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TERNARY METAL, a-a' -DIPIRIDYL OR 
OiPHENANTHROLINE AND DIAMINE SISTER
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In the present chapter studies of the systems ML 
where M = Cu(II), Ni(II); A * dipyridyl (dipy) or o-phenanth- 
roline (o-phen) and L * diamines have been carried out using 
modified form of Irving-Mossotti titration technique**. The 
formation constants K^L have been determined using two methods, 

viz. (I) titration of M + i + ,L mixture against alkali and 
(II) titration of M + A mixture against concentrated solution 
of secondary ligand.. Second method was not used where L=N- 
substituted.ethylenediamine and 1,3-diaminopropane because a 
concentrated solution of the diamine is required and they are 
very costly.
Experimental s
Materials, purification, preparation and standardisation s

Conductivity water was used throughout the work. 
Solutions of oxalic acid, sodium hydroxide, perchloric acid, 
sodium perehlorate and diamines were prepared and standardised 
as discussed in chapter II. The other reagents used were as 
follows i

Dipyridyl and o-phenanthroline (E.M., pure), diamines 
(Fluka, pure). Their solutions of required molarity were 

prepared by diluting the standard stock solution, prepared by 
dissolving the exactly weighed quantity of samples in conducti­
vity water. Nickel perchlorate was prepared as discussed in 
chapter II. The instruments used were same as detailed in 
previous chapters.
Method I :

In case of M(dipy)L systems solutions were prepared as 
follows :



611, Perchloric acid (0.2M, 5.0 ml.) + secondary ligand (Q.02M,+
5.0 ml.) + sodium perchlorate (1M, 8.9 ml.) + conductivity 
water (31.1 ml.) total volume = 50 ml*, # * 0.2M.

2, Perchloric acid (0.2M, 5.0 ml.) + secondary ligand (0.02M,
5.0 ml.) + metal perchlorate (0.02M, 5.0 ml.) + dipyridyl 
(0.02M, 5.0 ml.) + sodium perchlorate (1M, 8.7 ml.) + con­
ductivity water (21.3 ml.-) total volume - 50.0 ml., # = 0.2M.

3, Perchloric acid (0.2M, 5.0 ml.) + secondary ligand (0.02M,
5.0 ml.) + metal perchlorate (G.02M, 5.0 ml.) + sodium per-

4

chlorate (1M, 8,8 ml.) + conductivity water (26.2 ml.), total 
volume = 50.0 ml., # = 0.2M.

■b, Perchloric acid (0.2M, 5.0 ml.) + dipyridyl (0.02M, 5.0 ml.) ,+ 
sodium perehlorate (1M, 8.9 ml.) + conductivity water (31.1 ml.) 
total volume =50.0 ml., # * 0.2M.

n

5. Perchloric aeid (0.2M, 5.0 ml.) + dipyridyl (0.02M, 5.0 ml.) + 
metal perchlorate (0.02M, 5.0 ml.) + sodium perchlorate (1M,
8.8 ml.) + conductivity water (26.2 ml.), total volume s 50.0 ml,
(4 = 0.2M.

6, Perchloric acid (0.2M, 5.0 ml.) + sodium perehlorate (1M, 9.0 ml.) 
+ conductivity water (36.0 ml.), total volume = 50.0 ml.,# = 0.2M.

Method II s
For the determination of mixed ligand formation const­

ants by this method, following solutions were prepared :

For dipyridyl s

1. Perchloric acid (0.5M, 10.0 ml.) + sodium perchlorate (1M,
5.0 ml.) + conductivity water (35.0 ml,), total volume = 50.0 ml.
# = 0.2M.

2. Perchloric acid (0.5M, 10.0 ml.) .+ dipyridyl (0.02M, 10.0 ml.)+
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metal perchlorate (0.02M, 10.0 ml.) + sodium perchlorate ( 1M, 
4.6 ml.) + conductivity water (15*4- ml.), total volume - 50.0 ml, 
U = 0.2M.
For o-phenanthroline s

1, Perchloric acid (0.5M, 5*0 ml.) + sodium perchlorate (1M,
x 7.5 ml.) + conductivity water (37.5 ml.), total volume = 50.0 ml. 

H * 0.2M.
2. Perchloric acid (0.5M, 5.0 ml*) + o-phenanthroline (0.01M,

5.0 ml.) + metal perchlorate (0.Q1M, 5.0 ml.) + sodium per­
chlorate (1M, 7.4- ml.) + conductivity water (27.6 ml.), total 
volume = 50.0 ml,, # * 0.2M.

