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‘In the present chapter stud;es of the systems MAL
where M = Cu(II), Ni(II); & = dipyridyl (dipy) or o-phenanth-
roline (o-phen) and L = diamines have been carried out using
modified form . of Irvinge-Rossotti titration'techniquel. The
formation constants Kﬁﬁi have been determined using two methods,
viz, (I) titration of M + &4 + L mixture against alkali and
(II) titration of M + A mixture agalnst concentrated solution
of secondary ligand, Second method was not used where L = Nw
substituted ethylenediamine and 1,3-diaminopropane because a
concentratgd solution of the diamine 1s required and they are
very costly,

Experimental
Materials, purification, preparation and standardisation :

Conductivity water was used thrqughout the work,
Solutions of oxalic acid, sodium hydroxide, perchlorie acid,
sodium percglorate and diamines were prepared and standardised
as discussed in chapter II, The other reagents used were as
follows :

Dipyridyl and oephenanthroline (E M., pure), diamines
(Fluka, pure), Their solutions of required molarity were
prepared by diluting the standard stock solution, prepared by
dissolving the exactly welghed quantity of samples in conducti-
vity water, Nickel perchlorate was'prepared as discussed in
chapter IT, The instruments used were same as detailed in
previous chapters,

Method I :

In case of M(dipy)L systems solutions were prepared as
follows :
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Perchloric acid (0,2M, 5,0 ml,) + secondary ligand (0,02M,+
5,0 ml,) + sodium perchlorate (1MQ 8.9 ml,) + conductivity
water (31,1 ml,) total volume = 50 ml,, u = 0.2M,

Perchloric acid (0,2M, 5,0 ml,) + secondary ligand (O, 02M

© 5.0 ml,) + metal perchlorate (0,02M, 5.0 ml,) + dipyridyl

3.

Se

1,

2,

(0,02M, 5,0 ml,) + sodium perchlorate (1M, 8,7 ml,) *+ con-
ductivity water (21,3 ml,) total volume = 50,0 ml,, y = 0,2M,
Perchloric aeid (0.2M, 5.0 ml,) + secondary ligand (O,02M,

5.0 ml,) + metal perchlbrate (0.02M, 5,0 ml,) + sodium per=-
chlorate (1M, 8,8 mi.)4+ conductivity water (26,2 ml,), total
volume = 50,0 ml,, u = 0,2M,

Perchlorie‘acid (0.,2M, 5,0 m1,) + dipyridyl (0,02M, 5.0 ml,) +
sodium perehlerate (lM 8.9 ml,) + conductivity water (31.1 ml,)
total volume = 50,0 mi,, K= 0.2M,

Perchloric acid (0,2M, 5,0 ml.) + dipyridyl (0,02M, 5.0_ml.) +
metal perchlorate (0,02M, 5.0 ml,) + sodium perchlorate (lM?
8.8 ml,) + conductivity water (26,2 ml.), total volume = 50,0 ml.
g = 0,2M, ’

Perehloric aecid (0.2M, 5.0 ml,) + sodium perchlorate (1M, 9,0 ml,)
+ conductivity water (36,0 m1,), total volume = 50,0 ml,,n = 0,2M,

Method II &

For the determination of mixeq ligand formation conste
ants by this method, following solutions were prepared :
For dipyridyl :
Perchloric acid (0,5M, 10,0 ml,) + sodium perchlorate (1M,

5,0 ml,) + conductivity water (35,0 ml,), total volume = 50,0 ml,

u = 0,24,
Perchloric aeld (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 mi.), total volume = 50,0 ml, -
u = 0,2M,. 6
For o-phenanthroline
Perchloric acid (0.5M, 5.0 ml,) + sodium perchlorate (1M,
9.5 ml,) + conductivity water (37,5 ml.), total volume = 50,0 ml,
u = 0,2M,
perehloric acid (0,5M, 5,0 ml,) + o-phenanthroline (0,01M,
5.0 m1,) + metal perch}oraté (0.01M, 5,0 ml1,) + sodium per=
chlorate (1M, 7.4 ml,) + conductivity water (27,6 ml.), tota1 '
volume = 50,0 m1,, g = 0,2M, ) '

For the mixed ligand ;ystems with o-phenanthrbline the
same number of sets as in cease 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 solutionswere 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 methﬁd I the solutions (1=6)
Qere titrated agaiﬁst 0,2M sodium hydroxidé, 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 0,5M
secondary ligand,

The plotSof pH against volume of alkall iz method I
have been shown in fig, III 1 =« III & and III 7 -» III 15 and
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plots of pH against volume of secondary ligand in method II
have been shown in figs, III 5, III 6, III 16 and III 17,

