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According to Bjerrum the complex formation 1s a stepwise

reaction as follows 3

, M+ L= M (1.1)
ML + L =—> ML; ‘ (1.2)
M['i-l + L@ MLV, (1.3)
MLn_1A+ L———M (1.4)

M = metal ion, L = 1igand,

The charges .on the ligand ions have not been shown,
The equilibrium constant governing esch step is, termed the
stepwise formation constant,

For a complex of the type [Mbg] ’
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Kz = (1.6)
© Ta] G
= Ky K2= [Mbg ‘ (1.7)
Ba= Ky, Z-W . E
In solution there is a competition between the hydrogen
ifon and the metal ion to combine with ligand ion, If it 1s L2,

(1.5

K,

and -

two hydrogen ions can comblne in steps :

12+ B 1w (1.8)
L~ + ®' LHa ; (1.9

Equilibrium constants govern each step and are known

as first and second proton ligand stabillty constants, K,'ﬁ and
H ‘
Ko,

The function 'ﬁH can be defined as the average number
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of protons 'bound per not complex bound ligand. If the total
concentration of ligand is Tﬁ, and that of metal ion is M, the .
concentration of the free ligand is equal to T{ - E,Tﬁ where
n is the average number of ligands bound per mebal ion, For a

complex ML, the expression for n 1is as follows :

= - K4 [L] + 2Ky Ko [1.]2 (2,0)
1+ Xy [L] + K¢ K2 [L]2
It is presumed that the polynuclear complexes and proton
bearing complexes do not exlst in solution, The free ligand
exists in the solution in the form of undissociated molecule

HoL and the ions HL™ and L°T

I - BT, = BL + H + %7 (2.1)

This can be further solved to get the value of pL 1i.e,

negative logarithm of free ligand ion,

———

/?2:)
(2.2)

2 e -
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T - {,T9 ve
L~ Bty ]

.=log L=pl=log

Bjerruml has shown that values of pL at .. = 0,5 and 1,5

correspond to the metal ligand formation constants logKy and
1ogK2)respe§tively. The values are, however, not very breﬁise.
The plots of N against plL give the formation curves, Yarious
computations of the I and pL values have been attempted to get
the precise values of the formation consténts. Amongst them
the method of leass square2’3 is supbosed to be mostkprecise and

has been used in the present study of metal diamine chelates,

Study of the binary systems containing Cu(II) or Ni(II)

and diémines have besen carried earlier, The effect of steric
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hindrance on the chelating tendencies of diamines with

Cu(II) and N&(II) ions has been studied by Basolo and Murmannlf“6
The stability constants of _the complexes formed by N-subs-
tituted diamines with Cu(II), Ni(II) and Zn(IIj ions have been
determined by Calvin-Bjerrum techniquez ,Irving and coworkers®
have studied the influence of ring size upon the stabilities of
metal chelates containing ethylenediamine, propylenediamine or
1,3~diaminopropane, The complex ions formed by Hg(II) ion with
three polyamines were investigated by a polarographic method?
The successive formation constants of complexes of Cu(II), Ni(II),
Co(II) and Zn(II) ions -with '1,3-diaminopropane have been

11 determined the formation constants and

studiedt® Fernelius
free energy, enthalpy and entropy changes involved in the
formation of coiplexes of N-substituted amines with different
metal ions, Martell and éoworker512 ‘have determined stability
constants of complexes of Cu(II) ion with diamines, A poten-
tiometric method has been used to study the effect of NaClOy
on the acid dissociation constants of propylenediamine and

the formation constants of 1ts Za(II) and Cu(II) complexesid+™*
The complexes Ma{II), Ni(II) and Zn(II) with some symmetrically
substituted en have . been studied and formation constants
values have been determined%s A éomparative study of thg
basic strength of N-substituted en and alkanol substituted
amines has been ocarried outt® Formation constant values

of the complexes of N-N'-diﬁethyl en with Cu(II) and Ni(Ii)
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have been determined by Nasanen and‘boworkers%7 The preparation
of a series of Zn(NOz)2 complexes with amines has been reported%8v
The formatiog of complex between Ni(II) an@ en was studied
spéctrophotomatrically and the effect of pH on the nature of the
feaction and stabiliﬁy of the complex formed was observed:.t9 The
complex [?o(Noz)zLé] I where L = N-N'-dimethyl en has been
prepared%O Reactions of tris(acetylacetonato)Mn(II) and.
bis(acetylacetonato)Mh(II) with ethylenediamine and pther primary
amines have been studied%l_ Steric hindrance in the complex
formation of Cd(iI).with N-methyl substituted en has been reported%2
PMR spectra of Cu(II) complex of en has been recorded%3 Effect

of ionic strength on the stability of Co{III) complexaé of

hexamine tris (en) and tris (pn) have been studiecl%)+ The stability
constants of the 1:1 and 1:2 outer sphere complexes of [éoeni]3+
and [Copn3]3* with F~, C17 and Br” have been studied’ The

| stability constants of the mixed ligand complexes of the type

2

Cd(en)X where X = ghloride, Br~, I”, $,03°~, SCN were studied

by pH metric amd potentiotric metheds%é

Migelz7 used polarograr
phic method to study complexes of Cu(II) with ethylenediamine,
diethylenetriamine and triethylenetetpaamine in water-ethanol
solution,

It is observed that the diamine complexes of Ni(II) and
Cu(II) have not been étudied by using Irving-Rossotti titration
technique, Since such values are required for comparison with
the ternary complexes, studied in the later chapter, the studies
of ethylenediamine, propylenediamine, 1,3~diaminopropane, .Ndmethyl
en, N~ethyl en, N-N!'=dimethyl en, N-N-dimethyl en and N-N-diethyl
en complexes of Ni(II), Cu(II) have been carried out in the present

chapter,
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Egperimentaz s

Irvingqaossbtti titration techniqu928 was employed for
the determination of the proton ligand and metal ligand formation
constants in soiution., This technique involves the measurement
of pH, which was carried out using a glass calomel electrode and
pH meter combination, All the ligands and metals are freely
soluble in water and hence water was useé as solvent throughout
the investigation bf these systems,

(a)Materials and purification :-

(1) Water : Throughtut the experimental work double distilled.
conductivity water was used, Distilled water was redistilled
over alkaline potassium permanganate, The distillate was boiled
to expeld carbondioxide and was cooled and stored in_an alr-tight
pyrex aspirator. The pH of thié water was found to be <~ 6.8,
This water was used for preparing solutions of metal salts and
reagents,
(2)'Ligands and other chemiecals : The ligands 'used were AR, pure;
They were obtained from different chemical companies and their
puritigs were checked by noting the melting points and boiling
pointé. The chemicals used aré listed below :
.Diamines (Fluka, puré), perchloric aqid (Baker, analysed reagen@,
N,J.), sodium perchlorate (Fluka, pure), sodium hydroxide (S,Merck,
A.R,), nickel carbonate (supplied by Canning and Co., Birmingham-18),
copper carbonate (E,Merck, G,R.), Qere used,

(b){(1) Oxalic acid : Standard pxalic“acid solution of strength 0,5N
was prepared by dissolving the required am§unt of the sample

(BDH, 4.R.) in conductivity water and making upto required volume,
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(2)tSod1um hydroxide : 50 gms, of sodium hydroxide was dissolved
in 500 ml, ¢onductivity water in a well corked pyrex flask and

" was kept for two days, The clear supernatant liquid was £iltered
rapidly through sintered glass crucible of porosity Gei using\
vacuum pump into another well‘cléaned 500 ml . meaéuring flask,