For the mixed ligand systems with o-phenanthroline the 
same number of sets as in case of dipyridyl were prepared but 
the concentrationsof metal ion solution, o-phenanthroline, and 
secondary ligand wer$ kept half that of corresponding solutions 
for dipyridyl in method I and concentration of metal ion and 
o-phenanthroline solutions were kept one fourth in the method II. 
This is because in concentrated solution precipitation of metal 
o-phenanthroline complex takes place.

The ionic strength of each solution was initially raised 
to 0.2M in both the methods. In method I the solutions(1-6) 
were titrated against 0.2M sodium hydroxide. In method II, where 
dipyridyl was the primary ligand, the samples were titrated 
against 1.0M secondary ligand. However, where o-phenanthroline 
was the primary ligand, solutions were titrated against Q.5M 
secondary ligand.

The plotSof pH against volume of alkali for method I 
have been shown in fig. III 1 - III 4 and III 7 • HI 15 and



plots of pH against volume of secondary ligand in method II 
have been shown in figs. Ill 5, HI 6* III 16 and III 17. 

Discussion s

The formation of mixed ligand complex can be represented 

in following two steps s

63

+ dipy ^—  =5: |ll.dlpy]2+
[M#dlpy]2+ + L^ .:.—, [M(dipy)L]2+

Mixed ligand formation constant
„M.dipy ^ rM(<iipy)l]2+

M'4ipy-^s^FfrrThe above equation?presume that the formation of 
[M;(dipy>]2+ complex takes place at a 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 

presumption.

In method I, M.dipyridyl curve(5) diverges from the 
dipyridyl curve(IV) at lower pH indicating that the Jj4(dipy)J2+ 

is formed at lower pH by the dissociation of protons attached 
with the tertiary nitrogens of dipyridyl molecules. The 
M.dipyridyl curve(5) diverges from acid curve(6) at higher pH, 
indicating that the formation of hydroxy complex[m(dipy) (OH)2] 

starts in this pH range. The eurve(2) remains merged with 
curved) at low pH showing that eomplexation of the diamine 
does not take place at low pH. The curve(2) diverges from 
curve(1) at higher pH showing,that Metal + dipyridyl + diamine 

combination.takes place where M + dipyridyl 1:1 complex forma­
tion is complete. In this range hydroxo complex formation also 
does not occur.
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In method II curve(2) lies slightly above ourve(l) at 

low pH because the coordination of dipyridyl is not complete 
and it absorbs protons from solution. At pH between 3 and b 

both the curves overlap showing that M.dipyridyl lsl complex 
formation is complete at low pH. Uurve(2) diverges from curve(l) 
after pH -v 3.5 showing that the complexation with secondary 
ligand starts at that pH.

Since o-phenattthroline is structurally similar to 
dipyridyl, it can be expected to behave in a similar way* The 
nature of the o-phenanthroline curveC^) and Ni. o-phenanthroline 
curve(5), fig.III l1* are also similar to that of dipyridyl and

o-phen) (1^0)2] 2+ formed

at low pH is stable at higher pH range.
The horizontal distance between curve(l) and curve(2)

can be measured and used for the calculation of n where n is
the average number of secondary ligand molecules associated
with one [k(dipy)J2+. Equation used for the calculation of n

2for method I would be same as given in the original paper .

Ni.dipyridyl eurves indicating that fNi(

RV”i —Vn)fli + E« + T£ <Y - n 

For method II, n can be calculated using equation

n
(V» «. Y»). L

rro mov •

Here Tg is the concentration of 2+(Wipy)]- which is equal 

to the concentration of the metal taken. The other terms have 
the usual meaning as detailed in the chapter II. The calcula­
tion of n was carried out below the pH where [m( dipy)( OH) 2] —
formation starts, i.e. where J~M(dipy)] 2*. curve(5) diverges
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from the dipyridyl curve (*+). n and pL were calculated at 

different pH values and have been presented in tables 
III 2.1M to III 2.?Aa, III 2.1Ab to III 2.6Ab and III 2.IB to 
III 2.2‘B.

The value, of pL at n - 0.5 is equal to logK^T-. 

However, this will be only one point and may involve experimental 
error. More precise values were obtained by plotting pL at 
each point against log (l-n)/n and getting a straight line 
(fig$S. HI 18 to III 36). At each point on the straight line 
logKM4T. * PL - log(l-n)/5. The average values were thus calcu­
lated and have been presented with mean deviation in table 
III 3.0.

