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Section 4

The compléxes, in which the metal ion has two or
more types of ligands In lts 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
sultable ligands, mixed 1igand4complexes will be formed,

ihe catalytical action of metal chelates and
enzymes often involve the intermedlate formation of ternary
or mixed ligand complexes in which a metal ion 1s bound
to two or more 1igands%'3 Wattersu’s pointed out that
the formation of mixed 1igand complex, MAB, from a metal
ion M in presenée of equal concentrations of ligand A and B,
is a2lways more favoured, on a statistical basis, than the
formation of MA2 or MBz, Thus the probability of bringing
two different ligands together, or a small substrate
molecule and enzyme via a metal ion is‘enhanced -== g factor
having great biological implications,

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

place, leading to the formation of mixed ligand complexesé
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A

(1) Coordination of the metal ion with both ligands
simultaneously to form a mixed ligand chelate in a single
sfep or two overlapping steps, reflecting slight difference
in the affinities of the ligands for the metzl ion -

M+ A+L —— MAL

M+L+A > Mi +L— MaL

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

M+ A —— MA

MA + L == MAL

In the reaction of the first type the solution
consists of the species MA, ML, MAL, MA2 and MLz, formation
of each being géverned 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 -

EA2EN RN

MA + I =—2MAL Ky =

ML+ 4= M ke = [ty [o][a ]

M+ 4+ Le=>MiL Ky = [y [M[a] 1]
Mz + MLp==2MAL Ko = (ML ]2 / [Mao [ e |

The study of such systems has been carried out by
Watters and coﬁorkers.’7’8 Nansen and coworkers 2110 and
Perrin and §harma11'l3 have also extensively worked out
such ternary complexes,

In the second type of reaction the species present
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in the soluticn can be MA and MAL, There is only one
mixed ligand formation constant which characterises the

regetion =

MA + I = MAL KII:G‘MAL-':E@Lj/EMA][Lj |

The necessary condition for such a system is that
the two ligands must combine wlth the metal ion in the
different pH ranges., The formation of[Mk| should take
place at lower pH and it should be stable upto higher pH,
In 1:1 complex [ﬁ@], the remaining coordination positions
of the metazl ion are occupied by water molecules .®n the
addition of a secondary ligand L, water moclecules are

displaced resulting in the formation of mixed ligand complex

.

Punger and coworkers

Several systems of the above type have been studied,
15 employed the high frequency titri-
metry technique to study the complexes of Ni{Il) with
dimethylglyoxime and dipyridyl, The solution stabilities

of mixed ligand complexes of the type Eu(dipy)li] where

L is polyhydfoxy phenols and ac¢ids have been reported by
Martell and coworkersi® Formation constants of mixed ligand
chelates of Cu(II) have been determined by Martell;z where
dipyridyl and o~phenanthroline are primary ligands, The
secondary ligands belng hydroxy compounds, substituted
salicylic acids and oxalic acid, Sigel and coworkersls“zl
have investigated ternary transition metal complexes with

dipyridyl as the primary ligand and many monodentate or
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bldentate 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 1;gand and aliphatic and
aromatic acids are the secondary ligands, have been
reporteda.2 Sigel and coworker523 reported the stability
constants of 2,2'-dipyridyl Cu(II) pyrocatechol complex,
The ternafy transition metal complexes with dipyridyl have
been reported by Greiseyr and S.ligel%l+ They25 have also
determined the rate constant for the formation and dissocla-
tion of the mixed ligand complex Cu(dipy)(glyﬂ?'* using
temperature jump technique, The mixed complex studies in
solution, where dipyridyl or o-phenanthroline is the primary
ligand and amino acid§, polyhydroxy phenols, thicacids are
the secondary ligands have beeﬁ reported from our 1aborator§§‘33

The experimental methods for the determination of
mixed ligand complex formation constants have been discussed
by Bedk%h The stability of mixed complexes in solutidng
have been reviewed excellently by Marcus and Eliezer§5
Sharma has discussed about the statistical factors in the
formation and stability of ternary and mixed complexes§6
Rammorthy has suggested a method for evaluation of stability
constant of mixed ligand complexes pHametrically§7h Recently
Sigel has reported38'u1 on the stability of mixed ligand
complexes of bilological importance héving dipyridyl as
primary ligand and amino acids, 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%u
He calculated KgﬁL considering the reaction to be
strictly of the type MA + L—=MAL aand alsc by
considering it to be of the first type i.e., involving
species ML and the step M, + A=—=MAL, The values
worked out to be almost same,

4 study of ternary compiex M&dipy)i] has shown
that in cases where L is a & bonding ligand Kjy is nearly
equal to KﬁﬁgigggL and this has been explained to be
due to M—3>N 7y interaction in E’Kdipyﬂ 2+ comp1§§~’.

Values of mixed ligand fermation constants in cases where

214,26 4244

L is a mercapto acid follow the same ordér as other charged
6  bonding 1ligands and on this basis it has been infered
that the contribution of 7 interaction in M-<S bond is not
significant%ﬂ’h5 In order to confirm the results further,
an attempt was made to study, the system.[}Mi:Iwhere L is
an established = bonding ligand, Acetylacetone is known to
be a strongly chelating compound and the M--0 7 interaction
in the acetylacetone compleXes has been establishe %6,47
The 7 interaction is also expected in benzoylacetone and
dibenzoylmethane complexes,

In the present chapter studies of the system.[ﬁML ] ‘
where M = Cu(II), Ni(I1); A = dipyridyl{dipy) or o-phenan=-
throline{o-phen) and L = acetylacetone{Aciec) or benzoyl-
acetone( BA) or dibenzoylmethand{(DBM) have been carried out
using modified form of Irving-Rossottl titration techniqueaa%é’l"8
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The formation constants have been determined by titrating
a mixture of M + A + 1L against standard alkali,

Experimental :