It was then diluted to 500 ml.,hshaken‘well and titrated against
standard 0,5 N oxalle acid solution using phenolphthalein as an
indicator, Thus the strength of the sodium hydroxide solution
was determined and also checked pH metrically, From this
standard sodium hydroxide solution, solution of required normalitj
was prepared by proper’dilgtion; Care was taken to keep the
sgdium hydroxide sclution free from atmospheric carbondioxide,
(3) Sodium perchlorate solution : The requipéd'quantity of
godiumﬁperchlofate (AR, ,Fluka) was weighed and dissolved in

500 ml, of conductivity water‘to prepare 1M solution,

(4) Perchloric acid solution : A definite volume of 80% acid

was diluted with conductivity water to obﬁain v 0,5M solution
of perchloric acid‘in 500 ml; The exact strength was found out
by titrating against standard alkali,

(5) Metal salt solution : In order to avoild the complexing
tendencies of the anion, the perchlorate of nickel was prepared
by refluxing its carbonate with perchloric acid till an excess
of metal carbonate was left, The filtrate was a neutral solution
of nicﬁel perchlorate. 1In case of the preparation of copper
‘perchlorate, however, weighed quantity of copper carbonate was
dissolved in known excess . of perchloric acid, This is to avoid
the hydrol&sis of Cu(II), The amounts of metal ions present in

the above perchlorate solutions were estimated, From these stock
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solutions, 0,02M metal perchlorate solutions were prepared by

proper dilution,

(6) Solutions of complexing égents t A definite volume of diamines
were diluted with conductivity water to obtaip approximate 0,5M
solution of diamines in 100 ml. The exact strength were found
6ut by titrating against standard acid, From these standard
solutions, solutions of;required concentrations were prepéred by

_proper dilution,

(C) Apparata : All glassware used were of pyrex glass, The
micro burette was calibrated to 0,01 by the method described
by Voge1%9 The other measuring vessels as micro-pipettes,
megsuring flasks of various capacities, pipettes etc.’were

calibrated by using a standard burette,

() pH meter and accessories : A Mbﬁréhm pH meter of type E 350 A,
operating on 220 - 240 volts and W0-60 cycles,and designed for

the entire pH range from O to 14 and having glass and calomel
electrode combination was used, The pH meter has readability |

of + 0,05 unit and a reproducibility of 0,02 pH unit, ‘It was
calibrated with buffer of pH 4 and 7, The calibration was inter-

mittently checked,
(e) Details of Irving-Rossottli titration technique : The titration

cell was a pyrex beaker fitted with a perspex cover with three
holes, through which were admitted the electrode, burette tip

" and glass stirrer, The tip of the burette was %ept in éontact
with the solution and positioned as near to the stirrer as possible
to>avoid loeal concentration of alkalli, In all three solutions
were prepared ¢ (1) Perchloric acid, (2) perchloriec acid and ligand -

and (3) perchloric acid '+ ligand + metal, The total volume of 50 ml,

\
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"was maintained by the addition of conductivity water,

3 24
Initially

jonic strength of the solution was raised to 0,2M in all the

cases by the addition of the required amount of the neutral salt

i.,e, sodium
prepared as
0.05M HC10y
0,05M HC10y
NaCl0y.,
0.05M HC10
NaC10y,

0,05M HC10y

The
kept for 20
attain that
The
1:10 in all

possible coordination number of the metal ions studied,

addition of

perchlorate, The solutions for the tlitrations were

shown below : h
+ 0,024 ligand + 0,130M NaClOy

+ 0,02M ligand + 0,002M nickel perchlorate + 0,128M
+ 0,02M 1igand + 0.,002M copper perchlorate + 0,128M

+ 0 .150M NaCi0y,

titratioﬁ beakers containing above solutions were |
minutes in the waterbath in order to ;1low them to
temperature (30°C), '

ratio of the metal salt to ligand was maintained at
the metal titrations 80 as to satisfy the highest
After

each portion of alkali, pH was noted, The highest

reading which remains steady was recorded in all the cases, The

titration data and curves are given in tables II 1,1 to II 1,8

and in figs,

II,1 to 11,8,

As seen in the Irving~Rossotti titration curves (figs.

11,1 to 1I1.8), at low pH the ligand titration curwve,shows higher

values of pH than the acid titration curve indicating that it

contains less number of titratable hydrogen ions, This 14 due

to the formation of the species NH3RNHj, As the pH increases,

ligand curve tries to merge with the acid curve due to the

formation of NHjRNH, and finally NHRNHz,
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The association of proton with diamines takes place

in two stages :

Ky

NHp R NHp + Hf =—— WNH, . R.NHy® !
- i H N
N RN + B s W oNED
The metal titration curves (2) and (3) show lower pH

value for the same amount of alkali.than the 1igand\titration
curve (1) due to the liberation of protons from NH} after
coordination, Thus @ factor can be computed from the dgfference
in thé vblume of alkali required to produce the same pH in the
metal + ligand and ligand titrations, The reaction takes place

as follows :

¥+ LB —= w2t + 28" 28" + 20H——= 2H,0

(1) Caleulation of'ﬁH and proton ligand stability constants 3

The 'ﬁﬂ values can be caleculated by using curves first
and fourth, The horizontal distance between these two curves
is used for the calculation of 'EH at different pH by using

following equation :

-

- (V1<V") (N + E°)
Ny = =
e s LR

wherefﬁH = mean number of protons bound per not complex bound

, Y (2.3)

ligand molecule,
V¢ = the initial volume of solutioms,

Vf, V" = yolume of alkall required to attain the syme pH in

the acid and acid + ligand curves.
= the concentration of alkali
E° = the initial concentration of mineral acid
I? = the initial total ligand concentration

Y = number of replacable hydrogens from ligand,

=
1



A
ihe values of proton ligand stability constants haveQ()
been obtained by linear plot of pH agginst log Dy/l-fg. At
cach point on the straight line pH - log ny/1-fy = KH. K? and
Kg values were‘obtained in the range Nz 0 to 1 and 1 to 2,
respectively, and have been represented in the table II 4,0,
The details of intermediate stages of calculations and graphs
have not been gliven to economise space,’
(II}) Calculation of metal ligand formation constants :
The T values. have been calculated by measuring horizontal
difference in the volumes of alkali required to produce the same

pH in the metal and ligand titration curves and substituting it
in the following equation : )

= EV"! -V{'){N +'E° + ‘,I.'I‘: (Y—?}H)B )
(ve + V#)'nH'?ﬁ -
where Ty = initial total metal ion concentration,

ym oy

(2,4%)

volumes of alkali required to & attain the same pH
in the geid + ligand + metal and aeid + ligand curves,
(IID Calculation of pL : °

’For the calculation of pL, the .equation (2,2) was used,
The plL Qalues qalculated have beén recorded in tables II 2,1la
to II 2,8a and II 2,1b to II 2,8b, The values of B have an
accuracy of + 0,01 depending on the burette precisioﬁ and the
values of pL are significant up to * 0,05 depending upon the
readability of thg pH seale, ‘

At T = 0.5 and 1.5 pL values correspond to log Ky and
log K2 respectively, In cases where K4/K2 >> 10?‘5, the above
method is used, However, in these cases also determination of
formation constants from pl at one point may involve experimental

error,
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In such cases, however, the formation functions in
the two regions of formation of M.y and MLy reduce td the

following form :-
n+(n-1)Ky (L) =0 and
1+ (n-2)K (L)%= 0

This means that log of (1-n)/n has a linear relation-
ship with pL, The plots of log of (1-H)/R against pL in the
two ranges T ) 01 and © )1 2 have been shown in figs.
IT 11, IT 1% to II 16, II 22 to II 24, The values of log K
and log K2 can be caleulated, respectively,at each point on
straight lines corresponding to the two regions of 1 by using

the following relationship3?
log K, = pL = log(l-n)/n

The average of all these vazlues was obtained and the
deviation of each individual value- from the average value was
calculated, The average values of log K and log K2 with mean
deviation have been presented in tables IT 3,3a, II 3,6a to II 3,8a
and II 3.6b to II 3,8b, The method, described above, has following
advantages : '
(1) The valuesyof log Ky is not obtained only from one point
(n = 0,5 or 1,5) and the possibility of experimental error is
eliminated, (2) The points on the straight line: are considered
and thus the validity of B and pL 5ata can be verified, The most
divergent points, away from the linear relationship, can be discar-
ded, ) _ .

