IIIC 2.1a to IIIC 2,5b and IIIC 
4.1a to IIIC 4.5b.

The values of pL at n = 0.5 gives the values of 
Mil°gKMAL' More Precise values were obtained by plotting 

pL at e^ch point against the corresponding value of 
log(l-n)/n and getting a straight line. The values of 
pL - log(l-n)/n at each point on the straight line is 
equal to logKj^, The average values of logKMATi, thus 
obtained have been presented with mean deviation in table 
IIIC 2.1a to IIIC 2.5b and IIIC 4.1a to IIIC 4.5b.

In systems of the type J~MilTj where A is a charged 

primary ligand such as IMDA or NTA; it is to be expected
that K,MAL is less than by nearly one log unit. In
WTA it is even higher. This may be explained to be due to 

the eoulombic repulsion between the charged primary ligands.
IMDA 2“ or NTA 9—J and the incoming secondary ligand L

!
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This repulsion is greater than the repulsion between the 
first diketonate ion and the second diketonate ion during 
the formation of Qfl^Tj in the binary system. KMaL is, 

therefore, even less than . Also as the charge on
the primary ligand goes on increasing the repulsion on the 
incoming secondary ligand is more and hence the value of
makmal goes dQvm»

In M-A-^-diketone system where A = .IMDA or KTA,
MAit is expected that the lowering in the value of KMA(p-diket) 

should not be as much as in uninegative charged d" bonding 
ligand. The ir interaction in M-p-dike tone bond is expected 
to increase in the M-A-(8-diketone) system. The expectation 
is based on the consideration that the <T bonding primary 
ligand should increase the concentration of electrons 
around the metal ions and hence the tendency to donate 7r 
electrons must be n,OTe in MA than in [*«aq7|2+. On the 

basis of this argument it was indicated that the M—S 
tr interaction is not significant^:’1*^ However, in j^M—A- 

(p-diketone)Jsystern also KM(p.llJket) - K MA(p.dlket) is 

of the same order rather higher than M-A-glycine system.
Two possible explanations,* can be put forth. In IMDa and 
BTA there is coordination from one nitrogen and rest carbo
xyl ate ions. Since the M-carboxylate bond is more ionic 
in nature, the concentration of electrons around the metal 
ion in MA is not significantly higher than in £M(aq7J2+. 

Therefore the tendency to form -tr bond also does not show 
an Increase. Further in p-diketone the charge is delocalised



over the whole molecule and may affect the extent of 
repulsion, between the p-diketonate ion, and the already 
existing IMDa or UTA ion.

MIt is observed that the difference logK^g^^^ - 
ma

logKMAL more in Case of" complexes. This observa
tion can be explained in terms of Jahn-Tellor distortion?0

In case of Cu(II) complexes Jahn-Tellor distortion 
brings in additional stability. Ligand along the Z axis 
are at a greater distance than those in the equatorial 
plane. It can be naturally expected that in this elonga
tion distortion, the incoming ligand occupying position 
along Z axis, will be loosely held by the metal ion. The 
formation constants corresponding to association of that 
ligand will have a lower value. NTa acts as tridentate^ 

ligand occupying three positions around the Gu(II) Ion 
in the XY plane. The secondary ligand has to occupy the 
remaining positions, one necessarily along the Z axis. In
distorted Ui(II) complex the secondary ligand has to span

Mmore. This is the reason why the difference l°SKM(p-diket) ' 
l°gKMAL is more in CaSe of ^(11) complexes.

In case of J^.IMDA.lT] the values of A ^ are
.IMDA.l] the

primary ligand occupies only two equatorial positions and^ 
hence leaves the other two equatorial positions to be 
occupied by the secondary ligand.

Thus the secondary ligand has not to occupy 
positions along the distorted axial direction.

not very much lowered. This is because inkTh
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Table IIIQ 1,1

H a 0.2M V“ = 50 ml. 
Be a 0.02M *E° * 0.G24M 

= 0.002M

TIM)A 55 °-002M TM = 0*°°2M 

u a 0.2M t a 30*0,

Perchloric IMDA Ou.IM)A Ni.IMDA

Vol.of B Vol.of B Vol.of % Vol.of B
alkali alkali alkali alkali
(in ml.)"Ml .......... * 1'»r1i^iiJo iftg (in mlT) (in ml.) (in ml.)

