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Section 4

w— —

According to Bjerrum the complex formation is a

stepwise reaction as follows :

M+l — M (1)
ML+ L —= ML (1.2)
ML, + D= My - {13
ML, FLS== M, (1.4)

where M = metal ion; I = ligand,

The chargeé on the ligand ions have nobt been shown,
The equilibrium constant governing each step is, termed the
stepwise formation constant.

For a complex of the type [?Lé],

. -ﬁLa
k1 T oemrea (105)
[z ]
(1.6)

N 3
A6
82 = k,.k; = @%’5‘[%;.. | (1.7)

In solution there is competition between the

and

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

If it is 127, two hydrogen ions can combine im steps -
2., o+ '
L+ H —= L (1.8)
LE + H ——> LH (1.9}

Bquilibrium constants govern each step and are

known as first and second proton ligand stability constants,
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kY and X3,
The function Ny, can be defined as average number
of protons bound per not complex bound ligand. If the total
concentration of the ligand is Tf, and that of metsl ion is
M, the concentration of the free ligand is equal to T§ - n Ty,

where 71 is the average number of ligands bound per metal ion.,

For a complex MLz the expression for n is as follows -
ka[T]+ 2k e [LF

1+ kgL ] + Kquka [L]2

It is presumed that the polynuclear compleXes and

(2,0)

1]

proton bearing complexes do not exist in solution., The
free ligand exists in solution, in the form of undissociated

molecule HaL and the ions BE and L2:

TO ~ R T = HplL + HL™ + Lo~

: . (2.1)

This can be further solved to get the value of pl

i.e, negative logarithm of free ligand ion,

P H 1 p H P _H 1 2
~log L=pl=log antilog B — antilog ) . (2.2)
T],:’ - n‘Tl?i e

Bjerruml has shown that values of pL at @ = 0,9 and 1,5

correspond to the metal ligand formation constants, log ky and
logkz, respectively, The values are, however, not very
precise, The piots of T 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
them the method of least square2’3 is supposed to be most
precise and has been used in the present study of metsl g-di-

ketone chelates,
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The study of acetylacetone complexes of transition
and non transition metals in solution have been reported
earlier% Stability constants of 8~-diketone complexes of
lanthanide elements have also been reported?’6 Stability
constants of Ni(II), Cu(II), Zn(II), CA(II) and Pb(II)
complexes with mono-thioc B-diketones havebeen worked outz
Calvin and WilsoﬁahaVe compared the stability constants
of the complexes of g-~diketones and 3-alkyl substituted
derivatives of diketones, Stability constants of benzoyl-
acetone and dibenzoylmethane chelates of Cu(II) and Ni(II)
have been determined by Van Ultert, Fernelius and Doughlas?
specially with a view to study steric effects, Ffernelius and
Byrant10 have also reported stability conétants of some
metal acetylacetonates,

In the present investigation the main interest is
to study the mixed ligand formation constants KgﬁL; where
M = Cu(II) or Ni(II), a4 = dipyridyl or o-phenanthroline or
polycarboxylic amino acids, and L = g-diketones, Such systems
have been reported in the later chapter, waeﬁer, for
comparing the values of formation constants of the ternary
complexes with the corresponding values of binary systems,

Kﬁi are required under identical conditions, It is observed
that the 8-diketone complexes of Ni(Ii) and Cu(II) have not
been studied by using Irving-Rossotti 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,



Experimental :

Irving-Rossotti titration techniquell was employed
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 combingtion. The ligands used
in the present study are sparingly soluble in water and hence
all fitrations were carried out in 50% dioxan medium, Dioxan
was purified by the known meth.od%2 Doublg distilled water

was prepared as mwaual,
The other details are as follows :

(2) Ligands and other chemicals :

The ligands used were 3ll A,R, pure, Purity was
checked by noting tﬁe M,P, or B,P,, Ligands used were
acetylacetone (BDH), benzoylacetone (Fluka), dibenzoylmethane
(K. Iight). The standard solutions were prepared by dissolving
the weighed quantity in known volume of purified dioxan,

Since dioxan solvent is easily oxidised, fresh solutions of
ligands were prepared prior to titration.

(i) Sodium hydroxide : The solution was prepared by dissolving
50 g of sodium hydroxide {Chemapol), in 500 ml of double
distilled water and was allowed to stand for two days. The
solution was filtered through Gy 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) Sodium perchlorate : The required quantity‘of sodium
perchlorate (4,R,,Riedel) was weighed and dissolved in
500 ml of double distilled water to prepare 1M solution,
(1ii) Perchloric acid solution : The perchloric acid (Riedel,
analysed) supplied was of 80% concentration, A definite
volume of the acid was dissolved in 500 ml of dodble distilled
water to get a solution of approximate 0.3M strength, The
exact concentrgtion was determined by titrating against
standard sodium hydroxide solution, .
(iv) Metal salt solution : In order to avoid the complexing
tendencies of the anton, the pérchlorates of Ni(II) were
prepared by refluxing their respective carbonates with
perchloric acid till an excess of metal carbonate was left,
The filtrate was a neutral solution of metal perchlorate,
In case of preparation of copper perchlcrate, however,
weighed quéntity of copper carbonate was dissolved\in knowmn
excess of perchloric geid, This is to avoid the hydrolysis
of Cu(ll), The amounts of metal present were estimated,
From this stock solution, required concentrations of metal
perchlorates were.prepared by proper dilution,
Apparats ¢

21l glassware used were of Pyrex glass, The micro-
burette was calibrated to 0,01 by the method described by
Vogel%3 The measuring vessels such as micro-pipettes,
measuring flasks of various capacities, pipettes ete, were
calibrated by using s standard bufette.

pH Meter agnd Accessories :

A Metrohm pH Meter of type B 3504 operating on
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220-240 volts and %0-60 cycles and designed for entire pH

range from 0 to 1% 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, i ‘

Details ot Irving-Rossotti titration technique :

A;l 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,threé sets were prepared as
follows :

1, Acid titration -
0,02M HC1Oy, 0,178M NaClOy,
2, Reagent titration -
0,02M HC1Oy, 0,02M ligand and 0,178M NatlOy,
3. Metal titration -
0,02M HC1O04, 0,002M ligand, 0,002M metal salt solution and
0,176M NaClOy ,

In all cases the total volume was 50 ml., It was so
adjusted that each solution was 50% dioxan by volumé.
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 beakeré 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 Kjjj with Kyg,, under identital conditions.

After gddition of each poriton of slkall, pH was noted,

The highest reading which remains stegdy was recorded in all

cases., pH corrections for the dioxan solvent have been

made for each reading as suggested by Van Uitert and Haas%u
In all the eguations the term B is used instead of

pH, the relationship being.

~1og[Hi]- [;ogY + log Ug] (2.3)

activity coefficient of the hydrogen ions in
<
solutiony Uy = correction at zero ionic strength,

B

H

where Y

In case of aqueous solutions Y and U; 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
in 50% dioxan solution, % and Ug are no longer equal to
anity but correspond fo some value, In other words B # 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 solvent composition, This is termed
the primary medium effect,

(2) The junction error at the solution saturated KU1l inter-
face which varies with solvent composition,

The primary meéium effect can be taken care of by

0
putting the proper values of Y and Uﬁ in the equation,



By using the values of Y and U; (known in the literature

for 50% dioxan solutions), the value of B was calculated for
0,02M HCl solution in 50% 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 504 v/v aqueous
dioxan medium. 0,1 was substracted from the pH values
recorded, The titration data are given in tables II 4 1.1
to IT 4 1,3 and Figs, II A1 to IT A 3,

Determination of proton ligand and metal ligand stability

constants -

. 0 Yo %~ A

It is seen in the Irving-Rossotti titration curves
(fig. ITA1 to ITIA3) that in the lower pH ringe 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
number of titratable H' ions due to the dissocigtion of the
H' of enolic -0Hy The g-dicarbonyls are weak acids due to
the dissociation of the enolic -0H or in other words one of
the. protons on the middle carbon atom, as shown in fig.l,
chapter 1, .

It is due to the liberation of enolic proton that
the ligand hgs extra titratable " ions.

Calculation of Ry, and proton ligand stability constants :

The'ﬁﬁ values can be calculated by using curves 1
and 2, The horizontal distance between these two curves is

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

(v + VM (N + E®°)

By = = + Y (2.4)
(Ve+y1) If
L
where,
By = mean number of protons bound per not complex bound
ligand molecule,
ve = initial volume of solutions,

V1 ,V" = volume of alkall required to attain the same pH in

the acid and acid + ligand curves,

N = concentration of alkali,

e = jinitial concentrgtion of mineral acid.
'Tﬁ = initial total ligand concentration,

Y =

number of replacable hydrogens from ligand, .

The values of proton ligand stability constants have
been obtained by linear plot of ‘pH against log Ty/l-fiy. At
each point on the straight line pH -~ log EH/l-ﬁH = KH' KI;I
values were obtained in the range Ty O to 1 and have been
represented in table II A 3,1, The details of intermediate
stages of calculations and graphs have not been glven 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 iwto
the liberation of extra hydrogen ions on the coordination of
the ligand with metal ion, The T 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 :

| ymesymy {N +EB° + T8 (Y- & ;ﬁ
= - [j L i (2.5)

(Vo+V™), By.Ig

whare,
T = initial totsl metal ion concentration,
vm V" = volumes of alkali reguired to attain the same pH,

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

Calculation of pL :

For the calculation of pL, the equation (2.2) was
used, The pL wvazlues have been recorded in tables II A 2,1a -
to II 4 2,5b,

The values of N have an accuracy of + 0,01 depending
on the burette precisiem. and the values of plL are significant
upto + 0,05 depending upon' the readagbility of the pH scale.

