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avenget the nitrogen bearing Uganda those offering

sites simultaneously for salt formation and co-ordination

deserve special mention, apart from their importance la

biological syaternsfthese reactions are Interesting from

theoretical a tend point and a few of then have yet to be

investigated to add to the present state of knowledge in

this field* To one such class of compounds,belong the

imldestboth aliphatic and aromatic,known for their tendency

to give hydrolysable metal complexes difficult to be

characterised. A systematic and comprehensive study of the

products formed by the Interaction of heavy metal tone

end complexlng agents containing lmlde groups was,

therefore.considered worth undertaking. Before introducing

the subject.it will not be out of place to give a brief

resume of the reactions of metals with compounds closely

related to imldes.

Jpino amidst Of these the glycinates have been most

extensively investigated (1*3). The nature of the

complexes has been revealed by infra T9A spectroscopy.

It has been found that the metal-nitrogen bonds are

largely covalent whereas the oxygen-metal bonds are

essentially ionic (4). Trans square planar configuration

exists in the sine as well as the copper and nickel

complexes.although a tetrahedral configuration la reported

in some cases(5). Metal glycinates Involving carboxylate

bonds (6*9) and linear complexes of Ag(I) and % (II)



formed through amino groups are also known to exist. Other

amino acids besides glycine such as al aaina, laucine, valine

etc. also show these types of bindings (10-13). Interesting

results have also been reported by Tanford (14) and -iarma

(16) on cobalt-arginine and on copper-glutamic acid

complexes. Creen and Ang (16) have tried to explain more

complicated reactions like one between chromium and alanine

by introducing the concept of partial chelation end partial

co-ordination In the same reaction.

kith hlstidlne and cysteine, the behaviour is far

more complicated. Four possible structures have been

visualisedi (1) a five membered ring complex involving the

carboxylate and <£ •amino group} (li) a six membered ring

involving the amino and the imidazole group}(ill) a seven

mossberad ring Involving the carboxylate and the imidasole

groups and (iv) a structure in which all the donor groups

of hlstidlne are combined with the metal ion. The work of

Edsall (17) on copper dlhlstldlnate and the hydrogen

equilibrium studies on cysteine and homocysteine carried

out by Baneseh (18)f Schmidt (19) etc. can be put forward

in support of the above contentions. Evidence for the

simultaneous combination through the sulphahydryl and amino

groups of cysteine has been provided in the ease of Co(II)

(30,21 ),2n(II) and Cd(II) (22).

Complexes of cysteine with natal ions have attracted

the attention of Koithoff and 3tricks (23),and a number

of papers an this topic have been published in the early
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flftles. Their investigations en the soluble Fe(ZI) and

Fe(III) complexes of cysteine in the high pH range (^ 10)

with the possible formulation! FeOH (IB)-"" an* '•(^V" i
are most interesting.

More recently Malik and Khan (24) investigated the

interaction of 0r(III) ions with glycine,lyclne,leucine

and aspartle acid,both ep^etrophotometrieally and by

Bjerrum*s method. On the basis of spectrophotometry,they

coneludedt (1) for the concentration 0.04 M,leucine and

lysine form complexes in the molar ratlo(CrCl3t amino
acids) it3 while for the concentration 0.0133 M,the ratio

is it2 } and for coneentratlon 0.02 M, the ratio for lysine

is li2 and that for leucine is lt3 (il) for concentrations

0.02 M and 0.0133M,aspartle acid forms a complex in the

molar ratio lil.

The Information on combining ratios as obtained

by Job's method was then successfully employed to determine

the stability constants of a large number of amino acids,

applying Albert's (26) procedure, the following values of

stability constants in KC1 medium were obtained*

km MammUtal mmmtJaamtl

Glycine Valine Leucine atparaglne -Alanine

X 16.30 14.60 16.3 14.0 16.2

IX 18,30 17.55 18.6 16.5 18.9

Lysine Arglnlne

14.7 14.1

11. * 4> f . A

X

XI

Methionine Serine

14,60 14,0

17.10 17.1

Paottamst Moat of the work on metal complexes of peptides



cited in the literature,deals with glycyi-glyelnate.

Monk (26,27) gave a value of log K a 6,04 for Cu(II)

glyeyl-glycinate as against P,62 for the corresponding

glycinate and attributed the difference to the differing

basicities of <* -amino nitrogen atoms. The author found

a value, log K. • 1,24, for calcium glyeyl-glycinate which

was eo close to the log K^ value for calcium acetate(l.O)
that the binding of calcium to the peptide was considered

to take place through carboxylate group,

0reewald(2S) has mentioned the possibility of the

peptide complexes undergoing ionlsation In the high pH

range, Debbie and Kermack (29) have shown that the solution

prepared from cuprous chloride and dipolar glycyl-glyclne

In the ratio It 2 may take up four moles of alkali during

the titration ( pH 11). This behaviour was explained by

assuming the co-ordination between Cu(II) and peptide

nitrogen,resulting in the ionlsation of two protons•

CHg - COO*

JHg - COO

Monayek at al.,(30) have assigned the same structure for

the complexes of glycyl-glycine and diglycyI-glycine with

Co(II) and Ni(II).

Proteinst The literature on metal protein complexes
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dealing with both qualitative and quantitative studies is

so vast that it is difficult to summarise it in a few pages.

However, an attempt will be made to describe a few important

reactions relevant to the present studies.

Proteins offer several functional groups for combina

tion with metals,depending c« the pH of the medium.Binding

of the metal with the a«ino group is difficult to realise

even in the moderately low pH range. For example, the

binding capacity of zinc at pH 7 is r9ty small, Gurd and

Goodman (31) have carried out extensive studies on the

binding of zinc with serum albumin employing tquilibrium

technique. From th«ae studies, they concluded that the

binding of &i(II) with albumin in the pH range 5,6 to 7.5

is almost due to sixteen imidazole groups of the histidine

residues and that vary little Elnc is bound at more acid

pH values. The significance of the imidazole group for the

binding of sine was also confirmed by Tsnford(32) and Cohn

(33).

Strong evidence of binding through the amino group

of the protein is obtained in strongly basic medium. Mehl

et al.(34,35),Klote md Curme (36) had shown that each

metal was bound to four peptide nitrogen atoms in the oase

of copper complexes. Iron complexes hava been mainly studied

with blood plasma. Competitive binding of the ferrous ions

with slderephliin and B - pseudoglobulin In plasma protein

(IY) were carried out by Cohn(37), On the basis of the

similarity In the spectrophotometrle behaviour of the iron

complexes of the protein and asparaginic acid, he concluded



that the metal was bound to the protein through a linkage

similar to hydroxamlc sold (38),

at already mentioned under amino acids,the chromium

complexes of proteins present a number of difficulties

due to the existence of polynuclaar complexes in the aqueous

solution of the metal it-self, Gustavson (39),^mythe and

Schmidt (40) have provided a satisfactory reaction mechanlsn

for the interaction of basic chromic salt with collagen.

According to them, the initial reaction la an Ionic

interaction of oatlonlc chromium complexes with the charged

carboxyl groups of the protein,resulting in the formation

of a covalent-coordinate bond, -ince several chromium

atoms are prmmt in the polynuclaar cor piex and in view

of the secondary aggregation of the fixed chromium complexes

by further hydrolysis, possibilities for a multipoint

interaction of one chain like chromium complex with

several carboxyl groups of collagen lattice exist.

The interaction of metals, especially Hg(II),with

the «*&H grmp of the protein is also worth mentioning. The

mercuric ion or Its mono-aikyl derivatives couple with

the single sulphydryl group of serum albumin to give

complexee (41,42), with albumin, a dimer is formed when

one mole of Hg(II) is pfamxX for every two moles of

albumin, while with higher ratio of the metal to albumin,

a monomer Is obtained, illver also forms similar complexes

with proteins and both the metals can, there fore, be employed

to estimate the •81 groups of proteins ( 43,44 ),
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Experimental evidence is available to prove that

there exist relative avidities (45) of proteins for metal

ions. For example, aiderophllln, the metal binding component

of plasma, and conalbumin show a marked affinity for b >th

iron and copper (46,47) in comparison to other proteins.

The nature of these specific sites, although not clearly

understood (48), has been attributed to the a HH side

chains,formed due to the displacement of i by the combining

metals.

quantitative studies on the Interaction of metals

with transfusion gelatin and soma other proteins were

recently taken up by Malik and coworkers (49-55) in order

to determine the nature of binding, Employing potentiometrle,

polarographle, vlscometrlc and equilibrium dialysis

methods, they arrived at many interesting conclusions, ion*

of these are summarised belowi

(1) Hydrogen equilibrium studies on transfusion gelatin

carried out at different temperatures revealed the

presence of 84 carboxyl, 23 amino, 4 Imidazole and 48

guanidlnium groups per 75 x 103 gms. of protein.
(H) Polarography of cuprle sulphate-transfusion gelatin

mixtures revealed that copper was more strongly bound to

the amino than the carboxyl group.

(ill) Polarographle and pH metric studies of the interact

ion of transfusion gelatin with plumbous Ions gave values

of 1.67 and 2,593 K.oals for the intrinsic association

constant and free energy reepectlvely.



(lv) Polarographle studies of zinc and cadmium with trans

fusion gelatin (employing Tanford*s method) gave values of

2.778 and 2.30 respectively for the intrinsic essociation

constants. Moreover,cadmium showed affinity to combine with

the carboxyl Ic groups only.

(v) Spectrophotometrle studies on copper-trans fusion

gelatin mixtures in different buffers show that the binding

of the metal to the protein takes place through the

oC -amino group of the protein.

(vi) Chromium (III) - transfusion gelatin Interaction

studied spectrophotometrieally between pH 3.7 and 5.8

indicated the binding of the metal through the carboxyl

group of the protein. Similar results were obtained with

cobalt and nickel ions.

(vii) Viacomstrlc measurements of mixtures of various

proteins (transfusion gelatin,casein and haemoglobin) with

metal hydrous oxides(Fe,Co,Ni, Ag,Al,Cr,3e) reveal that

the metals from the hydrous oxides make themselves available

for interaction with carboxylie groups of the proteins.

iiemmml ammmmmtatM

The original concept of the biuret reaction

(development of a reddish violet colour on the addition of

copper sulphate to biuret In an alkaline medium ) has been

greatly modified and extended so as to included) different

basic media, like barium and calcium hydroxides,magnesium

oxide, sodium carbonate, ammonia, plperidine etc.j(ii) metal



ions other than copper,viz.,nickel and cobalt}(iii)

complexing agents other than biuret, viz.,amino adds,

peptides,proteins,acid amides and lmldes.