-- ,

0.00 1.65 . 0.00 1.75 0.00 1.75 0.00 1.75
1,00 1.70 1.00 1.85 1.00 1.85 1.00 1.85
2.00 1.80 2.00 1.95 2.00 1.95 2.00 1.95
3.00 I.90 3.00 2.20 3.00 2.10 3.00 2.20
4.oo 2.05 4.00 2.50 4.00 2.25 4.00 2.50
5*oo 2.40 5.00 3.20 5.oo 2.55 5.00 2.90
5.50 2.75 5.io 3.35 5.50 2.85 5.50 3.35
5.6O 2.85 5.20 3.50 5.60 3.05 5.60 3.50
5.70 3.05 5.30 3.75 5.70 3.25 5.70 3.70
5.30 3.30 5.35 3.95 5.80 3.55 5.80 3.95
5.85 3.50 5.M) 4.20 5.85 3.75 5.85 4.20
5c90 3.75 5.43 4.35 5.90 4.15 5.90 4.50
5.93 4.10 5.46 4.65 5.94 4.35 5.94 4.90
5.96 4.60 5.48 5.00 5.98 5.0 5 5.98 5.40
5.98 5.20 5.50 6.85 6.00 6.85 6.00 6.80
6.00 7.25 5.52 7.50 6.05 7.45 6.05 7.70
6.02 8.30 5.55 8.20 6.10 7.80 6.10 8.05
6.05 8.80 5.60 8.70 6.20 8.25 6.20 8.65
6.10 9.45 5.70 9.25 6.30 8.65 6.30 9.15
6.15 10.05 5.80 9.60 6.40 8.95 6.40 9.55
6,20 lo.4o 6.00 10.10 6.50 9.30 6.50 9.85

6.20 10.45
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Table IIIO 1.2

N * 0.2M Y° - 50 ml. ipo — 0.002M T® = 0.002M

iii ° = 0.02M
*

s 0.024M H = 0.2M t =: 30°C.

timda * °.002M

*AqAq __ ____ Ou.IMDA, ,AcAc Wi.IMDA,>AcAc

Vol.of B Vol.of B Vol.of B
alkali 
^in ml.)

*«•-**-•

alkali 
(in ml.)

alkali 
(in ml.)

0.00 1.65 0.00 1.75 0,00 1.75
1.00 1.75 1.00 1.85 1.00 1,85
2.00 1.80 2.00 1.95 2.00 2.00
3.00 1.90 3.00 2.10 3.00 2.20
4.00 2.05 4.00 2.25 , 4.00 2,50
5.00 2.40 5.00 2.55 5.oo 2.90
5.50 2.75 5.50 2.85 5.50 3.35
5.60 2.85 5.60 3.05 5.6o 3.50
5.?o 3.05 5.70 3.25 5.70 3.70
5.80 3.30 5.80 3.55 5.80 3.95
5.85 3.50 5.85 3.75 5.85 4.20
5.90 3.75 5.90 4.15 5.90 4.50
5.93 4.10 5.91* ^.35 5.94 4.90
5.96 4.60 5.98 5.05 5.98 5.40
5.98 5.20 6.00 5.30 6,00 5.80
6.00 6.85 6.05 5.65 6.05 6.35
6.02 7.60 6.10 5.90 6.10 6.65
6.05 8.00 6.20 6.30 6.20 7.10
6.10 8.55 6.30 6.80 6.30 7.60
6.20 9.15 6.40 7.**0 6.40 8.15
6.30 9.60 6.50 8.15 6.50 9.20
6.40 9.95 6,60 9.20 6.60 10.00
6.50 10.15 6.70 9.95 6.70 10,50
6.60 10.35 6.80 10.50
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lable_III^lt3

N = 0.2M V° = 50 ml. t-3 fe


ll 0.002M T“ = 0.002M

IS® = 0.02Mr *[ K® = 0.024M H = 0.2M t = 30uo.

timda * °*002M

*BA Ou.IMDA .BA Ni.IMDA .B&

Vol.of B Vol.of B Vol.of B
alkali alkali alkali
(in ml.)

^ m
(in ml.)

____
(in ml.)

____
0.00 1.65 0,00 1.75 0.00 1.75
1.00 1.70 1.00 1.85 1.00 1.85
2.00 1.80 2.00 1.95 2.00 1.95
3.00 1.90 3.00 2.10 3.00 2.20
4.00 2.05 4.00 2.25 4.00 2.50
5.00 2.40 5.oo 2.55 5.oo 2.90
5.50 2.75 5.50 2.85 5.50 2.35
5.6o 2.85 5.60 3.05 5.6o 3.50
5.70 3.05 5.70 3.25 5.70 3.70
5.80 3.30 5.80 3.55 5.80 3.95
5.85 3.50 5.85 3.75 5.85 4.20
5.90 3.75 5.90 4.15 5.90 4.50
5.93 4.10 5.94 *+•35 5.9^ 4.90
5.96 4.60 5.98 4.95 5.98 5.4o
5.98 5.20 6.00 5.15 6.00 5.70
6.oo 7.20 6.05 5 >5 6.05 6.25
6.05 8.10 6.10 5.70 6.10 6.55
6.10 8.60 6.20 6.25 6.20 7.oo
6.15 9.00 6.30 6.75 6.30 7.50
6.20 9.20 6.40 7.35 6.40 8.15
6.30 9.55 6.50 8.05 6.50 8.75
6.40 9.80 6.60 8.85 6.60 9.60
6.50 10.05 6.70 9.80 6.70 10.20
6.6o 10.25 6.80 10.45 6.80 10.85
6.70 10.50
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Table II10 1

N

m oXIMDA

= 50 ml. T£ * 0.002M T® = 0

[ *EV a 0.024M H = 0.2M t = 30“

002M

*DBM Ni.IMDA.DBM

Vol.of 
alkali 
(in ml.)