The titrations could not be done in mixed ligand systems 
with Cu.dipy.N-N-dlethyl en, Ni.dipy.M-ludiethyl. en and Ni.dipy- 
N-W-dimethyl en as the mixed ligand complex formation takes 
place in the higher pH range. The study of [ou(o-phen)L] and 
jjNI(o-phen)Lj systems where L = N-substituted ethylenediamine 

or 1,3-dlamlnopropane was also not possible because precipitation 
takes place.

It is observed that the values of obtained by the
two widely different, methods give nearly the same values 
(within + 0,1). The identity of the results indicates that the 
assumptions made are valid. The values are also in close 
agreement with the literature values obtained in some cases 
using other methods^.

MA
The values of mixed ligand formation constants Kj^ 

where L * ethylenediamine are less than those where L * propy- 
lenediamine. This is in accordance with the basicities of the



GG
ligands. K^t value is still lower where L = 1,3-diamino- 

propane. This forms six membered vring which is less 4table 
than five membered rings. In all the three cases, however,
KML * *&■ ls 1,111011 less ^ban what is expected from statistical 

consideration. This is in accordance with the observations of 
earlier workers**-^ using various other secondary ligands. In 
the present systemsalso the small difference between K^T< and 

can be attributed to the fact that dipyridyl is a ir-bonding 
ligand and hence besides the MK—M <£ -bonding there Is signifi­
cant M—>11 dir-pir interaction, hxist^nce of M—>N v-inter-

8-11
action in dipyridyl complexes has been confirmed earlier.
Thus the electron density around the metal ion does not increase
much as a result of complex formation. In other words the
electronegativity of jM.dipyJ2* -remains almost the same as that
of [m(H20)]J2+. Thus the tendency of jM(dipy)j2+ to combine
with the secondary ligand is the same as that of [M(aq)j2+.

Consequently the enthalpy changes remain same in the reaction
[jMipy]2* + [M.dipy.L]2* and W2* + L=?=^[mlJ2+.

Since there is no charge neutralization in either reactions,
the entropy changes are also similar and hence the total free
energy changes are nearly equal. This explains why is

Mvery close to V,
In the system M&L, where L is a charged ion,K^ is

l^DCi *
much higher than because in the formation of ML2, the
second L has to face repulsion from the already existing 
charged L ion and^ lowers the value of K^. in case of 

diamine, however, both primary and secondary ligands are neutral 
and hence there is no electrostatic repulsion intthe formation
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of M|L and ML2. Since the charges on HAL and ML2 are same

ma
MALthe entropy changes are also same. Thus the difference K 

Kml2 is less* Ihe small difference is because A is a tr-bonding 
ligand and hence does not allow the concentration of the 
electron to go up around the metal ion, whereas in jj5Lp+ the 

concentration of electrons around metal ion is more than in 
[m(H20)5]2+, Thus the tendency of L to combine with pWipy]

is more than to combine with ML . K 
slightly higher than .

MAMAi is, therefore,

“ KMAL is less in cases of copper complexes.
It had been observed that the j, *s even more than ^

6 * * o *
where L = catechol . According to Sigel this can be 
attributed to Jahn-Teller distortion. The distorted octahedral 
[pu(H20)$j2+ will be some what more strongly distorted towards 

a square planar structure by the coordination of 2,2‘-dipyri- - 
dyl, thus creating the right geometry for the coordination of 
the seenddary ligand.

However, in case of complexes of alkyl ^.-substituted 
MA Methylenediamine KM4T is lower than . This is because 

dipyifdyl is a big molecule and may lead to steric hindrance 
with the alkyl group on the nitrogen atom. The lowering in 
the values is in the order

N-N-dimethyl en > N-N‘ -dimethyl en "> N-ethyl en > N-methyl en^en. 
This is in accordance with the increasing size of the alkyl 
groups on the nitrogen atom.



68Table III 1.1A

U = 0.2M Y° = 50 ml.

0.002M= 0.02M T£

Perchloric 
‘___ acid

Vol.of B
alkali
(in ml.) ___

Dipyridyl

Vol.of. 
alkali 
(in ml.)

B

Tgipy.* 0.002M T” * 0.002M

A = 0.2M 

Cu.Dipyridyl

Vol.of. 
alkali 
(in ml.)

B

t = 30°c.

Ni .Dipyridyl

Vol.of 
alkali 
(in ml.)
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Table III 1.2*A
I A

N = - l.OM 
1° = G.1M

j° = 50 ml,

Perchloric acid .

