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Section A

According to Bjerrum the complex formation is a 

stepwise reaction as follows :
M + L Mi (1.1)

ML + ,L ^ s ML2 <1.2)

ML. , + L
i-1

ML - + L 
n-1

ML.

M
n

(1.3)

<1»

where M = metal ion; L = ligand.

The charges on the ligand ions have nofc been shown. 

The equilibrium constant governing each step is, termed the 

stepwise formation constant.
4* ■***w a 1 MT. mFor a complex of the type J^MLz

and

fc2 =

6a

11

Si
i-g

T
3^ (1.5)

(1.6)

= ki JC2 =
DQEP

(1.7)

In solution there is competition between the 

hydrogen ion and metal ion to combine with the ligand .ion, 

If it is L , two hydrogen ions can combine insteps -

LBT (1.8)_L - + H

LB* + H LH2 (1.9)

Equilibrium constants govern each step and are 

known as first and second proton ligand stability constants,
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The function n^, can be defined as average number 
of protons bound per not complex bound ligand. If the total 
concentration of the ligand is T°, and that of metal ion is 
M, the concentration of the free ligand is equal to T£ - n T£,, 

where n is the average number of ligands bound per metal ion. 
For a complex ML2 the expression for n is as follows -

h
kijV] + 2kt,k2 [l]2

1 v rirfiiy (2.0)
It is presumed that the polynuclear complexes and 

proton bearing complexes do not exist in solution. The 

free ligand exists in solution, in the form of undissociated
Q

molecule H2L and the ions HjT and L Z
T° - n T = H2L + HL“ + L* L m (2.1)

This can be further solved to get the value of pL 

i.e. negative logarithm of free ligand ion.

_ \ . xiiHtiloTTB--log L=pL=log
1+ 1 \ , P„H P„H/ 1B / 1 • ~2 ^antilog~~B■f

T° - n T° XL n*JM

V°+V»

v°
(2.2)

Bjerrum^ has shorn that values of pL at n = 0.5 and 1,5

correspond to the metal ligand formation constants, log kj and
logk2, respectively. The values are, however, not very
precise. The plots of n against pL give the formation curves.
Various computations of n and pL values have been attempted
to get the precise values of the formation constants, Amongst

2 3them the method of least square is supposed to be most- 
precise and has been used in the present study of metal p-di­
ketone chelates.
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The study of acetylacetone complexes of transition 
and non transition metals in solution have been reported

1l
earlier. Stability constants of p-diketone complexes of

c 6lanthanide elements have also been reported.’ Stability 
constants of Ni(II), Cu(II), Zn(II), Cd(II) and Pb(II)

7complexes with mono-thio p-diketones have been worked out;
QCalvin and Wilson have compared the stability constants

of the complexes of p-diketones and 3-alkyl substituted
derivatives of diketones. Stability constants of benzoyl-
acetone and dibenzoylmethane chelates of Cu(II) and Ki(II)
have been determined by ?an Uitert, Fernelius and Doughlas^

specially with a view to study steric effects. Fernelius and 
10Byrant have also reported stability constants of some 

metal acetylacetonates.
In the present Investigation the main interest is

Milto study the mixed ligand formation constants K^T<$ where
M = Ou(II) or Ni(II), a = dipyridyl or o-phenanthroline or
polycarboxylie amino acids, and L = p-diketones. Such systems
have been reported in the later chapter, However, for
comparing the values of formation constants of the ternary
complexes with the corresponding values of binary systems,
M are required under identical conditions. It is observed 

that the p-diketone complexes of Ni(II) and Cu(II) have not 
been studied by using Irving-Bossotti titration technique.
The formation constants of the complexes of the ligands acetyl­
acetone, benzoylacetone and dibenzoylmethane with Cu(II) and 
Ni(II) have been worked out In the present chapter.
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Experimental :

11Irving-Rossotti titration technique was employes! 

for the determination of the proton ligand and metal ligand 

formation constants in solution. This technique involves 

the measurement of pH, which was carried out using a glass 

calomel electrode and pH meter combination. The ligands used 

in the present study are sparingly soluble in water and hence 

all titrations were carried out in 50% dioxan medium. Dioxan 

was purified by the known method. Double distilled water 

was prepared as usual.

The other details are as follows :

(a) Ligands and other chemicals :

The ligands used were all A.R. pure. Purity was 

checked by noting the M.P. or B.P.. Ligands used were 

acetylacetone (BDH), benzoylacetone (Fluka), dibenzoylmethane 

(K,Light). The standard solutions tirere prepared by dissolving 

the weighed quantity in known volume of purified dioxan.

Since dioxan solvent is easily oxidised, fresh solutions of 

ligands we re prepared prior to titration.

(i) Sodium hydroxide : The solution was prepared by dissolving

50 g of sodium hydroxide (Ohemapol), in 500 ml of double 

distilled water and was allowed to stand for two days. The 

solution was filtered through O4. sintered glass crucible. This 

was standardised against standard oxalic acid solution and 

stored out of contact with carbon dioxide using a soda lime 

guard tube. The solution was diluted to get solutions of 

required concentration.
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<ii) S'odium perchlorate : The required quantity of sodium

perchlorate (A.R.,Riedel) was weighed and dissolved in 

500 ml of double distilled water to prepare 1M solution.

Ciii) Perchloric acid solution : The perchloric acid (Riedel,

analysed) supplied was of 80% concentration. A definite 

volume of the acid was dissolved in 5°0 ml of double distilled 

water to get a solution of approximate 0.3# strength. The 

exact concentration was determined by titrating against 

standard sodium hydroxide solution.

(iv) Metal salt solution : In order to avoid the complexing

tendencies of the anion, the perchlorates of Ni(II) were 

prepared by refluxing their respective carbonates with 

perchloric acid till an excess of metal carbonate xiras left.

The filtrate was a neutral solution of metal perchlorate.

In case of preparation of copper perchlorate, however,
\

weighed quantity of copper carbonate was dissolved in kno-wn 

excess of perchloric acid. This is to avoid the hydrolysis 

of Ou(II). The amounts of metal present were estimated.

Prom this stock solution, required concentrations of metal 

perchlorates were prepared by proper dilution.

Apparata *

all glassware used were of Pyrex glass. The micro­

burette was calibrated to 0.01 by the method described by 
Vogel^ The measuring vessels such as micro-pipettes, 

measuring flasks of various capacities, pipettes etc. were 

calibrated by using a standard burette, 

pH Meter and Accessories :

A Metrobm pH Meter of type R 35QA operating, on
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220-24-0 volts and 4-0-60 cycles and designed for entire pH 

range from 0 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 4- and 7 pH, The calibration was inter­

mittently checked.

Details of Irvlng-Hossotti titration technique :

All glassware used were of Pyrex glass and were 

calibrated. The titration was carried out in a 100 ml beaker 

having a cover provided with three holes. Through one was 

admitted the electrode, the other two were used for burette 

tip and glass stirrer. In all,three sets were prepared as 

follows :

1. Acid titration -

0.02M HGlOtj., O.178M NaOlQ*.

2. .Reagent titration -

0.02M HUIO4., 0.02M ligand and O.I78M NaGl0*.

3. Metal titration -

0.02M HCIO4., 0.002M ligand, 0.002M metal salt solution and 

O.I76M WaC10i*.

In all cases the total volume was 50 ml. It was so 

adjusted that each solution was 50$ dioxan by volume.

Initially ionic strength of the solution was raised to 0.2M 

in all the cases by the addition of required amount of neutral 

salt i.e. sodium perchlorate.

The titration beakers containing above solutions were 

allowed to stand for some time. The ratio of metal salt to 

ligand was maintained 1:1 in all the metal titrations in order
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to compare with Kj^ under identical conditions.

After addition of each poriton of alkali, pH was noted.

The highest reading which remains steady was recorded in all 

cases. pH corrections for the dioxan solvent have been
14,made Tor each reading as suggested by Van Uitert and Haas.

In all the equations the term B is used instead of 

pH, the relationship being.

B = -logjjiJ logY + log % (2.3)

where Y = activity coefficient of the hydrogen ions in
O

solution; Ug = correction at zero ionic strength.
O

In ease of aqueous solutions Y and Ug are both 

equal to one and hence B (the pH meter reading) is equal 

to pH.

In the present work studies have been carried out
O

in 50% dioxan solution. Y and Ug are no longer equal to 

inity but correspond to some value. In other words B f pH 

as B the pH meter reading does not correspond to complete 

dissociation of hydrogen ions.

The variation of the emf of the cell with solvent 

composition is attributable to two effects -
(1) The partial molar free energy of the H+ ion (at infinite 

dilution) varies with, sol vent composition. This is termed 

the primary medium effect.

(2) The junction error at the solution saturated KU1 inter­

face which varies with solvent composition.

The primary medium effect can be taken care of by 

putting the proper values of Y and Ug in the equation.
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By using the values of Y and Ug (known in the literature 

for 50% dioxan solutions), the value of B was calculated for 

0.02M HOI solution in dioxan. It is found to be 0,1 

less than the pH meter reading. This is due to the junction 

error in the glass electrode used. This correstion was 

applied to all pH meter readings obtained in v/v aqueous 

dioxan medium. 0.1 was sufestracted from the pH values 

recorded. The titration data are given in tables II A 1.1 

to II A 1,3 and Figs. II A 1 to II A 3.

Determination of proton ligand and metal ligand stability 

constants -

It is seen in the Irving-Hossotti titration curves 

(fig. IIA1 to IIA3) that in the lower pH range the acid and 

the ligand curves 1 and 2 overlap each other. In the higher 

pH range, however, the ligand curve exhibits lower values of 

pH than the acid titration curve showing presence of more
"J"

number of titratable H ions due to the dissociation of the
«4*

H of enolic -OH* The p-dicarbonyls are weak acids due to 

the dissociation of the enolic -OH or in other words one of 

th'ej protons on the middle carbon atom, as shown in fig.l, , 

chapter I.

It is due to the liberation of enolic proton that
*4*

the ligand has extra titratable H ions.

Calculation of nH, and proton ligand stability constants :

The rig values can be calculated by using curves 1 

and 2. The horizontal distance between these two curves is 

used for the calculations of nH at different pH by using the
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following equation :

(V» + V") (JN + E°)
nH = ----—— — + y (2.4)

(,Y°+¥« ) .T®L
where,

nH = mean number of protons bound per not complex bound 

ligand molecule.