This reaction has been excellently reviewed by

Plekhan and Oovrilov (56) in 1948. Korenman (67) has listed

thirteen kinds of compounds, all of them aliphatic,which

give this reaction* According to him,the specific grouping

of atom within these compounds responsible for the biuret

reaction aret -NH.CO.lt.CO.NHg in biurets, -NH C( • NH) N
CO-»R\ in dlcyanodlamidine,>NC ( t N) AC( t NH ) NHg in
blguanldes, )m t NC ( t NH ) in N - phenyl - »' (•£-amino

benzyl )-benzaroldine, and NtCR C( t NH ) NBg in dicyano-

d lam ides. These groups have in common the ability to form

six membered Internal complexes of the type N-C-N-C-N-t^ ,
when M is a metal and n an integer, 'till other groupings

capable of this reaction,e,g., *H 0 • Ca COMa^ In
malonamldes and N t C C CONHg in eyanoacetamlde and its

derivatives can be generalised in the form N-C-C-C-N-li^ •
Thus the atomic groupings,capable of giving the biuret

reaction fall under tw© types t (1) MMML of which

there are twelve variations and M^ -2-C-JUC-N of which there
is one variation^ X Is either C or N and 'l is either » or

0. The number and distribution of multiple bonds within

the ring is responsible for a given variation but does not

effect the ability of the compound to give the biuret

reaction. Moreover, the ability to undergo this reaction la

not Impeded by the removal,from the 6 membered ring,of an
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atom not directly connected with the atom.

M-etal complexes of bturett

The earliest studies on the biuret reaction carried

out by Sehlff (58,59) date back to 1896. Ley and Werner (60),

Treube and *©lff (61) confirmed ichiff's work. Nickel

complexes of the biuret have been reported by a number of

workers (62,63). All these investigations lad to the following

four structures of the biuret complexest

OH OH

CO-MaL-Gtt-NH^-CO

OR

*

H„-C0

0 3

J - NH^ NH - £0

IH

\
OC

XII

>C NH^
NH NH - CO

'2

OH OH

H CO - NH- NIL - CO H

v V vOa H

/ \
CO *

' V. ./ \
% co - n

I
OH OH

XX

CONH Cu/2

COM!

IV

Traube and his collaborators (64-67) prepared a

large number of copper and nickel complexes and represented

them as III above. According to them, the original biuret

colour may be replaced by ammonium,sulphonlum and phosphonit

hydroxides as well as by ethyl enedlamine bases, resulting in

red complex copper salts, or yellow complex nickel salts of
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comparabla structures. More recently,Malik ani Khan(68)

have employed polarographle and potentiometrie methods to

study the copper-biuret complex in the pH range 10 to 11

and reported the formation of a li2 coffplex,Cu(C2^0gN3)g ,
Other metal-amlno acid reactions Involving biuret type of

binding andt(i) biuret reaction of serine,studied polarogra-

phically and amperometricailydi) polarographle study on

the interaction of asparagine with copper, providing the

following values of Sj/^* ana< stability constants at

different pHi

PH 7.2 8.4 fc.7 9.1 9.45 10.97 11.30 11.50

gV2 °m2& 0#29 °*315 °'33 0#34 °#34S D,35S 0#365
pK 11.08 12.78 13.59 13.58 13.88 14.1 12.5 12.9

and (ill) polarography of the biuret reaction of cyanuric

acid established the formation of a complex involving

combination with one molecule of cyanuric acid and three

hydroxyl groups as indicated belowt

H 0

I I
N C OH

0 mZ<C •WH iu OH
^N C OH

I II
H 0

lllBaa •ammmmVml mf mmaa\a\Jaml4Maamm\il Metal-amino acld-

amide complexes have been reported by Rising and Yang(69).

The amino acid-am Ties gave purple colouration with copper

in the absence of alkali. This behaviour was considered to

be because of their ready enolisatlon,the cuprlc ion being
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co-ordinated with four nitrogen atoms of two molecules of

acid-amides. The analysis confirms the loss of one hydrogen

atom by each molecule of the acid-amide as in the case of

glycine and alanine. By treatment of the amino acid-amides

with copper acetate,the following compounds were prepared}

cuprlc dl leucinamide Cu [Meg CH.CHg.CH (NHg) CONh] 2 ,
cuprlc - 1 asparagine Cu [HDa.C.CH (NHg) CONHJ g ,cupric-
glycinamide Cu^CHg) (HHg) CONHj g.HgO. and cuprlc
d-alaninamide Cu[(M€ CH (NHg) CONH] g. The view-point that
four basic nitrogen atoms are essential for the biuret

reaction,either 2 or 4 hydrogen atoms being split off at

the same time, is confirmed by the above restults.

aVmntma1 rtlfitt« of diaCld iB 13*31 Acid-amides are also

well known for giving biuret reaction. Rising and coworkers

(70) studied the reaction of dlacld amides with copper in

the presence of alkali and showed that there must be two

hydrogen atoms in each molecule of the amide for salt

formation and one or more amino nitrogen atoms for complex

ion formation. They also observed that an increase in the

number of carbon or nitrogen atoms separating the amide

groups (separation factor),also weakens the strength of

the amides as acida so that salt formation is ultimately

hindered. Thus biuret oxamUe and malonamlde readily show

this reaction. Mono and symmetrical diaikyl oxamldes give

the reaction,while unsymmetrlcai and trlaikyl oxamldes do

not give.

Malik and coworkers (71) studied polarographleally



-13-

the biuret reaction of nalenamlde with copper and reported

that the complex is reducible reverslbly at the dropping

mercury electrode with one electron transfer. The

polarographle data gave evidence that two molecules of

the amide took part In the complex formation with one atom

of copper. On this basis,the structural formula of the

complex was given ast

CO NH NH CO

I \ / I
CH_ Cu CH-

r / \ r'
CO NH NH CO

Comparatively little attention has been paid to

study the metal imide complexes on account of their

hydrolysable nature, '''he few Investigations reported in

the existing literature deal with the isolation of the

complexes, their chemical analysis and measurements of

magnetic susceptibilities. Nothing has bean reported on

the use of physico-chemical methods for the elucidation

of the structure and stability of these complexes. A

brief account of the work already done on metal imide

complexes Is given belowt

Mary M.Rising (72) prepared Ba Cu succinlmlde

complex( Ba Cu CvgH-g^Og) which was brownish red in
colour. The theory and facts of the biuret reaction so

far developed are In agreement with the character of

these salts. Hexa hydrate copper succinlmlde complex

( Cu (N C402H4). eflgO ) (73) was prepared by the action
of metallic copper with mercuric acetate and a paste of
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mercurlc succinlmlde. The structure wax confirmed by

chemical analysis, icme gold complexes of succinlmlde

have also been reported (74). Seshadrl and Rao (75)

isolated It2 mercury complexes of succinlmlde and

phthalImide with ethyl alcohol.

Livlo Cambl (76) reported the magnetic properties

of potassium salt of nickel complexes of succinlmlde,

substituted succinlmlde and phthalimide}potasslum salts

of palladium complexes of succinlmlde and phthallmlde and

methyl and ethyl amine salts of nickel complexes of

phthallmlde and tetra methyl succinlmlde. The magnetic

susceptibility of the most symmetrical complexes wcre&G.

In the remaining complexes,there appeared a residual para

magnetism although according to the theory of Pauling they

should be dimagnetlc. Magneto-chemical studies on the

copper,nlckel and cobalt complexes derived from imldes have

also been reported in the literature.

aib gf th* anfftnt Wilts'

wniia planning investigations on the metal-imide

interaction,the following aspects of the problem were

kept in viewt (i) selection of the ilgands based on the

classification of imldes;(11) employment of different

physico-chemical methods which were likely to give

reproducible data both in the aqueous and non-aqueous

media}(ill) selecting reactions,based on biuret and ncn-

bluret reaction mechanism.

(I) Selection of llgandsi- The choice of the different
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imldes employed in the present work was based on their

classification.

The best known acid-imldes are oycilo derivatives

of ammonia,having the formulae Ra NH in which F. Is usually

a bivalent acyl radicals

.CO" ^oQj~

Rx or R

NaT ^302

The acid-imldes may be derived from acid anhydrides

by replacing oxygen with an lmlno group. The unaubstltuted

(three membered ring) oxaiimiio is unknown. Attests for

preparing it resulted In the formation of tetra oxoplpera-

zlne (NH -CO -CO - NH - CO - CO), .Similarly In the case of

maionimld«i(four membered ring) cniy its derivatives have

been prepared. Five or six membered ring Imldes are

prepared easily.

Other 1mllea such as dlacyl ammonias which also

contain C0-N&-C0-radlcal(usually called dlacyl or secondary

amides) the cyclic imldes of the oleflnlo dlcarboxyilc

acids,sulpho derivatives of imldes such as lauryl sulpho

succinlmlde, sulphonamides of dlcarboxlmides,for example

phthallmlde -4 sulphonamlde and the bls-dimethyl sulphona-

mlde of 2t3 naphthalene dlcarboximlde,and aryl derivatives

of hetro cyclic imldes are not useful from the view-point

of complex ion formation,but are of industrial Importance

and are used in the preparation of resins, emulsifies and

medicines etc. (77-80),
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Out of these the following imldes were selected for

metal interaction I succinlmlde and phthai imide(typical

five membered aliphatic and aromatic ring imldes),

glutarlmide( with a six membered ring) and saccharin

(containing S0g in place of CO).
II. In view of the hydrolytlc nature of some of these

complexes and the different modes of interaction in the

aqueous and non-aqueous media,Investigations were carried

out both in water and methanol.

Both spectrophotometry and electrochemical

techniques could successfully be employed in polar organic

solvents. The pH metric method,however, could be employed

in aqueous and in 50* water-methanollc mixtures only.

Although the suitability of pH metric measurements in non

aqueous medium has not bean extensively Investigated,there

is no overriding reason why acidity scale analogous with the

pH scale should not be set up for any solvent.

III. The following aspects of the problem were considered

worth investigating*

1. Nickel complexes of succinlmlde,phthallmlde and
glutarlmlie involving biuret as well as non biuret
reaction mechanisms In aqueous and non-aqueous media.

2. Insoluble copper complexes of succinlmlde,phthallmlde
end glutarlmide Involving biuret reaction mechanism in
methenollc medium.

3. Doluble copper complexes of succlnlmide(aqueous medium)
and of saccharin(methanoiio medium)involving non biuret
reaction mechanism,

4. Cobait(II) complexes of succinlmlde and phthallmlde in
purely mcthanolic medium involving a non-bluret reaction
mechanism,

eeeeeeeaeeee
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Nickel-succinlmlde complexes (biuret and non biuret
reaction mechanisms).



INTRODUCTION

Comparatively little work has bean done to Investigate

imide complexes of nickel, Livlo Cambl(l) had reported the

magnetic properties of two such complexest a green one and

the other yellow in colour, Evidence for the existence of

potassium salt of nickel succinlmlde was given by Mann and

Watson (2) on the basis of chemical analysis. The latter

author*a also reported the decomposition action of water

on these complexes. These forsaken studies were neither

comprehensive nor systematic as to give a clear Indication

of the nature and composition of the complexes formed. It

was,therefore,considered worthwhile to Investigate them

by instrumental and non-Instrumental methods of analysis

and to elucidate their structure by infra-red spectroscopy.