Materials, purification, preparation and
standardisation,

Conductivity water was used throughout the work,
All titrations were carried out in 504 dioxan medium,
Dioxan was purified by the known method&9 Solutions of
oxalic acid, sodium hydroxide, perchloric acid, sodium
perchlorate were prepared and stafddardised ags discussed
in chapter II,

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

In case of[@kdipyié]systems solutions were prepared
as follows :

(1) Perchloric acid (0.2M,5,0 ml,) + sodium perchlorate
(14, 9,0 -ml,) + conductivity water (11,0 ml.) + dioxan
(25,0 ml.). Total volume = 50 ml., 4 = 0.2M,

(2) Perchloric acid (0,2M, 5.0 ml,) + dipyridyl (0,02M,
5.0 ml,) + sodium perchlorate (1M, 8,9 ml,) + conducti-
vity water (6,1 ml,) + dioxan (25,0 mi,). Total volume =
50 ml., u = 0,2M,° .
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(3) Perchloric acid (O.ZM, 5.0 mi,) + dipyridyl (0.0QM,
5.0 ml,) + metal perchlorate (0,02M, 5.0 ml,) + sodium
perchlorate (1M, 8,8 ml,) + conductivity water (1.2 ml,)
+ dioxan (25,0 ml,). Total volume = 50 ml,, g = 0,2M,

(%) Perchloric acid (0,2M, 5.0 ml,) + secondary ligand
(0,02M, 5,0 ml,) + sodium perchlorate (1M, 8,9 mi,) +
conduetivity water (11,1 ml,) + dioxan (20,0 ml,).
Total volume = 50 mi,, yu = 0,2KN,

(5) Perchioric acid (0,2M, 5,0 ml,) + dipyridyl {0,02M,
5.0 ml,) + secondary ligand (0,02M, 5,0 ml,) + metal
perchlorate (0,02M, 5,0 ml,) + sodium perchlorate
(1M, 8,7 ml,) + conductivity water (1,3 ml,) + dioxan
(20,0 ml,). Total volume = 50 ml,, u = 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 ml,), Total volume = 50 ml.,

u = 0,2M, '

In cases where o-phenanthroline was the primary
ligand, more dilute solutibns were used (0,01M concentration
of metal, primary ligand and secondary ligand) because
precipitates of M-o-phen are formed in concentrated solutions,

The lonic strength of each solution was initially
raised to 0,2M, The solutions were titrated against 0.2M
sodium hydroxide, The plots of pH agailnst volume of alkali

have been shown in figs, IITA 1 to IIIA 8,

Discussion ¢
The formation of mixed ligand complex can be

represented in the following two steps



L2+ - : 2+
w2t 4 aipy ——= [Q(G}Py)
~[§(dipy) 2% 41 prm— [&(dipy)L 2+

Mixed ligand formation constants -

S = e
[watpp |2* [1]
The above equations presume that the formation of
[%(dip§§]2+ complex takes place at lower pH, and 1t 'is
stable at higher pH where the combination of secondary ligand
takes place, The observation of the titration curves
supports this presumption:,

M-dipy curve diverges from the dipyridyl curve at:
lover pH indicating that the |M(dipy)|** 1s formed at
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
the formation of hydroxy complex [@(dipY)KOH)g]Istarts in
this pH range, The curvel(5) remains merged with curve(l)
at low pH showing that complexation of p~diketone does not
take place at low pH., The curve(%) diverges from curve(l)
at higher pH showing that M + dipy + g-diketone combingtion
takes place where M + dipy 1:1 complex formation is
complete, In this range hydroxo complex formation also
does not occur,

| Since o-phenanthroline is structurally similar %o
dipyridyl, it can be expected to behave in a similar way,.

The natures of the o-phenanthroline curve and Ni-O-phen,
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curve are also similar to that of dipyridyl and Ni-dipy
curves,. indicating that Ei(o—phen)(HaO)a 2+ formed at
low pH is\ stable at higher pH range,

The horizontal distance between curve(l) and (5),
V™M Y™ can be measured and used for calculation of n,
where 11 is the avergge number -of secondarlf ligand molecules
assocliated with one Ei(dipyﬂ2+. Equation used for
calculation of N would be same as given in original paperso

and the termsused have the same meaning as in binary

[vm -y {N + 8% + TA{Y - HH)}]

(ve + V").nH.T°

systenms,

n-=

The calculation of T was carried out below the pH
where E'I(dipy)(OH)a *  formation starts, i.e. vhere
Ei(dipyjz curve diverges from the dipyridyl curve, n
and pL were calculated at different pH values and have
been presented in tables IIIA 2,1a - IITA 2,8c,

The value of pl. at L = 0,5 is equal to 1ogKm
However, this will be only one point ‘and may involve experi-
mental error, More precise values were obtained by plottiﬁg
pL at each point g.gainlst log(loﬁ)/ﬁ and getting a straight
line, (fig. IITA 9 - IITA 16), At each point: on the
straight line logKyay is equal to pL - log(1-%)/E, The
average values were thus calculated and have been presented
with mean deviation in tables III4 2,la - IIIA 2,8c,

Mixed copper complex in case of DBM was not possible
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due to precipitation:, Studies were not possible in
[gﬁ(o~phen)€:]due to_thé fact that the binary complex
[é?(o-pheni] is insoluble and precipitates out,