V° = initial volume of solutions.
V* ,Y,f = volume of alkali required to attain the same pH in 

the acid and acid +. ligand curves.
N = concentration of alkali.
E® = initial concentration of mineral acid.
T£ = initial total ligand concentration.

I = number of replacable hydrogens from ligand. ,

The values of proton ligand stability constants have 
been obtained by linear plot of pH against log nH/l-nH. At

wm Heach point on the straight line pH - log n^/l-ng = K^. K* 
values were obtained in the range nH 0 to 1 and have been 
represented in table II A 3.1. The details of intermediate 

stages of calculations and graphs have not been given to 
economise space.
Calculation of metal ligand formation constants :

It is observed that the metal and,ligand curves are 
separated from the acid curve at higher pH. This is due 

the liberation of extra hydrogen ions on the coordination of 
the ligand with metal ion. The n values have been calculated 
by measuring horizontal difference in the volume of alkali 
required to produce the same pH in the metal and ligand titration
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curves and substituting it in the following equation :

(f»i_v») f N + E° + Tt° (Y - ntr)\
5 = L---------- h----------- i--------5j-i (2.5)

<V°+Y»). nH.T®

where,

= initial total metal ion concentration.

7ni ,Y" = volumes of alkali required to attain the same pH,

in the acid + ligand and metal + acid + ligand curves.

Calculation of pi :

For the calculation of pL, the equation (2.2) was 

used. The pL values have been recorded in tables II A 2.1a 1 

to II A 2.5b.

The values of n have an accuracy of + 0.01 depending 

on the burette precision and the values of pL are significant 

upto + 0.05 depending upon the readability of the pH scale.

Since metal salt and ligand have been taken in lsl 

ratio, the values of n upto ^0.6 could be calculated.
— ' Mm

The value of pL at n = 0.5 corresponds to KML* ™s

is, however, not very accurate. Precise values have been
1Kcalculated by using the method of linear plot,'

In this method the formation function in the region 

of formation of ML* reduces to the following form :

n + (n - 1) k| (L) = 0

This means that log of (l~n)/n has a linear relation­

ship with pL. The plots of log of (l-n)/n against pL in the 

range n ^ 0 4.1 have been shorn in fig. II A 4 to II A 8,

The values of log ki and k2 can be calculated, respectively,
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at each point on the straight lines corresponding to the 

two regions of n, by using the following relationship -

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

The average of all these values was obtained and 

the deviation of each individual value from the average value 

was calculated. The average value of log kj with mean 

deviation have been presented in tables IIa2,la to IIA2.5b.

The method described above has the following advantages :

1, - The value of log k* is not obtained only from one point

(n = 0.5) and the possibility of experimental error is elimi­

nated ,

2. The points on the straight line are considered and thus the 

validity of n and pL data can be verified. The most divergent 

points, away from the linear relationship, can be discarded.

The 8-diketones are characterised by one Kg value, 

corresponding to the enolic proton.

The order of basicity in case of p-diketone is 

DBM ^>BA ^ AcAc. This can he explained in terms of enol 

content of the dike tones. ,When the methyl group in acetyl-

acetone is substituted by a phenyl group, the resonance energy 

increases for the keto as well as the enol tautomer; but much 

so for the enol. The enol content is 100$ in dibenzoylmethane. 

In the enol form there is hydrogen bonding between the oxygen 

atoms, resulting in ring formation (fig.l). Stronger the 

hydrogen bonding, less is the -OH dissociation and less is the 

acidity of the §-diketone. In case of dibenzoylmethane and 

benzoylacetone as a result of strong hydrogen bonding the 

enolic proton is less available in the titration and this
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explains the higher value.

The metal ligand formation constants are in the 
order DBM ^ B& y AeAc. The increase in stability of BA and 
DBM complexes is due to their high basicity. In cases of
P-diketone complexes it has been shown that besides L——>M

*

<f bonding there is M----r interaction due to the formation
of six membered planar ring with delocalised tr electrons.

2++ M --- $

lA OH*" ?—> HO
* 2

V ^c---o +

complex.

The extent of v interaction is more in cases of
benzoylacetone and dibenzoylmethane due to increase in number

1 /
of phenyl groups'. The delocalisation of w electron clouds 
over the phenyl rings enhances the resonance effect in the 
chelate ring resulting in more stable complexes.



Table IIA 1.1

N » 0.2M V* * 50 ml 

1° * 0.02M

T£ * 0.002M T° ss 0.002M 

M * Q.2M t = 30«0.
Perchloric AcAc Uu(II) Ni(Il)

acid

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

—W'lfMS
(in ml.) (in ml.)

0.00 1.80 0.00 1.80 0.00 1.80 0.00 1.80
1*00 1.90 1,00 1.90 1.00 1.90 1.00 1.90
2.00 2.00 2.00 2.00 2.00 2.00 2.00 2,00
3.00 2.15 3.00 2.15 3.00 2.15 3.00 2.15
4.00 2 M 4.00 2.45 4.00 2.45 4.00 2.45
4,50 2.75 4.50 2.75 4.50 2.75 4.50 2.75
4.60 2.85 4.60 2.85 4.60 2.85 4.60 2.85
4,70 2.95 4.70 2.95 4,70 2.95 4.70 2.95
4.80 3.15 4.80 3.15 4.80 3.15 4.80 3.15
>>.85 3.30 >>.85 3.30 4.90 3.25 4.85 3.30
4.90 3.55 4.90 3.55 5.oo 3.30 4.90 3.55
4.92 3.65 4.93 3.80 5.io 3.^5 **.93 3.80
4.94 3.85 4.96 4.15 5.20 3.75 4.96 4.15
4.96 4.15 4.98 >>.50 5.30 4.35 4.98 4.40
4.98 4.50 5.00 6.90 5.40 5.05 5.00 4,65
5.00 7.20 5.0 5 7.65 5.50 5,70 5.05 5.10
5.oi 8.50 5.io 8.00 5.60 6,20 5.io 5.4o
5.05 9.55 5.20 8.1>5 5.70 6.50 5.20 5.90
5.08 10 .20 5.30 8.70 5.80 6.75 5.40 6.75
5.io 10.45 5.40 8.90 5.90 7.10 5.60 7.90

.* ~ ' 5.60 9.15 6,00 7.60 5.80 8.65
5.80 9.30 6.00 9.40
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Table I1A 1-2

N - 0.2M V° = 50 ml.

E° = 0.02M

Perchloric BA.
acid

Vol.of 
alkali 
(in ml.)

B Vol.of 
alkali 
(in ml.)

B

0.00 1.80 0.00 1.80
1.00 1.90 1.00 1.90
2.00 2.00 2.00 2.00
3.00 2.15 3.00 2.15
4.00 2.45 4.00 2.45
4.50 2.75 4.50 2.75
4.60 2.85 4.60 2.85
4.70 2.95 4.70 2.95
4.80 3.15 4.80 3.15
4.85 3.30 4.85 3.30
4.90 3.55 4.90 3.55
4.92 3.65 4.94 3.85
4.94 3.85 4.98 4.50
4.96 4.15 5.oo 7.00
4.98 4.50 . 5.03 7.55
5.00 7.20 5.05 7.75
5.oi 8.50 5.10 8.15
5.05 9.55 5.20 8.60
5.08 10.20 5.30 8.90
5.10 10.45 5.40 9.05

5.60 9.35
5.80 9.50

T* = 0.002M lw = 0.002M

M = 0.2M t = 30°o.

Uu(II) Wi(II)

Vol.of 
alkali 
(in ml.)

B Vol.of 
alkali 
(in ml.)

B

0.00 1.80 0.00 1,80
1.00 1.90 1.00 1.90
2.00 2.00 2.00 2.00
3.00 2.15 3.00 2.15
4.00 2.45 4.00 2.45
4.50 2.75 4.50 2.75
4.60 2.85 4.60 2.85
4.70 2.95 4.70 2.95
4.80 3.15 4.80 3.15
4.90 3.20 4.35 3.30
5.00 3.25 4.90 3.55
5.10 3.35 4.95 4.00
5.20 3.55 5.00 4.45
5.30 4.20 5.05 4.80
5.40 5.25 5.10 5.20
5.50 5.90 5.20 5.75
5.60 6.30 5.40 6.95
5.7 0 6.65 5.60 8.15
5.80 6.85 5.80 9.15
6.00 7.35 6.00 10.00
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(in ml.)

0.00 1.80
1.00 1.90
2.00 2.00
3.00 2.15
4.00 2.45
4.50 2.75
4.60 2.85
4.70 2.95
4.80 3.15
4.85 3.30
4.90 3.55
4.92 3.65
4.94 3.85
4.96 4.15
4.98 4.50
5.00 7.20
5.01 8.50
5.05 9.55
5.08 10.20
5.10 10.45

alkali
(in ml.)

___.
0.00 1.80
1.00 1.90
2.00 2.00
3.00 2.15
4.00 2.45
4.50 2.75
4.60 2.85
4.70 2.95
4.80 3.15
4.85 3.30
4.90 3.55
M3 3.80
4.96 4.10
4.98 4.60
5.oo 7.25
5.03 7.65
5.05 7.90
5.10 8.30
5.20 8.80
5.30 9.05
5.40 9.20
5.60 9.45
5.80 9.65

alkali
(in ml.)

0.00 1.80
1.00 1.90
2.00 2.00
3.00 2.15
4.00 2.45
4.50 2.75
4.60 2.85
4.70 2.95
4.80 3.15
^.85 3.35
4.90 3.55
4.94 3.85
4.98 4.35
5.oo 4.50
5.05 4.75
5.io 5.05
5.20 5.6o
5.30 6.10
5.40 6.50
5.6o 7.25
5.80 7.85
5.90 8.15

Table IIA ltj 

N = 0.2M V° = 50 ml.

E° = 0.02M

Perchloric acid DBM

rp o —al

u =

0.002M T« = 0.002M 

0.2M t = 30**U. 

Ni(II)

Vol.of
alkali

B Vol.of B Vol.of B
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Table II a 2.1a

-> n loni-n)/n , pL and pL-lo?(l-n)/n data for Ou(II) acetvl-

acetone system - 3 o° ' 1 .