Preliminary investigations carried out in aqueous

and methanolic media brought to light the following

Interesting facts. In purely methanolic medium nickel

chloride with excess of succinlmlde gives a yellow coloured

eoluble complex In the higher pH range ( pH > 9). The

product thus obtained got decomposed in presence of moisture

as well as in excess of nickel chloride. In the former

nickel hydroxide got precipitated while In the latter a

soluble product green In colour was obtained.

Under similar conditions the behaviour was slightly

different in the aqueous medium. The complex obtained in

presence of excess of succinlmlde was grean in colour while

In exceaa of metal Ion precipitation of the hydroxide took
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place, It looked as if excess of suoclnimlde was checking

the decomposition of the complex by water.

The yellow and the green complexes appeared to be

formed by different mechanisms. The combining ratio of

the reaetants was found by spectr©photometric,conducto-

metrle and pH metrie methods in the case of the yellow

complex. The green complex ( formed In the higher proportions

of nickel ions) could only be studied spectrophotometri ally

since the eonduatometrlc method felled to give sharp

Inflexion points and the Bjerrum's (3) method was not

employed due to the limited concentration range of succinl

mlde In which the complex could be studied.

The complex in the aqueous medium could be studied

by BJerrum's method,employlng the procedure of Calvin and

Melchoir (4), due to the preeipitation of nickel hydroxide

in mixtures containing higher proportion of nickel.

The yellow complex was subjected to chemical

analysis and Infra-red spectroscopy, My attempt to

crystallise the green complex was mat with failure since

nickel hydroxide was invariably co-precipitated.
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EXFSBIH2ITA If

Succinlmlde aolej^cj|t Succinlmlde was prnp^T9d by the

action of ammonia on succinic acid and distilling the

subsequent product ammonium suoolnate(5).

Details of the procedures In a 500 ml. distilling flask

fitted with an air condenser about 40 cms.long and 1 cm.

In diameter, 108 gms.of succinic add was placed and added

slowly with cooling and shaking 140 ml. of concentrated

ammonium hydroxide solutionC sp.gr. 0.88). Most of the

acid got dissolved forming a clear solutions inserted a

thermometer Into the mouth of the flask. Attached a 250 ml.

conical flask to the lower end of the air condenser and

supported it in a large funnel so that it may be water

cooled. The reaction mixture was gently heated with a free

flame, the temperature soon raised to 100 C .and remained

at thia point until about 100 ml.of water was distilled

over. Then with evolution of ammonia the temperature firet

lowered alightly and than again rose to 275 C.. The
o

receiver was changed and succinlmlde collected at 275 to
o o o

290 ( largely 285 - 290 C# ), The distillation was stopped

when the tarry matter began to decompose with yellow fumes.

Crude succinlmlde was recrystallised from alcohoK 1 ml.per
\ o

gm,of the solid) and cooled the solution to 0 C, for some

hours. Crystals of succinlmlde were filtered at pump and

washed with 15 ml.of lea cold alcohol. The pure sueoinlmlde

crystals vera dried at about 90 C..

Solution of sueoinlmlde was prepared by direct
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weighlng of the pure product and diesolving it in the

requisite volume of methyl alcohol.

Nickel chloride solutions Stock solution of nickel

chloride was prepared by diaaolvlng the green(B. D. H.)

erystals In doubly distilled methyl alcohol (B.3.H.)

and Its strength was determined gravimetrically as nickel

dlmethyl-glyoxime. The strength of the stock solution was

found to ba 0.2994 M. Solutions of desired strength ware

obtained by diluting the stock solution with doubly

distilled methyl alcohol.

Potassium hydroxide solutions Potassium hydroxide

(B.D.H.) A.R, wax washed by methyl alcohol three to four

times in order to ensure the removal of carbonate, If any,

and than dissolved In methyl alcohol to obtain the stock

solution, 5 ml. of the stock solution were then made upto

100 ml. in a measuring flask and the strength was determined

voiumetrlcally by titrating against 0.1 N oxalic acid

solution. The strength of stock solution was found to be

4,202 M, Methanolic solutions of potassium hydroxide of

desired strength were prepared by diluting the requisite

volume of stock solution and the strength was further

checked by titrating against standard oxalic acid solution,

Aqueous solutionss These were prepared as above by

diaaolvlng the respective reagents in double distilled

water.
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Spectrophotometry of the aomalsxcs-

Spectrophotometry in the visible region occupies

a unique position amongst the various physical methods

employed for studying the complex Ion formation. The

special feature of this method is that it allows the study

of complexes which are not stable enough to permit their

isolation. Job (6) has developed a very useful method

for this type of studies, the method goes by the name of

"the method of continued variation" which la of great

fundamental Importance in the realm of physical and

inorganic chemistry. Thia method may be extended to other

physical properties like conductivity, molar heat content,

refraotlvity etc., and makes use of my measurable additive

property of two species in solution so long as the

property has different values for one another. My complex

formed by the Interaction of two components would give a

value for the same property which is different from the

weighted mean of the values for separata components.

The application of this method may be exemplified

by the simplest equilibrium of the type A e nB ABa ,

where A represents a metal ion, B a co-ordinating group

and *BB a complex ion. Solutions with different mole fractions

of the component are prepared but the total sum of the

moles of both the components is kept constant. The absorpt

ion of a monochromatic light by these solutions is

measured end a graph of absorption against mole-fraction

of one of the components is plotted. If a complex is b«lng
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farmed the plot deviates from linearity, the deviation

being maximum at the mole fraction corresponding to the

composition of the complex whereas a straight line points

towards no interaction. When the deviation is plotted against

mole fraction, the maximum point gives the desired composit

ion. This conclusion may be verified by repeating the

process at other wavelengths since according to Job the

position of maximum is independent of wavelength.

The method of continued variation, which as Job

himaelf has pol ted out, is only applicable to the systems

where the possibility of formation of only one complex

exists and is not generally useful when more then one

complexes are formed,has been extended by VosBurgh and

Cooper (7) for systems involving more than one complexes.

They have shown that the results are independent of the

wavelength of light used only when a single complex is

formed, while in a system with more than one compounds

wavelength plays an important role and a careful selection

of wavelengths should be made while studying complex Ion

formation. These authore have studied the complexes of

Nl(IX) with O-phenanthrolina and ethylene diarineC Is 1,1s2

and Is3 ) and copper ammonia complexes( ratio Cu s NIL as

is2 and ls4 ) and thus confirmed the validity of their

method. The method was further extended by VosBurgh and

coworkers (loc.clt.) to the study of ferrie-thiooyanate,

ferrous-o-phenanthroiine and copper glycine systems yeilding

satisfactory results. Besides, this method gave results of

far reaching importance,for example,VosBurgh reported for
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the first time,a co-ordination number of six for nlekei-

ethylene diamine complexes and existence of ions like

( Nl - an ) , ( Ni - en ) and (Hi - enu^) , Haendler
(8) got similar results while Investigating dlethylene

tralamine complexes of copper.

Before performing the actual experiments on the

composition of nicVei-sucoin imide complexes by the

spectrophotometric methods,absorption experiments were

performed with nickel chloride solutions as well as the

complex at different wave lengths in order to select

suitable wavelength to work with. Furthermore, the YosBurgh

Cooper^ method was employed In order to determine the

number of complexes formed. Nickel chloride and succinlmlde

( prepared In equivalent amount of KOH), both of strength

5 x 10*T* were mixed in the ratios of nickel to succinlmlde

as Is8, Is6,ls4,ls2,lsi and 2sl by mixing the 1.35,1,7,2,4,

4,0,6,0 and 8,0 ml, of nickel chloride solution to 10.65,

10.3,9.6,8.0,6.0 and 4.0 ml. of succlnimide solution.

Optical density measurements were carried out with

a Bausch and Lamb •Spectronic 20* after allowing a sufficient

warming up period for the Instrument. Measurements above

650 mu were made after changing to the red filter.
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Saloctlon of ajaej lanet^.

Aisorbance of nickel chloride-suocinimide mixtures,mixed
according to VosBurgh Coopers method.

•2
Concentration of nickel chloride a 5.0 xlO M

Concentration of succinlmlde a 5.0 xlO-2 M

Wave Ratio of nickel
1 ength.

ru 2s 1 lsl

350 0.065 0.06
370 0.135 0.143
390 0.27 0.243
395 0.295 0.247
400 0.300 0.245
405 0,300 0.233
410 0.285 0.213
420 0.230 0.165
430 0.17 0.115
435 0.142 0.09
440 0.115 0.07
445 0.09 0.06
450 0.074 wfj VTIP

470 0.035 0.026
500 0.015 0.014
625 0.01 0.01
550 0.011 0.013
575 0.019 0,022
600 0.032 0,042
625 0.065 0,072
650 0,095 0.100
675 0.100 0.098
700 0.09 0.095
725 0.07 0.078
750 0,043 0.054

1S2

0.078
0.165
0,221
0.219
0.207
0,193
0,176
0.13
0.078
0.06
0.045
0.037
0.029
0,018
0.009
0.009
0.013
0.025
0,055
0,09
0,11
0.10
0.10
0.085
0.085

?lg. 2.

1S4

0.08
0.142
0.193
0.197
0.202
0,202
0.20
0.186
0.168
0.16
0.145
0.14
0.128
0.10
0.055
0.03
0,02
0.028
0.042
0.06
0,068
0.063
0,052
0,035
0,02

H6

0.062
0.101
0.145
0.151
0.154
0,160
0.159
0.15
0.14
0.129
0.125
0.116
0.11
0.088
0.049
0.025
0.017
0,02
0,03
0.043
0.049
0,043
0,035
0.023
0,013

ls8

0.062
0.081
0.117
0.12
0.122
0.127
0.128
0.125
0.12
0.115
0.108
0.10
0.098
0.077
0.042
0.02
0.013
0.015
0,021
0,03
0,03
0,028
0.022
0,018
0,008

Optical density measurements carried out in the visible

region from 325 to 150 mu show two maxima for nickel chloride in

methanolic solution at 405 mu and 750 mu. From the 0,0,values of
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various mixtures (Table No,2) at different wave lengths

gave two maxima shifted (also see below) fror* the nickel

chloride solution, at 395 mu and 660 mu (Fig,2).

The absorbanee curves depicted in ?lg,2,needed a

certain degree of elaboration since they were slightly

different from the usual VoaBurgh-Cooper^s curves. These

curves not only provided the necessary information for the

number of complexes formed and the suitable wavelengtha to

work with but helped immensly in fore-seeing the nature of

the complexes formed, Prom the curves it would be aeon that

the mixtures with higher proportions of succinlmlde showed

appreciable absorption in the range 430 to 480 mu,while

mixtures having lower proportions of succinlmlde showed

very little absorption in the above wavelength region. Hence

the atoiehiometry of the yellow complex could best be

carried out In this wavelength region and the difficulty

met with in working at two wavelengths, vis,,405 mu

(nickel chloride) and 395 mu ( complex) very close together

could be dispensed with(the absorption of nickel chloride

in the wavelength region 430 to 480 mu was negligible).