Diseussion :

The formation of mixed ligand complex can be represented

in following two steps @

Bt + a1py —— [M.a1py]?*
[M.a1py)?* + == [Ma1py)L]*"*
Mixed ligand formation constant
-+
Mdipy . [Maipy)n]?
M.dipy.Lv— 204 -
[a1p3)]2*[1]
The above equationSpresume that the formation of

[kXdipyi]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 indicafing that the [ﬁ(dipyi]2+
is formed at lower pH by the dissociation of protons attached
with the tertiary nitrogens of dipyridyl molecules, The
K.dip'yridyl curve(5) diverges from acid curve(6) at higher pH,
indicatihg that the formation“éf hydroxy,compiex[%ﬁdipY)(OH)é]
starts in this pH range. The curve(2) remains merged with
curve(l) at low pH showing that complexation of the diamine
does not taﬁe place at low pH, The curve(2) diverges from
_ curve(l) at higher pH showing that Metal + dipyridyl + diamine
combination takes place whére M + dipyridyl 1:1 complex forma=
tion 1s complete, In this range hydroxo complex formation also

does not occur,
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In method II curve(2) 1lies slightly above curve(l) at
low pH because the coordination of dipyridyl is not complete
and it absorbs protons from solutlen, At pH between 3 and 4
botﬁ the_curveg overlap showing that M,dipyridyl 1:1 complex
formation is complete at low pH, Curve(2) diverges from curve(l)
after pH ~ 3.5 sho%iﬁg that the complexation with secondary
ligand starts at that pH, ‘

Since o~phenaithroline is structurally similar to
dipyridy;, it can be expected to behave in a similar way, The
nature Qf the o-phenanthroline curve(4) and Ni,o-phenanthroline
curve(5), rig JII 14 are also_similar to that of dipyridyl and
Ni,dipyridyl curves indicating that [ﬁi(o—phen)(HzO)é]2+ formed
at low pH is stable at higher pH rgnge.‘

' The horigontal distance between curve(l) and curve(2)
can be measured and used for the calculation Qf'ﬁ where 7 1is
the average number of secondary ligand molecules associated
with dne‘[?(dipyi]2+. Bquation useé for the calculation of n
for method I would be same as given in the originél papera.

- [(vm..v"){n +E° + 12 (Y - BH)}]
n = "
| (va.,,v ") ‘EH"]? I?i

For method II, @ can be calculated using equation

- X :(V“ -v..‘ ) Y L
n == (] ()

- Here Ty is the concentration of [ﬁ(dipyi}2+ which is equal

to éhe 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 {;Kdipy)(OHDé] - e
formation starts, i.e, where [%Kdipy§]2+. curve(5) diverges
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from the dip&ridyi_cqrve(k). 7R and pL were calculated at
different pH values and have been presented in tables
III 2,1Aa to III 2,5Aa, III 2,14b to III 2,6Ab and III 2,1B.to
III 2,28,

The value: .of pL at T = 0,5 is equal to 1ogKﬁ$L.
However, this will be only one poinf and may involve experimental
error, More precise #alues were obtained by plotting plL at
each point against log (1-n)/n and getting a straight line
(£1£S.111 18 to III 36). At each point on the straight line
logKﬁﬁL = pL - 1og(l:ﬁ)/ﬁ. The average values were thus calcu-
" lated and have been ﬁresented with mean deviaticon in table
111 3,0, _ . .

The titrationsScould not be done in mixed ligand systems
with Cu,dipy.N-N-diethyl en, Ni,dipy,N-B-diethyl en and Ni.dipy=-
N-N~dimethyl en as the mixed ligand coﬁplex formation takes
place in the higher pH range, The study of E-‘u(o-phen)l_a] and
[ﬂi(o~phen)n] systems where L = N-substitutedréthy;enediaminé
or l,3~-diaminopropane was also not possible because precipitation
takes place, |

It is observed that the values of Ky, 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>, ‘