In cases where log Ky / log K2 102‘5, it is best to
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calculate the formation constant. using least square technique,
The plots oflﬁ.against pL in the present study have been shown
in-figs., IT 9, II 10, ITI 12, IT 13 'and II 17 to II 21, They do
not show flattening at n = 1 indicating that the spreading
factor in the formation of the first and sécond step of metal
ligand complexes is not high and hence least square method is
applicab}e. M )

It is seen from equation (2.05 that the above approximate
method need not be used, if N equationg,of the type referred in
equation (2,0), are available for the system with Mﬁg as the
higheét possible complex,

In the cases. of systems with MLz as the highest complex,
T+ @) Ky [L]+ G-2) KeRe [L]2 = 0 (2.5)

The above equation may be rearrénged as follows :

’ i __ = (e [1] . B2 . K, (2.6)
' (3-1) [L] (B-1)

The above equation is wellknown for a straight line of
which the slope is pz(Kq.Kz). But, since the term.[L] varies

over several powers of ten , it is difficglt to plot

5 (2-7) [L]
GO TG
‘Therefore, the constants 82 (Ky.K2) and Ky are best

evaluated by the method of least square, It makes use of all
the experimental poilnts except those'between'ﬁ = 0,95 and. 1.05
(which, for this purpose, are too sensitive to slight experimental
errors), In this method firstly the values of n/(n-1) [L] and
(2-n) [Q]/ (n~1) were calculated, These values are termed y and X

and were summated over all number of points taken to give T ¥ and 3.X,
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respectively, Next, values of X? and XY were tabulated and added
to giveZX? and XY, respectively, These sums were used to solve
the standard simultaneous equations for the least square which
are o
Y= K,ap + aixX

DAY = a0%X + A4 =X? , (2.7)

where K 1s équal to the number of observations, the coefficient

ao is =Ky and a4y is B2, The solution of equation (2,7) gave

mean vafue for logKz, Further, the mean value of Ky wés fitted
into equation (2,6) and then individual values from the average
values were determined, From the sum of individual deviation

the average of these deviationsi,e, mean deviation, was calculated,
The calculations aﬂd precise values of first and second formation
constants obtained by_this metpoq have been tabulated in tables

IT 3,1a, II 3,2a, 11“3.4a, IT 3,5a, II 3,1b to II 3.5D,

The average Qalues of logKy and logKz with mean deviation
obtained by least square or linear plot method, have been
represented in table II 5,0,

The dilamines are characterised by two k2 values,
Propylenediamine and 1,3-diaminopropgne show higher values of KH
than that -of ethylenediamine. This is because of the positive
induptive effect of the =CHy group. In case of propylenediamine
the =CHj group is nearer to one -NHz anfl farther from the other,
As g result of it K? value shows an increase whereas Kg remains
nearly same as in ethylenediamine, In 1,3-diaminopropane the
added CHy groupihas equal effect on both the -NH2 and hence

both K? and-Kg values show increase,
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Substitution df_a proton on NHz by alkyl group also .
p?oduces a small increase in basic strepgth. This is because
of the positive indutsive effect of the alkyl gioup.‘ The
électron release by alkyl group increases the electron density
on nitrogen and hence, increases its affinity for a przton,

The proton ligand stability constant values are in order

N ethyl en > N methyl en >en, The introduction of second
alkyl group over the same nitrogen atom, however, 1owers the
value of K? and Kz, This can be explained as in case of
trialkyl ap.mine..,3 ',Though there is an increaée in the electron
density ovef‘the nitrogen atom with the increase iﬁ the number)
of alkyl group§, the possibility of the solvation of the protonated
cation and hence its stability goes on decreasing with the
substitution of hydrogen by alkyl groups. A second alkyl group
placed symmetrically over the other nitrogen atom has a slight
effect on the‘PKg values“of the first NHz, Thus in case of
symmetrical N-N!'-dimethyl en the values of K? gnd Kg are very
close to those of unsubstituted ethylenediamine,

Bidentate ligand ethylenedlamine forms stronger complexes
with all metals than those formed with two molecules of ammonia
or two molecules of primary monoamines, LogKgL values are lower
for ethylenediamine complexes than corresponding propylenediamine
complexes, ’This is in accordancg with the basicity of the ligand,
However, 1,3-diaminopropane forms less stable complexes with
Ni(II) and Cu(II) as compared to en and pn though its basic
strength is more, This is because 1,3-diaminopropane forms 1ess
stable six membered ring chelates while ethylenediamine and
) propylenediamine form more stable five membered ring chelates,

Though N-methyl and N-ethyl ethylenediamine are more basic than en,
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there 1s a decrease in the stability of their 1:1 and 1:3 metal
complexes, This is because of steric hindrance, The base |
strengthening effect of alkyl substitution is necessaiily
accompanied by an increase in molar volume and steric hindrance
between amine molecules coordinated to a metal ion and also
between amine molecule andcCodidiratedwater, This tends to reduce
the stabilities of such metal complexes,

The effect is more pronounced in N-ethyl en than in
N~methyl en, Disubstitution produces more sterie hindrance
resulting in further decrease in the values of formation constants,
The effect is maximum in case of N-N-dimthylethylenediamine,
rendering thé values of logKy minimum, In case of symmetrical
N-N*~dimethyl ethylenediamine, the hinﬁrance is comparatively
less than in N-N-dimethyl en and héence the values of stability
constants of its complexes are slightly higher, Thus the order
of the stability constants of the diamine cpm&lexes can be
explainefl in terms of basieity and steric factors, The Cu(II)
complexes are more stable than Ni(II) complexes as explained

in the Irving-William order,
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30°C,

Tﬁ = 0,002M

.1

Table II 1

t

0.,2M

]

K

= 50 ml,
9 =
T2 = 0,02M

v

0,5M
E® = 0,05M -

f

N

Ethylenediaminé

!

Ni(II)

Cu(II)

bl

Perchloric
acld

i

B

Vol.of
alkali
(in mi,)

B

Vol,of
alkali
(in m1.)

B
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Vol.,of
alkali

B

(in ml1,)

Vol ,of
alkall

MO0 O COWMOINININOINO O O0OINDWNOO OO
ONENND 1 MNOD el D ONAIINCD O O YN NN ONIND
* & % P % & ® 0 S ¢ 5 & B & 2 T B 9 """ P
oI NN et oF OO0 NN OO0 0 O

00000050000500000000 o
O 40 B0 OO L WWOND [0 O (U ND 0“,12&8\4.

® » & % & & & & ¢ » P 5 ° 5 b b

OCO0COOOmmirirdrire-ird NN

24
2
3.
3
3
3.
8




0-3

0-y

J4~v Z\

\ <0 )

9-'®



33

Table II 1,2

t = 30%C,

= 0,2M

Vv = 50 ml,
Ti = 0,02M

0.,5M
0,05M

N

0,002M

]

v

Ev

Ni(IL)

Propylenediamine Cu(Il)

Perchloric
acid

Vol,of B Vol,.of B

B

B

alkalil

alkali

(in ml.)