B Vol.of 
alkali 
(in ml.)

B

0.00 1.65 0.00 1.75

1.00 1.70 1.00 1.85

2.00 1.80 2.00 1.95

3.00 1.90 3.00 2.20

4.00 2.05 4.00 2.50

5.00 2.40 5.00 2.90

5.50 2.75 5.50 3.35

5.60 2.85 5.60 3.50

5.70 3.05 5.70 3.70

5.80 3.30 5.8O 3.95

5.85 3.50 5.85 4.20

5.90 3.75 5.90 4.50

5.93 4.10 5.94 4.90

5.96 4.60 5.98 5.40

5.98 5.20 6.00 5.60

6.00 7.20 6.05 6.00

6.05 8.05 6.10 6.30

6.10 8.65 6.20 6.75

6.15 9.05 6.30 7.10

6.20 9.35 6.4o 7.55

6.30 9.80 6.50 8.15

6.4o 10.05 6.60 9.15

6.50 10.30 6.70 10.10

6.60 10.50 6.80 10.65

0U2M

0.
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Table II10 ^.1

= 0.2M V- = 50 ml Tm ' U02M T° i= 0.002M

» = 0.02M <TW —XL 0.002M U = 0.2M t = 30 °o.

Ber chloric 
add

NTA Uu.NTA Ni.NTA

Vol.of 
alkali 
(in mi.)

B Vol.of 
alkali 
(in ml.)

B Vol.of 
alkali 
(in ml.)

B Voi.or 
alkali 
(in ml.)

B

0.00 1.30 0.00 1.90 0.00 1.80 0.00 1.80
1.00 1.90 1.00 2.05 1.00 1.90 1.00 1.90
2.00 2.00 2.00 2.25 2.00 2.00 2.00 2.00
3.00 2.15 3.00 2.55 3.00 2.15 3.00 2.15
4.00 2.45 *♦.00 3.25 4.00 2.45 4.00 2.45
*+.50 2.75 4.10 3.35 4.50 2.75 4.50 2.75
4.60 2.85 4.20 3.45 4.60 2.95 4.60 2.9O
4.70 2.95 4.30 3.75 4.70 3.10 4.70 3.10
4.80 3.15 4.35 3.90 4.80 3.35 4.80 3.35
4.85 3.35 4.40 4.15 4.85 3.55 4.85 3.60
4.90 3.55 4.44 4.50 4.90 3.75 4.90 3.95
4.92 3.65 4.48 5.0o 4.93 4.00 4.93 4.20
4.94 3.35 4.50 7.10 4.96 4.20 4.96 4.55
4.96 4.15 4.52 7.50 5.00 6.90 5.00 7.50
4.98 4.50 4.55 7.90 5.05 7.90 5.02 8.45
5.00 7.20 4.60 8.35 5.10 8.25 5.05 8.80
5.01 8.50 4.70 8.95 5.20 8.75 5.10 9.25
5.05 9.55 4.80 9.35 5.30 9.25 5.20 9.95
5.08 10.20 4.90 9.70 5.40 9.70 5.30 10.50
5.10 10.45 5.00 10.05 5.50 10.00

5.10 10.40 5.60 10.20
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Table mu 1.2

N = 0.2M yu _ 50 ml.

= 0.02M mo
NT A = 0.002M

Ac Ac ________ Ou.NTA

Vol.of 
alkali 
(in ml.)

B Vol.of 
alkali 
(in ml.)

0.00 1.80 0.00
1.00 1.90 1.00
2,00 2.00 2.00
3.00 2.15 3.00
4.00 2.45 4.00
4.50 2.75 4.50
4.6o 2.35 4.60
4.70 2.95 4.70
4.80 3.15 4.30
4.85 3.30 4.85
4.90 3.55 4.90
*+.93 3.30 ^.93
4.96 4.15 4.96
4.98 4.50 5.oo
5.oo 7.15 5.05
5.05 8.45 5.io
5.10 8.95 5.20
5.20 9.40 5.30
5.30 9.70 5.40
5.4o 10.00 5.50
5.50 10.25 5.6o
5.60 10.55 5.70

5.80

fp w —XL " 0.002M T° = 0.002M

W = 0.2M t =: 3UU(J.

Ac Ac _Ni.NTA.AcAc

B Vol.of 
alkali 
(in ml.)

B

1.80 0.00 1.80

1.90 1.00 1.90
2.00 2.00 2.00
2.15 3,00 2.15
2.45 4.oo 2.45
2.75 4.50 2.75
2.95 4.60 2.90
3.10 4.70 3.10
3.35 4.30 3.35
3.55 4.35 3.60
3.75 4.90 3.95
4.00 *+•93 4.20
4.20 4.96 4.55
5.80 5.oo 6.00
6.35 5.05 6.70
6,70 5.10 7.05
7.20 5.20 7.50
7.65 5.30 8.10
8.05 5.40 8.75
8.55 5.50 9.30
9.35 5.60 9.85
9.90

10.30
5.70 10.35
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N = 0.2M V- = 50 ml T£ = 0.002M T® = 0.002M 

H - 0.2M t = 30°G.IS® = 0.02M fp O —NT A 0.002M

BA Uu.NTA

Vol.of 
alkali 
(in ml.)