The above difficulty was not,however, encountered

for the second complex, since the two wavelengths correspond

ing to the second maxima were quite far apart.
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CoJBPQf itlon of the yellow tMrnag*

For determining the composition of yellow coloured

nickel succinlmlde complex by Job's method of continued

variation, the following sets of mixtures were prepared.

*>uocinlFlde solution used in all these studies was prepared

in equivalent amount of potassium hydroxide.

Set I. 0,5,1,0,1,5,2.0,2.5 ..... 9.5 ml. of nickel-chloride

mixed with 9.5,9.0,8.5,8.0,7.5 0.5 ml. of auccinirlde.

The concentration of both the reactants being 0.1 M.

Set II. 0.5,1,0,1,5,2.0..... 11.6 ml. of nickel chloride

mixed with 11.5,11.0,10.5,10.0 0.5 ml, of sueclnlride.

Concentration of the reactants being 0,0667 K.

Sat III, Concentration of the reactants 0.05 M$ mixed as

under 3«t II.

0,D, measurements were carried out at wavelengths

440 mu,450 mu and 460 mu, curves were plotted in the

difference of O.o. of the mixtures and nickel chloride

against the ratio (Ni^/CNi)* ♦(Suea}. The results are
given in the following tables,

Set I,

ZjUUlm m* 3.

lava length 440 mu.

Vol.of Vol. of 0.0, Hici_ Difference
NiClg sueclnl- mixt. *

ride. 0,0.

0,5 9.5 0.115 0.025 0.081
1,0 9,0 0.22 0.046 0.174
1.5 8.5 0.287 0,067 0.22
2.0 8.0 0,40 0,077 0,323
2.3 7.7 0.3E5 0.098 0.287
2.6 7,4 0,375 0.113 0.262
3.0 7.0 0,225 0.125 0.10

M fci &£ fcttl :feaa
(Fig,3,curve 1)
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»•

Vol.Of Vol. Of O.D. O.D. 01ffereneeNlClg succinl mixt. NiCV
mlde. 2

0.5 9,5 0.10 0.019 0.081
1,0 9.0 0.202 0.03 0.172
1.5 8.5 0.265 0.045 0.22
2.0 8.0 0.365 0.055 0.31
2.3 7.7 0.35 0,082 0.288
2.6 7.4 0.317 0,077 0.240
3,0 7.0 0.195 0,08 0.115
3,5 6.5 0.070 0,100 -0.030
4.0 6.0 0.068 0.107 -0.039

(Fig. 4,Curve l).

O.D. 0,0,Vol.of Vol.of Difference
N1C10 succini mixt. N1C1_

2 teide.

0.5 9.5 0.092 0.012 >>n9 w©
1.0 9.0 0.183 0.022 0.161
1,5 8.5 0.269 0,029 0.24
2,0 8.0 0.335 0.038 0.297
2.3 7.7 0.32 0.04 0.28
2.6 7,4 0.30 0.05 0.25
3.0 7,0 0.170 0.055 0,115
3.5 6.5 0.048 0.07 •0,022
4.0 6.0 0.05 0.07 -0.020

(Fig. 5,Curve l).
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3et II.

O.D. O.D.Vol.of Vol.of Difference,
NiCl0. sueoinl mixt. sici2.

2 mlde.

0.5 11.6 0.072 0.014 0,058
1.0 11.0 0.125 0.025 0.10
1.5 10.5 0,157 0.038 0.119
2,0 10,0 0.21 0.048 0.162
2.5 9*5 0.22 0.058 0.162
3.0 9.0 0.213 0.067 0.146
3.5 8.5 0,12 0.067 0.053
4.0 8.0 0.073 0.092 -0.019
5.0 7,0 0.077 0,115 -0.038
7.0 5,0 0.129 0.165 -0.036

(Fig,3,Curve 2),

£aXb l*m£h_4&LB&«

*M»* * *

Vol, of Vol. of O.D. O.D. Difference

K1C10 succinl mixt. NlClg
2 mlde

0.5 11.5 0.064 0.01 0.054
1,0 11.0 0.115 0.019 0.096
1,5 10.6 0.143 0.024 0.119
2.0 10.0 0.189 0.034 0.155
2.5 9.5 0,195 0,04 0.155
3.0 9.0 0,168 0,043 0.125
3.5 8.5 0,110 0.045 0.065
4,0 8.0 0,087 0.062 -0.025
5,0 7,0 0.05 0.076 -0.026
7.0 5,0 0,079 0.098 -0.019

(Fig.4,Curve 2).
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I '4?M m.%*

£4X9 length. 4€0,eu.

Vol. of Vol. of O.D. O.D. Difference
NlCla succinl mixt. HiCl

mlde 2

0.5 11.5 0.065 0.009 0.046
1.0 11.0 0.101 0.013 0.088
1.5 10.5 0.127 0.015 0.112
2.0 10,0 0,167 0.023 0,144
2.5 9.5 0.180 0.025 0,155
J m) '*/ 9.0 0.155 0.025 0.13
3.5 8.5 0.095 0,035 0.05
4.0 8.0 0.037 0.043 -0.006
5.0 7.0 0,037 0, 05 -0,013
7.0 5.0 0.055 0,03 -0,004

(Fig, 5,Curve 2),

S%X III, 1 AP y £ JgO.9,

O.D. O.D.Vol,of Vol. of Difference
N1C12 succinl

mlde
» mixt. HiClg

0.6 11.5 0.046 0.009 0.039
1.0 1U0 0.086 0.02 0.068
1.5 10.6 0.117 0.025 0. 092
2.0 10.0 0.141 0.03 0.111

a -^ 9,5 0.146 0. 035 0.110
3,0 9,0 0.121 0.042 0,079
4.0 8.0 0.07 0. 058 0. 009
5.0 7.0 0.061 0.075 -0.014
6.0 6.0 0.075 0.086 -0.011
6,5 5.5 0.098 0.097 -0.001

(Fig. 3,Curve 3).
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^ A a h...$ JSP..10.

ilftYfl linrtn 4ft? 1MI,

Vol.of
»ici2

0.6
1.0
1.5
2.0
?,5
3,0
3,5
4.0
6.0

Vol.of
succinl
mlde

11.5
11.0
10.5
10.0
9.5
9.0
8.5
8,0
5.0

O.D.
mixt.

0.045
0.081
0.103
0.132
0.130
0.105
0,05
0.043
0.051

(Fig, 4,Curve 3).

O.D. Difference

2

0.006 0.039
0.012 0.069
0.012 0.091
0.015 0.117
0,016 0,114
0,027 0,078
0.04 0,01
0.06 -0,007
0.058 -0,007

T A a L | jfj2. ii.

*ftYf laTifth 4fi0 ML

Vol.of
HiCl2

0.5
1.0
1,5
2,0
2.5
3.0
3.5
4.0
6.0

Vol.of
succinl
mlde

11.5
11.0
10.6
10.0
9.5
9.0
8.5
8,0
6.0

O.D.
mixt.

0,035
0,068
0,086
0.108
0.120
0.085
0.044
0.027
0.03

(Fig. 5,Curve 3).

O.D.
I1CL

Difference

0.002 0.033
0.010 0,058
0.008 \078
0.010 0.098
0.015 0.105
0.012 0.073
0.019 0.025
0.032 -0.005
0.034 -0.004
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amammammmlam\aaa1 ESdihw»t The method was developed by Yoe and

Jones (9) and was termed the mole ratio method, A series

of solutions of increasing ratios of the metal to the

reagent or vice-vera a are prepared and the absorbance of

the mixtures is measured. The plots of 0,0, against molar

ratio give inflexion corresponding to complex ion formation.

When both the reactants are colourless, the curve rises from

the origin as a straight line and breaks sharply to a

constant absorbance at the molar ratio of the components

in the complex. However,for complexes that undergo dissociat

ion in solution,a continuous curve which becomes approxima

tely paralell to the molar ratio axis is obtained,only

when an excess of the variable component is added,

Some-times it is found that the results obtained by

extrapolation of this curve are uncertain. It is observed

that in many cases such a curve may be made to break sharply

at the correct molar ratio, if the ionic strength of the

solution Is adjusted to a suitable value by addition of an

indifferent electrolyte( this is however difficult to

achieve In non-aqueous medium). Thus in such cases also,

it is possible, to get Information about the composition

of the complex by this method. Recently Bayer and /tyres (10)

deduced the stolehlometry of complexes in solution for

situation in w*^ich several complexes exist under a given

set of conditions from the mole ratio method,

Experiments for the mole ratio method (keeping

constant amount of nickel chloride and varying the concentre-
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tlon of suocinimide) were performed at two different

concentrations of nickel chlorlde( 0.03 M and 0,02 K), The

O.D, measurements were carried out at 440,450 and 460 mu.

The results are given beiows

tAMJbM m.12. ♦

4baorption values for mole ratio method.

Concentration of nickel chloride a 0,02 M(in 10 ml,).

Concentration of succinlmlde a 0.2 W

Total volume 10 ml. in each.

"ol.of
»ici2

Vol.of
succinl
mlde

440 mu 450 mu 460 mu

4.0 1.0 0.055 0.035 0.027

4.0 1,7 0.06 0.043 0,03

4*0 2.0 0.073 0.051 0.042

4.0 2.3 0.108 0.085 0,069

4.0 2.7 0.186 0.16 0,14

4.0 3.0 0.255 v. 222 0,195

4.0 3.3 0.295 0.26 0.23

4.0 3.7 0,38 0.335 0.306

4.0 4.0 0,50 0.47 0.425

4.0 4,8 0,54 0.50 0.46

4.0 4.7 0.61 0.55 0.50

4.0 6.0 0.61 0.55 0.52

4,0 5.5 0.62 0.56 0.53

Fig.6,Curve 2. Fig.7,Curve 2, Fig,8,Curve
2,
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ZJJLkM Jffi.i3.

Absorption values for mole ratio method.

Concentration of nickel chloride aO.OSK (in 10 ml.),

Concentraticm of succinic!la aO.t M

Total volumei made up alO.O ml.

Vol,of Vol.of 440 mu 450 ant 460 mu
HiCl0 succinl

2 mlde

3.0 2.6 0.082 0.055 0,04
3.0 3.0 0.113 0.085 0.065
3.0 3.5 0.16 0.12 0.10
3.0 4.0 0.275 0.235 0.205
3.0 4.5 0.34 0.30 0.26
3.0 5,0 0.52 0.50 0.46
3.0 5,5 0.76 0,67 0.61
3.0 6,0 0.90 0,85 0.775
3.0 6,5 0.96 0,90 0.85
3.0 7.0 0.97 0,93 0.875
3.0 7.6 1.00 0,96 0.90

ng.6, Flg.7, Fig. 8,
Curve 1. Curve 1, Curve 1.