- - ey

(in ml.,)
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Table II 1,3
N = 0,5 V° =50 m, u=0,2M ¢t = 30°C,
E° = 0,05M TP = 0,02M Ty = 0.002M
Perchigric 1,3-diaminopropane Cu(II) Ni(II)
ac
Vol,of B Vol.of B Vol.of B Vol.of B
alkali alkalil alkali alkali
(in ml,) (in ml,) (in ml.,) (in ml,)
0,00 1.&6 0,00 1,90 0,00 1.90 0,00 1.90
1.00 1.40 0.%0 2.20 o400 2,25 v 2,20
2,00 1.50 0,70 2,75 0,60 2,65 0,60 2,50
.00 1.60 0.76 3,10 0.70 3.25 0,70 2,75
.00 1.85 0.80 L0 0.75 .70 0.80 3.55
4.20 2,00 0,82 .25 0.80 5.10 0.82 .70
4,50 2,25 0.84 6.10 0.90 5,40 0.8% 6.15
L, 60 2.40 0.86 6.75 1,00 5.65 0.86 6.40
4.70 2,50 0.90 7.10 1.10 5.20 0.95 6.85
4.80 2,70 0.96 745 1.20 6.30 1.00 7.05
4,90 3.25 1,04 7.79 1.30 6.65 1,20 745
4 02 3.40 1.20 8.05 1,40 6.90 1.40 7.75
4 ol a,eo 1.40 8,30 1,60 7.35 1.60 8.00
4 o€ .70 1,60 8.50 1.70 7.60 1.80 8.25
4,98 6.50 2,00 8,80 1.80 7.90 2.00 8,40
5,00 8.50 2,40 9.15 2,00 8.20 2,40 8.70
5.02 9.20 2.80 9.50 2,20 8.45 2,80 9.05
5,06 9,7 3.00 9,65 2.140 8,65 3.00 9.20
5,10 10,00 3.20 9.80 2,60 8.85 3.20 9.4+0
5.20 10.5% 3,40 10,00 2,80 9.05 3.40 9,65
5.30 10,70 3.60 10,15 3.20 9.50 3.62 9.90
5.40 10,80 .00 10,40 .60 9.90 .00 10.15
5,50 10.90 4. 40 10,60 .00 10.25 4 .40 10,50
5,60 11,00 5,00 10,60 4 40 10,50 5,00 10.85
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Ni(II)
B

t = 30-C.

Tﬁ =z 0,002M
(in ml),)

Vol.of
alkali

g = 0,2M
B

cu(II)
(in ml.,)

Vol.of
alkall

B

Table II 1.4

N-Methyl en

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

ve =
B

0,05M Ti = 0,02M

0.5M
Perchloric
acid

Vol.of
alksll
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N
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Table 1I 1,5

N = 0.5 V¥ =50 ml, g = 0.2M t = 30%C,
E° = 0,05M TE = 0,02M Tﬁ = 0,002M
Perchloric N~Ethyl en Cu(II) Ni(II)
acld
Vol,.of B Vol,of B Vol.of B Vol,of B
alkali alkall alkali alkali
(in ml,) (in ml,) (in m1,) _ (in ml,) _
0,00 1.30 0.00 1,90 0,00 1.95 0,00 1,90
1,00 1.40 0.20 2,10 0,20 2,10 0.20 2,00
2,00 1,50 o140 2.25 0,60 2,60 0.60 2,50
.00 1.60 0.60 2.55 0.70 3,00  0.75 3.00
.00 1.85 0,70 2.80 0.76 3.59 0,80 3.50
4,20 2,00 0.76 3.10 0.78 &.80 0,82 3.90
4,50 2,25 0.80 3.60 0.82 .00 0.8% .60
4,60 2.40 0,82 .20 0.90 4.30 0.86 5.00
4,70 2.50  0.86 5.20 1.00 4,50 0,90 5.35
4.80 2.70 0,90 5.50 1,20 h.90 1.00 5.65
)"'090 3025 1000 5-95 lo 0 5-10 1-10 5085
4.92 340 1.10 6.20 1.5%0 5.35 1,20 6.00
L. Oh 3.80 1.20 6.35 1.50 5,55  1.40 6.25
4 .96 .70 1.40 6.65 1.60 5.80 1,60 6,45
4,98 6.50 1.60 6.90 1.80 6.20 1.80 6.65
5.00 8,50 1.80 7.10 2,00 6,50 2,00 6.85
5.02 9.20 2,00 7,25 2.20 6,50 2.20 7,00
5.06 9.70 2.40 7.65 2.40 7.00 2,40 7.15
5,10 10,00 2.80 8.%5 2,60 7.25 2,60 7.35
5.20 10.55 2,90 8.65 2,80 7.50 2.80 7.50
5.30 10,70 3.10 9.20 3.00 7.80 3.00 7479
540 10,80 3.40 9,65 3.20 8.30 3.20 8.15
5,50 10,90 .80 10,00 3.40 9.00 3.30 8,50
5.60 11.C0 L0 10.4% 3.60 9.#5 3.40 8.85

(ppts).

~
o
o
ct
[4)]
'




o0-S

“JOAN
u—v

| /Ay

N 7v/ /4 o

0¢

e/



t = 30°C,
0 =
TM 0.,002M
Ni(II)
B
(in ml,)

Vol.of
alkall

4 = 0.2M
B

Cu(II)

(in ml,)

Vol.of
alkalil

B

Table II 1,6

N-N'_Dimethyl en

Ve = 50 ml,
Vol,of
alkali
(in ml,)

0,C5M T£ = 0,02M
B

0,5M
acid

Perchloric
Vol,of

alkalil
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B

t = 30°C,
= 0,002M
Ni(II)

(in ml.,)

Vol,of
alkali

T

B

n = 0,2M
Cu(II)

(in ml.)

Vol,of
alkali

B

Table II 1,7

N.N.Dimethyl en

0.02M
(in ml,)

Vol,of
alkall

Ve = 50 ml,

0.9M
0.,05M Ti
acid

B

Perchloric

Vol,of
alkali
(in ml,)
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Table II 1,8

N = 05M V° =50ml, g = 0.2 t = 30°C,
E° = 0,05M TP = 0,02M, Ty = 0.002M
Perchloric N-N.Diethyl en Cu(II) Ni(II)
acid - i m e e s 2 mm
Vol.of B Vol,of B Vol.of B Vol.of B
alkali alkali alkali alkall
(in ml,) (in ml,) (in ml,) ____ (in ml,)
0.00 1.30 0,00 1.90 0.00 1.90 0.00 1.90
1.00 1.%0 0.40 2,20 0.40 2.30 0.%0 2,20
2,00 1.50 0.60 2,50 0.60 2,70 0.60 2.50
.00 1.60 0.70 2.75 0.66 3,00 0.74 3.00
.00 1.35 0,76 3.10 0,70 3.35 0,78 3.50
4,20 2,00 0,80 3.80 0,74 3.95 0.82 .29
l+050 2025 008)+ )+060 0078 030 0.86 l+085
4,60 2,40 0.88 5.20 0,84 4,60 0.90 5.30
,+070 2.50 0092 50!""5 1000 5.00 009)+ 5060
4,80 2,70 1,00 5.85 1.10 5.25 1,00 5.80
4,90 3.25 1.10 6.20 1,20 5.50 1.10 6.15
4,92 3.40 1,40 6.65 1.30 5.70 1.20 6,30
4 ol 3.80 1.60 6.90 1.%0 6.00 1.%0 6.50
4,96 .70 1.80 7.10 1,60 6.40 1.60 6.70
4.98 6.50 2,20 7.45 2,00 6.85 2,00 7.05
5.00 8.50 2.50 7.75 2.20 7.00 2,40 7.40
5,02 9.20 2.80 8.25 2.60 7.140 2,60 7.65
5.06 9,70 3.00 8.75 3.00 7.95  2.80 7.90
5,10 10,00 3.10 9.05 3.20 8.40 3.00 8.20
5.20 10.55 3.30 9.35 3.&0 8.75 3.10 840
5.30 10,70 3.50 9.60 3.40 9.00 3.20 8.65
5,540 10.80 .00 9.95 &'60 9.40 3.40 9.10
5.50 10,90 4,20 10.10 .00 9.85 .80 9,65
5,60 11.00 5.00 10.65 4 40 10,20 .20 10,00
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Table 1T 2.1