. The order of formation constants in the mixed
ligand system 1s same as in binary complexes - DEM > Bi )
AcAe, This can be explained from basicity considerations,
It is observed that the valuss of LogKy(3iil(a aiket)
are in the same order as in the binary complexes, The
values of 1°3K§§§§§§3(@-aiket) also do:s not show much'
difference from the values of logK%&ﬁ-diket)' In case

of earlier studies also it was shown that 10%K§§§§§§§Lt“

1ogK§L. This has been explained to be due to the special
behaviour of dipyridy12312#126,%2-¥+ g i4cq N—sM o
bonding there exists M—>N. 7 interaction in dipyridyl
complexes, This retains the electronegativity of the metal
ion in'[ﬁ(dipyi]2+ same as bn [@(Hﬁ0)§]2+. Thus the

tendency of L to get bound with MA2+ is same as with uet

and hence Kﬁﬁi is nearly equal to KL . In case of
p-diketone complexes, however, there exists = interaction
between the metal dw orbitals and the 7 electron ecloud on
the B~-diketonate ion, Thus there is back donation from
metal to p-diketone, In case of mixed ligand complexes,
[%(dipy)(@—diketone{] both the ligands are 7 bonded, The
metal after having donated 7 electrons to the dipyridyl )
molecule should have less tendency to donate the electron

to the second ligand i,e, B-diketone,
Similar explanation 1s extended for the greater
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difference between Ky and Kz in case of binary w bonded

complexes .1 ﬁowever, it is observed that the value of
Kﬁggiiggg(ﬁﬁdiket) is nearly same as K « Thus, it does
not agree with the theoretical expectation, The reason
lies in the fact that the above generalisation may not |
,‘always be true., Even in @(dipy)z]z+ and E&(.B-diket)aj
systems, Ky/K2 ratio is not hfi.gh?'2 »93 This may be
because M—JL r 1nferaction is balanced by L—5M &
interaction and the electronegativity of i@(dipyﬂzab‘ is
same as in Ei(aq) 2+;. If this is true the tendency of a
second ligand to form both ¢ and 7 bonds with Eﬁ(dipyﬂa‘“
should be same as with Ed(aq):l2+., Thus the extent of
stability of Metal - f-diketone bond will not be reduced
in @(dipy)(mdi;cet):] and hence Kﬁgigg (6-dixet) 1
nearly same as KM(;B-dik et)*® Even if there is some lowering
in ¢ or w bending of the secondary ligand, they compensate
each other, ~I:B there is some lowering in tﬁ‘e r Interaction
in M-8-diketone bond in Eﬂ(dipy) ([B-diketz] the increase in
6 interaction is more and vice-versa and hence the stability
of metal and B-diketone bond in Eﬁ(dipy) (B-diket)jremains
same as in binary metal-f -diketone complexes even in spite

of M-8-diketone 7 interaction,
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Table IIIA 1,1 ‘

N =02M VO

= 0,002M T2 = 0,002M

50 'ml. TODipy M

E° = 0,024 Tf = 0,002M | g = 0,2M t = 30°C,

Per chi.gric Dipyridyl ~ Cu,Dipyridyl Ni Dipyridyl
ac

Vol.of B Vol,of B Vol,of B Vol.of B
alkall allcali alkall _ alkall

(in ml,) (in ml.) (inmi,) __ = (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 1,85
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 2,45 4,00 2,60 4,00 2,45 4,00 2,45
450 2,75 . B0 2,70 W50 2,85 w50 2,75
4,60 2,85 4,20 2,80 4,60 . 2495 4,60 2,50
4,70 2,95 4,30 2.5  %,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 3430 4,50 3.20 4,85 3.35 %,85 3.45
4,90 3.59 4,60 340 4,20 3.55 W90 3.65
4,92 3.65 4,70 365 4,93 3.80 4,92 3475
4,94 3.85 4,80 4,00 4,96 4,15 4,94 3.85
4,96 4,15 %.85 4,20 4,98 4,50 %.,96 4,15

4,98 4,50 4,90 4,50 5,00 6,05 4,98 4,50
5,00 7620 4,04 4,80 5.10 ppts 6.55 5400 6.80
5,01 8,50 %,98 5055  5.20 6.80 5,05 7,60
505 . 9,55 5.00 7.5  5.30 7.00 5.10 795
5,08 10,20 5,01 8,50 5.40 72,40 5,20 8,35

5410 10,45 5.05 955 5450 8,15 5430 8.55
5010 10,45 5,60 9.05




Ni , Achc
B

Vol,of
(in ml,)

0,002M Tg = 0,002M
t = 30°C,
B
alkall

= 0,2M
Ni ,Dipy.Ache

(in m1,)

Vol,of
alkall

B

Cu,Acdce

Vol ,of.

{in ml,)

Table IIIA 1,2
alkalil

B

= 0,002M
Cu,Dipy.Acée
Vol,of
alkali
(in m.,)

Ve = 50 ml,

QO - L
E® = 0,02M TDipy
B

= 0,2M
Ache

N
Vol,of

(in m.)

alkali.
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Table ITLA 1,3

= 0,002M

t = 30-C,

o=
3]

L= 0,002M

1]

Ve = 50 ml,

0,.,2M

n

N

= 0,2M

x

= 0,002M

TO

0,02M

EO

Dipy

Ni,BA

Ni ,Dipy.Ba

Cu,Dipy.Ba

BA

B Vol,ot B Vol,of B Vol,of B

Vol,of

Vol.of

alkalil

alkall

alkali

alkall

alkall

(in ml.) (in ml,) (in ml,)

T -t S

(in ml,)

(in m.)
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Table IIIA 1,4
N =02M Ve =50m, T¢ = 0,002 Ty = 0,002M
Ev = 0,02M Tﬁipy = 0,002M u = 0,2M t = 30°C,
DBEM Ny ,Dipy.JDBM Ni ,DBM

Vol,of B Vol,of B Vol,of B

alkali alkali alkali

(nmy 0 Unmo 0 (el
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 2,79 4,50 2,75 4,50 2.75
4,60 2,85 4,60 2.90 4,60 2.8
4,70 2,99 4,70 3.05 %4.70 2,95
4,30 3.15 4,80 3.30 4,80 3.15
4,35 3430 4,85 3.50 4,85 3.35
4,90 3.55 4,90 3.65 4,90 3.55
4.93 3.80 4.9k 3.85 b 9l 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 7435 5.05 4,90 5.05 %.75
5.03 8.15 5.10 5.20 5.10 5.05
5.05 3.59 .20 5.70 5 .20 5.60
5.10 9,10 5.30 6.25 .30 6.10
5.20 9.60 540 6,70 5 40 6.50
5.30 5.85 5,60 7490 5.6V 7.25
5 40 10,15 5.80 $.80 5.80 7.85
5450 10,35 5.90 10,55 5.90 8.1%

- — Py P
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B

(in ml.)

alkall

Ni,o=phen,AcAc
Vol,of

TS = 0,001M
t = 30,
AcAc
B

= 0,001M
Vol ,of

= 0,2M
{in ml.)