Since metal salt\and ligand have been taken in 1:1
ratio, the values of - upto 0.6 could be calculated,

The value of pl at n = 0.5' corresponds to KfaéL. This
is, however, not very accurate., Precise values have been
calculated by using the method of linear plo’c:i'5

In this method the formation function in the region

of formation of MLy reduces to the following form :

n+ (A1) ke (L) =0
This means that log of (1-B)/A has a linear relation-
ship with pL. The plots of log of (1-n)/f against pL in the
range n »0 {1 have been shown in fig, II A & to II 4 8,

The values of log ks 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 -
1ogkn = 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 ky with mean
deviation have been presented in tables 1Ia2,la to IIA2.5b,
The method described above has the following advantsges :
1. The value of log k4 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
vglidity of 1 and pL‘data can be verified, The most divergent
points, away from the linear relationship, can bg discarded,

The 8-diketones are characterised by one KH value,
corresponding to the enolic proton,

The order of basicity in case of p-diketone is
DBM > Bi » acdc, This can be explained in terms of énol
content of the diketones]:6 When the methyl group in agetyl-
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 -0H dissociation and less is the
acidity of the B-diketone, In case of dibenzoylmethane and
benzoylacetone as a result of streng hydrogen bonding the

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

The metal ligand formation constants are in the
order DBM D Ba ) idcac. The increase in stability of BA and
DBM complexes is due to their high basicity. In cases of
B8~-diketone complex§s it has been shown that besides L——>M
¢  bonding there is M-—>L 7 interaction due to the formation

of six membered planar ring with delocalised w electrons,

R R
Ne——o0 Nec—0 +
/ AN 2+ /N (n-1)
HC H o+ ™M sy ue M
c—o” N\
R‘/ R'/
enol ~ complex

WY oH == HO

Ihe extent of 7 interaction is more in cases of
benzoylacetone and dibengzoylmethane due to increase in number
of phenyl grcupszi‘6 The delocalisation of 7 electron clouds
over the phenyl rings enhances the resonance effect in the

chelate ring resulting in more stable complexes,
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N =024 V°=50m, T¢ = 0,002  T§ = 0,002M
E° = 0,02M n = 0,2M t = 30°¢C,
Perchloric Achce Cu(I1) Ni(II)
acid

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

(in m,) {inm,) _  (nm.) = {inml,)

0,00 1,80 o000 1,80 0,0 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 %,60 2,85 4,60 2,85 4,60 2,85
l+170 2.95 1"070 2.95 4.70 2.95 ,+.70 2.95
4,80 3.15 4,80 3.15 4,80 3.1% 4,80 3.15
4,85 3.30 4,85 3430 4,90 3.25 4,85 3.30
1.15“90 3055 1""90 ' 3055 ) 5.00 3-30 L|..90 3055
4,92 3.65 4,93 3.80 5.10 3.45 4,93 3.80
%, o4 3.85 4,96 4,15  5.20 3.75 4,96 4,15
4,96 4,15 4,98 4,50 5.30 4,35 4,98 % 40
4,98 4,50 5,00 6.0 5o 40 5.05 5,00 4,65
5,00 7420 5.05 7.65 5.50 5.70 5,05 5.10
5,01 8,50 5,10 8,00 5,60 6,20 5.10 5 40
5.05 9.55 5.20 8,45 5.70 6,50 5.20 5.90
5,08 10,20 5.30 8,70 5,80 6.75 5 .40 6.75
5,10 10,45 540 8.90 5490 7.10 5.60 7.90
CLE 5.60 9.15 6,00 7.60 5,80 8,65

5.80 9.30 6,00 9,40




uc /V/ [M/AY] 0 Z0A
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Table 114 1,2

N =0,2M V° =50 ml, Ty = 0,002 Ty = 0,002M
E° = 0,02M g = 0,2M t = 30°C,
Perchloric BA Qu(II) NL(IT)
__acid -
Vol,of B Vol,of B Vol.of B Vol,of B
alkali alkali alkali alkall
(in m1.,) (in m1,) (in m.,) {in m,)
0.00 1,80 0,00 1.80 0,00 1,80 0,00 1,80
1,00 1,30 1,00 1,50 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 2.1% 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 2.89 4,60 2,85 4,60 2.8
4,70 2,95 4,70 2,95 4,70 2,95 14,70 2,95
4,80 3,15 4,80 3,15 4,80 3.15 4,80 3.15
4,85 3.30 4,85 3.30 %.90 3.20 4,85 3.3V
4,90 3.95 4,90 3.95 5.00 3.25 4,90 3.55
4.92 3.65  4,g4 3.85 5,10 3.35 4.55 4,00
4,9k 3.85 4,98 4,50 5420 3.59 5,00 4,45
4,96 4,15 5,00 7.00 5.30 4,20 5.05 L 80
4,98 4,50, 5.03 7.55 5,40 5.25 5.10 5420
5.00 7.20 5.05 7.75 5.50 5490 5.20 575
5,01 8,50 5.10 8.15 5 .60 6430 5.40 6.95
5.05 9455 5,20 8,60 5,70 6.€5 5.60 8,15
5.03 10,20 5.30 8490 9.80 6.35 5+80 9.15
5,10 10,45 5 40 9.05 6.00 7.35 6,00 10,00

5,60 9.35

5480 9.50




}

v/

130

“20A
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N =0,2M V°® =50ml, TP = 0,002 Tg = 0,002M

E° = 0,02M u = 0,2M t = 30vC,

Perchloric acid DBM Ni(II)

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

alkali alkalil alkali

{nxty) .0 Um0 Usma)
0,00 1.80 0,00 1,80 0,00 1,80
1.00 1,90 1,00 1,90 1,00 1,90
2,00 2,00 2,00 2,00 2,00 2,00
3.00 2,15 3.00 2.15 3.00 2,15
4,00 2,45 4,00 2.45 4,00 2,45
%,50 2,75 4,50 2,75 4,50 2,75
4,60 2,85 4,60 2,85 4,60 2,85
4,70 2,95 4,70 2,95 4,70 2,95
4,80 3.15 4,80 3.15 4,80 3.15
4,85 3.30 4,85 3.30 %+.85 3.35
4,90 3.99 4,90 3.55 4,90 3.55
4,92 3.65 4.93 3.80 b o4 3.85
4,94 3.8% 4,96 4,10 4,98 4,35
4,96 k.15 L4.98 4,60 5.00 4,50
4,98 4,50 5400 7425 5.05 %.75
5.00 7«20 5.03 7.65 5.10 5.09
5.01 8.50 5.05 7490 5420 560
5.05 9.59 5.10 8.30 9.30 6.10
5.08 10,20 5,20 8,80 540 6.50
5,10 10,45 5e30 9.05 5.60 7425

5,140 9,20 5.80 7.85
5.60 9,45 590 8.15

5,80 9.65

Ty = T g W ) - -var - o -
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Table II 4 2.la

R, Dy, n, lo7(1-n)/n, pL and pL-loe(1-n) /A data for Cu(ll) acetyl-

acetone system - 30°0,

—— —

B Ny yn ym ym_ym H log(1-H)/A  pL pl-log{l-ni/n
3,50 1,000 4,89 5.2 0.23 0,464 0.06g 9.214 %.150
3.55 1.000 .50 5.4 0.2% C.M3o 0.035 9.186 5.154
3.60 1.000 4.91 5.16 0,25 0,500 - $.15; 5,153
3.65 1,000 %,92 5,17 0,25 0,500 - 5,103 5,103
3.70 1.005 4,93 5.9 0,26 0,520  1.565  5.07: 5.1C¢

— o —— PRI PR ERER SRR TR IR PR EE S S g i - ————

1ozKy = 5,13 ¢+ 0,0

Table 11 4 2,2a

B, n,, n, loz{l-n)/n, pl. and pL-log(1l-n)fn data for “u(l1l) henzoyl-

acetone system - 30%C,

—— P ———

B ny yn ym o ym_yn T loe(l-n)/m  pli pl-loz{l-n)/n
3.35 1.000 4%.86 5.07 0,21 0424 0,13¢ 9478 9.3%0
340 1,000 %,80 5,12 0,24 0,uS, 0,034 5.47¢ SR
345 1,00, 4.0 5.6 0,27 0.5% 1,92 5497 7.5%
3.50 1,000 %.9¢ 5,19 0.29 0.534 1.35¢ 916 3.615
3.55 1.000 4,91 5.20 0,29 0,53;  T1.85¢ 9.4l 3,563

e -tk o g S U S D e g el o} o e o o e s 2 Bt A et ot e P Vb b S e e S el

logily = 9.50 + 0,00
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Table 11 4 2.3b

B, Ny, 1, Toe{1-n) /M, pl and pL-logz(l-n)/n data for Ni{II) acetyl-

acetone svstem - 30°C,

iy ey~ D e i Sl et amt o e o o  — —-

B Ty ynoymo ym_ym @ 1oz{1-A)/8 pL pl-log{l-n)/n
€.00 1,000 5,00 5,22 0,22 OM4o  0,1C5;  $,704 6,594
6,05 1,00 5,00 5,23 0,23 OM6o  0.06g  6.66g 6,600
€.1C 1.000 5.00 5.25 0.25 0.5Co - 6,653 .65
6,15 1,000 5,00 5,26 0.26 0.520  T1.965  6.624 6.656
6.20 1.000 £.00 5.27 0.27 0.5%0  I.935  0.55 6,654
6.25 1.000 5,00 5.29 0,29 0,580  1.855  6.579 €.720

- -t - — -

logky = 6,6+ + 0,02

Table 2I & 2,4b

B, ny, 1, log(1-n)/n, pL and pL-log{l-n}/n data for Ni(II) benzoyl-
acetone system - 30°C,

— -t —— — ———

B By V" VM UmoUT R 1og(lA)/A pb pl-log(1-R)/A
5,85 1,00, 5,00 5,21 0,21 0,429 0.1%¢ €.974 6.83¢
5,90 1.00p 5.00 5,22 0,22 0,0 0.105 6.9, 6.33,
5.95 1.00p 5.00 5,23 0,23 0.M6o 0,084 6.904 6.8%0
6,00 1,00 5,00 5.24% 0,2% 0,480 0.035 6.87¢ 6.8y
6,05 1,000 5,00 5.25 0,25 0,500 - 6,843 6484
6,10 1.00c 5,00 5,26 0,26 0.520 T1.965 (.01 .04
6,15 1,000, 5,00 5.27 0,27 0,54 1.935 6.779 6,84y

— e ot~ - — —

logKy = 6,8% + 0,01




Table Il & 2,5b

B, n,, n, loz(l-n)/n, pl and pl-log(1-n)/n data tor Ni(ll) dibenzoyl-
methane system - 30%C,

-y — - — - e B W P - - T IS —E”W B W e @ w8 TS B g W

B Ty ye ym o ym_y" 7 log{l-n)/n pL pl-log(l-n)/m
£.65 1,000 5,00 5,21 0,21 0,420 0.1%o 74399 7.254
5.70 1,000 5.00 5,22 0,22 0,44 0,105 7 .36y 7.259
5.75 1,005 5.00 5,23 0.23 0M6e 0,069  7.32 7.202
5.80 1,000 5.00 5.24% 0.,24% 0,480 0.035 7.29¢ 7.26y
5.5 1.00¢ 5.00 £.,258 0,25 0,506 - 7 263 7.263
5.90 1,00¢ 5,00 5.26 0,26 0,520  T1.365 7.231 7.26¢
5.95 1.000 5,00 5,27 0,27 0,54 1.535 74199 7.204