E nrj V" V»,ji V"i _y» n log(l-n)/n pL pL-log(l-n)/n

--------- ------- ------ —

3.50 l.OOo 4.89 5.12 0.23 0 .'46 , 0.0 6g 9.21, 9*15 0

3.55 l.OOo '+.90 5.1*+ 0.24 0.480 O.O35 9.186 9.15i

3.60 1.00 o '■+.91 5.16 0.25 0.50o 9.153 9.153

3.05 l.OOo ’4.92 5.1? 0.25 0.50o 9 J 03 9.103

3.70 1 .0Oo >+.93 5.19 0.26 0.520 I.965 9.07i 9 • 1 O’ 6

10 1 = 9.13 j. 0.01

Table II A 2.2a

^*4 n iog(:1-n)/n , pL and pL-lo g(l-n)yffi data for Ou(IT) benzoyl-

acetone system - 30" 0.

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

E V” V»m V !M _V" n log(l-n)/n pL pL-■logCl-n)

, r __ __. --------------~------------ —-—.— —----------- .-----------------——

3.35 l.OOo 4.86 5.07 0.21 0.42, 0.138 9.^78 9.3’+o

3.40 l.OOo 4.88 5.12 0,24 0.48, 0.033 9>76 9.443

3.^5 l.OOo 4.39 5.16 0.27 0.54, ^.929 9.'+9 7 9.55o

3.50 l.OOo 4.90 5.19 0.29 0.58, 1.856 9 -469 9.61.3

3.55 l.OOo 4.91 5.20 O.29 0.58, 1.856 9 .^Ig 9.563
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Table II A 2.3b

T5 T1DU1 n, losd-n)/n, pL and pL -1 og (l-n)/n data for Ni(II) acetyl-

acetone sys ten1 - 30 °o •

B V" V’" V’M _V" n iog(l-n)/n pL pL-log(l-n)/)

5.95 l.OOo 5.oo 5.21 0.21 0.420 0.1'+0 6.739 6.599

6.00 1.00c 5.00 5.22 0.22 0.440 0.10 5 6.7O4 6.599

6.0 5 1 .OOo 5.00 5.23 0.23 0,46o 0.069 6.669 6.6O0

6.10 l.OOo 5.oo 5.25 0.25 0.50o - 6.653 6.653

6.15 l.OOo 5.oo 5.26 0.26 0.52o 1.965 6.62, 6.656

6.20 l.OOo 5.oo 5.27 0.27 o.5’+o 1.935 6.5 0 9 6.65m-

6.25 l.OOo 5.0 0 5.29 0.29 0.58o 1.859 6.579 6.72o

lost-, = 6,6'-!- ^ 0,02

Table 21 a 2.4b

B, nH, n, log(l-n)/n, pL and pL-loe;(l-n)/n data for Hi(II) bensoyl- 

acetone system - 30°O.

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

5.85 l.OOo 5.00 5.21 0.21 0.42 0 O.l40 6.979 6.839

5.90 1,00o 5.oo 5.22 0.22 0.4'fo 0.10 5 6.94m. 6.839

5.95 1.0Oo 5.00 5.23 0.23 0 ,46o O.O69 6.9O9 6.840

6.00 1.00c 5.00 5.24 0.24 0.48 0 O.O35 6.876 6.84,

6.05 l.OOo 5.00 5.25 0.25 0.50o - 6.843 6.843

6.10 1.00c 5.00 5.26 0.26 O.52o T .965 6.81, 6.846

6.15 l.OOo 5.00 5.27 0.27 0.54o 1.935 6.779 6.84m.

logK, = 6,8)+ + 0.01
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Table II A 2.5b

B, n , n, log(l-ii)/n, pL and pL-log(l-n)/n data for Ni(il) dibenzoyl-

methane sys tern - 30“ o.

B V" v»« V'M _V" n log(l-n)/n pL pL-•log(l-n)/5

5.65 l.OOo 5.oo 5.21 0.21 0.42 o 0.140 7.399 7.259

5.70 1.0Oo 5.oo 5.22 0.22 0.440 0.10 5 7.364. <-» ^ Ct .09

5.75 T .00C 5.oo 5.23 0.23 o.46o 0.069 r-. -» O

( 0*^9
r-t r\ /(

5.80 l.OOo 5.oo 5.24 0.24 0.43o O.O35 7.29 6 7.26,

5.85 1 .ouc 5.oo 5.25 0.25 0.50o - 7.263 0 0 £t .^3

5.90 1.00c 5.oo 5.26 0.26 0.52o 1.965 7.23i 7.26s

5.95 ] .OOo 5.oo 5.27 0.27 o.540 1.9*5 7.199 7.264

logK, = 7.26 + 0.01
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Section B :

As seen in the earlier section, the p-diketones form 

very stable complexes, due to formation of a six membered 

planar ring^with,delocalised v electrons^,on coordination to a 

metal ion.

When an -OS group is substituted for one of the B.

groups in p-diketone, thereby producing an acetoaeetic ester,

the metal ligand formation constants ard lowered considerably

as compared to the diketones and this has been attributed to

tha fact that the resonance in the chelate ring of the diketone

is greatly interfered with.by the participation of one of the
if

carbonyl groups in the very strong ester resonance.

HC.3 \ Hcv

°\ cy~....

—

O '
•f-

\_

llv
o 
• •hH c----- O-52

I
11)

v*— °+
I

Formation constants of ethylacetoacetates of rare

earths hatf been reported by Dutt and coworkerThey have

also determined formation constants of ethyl-thioaeetate
1ftcomplexes of rare earths potentiometrically. Formation 

constants of lanthanide chelates of ethylbenzoylacetate, have 

been studied potentiometrically, and the existanee of 1:1
lachelate has been shown in solution.7 Acid dissociation

constants of p-ketoesters and the stability constants of their 

divalent transition metals and dioxouranium (II) chelates have
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20been determined potentiometrically in 75$ volume dioxan 

water medium. The ligands used in these studies have the 
general formula HCOGBR^OOSt <R = Me, R* = H, M; R = PhCH2,

R* = Ph$ R = Phc:c, R1 = Ph, a-naphthyl).

The studies of complexes of acetoacetic esters with 

substitution at the third carbon atom have not been carried 

out earlier. This may throw some light on the extent of 

ir interaction in p-ketoester complexes. In the present inves­

tigation, studies of binary metal p-ketoester complexes have
11been carried out using Irving-Rossotti method ; where M = 

Cu(II),.Ni(II)y Zn(II) or Be(II), The ligands are ethylaeeto- 

acetate, ethyl-2-methylacetoacetate$ ethyl-2-ethylacetoacetate, 

ethyl-2-propylacetoacetate, ethyl-2-isopropylacetoacetate, 

ethyl-2-butylacetoacetate,

Experimental :
The alkyl substituttcL ligands used were all of pure 

grade (Fluka, A.R,), Solution of zinc perchlorate was prepared 

as in case of nickel perchlorate in previous section. Beryllium 

nitrate was used due to non availability of pure quality of 

beryllium carbonate, necessary for the preparation of perchlo­

rate, Other chemicals used were same as in chapter II section A. 

The instruments used and the titrations carried out are same 

as in section A of this chapter. Titrations were carried out 

in 50% water dioxan medium and the pH corrections were made 

as before. In all three sets were prepared as follows :

1. Acid titration :

0.02M HQlOti., 0.178M NaQLO*

2. Reagent titration :

0.02M HCIO^, 0.01M ligand and 0.177M NaClO*.



35
3. Metal titration :

0.02M HdO*., O.OIM ligand, .0.001M'metal salt solution and 

O.I69M KaGlO^.

The ratio of metal salt to ligand was maintained at 

1:10 in all the metal titrations so as to satisfy the highest 

possible coordination number of the metal ions studied. The 

titration data and curves are given in tables II B 1.1 to 

II B 1.9 and figs. II B l to II B 9^respectively.

Determination of proton ligand and metal ligand stability 

constants :

It is seen in the Irving-Rossotti titration curves 

(figs. II B 1 to II B 9) that in the lower pH range the acid 

and the ligand curves 1 and 2 overlap each other. In the 

higher pH range, however, the ligand curve exhibits lower 

values of pH than the acid titratiori curve showing presence 

of more number of titratable H ions due to dissociation of the 

H of enolic -OH. It is due to the liberation of the H ions 

that the ligand has extra titratable H ions.

rij| and proton ligand stability constants were 

calculated using equations described in chapter II section A. 
However, it is found that logki/logk2 -^10' and hence the 

linear plot method is not applicable. In such cases it is 

best to calculate the formation constant using least square 

technique.

In cases of systems with ML2 as the highest complex, 
n + (n-l)ki [V] + (n-2)kt ,ka CCf = 0 (2.6)

The above equation may be rearranged as follows :
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n
• P2 - kj (2.7)M[L] (n-1)

The above equation is well known for a straight line 
of which the slope is p2 (kt.k2). But, since the term QT]

varies over, several powers of ten, it is difficult to plot 

n / (n-l)(jL] vs (2-n)[jri /(n-1)«,

Therefore, the constants p2(kt.k2) and kt are best 

evaluated by the method of least square. It makes use of all 

the experimental points except those between n = 0.95 and 1.05 

(which, for this purpose, are too sensitive ho slight experi­

mental errors), In this method firstly the values of n/(n-1 

#13 (2-n) QQ/Cn-l) were calculated. These values are termed

Y and X and summated over all number of points taken to give 

XY and IE X, respectively. Next values of X2 and XY were 

tabulated and added to gave 2.X2 and 2EXY, respectively.

These sums were used to solve standard simultaneous equations 

for the least square which are,

where k is equal to the number of observations, the coefficient 

ao is -k| and at is £2. The solution of equation (2.8) gave 

mean value for logka. Further the mean value of kt was fitted 

into equation (2,7) and then values of P2 were determined at 

different pH values. Similarly values of kt was determined at 

each point by using the average values of p2. The value of 

kj and ^2 at each point have been summed up to get the average 

value. The deviation of each point from the average value was

51Y = k.ao + at X.X. 

2X1 = ao.XX + A, 2.X2 . (2.8)



37
calculated, These were summed up to get the mean'deviation.