B Vol.of 
alkali 
(in ml.)

0.00 1.80 0.00
1.00 1.90 1.00
2.00 2.00 2.00
3.00 2.15 3.00
4.00 2.45 4.00
4.50 2.75 4.50
4.60 2.85 4.60
4.70 2.95 4.70
4.80 3.15 4.30
4.85 3.35 4.90
4.90 3.55 4.93
4.94 3.85 4.96
4.98 4.50 5.00
5.00 6.90 5.95
5.03 8.20 5.io
5.05 8.50 5.20
5.10 9.00 5.30
5.20 9.50 5.40
5.30 9.8o 5.50
5.40 10.05 5.6o
5.50 10.25 5.70
5.6o 10.50 5.80

BA Ni.NTA.BA

B Vol.of 
alkali 
(in ml.)

b

1.30 O.OU 1.30
1.90 1.00 1.90
2.00 2.00 2.00
2.15 3.00 2.15
2.45 4.00 2.45
2.75 4.50 2.75
2.95 4.60 2.90
3.10 4.70 3.10
3.35 4.30 3.35
3.75 4.90 3.95
4.00 4.93 4.20
4.20 4.96 4.55
5.55 5.oo 6.00
6.35 5.05 6.60
6.70 5.10 6.95
7.20 5.20 7.50
7.60 5.30 3.00
3.15 5.4o 8.55
8.65 5.50 9.15
9.30 5.6o 9.70
9.95 5.70 10.20

10.30 5.30 10.60
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Table IIIC 3.4

N = 0.2M V° = 50 ml. T£ = 0.002M T“ = 0.002M

E° = 0.02M T£ta = 0.002M W = 0.2M t = 3°°0.

DBM Ni .NTA.DBM
Vol.Of B Vol.of B
alkali 
(in ml.)

alkali 
(in ml.)

------ ,

0.00 1.80 0.00 1.80

1,00 1.90 1.00 1.90
2.00 2.00 2.00 2.00
3.00 2.15 3.00 2.15
4.00 2.45 4.00 2.45
4.50 2.75 4.50 2.75
4.60 2.85 4.60 2.90
4.70 2.95 4.70 3.10
4.80 3.15 4.80 3.35
M5 3.30 4.85 3.60
4.90 3.55 4.90 3.95
4.93 3.80 4.93 4.20
4.96 4.10 4.96 ^.55
4.98 4.60 5.00 5.85
5.00 7.35 5.05 6.55
5.03 8.15 5.10 6.95
5.05 8.55 5.20 7>5

5.10 9.10 5.30 7.90
5.20 9.60 5.40 8.40
5.30 9.85 5.5o 9.10
5.40 10.15 5.6o 9.30
5.5o 10.35 5.70 10.35
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Table IIIU 2,1a

E» nH» n» log(l-n)/S, pL and pL-log(l-n)/n data for Cu.IMDa- 
acetylacetone system - 30UC.

B nH V" V*'» ym-V"

6.45 l.OOo 6.00 6.23 0.23
6.50 1.000 6.00 6.24 0.24
6.55 l.OOo 6.00 6.25 0.25
6.60 l.OOo 6.oo 6.26 0.26
6.65 l.OOo 6.00 6.27 0.27
6.70 l.OOo 6.00 6.28 0.28

n log(l-n)/n pL pL-log(l-n)/n

0.46o 0.069 6.277 6.208
0.48o O.O35 6,24k. 6.209
0.50o - 6.21 , 6.21,
0.52o ^.965 6.179 6.2H
o.540 1.93* 6.l47 6.2lz
0.56o I.895 6.117 6.222

logK^ = 6.2] + 0.01

Table I1IC 2.2a

B» nH, n, log(l-n)/n, pL and pL-log(l-n)/n data for Gu.IMDA- 
benzoylacetone system - 30WU.

B "H V" ym V"| _y«

6.40 l.OOo 6.00 6.23 0.23
6.45 l.OOo 6.00 6,24 0.24
6.50 l.OOo 6.00 6.25 0.25
6.55 l.OOo 6.00 6.26 0.26
6.60 l.OOo 6.00 6.27 0.27
6.65 l.OOo 6.00 6.28 0.28

n log(l-n)/n pL pL«-log(l-n)/n

0,46o 0.069 6.46? 6.39s
0.48o O.O35 6.43* 6.399
0.50o - 6.4o, 6.40,
o.520 I.965 6.369 6.40*
0.54o 1.935 6.33 7 6.402
0.560 T.895 6.30 7 6.412

logKMAL = 6*lf0 t 0.01





H3
Table IIIU 2.3b

B, nH, n, log(l-n)/n, pL and pL-log(l-n)/n data for Ni.IMDa- 
acetylacetone system - 30*'G.