- iy

alkalil

Ni ,o-phen
B

Vol,of
(in m,)

alkall

Table I1IA 1,5

= 0,001M
oO-phen
B

Vol,.of

alkalil
(in ml,)

N=02M Ve =50ml,
PO °
Be= 0,024 T3 pon

B

alkali
(in ml.)

Percnloric acid
Vol.of
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Table I1I4 1,6

N = 0,2M Ve = 50 ml, T;—phen = 0,001M Ti = 0,001M
E° = 0,02M Ti = 0,001M K = 0,2M t = 30°C,
~ BA Ni ,o-phen BA DBM Ni ,o-phen DBM

Vol,of B Vol,of B Vol,.of B Vol,of B
alkali alkali alkall ‘ alkall

(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
%,00 2,45 4,00 2,49 %.,00 2,45 %,00 2,45
4,50 2,75 4,50 2,75 k.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 W85 3.30 %.85 3.30
4,90 3455 4.90 3.55 .90 3.5 4,90 3455
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 1,50
5.00 7405 5.00 4,75 5400 7.00 5.00 530
5,02 8430 5.05 575 5,02 8,140 5.05 5499
5405 8.80 5.10 6,30  5.05 8,90 5.10 6.20
510 9.25 5 .20 7«25 5.10 9.40 520 6.70
5.20 9.35 5.30 8455 5.20 9.95 5.30 7.50
5430 10,35 5 .40 9.95 5.30 10,145 5 .40 8.65

5,40 10,75 5.50 10,45 5.40 10,90 5450 9.95

e b e B S P S el R R R L P LR A PR AL LR SR R R A b B it DM O-LHBEw
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Table IIIA 2,1a

B,'ﬁH,'ﬁ, log(1-n)/n, pL and pL-log(l-H)/f data for Cu,dipyridyl
acetylacetone system - 30%C,

B Ay vn ym ym.y® h  1log(l-n)/A plL  pl-log{l-n)n
3050 1 0000 )"'089 5012 0023 Ool"’éi 00069 9&219 9.150
3.55 1,000 4.90 5,1% 0,24 0,480 0.03s 9.18¢ 9.151
3.60 1.000 )4’091 5.16 0025 0-500 - 90153 9-153
3,65 1,000 4,92 5,17 0,25 0,500 - 9.103 9.103

3.70 1,009 )"'093 5019 0026 0:520 10965 9007| 9.106

logKy,p = 9,13 0.U1

Table IIIA 2,23
~B,'BH,53;~log(léﬁ)/ﬁ, pL and pl-log{1-n)/n data for Cu,dipyridyl
benzoylacetone system - 30vC,

— ey e B R R R R R I A I I R I i o e b o s ks

B By yn ym ym_ym  H  1og(l-n)/m pL pl-log(l-n)/n

PR RIS SYRNRESE 2 IR i R B e e e i S d il A T e R S R R R

3.35 1,000 4,86 5,07 0,21 0,2y 0.13g 978 9.3%0
3.40 1,000 4,88 5,12 0,2% 048, 0,033 9476 9 Mt
345 1,000 4,89 5,16 0,27 0,54 1,324 9,47, 9.550
3,50 1,000 %,30 5,19 0,29 0,58y 1,85 9+ 9.613
3,55 1,000 4,31 5,20 0,29 0,58y 1,85¢ 91, 9.563

[P g R e R e I IR T Bt BT S e A A Bt A A Si il e U R i B B B AR} @ - d S 0 -

logKy,r = 9.50 * 0,06
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Table I1IA 2,3D

P e e e b T

B, Mg, N, log(1-i)/3, pL and pl-log(1-n)/n data for Ni,dipyridyl
acetylacetone system - 30%C,

A g ) ol AW o A A A A AR o WO - A Y A A~ A D AP A A W D ) A D M A hatl B ) e W D ) 2§ A

B Ty yeoym ym_yn [ 1og(l-n)/m pL pl-log(l-n)/n
6,00 1,000 5,00 5,19 0,19 0.3%0 0,21, 6.659 6.4
6,10 1,000 5,00 5,21 0,21 0420 0,14%p 6.589 6.)‘|J+9
€,20 1,000 5,00 5,23 0,23 0. 460 0,070 6.519 6.h49
6,25 1,00, 5,00 £.,25 0,25 0,500 - 6.504 €.503
6.30 1,000 5.00 5,26 0,26 0,520 1,96¢ 6.47, 6.50¢

¢€,u0 1,000 5,00 5,29 0,26 0,58, 1,860 6,42, 6.564
6.50 1.00¢ 5-00 5.31 0031 0-620 1.787 6-373 6.586

TS @ o A @ g D D D W B D @ - - - PR R I T I R R R R 2]

logKMAL = 6,50 +0,02

Table IIIA 2,4

g~ ) )~ @ @ -~ N

B, Ty, 0, log(1-n)/f, pl and pL-log(l-n)/n data for Ni.dipyridyl
benzoylacetone system - 30%C,