Vol.of
en(in ml.)
0.00 1.00 
2.00 
2.30 
2.45 
2 .1*92.50 
2.52 
2.56 
2.60 
2.65
2.70 
2.75 
2.80 
2.90 
3.00 
3.10 
3.20 
3.40 
3.60 
3.80 
4-.00 
4.20
4.50
4.70

B

T°dipy 
M =

Cu.dipy en

Vol.of
en(in ml.)

3.70
4.00
4,20
4.40

B

7.15
7.35
7.45
7.60

= 0.004M T® = 0.004M 
0.2M t = 30°C.

1 Hi.dipy en 1

Vol.of
en(in ml.)

0.00 0.90. 0.00
1,00 i;io 1.00
2.00 1.55 2.00
2.30 2.00 2.30
2.43
2.44

2.50
2.70

2.42 
2,44

2.49 3.00 2.46
2.50 3.8O 2.48
2.52 4.00 2.50
2.55 4.20 2.52
2.60 4.40 2.56
2.65 4.60 2.60
2.70 4.90 2.65
2.74 5.05 2.70
2.76 5.60 2.75
2.80 5.95 2.80
2.85 6.10 2.90
2.90 6.30 3.00
3.00 6.50 3.io
3.10 6.60 3.20
3.30 6.S0 3.30
3.50 7.00 3.40

B
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Table III 1,2B
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Table III 1.1* B
N = 0.5M V° = 50 ml. u = 0.2M t = 30°C.
E° = 0.05M T° p = 0.001M T° = 0.001M
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Table III 2.1Aa
81

B, nH, n, log(l-n)/n, pL said pL-log(l-n)/n data for Cu.di’pyridyl 
ethylenediamine system - 30°C.

B v« y»n y»t _y »t n log(l-n)/n pL pL-log(l-n)/n

4.90 2.00o 3.89 4.10 0.21 O.2O3 0.58, 10.137 9.556
4.9 5 2. QOo 3.89 4.14 0.2 5 0.25o 0.47? 10.06, 9.58*
5.00 2,000 3.90 4.18 0.28 0.28o 0.4l0 9.979 9.569
5.05 2.000 3.90 4.22 O.32 0.320 0.327 9.906 9.579
5.10 2.000 3.90 4.26 O.36 O.360 0.25o 9.842 9.59a
5.15 2.000 3.90 4.30 0.40 0,400 0.176 9.762 9.586
5.20 2.000 3.90 4.34 0.44 0.441 0.105 9.692 9.587
5.25 2.00o 3.90 4.37 0.47 0.471 0.05o 9.6lg 9.569
5.30 2.000 3.91 4.43 0,52 0.52, 1.965 9.56, 9.596

logKMAL = 9.58+0.02

Table III 2.1*Aa

B, T^, n, log(l-n)/n, pL and pL-log(l-n)/n data for Gu.dipyridyl 
ethylenediamine system - 30°C.

B O
tl V* V»»! _v» n log(l-n)/n pL pL-log(,l-n)/n

4.10 0.048 2.50o 2.535 0.035 O.175”M?r 10.24^ 9.57a
4.15 0.048 2.50o 2.545 o.o45 0.22 5 0.537 10.14* 9.608
4.20 0.048 2.50o 2.55o 0.056 0.25o 0.477 10.04* 9.568
4.25 0.048 2.50c 2.565 0.065 0.325 0.317 9.94s 9.629
4.30 0.04g 2.500 2.580 0.080 0.400 0.176 9.74s 9.57o
4.35 0.049 2.50o 2.59c 0.090 0.45o O.O87 9.747 9.660
4.40 ' 0.049 2.50o 2.6o0 O.lOo 0.50o O.OOo - 9.645 9.645
4.45 0. o4 9 2.50o 2.615 O.II5 0.575 I.869 9.547 9.67s

logKMAL = 9.61+0.04



82Table III 2,2Aa

B, nH, n, log(l-n)/n, pL and pL-log(l-n)/n data for Cu.dipyridyl 
propylenediamine system - '3Q°C.