. b ) A8 s TP ¢ W e B Al A D W A o~ A W e A A ) At A T A W gy Ml ]t e 0 ) R 8w W ey

logky = 7,26 + 0,01
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Section B :
As seen In the earlier section, the f~diketones form
very stable complexes, due to formation of a six membered

planar ring,with delocalised m electrons

,on coordination to a

metal ion,

When an -OR group is substituted for one of the R
groups in f-diketone, thereby producing an acetoacetic ester,
the metal ligand formation constants aré 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

carbonyl groups in the very strong ester resonance%

‘gcc§bb LgF\\\c o

A \ Y 4 N
—_— 'C /@L

\\\\C ’12'///, \\\\c-—if:z;////
Hscg-——-(l: I ﬂ_)‘, I

Pormation constants of ethylacetoacetates of rare
earths have been reported by Dutt and coworkers%'? They have
also determined formation comnstants of ethyl-thiocacetate
complexes of rare earths potent10metrica11y.8 Formation
constants of lanthanide chelates of ethylbenzoylacetate, have
been studied potentiometrically, and the existance of 1:1
chelate has been shown in solution.9 Acid dissociation
constants of B-ketoesters and the stability constants of their

divalent transition metals and dioxouranium (II) chelates have
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been determined potentiometricallyzo in 75% volume dioxan
water medium, Tﬁe ligands used in these studies have the
general formula RCOCHRVCOEt (R = Me, R* = H, PH; R = PhCHa,
Rt = Ph; R = Phe:ec, R' = 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
7 interaction in B-ketoester complexes, In the present inves-
tigation, studies of binary metal B-ketoester complexes have
been carried out using Irving-Rossotti methodll § where M =
Cu(II), Ni(II)y Zn(II) or Be{II), The ligands are ethylacéto-
acetate, ethy1~2~methylacetoacetate; ethyl-2-ethylacetoacetate,
ethy172—propy1acetoaeetate, ethy1—2Jisoprop§1acetoacetate,
ethyl-2-butylacetoacetate,
Experimental : |

The alkyl substituted: ligands used were all of pure
grade (Fluka, AR,), Solution of zinc perchlorate was prepared
as in case of nickel perchlorate in prev;ous section, Eeryllium
nitrate wgs used due to non availability of pure quality of
beryllium carbonate, necessary for the preparaticn of perchlo-
rate, Other chemicals used were same as in chapter Il séction 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 thfee sets were prepared as follows :
1. Acid titrgtion :

0,02M HC10u, 0,178M NaClOy
2, Reagent titration :
0.02M HC10y, 0,01M 1ligand and 0.177M NaClOy.
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3, Metal titration @
0,02M HC104, 0.01M 1igand, .0,001M metal salt solution and
0.169M NaClOy.

A

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 metgl ions studied, The
titration data and curves are given in tables II B 1,1 to

II B1,9 and figs, IT B1 to IT B g)respectively.

Determination of proton ligand and metal 1igand stability

constants

It is seen in the Irving-Rqssotti titration curves
(figs. II B1 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 éH than the acid titratiorn curve showing presence
of more number of titratable E' ions due to dissociation of the
E' of enolic -0H, It is due to the liberation of the H' ions
that the ligand has extra titratable H' ions.

EH and proton ligand stability constants were
calculated using equations deseribed in chapter II section A,
However, it is found that logks/logkz 4:_102'5 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 Mia as the highest complex,
i+ @[]+ G2k [T =0 (2.6)

The above equation may be rearrangel as follows :
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n (2-n) | L
= e = = E:l o B2 = ¥y 2,7
@-1)[1] (8-1)

The above equation is well known for a straight line
of which the slope is B2 (kq.c2), But, since the term | L |
varies over. several powers of ten, it is difficult to plot

i/ @ED[I] vs D[] /E1).

Therefore, the constants Ba2(kji.k2) and ky are best
évaluated by the method of least square. It makes use of all
the efperimental points except those between n = 0,95 and 1,05
{which, for this purpose, are too sensitive to slight experi-
mental errors), In this method firstly the values of'ﬁ/(ﬁpl)[};]
at® (2-8) [L]/(B-1) were calculated, These values are termed
Y and X and summated over all number of points taken to give
- 2.Y and S X, respectively. Next values of X? and XY were
tabulated and added to gave S X% and 2 XY, respectively,

Theée sums were used to soive standard simultaneous equations

for the least square which are,

2Y =k,0 + ay 2%,

SXY = a0, 2K + 4y 2X%, (2.8)
where k is equal to the number of observations, the coefficient
ao is -ky and ay is B2. The solution of equation (2.8) gave
mean value for logkz,., Further the mean value of ky was fitted
into equation (2,7) and then values of B2 were determined at
ﬁifferent pH values, OSimilarly values of ky was determined at
each poiht by using the avefage values of B2. The value of
k;‘and B2 at each point have been summed up to get the average

value, The deviation of each point from the average value was
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calculated, These were summed up to get the mean devigtion,
The ealculatiods and preéise values of first and second
formation constants obtained by this metho@ have been tabulated
in tables II B 2,la'to II B 5.3d'.

The average values of logky and logkz with mean
deviation obtained by least square or linear plot method have
been represented in tables]L B 6-0.

Ihe @-ketBesters are characterised by one PKH value,
The value.is however higher by one log unit as compared to
the diketones, The keto enol tautomer exists in the B-keto-
esters but the enol content is very much reduced, This can
be'attributed Targely to a cross conjugation between the ester

group and the enol structure,

I i 0
WA N /\C/C\

The resonance of the ester group occurs at the
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 Ky value
is raised by vj].log unit,

In case of B-diketones it is known21

that substitution
of hydrogen over carbon by an alkyl group increasses the
basicity of the ligand, This is due to the positive inductive
gffect of the alkyl group and also the distortion of the ring
resulting in lowering of resonance and hence the eno; fornm,

Thus C~methylacetylacetone 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 te be due
to the lowering in the resonance of the chelate ring, This
may be because of the steric hindrance between the methyl
groups, distortiﬁg 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 wvalue of formation constants, The lowering in fhe
formation constant values with substitution at the C-carbon
atom supporss the resonance stabiliéation of the p-diketone
conmplexes, ’

Proton ligand stability constants and metal ligand
formation constants of C-alkyl substituted acetoacetic ester
complexes compared to unsubstituted acetoacetic ester may
throw some light on the extent of solnteraction in the g-keto-
esters.,

In case of C-methyl acetoacetic ester the steric
hindrance between the C-CH3 and the -0C2Hg group is expected
to be more than in case of C-substituted acetylacetone. Thus
the difference in the proton ligand formation constant values
in casé of acetoacetic ester and.C-methyl derivative should be
more than in scetylacetone and C-methyl acetylacetone. However,
in case of C-aglkyl substituted acetoacetic ester the increase
in basicity is not so much as in the ecase of 5-diketoﬁes. As
statedjearliér the increase in basicity of the f-diketones,

is due to inductive effect as well as ring distortion effect
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lowering the enol form. In case of B8-ketoestem however,
the enol forkm is already very much reduced znd hence lowering
in encl form due to the distortion in the ring does not have
significant effect, The small increase in basicity may be.
mainly due to the inductive effect of the élkyl group, This
is the reason why there is g small difference in the proton
ligand stability constant values of the different 8-ketoesters,

In the g-ketoester complexes it is observed that
there is very little difference in the formation constant values
of the ethylacetogcetate complexes and that of C-methyl substi-
tuted compounds, If resonance stébilisation of the chelate ring
would have had a significant contribution in determining the
formation constant values of the 8-ketoester compound, the
distortion in planarity due to substitution at C-atom should
have lbwered the formabtion 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
C-atom does not affect the wvalues of formation constants signi-
ficantlyj in case of f-ketoester complexes,

Thus it can be inferred that the contribution due to
regonance, in the chelate ring of B8-ketoesters is much less,

This is an evidence in support of the fact that the w inter-
action in acetoacetic ester is mucb less than in the B-diketone

1

complexes,
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N =0,24 V° =50 ml, Tﬁ = 0,01M T§I = 0,001M

E° = 0,02M g = 0,2M t = 30°C,
Perchloric Ethylaceto- Cu(II) Ni(II)

acid acetate

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

alkali alkali alkali alkali

{in m1,) (in m1l.) (in ml.,) (in ml.)
0,00 1,80 .00 1,80 0.00 1.80 0,00 1.80
1,00 1,96 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 2.5 4,00 245 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 .85 3.35 4.85 3,35 4.85 3.35
4.90 3.55 4,90 3.55 4,90 3.55 k.90 3.55
%.92 3.65 4,94 3.85  4.95 3.90 4,95 4,05
k.ol 3.85 14,98 4,60 5,00 4,05 5,00 5.25
4.96 4,15 5.00 6.95 5.05 %.25 5,05 5475
4,08 4,60 5,05 7.70 5,10 b Lo 5,10 6,00
5.00 7.20 5,10 8,20 5,20 4,90 5,20 645
5.01 8.50 5,20 9.00 5,30 545 5,30 6.85
5.05 9,55 5.30 9.70 540 5.95 5,40 7.20
5.08 10,20 5,40 10,29 5,60 7.65 5,60 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

N =0,2M V° =50 ml, TP = 0,01M Ty = 0,001M

E* = 0,02M N = 0,.2M t = 30°C,
Perchloric Ethylaceto- Zn(11) Be(II)

acid acetate

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

alkali alkall alkall alkali

(in ml,) (in m1,) (in m1,) {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 2,45 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 3420 4,80 3,20
4,85 3.35 4,85 3435 4,90 3.55 4,90 3.5
4,90 3.55 4,90 3455 4,95 4,00 4,95 %,00
4,92 3.65 b,k 3.85  5.00 545 5.00 6.00
4 o4 3.85 4,98 4,60 5.09 6,00 5,05 6,70
4,96 k.15 5400 6.95  5.10 6.25 5410 6.95
4+.98 4,60 5.05 7.70 5.20 6,65 5420 7,40
5.00 7 .20 5.10 8.20 530 7.00 5.30 8420
5.01 8,50 5.20 9.00 540 7.35 5 .40 9.50
5.05 9.55 5.30 9,70 5.60 8.05 5.950 10,00
5.08 10,00 5.40 10,25 580 10,50 5,60 10,50

9.10 10 45 5.50 10,70
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Table IIB 1,3

N =002M V®=50m, T = 0,014 T¥ = 0,001M

]
L

M
K° = 0,02M u = 0,2M t = 30vC,
Perchloric Ethyl-2~me thyl Cu(11) Ni(II)
...acid __ acetoacetate e
Vol,of B Vol ,of B Vol,of B Vol,.of B
alkali alkali alkalil alkali
(4nm,) _  (nmgy _ =~ UUnml,) = (inwm,)
0,00 1,30 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 1,30
2,00 2,00 2,00 2,00 2,00 2,00 2,00 2,00
3.00 2,15 3,00 2,15 3.00 2,15 3,00 2,15