The valuesof mixed ligand formation constants KﬁﬁL
where L = ethylenedlamine are less. than those where L = propy-

lenediamine, This is in accordance with the basiciti€Sof the
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ligands, Kﬁ%i value 1s still lower where L = 1,3-diamino-
propane, This forms six membered -ring which is less gtable
than five membered rings, In all the three cases, hbwever,
KEL - Kﬁﬁ; is mueh less than what is expected from statistical
consideration, This is in accordance with the observations of
earlier worker;h“7 using various other secondary ligands, In
the present systemsalso the smgll difference between Kﬁﬁr and
Kjp Can be attributed to the fact that dipyridyl is a m-bonding
ligand and hence besides the Mé—N & ~bonding +there is signifi- |
cant M—>N dwepr interaction. bExistence of M—>N minter=
action in dipyridyl complexes’has been confirmed earlier§~ll
Thus the electron density around the metal ion does not increase
mich as a result of complex formation, In other words the
electronegativity of [ﬂ.dipj]2+*rema1ns almost the same as that
of E‘(HZO)rJa+- Thus the tendency of @(dips;)] 2* %o combine
with the secondary ligand is the same as that of [@Kaq) 2+.
Consegquently the enthalpy changes remain same in the reaction
[Mdtpy]?t + 1 =— Eﬁ.dipy.l]2+ amd ¥V + n=—=[m]?*,
Since there is no charge neutralization in either feactiéns,
the entropy changes are als§ similar and hence the total free
energy changes are nearly equal, This explains why KgﬁL is
very c¢lose to KﬁL‘ '

In theaéystem MAL , where L is a charged ioq,KﬁﬁL is
much higher than Kﬁ%z because in the fbrmatien of MLz, the
second IP” hnas to face repulsion from the already existing
charged  faa ion ané?ggwers the value of Kﬁ%z. 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 MAL and ML,, Since the charges on MAL and MLz are same
the entropy changes are also same,  Thus the difference Kﬁﬁi -
Kﬁ%z is less, The small difference is because A 1s a m=bonding
ligand and hence does not allow the concentration of the
electron to go up around the metal ion,.whéreas in i}qﬂ2+'the
concentration of electrons around metal ion is more than in

[@1H¢0)g_2+, Thus the tendency of L to combine with [&.dipi]

is more than to combine with ML . Kﬁﬁt is, therefore,
_ ML ) .
slightly higher than KMLz'
M MA

KMp, = Kyap, 18 less in cases of copper complexes,

It had been observed that the, Kﬁg:ﬁ,L 1s even more than K
é; According to Sigel8 this can be

attributed to Jahn-Teller distortion., The distorted octahedral

E.Pu(ﬂ,zﬁ)é]z+ will be some what moreﬁstrongly distorted towards

Ca
cu,L

where L = catechol

a square planar structure by the coordination of 2,2'=-dipyrie _
dyl, thus creating the right geometry for the coordination of
the seénddary ligand, '

However, in case of complexes of alkyl Nasubstituted
ethylenediamine,KggL is lower than KﬁL‘. This is because
dipytidyl 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 | ‘

. NeNedimethyl 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 nitrogén atonm,
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Table LIl 1,14

N = 0,2M V° =50ml, . TDipy-“ 0.002M Ty = 0,002M
E = 0,024 TP = 0,002M g = 0,24 t = 30°C,
Perch%oric ,  Dipyridyl . Cu,Dipyridyl ' Ni ,Dipyridyl

‘ acid .
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 1.50 0.00 1.55 0.00 1.50 0.00 . 1.50
1,00 1.65 1.00 1.70 1,00 1,65 1.00 1.65
2,00 1.80 2,00 1.80 2,00 1.80 2,00 1.80
3.00 2,00 .00 2.00 .00 2.00 .00 2,00
3.60 2,10 .00 2,65 .00 2.35 .00 2.25

.80 2,20 4,10 2,80 . 4,20 2.45 L 40 2,50

.00 2.25 4 .20 3.05 h.ao 2,55 L 60 2.75
4,20 2,40 b4 bl 3.50 4 ko 2,60 4,70 3,05
4 .40 2,55 4.50 3.85 %.50 2,80 4, 74 3.20
4.60 2,75 k.55 .05 4.60 3.05 4,80 3.40
4,70 3.000 4,60 4,20 4.65 3.15 4+.85 3.65
)+080 3025 )+o70 ,"'055 070 3025 )+088 ’ 3080
4. 8% a.ho 4,80 4 .95 4,75 340 .90 .00
%.90 .00 4,85 5,20 4,80 3,50 4 o4 4,80
4,92 b 40 %+.90 5 .40 %.85 3.65 4,98 6,20
% Ok 4,70 4,95 5,70 4,90 3,80 5.00 7.50
4.96 5.20 5.00 7.30 5.00 5.90 5,02 7.90
)+¢98 6060 500)'+ 8.50 5005 6005 5-06 8005
5.00 8.00 5.10 8.95 5.10 6.20 5.10 8.20
5,02 8.30 5.20 9.30 (ppts)  5.14 8.35
5.06 8.70 5.30 9.50 5.18 8.40
5.10 9.05  5.k0 9-35 5,20 8.50
5.20 9.35 5.59 9.99 5.25 8.70
5.&0 9.60 5.50 9.80 5.30 8.79
545 10,00 540 8.95
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. Table III 1,2'4