- T I T B WG M W AN D ) AP TN ) T L W Wl W D el P TPl W AP WG A M il T W Ll i D~ D

B 'ﬁH A ym ym_yn N log(l-n)/m plL pL=log(l-n)/m
5.90 1,000 5.00 5,20 0,20 0,40, 0,17¢ 6.9, 6.73s
£,00 1,000 5,00 5,23 0,23 0,460 0,064 €.859 6.750
6-10 1.000 5-00 5.2)4' 002,1' Ool+80 00035 60776 6.7)'!"
6.15 1«000 5-00 5.25 0025 0.500 - 607""3 607""3

6,20 1,000 5,00 5,27 0,27 0,50 1,935 €.724 64794
6030 10000 5.00 5-28 0028 00560 I¢895 609+9 6-75’0
6-""0 1,000 5'00 5029 0029 0-580 -15859 6.569 6.710

-y arova-e A A W W BT W D bl DA Bt BB D WG W AP B DA - WD o A DD = @ =D~

logKy,y, = 6,75 + 0,04



Table 1IIA 2

D gy et )~ W ) B~

2P

i04

B, Wy, W, log(1-f)/m, pL and pL-log(1-f)/n data for Ni.dipyridyl
dibenzoylmethsne system - 30%C,

— s~ M D26 - Ot~ 2

B

- -

W B W B s W B B DA B - B W A ) WD BT A A A G ] APt N B e

- - -

5+90
5495
6,00
€.05
6.10
6.15
6,20

Ny ' ym  ym_yr {

1,006 5,00 5,23 0,23 0,460
1.000 5,00 5,24 0,24 0,43
1,000 5,00 5,25 0,25 0,500
1,005 5.00 5,26 0,26 0,52
1,000 5.00 5,27 0,27 0.5%
1,000 5,00 5,28 0,28 0,560
1,000 5,00 5,29 0,29 0,580

- T s e >

log(l-n)/n pL pL-log(l-n)/n
0,064 7174 7.110
- 7.115 7,113
1,965 7,084 7.1¢
1,895 7.014 7.124
1.859 6.989 7:130
1ogKMAL =7.11 0,01
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’ Table III4 2,6c

”B nH, T, log(l-n)/n, pL and pL-log(l-n)/n data for Ni,o-phenanth-
roline acetylacetone system - 30°C,

B ;H v vy vmavr R log{l-n)/A  plL  pl-log(1l-6)/n
6,15 1.000 5,00 5,07 0,07 0,280 0,410 6.7 6.335
6,20 1,000 5,00 5,08 0,08 0,320 0,32, 6,714 €.392
€.25 1,000 5,00 5,08 0,08 0,320 0,32, 6,664 6,342
6,30 1,000 5,00 5,036 0,09 0,360 0.2 6.6%¢ €.395
6.35 1.000 5.00 5.10 0,10 0,400 0.17¢  6.624 6,4

— et~

logKy,g = ¢,38 + 0,04

Table 17IA 2,7c

B, Ty, 1, log(1-n)}/n, plL and pL-log(1l-n)/f data for Ni,o-phenan-
throline benzoylacetone system - 30°C,

pa — g g iy i

R Ty A ym  ym_yr [ log{l-n)/mn pL pl-loeg(l-n)/n
6,20 1,000 5,00 5,09 0,05 0,360 0,24y 6.38¢ 6,63,
6.30 1,000 5,00 5,10 0,10 0M0¢ 0,17 6.3%n $.03g
6,40 1,000 5,00 5,11 0,11 0,44, 0,104 6.7 6.63,
6,50 1,000 5,00 5,12 0,12 0,430 0.035 6,676 0,84
§,60 1,000 5.00 £,13 0,13 0,520 1,564 6,614 6.0

. e . @R MR B un B am W DA G WA W W AT Gl WE B W W BN WY A W @ W W i A 4 @ aney

logKMAL = 6,6+ + 0,01
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B, Ty, n, log{l-n)/n, pL an?d pl-log(1-n)/n data for Ni,o-~phenan-

throline dibenzoylmethane system - 30%C,

B EH yn yne  gmo_yn % log(l-R)/A L pL-log(l—-ﬁ)/ﬁ
6,20 1,000 5.00 5,10 0,10 0,400 0,17¢ 7,13, 6.558
6,25 1.000 5.00 5,11 0,11 O, 44 0,105 7.11s 7.004
6.30 1,000 5.00 65,12 0,12 0,480 0.035 7.09¢ 7.06‘
6.35 1,000 5.00 5,13 0,13 0,520 1,965 7.084 7,116

- net—

= L
logKy, = 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,

As seen in previocus chapter in cases of ligands
HEA, HBBA, HPA and HPBA it could not be confirmed whether
the ligand is tridentate or bidentate in binary complexes.
The. ternary complexes [}Mﬂ;] were therefore stﬁdied where
M = Cu(II) or Ni(II); A = dipyridyl or o-phenanthroline
and L = HBEA or HEBA or HPA or HPBA, 4n extension of
Irving-Rossotti titration technique26’k8 has been used as

in previcus Section III-2,

Experimental ¢

The tridentate Schiff bases, used aé secondary
ligands, were prepared as detailed in chapter II- Section
IJ-¢, Other chemicals used were same as detalled in
previous Section III-A, All solutions were prepared in
50% dioxan medium, The soluticns were prepared as follows :

1. Perchloric acid (0,2M, 5,0 ml,) + secondary ligand (0,05H,
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, Perchloriec acid (0,2M, 5,0 m1,) + secondary ligand (0,05Y,
10,0 ml,) + metal perchlorate (0.,01M, 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,, g = 0,2M,
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3. Perchloric acid (0.2M, 5,0 ml,) + secondary ligand
{0,05M, 10,0 ml,) + metal perchlorate (0.01M, 5.0 ml,) +
sodium perchlorate (1M, 8,8 ml,) + conductivity water
(6.2 m1,) + dioxan (15,0 ml.). Total volume = 50 ml,,

u = 0,2M,

4, Perchloric acid (0,2M, 5.0 ml,) + dipyridyl (0.0LM, _
5.0 ml,) + sodium perchlorate (1M, 9,0 ml,) + conducti-
vity water (6,0 ml,) + dioxan (25,0 ml,), Total volume =
50 ml., ¥ = 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 mi,) + conductivity water (1.2 ml.)+
dioxan (25,0 mi,). Total volume = 50 ml,, u = 0.2M,