B VII yn V»I n log(l-n)/n pL pL-log(l-n)/n

7.25 l.OUo 6.00 6.23 0.23 0.46o 0.069 5.477 5.4o8
7.30 l.OOo 6.00 6.24 0.24 0.48o 0.035 5.44k. 5.4o9
7.35 l.OOo 6,00 6.25 0.25 0.50o - 5.41, 5.41,
7.40 l.OOo 6.01 6.26 0.25 0.50o -

5.36i 5.36,
7.45 l.OOo 6.01 6.27 0.26 0.52o I.965 5.229 5.26i.
7.50 l.OOo 6.01 6.28 0.27 0.54o 1.935 5.297 5.362

1o?KMAL = 5.37 + O.C*f

Table 1110 2.4b

B, n^, n, log(l-n)/n, pL and pL-log(l-n)/n data for Ni.IMDA. 
benzoylacetone system - 30UC.

B nH Vn vm V'»t .v» —m

n log(l-n)/n pL ]pL-log(l-n)/n

7.10 l.OOo 6.00 6.22 0.22 0.440 O.IO5 5.75a 5.647
7.15 l.OOo 6.00 6.23 0.23 0,46o 0.069 5.717 5.648
7.20 l.OOo 6.00 6.24 0.24 0.48o 0.035 5.684. 5.649
7.25 l.OOo 6.00 6.25 0.25 0.50o - 5.65, 5.65,
7.30 l.OOo 6.00 6.26 0.26 0.52o I.965 5.6l9 5.654.
7.35 l.OOo 6.00 6.2 7 0.27 0.54o 1.935 5.627 5.692

lo§KMAL = 5.66 + 0.01
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Table IIIC 2.5b

B, nH, n, log(l-n)/n, pL and pL-log(l-n)/n data for Ni.IMDA- 
dibenzyolmethane system - 30“0.

B “H V" Y«n V»n _v« n log(l-n)/n pL pL-log(l-n)/n

6.75 1,OU0 6.00 6.20 0.20 0.46o 0.176 6.292 6.11fi

6.85 l.OOo 6.00 6.23 0.23 0 .46o 0.069 6.237 6.l68

6.90 l.OOo 6.00 6.24 0.24 0.480 0.035 6.204. 6.169

6.95 l.OOo 6.00 6.25 0.25 0.50o - 6.17i 6.17i

7.oo l.OOo 6.00 6.27 0.27 0.5^o 1.93 s 6.15? 6,222

7.10 l.OOo 6.00 6.29 0,29 0.58o 1.85, 6.097 6.23s

lo-^MAL = 6*18 1 °'01
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Table IIIC 4.1a

B, nH, n, log(l-n)/n, pL and pL-3og(l-n)/n data for Cu.NTa- 

acetylacetone system - 30°0.

B V" V"' V»M n log(l-n)/n pL pL-•log(l-n)/n

7.35 1 .OUc 5.00 5.23 0.23 0.460 0.069 5.369 5.30o

7.1*0 l.OOo 5.oo 5.24 0.24 0.48o 0.035 5.336 5.3°i

7.45 l.OOo 5.oo 5.25 0.25 0.50o - 5.3O3 5.303

7.5 0 l.OUo 5.oi 5.27 0.26 0.52o I.965 5.27i ' 5.306

7.55 l.OOo 5.oi 5.28 0.27 o.54o ^•935 5.239 5.30*

7.60 l.OOo 5.oi 5.29 0.28 0.560 I.895 5.?o9 5.3U

l°gKMAL = 5‘3° 1 °*01

Table IIIC 4.2a

E, nH, n, log(l-n)/n, pL and pL-log(l-n)/n data for Cu.NTa- 
benzoylacetone system - 30WC.

B v« Y»M V»M n log(l-n)/n pL pL-log(l-n)/n

7.35 l.OOo 5.00 5.22 0.22 0,440 0.10 5 5.494 5.389

7.40 l.OOo 5.00 5.23 0.23 0,46o 0.069 5.459 5.39o

7.45 l.OOo 5.oo 5.25 0.25 0.50o - 5 *443 5.443

7.50 l.OOo 5.oo 5.26 0.26 0.52o I.965 5.41, 5.44 6

7.55 l.OOo 5.oo 5.27 0.27 o.540 1.935 5.379 5.44^

7.6o I.OOq 5.00 5.28 0.28 0.560 I.895 5.3S 5.454

1q!?kMaL = 5.43 1 0.°1





i 4 6

Table IIIP 4.3b

B, nH, n, log(l-n)/n, pL and pL-log(l-n)/n data for Ni.NTa- 

acetylacetone system - 30u0.

B ■ "H V" V«i V"t _V" n log(l-n)/n pL pL-log(l-n)/n

7.60 l.OOo 5.01 5.21 0.20 o,4o0 0.176 5.074 4.89s

7.65 l.OOo 5.01 5.22 0.21 0.»f2o 0.140 5.039 4.899

7.70 l.OOo 5.01 5.23 0.22 0.440 O.IO5 5.oo* v.89,

7.30 l.OOo 5.02 5.25 0,23 0.46o 0.069 4.9I9 4.85o

7.90 l.OOo 5.02 5.27 0.25 0.50o - 4.853 4.853

8.00 l.OOo 5.03 5.29 0.26 0.52o I.965 u.77t 4.80 s

8.10 l.OOo 5.03 5.30 0.27 0.54o 1.935 4.639 4.754

logKM,L = i °’02

Table IIIO 4.4b

B, nH, n, log(l-n)/n, pL and pL-log(l-n)/n data for Ni.NTA- 

benzoylacetone system - 30^0.