N =.1,0M _V° =50 m, Tgiéy = 0,004M TG = 0.004M
Ee = 0,1M Lo .. . m = 0,2 t =30°C,
Perchloric acid . . Cu,dipyen +« - '+ Ni,dipy en
Vol,of B Vol.of B Vol.of B
en en - en
Qoml) ___. (aml) ... (mwml)
0.00 0.90 0.00 0,90 0.00 0.90
1,00 1,10 . 1,00 1,10 1,00 1,10
2.00 1.60 2,00 1.55 2,00 1.60
2,30 2,00 2;a0 2,00 2.&0 2,00
2.45 2,50 2.L|ﬁ 2.50 24542 2,45
2,49 .00 2, 2,70 2. 44 2,70
2,50 RIYY) 2.9 3.00 246 2.90
2,52 - 5.25 2,50 .80 2,48 %.10
2,56 5.75 2,52 .00 2,50 5.80
2,60 6,00 2,55 4.20 2,52 5.10
2,65 6,15 2,60 4 40 2,56 5.30
2,70 6.&0 2,65 4 60 2,60 5.50
2'75 6. 5 2070 L‘-Cgo 2065 5!65
2,80 6.55 2,74 5.05 2,70 5.80
2,90 6.75 2,76 5.60 2.75 5.90
3.00 6.85 2,80 5.9% 2,80 6,00
3.10 6.95 2,85 6,10 2,90 6,20
3,20 7.05 2,90 6.30 3.00 6.35
3,40 7.20 3,00 6.50 3.10 6,50
3.60 7.35 3,10 6,60 3,20 6,60
3.80 7.50 3.30 6.80 3.30 6,70
.00 7,60 3.50 7.00 340 © 6,80
4,20 7.80 .70 7.15 (ppts.)
4,50 8.00 .00 7.&5
L"070 8.25 htzo 7' 5
L 40 7.60
7490
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Table III 1,74
Ve = 50 ml,
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Ti = 0,002M Tﬁ = 0,002M
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Iable III 1.1B

t = 30-C,

Ti = 0,001M
Tﬁ = 0,001M

VY = 50 ml.
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Table III 1,2B

t = 30°C,

0.2M
0,001M T& = 0,001M
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Ve = 50 ml,
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t = 30°C,
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M

Ve = 50 ml,
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Table III 1,3'B

Ve = 50 ml,
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Table III 2,14a

B, Ny, 1, log(l-8)/n, pL and pl-log(l-n)/n data for Cu.dipyridyl
ethylenediamine system -~ 30°C,

s ~r . - A Lt

B Ay y*t ym ym.y" 7 log(l-n)/n pL  pl-log(l-n)/n

4,90 2,000 3.89 4,10 0,21 0.204 0.58y 10.139 9.5%6
4,95 2,00, 3.89 4.1% 0.25 0.25,  0.M47, 10,06, 94584
5.00 2,00, 3.90 4,18 0,28 0,28, OMly  9.97 9.564
5.05 2,00, 3.90 4,22 0,32 0,32 0.32,  9.90¢ 9.579
5.10 2,000 3,90 4,26 0,36 0,360 0.25, 9.84%2 9.592
5,15 2,00, 3.90 4,30 040 040, 0.,17¢  9.762 9.58¢
5.20 2,000 3.90 4.3% O,)Wh 04, 0,105  9.69 9.584
5.25 2,000 3.90 4,37 047 0M47, 0,05, 9.6ly  9.56,
5.30 2,000 3.91 W43 0,52 0,52, 1,965  9.56, 9.59¢

— -

lOgKMAL = 9-5310.02

. 1
B, Ty,» 1, log(l-n)/n, pL and pl-log(l-n)/a data for Cu.dipyridyl
ethylenediamine system - 30°C,

-y o — —y o

B T; vé  ym ym.y® R 10g(1-)/A plL  pl-log(l-B)/A
4,10 0,04 2,500 2,535 0.03; 0.175;  0.67; 10.2%5  9.572
4,15 0,045 2,500 2,545 0,045 0,224 0.53, 10.1ks 9.60g
4,20 0,045 2,500 2.55, 0.055 0,25, 0.47, 10,045 9.563
4,25 0,048 2,500 2,565 0.065 0.325 0.314 9.9%¢ 9.629
4,30 0,04 2.50p 2,58, 0,08, 0.40¢ 0.17¢ 9.7%¢ 9.570
4,35 0,044 2,505 2.590 0.09¢ 0.45, 0,08, 9.74, 9.66¢

L. %0 '0,049 2,500 2.600 0,10, 0,504 0,000 - 9“6h5 9.645

logKy,p, = 9.611£0.04



82

3,'3H,'ﬁ, log(1-n)/n, pL and pL-log(1-A)/f data for Cu,dipyridyl
propylenediamine system -'30°C, ) :

Table III 2,24a

- - .