The «al«ulations and precise values of first, and second 

formation constants obtained by this method have been tabulated 

in tables II B 2.1a’ to II B 5.34} .
The average values of logic* and logk2 with mean 

deviation obtained by least square or linear plot method have
been represented in tabler-U, 3 6-o •

' P HThe p-ketoesters are characterised by one K value.
The value.is however higher by one log unit as compared to 

the diketones. The keto enol tautomer exists in the §-keto­
es ters but tdie enol content is very much reduced. This can 

be attributed largely to a cross conjugation between the ester 

group and the enol structure.

The resonance of the ester group occurs at the
O

expense of the resonance of the enol ring. This destabilises 

the enol with respect to the keto tautomer and shifts the 

equilibrium towards the ketone, so much so that its value 

is raised by ^ 1 log unit.
21In case of 8-diketones it is known that substitution 

of hydrogen over carbon by an alkyl group increases the 
basicity of the ligand. This is due to the positive inductive 

effect of the alkyl group and also the distortion of the ring
resulting in lowering of resonance and hence the enol form./

Thus C-methylaeetylacetone is more basic than acetylacetone.
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However, it forms less stable complexes. The lowering in 

value of formation constants can also be explained to be due 

to the lowering in the resonance of the chelate ring. This 

may be because of the steric hindrance between the methyl 

groups, distorting the planarity of the ring and thus reducing 

the resonance.

With bulkier groups at the C-carbon atom the steric 

effect will distort the structure further from planarity, 

thus reducing resonance further, and hence there is lowering 

in the value of formation constants. The lowering in the 

formation constant values with substitution at the C-carbon 

atom supports the resonance stabilisation of the p-diketone 

complexes.

Proton ligand stability constants and metal ligand 

formation constants of C-alkyl substituted aeetoacetic ester 

complexes compared to unsubstituted aeetoacetic ester may 

throw some light on the extent of trointer action in the p-keto- 

esters.

In case of C-methyl aeetoacetic ester the steric 

hindrance between the C-CH3 and the -OC2H5 group is expected 

to be more than in case of C-substituted acetylacetone. Thus 

the difference in the proton ligand formation constant values 

in case of aeetoacetic ester and C-methyl derivative should be 

more than in acetylacetone and C-methyl acetylacetone. However, 

in case of C-alkyl substituted aeetoacetic ester the increase 

in basicity is not so much as in the ease of p-diketones. As 

stated earlier the increase in basicity of the p-diketones, 

is due to inductive effect as well as ring distortion effect
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lowering the enol form. In case of p-ketoesteB however, 

the enol fork is already very much reduced and hence lowering 
in enol form due to the distortion in the ring does no't have 

significant effect. The small increase In basicity may be, 
mainly du© to the inductive effect of the alkyl group. This 

is the reason why there is a small difference in the proton 
ligand stability constant values of the different p-ketoesters.

In the p-ketoester complexes it is observed that 
there is very little difference in the formation constant values 
of the ethylacetoacetate complexes and that of C-methyl substi­
tuted compounds. If resonance stabilisation of the chelate ring 
would have had a significant contribution in determining the 
formation constant values of the p-ketoester compound, the 
distortion in planarity due to substitution at C-atom should 
have Ihwered the formation constant values significantly.
There should have been a significant difference in the formation 
constants of the p-ketoester complexes and the u-alkyl substi­
tuted derivative.

However, the formation constant data, shows that the 
distortion in planarity of the ring due to substitution on the 

U-atom does not affect the values of formation constants signi­
ficantly; in case of p-ketoester complexes*.

Thus it can be inferred that the contribution due to 
resonance,in the chelate ring of p-ketoesters is much less.
This is an evidence in support of the fact that the ir inter­
action in aeetoaeetic ester is much less than in the p-diketone 
complexes.
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Table II B 1.1

N = 0.2M ¥° = 50 ml. T£ - 0.01M T® = 0.001M
M

E° = 0.02M H = 0.2M t * 30°c,

Perchloric Bthylaceto- Cu(II) Hi(II)
acid acetate

Vol.of 
alkali 
(in ml.)

B Vol.of 
alkali 
(in ml.)

B Vol.of 
alkali 
(in ml.)

B Vol.of 
alkali 
(in ml.)

B

0.00 1.80 0.00 1.80 0.00 1.80 0,00 1.80
1.00 1.90 1.00 1.90 1.00 1.90 1.00 1.90
2.00 2,00 2.00 2,00 2.00 2,00 2,00 2.00
3.00 2.15 3.00 2.15 3.00 2.15 3.00 2.15
4.00 2.45 4.00 2.45 4.00 2.45 4.00 2.45
4.50 2.75 4.50 2.75 4.50 2.75 4.50 2.75
4,60 2.85 4,60 2.85 4.60 2.85 4.60 2.85
4.70 3.00 4.70 3.00 4.70 3.00 4.70 3.00
4.80 3.20 4.80 3.20 4.80 3.20 4.80 3.20
4.85 3.35 4.85 3.35 4,85 3.35 4,85 3.35
4.90 3.55 4 *90 3.55 4.90 3.55 4.90 3.55
4.92 3.65 4.94 3.85 4.95 3.90 4.95 4.05
4.94 3.85 4.98 4.60 5.00 4.05 5.00 5.25
4.96 4.15 5.00 6,95 5.05 4.25 5.05 5.75
4.98 4,60 5.05 7.70 5.io 4.40 5.10 6.00

5.oo 7.20 5.10 8,20 5.20 4.90 5.20 6.45
5.oi 8.50 5.20 9.00 5.30 5.45 5.30 6.85
5.05 9.55 5.30 9.70 5.40 5.95 5.40 7.20
5.08 10.20 5.40 10.25 5.60 7.65 5.6o 8.65
5.10 10.45 5.50 10.70 5.80 9.85 5.80 10.55

5.90 10.50
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Table IIB 1.2

= 0.2M V° * 50 ml. T£ = 0.01M T* * 0.001M

“ * 0.02M H * 0.2M t = 30°o.

Perchloric
add

Ethylaceto-
acetate

Zn(ll) Be(H)

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

a
(in ml.) (in ml.)

—

0.00 1.80 0.00 1.80 0.00 1.80 0.00 1.80

1.00 1.90 1.00 1.90 1.00 1.90 1.00 1.90

2.00 2.00 2.00 2.0U 2.00 2.00 2.00 2.00

3.00 2.15 3.00 2.15 3.00 2.15 3.00 2.15

4.00 2.45 4.00 2.45 4.00 2.45 4.00 2.45

4.50 2.75 4.50 2.75 4.50 2.75 4.50 2.75

4.60 2.85 4.60 2.85 4.60 2.85 4.60 2.85

4.70 3.00 4.70 3.00 4.70 3.00 4.70 3.00

4.80 3.20 4.80 3.20 4.80 3.20 4.80 3.20

4.85 3.35 4.85 3.35 4.90 3.55 4.90 3.55

4.90 3.55 4.90 3.55 4.95 4.00 4.95 4.00

4.92 3.65 4.94 3.85 5.00 5>5 5.00 6.00

4.94 3.85 M-.98 4.60 5.05 6.00 5.05 6.70

4.96 4.15 5.oo 6.95 5.10 6.25 5.io 6.95

4.98 4.60 5.05 7.70 5.20 6.65 5.20 7.40

5.00 7.20 5.io 8.20 5.30 7.oo 5.30 8.20

5.01 8.50 5.20 9.00 5.40 7.35 5.4o 9.50

5.05 9.55 5.30 9.70 5.60 8.05 5.50 10.00

5.08 10.00 5.40 10.25 5.80 10.50 5.6o 10.50

5.10 10.45 5.50 10.70
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Table IIB 1.3

N = 0.2M V* = 50 ml. rp O = 0.01M T- = 0.001M

= 0.02M H * 0.2M t = 30“C.

i'erchlorio
add

^thy1-2-methyl 
acetoacetate

Ou(II) Ni(II)

Vol.of B
alkali
(injnl.)

Vol .of 
alkali 
(in ml.)

B Vol.of B
alkali 
(in ml.)

Vol.of
alkali
_(injJil^)

B

0.00 1.30 0.00 1.80 0.00 1.80 0.00 1.30
1.00 1.90 1.00 1.90 1.00 1.90 1.00 1.90
2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
3.00 2.15 3.00 2.15 3.00 2.15 3.00 2.15
If .00 2.45 4.oo 2 M 4.00 2.45 4.00 2.45
4.50 2.75 4.50 2.75 4.50 2.75 4.50 2.75
4.60 2.85 4.60 2.85 4.60 2.85 4.60 2.85
4.70 3.00 4.70 3.00 4.70 3.oo 4.70 3.00
4.80 3.20 4.80 3.20 4.80 3.20 4.80 3.20
4.35 3.35 4.85 3.35 4.85 3.35 4.85 3.35
4.90 3.55 4.90 3.55 4.90 3.55 4.90 3.55
4.92 3.65 4.94 3.35 4.95 4.10 4.95 4.10
4.94 3.35 4.98 4.60 5.00 4.20 5.00 5>5
4,96 4.15 5.00 6.95 5.05 4.40 5.05 6.00
4.98 4.60 5.05 7.15 5.10 **.55 5.io 6.35
5.00 7.20 5.10 8.20 5.15 4.75 5.20 6.75
5.01 8.50 5.15 8.80 5.20 W.95 5.30 7.05
5.05 9.55 5.20 9.25 5.30 5.55 5.40 7.30
5.08 10.20 5.25 9.75 5.4o 6.15 5.50 7.60
5.10 10.45 5.30 10.15 5.60 7.80 5.60 8.05

5.35 10.50 5.80 9.70 5.80 10.40
5.90 10.45
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N = 0.2M V" = 50 ml. 

E® = 0.02M

Perchloric Ethyl-2-methyl
acid aeetoacetate

Vol.of 
alkali 
(in^ml.)

B Vol.Of 
alkali 
(in ml.)

B

o.ou 1.80 0.00 1.80
1.00 1.90 1.00 1.90
2.00 2.00 2.00 2.00
3.00 2.15 3.00 2.15
4,00 2.45 4.00 2.45
4.50 2.75 4.50 2.75
4.60 2.85 4.60 2.85
4.70 3.00 4.70 3.00
4.80 3.20 4.80 3.20
4.85 3.35 4.35 3.35
4.90 3.55 4.90 3.55
4.92 3.65 4.94 3.85
4.94 3.85 4.98 4.60
4.96 4.15 5.00 6.95
4.98 4.60 5.05 7.15
5.oo 7.20 5.io 8.20
5.01 8.50 5.15 8.80
5.05 9.55 5.20 9.25
5.08 10.20 5.25 9.75
5.10 10.45 5.30 10.15

5.35 10.50

T£ * 0.01M T® = 0.001M 

H = 0.2M t = 30°°. 