B iH - V" y»t n log(l-n)/n PL pL-log(l-n)/n

4.40 2.0%~ 3.88 4,00 0.12 ~"oTl2o 07865 II.I89 10.327™
4.50 2.000 3.88 4.07 0.19 0.18s O.635 11.04* io,4o9 '
4.60 ooo

•
C
M 3.88 **.13 0.25 ' 0.247 , 0.482 10.859 10.377

4.70 2.00o 3.89 4.20 0.31 0.307 0.353 10.696 10.3^3
4,80 ooo

•
C
M 3.89 4.28 0.39 0.396 O.I83 10.558 10.37s

4.90 ooo
»

C
vl 3.89 **.35 0.44 0.44^ O.IO3 10.393 10.29o

5.00 ooo
•

C
M

3.90 4.43 0.53 0.531 1.9^6 10.272 10.32 6

= l°.35i:0.03

Table III 2.2*Aa

B, T£, n, log(l-n)/n, pi and pL-log(l-n)/n data for Gu.dipyridyl 
propylenediamine system - SO^C.

B V« V" n log(l«n)/n pL pL-lo g(1-n)/n

3.80 0.048 2.48 5 2.535* 0.05o 0.25o 0.47 7 10.947- 10.47o -
3.90 0.048 2.48 5 2.55o 0.065 O.325 0.317 10.7^8 10.431 - .
3.95 0.048 2.49o 2.560 o.oo7 o.35o 0,269 10.647 10.378
4.00 0.049 2.49o 2.575 0.085 0,42 5 0.131 io.548 10.4l7
4.05 o.o49 2.49o 2.585 0.095 0>7; 0.043 10.448 10.405
4.10 0.049 2.49o 2.6o0 O.llo o.55o I.9I3 10.348 IO.435

4.20 0.049 2.4% 2.62 5 0.135 0.675 X.683 10.149 10.466

iogK^ = 10.42+0.03

\



<>
'4

 
o-

8
r 2

Fi
g.

Ill
 21

 (Il
nd

 Me
th

od
) 

C
u(

II
) di

py
 pn

 sys
te

m
-3

0°
C

.
m/ y-/ fo/

1 -5- o/

Fi
g.

 Ill
 19

 (U
nd

 Me
th

od
) 

C
u(

II
).d

ip
y e

n sy
st

em
-3

0°
C

.

a 8

u/u-l
b-o 

o-o 
3-1 

i-l 
I °oi 

, 
r

Fi
g.

 Ill
 20

 Cu
(I

I) d
ip

y p
n 

sy
st

em
 - 

30
°C

,

Fi
g.

 Ill
 18

 Cu
(II

) di
py

.e
n 

sy
st

em
 - 

3°
°C

•



83
Table III 2.31a

B, nH, n,' log(l~n)/n, pL and pL-log(l-n)/n data for Cu.dipyridyl 
N~methylethylenediamine system - 30°C.

B nH V" ytti V,M-V" n log(l-n)/n pL pL~log(l-n)/n

5.4o 2 ,0Oo 3.92 4.21 0.29 0.29o 0.389 9>9i 9.10a
5.50 2.00o 3.92 4.27 0.35 0.35o O.269 9.33a 9.063
5.60 2.00o 3.92 4.34 0.42 0.42o 0.l40 9.I85 9.045
5.70 2.00o 3.93 4.41 -0.48 0.48o O.O35 9.03? . 9.00a
5.75 000•

C
M

3.93 4.46 0.53 0.53o I,948 9.983 9.035
5.80 1.99? 3.94 4.50 0.56 0.56o 1.892 8.916 9.02m.
5.85 1.985 3.94 4.54 0.60' 0.60 5 I.8I5 8,86m. 9.049
5.90 1.98o 3.95 4.59 0.64 0.64q 1.73? 8.816 9.079

logKML = 9.05 + 0.03

Table III 2.4Aa

B, nH, n, Iog(l-n)/n, pL and pL-log(l~n)/n data for Cu.dipyridyl 
N-ethylethylenediamine system 30°C.

B nH V» 1 v»»« n log(l-n)/n pL pL-log (l-n)/n
—t111 K. «

5.80 2^00o 3.96 4.23 0.27 0.27o 0.432 9.286 8.854 ,
5.90 2.000 3.97 4.30 0.33 0.33o O.3O7 9.12 7 8.82o
6.00 'I.985 3.98 4.39 0.4l 0.4l3 0.15a 8.99o 8.83e
6.10 I.965 3.99 4.45 0.46 0.468 O.055 8.839 8.784
6.20 1.940 4.00 4.50 0.50 O.5I5 1.97^ 8.687 8.7I3
6.30 1.915 4.01 4.57 0.56 0.58 5 I.85i 8.565 8.713

logKM&t = 8-78 - 0-0l+



84Table III 2.5Aa

3, nH, n, log(l-n)/ri, pL and pL-log(l-*n)/5 data for Cu.dipyridyl 
N-N*-dimethylethylenediamine system - 30°C,