6. Perchloric acid (0.2M, 5.0 ml,) + sodium perchlorate
(14, 9,0 ml,) + conductivity water (11,0 ml,) + dioxan
(25,0 mt,), Total volume = 50 ml,, u = 0,2M,

It is seen that in [ﬁkdipy)é:lsolutions the
ligands are in the ratic 1l:l:l, An excess of the secondary
ligand has been token 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,

Disgcussion :

el e i3 S O P O

[%Kdipyi]2+ formation is complete at low pH and
stable upto high pH as seen in previous section, The
combination of the secondary ligands (tridentate Schiff
bases) with [@(dipy§]2+ tskes place below the pH where
[%(dipy)(@ﬂ)g] is formed, T and pL values were calculated

by using the equation suggested in previous section, Average
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value of 1ogKM(dipy) was found out by using the method
M(dipy)L

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.ke,

It is observed that the values of formation constants

M v M(dipy) . .

KM(S.B.)\ax KM(dipy)(S.B.)’ Earlier studies of the

ternary systems [@(dipy)(?—diketi] also has shown that

M , M(dipy)
KM(Qadiket) is nearly’ eq_ua.l to KM(diPY) (ﬁ -diket). This

has been attributed to the special behaviour of dipyridyl
as explained in section III‘%3’2#’26’M2‘hh

The study of the tridentate liggnd in ternary
complexes in solutions will show whether the coordination
from alkylamine -CH is possible or not,

It is observed that in Cu(II) complexes KgﬁL is
slightly higher than KﬁL. Such observation has been
made earlie}6in case of [Eu(dipy)(polyphenolsi], This can
be attributed to dynamic Jahn-Tellor distortion, Dipyridyl
being a strongly coordinating neutral ligand produces
stronger electrical field around the Cu(II) ion during
formation of [gﬁ(dipY)(H20)£]2+ﬁ The distorted octahedron
[EF(HaO)e 2+ gets somewhat more strongly distorted towards
the square planar structure on coordination of dipyridyl,
thus creating the right geometry for coordination of

secondary 1igand and resulting in increase in the value of

MA 2%
KMaL, »

In case of Ni(II) mixed ligand complexes with

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

than corresponding mixed ligand complexes with o=phenanthroline,



1id

Kggg:pg?ngL. This can be expected to be due to the bigger
M( o~-phen
size of o-phenanthroline molecule; which produces more .
steric hindrence, Besidesg the metal ligand « interaction
is less in [%;(onphen) 2+ and hence its tendency to bind
with the secondary ligand will be less than that of
[g;(dip¥§]2+. -
Thus the present ligands behaver similarly as

earlier bidentate 1igands, If the ligand would have been
tridentate, a lowering in the value of KS&.A,L would
have been observed, In case of CGu(II). mixed ligand complex,
dipyridyl already occupies two positions in the equatorial
plane, The tridentate 1ligand with a double bond cannot
occupy two positions in equatorial and one in the axial
direction279%€ 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 Jalm-Tellor effect in Cu(IIl) complexes,

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

positiongz The strain would cause Kﬁ%'ﬁ 1 ‘to go down
considergbly compared to Kgﬁ e However, Kgg‘%  1s

nearly equal to Kgg L* Hence it can be concluded that

the ~0H - end of the alkylamine part of the ligand does
not get coordinated and the Schiff 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 Schiff bases, though having three coordination

7o
sites, behave as bidentate in solution?. -
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Table IIIB 1,1

= ° = = o = i
0.,2M v 50 mi., Tﬁipy 0,0u1M TM 0.,001M
= 0,024 T3 = 0,01M g = 0,2M t = 30°¢,
Perchloric Dipyridyl Cu,Dipyridyl Ni Dipyridyl
acld
Vol,of B Vol,of B Vol.of B Vol .of B
alkgli alkali alkali alkali
(4in ml,) (in ml,) (in ml,) (in ml,)
0,00 1.85 0,00 1.85 0,00 1.85 0,00 1,85
1,00 1,90 1,00 1.0 1.00 1,50 1,00 1.0
2.00 2,00 2.00 2,00 2,00 2,00 2,00 2,00

3,00 2,20 3,00 2,20 3,00 2,20 3,00 2.25
%,00 2,40 3,50 2,45 4,00 2,45 4,00 2.45
4,50 2,75 4,00 2.75 4,50 2,85 4,50 2,60
b, 60 2,85 &,50 3,20 &,60 2,99 4,60 3,05
4,70 3.00 1,60 3.35 .70 3.05 4,70 3.20
4,80 3.25 4,70 3,60 4,80 3.25 4,80 345
4,85 345 4,80 4,00 4,85 345 4,85, 3,60
4,90 3,75 4.85 b W0 4,50 3.75 4,90 3.80
4,93 4,00 %,90 4,50 5,00 5.50 4,95 4 145
k,06 4,75  4.53 5.20 5,10 6.30 5,00 5,40
4,58 5.25 4,96 5,65 5,20 6.50 5,10 . 6,85
5.00 7.85 5,00 7.50 5,30 6.85 5,20 7.00
5,02 8,60 5,09 9430 5,40 7,50 5.30 7.75