Zn(II) Be(Il)

Vol.of 
alkali 
^ln jnl.)

B Vol.of 
alkali 
(injnl.)

B

0.00 1.80 0.00 1.80
1.00 1.90 1.00 1.90
2.00 2.00 2.00 2.00
3.00 2.15 3.00 2.15
4.00 2.45 4.00 2.45
4.50 2.75 4.50 2.75
4.60 2.85 4.60 2.85
4.70 3.oo 4.70 3.00
4.80 3.20 4.30 3.20
4.85 3.35 4.35 3.35
4.90 3.55 4.90 3.55
4.94 3.85 4.94 3.85
4.98 4.60 4.98 4.60
5.00 5.75 5.oo 6.20
5.05 6.25 5.05 6.65
5.10 6.55 5.io 7.00
5.15 6.75 5.15 7.25
5.20 6.90 5.20 7.^5
5.50 7.20 5.30 8.35
5.'+o 7.50 5M 9.70
5.60 8.05 5.50 10.50
5.80 10.50
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Table II* 1«$

= 50 ml.N = 0.2M V" 

= 0.02M

Perchloric 
___ acid___

Vol.of 
alkali 
(in ml.)

B

0.00 1.80
1.00 1.90
2.00 2.00
3.00 2.15
4.00 2.45
4.50 2.75
4.60 2.85
4.70 3.00
4.80 3.20
4.85 3.35
4.90 3.55
4.92 3.65
4.94 3.85
4.96 4.15
4.98 4.60
5.00 7.20
5.01 8.50
5.05 9.55
5.08 10.20
5.10 10.45

Ethyl-2-ethyl
acetoacetate

Vol.of 
alkali 
(in ml.)

B

0.00 1.80
1.00 1.90
2.00 2.00
3.00 2.15
4.00 2.45
4.50 2.75
4.60 2.85
4.70 3.00
4.80 3.20
4.85 3.35
4.90 3.55
4.94 3.85
4.98 4.60
5.00 7.05
5.05 7.75
5.10 8.45
5.15 9.00
5.20 9.50
5.25 9.95
5.30 10.30
5.35 10,60

T£ = 0.01M 

U * 0.2M 

Cu(II)

Vol.of 
alkali 
(in ml.)

B

0,00 1.80
1.00 1.90
2.00 2.00
3.00 2.15
4.00 2.45
4.50 2.75
4.60 2.85
4.70 3.00
4.80 3.20
*t-.85 3.35
4.90 3.55
4.95 3.95
5.00 4.15
5.05 4.35
5.10 4.60
5.20 5.10
5.30 5.60
5.4o 6.25
5.60 7.80
5.80 9.65
6.00 10.70

* 0.001M

t = 3°W'J. 

Ki(II)

Vol.of B 
alkali 
(in ml.)

0.00 1.80
1.00 1.90
2.00 2.00
3.00 2.15
4.00 2.45
4.50 2.75
4.60 2.85
4.70 3.00
4.80 3.20
4.85 3.35
4.90 3.55
4.95 3.95
5.00 5.75
5.05 6.20
5.10 6.50
5.20 6.90
5.30 7.25
5.40 7.45
5.50 7.75
5.70 9.10
5.90 10.75
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Table .IIB 1,6

N * 0.2M V- s 50 ml, 

E° * 0.02M

Perchloric Ethy1-2-ethyl
acid acetoacetate

Vol.of 
alkali 
(in ml.)

B Vol.of 
alkali 
(in ml,)

B

0.00 1.80 0.00 1.80
1.00 1.90 1.00 1.90

2.00 2.00 2.00 2.00
3.00 2.15 3.00 2.15
If .00 2.45 4.00 2.45

4.50 2.75 4.50 2.75
4.60 2.85 4.60 2.85
4.70 3.00 4.70 3.00
4.80 3.20 4.80 3.20
4.85 3.35 4.85 3.35
4.90 3.55 4.90 3.55
4.92 3.65 4.94 3.85
4.94 3.85 4.98 4.60
4.96 4.15 5.00 7.05
4.98 4.60 5.05 7.75
5.00 7.20 5.io 8.45
5.oi 8.50 5.15 9.00
5.05 9.55 5.20 9.50
5.08 10.20 5.25 9.95
5.io 10.45 5.30 10.30

5.35 10.60

11 0.01M TM = 0.001M

H ~ 0.2M t = 3°“u.

Zn(IX) Be(II)

Vol.of B Vol.of B
alkali alkali
(in ml t> —. ^ln mlt)

—

0.00 1.80 0.00 1.80
1.00 1.90 1.00 1.90
2.00 2.00 2.00 2.00
3.00 2.15 3.00 2.15
4.00 2.45 4.00 2.45
4.50 2.75 4.50 2.75
4.60 2.85 4.60 2.85
4.70 3.00 4.70 3.00
4.8o 3.20 4.80 3.20
4.85 3.35 4.85 3.35
4.90 3.55 4.90 3.55
4.94 3.85 4.94 3.85
4.98 4.60 4.98 4.60
5.00 5.90 5.00 6.25
5.05 6.50 5.05 6.85
5.10 6.80 5.10 7.20
5.15 7.00 5.15 7.50
5.20 7.20 5.20 7.70
5.30 7.45 5.30 8.50
5.40 7.70 5.40 9.75
5.6o 8.50 5.50 10.50
5.80 10.50
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Table II B 2.2a

nH, n, pL data for Cu(II) ethyl-2-methylacetoacetate system - 30°G,
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Table II B 2,*fa

n^, n, pL data for Cu(II) ethyl-2-propylaeet'oacetate system - 30°G.
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1 Table II B 3.1b

nH> n» data for Ni(II) ethylacetoacetate system - 30°U.
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■ Table II B 3.4b

Hjj, n, pL data for Ni(II)-ethyl-2~propylacetoacetate system-30°Ce

Table II B 3.3b

Hjjj'H, pL data for li(II) ethyl-2-ethylaeetoacetate system-30°C.

Si1 <1Si
SB

to

vj
iv

a 0
0.

 o o
.c

N
 o\

 o\
n
Q

n
O

 O
-n

S'
v

I-n
JC

&
C

O
'O

-T
vO

U
> o

 -T
vo

 -F
n
O

 -F
-o

 BC
O

O
O

S«
»f

W
 «

M
I-

'H
O

O
O

O
O

O
««

«•
•«

«•
•

fu
> r

ov
ji-

r-
T-

ru
xj

j • 
-T

 o
n

 g
o

 w
 co

-T
o 

o
n

 w
 

00
00

00
00

0

00 O
N

O H
C

M rocvl J-vO
 

O
O

H
H

H
H

 rO
rom

• •'•••••••
O

O
O

O
O

O
O

O
O

C
D O

nO H
CM nO

lfN
C

v-O
N
 

O
O

H
H

H
H

 rororo
txv

 lr\U
N

U
N

lfM
r\Y

fN
X

rN
lrs

00000
 o-rom

m
 

00000
 00

 o o
• 

a 
• 

• 
* 

, • 
• 

» 
•

Its
 lrs\iM

r\\r\lr\U
M

rvlr%H
H

H
H

H
H

H
H

H
oo

oo
oo

oo
o

O
O

O
O

O
O

O
O

O
oo

oo
oo

oo
o

■v
3"

n
3^

0 
O

n
 O

n
 O

n
 O

n
 O

n
 O

'
• «

*•
••

••
«

F F
U

> 
O

N
O

N
va

va
-F

'-P
' 

va
 o

vn
vi

 ov
a o

va
 o

C
r*< l <
 -

Si<4Pi IB

PQ 
?

vj
\v

nv
nv

nN
Ti

 o
n

 o
n

 o
n

 o
n

 o
n

 o
n

-r
vn

vn
oN

O
N

W
 fo

u>
u»

 f
f

C
O

D
J'-

J t
\3

-s
3L

>J
 C

O
LO

 03
 r

o-
o 

F M
vO

^J
'ft

-v
3V

Jl
'Jl

-»
'£

> C
D

O
O

O
O

O
O

O
O

O
O

O
 

C
N
J N

O o
 Ft-00 C

M C
O

 N
O o

 C
O C

M 
coro±-d-Ft-^fN

C
M rr\±Jr\s\

»»»•»*»»•«.»
O

O
O

O
O

O
H

H
H

H
H

C
O O

N
O r-tC

M cO
C

M
J- U

n
Cn-00

o
o

h
h

h
h

 rnm
rnm

m
ooooooooo

 00
vn

va
vn

va
va

va
va

va
va

va
va

FF
U

»U
)U

> 
PH

H
H

 O
 O

 
fO

 H
*n

O
~<

|N
ji

O
J (V

>1
—

1 O
n
O

 CO

O
O

O
O

O
O

 rocnd-Ft-Ft 
O

O
O

O
O

O
O

O
O

O
O

ir\\rN
ir\if\\r\lfN

\r\\rsV
A

lp\lPv

i—
11—

»{
 11—

11—
1;

 1 j—
»j—

* 1—
• t—

• 1—
»

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

OI0
N

O
n
O

n
O

 O
TO

D
lM

H
H

O
 O

n
O

ov
no

vn
o 

ov
a o

va
 ov

a



54

Table II B 3,6b

nH» pL data for Hi(II) ethyl-2-butylacetoacetate system-30°0

B nH yn yrtt Y,M -V" n pL

7.05 1 »00q 5.00 5.08 ■ 0.08 0.32o §v93
7.10 .l.OOo 5,oo 5.09 0.09 0.36q 6,44 5
7.15 l.OOo 5.oo 5.10 0.10 0 ,40o 6.397
7.20 l.OOo 5.oo 5.11 0,11 0.44 0 6.349
7.25 l.OOo 5.00 5.12 0.12 0,48o 6.30?
7.30 1.000 5.oo 5.13 0.13 0.52o 6.253
7.90 l.OOo 5.05 5.36 0.31 1.240 5.689
7.95 l.OOo 5.06 5.38 0.32 1.28o 5.64i
8.00 1,00o 5.06 5.% 0.35 1.40o 5.59?
8.05 l.OOo 5.07 5.Mi- 0,37 1 ,48o 5.55?
8.10 l.OOo 5.07 5.45 0.38 1.52o 5*504.
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Table II B b.2c

n„, n, pL data for Zn(II) e th yl-2- me thyl a c e t o a ee t a t. e system-30^0.
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Table II B bjc

Htt, n, pL data for Sn(Il) ethyl-2-ethylacetoacetate system-30^U.