Composition of mraan coralaxt The solutions of the reactants

ware mixed according to the method as described under Job's

method of continued variation for the yellow eowplex.Optical

density was measured at three different concentrations

( 1 x lO'Si, 7.7 x 1(T% and 5.88 Xiff*), for sets I, IX
and III respectively,at wavelengths 630 mu,650 mu and

670 mu, for each set. The curves were plotted in the 0,0.

difference of fixture and metal ion against the ratio

L*lJ /(Hi) ♦(Sueo). The results are given In the following
tables s
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T aVJjJl I Baa*••

Vol.of Vol. Of O.D. O.D. Difference

NiCl0 auecinl* mixt. NlClg
2 mlda

0,5 9.6 0.086 0.011 0.014
1,0 9.0 0.068 0.087 0,035
1,5 8.5 0.08 0.035 0.045
2,0 8.0 0.120 0,050 0.070
2.3 7.7 0,148 0.062 0.086
2.6 7.4 0.175 0.068 0.107
3,0 7.0 0.220 0.078 0.148
3.5 6.5 0.234 0.095 0.139
4.0 6.0 0.226 0.100 0.126
6.0 5.0 0.227 0.130 0.007
6.0 4.0 0,230 0.160 0.070
7.0 3.0 0.235 0.186 0.049
8.0 2.0 0.245 0.220 0.025

Fig.11,Curve 2>,

1 M*«am. 17,

hkvr* length 639 mi. •

vol. of Vol.of O.D. O.D. Difference

*tici2 succlnl*
mide

mixt. sici2

1.0 9.0 0.030 0.013 0.017
1.6 8.5 0.047 0.016 0.031
2.0 8.0 0.075 0.019 0.056
2.5 7.5 0.102 0.024 0.O78
3.0 7.0 0.150 0.026 0.125
3.5 6.5 0.146 0.030 0.116
4.0 6.0 0.133 0.037 0.096
5.0 5.0 0.114 0.050 0.064
6.0 4.0 0.104 0.055 0.049
7.0 3.0 o. am © 0.067 0.031

Fig.9, Curve 2.
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18JTOLL

Wave lansr^

Vol.Of O.D. O.D.Vol.of Difference

HiClg euecini* mixt. 3iCl0
mide 2

1.0 9.0 0.030 0.015 0.015
2.0 8.0 0.065 0.018 0.037
2.5 7.5 0.085 0.025 0.060
3.0 7.0 0.125 0.030 0.095
3.5 6.5 0.113 0.033 0.080
4.0 6.0 0.105 0.037 0.068
6.0 5.0 0.097 0.046 0.052
6.0 4.0 0.087 0.056 0.032
7,0 3.0 0.086 0.055 0.030
8,0 2,0 0.073 0.065 0.008

Fig.9, Curve 3.

O.D. O.D.Vol.of Vol. of Difference
N1C1„ succinl mixt. UlClg

2 mlde

1,0 9.0 0.022 0.010 0,012
2,0 8.0 0.085 0.026 0,040
2,6 7.8 0.090 0.032 0,058
3.0 7.0 0.135 0.042 0.093
3.5 6.5 0,130 0.049 0.081
4.0 6.0 0.125 0.052 0.073
5.0 5.0 0.121 0.065 0.056
6.0 4.0 0,115 0.077 0.038
7.0 3.0 0.118 0,087 0,031
8.0 2.0 0.110 0,095 0.015

Fig. 10, Curve 3,
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ammml ItHfth 679 811*

Vol. of
•IClg

1.0
2,0
2,5
3,0
3,5
4.0
5.0
6.0
7.0
8.0

Vol.of
succinl

mlde

9,0
8.0
7.6
7.0
6.5
6.0
5.0
4.0
3.0
2.0

X AB w S JB2.22.

O.D.
mixt.

0.086
0.066
<3.092
0.126
0.135
0.127
0.132
0.133
0.135
0.140

O.D.
MiCl

2

0.016
0.033
0.040
0.050
0.067
0.082
0.080

0.105
0,120

Fig, 11, Curve 3.

Difference

0,010
0,033

a> %-*&G

0.075
0.078
0.065
0.052
0,038
0,030
0,080

Mole ratio methods The mole ratio method was employed here

alao to confirm the results of the method of continued variation,

The experiments were carried out at two different concentrations

of nickel chloride ( 0.08K and 0.03K). The results were as

follows s
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0,0. values of mixtures prepared according to mole ratio
method.

T iff Is g amVat*

Coneentratlon of nickel chloride a 0.03 V. (in 10 ml.).

Concentration of succinlmlde a 0.2 U

Total volume made up a 10 ml.

630 mu 650 am 670Vol.of
sici2

Vol. of
auecinl*
mide

3.0 0.5 0.053 0.07 0.08
3.0 1.0 0.07 0.09 0.11
3.0 1,6 'J*p \J& 0.114 0.12
3.0 2.0 0,117 0.137 0.14
3.0 2.5 0,144 0,165 0.16
3.0 3.0 0.199 0.211 0.197
3.0 3.5 0.190 0.202 0.186
3.0 4.0 0.171 0.185 0.169
3.0 4.5 0,170 0.183 0.170
3.0 5.0 0,168 0.175 0.165

• Fig. 12.
Curve 1.

Fig.13.
Curve i.

Fig.14.
Curve 1.

X 4$ ii i HO-24.

Concentration of nickel chloride a 0.02 M (in 10 ml.).

Concentration of sueoinlmlde a 0.8 M

Total volume made up a 10 ml.

Vol.of Vol.of 630 mu 650 mu 670 mu
NIClg sueelnl*

mide.

4.0 0.5 0.039 0.052 0.062
4.0 1.0 0.055 0.07 0.072
4,0 i.. * 0.076 0.093 0.091
4,0 1,7 0.100 0.115 0.109
4.0 2.0 0.120 0.132 0.122
4.0 2.3 0.117 0.127 0.115
4.0 2.7 0.108 0.114 0.102
4.0 3.0 0.109 0.109 0.100

Fig. 12.
Curve 2.

Fig. 13. Fig. 14.
Curve 2. Curve z.
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Immammatmm1 Jamattaamal mtaamm* Jmmmammmmatt

a number of useful methods are known for the

calculation of the stability constants of the complexes

formed both in aqueous and non-aqueous media, using absorbance

measurements. A brief .account of some of the methods is

presented here.

The determination of stability constant is essential

for a proper understanding of a complex forming system.

It is concerned with the reaction between different solvated

reactants and products. The thermodynamic constants can also

be calculated from a knowledge of the stability constant.

However, it is doubtful wheather true thermodynamic quantities

of complexes can be determined except In very simple cases,

because the method is accompanied by many difficulties. Two

main procedures are usually followed in studying the stability

constants of the complexes. Lewis and Randall (ll) first

introduced the concept of ionic strength which later received

theoretical JuatlflO'itiou from the Debye Huckel theory. The

classical approach for the evaluation of thermodynamic

equilibrium constants involved the determination of the

equilibrium constant in media of different low ionic strengths,

followed by extrapolation to sero ionic strength(infinite

dilution^ 3omc workers (12) have used the value of a single

determination and attempted to correct this value to a

thermodynamic equilibrium constant by the application to

Debye Huckel theory. The second method was Introduced by
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Bladarmann and 3illan (13) and the fundamental Idea of the

method la to control the activity coefficient by keeping

ionic strength constant, because In dilute solutions the

activity coefficient of a given strong electrolyte is the

same lis all the solutions of identical ionic strength. In

view of the diffloultlea encountered In practical determine*

tlon of true thermodynamic stability constants Rossotti

and Roseottl (14) concluded H It would therefore seen better

to obtain reliable values of stoichiometric constants

(which describe the stability of species relative to the

corresponding complexes with solvent molecules and medium

lone) than less certain values of thermodynamic oonstants

( which do not give absolute stability elther,but only

stability related to the solvated molecules)".

These values of the stoichioaetry constants are

reliable under a given set of experimental conditions and

are useful for practical purposes, this constant has been

termed as stability constant in the present work.

During present studies, it has not been possible

to maintain ionic strength constant by swamping with an

Indifferent electrolyte, because of the insolubility of

electrolyte in methyl alcohol or precipitation or fading

of colour, on the addition of an electrolyte. The values

of the stability constants determined in this work relate

to the eomplex species formed under given set of experimental

conditions,

tfethod of Anderson and coworkerss For the calculation of



-43-

the stability constant of metal complexes from absorbance

data,a well known method is that described by Anderson and

coworkers (is) based on a treatment of composition of

solutions having an identical intensity of colour i.e. the

same abaorb once value. In this method,both the reactants

should be colourless.

Ocy and coworkers (16,17) modified this method to

eases where one of the reactants ma/ be coloured. This

method is described below.

In this method observations obtained for the method

of continuous variation are utilised and the absorbaneea

( not the difference in absorbance) are plotted against

(K) /(*!)♦ (A),where M Is the concentration of the metal

ion and A that of complexlng agent.

In the present studies the metal solutions are

coloured while the llgands are colourless. Hence in the

procedure adopted with the progressiva increase of K,

A decreases and it may be assumed that in the ascending

portions of tha curve where the llgaad moles are In exoose,

a majority of the metal is bound up in the complex. Moreover

the metal has a lower absorption than the complex at the

wave lengths of observations. Therefore in this portion of

the curve tha absorbance of the free metal does not

contribute substantially to the absorbances of the system,

as a whole. The observed absorbance may,therefore be

regarded to be due to the colour of the complex alone. *e

may therefore assume that in cases of sets of different



concentrations,where the absorbanoes are tha same,the

respective amounts of the complexes formed in each case

are identical.

Let us take the case of a system where a complex

is formed with the composition of metals complexing agent

as Is 1 in tha general equation

mK ♦ nA . ^ ^ »

m/n a l or m « n , tha stability constant

K « i (1)
(a-X)(b-X)

Taking two concentrations as ax • ag and b1 » bg of the
reactants (from two curves) having the same absorbance

i.e. the same value of X, we have

X m X

( a1-X)( brX) ( a^ - X)(b2-X)

or X. 1 bl I *8 bg eee. <*>
( a^x) - <«2 ♦V

Knowing the value of X in (2), the value of K can be found

by substitution in equation (l).

Now taking the ease of a complex where the ratio

of the reactants is is2 and the reaction takes place as

H ♦ 2A a KAg
K . * (3)

(a-x) (b-2x) 2

Taking two concentrations ax ,Sg and bx , b2 having the
8ame absorbance i.e. the same value of x,we have

K n * - * eeeelmJ
( a1.x) ( bx-2x)2 ( ag-x) ( b2-2x)2



or •
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.b| .b2 ^yg%Hj w V^^g^L.
-16 (a1+b1)-(a2*b2) (a^bf -agOg)

..(6)

8 [(•!*»!> - <*2*b2}J
Knowing the value of x from equation (5), the value of K

can be found out from equation (4) by substitution.