B EH A vMeo ymLuy" 7 log(l-n)/n  plL  pl-log{l-n)/n
%40 2,00, 3.88 4,00 0,12 0,12, 0,865 11.18,  10.32,
%+,50 2,00, 3,88 4,07 0:19 0,185 0.635 11,04, 10,404
4,60 2,000 3.88 %.13 0,25 0,24, 048, 10,85,  10.37,
.70 2,00, 3.89 4,20 0.31 0,30, 0,355 10.69¢  10.3%4;
4,80 2,000 3.89 4,28 0,39 0,3%¢ 0.183 10,55 _ 10.37s
%.90 2,000 3.89 4,35 O+ OM4y  0,10; 10,395  10.29,
5.00 2,000 3.90 4,43 0,53 0,53;  I.9¢ 10,27, 10,324

1°gKMAL = 10,35+0,03

Table III 2,2'4a

B, 7, W, log(1l-n)/m, pL and pL-log(l-n)/f data for Cu.dipyridyl
propylenediamine system - 30°C,

-y

BTy WV y" V" . F log(1-B)/A pL - pl-log(l-n)/A-

3.80 0,0y 2485 2,535 0.050 0.250 047, 10.9%, 1047,
3.90 0,0%g 2,485 2,550 0,065 0,325  0.31, 10.74g  10.43; . .
3.95 0.04g 2,495 2,560 0,00, 0.35,  0.265 10,64+,  10,37g
4,00 0,04y 2,49, 2,575 0,085 0,425 0,137 10,543 10,41,
4,05 0.0)4'9 2,49, 2,585 0,094 0.47¢ 0.0)-!'3 10 k4hg 10,405
4.10 0,049 2,49, 2,600 0,11p 0,550  T.913 10,3%g 10,435
4,20 0,04y 2,49, 2,625 0,135 0.675  T.68; 10.1%  10.46¢

logKy,, = 10.42+0,03°



g8-0

'0,0€- A Adip:
oAmm walsAs ua Adip __v%_o

h.<> 4 ._

"D,0E-waisAs ud Adip :_w:o
pouen pull) 12 ||| 014

mly-I fol

15 o0f

OWsN pun) 6T || ]

u/u-I
ge ] o i
b-o0 Obo_ | wm -1

‘ . ) >
ad"Kenp (109 o0z ]| B2

WalsAs
_

Wap (jno e TRE



. 83
Table III 2.34a |

B, Ny, B, log(1-n)/M, pL and pl-log(1-H)/R data for Cu.dipyridyl
N-~methylethylenediamine system -~ 30°C,

B 2 A v ymav" #3 log(l-n)/A pL pl-log(l-n)/d
540 2,000 3,92 4,21 0,29 0,29¢  0.385  9.49, $.102
5.50 2,000 3.92 4,27 0,35 0,35  0.26,  9.332 9.064
5.60 2,00, 3.92 4.3+ 042 042, 0.14%, 9,185 9,045
5.70 2,000 3.93 441 . OM8 0.,48¢ 0.035 9.03, + 9.002
5.75 2,00, 3.93 4,46 0,53 0,53  TI.94g 9.983 9.035
5.80 1,995 3.9% 4,50 0,56 0,56 1.892 8.91¢ 9.02y
5.85 1.985 3.9% 4.5% 0,60 0,605 TI,81;  8.86n 9.0k,
5.90 1,980 3.95 4.59 0.6+ 0,6+  1.73,  8.81¢ 9.074

lOgKMAL = 9-05 : 0003

Table III 2,443

B, Ny, 8, log(l-n)/n, plL and pl-log(l-n)/f data for Cu.dipyridyl
N~ethylethylenediamine system - 30°C, '