B nH V" V"! n log(l-n)/n pL pL~log(l-H)/5

5.90 1.93 6 3.98 4.31 O.-33 0.34, 0.286 8.245 7.959
5.95 1^926 3.99 4.34 O.35 0.36, 0,24-8 8.07, 7.823 .
6.00 I.9I6 3; 99 4,36 O.37 0.386 0.20, 8.O83 7.882
6.10 1,8 9 6 4,00 4,42 0.42 0,443 0,099 7.936 7.837
6.20 1.875 4,01 4.48 0.47 0*502 1.996 7.795 7.8O0
6.30 1.845 4.02 4,54 0.52 0.564 I.88e 7.668 7.78o
6.35 l.*83o 4.03 4.59 0.56 0.6l2 ' I.8Q2 7.62 7 7.825

logKMAL = 7.84-+ 0.04
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85Table, ill. 2.Ub

9,nH, n, log(l-n)/E, pL and pL-log(l-n)/n data for Ni.dipyridyl 
ethylenediamine system - 30°C.

B 5h yni VIM-7” n log(l-n)/n pL pL-log(l-n)/n

6.00 1.922 3.96 4.14 0-.18 O-.I89 0.63a 7.96* 7.326
6.10 1.902 .3.98 4,21 0.23 0.242 0.495 7.80 6 7.31o
6.20 1.900 3.'99 4.28 0.29 0.30* 0.357 7.65 6 7.29a
6.30 1.84, 4.01 4.36 0.35 0.38o 0.212 7.53o 7.318
6.40 1.84, 4.04 4.45 o.4l 0.44 6 ' 0.0914. 7.400 7.306
6.50 1.80, 4.06 ,4.50 0.44 0.48 9 O.Olg 7.320 7.30,

logKmL = 7.31 + 0.02

Table III 2,1*Ab

B, ff£, n, log(l-n)/if, pL and pLrlog(l-n)/» data for Hi.dipyridyl 
ethylenediamine system - 30^0.

B moXL Y» y» n log(l-n)/n pL pL-log(l-n)/n

5.25 0.04g 2.520 2.55o O.030 O.l5o 0.753 7.949 7.196
5.30 0.048 2.52 0 2.56o 0.04o 0.20o 0.6o2 , 7.85o 7.24a
5.35 0.04g 2.525 2.575 o.05o O.25o 0.47 7 7.75c 7.273
5.40 o.o49 2.53o 2.580 0.060 0.30o 0.36a 7.65o 7.282
5.45 0.049 2.53o 2.595 0.065 0.32 5 0.3I7 7.53o 7.2I3
5.50 0.o49 2.53o 2.6O5 0.075 0.375 0.222 7.45o 7.22a ■
5.60 0.050 2.540 2.630 0.090 0.45o O.O87 7.260 7.173
5.70 o.o50 2.55o 2.660 O.llo o.55o I.9I3 7.13o 7.217

1oSKmaL = 7.23+0.05
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Table III 2,21b

B, nH, n, log(l-n)/n, pL and pL-log(l-n)/n data for Hi.dipyridyl 
propylenediamine system - 30<’C»

..7 t i— y—r- rr—r < ict w m '■ m ■ m ii< ' ■ >i> >n» n i i n~w i < i

B ■ VM* V"» -7” n, log(l-n)/n pL pL-log(l-n)/n

6,20 1.82, 4.05 4.35 0.30 . 0.329 O.3O9 7.806 7.497
6.25 1,801 4.06 V.39 0.33 0.367 0.236 7.742 7.506
6.30 l,78i 4.07 4.4i 0.34 0.38o 0.212 7.663 7.45i

6.35 I.761 4.08 4.46 0.38 0.432 O.ll, 7.6I3 7.49*
6.4-0 1.721 4.09 4.48 0.39 0.453 0.08a 7.543 7.46,
6.45 1.70, 4.11 4.52 0.4l 0.48a 0.02 5 , 7.483 7.45?
6.50 l,66i **.13 4.56 0.43 0.518 I,968 ■ 7.43o 7.462 .

logKMAT< = 7.47 + 0.02

Table III 2.2«Ab

B, T£, n, log(l-n)/n, pL and pL-log(l-n)/n data for Wi.dipyridyl 
propylenediamine system - 30*0.