%,00 2.45 4,00 2,k5 4,00 2,45 L, 00 2,145
4,50 2,79 %,50 2,75 %.50 2,75 %.50 2,75
4,560 2,85 4,60 2,85 4,50 2.85 4,60 2.85
4,70 3,00 4,70 3,00 %,70 3,00 4,70 3,00
4,80 3,20 4,80 3,20 4,80 3.20 4,80 3,20
%.85 3.35 %,35 3.35 4,85 335 4.85 3.35
4,90 3.55 4,90 3.55  W.90 3,55 +,90 3455
4,92 3,65 94 3,85 4,95 4,10 4+.95 4,10
4,34 3,85 4,98 4,60 5,00 4,20 5,00 545
4,96 4,15 5,00 6.95 5.05 4,0 5405 6,00
4,98 4,60 5.05 715 5.10 4,55 5410 6.35
5.00 7«20 5.10 8,20 5.15 4,75 5420 6.75
5.01 8.50 5.15 880 520 4,95 5430 7.05
5.05 995 5.20 9.25 5.30 559 5 o+0 7.30
5.08 10,20 5e25 9.79 5 oH0 6,15 5.950 7.60
5.10 10 .45 5.30 10,15 5.60 7.80 5,60 8.05

535 10,50 5.80 9.70 5.80 10,40

5.30 10,45
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Table LIB 1,4

-——ce e -

N = 0,2M VY = 50 ml, Tﬁ = 0,01M T;’I = 0,001M
E® = 0,02M H = 0,2M t = 30°C,
Perchloric Ethyl-2-methyl Zn(I1) Ba(11)
_«_w_;a.g_i_d agetoace tgte . o
Vol ,of B Vol,of B Vol,of B Vol,of B
alkali alkall alkali alkali
Gnmy 0 Unml) 0 Unold) (in m.)
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 2.5 4,00 2,49 4,00 2,45 4,00 2.4
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 2,35 4,60 2,35
4,70 3,00 4,70 3,00 4,70 3,00 4,70 3,00
4,80 3,20 4,80 3,20 %,80 3,20 4,30 3,20
4,85 3.39 4,35 3435 4,35 3.35 4,35 3.35
4,90 3.55 4,30 3.55 4,90 3.59 4,90 399
%.32 3,65 W94 3.85 W94 3.85 L4 94 3.35
% 9k 3.89 4,98 4,60 4,98 4,60 4,98 4,60
4,96 4,15 5.00 6.95 5.00 5.75 5.00 6.20
4,98 4,60 5.05 7.15 5.05 6.25 5.05 6.65
5.00 7«20 5.10 8,20 5.10 6.55 5.10 7.00
5.01 3.50 5.15 8.80 5.15 6.75 515 7.25
5405 9.55 5 .20 9.25 5420 6.90 5.20 7 .45
5.08 10,20 5.25 9.7% 5430 7 420 530 8.35
5.10 10,45 5.30 10,15 5 40 7450 540 9.70

535 10,50 5.60 8,05 550 10,50

5,80 10,50
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N =0,2M V°
Ev = 0,02M
Perchloric
acid
Vol,of B
alkall
(nm.) |
0,00 1,80
1,00 1,90
2,00 2,00
3,00 2,15
4,00 245
4,50 2,75
4,60 2,85
4,70 3,00
4,80 3,20
4,85 3.39
4,90 3.55
4,92 3.65
4,9k 3.85
4,96 4,15
4,98 4,60
5.00 7.20
5,01 8.50
5.05 9459
5.08 10,20
5.10 10,45

g

Table I1B 1.5

50 ml, Ti = 0,01M
H = 0,2M
Ethyl-2-ethyl Cu(1I)
--acetoacetate .
Vol,of B Vol,of B
alkall alkali
(1n‘2l:) L Sin ml,)
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
4,00 245 4,00 2495
4,50 2,75 4,50 2,75
4,60 2,85 4,60 2,85
4,70 3.00 4,70 3.00
%,80 3,20 4,80 3,20
by 85 3,35 4,85 3.35
4,90 3455 4,90 3.5%
4,9k 3.85 4,95 3499
4,98 4,60 5,00 4,15
5.00 7.05 5.05 4.35
.05 7475 5.10 4,60
5.10 8.45 520 5.10
5.15 9,00 530 5 .60
5.20 9,50 540 6.25
5425 9.95 560 7.80
5430 10,30 5.80 9.65
539 10,60 6,00 10,70

5490

44

Tﬁ = 0,001 M
t = 30%¢,
Ni(II)

Vol ,of B
alksall

iin mlz) .
0,00 1,80
1,00 1,90
2,00 2,00
3,00 2,15
%,00 2,45
4,50 2,75
4,60 2,85
4,70 3.00
4,80 320
4+.85 3435
4,90 3.55
‘+.95 3.95
5400 5.75
5.05 6.20
5610 6,50
5,20 6,90
5430 7.25
5«40 7 45

. 5.90 775
5.70 9.10

10,75
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N = 0,24 V-

Table IIB 1,6

50 ml,

TO

0,01M

L M= 0,001M
E° = 0,02M M = 0,2M t = 30°
Perchloric Ethyl-2-ethyl Zn(11) Be(II)

- acia B ‘_acetoacetate

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

(in m1,) {in ml,) (in ml,) ___ {in ml,)
0,00 1,80 0,00 1,80 0,00 1.80 0,00 1,80
1,00 1,90 1,00 1,90 1,00 1,90 1,00 1,90
2,00 2,00 2,00 2,00 2,00 2,00 2,00 2,00
3.00 2,15 3,00 2,15 34,00 2.15 3,00 2,15
4,00 2.,4t5 4,00 2,45 4,00 2,45 4,00 2.5
4,50 2,75 4,50 2,79 4,50 2,75 4,50 2,75
4,60 2,85 4,60 2,85 4,60 2,85 4,60 2,89
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 3635 4,85 3.35 4,85 3.35 4,85 3435
4,90 3455 4,90 3.55 4,90 3.99 4,90 3.59
4,92 3.65 W0 3.85 W% 3,85 4,9 3.85
4,94 3.85 4,98 4,60 4,98 4,60 4,98 4,60
4,96 4,15 5,00 7,06 5,00 5,90 5400 6.25
4,98 4,60 5.05 775 5.05 6.50 5.05 6,85
5,00 7420 5.10 8,45 5.10 6.80 5410 7,20
5.01 8450 5.15 9,00 5.15 700 515 7 .50
5409 9.5 5.20 9.50 5.20 7420 5.20 770
5.08 10,20 5.25 9.95 5.30 745 5430 8450
5.10 10,45  5.30 10,30 5.40 7,70 540 9,75

5.35 10,60 560 8450 5450 10,50
5,80 10,50

- =G
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Table II B 2.l1a

'rEH,~'ﬁ, pL data for Cu(II) ethylacetoacetate system f- 30°C,
’ !.

— |
B nH VHV V"l V"I ‘V" n é pL
L, 1,000 L 97 5.0 0,12 0480 | 8.862
H.ag 10000 ul%? 5'18 0013 0-520 i 8.81&
hnus 11000 '#’97 5911 Oolh 00560 i 8'766
4,50 1.000 4,89 5.1& 0,15 0,600 | 8,719
4,55 1.00p 4,98 Del 0.16 0,640 | 8,674
uuéo 1.000 Ll'398 5-15 0,17 00680 ; 8.623
5-55 l-UUQ 5.00 503& 0033 10320 . 7.656
5.60 10000 5-00 5.3 003 l' 60 i 7:608
5-65 10000 5000 5-35 0.35 10 00 ! 7:560
5.70 10000 5'00 5.36 . 0336 1.“#0 ! 70512
5.75 1.000  5.00  5.37 0,37 1480 | 7.6

Table II B 2,23

{

By, 1, plL data for Cu{II) ethyl-2-methylacetoacetate system - 30%C,

yn . ym yreLyn

B ny n pL
4,55 1.000 .08 5,10 0,12 0.480 8,760
4,60 1.000 4,98 5,11 0.1 0.52¢ 8.712
4,65 1.000 4.99 5.1% 0.1 0,560 8.670
4.70 1,000 4,99 5.1 0,15 0,600 8.623
4,75 1.000 4,99 5,19 0,16  0.64o £.575
u'80 1-000 h.99 5.16 0017 00680 8-52?
5075 10000 5000 5.3& 0033 1.320 70609
5'80 1.000 5000 503 0'3 loago 7-56‘
5‘85 l.OOQ 5000 5-35 0035 1- s} .513
5-90 ‘10000 5000 5-36 0036 lohhc 0465

'5-95 1-000 5-00 5.37 Oo37 10480 -417

]
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Table II B 2,.3a

Ag, 0, pL data for Cu(II) ethyl-2-ethylacetoacetate system - 30°C,

B 'ﬁH un yAll T yn "1'1 pL
Ll'-80 1.000 4099 5-13 O.lh 0-560 8-552
4.85 1,000 4,99 5.1 0.15 0,600 8.50y
4,90 1.000 k.99 5.19 0.16 0.640 8.45¢
4+.95 1,000 4,99 5.6 0,17 0,680 8.40g
6005 10000 5000 5. 6 0.36 1,%40 7.347
6'10 1.000 S,GO 5-%7 0037 1.1"80 7'298
6015 1-000 5-00 5¢38 0'38 1-520 7025'
6,20 1.000 5,00 5.39 0.39 1.560 7.203

Table II B 2,4a

fy, 0, pl data for Cu(II) ethyl-2-propylacetoacetate system - 30°C,

- — - -

B gy vn ym v yn T pL
4,00 1.000 5.00 5.14% 0,14 0.560 8.539
%.95 1.0uo 5.0u 5.15  u.,l5  0.6uo 8,494
5,00 1.0Up 5,00 5.16 0.16 0.640 8 2
5.05 1,000 5.00 5.17 0,17 0.680 8.395
6.15 1,000 5,00 5.36 0,36 1,440 7 «33n
6,20 1.000 5,00 5.37 0,37 1.480 7.28¢
6,25 1.000 5.00 5.38 0,38 1.520 7.233
6-30 1.000 5.00 5039 0039 10560 7-190
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Table II B 2,53 A

EH’ n, pL data for Cu(II) ethyl_2~isopropylaoetoacetatg’ﬁ.
system -~ 30°C, - “n‘“

-

B nH Vn Vm v yn n pL
4,90 1.000 5,00 5,14 0.1k 0.560 8.5%,
- 4,95 1.00¢ 5.00 5.15 0,15 0,600 8,49,
5.00 1,000 5.0U 5,16 0.16 0,640 8.451
5005 10000 5000 5017 0'17 00680 8.%03
6.10 1.00 5.00 5.36 0,36 1.4 7 3N
6,15 1.000 5.00 5.37 0,37 1.480 7.34%3
6.20 1.000 5.00 5.38 0.38 1.520 7+305
6,25 1,000 5.00 5.39 0.39 1.560 7 .24%g

Table II B 2,69

EH,'ﬁ, pl data for Cu(ll) ethyl—2-butylacetoaéetate system=30°C,

B Ty yn ymo ym_yn 3 pL
5-15’ 1,000 S,OU 5.1)‘l' 061)+ 00560 8-1+07
220 1.0  5.00 5.5 0.5 0.600  8.35.
5.25  1.00o 5,00 5,16 0.16 0,8  8.314
5-30 10000' 5'00 5-17 0117 0-680 8.263
6.30 10000 5.00 5:36 9136 m.uko 79302
6.5%0 1.00¢ 5.00 5.37 0.37 1.480 7«20y
6.50 1,000 5,00 5.38 0.38 1.520 7.10¢
6.60 01.000 5&00 5039 O¢39 1.560 7-009

|
i
4
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able II B 3,1b

w—

Lgs 0, Pl data for Ni(Il) ethylacetoacetate system - 30°C,

g D ]