Ly, B, pL data for Cu(II) ethylenediamine system - 30°C,

——

—y: ~—-

B Ty oy ym ym_yn n - pL
3,90 2,000 0.82 0,93 0.11 0.28, 11,01,
4,00 2,000 0.82 0.98 0.16 O.41l, 10.82s
4,10 2,000 0,82 1,04 0,22 0,573 10.63;
4,20 2,000 0,83 1.10. 0,27 .70 1044
h,ao 2,000 0,83 1,17 o.g} 0.88¢ 10,24,
4.4ho 2,000 0,83 1,24 0.41 1.070 10,09g
4,50 2,000 0,8 1,30 046 1,155 9.865
4. 60 2,000 0‘.81!' 1.31%- 0.50 1.25, 9.66g
4,70 2,000 0,84 1,38 0,54% 1,35n 9. 47y
L"080 20000 0.85 lo 2 0057 . 20 9-278
4,90 2,000 0.86 1.%7 0,61 1.529 994083

Table II 2.2a

i

Ny, 8, pl data for Cu(II) propylenediamine system - 30°C,

— ol

B Ny yn ym v"'-Vﬁ n pL
3,70 2,000 0,80 0,90 0.10 0,25y ~ 11,514
3-80 2.000 0-80 0.95 0-15 00376 111323
3,90 2,000 0,80 1,00 0,20 0.507 11.13p

.00 2,00, 0.80 1.07 0.27 0.67, 10,93,
k.10 2,00 .-0,81 1.1% 0.33 0,823 10,74y
4.ao 2,000 0.81 1,27 0.6 . 1,15, 10,363
450 2,000 0.82 1.31 0.%9 1.224 10,16,

i )+050 '?‘OOOO 0082 10536 005]+ 1. 5‘4- 9-973
4,60 2,000 0,82 141 0.59 1,548, 9.780

i
i
4
i
4
i
i
i
1]
i
i



Table II 2,3a 4l

i S T

figy B, pL data for Cu(II) 1,3-diaminopropane system - 30°C,

- -

B nH " vm vm_ yn n pL
540 2,00, 0.83 0,91 0,08 0,20y 10,315
5.50 2,00, 0,83 0,95 0,12 0.300 10.12¢
5!60 2g000 0983 0¢99 0916 . 1 9'925
5'70 2’000 0,83 _1-03 0320 0050‘ 9-?30
5.80 29000 0983 1307 0-2)* 00602 90535
5.90 2,004 0,83 1,10 0,27 0,67, 9¢339
6.70 2,00, 0.86 1.31 . 045 1.12¢ 7.765
6080 20000 0387 1035 O-)+8 10203 77:5?0
6,90 2,000 0,88 1,38 0.50 1.25 7374
7.00 2,000 0.89 1.42 0.93 1.32g 7.180 ‘
7.10 2,00, 0,90 1,47 0,57 1.%24 6.985
7.20 2,000 0,91 1.53 0,62 1.552 6.796

ggb;e 11 2.4a

-y

Dy, n, pL data for_ Cu(I]f) N-Methylethyleﬁediamine system - 3b°c,

i,

—y

B nH yn ATALH vy _yn | n pL
4,90 2,000 0.82 0.92 0.10 0.25y 11,11g
4,10 2.00q 0.82 0.97 0.15 0.36 = 10,92y
4,20 2,000 0,82 1,02 0,20 0.90y 10,730
u.ao 2.00, 0.82 1.06 0.24% 0,602 10,53¢
4 40 2,000 0.82 1,11 0.29 0,72, 10,342
%,50 2,000 0,82 1.16 0.3%4 0.853 10,14
1"“060 2-000 0,82 1.21 0-33 00978 9‘955
4.70 2.00q 0.8& 1.27 0. 1.10;5 9.762
4 .80 2,00 0.8 1,30 046 1.153 9.565
4,90 2,000 0.8% 1,36 0.52 1.304. 9.37x%
5.00 2,000 0.85 1.41 0,56 150, 9,180
5.10 2,000 0.86 1,47 0.61 1.524 8.98,

]
i
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_ _T_able 11 2,.9a _
BH,‘K, pL data for Cu(II) N~Ethyl ethylenediamine system - 30°C,

B Ny LA vm ymayn n pL
L.40 2,00 O;SE 0.9% 0,10 0,25y  10.91g
4,50 2,000 0.8 0,99 0.15 0,376 10,72«
4,60 2,00, 0,8+ 1,03 0.19 0.%7¢ 10,53,
4,70 2,00, 0.8+ ' 1,08 0.24 0,602 10.3&6
4,80 - 2,000 0.8 " 1.1%  0.29 0.72, 10,1%,
L&,QO .OOQ 0.8’4‘ 1,20 0.%6 _0.903 9.952
5,00 2,00,. 0,85 1.25 0,40 1.000 9.758
5.10 2,004 0,85 1,30 0,45  1.12, 9.565
5,30 2,000 0,88 1,&7 049 1,225 9,172
5, 4] 2,000 0_.89 ! 19 2 0c53 1'3.28 80979
5.50 2,000 0,90 1,k7 0,57 1.k,  8.78%
5060 20000 0-91 1550 0059 loll'?‘? 8&59‘
5.70 2,000 0,93 1.55 0.62 1,552 8.397

Table II 2, 6@

Ny, B, pL data for Cu(II) N-N'-Dimethyl ethulenediamine system-30°C,

B nH v" V"l Vll' ‘_Vll n pL
4,20 2,000 0.88 0,95 0,07 0,175 10,415
L.25 2.00¢ 0.88 0.97 0.09 0.225 10,313
h.go 2,000 0.88 1.00 0.12 0,30, 10,222
Y50 . 2,00 0.89 1,05 0.16 0.k0y 10.02¢
4 .50 2,000 0.89 ° 1,09 0.20 0,504 9.832
4,60 2,000 0,90 1,13 0,23  0,57¢  9.636
5.70 1,964 1,04 1.50 046 1.173 7485
5.80 1.954 1.07 1.56 0.49 1.25% 7 «2%.
590 1.93¢ 1.10 1.63 0.53. 1.a6q 77.10¢
6,00 1.91¢ 1,14 1.70 0.56 1,462 6.914
6.10 1,89¢ - 1.18 1.75 0.57 1,50, 6.731
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Table II 2,7a
Dy, B, pL data for Cu(II) N-N-Dimethyl ethylenediamine system-30°C,

B
3
=L

B 'ﬁH V" v ym_yn

l+005 20000 0083 0.93 0.10 00250 1000 9
4,10 « 000 0,8& 0,95 0.12 0,304 9,92—2
}-".15 0000 0'8 0'98 0.1-1+ o.as’ 9.845
4,20 2,00 0,84 1,01 0.17 0.42¢ 9,743
4,25 2,000 0,84 1.03 0.19 0.47¢ 9.654
)+o30 2.000 . 008’+ ’ 1005 0021 00526 905511-
5-20 1.992 0-96 101‘"3 00)"'7 1018' 70807
5.25 1.982 0.98 1.47 0.49 1.23, 7.712
5030 10977 0-99 1050 0051 1-291 7-618
5-&5 1096? 1001 1-55 0051" loa‘?k 70526
5- 0 1-957 1003 1-59 0.56 10 32 70372
545 1.9%, 1,05 1,63 0.58 1,49, 7.3k