0 nH V" V»M V"« -V”

7.50 l.OOo 5.00 5.20 0.20

7.55 l.OOo 5.00 5.21 0.21
7.60 l.OOo 5.oo 5.22 0.22
7.65 l.OOo 5.00 5.23 0.23
7.7 0 1.00c 5.oo 5.24 0.24
7.75 l.OOo 5.00 5.25 0.25
7.80 l.OOo 5.oo 5.26 0,26

n log(l-n)/n pL pL-log(l-n]

0,4Oo 0.176 5.3H 5.138
0,42o 0.140 5.278 5.13s
0.440 0.105 5.24* 5.139
0,46o o.o69 5.219 5.140
0.48o 0.035 5.176 5.14,
0.50o - 5.143 5.143
0.52o I.965 5.H1 5.146

logKMAL = i °*01



147

Table IIICJ >+.5b

B, nH, n, log(l-n)/n, pL and pL-log(l-n)/n data for Ni.NTA- 
dibenzoylmethane system - 30°0.

^ w m ^ «■ <« ^ ^ «•

B “H V" ym ywi «;yw

7.50 l.OOo 5.oo 5.21 0.21
7.55 l.OOo 5.oo 5.22 0.22
7.60 l.OOo 5.oo 5.23 0.23
7.6? l.OOo 5.oo 5.24 0.2M-
7.70 l.OOo 5.oo 5.25 0.25
7.75 l.OOo 5.oi 5.27 0.26
7.30 l.OOo 5.oi 5.28 0.27

S log<l-n)/n pL pL-log(l-n)/n

0.420 0.l40 5.548 5.4o8

O.M+o 0.10 5 5.5U 5.4o9
0,4‘6o 0,069 5.47 9 5.**lo
0 ,48o 0.035 5.446 5.M|
0.500 - 5.4i3 5.M3
0.520 1.965 5.38i 5.416

o.540 1.935 5.3^9 5.4l*

1o«kmal * 5-lfl i °-°i



O
'2

-

Pi
g,

II
I 0-

20
 : N

i(l
l) 

.N
TA

.D
B5

'
-M

i; M
i M

iji
iM

-- syste
m

 - 
3^

°^
«

6-
Z.

/.£
 

O
’O

 
*<

/
U

j c
 i-

»)
 I*

?i
g.

tll
 li-i

9j
i i

; N
lC

II
.) 

,N
Ta

,B
A

 
sy

st
em

 - 
3^

°^
*

6-
1.

/-J
 

0-
0 

o 
•/

/0
3 (

/>
»)

/»

*0«oE - ®
9^s 

o
v

o
v'v

h
j* (li>fn

8I-D III* "Tiil
Sa

j C
f'*

)/*
>



148

*+
.8
5 

+ 
0.
02
 

5.
14

 +
 0
.0
1 

5.
4i

 +
 o
.o
i

5.
30
 +
 o
.o
i

5M
 t
 o
.o
i

10*0 + 81*9 
10*0 + 99*£ 
+{0*0 +

6.
21
 +
 0
.0
1 

6.
40
 +
 0
.0
1

Ac
et
yl
ac
et
on
e 

Be
n2
 oy
la
ee
t o
ne
 

Di
be
nz
oy
lm
et
ha
ne

^O
u.

IM
DA

 - -
Ni
.I
MD
A _ 

^0
u.
NT
A 

„N
i.
KT
A

lo
gJ
iC
u.
IM
DA
.L
 log

li
Ni
.I
MD
A.
L lo

gi
iG
u.
IT
A.
L 

lo
g%

i .
NT
a,L

Li
ga
nd

Ta
bl
e 
II
I 
G-
5.
0 
: S

ta
bi
li
ty
 c
on
st
an
ts
 o
f 
te
rn
ar
y 
IM
DA
-M
^+
-.
li
ga
nd
 c
om
pl
ex
es
,

NT
A-
M^
+ 
li
ga
nd
 c
om
pl
ex
es
 -
 3
0°
G.



fisferences :

1. Malms trom,B.G., and Kosenberg,A., Ad.Bnzoymol., 21,

131 (1959).

2. Leussing,D.L., J.Am.Ghem^Soc., 86, 4846 (1964).

3. B-igel,H., CMmica,, 21, 489 (19^7).

4. Watters, J.I., J.Am..Uhem.&oc., 75> 5212 (1953).

5. Watters,J.I., and Dewitt,it., J.Am.Ghem.Hoc., 82, 1333

(I960).

6. Beck,M,T„, and Gaiaer,P., Acta.Gliim.Acad.&ci.Jung., 4l, 

423 <1964).

7. Watters,J.I,, J.im.uhem.Soc., 81, 1560 (1959)*

8. Kanemura,y,, and Watters,J.I., J.Inorg.Nucl.Ghera.,

29(7), 1701 (1967). ,

9. Wasanen,K., and Koskinen,M„, Buomen Kernes til ehi ti.,

40, 23 (1957).