B Fy V" M ym.y"  § log(l-)/R  pL  plelog(1-R)/RA

5.80 2,000 3,96 4,23 0,27 0.27% 0.432 9.28¢ 8485y
5,90 2,000 3.97 %.30 0,33 ' 0.330  0.30, 9,12, 8.82,
6,00 "1,985 3.98 .39 01 O,413 0,152  8.99% 8.83s
6.10 1.965 3.99 )+.’+5 046 0.)-!-68 0.055 8.839 8.78,
6.20 1,94, 4,00 %¥,50 0,50 0,515 I.9% 8.68, 8.713
6.30 1,915 4,01 4,57 0,56 0,585 1.85, 8.565 8.713

logK = 8§.78 + 0,04

MAL
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Table 111 2,543

B, T, 0, log(1l-n)/f, pL and pl-log(l-fi)/f data for Cu,dipyridyl
N-N!'.dimethylethylenediamine system -‘30°C,

B By V" UM ¥M_y"  F 1og(1-R)/A plL  pl-log(1-R)/A

5,90 1.93¢ 3.98 4.31 0,33 0.34%; - .0.28¢ 8,245 7.95¢
5.95 1.92¢ 3.99 4.3% 0,35 0.36, 0.24g 8.07,4 7.823
6,00 1,91¢ 3.99 .36 0.37 0.386 0,20, 8.083 . 7.882
16,10 1:89¢ 4,00 .2 042 0.4, 0,09, 7.93¢ 7.83
6.20 1,875 4,01 4,48 OM47 0,502 - 1,99 7.79%¢ 7.800
6,30 1,845 4,02 4,54 0,52 0,56, 1.88¢ 7.66g 7.780
6.35 1,830 %.03 4,59 0,56 0,612 1,802 7.62, 7.825

logKy,g, = 7.84 4 0,04
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Table III 2,1Ab

Byfig, N, log(l-n)/n, pL-and pl-log(l-H)/n data for Ni.dipyridyl
ethylenediamine system - 30°C, ‘ . :

B f, Vo vmo ymoyn n  log(l-n)/m pL pl-log(l-n)/m

6,00 1,92, 3,96 %,1% 0,18 0,18, 0,635  7.96 7.32¢
6,10 1.902 3.98 4,21 0.23 0,242 0495  7.804 7.3%0
6,20 1.900 3.99 4,28 0,29 0,305 0,354 7.65¢ 7.29g
6,30 1.8%, %.,01 4,36 0,35 0,380 0.21> 7.530 7.31g
6,40 1,84y 4,04 445 OM41 OMhg 0,004 7 .40¢ 7.30¢
6,50 1.80y 4,06 4,50 04+ 0.,u48, 0.01, 7.320 7.304

logKy,; = 7.31 % 0.02

Table III 2,1'4b

B, 17, W, log(l-n)/h , pL and pl-log(l-n)/A data for Ni.dipyridyl
ethylenediamine system - 30°C,

B T? vt ym ymyr R 1log(l-R)/R pL  pl-log(l-B)/m

5,25 0.0%g 2,520 2,550 0,030 0,15 0.75; 7 o9l 7.19¢
5.30 0.0%g 2,524 2,560 0,04 0,200 0,602  7.85 7 2k4g
5.35 0,04 2,525 2,575 0.050 0.25 0.47, 7.750 = 7.273
540 0,04y 2,535 2.58¢ 0.06p 0.300  0.36g5  7.650 7.282

545 0,04 2,530 2,595 0,065 0,325 0,31,  7.53¢ 7.215
5,50 0,044 2,530 2,605 0,075 0,375 0,222  7.450 7.22¢
5.60 0,050 2,549 2,630 0.09p 0O,45¢ 0,08, 7.260 7.173
5.70 0,05, 2.550 2,666 0,115 0.55  I.913 7.130 7.21,

1°gKMAIJ = 7.23 j: 0005
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Table III 2,24b

B, Ny, 1, log(l-n)/n, pL and pl-log(l-A)/n data for Ni,dipyridyl
propylenediamine system - 30°C,

oy o T T -y W NE—— s

B .BH yn ymo ym_yn n, log(l-n)/n pL pl-log(l-n)/n

6,20 1,82, 4,05 4,35 0.30 0.32, 0,30, 7.80¢  7.49,

6,25 1,80y 4,06 4,39 0,33 . 0.36, 0.23¢  7.7%2 7.50¢
6.30 1,78y 4,07 4.1 0,34 0,38 0.212 7.663 745,
6.35 1.76y 4,08 4.6 0,38 043 0.11, 7.613 . 7.49y
€.40 1,72y 4,09 L4.,48 0,39 0,45, 0.082 7.5%3 746,
6,45 1,707 4,11 4,52 0,41  0.48; 0,025 7,483 745,
6,50 1,66y %,13 W,56 043 0,515 - 1,965 . 7.430 7 .46,

logKyag, = 7.47 + 0,02

Table II1 2,2'Ab

\ B, T, n, log(1l-n)/n, pL and pL-log(l-R)/f data for Ni,dipyridyl
propylenediamine system - 30°C,