B nH VH VHI VIH __VH n pL
5,90 1,000 5,00 5,08 0,08 0.325 7.25¢
5.95 1.00¢ 5.00 5.09 0.09 0.360 7.208
6,00 1.000 5,00 5.10 0,10 0,40¢ 7 .16y
6,05 1,000 5,00 5.11 0.11 0,44 7.1z
6010 1.000 5-00 5:12 Oe12 0.%80 7»064
§.19 1.000 5.00 5.13 0.13 0.520 7.01¢
6.95 1,000 5.0% 5.32 0.3% 1.240 6,256
7.00 1,000 5.01 5.3+ 0.33 1.330 6.20¢
7.05 1.00¢ 5.01 5.36 0.35 1,400 6.164
7,10 1.00g 5,02 5.38 0.36 1. 6,102
7:15 1.000 5o02 5039 Oa37 1.1"80 6¢06}+

[
f

Table II B 3,2b

pL data for Ni(II) ethyl-2-methylacetoascetate system - 30vU,

L

B nH \]" ) V"' V"l __vu n pL
6-25 1»600 5000 5.08 0.08 .320 7'059
6.30 1.000 5-00 5009 0009 é 7-012
6.3%8 1.00o 5.00 5.10  0.10  0.%0q 696
6,40 1 .00¢ 5,00 5.11 0.11 0 )+*+o 6,915
645 1.00 500 512 0.2 oMBe  6.86)
6-50 1:00@ 5000 501& 0'13 0-520 60819
7.15 1.6800 5.01 5.3 0.33 1 320 6.20,
7420 1,000 5,02  5.36 0,34 1. g 6,16,
725  1.000 5.02  5.37  0.35 f0o 611
7330 1,000 5-02 5-39 0-37 --. 80 6;065
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Table II B 3,3b

Ny, 1, pL data for Ni(II) ethyl-2-ethylacetoacetate system-30°C,

-—

B Tigy yn VAL T _yn T pL
6,40 1.000 5.00 5.08 0,08 0.320 6,5y
6.45 1.000 5.00 5,09 0,09 0,360 6.893
6.50 1.00¢0 5,00 5.10 0.10 0,400 6. 844,
6.55 1,000 5.00 5.11 0,11 0o 6.,79¢
6.60 1,000 5,00 5.12 0.12 0.48o 6.7%g
6'65 1 OOO ~5iOQ ’ 5-13 OtlS 00520 6;700
7.35 1.000 5,03 5.3 0,32 280 6.03g
70 0 1,000 5)03 5&37 0-3” 1-£60 50992
7-”5 1.000 5003 5-39 0036 1. uO 5-947

¢
{

. Table II B 3.u4b

EH, n, pL data for Ni(II)ethyl-2-propylacetoacetate system-30°C,

in v L gm _yn - nocc

B Ny pL:
6: 5 10000 , 5-00 5-08 '0908 0320 6,”7
200 Il00s 500 5209 0109 0368  6ouas
705 1.000 5.00 5 .10 0,10 0,400 6.384
7.10 1.00¢ 5.00 5.1 6,11 RILIPS 6.335
715 1.000 5.00 5.12 0,12 0480 6.285
7-20 13000 5-00 5:13 0013 0 520 6023?
7080 1.00¢ 5-03 5035 0032 1.280 5-675
7:85 1 OOO S-Oa 5-37 003” l- 60 53627
7 .90 1,000 5.0 5.&9 0.35 1.%00 5979
7.95 1.000 5.00 5.kl 0.37  1.480 5.532
8.00 1.000 5.04 5.42 0.38 1.520 5 .48y
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v yn

Table II B 3,5b
vl

7 n, pl data for Ni(II) ethyl-2-isopropylacetoacetaté system-
vn

30°C,

——

n
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Table II B 3,6b
ym

L data for Ni(II) ethyl-2-butylacetoacetate system-30°C,
V"

-

ﬁHa n, p
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Table II B k4.1c

Oy, 0, pL data for Zn(II) ethylacetoacetate system - 30°C,

—

B Ty Tn ym ygm_yn R pL

6.,1% 1.000 5,00 5.08 0,08 0.320 7.00¢
6,20 1.000 5,00 5.09 0.0g o.aéo 3,95 ¢
6&25 1=000 5:00 5.10 0;10 Oa OO 6‘911
6,30 1,000 © 5,00 5ell 0,11 0,44 6.863
6.35 . 1,000 5,00 5,12 0.12 0,480 6.81%
6.4+0 1,000 5.00 5.13 0.13 0.520 6.76¢
7-15 1,000 5-01 5-32 0&31 192}"'0 6u052
7-2O 1.00¢ 5001 503}+ 0-33 1.320 601006
725 1.00¢ 5.02 5:37 0.39 1.%00 5960
7'30 10000 ) 5~02 5.38 0036 l,’+L|‘Q 5-913
7v35 1.000 5-02 5- 0 0*38 1-520 5-8615-

R vt

Table II E‘Q.Zc

ng, 1, pL data for Zn(II) ethyl-2-methylacetoacetate system-30“C,

B n vn vm ym_yn T " pL

;|
6;""5 1-000 5-00 5-08 0-08 00320 60859
6.50 1.000 5.00 5.09 0,09 0.360 5.812
6.55 1.000 5,00 5.10 0.10 0,400 6.76u
6.60 1,000 5,00 5.11 0.11 0 Mo 6.715
6065 1v000 5.00 5-12 0.12 0'13.80 6.667
6170 10000 5000 Solé Ol13 0-.520 6¢ 619
7.35 1.000 5.0% 5.3 0,31 1.24, 6,005
7 .40 1.006  .5.0 9.36 0,32 1.280 5957
70}"'5 10000 500}'{' 5638 On?}"‘" 1m360 51912
7»50 1.00¢ 5-0";' 54»)'}'0 0036 . 1o)+)+0 5&866
7459 1.000 5.05 5.3 0.38 1.520 5.820
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n

yn_yn

3¢

L data for Zn(Il) ethyl-2-sthylacetoacetate system-30%C,

vm

Toble II B 4
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Tapble II B 4. ke

—

7, pL data for Zn{II) ethyl-2-propylacetoacetate system-30°C,
vﬁ
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pL

ynt _yn

v

Table I1 B 4 5¢

————

, pL data for Zn{II) ethy1~2eisopropylécetoacetate s8ys ten-
'Vll

n

30°¢C,

3

Ny

L
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Table II B 4, 6bc

s

L data for Zn(II) ethyl-2-butylacetoacetate system~30°C,
V"

—

ﬁﬁa n, p
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Table II B 5.24

sy

Table II B 5,14

Al

Dy

n, pL data for Be{Il) ethylacetoacetate system -~ 30°C,

, 0, pL data for Be(II) ethyl-2-methylacetoacetate system-30°C,

H

n

Tm ymo_yn

Tn

i

& N0 @D o
1 N\O = \O\O

»

» > '] k]
jTaN TR aSTas IaN

(0 e A0

2234
T yn

iy, 7, PL data for Be{II) ethyl-2-ethylacetoacetate system-30°C,

Tm

Tgble II B
Tn




Table II B 2,1a7

3, pL, ¥, X, logBa, logKy and logKas data for Cu(II) ethyl-
acetoacetate system - 30°C,

8

7 pL  yx10®  xx10°%  lemB2 logk; 1log Ka
0:)"‘8 8:86 “6'6889 "0¢1+033 150?0 8‘77 609
0,52 8,81 =6,9937 -0,4776 16.03 8.79 7«2
. 0.56 8.77 =7.49 -0.5557 16,26 _ 8,81 7 45
0,60 8,72 =7,8740 -0, 6667 16.32 8.82 7.50
0.6+ 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 7,66  1.8852 L4, 6495 16.26 8.83 7.2&
1.&6 7.61 1.5388 L 364k 16,26 8.82 7
1.0 7,56 1.2708 4+,1310 16,27 8.81 746
1.4 7,51 1.0591 3.9327 16,28 8.80 748
1.48 7.%6  0,8893 3.7559 16,29 8,79 7.50
log B = 16,22 + 0,08
log Ky = 8,81 F 0,01
‘log K2 = 7,41 F 0,07

Tgble II B 2,25

n, pL, v, %, log B2, log Ky and log Kz data for Cu(Il) ethyl-
2~-me thylacetoacetate system - - 30°C,

-t

8

3 oL yx10®  xx 10 log Bz log Ky log Ka
048 8,76 =5,3111 -0,5080 15.74% 8.67 7,07
0,52 8,71 =5,55%%  -0,6012 15,94 8.68  7.26
0.56 8.67 -5.9528 -0,6997 16,12 8.70 742
0,60 8,62 ~5,9713 ~0,8792 16,0 8,68 7.35
006)+ 8.58 ‘617596 ‘0o9935 1602 8073 7-51
0,68 8,53 =7,200 ~1,2172 16.25 8.79 7.50
1.32 7.6l 1.6802 5,2168 16,11 8.73 738
1.&6 7,56 1.3717 L, 8960 16,11 8,72 7.39
1,40 7.51 1,1326 4,6350 16,12 8.71 741
144 7,47 0.965 L ,3120 16,14 8,62 7.52
1.48 7.0k2 0.8109 14,1188 16.15 8.67 748
log B2 = 16.08 + 0,06
log Ky = 8,69 F 0,03
log K2 = 7,39 + 0,08
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Table II B 2,33
n, pL, ¥, ¥, log P, log Ky and log Kz data for Cu(Il) ethyl-
2«gthylacetoacetate system - 30°C,

n pL ~ y x 108 X X 10"8 log B2 log Kq | log K2
0,56 8,55 =4,5184 - ~0,9222 15,81 8,57 724
0,60 8,50 «4,7438 -1,1067 15.87 8.58 7429
0,64 846 -5,1277 -~1.3097 15,97 8,60 737
0,68 841 -5 ,4é27 -1,604%6 - 15,38 8.61 737
1!% 7'35 007326 506852 15091 8.61 7-30
1.;; 7.32 3.215% g,;3g§ 1;,92 g.gﬁ‘ 7.3§
1. 7. .519 .19 15.9 .59 7.3
1.56 7.20 0. G %+,9578 15.9 8.57 7.37
10g 52 = 15.92 j: 0003
log Ky = 8.59 F 0,01
log K2 = 7,33 F0.03

Tgble II B 2 4a!

n, pL, y, x; log Bz, log Ky, log K2 data for Cu(II) ethyl-
2-propylacetoacetate system - 30°C,

U TR et st

n pL vz 108 X X 10‘8 log 82 log Ky log K2
0.56 8,54 <4 1130 -0,9%38 15,81 8.56 7.25
0,60 8,49 -4,6353 = -1,1326 15,87 8.57 7.30
0.6+ 3.4 4 8561 ~1,3717 15,90 8,58 7.32
0 8 68 8 ‘)‘%'O "'5 l3378 -1 e6‘+21 15 w97 8.61 7:36
1.4 7,33 0,6997 . 5.95%5 15,88 8,61 7.27
1.48 7.29 0.6011 5.55 15,90 8.58 7.32
1.52 7.2% 0,5080 5.3113 15,85 8.57 7.28
1,56 7,19 .  0,h31k 5.0733 15.92 8.56 7.36

log B2 = 15,88 + 0,05

log Ky = 8,58 % 0,01

log K2 = 7,30 % 0.0k
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Table ITI B 2,%5a!