Table II B

Htj, n, pL data for Zn(II) ethyl-2-propylacetoacetate system-30 °v!.
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Table II B4.5c

Hp, n, pL data for Zn(II) ethyl-2-isopropylacetoaeetate system- 
300^.

B nH v» v»* V”» -Y" n pL
6.95 l.OOo 5.oo 5.08 0.08 0.32o 6.478
7.00 l.OOo 5.oo 5.09 0.09 O.360 6.42 g
7.05 l.OOo 5.oo 5.10 0.10 0.40o 6.382
7.10 l.OOo 5.oo 5.11 o.n 0.44o 6.33+
7.15 l.OOo 5.oo 5.12 0.12 0.48o 6.286
7.20 l.OOo 5.oo 5*13 0.13 0.52 o 6.237
7.80 l.OOo 5.03 5.3^ 0.31 1 #24o 5.67s
7.85 l,00o 5.w 5.37 0.33 1.32o 5.62?7.90 l.OOo 5.04 5.39 0.35 1.40o 5.5 82
7.95 l.OOo 5.05+ 5.41 0.37 1 .48o 5.536
8.00 l.OOo 5.05

✓ • * *
0.39 1.56o 5.4-9o

Table II B 4.6c

np, n, pL data for Zn(Il) ethyl-2-butylacetoaeetate system~30°B.
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Table II B 2.1ar

n, pL, 7, x, logp2, logK, and logK2 data fox Cu(II) ethyl-
acetoacetate system - 30°C.

n pL y x 108 x x 10**8 logpga logKj log K2

0,48 8.86 -6.6889 -0.4033 15.70 8.77 6.93
0.52 8.81 -6,9937 -0.4776 16.03 8.79 7.24

. 0.56 8.77 -7.4954
-7.8740

-0.5557 16.26 . 8.81 7.45
0.60 8.72 -0.6667 16.32 8.82 7.50
0.64 8.67 -8,3151 -0.8076 16.35 8.83 7.52
0.68 8.62 -8.8578 -0.9895 16.38 8.85 7.53
1.32
1.36

7.66
7.61

1.8852
1.5388

4.6495
4.3644

16.26
16.26

8.83
8.82

1.40 7.56 I.27O8 4.1310 16.27 8.81 7.46
1.44 7.51 1.0591 3.9327 16.28 8.80 7.48
1.48 7.46 0.8893 3.7559 16.29 8.79 7.50

log p2 = 16.22 + 0.08 
log K, = 8,81 ^ 0.01 

*log K2 = 7.4-1 + 0.07

Table II B 2,2a1

n, pL, y, x, log ^2, log K* and log K2 data for Cu(II) ethyl- 
2-methylacetoacetate system - 30°C.

n pL y x 108 x x 10~8 log pa log K1 log K2

0.48 8.76 -5.3111 -0,5080 15.74 8,67 7.07
0.52 8,71 -5.5555 -0,6012 15.94 8.68 7.26
0.56 8.67 -5.9528 -0.6997 16.12 8.70 7.42
0.60 8.62 -5.9713 -0.8792 16,03 8,68 7.35
0.64 8.58 -6.7596 -0.9935 16.24 8.73 7.51
0.68 8.53 -7,2009 -1.2172 16.25 8.75 7.50
1.32 7.61 1.6802 5.2168 16.11 8.73 7.38
1.36 7.56 1.3717 4.8960 16.11 8.72 7.39
1.40 7.51 1.1326 4.6350 16.12 8.71 7.41
1.44 7.47 0.9659 4.3120 l6.l4 8.62 7.52
1.48 7.42 O.8IO9 4.1188 16.15 8.67 7.48

log pa = 16.08 + 0.06
log = 8.69 + 0.03
log K2 = 7.39 I 0.08
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log p2 = 15.92 + 0.03 
log Kj = 8,59 + 0.01 
log K2 = 7.33 ^ O.O3

Table II B2.W

n, pL, y, Xj log p2, log K1} log K2 data for Cu(II) ethyl- 
2-propylacetoacetate system - 30°G,

Table II B 2,3a1

n, pL, y, log pi2, log K, and log K2 data for Ou(II) ethyl-
2-ethylacetoacetate system - 30°U.
* - _ ■ ___ . . _

n pL y x 10® x x 10"® log pz log K* log K2
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Table II B 2.5a«

0.56 8.55 -4.5164
0,60 8.50 -4.7438
0.64 8.45 -5.0106
0.68 8.40 -5.3378
1.44
1.48

7.39
7.34

O.8O33
0.6745

1.52 7.31 0.5967
1.56 7.25 0.4954

-0.9222
>1.1067
-1.3^03 
-1.6421 
5.1850 
4.9519 
4.5212 
4.4180.

Table II_B 2.6a1

n, pL, y, x, log @2, log K* and log K2 data for Cu(II) ethyl- 
2-butylaeetoacetate system - 30°C.

n, pL, y, x, log P2, log Kf and log K2 data for Cu(II) ethyl- 
2-isopropylaeetoacetate system - 3Q°C.

n pL y x 10® x. x 10"® log 82 log Kt log K.2
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log p2 
log K, 
log K2

13.04 + 0.04 
6.87 3- O.O3 
6.17 * 0.07

Table II B 3i2b*

n, pL, y, x3 log P2* log K| and log K2 data for Ni(II) ethyl- 
2-methyl acetoacetate system - 30°U.

n pL y x 106 x x 10~6 log P2 log K,

O.32 7.06 -5 >02 8 -0.2151 12.88 6.57
0,36 7.01 -5.6419 -0.2554 12.86 6.57
0.40 6.96. -6.0827 -o .2922 12.90 6.58
0.44 6.92 -6.5367 -0.3348 12.92 6.59
0.48 6.87 -6.8426 -0,3943 12.89 6.58
0.52 6.82 -7*159+ -0,4668 12.86 6.55
1.32 6.21 6.6899 1.3102 12.90 6.52
1*36 6.16 5.4607 1.2298 12.88 6.59
1.40 6.11 4.5091 1.1643 12.85 6.64
1.48 6.07 3.6227 0.9220 12.90 6.53

6.31 
6.29
6.32
6.33 
6.31 
6.31 
6.38 
6.29 
6.21 
6.37

Table II B 3.IV

n, pL, y, x, log §2, log Kj and log K2 data for Ni(II) ethyl 
acetoacetate system - 3°°G«
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Table II £ 3»W

, pL, y, x, log p2, log K, and log K2 data for Ni(II) ethyl- 

-propylacetoacetate system - 30°'JB

Table II B 3,3b1

n, pL, y, x, log p2, log K, and log K2 data for N±(II) ethyl- 

2-ethylaoetoacetate system - 30°u,
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Table II B 3.6b1

n, pL, y, x, log £2, log K» and log K2 data for Hi(II) ethyl- 
2-butylacetoacetate system - 30°C.

n pL y x 10^ x x 10“^ log £2 log K, log K2

Table II B 34b*

n, pL, y, x, log P2, log K, and log K2 data for Ni(II) ethyl- 
2-isopropylacetoacetate system - 30°(J„

n pL y x 10^ x x lO'6 log Ba log Kj log K2
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5 5

log (3 2 = 12.59 + 0.02 
log Kj = 6,44- + O.O3
log K.2 = 6.15 ^ 0.U4-

Table II B 4.2C

5, PL» F? x, log ?2, log IC| and log K2 data for Zn(II) ethyl- 
2-methylacetoacetate system - 30°0,

Table II B 4.1c1

n, pL, y, x, log P2, log K* and log K2 data for Zn(II) ethyl- 
acetoacetate system - 30°G,
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log 02 = 12.01 + 0.05 
log Kt = 6.12 + 0.07 
log K2 = 5.89 * 0.09

Table II B 4.4q«

n5 pL, ys x, log 02, log K1 and log K2 data for Zn(II) ethyl- 

2~propvlacetoacetate system - 30°C.

Table II B 4.30’

n, pL, y, x, log 02, log K1 and log K2 data for 2n(II) ethyl- 

2-ethylacetoacetate system - 30°C.
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C
O

 O C
M rH

 C
O O

nJ- O
n

I*
O O

 O
 O

 rH rH
 U

n rO
C
M C

M r-l
!<<!!<

O C
N

N
O C

O
N

O c
m ca± C

O
rH

N
O

 
uh co rH

 J* rH r-l U
n
nG

 J- t>- ri~) 
U

N
C

O H
 O

0 O
 C

M C
O

vO
 U

N
 C

v.N
O 

O rH m
3-N

O O
-r-lC

M N
fO

rl
*••••»(»*•»»

C
M C

M C
M C

M C
M C

M m
cM rH r-i rH

till!!
!

*3 tr>3»

o
n

 o
n

-o
 'C

j-v
j -

r ^
vn

vn
vn

 c
n

ov
n 

o 
-T

vo
 ov

n o
 -f

r\o
 jr

c
m

nO
oJ-c

o
c

m
j-c

m
o

c
o

c
m

fom
tj-i u

n
c

m c
o

j- J- u
\

O
O

O
O

O
O

H
rlrirlri

f Nnvn
vn

vn
vn

oN
O

N
O

N
O

N
O

N
O

N



87

log P2 = 11,77 + 0,03 
log K, = 5.95 T- 0,03 
log Kz = 5.82 T 0,06

Table II B 4,6c1

n5 pL, y, x, log £2, log K1 and log K2 data for Zn(II) ethyl- 
2-bTit.ylacetoacetate system - 30°0.

n pL y x 106 x x 1(T6 log p2 log K, log K2

Table' II B 4.5c*

n, pL, y, x, log P2, log K< and log K2 data for Zn(II) ethyl- 
2-isopropylacetoacetate system - 30°G,
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Table II B 5.Id*

Table II B 5.2d»

n, pL, log(l-n)/n and pL-log(l-n)/n data for Be(II) ethyl- 
2-methylaoetoacetate system - 30°U.