5405 9,20 5,1§ 10,05 5,50 8,65 (ppts)
5.08 9.75 5.15 10,50 (ppts)
5.10 10,00

9.15 10,50
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Table IIIB 1,2

N =02 V¢ =50m, Tf. = 0,01M Tf& = 0,001M
E° = 0,024 T3, . = 0,001M w = 0,24  t = 30°,
HEA Cu,Dipy . HEA Ni.Dipy,.HE4
Vol,of B Vol ,of B Vol,of B
alkali alkali alkall
{amy) {onmy) . Unma)
0,00 2,05 0,00 2,09 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 2,20
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 2,90 2,20 3.95 2,20 3.05
2,20 3,05 2,40 3.10 2,40 4,00
2,30 3.30 2,50 3.15 2,50 4,50
2.35 3.45 2,60 3.25 2,60 5el5
2,40 4,05 2,70 3.45 2,70 5.80
2,43 6,00 2,80 3,95 2,80 6435
2,47 6.90 2,90 545 2,90 7.00
2,50 725 3,00 6,45 3.00 7450
2,60 7475 3.10 7 45 3.10 7.85
2,70 8,00 3,20 " 8,10 3.20 8.10
2,80 8420 3.30 8,40 3.30 8430
2,90 8.39 3,40 8,60 3,40 8.50
3.00 845
3.50 8.70
4,00 8,90
4,50 9,20
5,00 9.50
5450 9.65

6,00 9.85

A - —-—eon -
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Table IIIB 1.3
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N =0,2M V¥ =50 ml," T¢ = 0,U1M Tj = 0,001M
E° = 0,02M Tﬁipy = 0,001M g = 0,2M t = 30v¢,
HE BA Cu,Dipy.HEBA Ni ,Dipy . HEBA

Vol,of B Vol,.of B Vol,of B

alkali alkali alkalil

(in m,) . _S_:}E_m}_:) o _(_1n 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 2,00 2,85
2,00 2,89 2,00 2,85 2,20 3.10
2,10 2,95 2,10 2,95 2,40 3.7
2,20 3.10 2,20 3.10 2,50 4,70
2,30 3.35 2,40 3.15 2,60 5.30
2,35 3.55 2,50 3.20 2,70 5e79
2,10 3,80 2,60 3,30 2,80 6.35
2,43 5.25 2,70 3.50 2,90 6.90
2,45 6,60 2,80 3.80 3,00 745
2,50 7,45 2,90 4+.30 3.10 7.85
2,60 7.85 3.00 5.79 3,20 8.10
2,70 8.05 3.10 8.00 3.30 8.25
2,80 825 3,20 8.50 3.40 8.10
2,90 8,140 3.30 8.75 3.50 8.5%
3.00 8,50 3.40 8.80 3.60 8.65
3.50 8,80 3.70 8.79
4,00 9.05 3.80 8.80
%,50 9.20
5.00 9,45
5.50 9.80
6.00 10.15




[HE AV [JVLYIIY VO * T0A

H<J
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Table IIIB 1,4

N =0,2M V' =650 ml, Ti" 0.,01M 0,001M

E° = 0,02M Tg, . = 0.001M g = 0,2  t = 30°,

_ HPA Cu,Dipy . HPA Ni Dipy.HPA

Vol,of B Vol,of B Vol,.of B

alkall alkali alkalil

foaly 0 fewl 0 Gawo
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 3.1% 2,40 4,10
2,30 3.40 2,50 3.20 2,50 4,65
2.35 3.60 2,60 3.25 2,60 5420
2,140 3.90 2,70 3.50 2,70 5.70
2,42 5.75 2,80 3.95 2,80 6.25
2.4 6,45 2,50 4,50 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 3.40 8.80 3.40 8,30
2,50 8.30 3.50 8.85 3.60 8.55
3.00 8.55 3.60 8.90 3.80 8.79
3.50 8.85 4,00 8495
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 = 0,01M T§ = 0,001M
E° = 0,028 T3 . = 0,001M g =0,2M t = 30°,
HPBA Cu,Dipy HPBA Ni Dipy,HPBA
Vol,of B Vol,of B Vol,of B
alkali alkalil alkali
{in ml,) — (in m.) (in ml,) e
0,00 2,05 0,00 2,05 0,00 2,05
0,50 2.1% 0,50 2,15 0,50 2,1%
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 2.9% 2,20 3,05 2,20 3.15
2,20 3.15 2,40 3.10 2.40 4,10
2,30 3.40 2,50 3.15 2,50 4,50
2,35 3.65 2,60 3.30 2,60 5.00
2,40 4,00 2,70 3.59 2,70 5499
2,43 545 2,80 3,90 2,80 6,05
2,46 6,50 2,90 4 40 2,90 6,70
2,48 7.00 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 8425 3.30 8439 3.40 8435
2,80 8,40 340 8,65 3,60 8,6V
2,90 8459 3.50 8.90 3.8V 8.80
3,00 8,65 3,60 9.00 4,00 9,00
3.50 8.95
4,00 9.15
4,50 9,40
5.00 9.65
5.50 9.95
6,00 10,50
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Table IILB 1,6

N =02 V' =50m, = 0,001M TS = 0,001M

lr5--phen M

£° = 0,02M u = 0,2M t = 30%C,

Perchloric acid o-phen Ni ,o0-phen

Vol,of B Vol,of B Vol .of B

alkalil alkalil alkall

Gomy 0 Ueado o Unetd
0,00 1,85 0,00 1,85 0,00 1.85
1,06 1,90 1,00 1,90 1,00 1.90
2,00 2,00 2,00 2,0C 2,0C 2,00
3.0C 2,20 3.00 2.20 3,00 2.20
4,00 2,40 4,00 2,65 4,00 2.40
4,50 2,79 4,10 2,70 4,50 2,79
4,60 2.85 4,20 2.75 4,60 2.85
4,70 3,00 4,30 2.85 4,70 3.00
4,80 3.25 4,40 2,95 4,80 3.25
4,85 3.35 4,50 3.15 4,85 3.35
4,50 3.65 4,60 3.35 4,50 3.65
4,93 4,00 4,70 3.65 L, 94 4,35
4,56 4,75 4,80 4,15 4,98 5.25
4,98 5.25 4,85 445 5.00 7.00
5.00 7.85 = 4,90 4,90 5.05 7.90
5,02 8.60 4. o4 5.25 5.10 8.35
5.05 9.20 %.98 5.79 5 .20 9.10
5.08 9.75 5,00 8.50
5,10 10,00 5,05 9,20
5.15 10,50 5.10 10,00