A, pL, y, %, log B2, log Ky and log Kz dats for Cu(II) ethyl-
2-isopropylacetoacetate system - 30°C,

8

n pL v x 10 X X 10‘8 log B2 log K3 1log K2
0.96 8,55 4,516+ -~0,9222 15.92 8,56 7.36
0,60 8,50 -4, ,7438 ~-1,1067 15,96 8.57 739
0.8+ 8045 ~5,0106 -1,2303 15.98 8,58 7 40
1. 7,35 0,8033 5.1850  15.9% 8,60 7.3%
C N A A
1.56 %05  0.hooh %5180  15.98 8.55 7.3

log B2 = 15.96 + 0,02
log Ky = 8,57 * 0,01
log X2 = 7.39 F 0,03

Table II B 2.6a!

i, pL, y, x, log B2, log Ky and log Kz data for Cu(II) ethyl-
2-butylacetoacetate system - 30°C,

f

pL ¥y X 108 log B2

n LK E 10"8 log Ky 1log Ka
0.56 8.41 =3.2707  -1.2730  15.61 843 7.18
0,60 8,36 =3,4364 -1.5277 15,65 8.4a 7.21
0.6 8,31 =~3,6295 -1,8503 15,68 8. 7,24
i'é& 8'28 ~8.2§31 ~%;2ég6 12.69 g.#g 7.23

. 7 . «37 15.7 . 7
1.48 7.%0 0.488% 6.%35% 5.6% 8.&2 7.%6
1.52 7,11 0,3765 7.1649 15,64 8.6 7.18
1.56 7,01 0,2850 7.6780 15,60 8.50 7.10

log = 15,66 + 0,0
log gi = 8,uh ¥ D.Ua
log K2 = 7,22 F 0,07
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Table II B 3,1b'

n, pL, y, x, log 82, log Ky and log K2 data for Ni(II) ethyl-
acetoacetate system - 30°C,

~ B

n pL v X 106 xx 107° log f2 log Ky 1log Kz
0.32 7.26 =8.,5717 -0.1356 12,90 6.85 6,05
0.36 7.21 ~5,131kL -0,1578 13.01 6.87 6.14
o0 7,16 -G, 6278 -0,1842 13.07 6,88 6.19
oM+ 7,11 530,251 -0,2166 13,08 6.39 6,19
O,)+8 7-06 ""10.5978 "0-2546 13 008 6!89 6.19
0,52 7,02 -11,3438 -0 ,20uk 13.12 6,91 6.21
1.2 6,26 9,02 1.7%00 12.99 6.97 6,02
2 6,21 6.,6899 1.3102 13.03 6.87 6,16
1.%0 6,16 5,0592 1.0377 13,08 6.79 6.29
1.4% 6,10 L1202 1,0109 13,06 6,83 6.23
1.48  6.06  3.5399 0.9%35  13.07 6,82  6.25
log g2 = 13,04 + 0,04
log Ky = 6,87 ¥ 0,03
log K2 = 6,17 F 0,07

Table II B 3,.2b

i, pl, y, X, log B2, log Ky and log Kz data for Ni(II) ethyl-
2-methyl acetoacetate system - 30°C,

n pL ¥y x 106 X X 10“6 log B2 log Ky 1log K2
0.32 7,06 ~5,4028 -0,2151 12.88 6.57 6.31
0'i6 7.01  -5,6419 ~0.,2554 12,86 6.57 6.29
0,50 6,96, -6,0827 -0,2922 12,90 6.58 6.32
Ok 6,92 —6.5967 -0,3348 12.92 6.59 6.33
o8 6,87 -6.8426 mo.§943 12,89 6.58 6.31
0,52 6,82 7,554 ~-0,0668 12,86 6.55 6.31"
1,32 6,21 6.6899 1,3102 12,90 6.52 6.38
1.&6 6.16  5.4607 1.2298 12,88 6.59 6.29
1.0 6,11 4,5091 1.,1643 12,85 6,64 6.21
1.48  6.07 3,6227 0.9220 12,90 6.53 6.37
log B2 = 12,88 + 0,03
log Ky = 6.57 * 0,03
log K2 = 6,31 F 0,05



Table II B 3,3b

i, pl, v, x, log 82, log Ky and log Kz data for Ni(Il) ethyl-
2-ethylacetoacetate system - 30°C,

A ) W i Sk gt b el el e N il ol AP o
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n pL v X 10§ X X 10‘6 log B2 log Ky 1log K2
0,32 6,94 -4 0992 ~0,2836 12.52 6.148 6.04
0,56 6,80 <4.3672 -0,3300 12.56 6,50 6.06
0.k 6.8% -4 ,6136 -0¢&353 12.58 6.50 6.08
0. 6,80 -k, 9571 -0, k415 12.61 6,52 6.09
0-1'}'8 6.75 "'5-1916 “005197 12059 6¢51 6.08
0,52 6,70 -5.4302 -0,6151 12,57 6.50 6,07
1,28  6.04 £,0125 2,3451 12,54 6,56 5.98
1.;16 5.99 3.6923 1.8186 12.58 6,18 6,10
1.2 5,55 2,6825 1.4280 12,61 641 6.20
log B2 = 12,57 + 0,03
log Ky = 6,49 ¥ 0.03
log K2 = 6,08 * 0,03
Table II B 3 ub!
E, rL, v, X, log B2, log K, andﬁlog Ko data for Ni(II) ethyl-
2~propylacetoacetate system - 30°0C,
n pL y X 106 X X 10“6 log B2 log Ky log Kz
0.32 6.8 -1.4218 ~0,8180  11.81 5.97  5.8%
0.56 6. %3 ~1,5141 -0,9519 11,81 5.58 5.83
0.k%0 6,33 ~1.59%1 -1,1117% 11.80 5.97 5.83
oM 6,3+ -1,7189 -1,2733 11,81 5.98 5.83
0,48 6.28 -1,7589 ~b,5340 11.75 5.93 5.02
0,52 6,24 -1,8827 -1,7741 11.75 5.92 5.83
1.28 5.867 2.1380 54577 11,74 6.08 5.66
1.36 5.63 1.61156 L.o1é6m 11,78 5.93 5.8%
150 5.58  1.4830 3.5400 11.83 5.79  6.0%
1.48 5.53 1.04%8 3,1969 11,78 593 5.85
1.52 5,43 0.8328 3,0563 11.76 5.97 5.79
lo = 11,75 + 0,02
o R IR 3 008
log K2 = 5.83 % 0,06
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Table II B 3,5b

n, pL, v, %, log B2, log K, and log Kz data for Ni(II) ethyl~
2-isopropylacetoacetate system - 30°C,

e e

n pL y X 106 X X 10"6 " log Bo  log Ky 1log Ka
0,32 6,54 -1,6317 -0,7125 11,94 6,04 5,90
o,§6 6,49 -1.7§32 -0,8292 11.9% 6,04 5.90
0.%0  6.M%  -1.83%0 ~0.5682  11.93 6.0%  5.89
o+ 6,39 -1,9286 - =1,1349 11,91 6.03 5.88
0,48  6,3% -2,0194 -1.3361  11.48 6.00  5.88
0.52 6.29 2,121 -1,581 11,94 5.96  5.88
124 5,77 3.0427 53770 11,88 6.01 5.87
1.28 5.72  2,3997 14,8985 11,84 6,12 5.72
1,36 5,68 1.808% 3.7137 11.88 6.00 5,88
1.4 5,6+ 1.4285 239¥58 11,92 5.89 6.03
1.52 5.59 1.1373 2./3723 11.96 5.82 6.1
log 82 = 11,90 *+ 0,03
log Ky = 6,00 F 0,05
log K2 = 5,90 ¥ 0,06

Table II B 3,6b*

n, pl, ¥y, x, log B2, log Ky -and log Kz data for Ni(II) ethyl-
2-butylacetoacetate system - 30°C,

T pL A S 106 X X 10'"6 log 82 log K¢ log K>
0.36 6.4%  -1,5401 ~0,9304 11,80 6,01 579
0,40 6,40 1,646 -1,0616 11,82 6,03 5.79
o4+ 6,35 -1,7589 -1,2443 11.80 6,02 5,78
o48 6,30 -1,8417 -1,4650 11.78: 6,01 5.77
0,52 6,25 ~1,9266 -1.,7337 11,74 5.98 . 5.76
1.24% 5,69 2,5301 6,4663 11,73 6,05 5,68
1.28 5,64 1.9653 5.8911 11,70 6,12 5.98
1.0 5,60  1,3933 3.7680 11,80 5.86 5.9%
1.48 5,55 1,0641 33,0528 11.83 5.78 6,05
1.52 5,50 0.92k44 2,9187 11,81 . 5.86 5.95

log B2 = 11,78 + 0,03
log Ky = 5,97 F 0,06
log K2 = 5.81 ¥ 0.06
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n, pL, vy, %, log Bz, log Ky and log Kz data for Zn(II) ethyl-

acetoacetate system - 30°C,

————s

e

!