Comparitive study of the various methods for tha

determination of stability constants has been made by

/mderson and coworkers(ioc.cit.) and they concluded that the

method involving the comparison of the solution of equal

absorbance yelids results which are more reproducible.

Several other methods for the determination of the stability

constants of coloured complexes have also been made

s pectrophotometrleally (1 8, 19),

Mole ratio methods Stability constant can also be evaluated

from mole ratio method. The dissociation of the complex may

ba represented by

M&3 a M ♦ nA

a 0 0 initial concentration

c(l-oO oCc n <<e equilibrium concentration,

where c is the total concentration of the complex ion in

moles per litre assuming no dissociation, and^is the

degree of dissociation, the stability constant maf be written

as
n

K«c (l-oc)/(kc)x ( n^e ) .,.(6)

Tha value of n for the complex having been established,

value ofodmay be obtained fro© the mole ratio curves by
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the following relit Ion

d. a P ii ,,,,(7)

&u Is the maximum extinction obtained from the horlsantal

portion of the curve, indicating that all the reagent is

present In the form of complex. % Is the extinction of

stoichiometric molar ratio of metal to reagent in the

complex, the total concentration of tha complex being

equal to the concentration of the reagent.

ls4,nlokel*succlnlmide,yeIiow complex!

The stability constant was computed from data

given in Fig.6, Curve 2,employing equation (6) page (45),

for mole ratio method. The results are described in the

discussion.

Is2,nlokei-suoclnlmlda,green cor plexs

The stability constant was calculated by the

method recommended by Anderson(loc,olt.) and extended by

t)9y and coworkers. The equation (5),page (45),was used

for the purpose.

In actual experimentation two sets of mixtures

of different concentration (O.lM and 0.077 K)of the

reactants were prepared by mixing nickel chloride and

succinlmlde,according to the method of continuous variation.

Optical density of the mixtures containing nickel and

succlniride was plotted against mole fraction of nickel

at two concentration.
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fcamj ft I M. 25.

O.D.values for stability constant of ls2,nlckel-
aueoinlmlde,green complex.

Set I. Concentration of the reactants * 0.1M

Set II,Concentration of the reactants a 0.077M

Vol.of Vol.of 3et I Set II
S1C1- auecinl*

a mide

1,0 9.0 0.065 0.035

1,5 8.6 0.100 0.058

2,0 8.0 0.140 0.090

2,5 7.6 0.200 0.138

3,0 7.0 0.225 0.164

3.6 6.5 0.227 0.168

4.0 6.0 0.212 0.162

5.0 5.0 0.200 0.145

6.0 4.0 0.190 0.143

7.0 3.0 0.185 0.141

Fig. 15. Curve 1. Curve 8.
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Condagtofffltric, utnUwOf.

Conductometrle titrations of suocinimide against

nickel chloride were performed by taking methanolic

succinlmlde solution( prepared in equivalent amount of

K0H),at different concentrations, in the titration cell.

Philips conductivity bridge with bridge type conductivity

celKceli constant 0,44) was used for conductance measure

ments.

Temperature effects on the conductance were minimised

by putting the eel in a large beaker of water. Volume

correction was applied by multiplying the conductance

value with the fraction V + v/V where V is the volume

taken in the cell and v Is the volume of the titrant added.

The results of the above titrations are given below.

Readings for direct titrations! Succinlmlde In cell.

•

Concentration of succinlmlde » 0.5 k*
Ni-

iitrength ofAchloride solution a 0.3 M
Volume of succlnimiie solutlona 1.4 ml.male up to 25 ml.

Vol.of
ffiCl

(ml.;

Corrected
conductance

(mhosxlO"3)

Volume of
»1C12
(ml.)

Corrected
conductance

(mhosxlO )

0.0 2.6178 0.9 O f3f*3flft45* C£*00

••-?. 2 2.6847 1.0 2,9674
0.4 2.6847 1,1 3,0488
9.5 2.6810 1.3 *. 99L.TXa. eoTCa

0.6 s». 75sa© 1.5 3.5336
0.7 —. ovl L 2.0 3.emXl
0.8 2.8524 2.6 4.3478

ng.ie

1,4 ml,of 0.5M succinlmlde

S 0.6 ml. of 0.3 M NiCig 9 D.36 ml.of 0.5 MNlClg
Nit suocinimide a|:3.9.
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I A| j | 12,27.

Concentration of suocinimide a 0.5 K

Strength of nickel chloride » 0.3 M

Volume of succinlmlde solution a 2.2 ml.mada up to 25 ml.

Vol. of Corrected Volume of Corrected

NIClg
(ml. )

conductance NiClg conductance

(mhosxlC3) (ml.) (mhosxlO3)

0.0 3.5336 1.1 3,7879
0.1 3.5587 1,2 3,8610
0.2 3.5587 1,3 3,9526
0.3 3.5587 1.4 4.0161
0.5 3.5587 1.5 4.1322
0.6 3.5714 1,7 4,3290
0.7 3.5714 1,8 4,3476
0.8 3.5714 1,9 4.4444
1.0 3.3704 2.0 4.5455

Fig. 16, Curve

2.2 ml. of 0.5M succinlmlde

a 0.9 ml.of 0.3 K NiClg s 0.54 ml.of 0.5* NiClg
Nis succinlmlde alt4.08

TABLE J&.28.

Concentration of succinlmlde a 0.5 K
Strength of nickel chloride a 0.3 M

Volume of succinlmlde solution a 2.6 ml.mada up to 25 ml.
Vol.of Corrected Volume of Corrected
NIClg
(ml.)

0.0
0.2
0.4
0.6
0.8
1.0
1.1
1.3

conductance

(mhos xlO"3)

4.0323
4.0323
4.0000
4.0000
3.9683
4.0000
4.0323
4.1667

SIClg

(ml.)

1.5
1.7
1.9
2.1
2.3
2.5
2.7
3.0

Fig.16,Curve
2.6 ml.of 0.5 P succinlmlde
al.l ml.of 0.3M NiClg a 0.66 ml.of 0.5 K NiClg

Nlssuccinlmlde a it3.94

conductance
—3

(mhoaxlO )

4.3478
4.5455
4.7619
4.9505
5.0505
5.2083
5.3191
5.556"
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x \$ h % its.**.

Concentration of succinimide

Strength of nickel chloride

Volume of succinlmlde solution

Vol,of
NiClg

(ml.)

0.0
0.2
0.4
\e
0.8
1.0
1,2
1,3

Corrected
conductance

(mhosxlO"3)

4,9261
4,9261
4,8544
4,8077
4.6077
4.8077
4.7847
4.7619

Vol.of
NiClg

(ml.)

1.5
1.6
1. 6
2.0
<s.3

2.6
2.8
3.0

a 0.5 v

a 0.3 If

a 3.4 ml,made up to 25 ml,

Corrected
conductance

(mhosxlO"3)

4.8309
.4.8780
^6.0000

*.2520

Fig. 16, Curve

3.4 ml.of 0.5 M succinlmlde

a 1.4 ml. of 0.3 M N1C1„ 5 0.84 ml. of 0.5 M NiCl
2

Hi succinlmlde * It4.05

Reverse titrations also were successfully performed

by taking nickel chloride along with four equivalents of

KCH,ln the cell and titrating it against methanolic

sueciniitide solution.



CONDUCTOMETRIC TITRATIONS

10 /-5 20

Volume of NiCl2 (m'O
2-5 30

FIG. 16

•62

25

i i r~

Nickelchloride in the cell

10 20 30 40

Volume of Succinimide (ml.)

FIG- 17

50
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Reverse titration* s NjClg In the cell.

TABLE JP..30

Concentration of succinlmlde a 0.5 V

Strength of NiClg solution a 0.1 If

Volume of NiClg solution a 2,0 ml.

Vol.of
sueelni
mida, (ml. ).

Corrected
conductance

(mhos xlO* )

Volume of
succinlmlde

(ml.)

Corrected
conductance

(mhos xlO*8)

0,0
0,2
0.5
0.8
1.1
1.4
1,6

0.3344
0.3287
0.3186
0.3018

0.2892
0.2880

8,0
a.3

2.7
3.1
3.5
4.0

—

0.2849
0.2833
0.2801
0.2770
0.8765
0.2708

Fig. 17, Curve
8 ml.of O.IK NiClg

m 1.5 ml.of 0.5 Y sucoinlmidea 7.5 ml.of O.IH sueoinlmlde.

Nis succinlmlde a ls3.75

Concentration of sueelnimida « 0.5 M

Strength of NiClg solutions • O.IK

Volume of NiCi solution m 3.0 ml.

Vol.of
suoclnl-
mlde(ml.)

Corrected
conductance

(mhos xlO"2)

Vol. of
succinlmlde
(ml. )

Corrected
conductance

(mhosxicr8)

0.0
0.4
0.8
1,2
1,6
2.0

0.4560
0.4400
0.4348
0.4167
0.4016
0.3937

2,4
2,8
3,8
3,6
4,0

—

0,3876
0,3831
0,3802
0.3745
0.3663

Fig.17,,Curve
3 ml.of O.IK NiClg
«2.3 ml.of 0.5 K succinimldapl1.5 ml.of O.IK sueelnimida

«lt suocinimide »lt3.83.
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Concentration of suocinimide a 0.5 K

Strength of NiClg solution a 0.1 M

Volume of NlCl^ solution
2

a 4.0 ml.

Vol, of
sueelnimida

(ml.)

Corrected
conductance
(mhos xlO"2)

Vol. of
sueelnimida

(ml.)

Corrected
conductance

(mhos xlCT2)

0.0 0.6060 3.0 0,4976

0.5 0.5968 3.5 0,4950

1,0 0.5600 4.1 0,4831

1,5 0.5376 4,8 0,4785

2.0 0.5305 5,0 0.4739

2.5 0.5051 — •

Fig.17,Curve

4 ml.of o.lH NiClg

a 3.1 ml.of 0.5 K succinlmlde a 15.5 ml.of 0.1 K sueelnimida

Nit succinlmlde a Is3.88
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•fl mevrlw tt^wH88«

Most significant advance in the chemistry of

oe-ordination compounds started with the publication of

3Jerrum*s work (1941) in his famous book on "Ketal Valine

Formation In Aqueous solutions" for determining the

stability constants by pH measurements, ajerrvas emphasised

that oomplex formation usually follows stepwise course.