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

0.¥f0 6.H2 0,10 5 6.00?
0.48o 6.06* 0.035 6.02 0
0.52o 6.016 3*965 6.05i
o.560 5.9§g I.895 6.073
o.60o 5.869 1.82 u. 6.045

log K, = 6.04- + 0.02 

Table II B 5.3d*

5, pL, log(l-n)/B and pL-log(l-n)/n data for Be(II) ethyl- 
2-ethylacetoacetate system - 30°G.

n pL log(l-n)/n pL-log(l~n)/5
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Section C

In case of p-diketone complexes there Is coordination 

from two oxygen atoms. In order to see the effect of substitu­

ting one of the oxygen by nitrogen on the proton ligand and 

metal ligand formation constants, study of the complexes of 

Schiff bases obtained from acetylacetone and benzoylacetone 

was carried out, lAlhen monohydroxy alkyl amines are condensed 

with p-diketones, they result in the formation of tridentate 

ligands. Study of the,complexes of the tridentate Schiff 

bases in solution has invited the attention of a number of 

workers, Mehta and coworkers have determined the formation 

constants of a number of tridentate ligands obtained by the

condensation of salicylaldehyde or 2-hydroxy-l-naphthaldehyde
22-27with p-alanine, anthranilic acid 1 or acetylacetone or 

benzoylacetone with p-alanine, anthranilic acid2®“32 ^ ,

In the present study, Irving-dossotti titration
11 ' technique has been applied to determine the formation

constants of complexes of Gu(II) and Wi(II) with tridentate

Schiff bases formed by the condensation of acetylacetone and

benzoylacetone with monohydroxy alkylamines. The tridentate

ligands used are as follows : 4~(2-hydroxyethylimino)pentane-

2-one (HEA) or 4-(2-hydroxyethylimino)-4-phenylbutane-2-one

(HEBA) or 4-(2-hydroxypropylimino)pentane-2-one( HP A) or 4-

(2-hydroxypropylimino)-4-phenylbutane-2-one( HPBA),

Experimental :

Preparation of ligands (Schiff bases) :
The Schiff base was prepared^ by- refluxing a 

mixture of diketone and ethanolamine or iso-propanolamine in
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molar ratio on a water bath for half an hour in an apparatus 
provided with a water separator. After the reflux the contents 
of the flask were cooled, when brownish yellow coloured solid 
mass separated out. It was recrystallised from methanol, 
analysed and preserved in a vacuum desiccator.

Other chemicals used were same as in section A of 
this chapter. The instruments used and the titrations carried 
out are similar to section A Chapter II, Titrations were 
carried out in dioxan medium and the pH corrections were 
made as before. Tables and figures are given in III C 1.1 to 
III C 1.4 and III C 1 to III C ^respectively.

S’chiff bases are known to be susceptible to hydro­
lysis. The titrations were, therefore, carried out using 
four different concentrations of the ligand - 0.1M, 0.05M,
0.02M, and 0.01M solutions. In case of 0.02M and C.01M 
solutions, the values of proton ligand and metal ligand 
formation constants of the S.chiff base Almost correspond to 
those of original p-diketone. This shows that the Schiff base 
gets hydrolysed. For 0.0^14 and 0.1M concentration the values 
are higher and are constant. This shows that at concentrations 
higher than 0.05M, hydrolysis does not take place.
Determination of proton ligand and metal ligand formation 
constants :

As seen in Irving-Rossotti titration curves (fig.Ill C 
1 to III C if) at low pH the ligand titration curves, shows higher 
values of pH than the acid titration curve; indicating that 
it contains less number of titratable hydrogen ions.. This is 
due to the formation of the species -
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gh3—0—ch2—c=i—gh2—GH2—OH 
o gh3

As the pH increases the ligand curve tries to merge with the 

acid curve due to formation of

CHa — C--CH2— 0=N— GH2—CH2—OH 4 II I
0 gh3

A stage comes when the ligand curve crosses the acid curve.
■j*

At this pH the ligand gives out the enolic H.

CBa—C=CH~ G=N—. GHg—GH2—GH J I I5- ch3

Thus the present ligands aye characterised by two 
PH PHK values. The is due to the association of the enolic

proton. The basic nitrogen obserfcss hydrogen from the

solution and gets protonated. The association of this proton 
PHcorresponds to K2. The -OH of the alkylamine part of the 

Schiff base is weakly dissociating and remains undissociated 

till pH 9,

The equations used for the determination of nH, n

and pL are same as in section A of this chapter. The average

value of proton ligand and metal ligand formation constants 
been.

havfi..^ computed by linear plot method as in section A of this 

chapter,

The basicity of the ligands are in the following 
order - EE A < HE BA. < HP A <HPBA.

P HIt has been observed earlier that the K* of benzoyl- 

acetone is more than that of acetylacetone. Due to the greater 

enol content in benzcylacetone the hydrogen bonding is more.
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Thus the number of available protons is less for titration as

compared to acetylacetone and hence the basicity of benzoyl-

acetone is more than that of acetylacetone. Increase in the
value of K? in HE BA and HPBA can also be explained on the

same lines,
P HK2 in the Schiff base corresponds to the association

of the H with the basic azomethine nitrogen atom. It is
P Hobserved that Kg values of HEBA and HPBA are more than that 

of HBA and HPA.

In the binary complexes of the present ligands it is 

observed that the formation constants are significantly higher 
than the original p-diketones. It has been shown earlier^ 

that the p-ketoimine form more stable complexes than the 

6-diketone. This is because of the strongly basic C=N 

nitrogen. In the present ligands, in addition to the strongly 

basic nitrogen, there is also possibility of coordination from 

the -OH of the ethanolamine part, thus forming a stable tri- 

dentate chelate. The increase in stability of Schiff base 

complexes may be due to the more basic nitrogen or because of 

the tridentate nature of the ligand. The bidentate or triden- 

tate nature has been further confirmed in the ternary complexes, 

reported in the next chapter.
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Table IIC 1,

S » 0.2M V* * 50 ml.

E° = 0.02M

Perchloric HEA
acid

voa.of
alkali 
(in ml.)

B Vol.of 
alkali 
(in ml.)

B

0.00 1.85 0.00 2.05
1.00 1.90 0.50 2,15
2.00 2.00 1.00 2.25
3.00 2.20 1.50 2.50
4.00 2.40 2.00 2.80
4.50 2.75 2.10 2.90
4.60 2.85 2.20 3.05
4.70 3.00 2.30 3.30
4.80 3.25 2.35 3.45
4.85 3.35 2.40 4.05
4.90 3.65 2.43 6.00
4.93 4.00 2.47 6.90
4.96 4.75 2.50 7.25
4.98 5.25 2.60 7.75
5.00 7.85 2.70 8.00
5.02 8.60 2.80 8.20
5.05 9.20 2.90 8.35
5.08 9.75 3.00 8.45
5.10 10.00 3.50 8,70
5.15 10.50 4.00 8.90

4.50 9.20
5.00 9.50
5.50 9.65
6.00 9.85

T£ a 0 ,01M T§ * 0.001M

H ~ 0 ,2M t * 30°c.

Cu(II) Ni(Il)

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

alkali 
(in ml.)

0.00 2.05 0.00 2.05
0.50 2,15 0.50 2.15
1.00 2.20 1.00 2.20
1.50 2.50 1.50 2.50
2.00 2.80 2.00 2.80
2.10 2.90' 2,20 3.05
2.20 3.05 2.40 3.75
2.30 3.10 2,50 4.25
2.40 3.15 2.60 M-.85
2.50 3.25 2.70 5.45
2.60 3.35 2.80 6.00
2.70 3.55 2.90 6.60
2.80 4.25 3.00 7.25
2.90 5.40 3.10 7.65
3.00 6.35 3.20 7.90
3.10 7.30 3.40 8.25
3.20 7.90 3.60 8.55
3.30 8.35 3.80 8.80
3.40 8.60 4.00 8.90
3.50 8.70 4.30 9.05
3.60 8.75 4.60 9.25
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Table IIP 1.2

N * 0.2M V° = 50 ml.

IS* = 0.02M

Perchloric
acid

HE BA

Vol.of 
alkali 
(in ml.)

B Vol.of 
alkali 
(in ml.)

B

0.00 1.85 0.00 2.05
1.00 1.90 0.50 2.15

2.00 2.00 1.00 2.25
3.00 2.20 1.50 2.50
4.00 2.40 2.00 2.85
4.50 2.75 2.10 2.95
4.60 2.85 2.20 3.10
4.70 3.Oo 2.30 3.35
4.80 3.25 2.35 3.55
4.85 3.35 2.40 3.80
4.90 3.65 2.43 5.25
^.93 4.00 2.45 6.60
4.96 4.75 2.50 7>5
4.98 5.25 2.60 7.85
5.00 7.85 2.70 8.05
5.02 8.60 2.80 8.25
5.05 9.20 2.90 8.40
5.08 9.75 3.00 8.50
5.10 10.00 3.50 8.80

4.oo 9.05
4.50 9.20
5.00 9M
5.50 9.80
6.00 10.15

oiiH

,01M T£ = 0.001M

« * o ,2M t a= 3°wo.

Ch(II) Ni(Il)

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

0.00 2.05 0.00 2.05
0.50 2.15 0.50 2.15
1.00 2.25 1.00 2.25
1.50 2.50 1.50 2.50
2.00 2.85 2.00 2.85
2.10 2.95 2.20 3.10
2.20 3.10 2.40 3.80
2.30 3.15 2.50 4.40
2.40 3.20 2.60 4.95
2.50 3.25 2.70 5.50
2.60 3.^5 2.80 6.00
2.70 3.65 2.90 6.60
2.80 3.95 3.00 7.20
2.90 4.35 3.20 7.90
3.00 5.75 3.*+o 8.25
3.10 8.00 3.60 8.50
3.20 8.45 3.80 8.70
3.30 8.70 4.00 8.85
3.40 8.75 4.30 9.05
3.50 8.80 4.60 9.30
3.60 8.90
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Table IIu 1.3

N = 0.2M V" =

B° = 0.02M
Perchloric

acid

50 ml.