N e S

n pL ¥y X 106 x x 107° log 82 log Ky 1log Kz
0.32 6,92 -3,9150 ~0,2669 12,59 64 6.15
0,%6 6.%7 «&,1697 -0,3456 12,61 6,45 6,16
040 6,82 -4 4033 -0,%037 12,61 6,45 6.15
oW 4,77 4 6272 -0, 4730 12,59 6,45 6,15
048 6,72 <k 8455 -0 ,5568 12,57 6.3 6.1k
0,52 6,68 ~5,1858 0,644 12,57 6,43 6,14
1.32 6,06 4,7359 1.8508 12,61 6.38  6.23
1.96 6.01 3.8659 1.7372 12.58 6,45 6,13
1.0 5,96 3.193% 1.6840 12,56 R} 6.07
1.48 5,91 2.5067 1.3325 12,60 6,42 6,18
log 82 = 12,59 + 0,02
log Ky = 6,44+ F 0.0
log K2 = 6.15 F 0 0k
Table II B 4,2¢!
n, pL, y, x, log B2, log Ky and log K2 data for Zn(II) ethyl-
2-methylacetoacetate system - 30°C,
n pL vy X 106 X X 10“6 log 82 log Ky log K2
0.32  6.86 ~3,4100 -0 .3409 12,40 6,40 6,00
0.36 6,81 -3,6313 -0,3959 12 43 6 41 6.02
0/B0  6.76 -3.8358  -0.h63%  12.4% 6.3 6.02
ok 6.72 L1204k -0,5306 12,47 6.4 6.03
o.48 6,67 -4 3174 -0, 62hg 12 .45 6,43 6,02
0.52 6,62 -4,5157 ~-0,7396 12,42 6.49 5.93
1.2% 6,01 5,2872 3,054, 12,40 6,1t 5.96
1.28 5,96 +,1710 2.8182 12.38 6.50 5.88
1.&6 5,01 1320713 2.1866  12.41 6.2 B.99
1.9 5,87 2 4260 1.7169 12 46 6.31 6.15
1,52 5.82  1.9306 1.3975 12,51 6.23 6.28
log = 1243 + 0,0
log sﬁ(i = 6.#% e 0.0‘i
log K2 = 6,03 7 0,06
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Table II B 4, 3¢
XX 10“6

v x 10
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Table II B 4, 5¢!

n, pL, y, x, log B2, log Ky and log K2 data for Zn(II) ethyl-
2=-isopropylacetoacetate system - 30°C,

-

n pL y X 106 x x 107 1og 82 log Ky log Ko
0,32 6. 48 -1 k212 -0,81.80 11.75 5.99 5.80
0.36 6.43 -1.5181  -0.9515  11.80 5.0 5lg0
0,50 6,38 -1.5991 -1,1117 11,79 6.00  5.79
o4 6,33 -1,6799 -1,3028  11.977 5499 5.78
0048 6-29 -107997 ‘16 992 11s77 5:99 5-78
0.52 6,24 .1,8827 -1, 774%1 11,74 5.96 5.76
1.2 5,67 2., 1165 6.7703 11,69 6.10 5.59
1,32 5.63 1.7598 4,9810 11,73 5.98 5.75
1,%0 5,58  1,3307 3.9450 11,75 5.91 5,8
1,48  5.54% 1,0651 3.1243 11.80 5.30 6,00
1,56 5.4 0.8608 2,5425 11.8% 5.72 6.12
log B2 = 11,77 + 0,03
log K1 = 5'95 :: On03
log K2 = 5.82 % 0,05

Table II B 4 6ot

ﬁ, pL, v, %, log B2, log ¥y and log Kz data for Zn{II)} ethyl-
2-butylacetoacetste system - 30°C,

- v ety g ot

e

o

-6

-

n pL vy x 10 x x 10 log B2 log Ky 1log XKz
0.32  6.29 ~0.9175% -1.2671 11,29 5.84% 5.5
0.36 6,25 -1,0003 ~1,4%08 11,36 5,87 549
c.%0 6,20 -1.0565 -1.6826 11,36 5.88 548
o 6,1 -1,0846 -2,0179 11,31 5.86 545
o048 6,05 -=1,03%56 -2,6053 11.15 5.76 5.39
0,52 6,01 -1.1086 -3,0130 11,16 5,76 550
1.24% 5.4k 1.4229 11.4981 11.26 5,80 5.46
1,28 5,39 1.1220 10 4760 11.23 5.88 5435
1.&6 5.35  0.8457 7.9%13 11,29 5.76 5,53
140 5,30 0.6983 7.5180 11.26 = 5,81 545
1% 5.25 0.5820 7.1565 11.24% 5,84 5 .40

log B2 = 11,26 + 0,05
log Ky = 5.82 F 0,04 .
log K2 = 5,44 F 0,06



Table II B 5,141 .
n, pL, log(l-n)/f and pl-log(l-n)/n data for Be(II) .ethyl-

acetoacetate system - 30°C,

n pL log(1-n)/n pL-log{i-n)/n
0,440 6,172 0,105 6.06,
0.48¢ .07, 0.035 ‘ 6,039
0.520 6,024 1.965 6,06y
0.560 50978 10895 6-;083
0,40 5.932 1.7%0 6.182

log Ky = 6,09 + 0,02

Table II B 5,243!

fi, pL, log{1-B)/f and pL-log(1-A)/f data for Be{II) ethyl-
2-methylacetoacetate system - 30°C,

i
oo
=

log{1-n)/n pl-log(1-n)/n
0 4ho 6,112 0,105 6.00?
0.480 6.06y 0.035 6.024
o.ggo 2.0%6 %3365 2'8;'
U. . N ™ .
oldos  2:3¢ 1.837 6.0%3

log Ky = 6,04 + 0,02

Table 11 B 5.34!

A, pL, 1og{1-H)/f and pl-log(l-B)/n data for Be(II) ethyl~
2-ethylacetoacetate system - 30°C,

n pL log{l-n)/n pl-log(l-n)/n
0,lho 5799 0.1054 5.692
0,480 5.819 0.035 578y
0 0520 5.8"*'0 10965 5.875
0¢560 5-813 i’895 5‘918
0.600 5.83% T.82, 6,012

-

log K4 = 5.85 + 0,04
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Section ©

In case of g-diketone compleﬁes 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, When monohydroxy alkjlamines 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 saliecylaldehyde or 2-hydroxy-l-naphthaldehyde

22427

with B-alanine, anthranilic acid or acetylacetone or

benzoylacetone with f-alanine, anthranilie acid%8“32 ey
In the present study, Irving-~Hossotti titration

techniquell

has been applied to determine the formation \
constants of complexes of Cu({II) and Ni(IIl) with tridentate
Schiff bases formed by the condensatiﬁn of gcetylacetone and
benzoylacetone with monohydroxy alkylamines, The tridentate
ligands used are as follows : W~(2-hydroxyethylimino)pentane-
2-one (HEA) or 4-{2-hydroxyethylimino)-t-phenylbutane-2-one
( HEBA) or‘. Y~{2-hydroxypropylimino) pentane~2-one( HPA) or k-
(2-hydroxypropylimino)~l-phenylbutane-2-one( HPB4), -
Experimental
Preparation of ligands (Schiff bases) @

The Schiff base was prepared33 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 aﬁ 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 desicecagtor,

Other chemicals used were same as in section A of
fhis chapter, The instruments used and the titrations carried
out are similar to section A4 Chapter II, Titrations were
earried out ihASO% dioxan medium and the pH corrections were
made as before, Tables and figures .are given in III C 1,1 to
III C 1% and III C 1 to III C k4 respectively.

Schiff 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 0.01M
solutions, the Valués of proton ligand and metal ligand
formation constants of the Schiff base d4lmost correspond to
those of original B-diketone, This shows that the Schiff base
gets hydrolysed, For 0,05M 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

" Ag seen in Irving-Rossotti titration curves (fig.III C
1 to III C4) at low pH the ligand titration curves, shows higher
values of pﬁ 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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T‘T+
0 CH,

As the pH increases the 1igandAcﬁrve tries to merge with the

acid curve due to formation of

1l
0 Hy
A stage comes when the ligand curve crosses the aeid curve,

At this pH the ligand gives out the enolic HT

CBy - C=CHen =l CHp =~ CHp =~OH
- CH,

Thus the present ligands are chafacterised by two
PKH values. The PK;H is due to the éssociatién of the enolic
proton., The basic nitrogen abserbss hydrogen from the
solution and gets protonated, The‘association of this proton
corresponds to TKi. 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 Ty, n
and pl. are same as in section A of this chapter, The average
value of proton ligand and metal ligand formation constants
hawﬁﬁfﬁnh@ﬁted by 1linear plot method as in section A of this
chapter, .
The basicity of the ligands are in the following
order - A { EERA { BPA L HPBA,

Tt has been observed earlier that the 'Ky 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 HEBA and HPBA can also be explained on the
same lines,

PK? in the Schiff base corresponds tc the association
of the H with the basic azomethine nitrogen atom. It is
observed that RK? values of HEBA and HPBA are more than that
of FEA and HPA,

) In the binary complexes of the present ligands it is
observed that the formatioﬁ constants are significanfly higher
than the original -diketones. It has been shown earlier3’
that the B-ketoimine form more stable complexes than the
B-diketone, This is because .of the strongly basie C=N
nitrogen, In the present ligands, in addition to the strongly
basic nitrogen, there is also posslbility of coordination from
the ~0H of the ethanolamine part, thus forming a stable tri-
dentate chelate, The increase in stability of Schiff base
complexes may be due to fhe more basic nitrogen or because of
the ‘tridentate nature of the ligand, The bidentate or triden-
tate nature has been further confifmed in the ternary complexes,

reported in the next chapter,



Table IIC 1,1

74

N =0,2M V® =60 m, TP = 0,014 T = 0,001M
E° = 0,02M ‘ g = 0,24 ¢ = 30°C,
Perchloric HEA Cu(IIl) Ni(IlL)
- acid
Vod,.of B Vol .,of B Vol,of B Vol,of B
alkalil alkalil alkall alkalil
(om0 (emy 0 Uemd 0 Unma) |
0,00 1,85 0,00 2,056 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 2,20 1,00 2.20
3,00 2,20 1,50 2,50 1,50 2,50 1,50 2,50
4,00 2,40 2,00 2,80 2,00 2,80 2,00 2,80
4,50 2.75 2,10 2,90 2.10 2,50 2,20 3.09
4,60 2,85 2,20 3.05 2,20 3.05 2,40 3.75
4,70 3.00 . 2,30 3.30 2,30 3.10 2.50 4,25
4,80 3.25 2,35 345 2,40 3,15 2,60 4,85
4,85 3035 2,40 4,05 2,50 3,25 2,70 545
4,90 3.65 2,143 6,00 . 2,60 3.35 2,80 6,00
%.93 ¥,00 2,47 6.50 2,70 3.59 2,90 6,60
4,56 4,75 2,50 725 2,80 4,25 3,00 7.25
4.58 5.25 2,60 7.75 2,90 540 3.10 7.65
5.00 7.85 2,70 8,00 3,00 6.35 3,20 7.90
5,02 8,60 2,80 8.20 3,10 7.30 3,40 8,25
5.05- 9,20 2,90 8435 3420 7,50 3.60 8455
5.08 9.75 3.00 845 3.30 8435 3.80 8.80
5.10 10,00 3,50 8,70 340 8,60 4,00 8.50
5.15 10,50 4,00 8,90 3.50 8.70 4,30 9.05
4,50 9.20 3.60 8.75 4,60 9425
5,00 9,50 |
550 9.65
6,00 9.85
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Table IIC 1,2
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N =0,2M V°® =560 ml, T£ = 0,01M Tg = 0,001M
x° = 0,02M g = 0,2M t = 30°¢,
Perchloeric HEBA Qu(I1) Ni(I1l)
acid
Vol,of B Vol,of B Vol.of B Vol,of B
alkall alkall alkali alkalil
(in m1,) (in ml,) (in ml1,) o (in ml,)
0,00 1,85 0,00 2,05 0,00 2,05 0,00 2,05
1,00 1,60 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 2,55 2,10 2,55 2,20 3.10
4,60 2,85 2,20 3,10 2,20 3,10 2,40 3.80
4,70 3,00 2,30 3.35 2,30 3.15 2,50 4,40
4,80 3.2% 2,35 3455 2,40 3.20 2,60 4,95
4,85 3.35 2,10 3.80 2,50 3,25 2,70 550
%,90 3.65 2,43 5.25 2,60  3.M45 2,80 6.00
4,93 4,00 2,45 6.60 2,70 3,65 2,50 6,60
4,56 4,75 2,50 7.45 2,80 399 3.00 7.20
4,58 5.25 2,60 7.85 2,50 %.35 3.20 7.50
5.00 7.85 2,70 8.05 3.00 5.75 3.40 8425
5,02 8,60 2,80 8.25 3.10 8,00 3,60 8.50
5,09 9.20 2,90 8,40 3,20 8,45 3,80 8.70
5.08 9.75 3,00 8.50 3.30 8.70 4,00 8.85
5.10 10,00 3.50 8,80 3.40 8.79 4,30 9.05
4,0V 9.05 .50 8.80 4,60 9.30
4,50 9,20 3.60 8.90
5.00 945
550 9.80