The general equilibrium between a metal ion M and ligand A

la written in steps,

* a a • Xa

KA ♦ Km V<

Hi».l* A* MAN

The individual formation constants are given by

%x a (KAV(K) (A)
Kg a (KAg)/(KA) (A)

KH • (KA^/OSA^) (A)
The quantity B has been defined by Bjerrum as the

average number of co-ordinated groups per metal Ion present j

all metal ions wheather co-ordinated or not are taken into

eona idoration,

(KA) +2(MAg) ♦ 3 (KA,) ♦ N(KA„)
n » m i mm., i. in mi, mil i • i - H i

(K) ♦ (KA) ♦ (KAg) * .....(KAj,)
The value of n is determined experimentally by

measurement of pfl since the removal of free donor groups by

eo-ordlnatlon alters in pH by amounts which may be used to



* 54*

calculate the number of groups co-ordinated. The difference

between concentration of ligand added and the concentration

of ligand co-ordinated is the concentration of free ligand,

(A), a la also named as formation function and a plot of

n against -log (A) as the formation curve. Bierrum has shown

mathematically that when experimental conditions are

adjusted to specific values for n , the following relations

hold good for the ease N a 2

If n a 0.6, %x a 1/(A)
If n a 1.5, Kg a 1/(A)

If n a 1 f^l a K a 1/U)
The "average constantM K, is also the square root of the

constant K of the over-all reaction
KK ♦ 2A m KAg (N * 2).

The 3jerrum»s method has been extensively used by

workers in the field of co-ordination chemistry. The method

was exemplified by the work of Calvin and Kelchior(20)
a

with the 5-sulpho-salicylaldehyde complex of copper (II).

5-sulpho-salleylaldahyde was titrated with sodium hydroxide

and the titration was repeated in the presence of copper

(II) ions. At any value of pH the distance between the

two curves gave the amount of alkali,nseded to neutralise

the protons, freed by the co-ordinating organic groups. This

amount of hydroxide gives the quantity of the coordinated

ligand, and,when divided by the known metal concentration,

gave tha value of n. The dissociation constant of the

aldehyde and the known concentration of the uncoordinated
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aldehyde,were used for the calculation of (A),the concentra

tion of free aldehyde anion.

In order to study the structure of the metal-imide

complexes, formed In the aqueous and methanolic media,

BJerrum's method extended by Calvin and Keichlordoc.cit.)

was applied. Por the case of ls4 metal-ligand complex,

the sura of the reaction is M♦ 4A a KA,. The stability

constant in terms of equilibrium constants for this

reaction is given by

KmQ**V m Kx x Kg x Kg x K, , whore Kx , Kg ,
(K)(A)4

K and KA represent the stepwise constants of the four steps.
3 4

If TH represents the total concentration of the ligand

and TM that of the metal ion and (a) of free ligand,then

THA " (HA> * (A) * (HA) * 2(MA)2 * 3 (KV * 4 (KA4)
TH » (K) ♦ (KA) ♦ (KAg) ♦ (KA3) ♦ (KA,).
(HA) ♦ (A) a THA - (KA) -2(KAg) • 3 (KA3) - 4 (MA,)

(A) + (i2iiLi . THA- (KA)-2 (KAg) - 3 (MA3) -4 (MA,)

(A) a Sa4l <HA) "2(HA2} '3(MA3> "4(H |̂)
1 ♦ (H)/K

Thus at various values of pH, a set of n values

was determined,and the coneentratlon of free ligand (a)

was calculated from the above equation. The values of n

were plotted against the corresponding values of -log (A)

to give formation curve. The stepwise stability constants,

log Kx , log K , log K3 »log K, are equal to the values
of -log A at H,0.5,1.5,2.5,and 3.5 respectively.
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Bjerrum has introduced a spreading factor x,between

two successive stability const ants, such that

aJamU a (n ♦ 1) ( 3 * n ♦ i, } x x2
Kn+l n(N - n )

and ahowad that the above equation holds in general case,

where Nmay be any integer. Tha rt fore*the average constant'*,

or the NJ& root of the over all constant K,ia equal to the

reciprocal of the free ligand cortc*.ntration when the degree

of formation, n/«¥,ls 0.5. Thus regardless of spreading

factor, x, the value of the average formation constant

may be determined graphically from the plot of n versus

the reciprocal values of (a). In actual practice 3 is plotted

against log ( 1/(a) ), or pA and value of log K is read

directly from the graph,

fflgkei succinlmlde complex In .nth.nolta ajajflseaa,

pB-metrlc titrations of sueelnlmlde,vith and without

the presence of nickel chloride,wero performed against

standard methanolic solution of potassium hydroxide,

according to the method of Calvin and Melchior (ioc.clt.).

Cambridge bench type pH meter In conjunction with Cambridge

glass electrode and S.C.I, was uaed for pH measurements

Standard potassium hydroxide methanolic solution was added

to the reaction vessel from an automatic micro burette.

Nitrogen gas (free from OK?emn9earbandioxlde and moisture)

was uaed for maintaining an inert atmosphere,as well as

for stirring the solution.

The solution of succinlmlde was separately titrated



pH metrically,and the value of pK was calculated at half

titration value. The results of the pH metric titrations,

performed at three different concentration! of metal ion,

are tabulated in the following tablea,each accompanied by

the calculation table for formation curve,i.e. the valuae

of B and -log A.
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X el It S 12.33.

Titration for pK value of ^ucclnimlda(methanollc solution).

10.0 ml. of 0.1 Hsuccinlmlde,titrated againat(O.lK) KOH.
J«bof * PH Vol.of dH««*•.. >• K0H&.). PH

0.0 6.43 2.5
0.2 e.83 3lo
0.4 9.08 4.0
fWf 9.25 5.0
1.5 9.34 6.0
2.0 9.4 7.0

Fig. 18

pK value of sueelnimida * 9.74

9.45
9.8
9.6
9.75
9,8
•7. oo

I 4 | j | jjO.34

Titration of sveoinimide in absence of nickel chloride,

10.0 ml. of 0.5 K suocinimide,titrated against (0.15 K)K0H.
Total volume made up-to 15 ml. by methyl alcohol.

2*? ^•33 8.0 9.08
0.1 8,38 2.5 9,1
2#? *»62 3,2 9.14
°*4 &•& 4.0 9*16
r»a 8,9 4.5 9 18
?•* %*** S.O 9ll9
1.8 9.01 - :
1.5 9.04

Fig. 19, Curve 1.
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Titrations of succintzrjde in arasence of gift? s
Concentration of sueelnimida a 0.5 K
Strength of NiClg solution • o.l K
Strength of KOH solution , 0.15 K

U5H 3SL 35.

Vol.of
K0H(ml. ).

pH

3,93

4.96
5.96
7.3
7.88
8.3
6.53
£.69
E.79

Vol. of
K0H(ml. )

1.4
**. —

2.6
3.0
3.5
4.0
4.5
5,0

Fig. 19, Curve 2,

PH

8.9
9.03
9.07
9.1
9,12
9.14
9.15
9.17

Calculations table
For 0.3 ml.of NiCl

1 • P kA JSQ..35U).

for formation
(O.IK) m 0.3

curve,
x 10~* moles.

pH

5.0
5.5
6.0
6.33
6.67
7.0
7.33
7.67
8.0
8.33
8.67
6. 83
9.0
9.1

4 KOH

0.117
0.15
0.2
0.233
0.24
0.24
0.25
0.28
0.34
0.40
0.50
0.725
0.80
0.80

a

Kolas of
KQHUQ-4

0.16
0.285
0.3
0.359
0.36
0.36
0.375
0.42
0.51
0.60
0.75
1.08
1.20
1.20

0.59
0.75
1.0
1.20
1.20
1.20
1.25
1.6
1.75
2.0
2.5
3.6
4.0
4.0

Fig. 20, Curve 1.

- log.Succ.

5.2204
4.7214
4.2229
3.8937
3.5540
3.2240
2.8943
2.5557
2. 2268
1.£985
1.5614
1.4069
1.2397
1.1397
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I a3 fr ft 12.36.

10 ml,suocinimide, 0.8 ml.Nidg , total volume made upto
15 ml. by methyl alcohol.

0.0 3.10 1.40 8.52
0.1 4,45 1.60 8.62
*•• 4.89 1.80 6.69
0.3 5.24 2.00 6.74
0.40 5.62 2.50 6.87
°.5 6.26 3.00 9.00
0,6 6.90 3.60 9.06
0.7 7.27 4.00 9.10
°«g 7.54 4.50 9.13
1.0 8,02 5.00 9.17
1.2 6.36

Fig.19,Curve 3,

T 4 B L 8 Ji2.36(A).

Calculations table for formation curve.

For 0.8 ml.of NiClg (0.1 K) - 0.6 x 10*4 moles.
PH 4 KOH Kolas

KOH x
°f-4
10

•*

n »log,Succ,

5.0 0.25 0.333 0.416 5.2243
5.5 0.375 0.550 0.69 4.7279
6,0 0.475 0.713 0.891 4.2307
6,33 0.50 0.75 0.937 3.9014
6,67 0.525 0.787 0.984 3.5621
7,0 0.60 0.90 1.125 3.2334
7.33 0.68 1.02 1.27 2.9055
7.67 0.75 1.125 1.41 2.5683
8.0 0.875 1.313 1.73 2.2417
8.33 1.05 1.696 o. lo 1.9165
6.67 1.35 2.248 2.61 1.5845
9.0 2.12 3.248 4.06 1.2624

Fig.90, Curve 2,
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I i B fr 8 Jl.37.

10 ml. of sueoinlmldey1.8 ml.NlClg ,total volume made upto
15 ml. by methyl alcohol.

™£?°f x pH Vol.of PHK0H(ml. ). K0H?ml. ).

Fig. 19, Curve 4,

TABLE JO.. 37(A).

Calculations table for formation curve,

For 1.2 ml. of NiClg (0.1 K) « 1,2 x 10*"4 moles.
pH A KOH Moles of

KOH x 10"4
n -log.Suoe.

5,0 0.35 0.525 0.437 5.2279
5.5 0.55 0.625 0.686 4.7328
6.0 0,675 1.1013 0.844 4.2334
6.33 0.75 1.125 0.938 3.9083
6.67 0.775 1.162 0.97 3.5690
7,0 0.90 1.45 1.21 3.2400
7.33 1.07 1.60 1.33 2.9151
7.67 1,80 1.60 1.50 2.5605
6.0 1.40 2.10 1.75 2.2552
8.33 1.73 2.60 2.17 1.9325
8.67 2.37 3.55 1.4053
9.00 3.30 4.95 4.12 1.2826

Fig. 20, Curve 3.
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-Log (Succ-)
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FORMATION CURVES FOR Ni-SUCC. COMPLEX (METHYL ALCOHOL)
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For obtaining further confirmation of the composition

of com piex,nickel chloride as such and also in presence of

one,two,three,four and five fold equivalents of su?eiaimtde

solution,vere separately titrated against potassium hydroxide

solution. Suocinimide alone was also titrated against pota

ssium hydroxide aolutlon. Details of concentrations and

volumes of the reactants,used,for this purpose are summarised

below. Actual observations can be raad from Flg.21.