B Ty W V" U B log(1-B)/A plL . pl-log(1-R)/A
\5.30 OOOL.'Q 20535 2-600 00065 0-325 0-31? 70950 7-633

5035 0'0)4'9 205)'{'0 20610 0’070 00350 00269 7)85‘ 7:582
501"0 00050 20550 21630 00080 O.L}'OQ 00176 70755 70579
5:11'5 00050 2-555 2.650 0-095 00475 0,0’4‘3 7v650 7-607

5,50 0,05 2,565 2.66p 0.100 0.500 0,000 ~ 7.56u 756y
5055 0005‘ 20570 2-680 0‘110 00550 10912 791“'62 7:550 ;

S 5.60 0,05, 2,575 2,700 0,125 0.625 1.778 7.363 7.585

logK = 7,58 + 0,02

MAL
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Table III 2,34b

B, nH, 1, log(l-n)/n, pL and pl-log(l-n)/n data for Ni dipyrldyl
N-methylethylenediamine system - 30vC,

B Ay A ym o ym_yn i log(l-n)/m pL pL-log(l-n)/n

6.60 1,765 4,05 4,31 0,26 0,295 0.373 7.20¢ 6,824
6.70 1,720 4.07, 4,38 0,31 0.36, 0.2k4g 7.075 6.82y
6.80 1.670 4,10 4.3 0,33 0,395 0,185  6.930 6. 745
6.90° 1,600 4,13 4,50 0,37 OM4é3 0,06 6.8l 6,75y
7.00 1,55, 4,15 4,55 040 0,51, T.970 = 6.70¢ 6,736
7.10 1,50, 4,18 4,60 . 042 0,560 1.895  6.5% 6.694
. 7,20 1,435 4,20 4,63 043 0,600 T1.82, 6.484 6.665

" logK, . = 6,75 + 0,04

MAL

Table I11 2, 4ib .

B, niy, 1, log(l-A)/f, pL and pL-log(1l-n)/n data for Ni.dipyridyl
Neethylethylenediamine system - 30°C, ‘

B Hy ¥" VM ym.y" [ log(l-n)/A plL pl-log(l-H)/RE
7.30 1.k65 4,26 %,50 0,24 0,32, 0.31; 6.635 6.321
7.40 1,405 4,28 4,54 0,26 0,37 0.23, 6,520 6.28,
7.50 1,360 4.31 4,60 0.29 0.42¢ - 0.129 C 6425 6.293
7.60 1,325 4,32 4,63 0,31 046y 0,055  6.32» 6.26,
7.70 1,290 4.35 4,67 0,32 O049¢ 0,00,  6.21, 6.21,

7:80 lo255 4.36 )4'-70 OD3)+ 0-5""2 1'927 60135 61208
7-90 1'220 4038 l"!'»73 0035 ,00571-1- ‘10870 6.0""6 6-176

-

logk = 6,25 + 0,05

MAL



Table III 2,54b 88

B, Ny, B, log(1l-n)/n, pL and pl-log(l-n)/n data for Ni,dipyridyl
N Nt —~dimethylethylenediamine system -~ 30°C,

—

B g yroo UM vmyt R log(l-A)/A pL  pl-log(l-A)/A
7.20 1,425 % 26 4,50 0.2% 0,33, 0.29y 5.997 54703
7.30 1,375 %,28 4,54 0,26 0,375 0.21¢ 5.88¢ - 5.67¢
7.40 1.325 4,30 4,58 0,28 0,42, 0.135 5.786 5.654
7.50 1.275 4,31 4,60 0,29 0,455 0.07g 5.682 5 .60y
7.60 1.235 4,33 4,63 0,30 08¢ 0,025 5,58 5,554
7.70 1,20, 4,35 4,67 0,32 0,53  I.9%4, 5.504 5.56¢

10gKML = 5-62 j: 0105

Table III 2,.6ib

B, Wy, 1, log(1-0)/f, pL and pl-log(1l-n)/f data for Ni,dipyridyl
N-N-dimethylethylenediamine system - 30°C,