HPA

T£ = °- 

n = o.
ou(ii)

01M

2M

T® = 0.001M

t = 30wo. 
Ni(II)

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 1.85 0.00 2.05 0.00 2.05 0.00 2.05

1.00 1.90 0.50 2.15 0.50 2.15 0.50 2.15

2.00 2.00 1.00 2.25 1.00 2.25 1.00 2.25

3.00 2.20 1.50 2.50 1.50 2.50 i.5o 2.50

4.0u 2.40 2.00 2.80 2.00 2.80 2.00 2.80
4.50 2.75 2.10 2.95 2.10 2.95 2.20 3.10
4-.60 2.85 2.20 3.10 2.20 3.10 2.40 3.90
4-.70 3.oo 2.30 3.40 2.30 3.15 2.50 4.45

4.80 3.25 2.35 3.60 2.40 3.15 2.60 4.90

4.85 3.35 2.40 3.90 2.50 3.20 2.70 5.40

4.90 3.65 2.42 5.75 2.6o 3.35 2.80 5.95

4.93 4.00 2.44 6.45 2.70 3.65 2.90 6.50

4.96 4.75 2.46 6.85 2.80 4.10 3.00 7.oo
4.98 5.25 2.48 7.25 2.90 4.75 3.10 7.45

5.oo 7.85 2.50 7.50 3.oo 6.50 3.20 7.75

5.02 8.60 2.60 7.95 3.*0 8.00 3.40 8.15

5.05 9.20 2.70 8.15 3.20 8.50 3.60 8.40

5.08 9.75 2.80 8.30 3.30 8.75 3.80 8.60

5.10 io.oo 3.00 8.55 3.40 8.80 4.oo 8.85

5.15 10.50 3.50 8.85 3.50 8.85 4.30 9.15

4.00 9.05 3.60 8.90 4.6o 9.40

4.50 9.35

5.oo 9.60
5.50 9.90
6.oo 10.20
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Table HU 1.4

N = 0.2M V- =

E° s 0.02M

Perchloric
acid

50 ml.

HP BA

T£ = 0.01M TJ

H = 0.2M t =

Utt(II)

= 0.001M

30 "0.

»i(Il)

Vol.of B Vol.of B Vol.of B Vol.of B
alkali alkali alkali alkali
(In ml,) (in m2.)

- _
(in m2.) (in ml.)

——
o.oo 1.85 0.00 2.05 0.00 2.05 0.00 2.05

l.oo 1.90 0.50 2.15 0.50 2.15 0.50 2.15

2.00 2.00 1.00 2.25 1.00 2.25 1.00 2.25

3.00 2.20 1.50 2.50 1.50 2.50 1.50 2.50

4.00 2.40 2.00 2.85 2.00 2.85 2.00 2.85

4.50 2.75 2.10 2.95 2.10 2.95 2.20 3.15

4.60 2.85 2.20 3.15 2.20 3.05 2.40 3.90

4.70 3.00 2.30 3.40 2.30 3.10 2.50 4.30

4.80 3.25 2.35 3.65 2.40 3.15 2.60 ^.75

*+.85 3.35 2.40 4.00 2.50 3.25 2.70 5.20

4.90 3.65 2.43 5>5 2.60 3.^5 2.80 5.70

4.93 *+.0° 2.46 6.50 2.70 3.70 2.90 6.40

4.96 4.75 2.48 7.00 2.80 4.00 3.00 7.00

4.98 5.25 2.50 7.50 2.90 4.50 3.20 7.75

5.00 7.85 2.60 7.95 3.00 6.25 3.**o 8.15

5.02 8.60 2.70 8.25 3.10 7.60 3.60 8.50

5.05 9.20 2.80 8.4o 3.20 8.05 3.80 8.70

5.08 9.75 2.90 8.55 3.30 8.40 4.00 8.90

5.10 10.00 3.00 8.65 3>o 8.70 4.30 9.25

5.15 10.50 3.50 8.95 3.50 8.95 4.60 9>5

4.00 9.15 3.60 9.oo
4.50 9.40
5.00 9.65
5.50 9.95
6.00 10.50
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Table . II 0 2 .la

B, n^,, n, log(l-n)/n, pL and pl-log(l-n)/n data for Cu(II) HEA system- 
30°C.

B “n V" V" V"» - V" n log(l-n)/n pL ]pL-log(l-n)/n

3.30 2 .OCq 2.30 2.5V 0.34 0.402 C.O31 IV.323 lV.292

3.35 2.0UO 2.32 2.59 0.27 O.5V2 1.92 7 14.22 6 14.299

3.40 2.0CO 2.34 2.62 0.28 O.562 1.89o 14.12 7 IV.237

3.45 2 .OCq 2.35 2.65 0.30 0.6O2 1.81s 14.02 7 14.209

logK, = 14.26 + 0.02

Table II G 2.2a

B, nw, n, log(l-n)/n, pL and pL-log(l-n)/n data for Cu(ll) BEBa 
system -

B nIT V" y»i V»« -V" n log(l-n)/n pL pL-log(l-n)/n

3.35 2 ,00o 2.30 2.5V 0.24 0.482 0.03i 14.683 14.65a

3.40 2.00o 2.32 2.58 0.26 0.522 I.962 14.585 14.62 3

3.45 2.00o 2.33 2.60 0.27 O.5V2 1.927 14.486 14.559

3.50 2.00o 2.3V 2.64 0.30 O.6O2 1.8lg 14.389 l4.57i

3.55 2 .OCq 2.36 2.67 0.31 0.622 1.784 14.29o 14.506

logKj = 14.59 + 0.05



79
Table II C 2.3a

B, n^, n, log(l-n)/n, pL and pL-log(l-n)/n data for Cu(II) H^A 

system - 30°C.

B “H v» V"« V'" -V" n log(l-n)/n pL pL-log(l-n)/n

3.20 2.OO0 2.24 2.48 0.24 0.482 0.03i 15.062 15.031

3.25 2.OO0 2.26 2.9+ 0.28 O.562 I.890 14.967 15.077

3.30 2 ,OGo 2.28 2.58 0.30 0.60 3 1.81b l4.860 I5.05i

3.35 2.00o 2.29 2.62 0.32 0.643 1-A 5 l4.77i 15.026

3.40 2 .OGo 2 .30 2.63 0.33 0.663 1.70 6 14.672 14.966

logK, = 15.03 + 0.03

B, nH, 
systeir

n, log(l-n)/n, pL
1 - 30°c.

Table II C 2,4a

and pL-log(l-n)/n data for■ Cu(II) HP BA

B V” V"« V"« _vM n log(l-n)/n pL pL-log(l-n)/n

3.25 2 .OGo 2.25 2.49 0.24 0.482 0 .C3i 15.27a 15.24,

3.30 2 .GG0 2.27 2.52 0.25 0.502 1.99? 15.174 15.172

3.35 2.00o 2.29 2.55 0.26 0.522 I.962 15.075 15.H3

3.1^ 2 .GOo 2.30 2.57 0.27 C
M

JrU
\•

O

I.927 14.976 15.049

3.^5 2 ,00o 2.32 2.60 0.28 O.561 1.593 14.877 14.984

logK, = 15.11 + 0.05
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Table II C 2.5b

E, Hui n, log(l-n)/n, pL and pL-logi.l-n)/n data for Ni(ll) HEa 

system - 30°C.

B nn V" V"« V't _V" n log(l-n)/n pL pi.-log(l-n)/n

5.20 2.00o 2 .42 2.66 0.24 0.481 c.03, 10.52* 10.493

5125 2 .O0o 2.42 2.6 7 0.25 0.50, 1.99b 10.42 5 10.427

5.3^ 2.CGo 2.42 2.63 c .26 0.521 1.9^t+ 10.32 6 IO.362

5M 2.G0o 2.42 2.70 0.28 0.56a I.893 10.128 I0.235

5.’+5 2.uGo 2.42 2.71 0.29 G.58i 1.356 10.029 10.173

logK, = 10.3’f + 0.06

Table II C 2.6b

B, nK, n, log(l-n)/n, pi. and pL-log(l-n)/n data for Ni(II) HEBa 

system - 30°0.

B “h V" V'M n lcg(l-n)/n pi, pL-logC l-n)/n

5.35 2.00 0 2.44 2.67 0.23 0.46o 0.06q 10.583 10.51*

5.40 2.0O0 2.44 2.68 0.24 0,48o O.O35 10.484 10.449

5.45 000
•

C
M 2.44 2.69 0.25 0.50o - 10.3*5 IO.385

5.50 OOO.C
M 2.44 2.70 0.26 0.52o I.965 10.28 6 10.32,

5.55 2 .GGo 2.44 2.71 0.27 O.^i 1.92 9 10 .18-7 10.25a

logK, = 10.39 + 0.u5



Table II C 2.7b

B, nH, n, log(l-n)/n, pL and pI-los(l-n)/n data for Ni(xl) HPA 

system - 30°C.

B nH V" V'H V'" -V" n log(l-n)/n pL pL-log(l-n)/n

5.io 2.000 2.WO 2.6W

J-C
\J•

O

0.W8, O.O33 11.26* 13 .23l

5.15 2.00o 2.WO 2.65 0.25 0.50, 1.99? H.I65 11.167

5.20 2 ,00o 2.WO 2.66 0.26 0.52, 1.96>* II.O65 11.10,

5.25 2 .00 0 2.W1 2.68 0.27 0.5Wi 1 .92 0 IO.966 11.037

5.35 2,000 2.W1 2.69 0.28 0.56, I.893 10.76a 10.875

lCgX, = 11.02 + 0.07

B, nH, n, lcg(l-n)/n, pL 
system - 30°0.

Table

and pL-

II C 2.8b

log(l-n)/n data for■ NiUI) HP BA

B V" V'M V'M -V" n log(l-n)/n pl PL-log(l-n)/n

5.05 2 .00 0 2.W2 2.67 0.25 0.50o - H.675 H.675

5.10 2.00c 2.W2 2.68 0.26 0.52o I.965 11.576 11.61,

5.15 2.0Co 2.W2 2.69 0.27 0.5W, I.929 11 >77 11.5^8

5.20 2 .OOo 2.W2 2.70 C .28 0.56, I.S93 11.377 11.W8*

5.25 2.0Co 2.W3 2.72 0.29 0.58, 1.356 11.27o 11 .W23
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