6.00 10.15
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Table I1IC 1,3
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N =0,2M VY =50 ml, TP = 0,01M Tg = 0,001M
g° = 0,02M g = 0,2M t = 30vC,
Perchloric HPA cu(II) Ni(II)
acid
Vol ,of B Vol,of B Vol.ot B Vol.of B
alkali * alkali alkali alkali
513 m.) (in ml,) (in m.) (in m1,)
0,00 1.85 0,00 2,05 0,00 2,05 0,00 2,05
1,00 1.90 0,50 2,19 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
4,0u 2,40 2,00 2,80 2,00 2.80 2,00 2,80
4,50 2.75 2,10 2,95 2,10 2.55 2,20 3.10
4,60 2,85 2,20 3.10 2.20 3.10 2,40 3,90
4,70 3,00 2,30 3,40 2.30 3.15 2,50 445
4,80 3.25 2.35 3,60 2,10 3.19 2,60 4,50
4,85 3.35 2,40 3.90 2,50 3.20 2,70 5 ot0
4,50 3.65 2,42 5.79 2,6V 3.3% 2,80 5.69
4,93 4,00 2.4 6,45 2,70 3.65 2,90 6,50
4,96 4,75 2,46 6.85 2,80 4,10 3,00 7,00
4,58 5.25 2.43 7.25 2,50 4,75 3.10 745
5.00 7.85 2,50 7.50 3.00 6.50 3.20 7.75
5,02 8.60 2,60 7.95 3.b0 8,00 3.40 8.15
5.05 9.20 2,70 8.15 3.20 8,50 3,60 8,140
5.08 3.75 2,80 8.30 3.30 8.7% 3.60 8,60
5,10 10,00 3,00 8.55 340 8.80 4 .00 8.85
5.15 10,50 3.50 8.25 3.50 8.85 4,30 9.15
4,00 9,05 3,60 8.50 4,60 940
4,50 9.35
5,00 9,60
5.90 9.90
6,00 10,20
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Table IIC 1,4

N

0.2M V* = 50 ml, To = 0,00lM T = 0,001M

L M
E° = 0,02M u =0,2M  t = 30%C,
Perchloric HPBA Cu(II) N1(I1)
acld

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

(in m.) {in md.) ___ (in md.) (in ml,) .
0,00 1.8 0,00 2,05 0,00 2,05 0,00 2,05
1.00 1,50 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 2,65 2,10 2.65 2,20 3.15
4,60 2,85 2,20 3.15 2,20 3.05 2,40 3.50
4,70 3,00 2,30 340 2,30 3,30 2,50 4,30

4,80 3.25 2,35 3.65 2,40 3.15 2,60 4,75
4,85 3.35 2 .40 4,00 2,50 3.25 2,70 520
4.50 3.65 2,43 5.45 2,60 3.45 2,80 5,70
4,93 4,00 2,46 6.50 2,70 3,70 2.50 6,40
4,96 4,75 2,48 7,00 2,80 4,00  3.00 7.00
4.98 5.29 2.50 7.50 2,50 4,50 3.20 7.75
5,00 7.85 2,60 7.95 3,00 6.25  3.40 8.15
5.02 8.€0 2,70 8.25 3.10 7.60 3.60 8.50
5,05 9,20 2,80 8,40 3.20 8,05 3,80 8,70
5,08 9.75 2,50 8,55 3.30 8,140 4,00 8.50
5,10 10,00 3.00 8,69 3,40 8,70 4,30 9.25
5.15 10,50 3.50 8.5 3.50 8.95 4,60 945
- 4,00 9,15 3.€60 9,00

4+.50 9.40
5.00 9.65
550 9.95

6.00 10,50
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Table I1 C 2,1a

g . V" A - " A o Wy

B, BH’ n, log(l-n)/n, pL and pL-log(l-n)/n data for Cu(II) HEA system-

78

30°cC,

B EH yn Ve v _yn n log(l-ﬁ)/ﬁ pL pL-log(l—'ﬁ)/ﬁ
3.30 2,000 2.30 2.5% G, a4+ 048 C.03y 1%.323 14,292
3.35 2,000 2,32 2.99 0,27 0.9 1.92, 14,224 1%.294
3.4+0 2,00, 2.3+ 2,62 0.28 0,562 T,890 14,12, 14,23,

logKy = 14,26 + 0,02
Table II C 2,2a
B,'EH, T, log(1-n)/n, pL and pL-log(l-n)/n data for Cu(lI) Hba
systea - 30°C,

B Ry VM WM ym_yn  § 10g(1-R)/A  pb pl-log(1-R)/R
3,35 2,000 2.30 2.5% 0.24 0,482 0,03y 14,685 1%.652
340 2,000 2.32 2.58 0,26 0,522 T.962 14,585 14,625
345 2,000 2.33 2,60 0,27 0,5 TI.52, 14.48¢ 1L,554
3,50 2,000 2.34% 2.€% 0,30 0,602 1.81s 14,384 14,57y
3.55 2,000 2.36 2.67 0,31 0,622 T.7% 14,290 14,506

logdy = 14,59 + 0.09
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Table II C 2,3a

B, Ny, B, log(1-H)/A, pl and pl-log(l-n)/m data for Cu(ll) Hrh
system - 30°C,

B Ty v ym  ym.oye n 1oz(1-n)/A pL pL-log(l-n)/n
3.20 2,000 2.,2% 2,48 0,24 0482 0.03y 15.062 15.03,
3.25 2,000 2,26 2.5% 0,28 0,562 T.550 1%.96, 15.07,
3.30 2,000 2.28 2.58 0,30 0,603 1.8z 1%.866 15,0514
3.35 2.000 2,29 2,62 0,32 0,64, T.745 14,774 15.02¢

3.0 2,000

N
.
)

(a2}

2.63 0,33 0,66, T.70¢ 14,672 14 ,96¢

logKy = 15,03 + 0,03

Table II C 2. %a

B, By, B, log(1-7)/f, plL and pl-log(1-T)/B data for Cu(Il) HPBa
system - 30°C,

B Ty A ym o ym.yr [ 102z(1-8)/5 pl. pL-log(l-n)/n
3.25 2,000 2.25 2,49 0.2% 0482 0.031  15.272 15 .2%
3,30 2,000 2,27 2,52 0.25 0,502 T1.99, 15.1% 15.172
3.35 2.000 2,29 2,55 0.26 0.522 T.962 15.075 15.11;
340 2,000 2,30 2,57 0,27  0.5% T1.92, 14%.97¢ 145 .0l
345 2,000 2.32 2,60 0.28 0.5 1.89; 14.87,  1%.98

loghy = 15,11 + 0,05
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Table I1 C 2,5b

B, ﬁH’ 39 log(1-n)/n, pl. and pL-log{(1l-n)/n data for Ni(ii) Hia
system - 30°C,

B oy yrooymo Ym.yn R 1og(l-R)/A b phelos(1-R)/A
5.20 2,000 2.42 2,66 0,24 0.4y C.03y 10.52% 10,493
5325 2,000 2,42 2,67 0,25 0,504 T.99 10425  10.%2,
5,30 2,000 2,42 2,63 C.26 0,52 T.96, 10.32¢ 10 .3%2
5.40 2,600 2.42 2,70 0,28 (.56 1.89; 10,12  10.235
S5 2,000 2,42 2,71 0,29 0.58 1.85¢ 10,020  10.17;

logiy = 10,3+ *+ 0,06

Table II C 2.6b

B, N, B, loz(1-n)/f, pl. and pl-log(l-n)/n data for Ni(II) HERA

system - 3G°C,

vroymo ymve R 1eg(1A)/A ph pl-log(l-n)/m

B Ty

5.35 2.000 2.4 2,67 0,23 0. C.06q 10,58  10.51a
5.40 2,000 2,44 2,68 0.4 048 0.035 10,48, 10 .44
5.45 2,00 2.4+ 2,65 0,25 0,500 - 1C.3%s 10.3%
5,50 2,000 2,4+ 2.70 0.26 0,520 1.965 10.28¢ 10,32,
5.55 2,000 2. 2,71 0,27 0.0 1.529 10.18, 10.2545

logky = 1C.39 * 0.u5



Table II C2,7b
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B, ﬁq, B, 1log(l-n)/n, pL and pl-los(1-n)/n data for Ni{iI) HPA
system - 30°C,

B Ny yn v ymo_yn n log(l-n)/n pL pL-log(l-n)/n
5,10 2,000 2.40 2,64 0.24% 0.4, 0.03; 11.26 11,234
5,15 2.000 2.0 2,65 0,25 0,504 T1.99« 11,165 11.1¢,
5,20 2,306 2.0 2,66 0,26 0,524 T.96, 11,064 11,10y
5.25 2,000 241 2.68 0,27 0.9 T.520. 10,36¢ 11.03,
5.35 2,000 241 2,69 0,28 0,564 1.8935 10.765 10.875

logiky = 11,02 + 0,07

Table 11 C 2,.8b

B, Ty, n, log(l-n)/n, pl and pl-log(1l-n)/m data for Ni(II) HPBa
system - 30°C,

B g A ymo ym_yn n log(1-n)/8 pL pl-loz(l-n)/n
5,05 2,000 2,42 2,67 (.25 0.500 - 11,675 11.675
5,10 2,000 2,42 2,68 0.26 0,520 TI.565 11.57¢ 11,61,
5.15 2.0 2.42 2.69 0,27 0.5 T.92¢ 1147, 11.5%4
5,20 2,000 2,42 2,70 C.28 0,564 1.8; 11.37, 11 148,
5,25 2,0Co 2.43 2,72 0,29 (.58 T1.85¢ 11,274 11.42,

logky = 11,55 + 0,05
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