5.15 10,50
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Table I11B 1,7

= ° = © = ° =
0,24 V° = 50 ml, Te phen 0,0U1M T = 0,U01M
= 0,02M Tf = 0,01M W = 0,2M t = 30vC,
HEA Ni,o0-phen, Bta HE BA N1 ,0~phen Bl BA
Vol .0t B Vol,of B Vol,of B Vol,of B
alkalil alkali alkali alkall
(in ml,) (in ml,) (in ml,) (in m1,)
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 3.45 2,60 5.30 2,35 3.55 2,60 5.30
2,40 4,05 2,70 5.95 2,40 3,80 2,70 580
2,43 6,00 2,80 6,45 2,43 5,25 2,80 6,50
2,47 6.90 2,90 7.00 245 6,60 2,90 7.05
2,50 7.25 3,00 7.50 2,50 7.45 3,00 7.50
2,60 7.75 3.10 7.50 2,60 7.85 3,10 7.8%
2,70 8,00 3,20 8,20 2,70 8,05 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 8455
3.50 8.70 3.50 8,80 3,60 8,65
%,00 8.50 4,00 9.05
k4,50 9.20 4.50 9,20
5.00 9.50 5.00 9,145
5450 9465 5¢50 9.80

6,00 9,85 6,00 10,15
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Table IIIB 1,8

-
@w

i1

N =0,2M V° =50 ml, T;—phen = 0,001M Tﬁ = 0,001M
E° = 0,02 T{ = 0,01M g = 0,2M t = 30°C,
HPA Ni,o0-phen, HPA HPBA Ni,o-phen HPBA
Vob .Of B Vol,of B Vol,of B Vol,of B
alkall alkali alkall alkall
(in ml,) (in ml,) (in m1,) (in ml,)
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 3.40 2,50 4,75 2,30 3.40 2,50 4,55
2,35 3.60 2,60 5.20 2,35 3.65 2,60 5.05
2,40 3.0 2,70 5.75 2,40 +,00 2,70 5 .60
2.2 5.75 2,80 6.25 2,43 5.45 2,80 6.15
2.k €5 2,90 6,80 2,46 6,50 2,90 6.75
2,46 6.85 3.00 7.30 2,48 7.00 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 7.99 3,20 8,00
2,60 7.95 3.30 8,20 2,70 8425 3,30 8.20
2,70 8.15 3,40 8,40 2,80 8,40 3,40 8435
2,80 8.30 3,50 8,95 2,90 8.99 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 9635 4.50 9,40
5.00 9,60 5.00 9.65
550 9,90 590 9.95
6,00 10,20 6,00 10,50
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‘B, Ny, 0, log(l-n)/m, pL and pL-log(l-n)/n data for Cu,Aipyriivl
HeA svstem - 30°C,

- e A i A Al ot D el ) A Ay ] AT W M W W e WD i ) D DGl ) ® o - @t At ) A AR A B AD A WO B - g

B iy vrooym ym_yr R 10g(1-R)/A pl pl-log(1-R)/A

R s o L R Ir T e ppar DS e e SR J S B e e R T B B R R R I e T N IR IR I B B A R LR R B ]

3.10 2,00 2,24+ 2.4+ 0,20 0,502 0.17; 14,715 14,545
3:15 2,000 2,26 243 0,22 O0Mh 0,10, 14,62, 14,52
3.20 2,00, 2,28 2,52 0,2+ 0,482 0,03, 14,52, 14 49,
3,25 2,00 2,30 2,58 0,28 0,562 71,89 14,42, 14,53,
3.3V 2,006 2.31 2,62 0,31 0,622 1,78 14,330 14,546

1OEKMM_ 1"" 53 2

Table I1IB 2,2a

B, EH, n, log(1l-n)/m, pL and plL-log(l-n)/n
HEBA system - 30°C,

data for Cu,dipyridyl

MR S BE S G G WD B W BB ew Y W WG DAt S WG NGB . A WD " Y DM B W WG ST S By

B iy ve v ym.y"  n log(l-n)/m pL pL-log(l-n)/n
3.15 2,00 2,24+ 2,M% 0,20 0,402 0,174 15,07g 14,905
3.20 2,000, 2,26 2,50 0,24 0,432, 0,03, 14,984 14,952
3.25 2,000 2,28 2,5 0,26 0,522 T.,962 14,885 14,92,
3.30 2,00 2.29 2,58 0,29 0,582 1,85 14,78¢ 14.932
3.35 2,00 2,30 2,60 0,30 0,602 1,814 14,68, 14,87,

. AT o W ! M )~ g~ WA A o ) DD WU - WD AT W B AW - WG W B GG D M A A B} Al Al r @

logKy,p = 14,92 + 0,03
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Taple IIIB 2,32

8, i, 1, log(l-n)/n, pl and pL-log{1-0)/n data for Cu.dipyridyl
HPA system = 30°C,

—— AP A B D Al N T 8 O D -~ D el D ol D - W AR Y - - - 4 A et T B - e B

B h yn ym o ym_yn " log(l-n)/m pL pl-log(1-n)/n

3015 2,000 2,22 2050 0-28 00563 In890 150166 150276

3.25 2,000 2.26 2,60 0.3% 0,68, T,66g 14,373 15.3Us
3-30 20000 2.28 2063 0-35 0.703 10526 1“"087‘6 1503‘*‘8

A s A e o™y~ - W el e AP =t 8 - A D e~ ]~ Mt W - G vy N -G o

1°gKMAL = 15-30 : 0,03
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