B . T*L v» v*» V n log(l-n)/n P4 . pL-log(l-n)/n

'5.30 0.049 2.53? 2.6O0 0.065, 0.325 O.3I7 7.95o 7.633
5.35 0.049 2.540 2,6lo 0.07o 0.35o 0.2 69 7.85, 7.58a
5.40 0.05o 2.55o 2.630 O.O80 0.40o 0.176 7.755 7.579
5.45 0.050 2.555 2.65o O.095 0.475 o.o43 7.65o 7.6Q7
5.50 o.Q5o 2.560 2.660 O.lOo 0.50o O.OOo 7.56* 7.56*
5.55 0.05, 2.57o 2.680 O.Uo o.55o T.912 7.462 7.5% ,
5.6o 0.05, 2.575 2.7O0 0.125 o.625 I.77e 7.363 7.5 85

logK = 7.58 + 0.02
MUli “*
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Table III 2 ,.va>

B, Hg, n, log(l-n)/n, pL and pl-log(l-n)/3 data for Ni.dipyridyl 
W-methylethylenediamine system ~ 30“0.

B “H yn V*M ym „y«» n log(l-n)/n PL pl-log(l-n)/n

6.60 I.765 4.05 4.31 0.26 O.295 0.37s 7.206 6.828
6.70 1,72o 4.07 4.38 0.31 0.36, 0.243 7.075 6.82?
6.80 1.67o 4.10 4.43 ' 0.33 0.395 O.I85 6.93o 6.745
6.90 1.600 4.13 4.50 0.37 0.46^ 0, o6sj. 6,819 ‘ 6.75*
7.00 i.55o 4.15 4.55 0.40 0.517 t.97o * 6.706 6.736
7.10 l.50o 4.18 4.60 . 0.42 0,560 • I.895 6.59* 6.699
7.20 1.43 5 4.20 4.63 0.43 0,60o 1.824. 6.48 9 6.665

- ■»- , 1 U _< «■ 1 L|.' u. m-rm:- Kf m m j,iaii „ u „ ai-^-M-w-1

= 6-75 * <>•*

Table III 2.4/tb .

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

B hh yn / \ ynt ytit „yn MBn log(l-n)/n pi pL-log(l-n)/n

7.30 1.465 4.26 4.50 0.24 0.327 0.31b 6.635 6.32t
7.40 1.40; 4.28 4.54 0,26 0.37o O.23, 6^.520 6.289
7.50 1.360 4.31 4.60 0.29 0,42 6 0.12 9 6.422 6.293
7.60 1.325 4.32 4.63 0.31 o.46e O.055 6.32a 6.267
7.70 1.29o 4.35 4.67 0.32 0.496 o.oo7 6,217 6.2l0
7.80 I.255 4.36 4.70 0.34 o.542 1.92 7 6.135 6.208
7.90 X ,22q

»
4.38 4.73 0.35 0.57* I.87o 6.046 6.176

logK = 6,25 + 0,05



B, njj, n, log(l-n)/n, pL and pL-log(l-n)/n data for Ni .dipyridyl 
H.K*-dimet'hylethylenediamine system - 3G°C,

B nH v» ym ym „yn E iog(i-H)/n pL pL-log(l-n)/n

7.20 1 .42 5 4.26 4.50 0.24 0.33? 0.294 5.997 5.703
7.30 1.37? 4.28 4. 54 0.26 0.37s 0.216 5.886 • 5.67o
7.40 1.-325 4.30 4.58 0.28 0.42,3 0.135 5.78s 5-651
7.5 0 1.275 *+.31 4,6o 0.29 0.455 0.07s 5.682 5.6O4
7.60 1.235 ^.33 4.63 0.30 0.486 0.02 5 5.58* 5.559
7.7 0 1.20o 4.35 4.67 0.32 0.53* 1.94, 5.5o7 5.566

logKM&L = ?*62 + 0,05

Table III 2._64b

B, nH, 5, log(l-n)/n, pL and pL-log(l-n)/5 data for Mi.aipyri.4yl 
N-N-dimethylethylenediamine system - 3°p0.

B 5H y» yn t n log(l-n)/n pL pL-log(l-E)/n

7f20 1.215 4.35 4.55 0.20 o.329 O.3O9 5.7O9 5.40o
7.30 1.195 ^.37 4.59 0.22 0.36s 0.235 5.620 5.385
7.4q i.i7o 4,38 4.62 0.24 0.4l0 0.15s 5.53s 5.38o
7.50 1.145 4.40 4.65 0.25 0.437 O.llo 5.44e 5.33s
7.60 I.125 4.41 4.67 0.26 0.462 0.066 5.36o 5.29*
7.70 l.llo 4.4§ 4.70 0.28 0.504 1.99a 5.289 5.296
7.80 1.095 4.43 4.73 0.30 o.54r 1.916 5.224 5.30s

1osKMaL = ^.34 * °-°5
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Table III 2,1B 89
B, nH, log(l-n)/n, pL and pL-log(l-n)/n data for Ni.o-phen. 
ethylenediamine system - 3Q°C.