Table II 2.8a
nyy 0, pL data for Cu(Ill) N-N-Diethyl ethylenediamine system-30°C,

3B Ty v ymoymoyn n pL

)+o90 2o000 0087 0-95' 0008 00200 9!517
5,00 2,000 0,87 0.99 0,12 0,300  9.323
5.10 2,000 0,88 1.03 0.15 0.376 9.125
5,15 2,000 0.88 1,06 0,18 JHg 9,03,
5.20 2,000 0,89 1,08 0.19 0.47% 8.933
5.25 2,000 0.89 1,10 0.21 0,524  38.93%
5.30 2,000 0.90  1.12 0,22 0.554 8.738
6.70 1.770 1.43 1.84% 041 1.15, 6.07¢
6,80  1.735 1.91 1.9+ O, 1.23, 5905
6,90 1.6%90 1.60 2,04 0, 1.302 5.739
7.00 1.6+ 1,69 2,16 047 1.424 5.578
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Table 1I 2,1b

EH,‘B, pL data for Ni(Il)ethylenédiamine system - 30°C,

B fy, yn ym EIPL A pL
5;50 20000 0-91 1006 0915 Ob 7 7‘8 8
5.55 2,000 0,92 1.10 0.18 0.3'52 7743
5.60 2,000 0.93 1.13 0.20 0,50, 7.6438
5-65 20000 0093 1015 0022 00550 "27-55’2
5.70 0000 0.95 1.19 0n2)+ 00600 7o)+57
5'75 16997 0096 lo22 0o26 0065' 7-552
5080 10992 0098 1-27 0029 0:729 7'269
5.85 1,98, 0,98 1.30 0.a2 0.80¢ 7.17¢
6.20 1,90 1,15 1.58 0,43  1.12, 6.52g
6.20 1.88y 1.21  1.68 OMF  1.250 %6.350
6.0  1.84% 1.28 1,77 049  1.332 6,17,
6-50 1-79‘ l.)+0 1.90 0.50 10396 60000

~ Table IT 2,2b

EH,'E, pL data for. Ni(1l) propylenediamine system =~ 30%C,

B nH v" Vm vm _vn n - pL
5,20 2,000 0.88 0.99 0,11 0,275 8.530
5.&0 20000 0-90 1o05 0.15 00375 ) 8¢3 8
5.0 2,000 0.92 1.11 0,19 -~ 0,k7s 8.1k¢
5.50 2,000 0.9% 1.19 0.25 0.625 7.958
5,60 1,992 0.96 1.28 0,32 0,80y 7.773
5070 1.97? 0-99 1'39 0.]‘"0 10012 7"590
5 .80 1.952 1.04 1.48 0.+ 1.12g 7.)+05
5.90 1.934 1.09 1.99 0,50 1.295 7.22y
6,00 1,1y 1,13 1,67 0,5% 1,413  7.04,
6.10 1.88, 1.20 1.77 0.57 1.51¢ 6,86,
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Table II 2.3b
L data for Ni(II) 1,3-diaminopropane system - 30%C,
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Table II 2.5b-

By, 0, pL data for Ni(II) N-ethyl ethylenediamine system - 30°C,

B nH V‘ﬂ vﬂt . V"' _vn n pL
5980 .2;000 0-95 1905 ‘ 0910 0-250 8.1 L'
5.90 2!000 0-98 1,11 0.'13 0‘0325 7944
6,00 1,985 1,01 1.16 0.15 0.37s 7750
6,10 1.965 1,05 | 1.25 0,20 0.504 7.5745
6,20 1,940 1.10 1.33 0.23 _ 0,59, 7.37
6,30 1,915 1,16 - 1,43 0.29 0.75% 7.190
69 0 lc880 1022 135 0032 0085' 7.008
6.50 198""5 1,29 1.',_67 0.-&8 1.030 ~ 6.83
6,60 1.81p 1.37 1.77 0.40 1,10¢ 6,652
6.90 1.700 1,60 2,02 0,42 1.26¢ 6.135
7.00 - 1,645 1.71 2,15 044 1.&37 5.973
7.10 1.600 1.80 2,27 047 1.,hk6g 5.820
7.20 | 1.5% 1.93 2,40 047 1.525 5.66q

Table II 2,6b

KH’ n, pl data for Ni(II) N-N'-dimethylethylenediamine system-30°C,

B -ﬁH \'Al T vy _yn ﬁ pL
5 .60 1.97 1.03 1.11 0.08 0,20, 7.632
5.70 1.964 1.0 1.16 0.12 0,30% 7 Mty

©5.80  ©1.95; - "1,07° ‘1.21 0,14 - o.asé' "7 2%
5085 109 ] 1-09 1-25 0'16 0- 12 7-15’4»
5.90 1.936 1,11 1.29 0,18 0,465 7.06
6,00 1.91¢ 1.1 1.3% 0,20 0.522 6.870
6.05 * 1.90 1.16 1.38  0.22 0.57, 6.71g
7.70 .200 2,61 2,91 0,30 1.25¢ 4,214
7.80 1,17, 2,67 2,98 0.31 1.32y 4,10¢
7090 1 -1)'5'0 2 072 3 00)’" 0 032 lv)'*'OB 3 -99.’7
8.00 1.11, 2.79 3.12 - 0.3 1.48% 3.894
8.10 1.085 2,83 3.17 0.3 1.56, 3.78¢




v _.V 1t

Table - I1 2,7b
T, data for Ni(1lI) NQNdimethylethylenediamine system-30°C,

ym

yyn

Dy n, p

w—t

QOO0 OOOOOO

U2 M0 oy e ON e

0 O RO Q o

s = ® 5 * » P ¥t D

e AN N N

B0 O ONIOND = INO N0
O A A IO\ N BB

s & 2 @ ® o o 5 8

el NN NN O

S N Do IO WUV D
oNed DO o~ OO A
ONONOOCOCO O 4 o= 1 =t
& B e 8 & 5 " e »
il E e R K R e R R ]

V"I _V“

vm

Table 1I 2,8b.
L data for Ni(II) N.N-diethylethylenediamine system-30“C,

e

By 4, p

-y

¢ 9 s @

L)
OOO0O0O

DD O oy
a/omchooox

*® & & & 5

et e el el

e OO W
W\t o O,
00 00 DN INNO




“voOE — WolSAs
us zAyaaw-N (11DIN 0Z 117614
-ad

88 08 97z ot

*Doof — WOISAS
auruepauajAdoad (I1DIN 8T 117614

8-S *r-9 0-9 9-S ~t-S G-ty
- /*”_._o b e E i E E E i
09.0
H 01
<
"0o0E - WalsSAs
auedoadourwerp-¢“ 17 C(1I)IN 6T 11°614
d

@.w @ N NuN 8-8 >>uF

u

0.0 - WalsAs -
T auruerpauajAyza (11DIN LT 11°614

\02.0

ooj



4 J «=s

"000€ - WalsAs us “vovE - Wa1SAs
1Ayzawip-«N-N (DN (@)zz 11°614 us gAyIawIp-.N-N C(1IDIN (®zz 11 -6

%L v

2,0E-walsAs ua jAyIe-N C(1I1DIN TZ 11 ~Bi4 A oomy



SR
US ) Kyrewitp-

e .
N-N

b-0 70

ua |Ayjal

-3 0-S

wa)sAs
(I)IN (@ez 11614

\ o.O m-

P-N

{n-y sv

2
J o4
- Em%%
N (1IN v2 614
0
1 ©.g
=9,,8 - Washs us

|A

WaWmp-N-N (I1)IN (e)ez 1614

11



o Table II 3,la
n. pL, y, x5 1og Bz, log Ky and log Kz data for Cu(II) ethylene-
diamine system - 30°C,