B Ay v ymo oym.y" [ log(l-A)/A pL pl-log(l-n)/m

7320 1,213 4,35 4,55 0,20 0,329 0,30  5.704 5.1400
7.30 1,195 4,37 %.59 0,22 0,365 0.235  5.62 5.385
7.40 1,1% 4,38 4,62 0,2% 0,41, 0.155  5.53g 5.380
7.50 1.14%5 4,40 4,65 0,25 0,43,  0,11p  5.44g 5.338
7 .60 1.125 L L1 Lr..67 0.26 0,467 0.066 ‘5.360 5.29,
7.70 1,11p %42 4,70 0,28 0,50, 1,993 5.28, 5.29¢
7.80 1,095 W43 4,73 0,30 0,54s T,91¢  5.224 5.30g

1OEKMAL = 5'3]'" : 0-05
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Table III 2 lB . - 89

B, Ay, 10, log(l--n)/", pL and pL-log(l—n)/" data for Ni.o-phen.
ethykenediamine system -~ 30°C,

B fig AL ym ym_ym [ log(l-n)/m plL pl-log(l-n)/n

6,40 1,800 W.52 W6+ 0.,12. 0,26, 0-.2:1-39 7.570 7.131
6.50 1,760 %.5% %,68 0,14 0.31g 0,33y 7.42 7.084
6.60 1.72¢ 4.55 4,71 0,16 0,372 0.22, 7.285 7 .060
6.70 1.68, %.56 4.75 0,19 05, 0,08,  7.17s 7.092
6.80 1,640 4,57 4,78 0,21 0,512 1,979  7.06; 7,081
6,90 1,600 4,58 4.81 0,23 0,575 1.865  6.965 7.09,
7.00° 1,530 %.60 4.8+ "0.2% 0,63y - 1,765 6.875 7.110

logKy,p, = 7.09 + 0,02

Table III 2,1!'B

B, T7, 1, log(l-n)/n, plL and pL-log(l-n)/ﬁ data for Ni.o—-phen.
ethylenediamine system ~ 30°C,

B P v vt vt'.Vt [ log(l-n)/m plL pl-log(i-n)/n
5.50 0,024 2,530 2,550 0,020 0,200: 0,602 775n 7.152
5.60 0,02, 2,5% 2,570 0.030 0.300 0.36g 7.5 - 7.182
5.70 0,024, 2,555 2,59 0,035 0,35 0.264 7.3598 7.084
5.80 0,024 2,579 2,625 0,050 0,500 0.00g 7.160 7.160
5.0 0,025 2,580 2.64¢ 0,060 0,60, 1.82y 6.96¢ 7.142
6,00 0,025 2.6lg 2.68¢ 0,070 0.700  T1.632  6.77: 7.13

logK = ;7.14 + 0,02

MAL



Table II1 2,2B

a0

B, Ty, #, log(l-n)/4, plL and pl-log(l-n)/n data for Ni,o-phen.

propylenedigmine system - 30%C,

-

—

B Ty YT ocooym ym_y" [ 1log(l-n)/n  plL pl-log(l-n)/n
6,10 1,920 4,50 4,60 0,10 0,20g 0.58, 8.21g 7.635
6,20 1.88, 4,51 4.6+ 0,13 0.27¢ 01, 8,07 7.65
6.30 1.800 4.53 4,67 0.1+ 0,312  0.34%3  7.92 7.57;
6.40 1.760 4,54 4,70 0,16 0,36 0.2l 7.784 7.53s
6.50 1.680 4,56 4.7%. 0,18 0.42g 0,12,  7.65, 7.535
6,60 1,680 “.56 4,76 0,20 . 0,47, 0,04, 7.533 749,
6.70 - 1.60, 4,58 4,80 0,22 0,55, T.91;  7.4% 7.52,

Table III 2.,2'B

logKy, 1 = 7.57 + 0.05

B, Ty, 1, log(1-n)n, plL and pL-log(l-n)/A data for Ni.o-phen.
propylenediamine system - 30%C, :

ey

B Ty V¥ VLW § log(1-W)/A pL  pl-log(1-R)/A
5,30 0.02 2.5%0 2.560 0.02¢ 0.20,  0.602  8.252 7.650.

' 5-}*‘0 0.-0.234- 2-550 2-580 0-030 0-300 0'368 8'05“- 7-686
5.50 0.02¢ 2.56¢ 2,600 0,04, 0.@00 . 0.17¢ 7.85¢ 7.68¢
5.60 0,025 2,580 2,630 0,05, 0,500 0.00¢ 7.660 7.660
5.70 0,025 2,600 2,660 0,069 0.60p 1,82y 7 L6y 7640
5.80 0,025 2,630 2,700 0.07¢ 0,700 1.632 7.165 7.633
o logKy, 1 = 7.66 + 0,02
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