B H-p1
AJ.

v*» V»| yni _Y»t n log(l-n)/n pL pI»-log(l-n)/n

6.40 l*80o 4-.52 4*64 0*12 0.267 0.4-3 9 7.57 0 7.13»
6.50 1.760 4.54 4-. 68 0.l4 0.31s 0.331 7.4-2o 7.08,
6.60 1.720 4-.. 55 4.71 0.16 0.37a 0 m 22 fj 7.287 7.060
6.70 I.680 4-.56 4-.75 0.19 0.4-52 0,08u. 7.176 7.092
6.80 1.640 4*. 57 4-.78 0.21 0.512 1.979 7.063 7.O84
6.90 1.60o 4-.58 4-.81 0.23 0.57? I.86s 6.965 7.097
7.00' 1.5go 4-. 60 ' 4-.84- 0.24- o.63» I.765 6.875 7.11o

logKMAL * ?*°9 i °«02

Table III 2,1*B

B, T£, n, log(l-n)/n, pL and pL-log(l-n)/n data for Ni.o-phen. 
ethylenediamine system - 30VC,

B rnual V» V" vn- v» n ■ log(l-n)/n pL pL-log(l-n)/n

5.50 0.024 2.53o 2.55o 0.02o 0.200 • O.6O2 7.754 7.15a
5.60 0.024. 2.5^0 2.57o O.O30 0.30o 0.368 47.55o 7.I82
5.70 0.024 2.555 2.59o O.O35 0.35o 0.26g 7.35s 7.O89

5.80 0,024 2.57o 2.620 0.05o 0.50o 0.00o 7.160 7.l6o
5.90 0.02 5 2»58o 2.640 0.06o 0.600 1,824 6.966 7.14-2
6.00 O.O25 2.6I0 2.680" 0.07o 0.70o I.632 6.77i 7.139

logKM4L = 7.14- + 0.02



90Table III 2.2B
Il-I I'IM ■ — ■'ll— ■ 1 gn 1 ■«» I ■ If m ■

B, nH, n, log(l-n)/n, pL and pL-log(l-n)/n data for Ni.o-phen. 
propylenediamine system - 3QS'C. "

B nB v« - vm» Y"i »VW n log(l~n)/n pL pL-log(l-n)/n

6.10 1.920 ^.50 4-.60 0.10 0,20g O.58o 8.21g 7.63b
6.20 1.88o 4.51 4-. 64- 0.13 0.276 0.4l7 8.076 7.659
6.30 1.800 4-.53 4-. 67 0.14- 0.31a 0.34-3 7.920 7 •97'?

6>o l.?60 4-.54- 4-.70 0.16 O.363 0.21*3 7.78i 7.53s
6.50 I.680 4-.56 4-.74-. 0.18 0.4-28 0.12* 7.65a 7.5 35
6.60 1.680 M-.56 4-. 76 0.20 , 0.4-7 6 0.0*+, 7.53s 7.4-92
6.70 • 1.60o 4-. 58 4-.80 0.22 o.55o I.9I3 7. 4-4-q 7.52?

1o§kM4l = 7.57 + 0.05

Table HI 2,2* B

B, T£, n, log(l-n)n, pL and pL-log(l-n)/n data for Hi.o-phen. 
propylenediamine system - 30uO,

B m wal V* V" n log(l-n)/n pL pL-log(l-n)/n

5.30 0.02* 2.54-0 2.560 0.02o 0.20o 0.60a 8.25a 7.65c
5.)+0 0.02* 2.55o 2.58o 0.03o O.3O0 0.36s 8.05* 7.686
5.50 0.02* 2.56o 2,60o. 0.04-c 0.4-0o 0.176 7.856 7.68o
5.60 0.02 5 2.58o 2.630 0.050 0.50o 0.00o 7.660 7.66o
5.70 0.025 2.60o 2.66o 0.060 O.6O0 1.82* 7.4-6* 7.64-0
5.80 0.02 5 2.630 2.7O0 0.07o 0.70o I.632 7.165 7.633

logKML “ 7-,66 +, 0.02MB*
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