10

3 pL vyx 1000 % x10°3° 10282 log Ki log Ka
0,57 10,63 -5:6552  ~0,7795 19,91 10,70 9.21
0.70° 10,44 64261  -1,573% 19,95 10,71 | 9.24
1.35 9.47 1,1384 6.2920 -~ 19,99 10,61 9,28
1.45 9.28 0.6337 6.,9566 19,91 -10.71 9.20
. 1,53 9,08 0.3470 19.86.. 10,76 . 9,20

7.3763

n, pL, y, x, log 82, log K; and log Kz data for Cu(II) propylene-

Table II 3.2a

diamine system -~ 30°C,

log ﬁ2519.92:0.0¥
log K4=10,70+0.03
log Kz= 9,2240,03 -

n pL ¥y X 1010 x x 10 . log 82 .log Ky 1log Kz
0,67 10,% -17.6855 <0 4627 20,85 11,12 9.73
V.83 lu, % 26,8261 ~1,2526 2u,99 11,17 - 9.82
1.23 10,17 7.9098 2,263+ 20,99 11,12 9.87
1.35  9.97 3.5981  1.9908 20,95 11,18  9.77
1.48 9.78 1.8574. 20,95 11,17 9.78

1.7983

log B2=20,95+0.04
log K;=11,15+0.03
log K2= 9,79+0,04



n, pL, log(1l-n)/n and pl-log(l-n)/n data for Cu{II)l,3~diamino-

.

propane system -~ 30°C,

Table Il 3.3a

48

log(1-n)/n

n pL pl-log(l-n)/n
0,20, 10.315 0.59 9.716
0.300 10,12 0.363 9.752
0.%04 9.925 0.17%: 9.751
0.504 9.730 1.99s 9.732
0,602 9.535 1.81g 9.71,
0.67, 9.33, 1.674 9.664
1.125 7.765 0.833 6.932
1,204 7.570 0.5% 6.97¢
1,255 7437u . 0470 6.90,
1.32g 7.180 0.314 6.864
1.}+28 6.987 0.12¢ 6.864
1.552 6.79¢ 1,91, 6.88;

log Ky = 9.72+0.03
log K2 = 6,90%0,03

n, pL, y, x, logB2, log Ky and log K2 data

Table I1 3, 4a

ethylenediamine system - 30°C,

for Cu(IIjN-methyl—

4]

i pL.  y=x 10" xx 107" log B2 log Ky log Kz
0.37 10,92 -4,8860 -0,3110 19,65 10,67 8.98
0.72 10.3%  -5.,6250  -2,0896 19.62 10,65 8,97
© 0,85 10,15 -8,0049  -5.4272 19,78 10.71 9.07
1.15 9.56 2,7838 15,6060 19,68 10,73 8.95
1.30 9.37 1,0158 9.95%0 19,76 10,62 9.14%
140  9.18 0.5297 9.9105 - 19.72 10,66  9.06
1.53 8,98 0.2757 9.2847 19,73 10,66 9,07

log B=19,70+0,05
log K4=10,67+0,03
lcg Ke= 9007j0 005



Table II 3,5a ~
'A, pL; ¥, X, log Bz, log. Ky and log K2 data for Cu(lI)N-ethyl~
ethylenediamine system - 30%C,

E .”,PL.. ¥x 1010 X x.gd"lo log B2° log Ky log K2

0.4%7 10,53 -3.0050 -0,8519 19,31 1046  8.85
0,60 10,33 ~3,2072 ~1,6369 19,36 10,48 8.88
0.72 '10.1%  =3,5497  =3,3115 19.33 10,50 8.83
1.23 9.17 0.7910 22,6346 19,20 10,28 8,92
1.33 8,98 0,384%9 21,2572 19,18 10.33 8.85
1.%3 8,78 0,2003 22,0046 19,1+ 10,38  8.76
1.8 8,59 0,1199 27,8416 19,02 10,50 8,52

-y

log 82=19,22+0,09
log K4=10,42+0,08
log K2= 8.80%0.09

- Table .II.3.%2

A, pLl, log(l-B)/n and pL-log(l~R)/d data for Cu(II)N-N'-dimethyl-
ethylenediamine system ~ 30°C, ’

— ol S - -

o pL  ~ 1log(l-®)/A  ple-log(1-R)/A
0,175 . 1041y 0,674 9. 742
0,225 10.31g 10,537 9.784

0,30y 10.22 T 036 9.85¢
0.40, 10,02¢ 0,174 9.852
0,504 9.832 - 1,998 9.83n
0.576 9.63¢ "1.86, 9.764
1.173 7.14'85 0c679 6.806
1.25¢ 7e2% 0.464 6.834
1.36 . 7.10¢ 0.23;3 6.873
1,46 6.9, 0,066  6.853
1.504 6.731 T1.99, 6.7338
B log Ky = 9,80+0,04
log K2 = 6,81+0,0%



T, pL, log(1-H)/A and pl-log(1-7i)/G data for Cu(II)Nﬁg-dlmethyﬁ

Table II 3,7a

ethylenediamlne system - 30°C,-

L T

ot

PR -
b
{

)x" \.'.;,.
I LA /

v{

Ml

-

o
a . N
J\,¢V9 b

‘w-./

L’-\
L

-
551 <

13
«.‘
At

5.
3
a

st

#
* }(
a5

~N P A
i pL log(1-n) /A pL-log(1-)/G~ {ihfeigﬁg
0.25, 10,03, 0,475 9.564 )
0.30, 9.9z 0.365 9.575
0.42¢ 9.74g 0.124 9.61,
0,52¢ 9.55 3,955 9.59%
0.577 9.45, 1.865 94592
1.18, 7.80, 0.65¢ 7.1k,
1.29, 7.61g 0.38, 7.224
1.37u 7.52¢ 10,234 7295
1.432 7.372 10,122 7250
1.49, 7.3 0,01, 74323
B " log Ky = 9.59+0.,02 T
log K2 = 7,24%0,05

Table II 3,8a

n, pl, log(1.8)/8 and pl-log(l-A)/n data for Cu(II)N-N-diethyl-
e%hylenediamine system -~ 30°C, .
n pL log(1l-n)/n pl-log(1-i)/a
0,20 9.519 0,602 8.915
0.300 9.323 0.36g 84955
0.376 9.12, 0,22, 8.90,
0.1k, 9.034 0,08, 8.942
0.47¢ 8.933 0,04 8.89,
0,52y 8.935 1.958 8.977
0.5514 8.73s T1.91, 8.82,
1.15, 6.07¢ 0.72, 5.356
1.23% 5.905 - 0.5014 5 0
1.302 5.739 0,364 5.373
1.42, 5.578 0,122 545
' log Ky = 8.91+0.03 .
log Kz = 5,3970,03



n, pL, ¥, Xy log B2,-log K, and 1og K2 data for Ni(II) ethylene-

. Table II.3,1b

diamine system ~30°C,

log K2

i - plL vx10? xx 107 1og B2 log Ky

0.55  7.55 - -k.3372  =0,9080  13.55  7.60  5.95
0.73 7.27  -5.0348  -2,5259 13,53 7.61 5.9
0,80 7,17 -5,9163  =4,0566  13.63 7.64  5.99
1.13 6.53 2,9455 19,7490  13.55° 7.63 5 .92
1.25  6.35 1.1193 13,4010  13.59  7.58  6.01
1.33  .6.17 0.5961  13.7268  13.5% 7.6+  5.90

n, pL, y, x, log B2, log K; and 1og Kz data for Nl(Il)propylene~

Table 11 3.2b

diamine system 30°C,

log B2=13.56+ 0.03
log Ky4= 7.61+ 0,02
log K2= 5.95+ 0,03

o2

log B2

1og KQ

n pL y X 10/ " x x 1077 log K2
0.37  8.3%  -12,.848% 0,118 15.15 8,08 7,11
0.62 7.96 ~1%,8866 ~0,3980 14,99 8.00 6.99
0.80 7.77  -23.5571 -1.0188  15.09 8.0%  7.05
1.13 7 .40 21,8345 2,6642 15.09 8,02 7.07
1.29 7.22 7.3818 1.4753 15.09 8.02 7.07
141 7,04 3.7708 1.312%  15.05 8.08  6.97

log $2=15,08+0,05
log Kq4= 8,04+0,03
- log K2= 7.04+0,03



1, pL, Y, x, log B2, log Ky and log Kz data for Ni(II) 1,3,diamino-

Iable IT 3.3b

propane system - 30%C,

3)