10. Nasanen,K., Marilainen,P., and Lukkari,&., Acta.Ghem. 

Scand., 16, 2684 (1968).

11. Perrin,D.D., Sayce,I.G., and Bharma,V.B., J.Ohem.Boc.^-*» 

1755 (1967).

12. Perrin,D.D., and &harma,V.S., J.Am.Ghem.S.oc.,A, 446(1968)

13. Perrin,D.D., and &harma,V.£>'.., J.Inorg.Nucl.Ohem., 28(5)* 

1271 (1966).

14. Hopgood,D., and ingelici,K.J., J.Am.Ghem.Soc., 90,

2508 (1968).

15. Punger,E., and Zapp,E.E., Acta.Ohim.Acad.&ei., Hungary, 
25, 133 (1966)'.



150

16. L'Heureux,G.A., and Mar tell, A.B., J.Inorg.Nucl.Ghem., 28(2) f 

481 (1966)..

17. Martell,A.B., J.Inorg»Iucl.uhemB, 31(8), 2455 (1969).

18. Bigel,H., and Prijs,B., Heifer »uhim, Acta., 50(8), 2357 

(1967).

19. S.igel,H., and Greisser,R., Helv.Ohim.Acta., 50(7), 1842 

(1967).

20. Sigel,H., Chimia, 21(10), 489 (1967).

21. Sigel,H#, Angewandte uhemie, 7(2), 137 (1968).

22. Greisser,R., Prijs,B., and Bigel,H,, Inorg.Hucl.Ohem., 

letters, 4, 443 (1968),

23. Huber ,P.R., Greisser ,K., Prijs,?., and Bigel,H., European 

J.Biochem., 10, 238 (1969)0

24. Greisser,K., and Sigel,H., Inorg.uhem., 9(5),1238 (1970),

25. Pasternack,K.P., and Bigel,H., J.Am.ohem.Boc., 92(2),

6146 (1970).

26. Chidambaram,M.Y., and Bhattacharya,P.K., J.Inorg.Nucl.

Chem., 32(10), 3271 (1970).

27. Chidambaram,M.Y., and Bhattacharya,P.K., Indian J.Chem.,

9, 1294 (1971).

28. Chidambaram, M.Y., and Bhattacharya,P,K., Indian -J.Chem.,

10, 758 (1972).

29. Panchal,B.K., and Bhattacharya,P.K., Indian J.Chem., ''

11, 394 (1973).

30. Joshi,J»D., Panchal,B.K., and Bhattacharya,P.K., J.Inorg. 

Nucl.Chem., 35, 1685 (1973).

31. Mavani,I.P., Je3urkar,C.R., and Bhattacharyaf-P.K., J.Ind. 

uhem.B,oc., 49, 469 (1972).



32. Joshi, J.D., Jejurkar ,C.K., and Bhattacharya,P.’Kar^ 

Indian J.Chem,, 11, 946 (1973).

33. Joshi,J.D., Mavani,I.P., and Bhattacharya,P.K., India) 
J.Chem., 11, 820 (1973).

34. Beck,M.T., ’'Chemistry of complex equilibria”, Van 
Rostrand, Hein Hold Company, Loddon, 198 (1970).

35. Marcus,Y., and Eleizer,I., Co-ord.Chem.itev., 4(3),

273 (1969).
36. B,harma,V.a., J.chem.Edu., 46(8), 3°6 (1969).
37. Rammoorthy,®., Indian J.Chem., 9(4), 381 (1971).

38. Sigel,H., Z.Naturforsch, leil,B., 29(9/10), 654 (1974).

39. Higel,H., Inorg.chem,, 14(7), 1535 (1975).

40. iSigel,H., chimica, 29(3), 134 (1975).

41. Sigel,H., Angew.chem,, 87(H), 391 (1975).
42. Dutta,R.L., and De Dhrubendra, J.Ind.Chem.&oc., 46,

1 (1969).
43. Busch,D.H., and Bailar,J0c., J.Am.Chem.Soc., 78, 1137(1956).

44. Bathaway,B.J., Billina,D.B., Dudley,R.J., and Nicholls,P., 

J.Chera.Boc., 2312 (1969).
45. Joshi,J.D., and Bhattacharya,P.K., J.Ind.Chem.Boc.,

50, 344 (1973).
46. Collman,J.P., Adv.ohem.Ber., 37, 78 (19&3)•
47. Collman,J.P., Angew.Chem.Intern.Edn.Engl,, 4,. 132 (1965).

48. Irving,H.M., and Rossotti,H.S., J.Chem.Boc., 2904 (1954).
49. Vogel,A.I., ”A text book of practical organic chemistry", 

(Longmans Green and Co.), 177 (1956).