.

n pL ¥ x 100 xx 10-5 log B2 1log Ky 1log K2
0.62 6.25 29,0161  -0,2042  10.82 6.4 14,38
0,67 6,16 =29,3481  -0.,2788 10,78  6.4% L4 34
0.72 6.06 =29,5227  ~0,3981 10,67 64 4 23
0,77 5.97 =31,2297 -0,5733 10.79 6.45 4.3
1.30 4,69 2.,1221 L 7646 10.79 6.37 L 42
1.3 4,52 1.3050 5.8623 10.69 647 4,22
1M 436 0.7097 5.555%  10.70 646 424

Table II 3.4b

log $2=10,75+0,05
log Ky= 6,44+0,02
log Ko='4,31+0,07

n, pl, y, x, log B2, log Ky and log k2 data for Ni(II)N-methyle
‘ethylenediamine system - 30vC,-

n pL vy X 106 X X 10"6 log B2 log Ky log K2
0,76 7,18 47,9289  ~0,3413 13.37 7.59 5.78
0,87 6.99 ~65.4+184% -0,8892 13,146 7,62 5.0
1,21 6.26 10,4857 2,0671 13.38 7.64 5.7%
1.36 6,10  4.7561 14121 13,50 7.51 5.99
1.42 5.93 2.877% 1.6226 13.42 7.60 5.82
147 5.8% 2,164 - 1.62¢% 13,41 7,61 5,80

log §2¥13,42:0.03
log K4= 7,5910,03
log K2= 5.83%0,06



Table II 3.5b

n, pL, v, x, log B2, log Ky and log K2 data for Ni(Il)N-ethyl-
ethylenediamine system - 30°C,

——

.1 pL y X'106 Xx 10‘6 log B2 1loz Ky log Kz

0.51  7.56 =37,7929  -0,0837 13,22 7,56 5,67
0.75 7,19 46,4612  -0,3228 1343  7.60  5.83
1.26 6,13 . 6.5373 2,1098  13.32  7.56  5.76
1.33 5.97 3.7596 2,1765  13.28  7.60 5,68
147 5.82 2,0658 1.7072 13,36  7.51  5.85
1.52 5,66 1.3359 2,0197 13.28  7.60  5.68

log B2=13,31+0.04%
log Ky= 7.57+0.03
log Kz= 507"":,'0007

Table II 3,.6b

7, pL, log(1-B)/A and pL - log(1-R)/A data for Ni(II)N-N!-dimethyl~
ethylenediamine system - 30°C,

n pL log(l-n) /M) pL-log(1-n)/n.
0.203 7.632 0.5% 7.03g
0.30¢ 7 Ll y 0.355 7.08¢
0.35, 72k 0.252 6.997
0412 7415, 0.15. 7.00¢
0.’4—65 7.069 0.061 7.00g
0.522 6.870 1.96, 6.90,
0.57y 6.77g 1.865 6.91;
1.25, 4,214 0.47, 3,742
1.32y %,10¢ ‘ 0,325 3.779
1.404 3.999 0,170 3.82,
1486 3.89 0.02y 3.86y
1.564 3.78¢ 1.88; 3.905

log Ky = 6,99+0,05
log K2 = 3,82+0,05
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99
Table II 3,7b

n, pl, log(l-n)/n and pl-log(l-n)/A data for Ni(ll)N-N-dimethyl-

ethylenediamine system - 30°C,

n pL log{1l-n)/n pl=log(l-n)/n
0.25g - 7.184 045, 6.722
0.31y 6.995 0.33, 6.65¢
0.40,4 6.812 0,17y 6.63g
0.)-.-!'90 6.632 ’ 0.017 6.615
0.583 6.’4‘55 ) .1-.85)4. 6.601
1.275 4,58, 042, 4,160
1.29, LR T 0.37y 4,09
1,36, - 4.35¢ 0.23¢ 4,12,
1.4, 4,255 0,10y 4,1k,
1.51, 4.1k, T.98y L,16g
1.57¢ 4,0k 1.867 )‘*'.179

log Ky = 6,64+0,03
log K2 = %,14%0,03

e
Table II 3.8b

@, pL, log(1-R)/f and pl-log(1-A)/A data for Ni(ll)N-N-diethyl~
ethylenedismine system - 30°C, -

i pL log(1l-n/n pL-log(l-n)/n
© 0,27 6,39 0.43, 5.965
0.354 6.215 - 0,252 5963
0,452 6.0k, 0,083 5.958
0.57¢ 5.874 1.86, 6.00y
0.684 5.70¢ 1.670 | 6.03¢
0.7% 5-5"9'5 -]:.1*‘25 ‘6.120

log Ky = 6.00+0.05

L3



Table II 4,0

Proton ligand stabllity constants of varicus diamines - 30°C,

Ligand (L) el g3
Ethylenediamine(en) 7,00 + (0,02) 10,10 +(0,01)
Propylenediamine(pn) 6,80 + (0,03) 10,40 +(0,02)
1,3-Diaminopropane 8,80 + (0,01) 10.60 +(0,02)
N-Methyl en 7,10 + (0,01)  10.30 +(0,01)
N-Ethyl en 7,25 % (0,02) 10,75 +(0,01)

N-N'-Dimethyl en
K:N:Dimgthyi en
N-N-Diethyl en

7,05 + (0,02)
6,50 + (0,03)
7.25 * (0,01)

10,05 +(0,02)
9.92 +(0.01)
10,35 +(0,01)




- S7
Table 11 5!0

Formation constants of various pEsal ligand complexes at 30°Cg

Ligand (L) . Copper(II) ‘Nickel(II)
Ethylenediamineien) "logKg 10,70 + 0,03 7.61 + 0,02
" logkz 9,22 +°0,03 5,95 + 0,03
Propylenediamine(pn) logK, 11.153; 0,03 3.0% _1- 0;0_3.
’ logKz 9.79 + 0.0 7,04 + 0,03
l,3-diami1;opropane logKy é,‘_72 + 0,03 6,5 1- 0.02
‘ ‘ logKa 6,90 + 0,03 h.:31 + o.o'}
N-Methyl en logky 10,67 3'0_.63 7459 * 0,03
| . logke 9,07 £ 0.05  5.83 £ 0,06
N-Ethyl en logky 10,42 + 0,08 - 7.57 + 0,03
o | logKz 8.80 1- 0.09 | \5.71_!_4; 0,07
N-N!-dimethyl en 1logKy 9.80 + 0,04 6.99 * 0.05
logKz 6,81 + 0,04 3.82 + 0,05
N-N-Dimethyl en logKy 9.59 +0.02 © 6,64 + 0,03
o logKz 7.2% * 0,05 1% + 0,03
N-N-Diethyl en logky  8.91 % 0.03 6.00 + 0,05

logKa 5.39 + 0,03 -
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