50. Chidambaram,M.V., and JBhattacharya,P.K., Aeta.Ghim.Aead, 
Sci., Hungary, 75, 123 (1973).

"l'a
jir

ca
 £



152

51. Kartell,A.B., and Ualvin,M., "Uhemistry of the metal 
chelate compounds”, (Prentice Hall Inc,), 5*+9-552 (1956),

52. IzaatjH.M., and Haas, u.ti„ J.Phys.uhem., 58, 1133 (195*+).

53. Izaat,R.M., and Haas,u.G., J.Phys.uhem., 59 , 80,170 (1955). 

5*+. Rossotti,P,J.U., and Hossotti,H.S,., Acta.Uhem.Bcand., 9,

1166 (1955).
55. Gotton,F.A,, "Progress in inorganic chemistry”, Vol.7,

Edited by Uotton (Interscience Publishers N.Y.),108 (1966).

56. Uarlin,K.L., "Transition metal chemistry”, Vol.H-, N.Y.,

289 (1968).

57. Mavani,I.P., Je;jurkar,u.R., and Bhattacharya,P.K., Ind, 
J.Uhem,, 10, 7*+2 (1972).

57^. Mehta,R.K., Kaul,K.N., and Gupta,H.K., J.Ind.Uhem.Soc.,

51, 1028 (197*+).

58. Sathe,H.M., Mahadevan,M,, and Shetty,S;.Y., Ind.J.Uhem.,
6(12), 755 (1968).

59. Oarey,G,H,, Bogucki,R.F., and Martell,A.E., Inorg.Uhem., 

3$9), 1388 (196*+).
6P. Israeli,Y.J., Nature, 201, 389 (196*+).
61. Thompson,L.C., and Loraus,J,A,, Inorg.Chem., 2,:89 (1963)0
62. Margerum,D.W,, and Eigen,M., Proc.Inst.Uonf.Uo.ord.Uhem.,

8th Vienna, 289 (196*+).

63. Leach,B.E., and Angelici,*! .J., Inorg.Uhem., 8(*+), 907(1969). 
0+. Fridman,A,Ya,, Dyatlova,N.M., Fridman,Ya.D., Zh.Neorg.

Khim., M12), 330^ (1969).

65. Sharma,G., and Tandon,J,P., Z.Naturforsch, 2*+B, 1258(1969).
66. Sharma,G., and Tandon, J.P., Z.Naturforsch, 25B, 22 (I97O).



153\

67. S.harma,G., and Taadon,J.P., Talanta, 18, H63 (1971)*

68. Yamauchi,0., Benno,H., and Nakahara,A., Eull.Chem.Soc., 

Japan, 46(11), 3^58 (1973).

69. Israeli,I.J., Can.J.Chem., 4l, 2710 (1963).

70. Kirson,B., and Israeli,Y., Ball .S,oc.Chim. France., 2(11), 
2527 (1963).

71. Iyer,R.K„, Bhatt,T.R., and Ehanker, J., Ind.J.Uhem.,
4(10, 452 (1966).

72. 2arey,G,H., and Martell,A.E., J.im.Ghem.Soc., 89(12),
2859 (1967)o

73. Yehava,A., Kyuno,E., and Tsuchiya,R., Bull.Uhem.Soc. 
Japan., 40, 2322 (1967).

74. Israeli,Y.J., and Ueechetti,M., Talanta, 15(10), IO31
(1968).

75. Beauchamp,A.L., Israeli,Y,J», and B.aulnier,H., Gan.J. 
Ghem., 47(8), 1269 (1969).

76. Israeli,J., Gayoutte,J.H., and Volpe,R., Talanta, 18(7), 

737 (1971).

77. Israeli,J., and Gayoutte,J,tt,, Uan.J.Uhem., 49(2),
199 (1971).

78. $harma,G., and Tandon,J,Be J,Inorg»Nucl.Ghem., 32(4),
1273 (1970).

79. Israeli,Y.J., Bull.aoc.Uhim., 1273 (1963).
80. Israeli,Y.J., and Ueechetti,M„, Uan.J.Uhem., 46(24),

3821 (1968).

81. Poluektov,N#S;., Ddkl.ikad.Nonk.BBSR., 219(2), 364 (1974).

82. Poluektov,N., Z.Neorg.Khim., 18(9), 239O (1973).



154

83. Poluektov,N,is„, Z.Meorg.Khim,, 19(7), 1793 (197*0.

84. Ternovaya,T.V., and Kostromina,N.A., Zh.Neorg.Khim., 

19(10), 2642 (1974).

85. lokmadzhyan,M.A., Zh.Heorg.Khim., 19(10), 2888 (1974).

86. Mavani,I.P., Jejurkar,u.R., and Bha11acharya,P.K.,

Bull.ubem.Boc.Japan, 47(5), 1280 (1974).

87. Panchal,B.ft., and Bhattaeharya,P.K., J.Inorg.Iucl.uhem., 

34, 3932 (1972).

88. Smith,B.B., and Sawyar,D.T., Inorg.uhem., 7(8), 1526

(1968).

89. Valee,B.L., and Uoleman,J.B., "Metal co-ord. and enzyme 

action", in M.Florkin and E.H.Btoty, "Comprehensive 

biochemistry,,, 12, 165 (1964).

90. Jahn,H.A., and Tellor,E., Proc.Roy.&oc., l6lA, 220 (1937).