In Iiff I I 2SL.38,

Concentration of sueelnimida solution a O.OSK

Concentration of nickel chloride a 0.05 M

Coneentratlon of potassium hydroxide a 0.1 K

Total volume in each set made upto 20 ml.by methyl alcohol.

NiClg
Vol. (ml.).

Sueelnimida
fol.(ml,)

SiClg •
Succinlmlde

Curve
No,

3.0 0.0 lsO 1

3.0 3.0 Itl 8

3.9 6.0 - lit S

3,0 9.0 ls3 4

3.0 18.0 ltd S

3.0 18.0 H5 •

0.0 15.0 0«1 7

Fig, 21,



12 5

12 0

Volume of KOH (ml.)
is 202^ yo

Ni-SUCC. COMPLEX (METHYL ALCOHOL)
¥-

pK VALUE OF METHANOLIC SUCC.

2 i 4
Volume of KOH (ml.) FIG- 18



—63—

Hlfikttl aammmmmammaal ammmmmma ll Jmmmamal ItdHaa*

Nickel chlorida A.H.(3,0.1,) was dissolved in doubly

distilled water to obtain stock solution. Its strength was

det«rrined gravimstrlcally by weighing as nickel-dimethyl-

glyoxime, Sucoinimide solution was prepared by direct

weighing and dissolving the calculated amount in double

distilled water* Stock solution of potassium hydroxide was

standardised by titrating against standard oxalic acid

solution. The apparatus end Slatalla of procedure in these

pH tit rat ions,were similar to those employed for methanolic

medium. The scheme adopted for tabulating results was alao

eama a* for nickel sueelnimida complex in nan-aqueous medium.
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T ftg ^ • J&. 39.

Titration for pK values of succinlmide(aiueous solution).

10 ml. of 0.1 K succinlmlde,titrated against(0.1 k) KOH.

Vol. of pH Vol, of pH
K0H(ml. ). K0H(ml, ),

0.0 4.56 3.5 9.04
0.1 6.94 4.0 9.13
0.2 7.41 4.5 9.20
1.0 8.36 5.0 9.29
1.5 6.56 6.0 9.42
2.0 6.71 7.0 9.58
2.5 8.84 8.0 9.76
3.0 8.96 9.0 9.98

Fig.22

pK value of succinimide a 9.29

H,BU J&.40.

Titration of suocinimide in absence of NiClg •

10.0 ml. of 0.5 K succinlmlde titrated agalnst(O.lK) KOH.

Total volume made upto 15 ml.by water.

Vol,of , pH Vol.of PH
KOFKml. ). K0H(ml. ).

0.0 4.63 2.5 8.10
0.1 5.22 3.0 8,19
0.2 6.36 4.0 8,30
0.3 8.85 5.0 8.40
0*4 7.12 6.0 8.49
0#6 7.40 7.0 6.57
0.8 7.57 8.0 8.64
1.0 7.68 9.0 8.70
1.57 7.67 10.0 8.75
2.0 6.00

Fig.23,Curve 1.
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Tltratlons of succinlmlde in presence of NlClg*

Concentration of succinlmlde » 0.5 K
Strength of NiClg solution a 0.1 K
Strength of KOI! solution a 0.1 K

I, A ft fr 8 JSL 41

10 ml. succinlmlde,0.7 ml,Nlcio »total volume made upto
15 ml.by water, **

!&•? , *H Vol.of pH
K0H(ml.). K0H(ml.).

0.0 4.45 2.0 7.60
0.1 5.07 2.4 7.92
0.2 5.63 2.8 8,03
0.3 6.02 3.2 6.11
0.4 6.28 3.6 6.18
0.5 6.51 4.0 6.25
0.7 6.84 4.5 6.32
?•• 7.10 5.0 6.38
1.2 7,37 5.5 8.43
1.6 7.63 6.0 8.48
1.8 7.73 7.0 8.56

Fig. 23, Curve 2.

T 4P h I SSL 41(a),

Calculations table for formation curve.
For 0.7 ml. of NiCl2 (O.IK) S0,7 x id*4 roles.
PH A KOH Kales of. n •log.Succ,

(ml. ). KOH xlO-*

5.0 0.04 0.04 0.06 4.7683
5.33 0,078 0.075 0.107 4.4363
5.67 0.10 0.10 0.143 4.1000
6,0 0.18 0.15 0.214 3.7714
6.333 0.25 0.25 0.357 3.4413
6.67 0.35 0.35 0.50 3.1071
7.00 0.50 0.50 0.71 2.7814
7.333 0.60 0.60 0.85 2.4511
7.50 0.65 0.65 0.93 2.2855
7.67 0.70 0.70 1.00 2.1199
8.00 0.72 0.70 1.02 1.7869

Fig. 24,Curve 1.
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pK VALUE OF AQUOUS SUCC

1 1 1 r

J 1 L

2 3 4 5 6 7 8

Volume of KOH (ml.)

FIG- 22



-66.

T a? ft ff iia.42,

10 ml.suocinimide,1.0 ml.NlClg ,total volume made upto
16 ml.by water.

Vol.of
K0H(ml.).

pH Vol. of
K0H(pl. ).

PH

0.0 4,35 2.0 7.68
0.1 4.98 2.5 7.80
0.2 5.48 3.0 7.93
0.3 5.83 3.5 6.04
0.4 6.10 4.0 8.13
0.5 6.28 4.5 8.20
0.6 6.46 5.0 8.26
1.0 6.94 5.5 8.30
X. H 7.13 6.0 8.36
1.7 7.47 7.0 8.44

Fig.23,Curve 3.

T A3 ft g 210..42(A).

Calculations table for formation curve.

For 1.0 ml.of NiClg (0.1 K) -1.0 x 10" 4 moles,
pH A KOH Koles of n4 KOH

(ml. ). .-4
KOH x 10

-log <»uoc.

5.0 0.05 0.05 0.05 4.7684
5.333 0.10 0.10 0.10 4.4370
5.67 0.15 0.15 0.15 4.1014
6.00 0.175 0.175 0.175 3,7722
6.333 0.30 0.30 0,30 ^e>TS»*ma- f

6.67 0.50 0.50 0.50 3.1114
7.00 0.725 0.725 0.725 2.7676
7.333 0.95 0.95 0.95 2.4608
7.67 1,05 1.05 1,05 2.1265
8.00 1.10 1.10 1,10 1.7979
8.17 1.10 1.10 1.10 1.6279

Fig. 24, Curve 2.
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T AB L 1 JQ, 43.

10 ml,succinlmlde,1.5 ml. NiClg ,total volume made upto
15 ml.by water.

Vol, of pH Vol,of •at
K0H(ml. ). K0B(ml. ).

0.0 4.32 2.0 7.48
0.1 4.87 2.5 7.70
0.2 5.35 3.0 7.87
0.3 5.71 3.5 8.00
0.4 5.99 4.0 8.10
0.5 6.18 4.5 8,19
0.7 6.45 5.0 8.27
0.9 6.66 6.0 6.40
if 45 6,94 6.5 8.44
1,4 7.10 7.0 8.47
1.6 7. HIS 7.5 8.51

Fig. 23, Curve 4.

eUJUaJ a. 43(A).

Calculations table for formation curve.

For 1.5 ml.of HiCi0 (0.1 K) s.1.6 x 10~4 moles,

pH A KOH
(ml. ).

Holes of

,-4KOH xlO

•log 3UCC.

5.333 0.10 0.10 0.087 4.4370
5.67 0.15 0.15 0.10 4.1014
6.00 0.25 0.25 0,167 3.7743
6.333 0.375 0.375 0.25 '3 6j QMflmw
6.67 0.65 0.65 0.433 3.1155
7.00 0.90 0.90 0,60 2.7924
7.333 1.15 1.15 0,767 2.4662
7.67 1.45 1.45 0.967 2.1372
8.00 1.50 1.50 1.00 1.6085
8.20 1.50 1.50 1.00 1.6085

Fig.24, Curve 3.
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T A9 ft g m.44.

10 ml. of suocinimide, 2.0 ml.of NiClg ,total volume made
upto 15 ml. by water.

pH Vol, of pHVol.of
K0H(ml. ).

0.0 4.30
0.1 4.88
0.2 5.31
0.3 5.62
0.4 5. 88
0.5 6.00
0.7 6.23
1.0 6.53
1.4 6.83
2.0 7.80

Vol,of
K0H(»1. ).

2.5
3.0
3.5
4,0
4.5
5.0
6.0
6.5
7.0
7.5

Fig. 23, Curve 5.

T AB L 3 30..44(A).

Calculations table for formation curve.

For 2.0 ml. of NiClg(0.l K) « 2.0 x lo"4 moles

7.44
7.65
7.60
7.93
8.03
8.12
8.20
r.. am

8,32
8.37

PH A KOH
(ml. ).

Koles

KOH x

Of

10"4

—

n -log auce

5.0 0.075 0.075 0.038 4.7693
5.333 0.125 0.125 0.0525 4.4377
5.67 0.20 0.20 0.10 4.1029
6.00 0.35 0.35 0.175 3.7771
6.333 0.60 0.60 0.30 3.4511
6.67 0.925 0.925 0.462 3.1231
7.00 1.30 1,30 0.65 2.8032
7.333 1.75 1.75 0.875 2.4820
7.67 2.05 2.05 1. 025 2,1527
8.00 £.20 2.20 1.10 1.8866

Fig.24 , Curve 4.
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1:4, nickel sueelnimida complex was found to

decompose in presence of higher proportions (more than

lt4tMii~-uoc.) of nickel,therefore 600 ml. of 0.1K nlekel

chloride was gradually added to 500 ml. of 0.5 K succinl

mlde, prepared In equivalent amount of potassium hydroxide.

Tha pH was adjusted In the vicinity of 9.5. The resulting

mixture was concentrated In a vacuum dees lastor,when the

golden yellow crystals of nickel sueoinlmlde complex were

Isolated. These crystals tjaaji washed several times with

methyl alcohol in order to remove adhering impurities of

caustic potash,nickel chloride and sueoinlmlde,and then

dried in a vacuum deeale-tor.

For estimation of nickel, a weighed amount of dried

sample of the eoepl#x was digested with aqua-regie and

its nickel content was estimated gravlmetrieaUy by dimethyl

glyexlme.

The nitrogen estiir t ion of the complex was carried

out using Kjeld-thl's volumetric method,0,2 gms.of the

complex was taken In Kjeidahl'a flask and 2 ml.of concent

rated aulphurie acid and 150 mg of catalyst (32 parts by

weight of potassium eulpbate,S parts of pereurlc chloride

end 1 part of selenium powaer) were added. The flask was

heated first slowly on a small flame and then boiled

vigorously until the solution became clear and straw yellow

in colour. The distillation of ammonia was carried out

using Parnas and Wagner's apparatus and was absorbed in

standard hydrochloric acid which was titrated back with
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HaOH,

The results of analysis are as followst

Percentage of nickel a 12.9 I

Percentage of nitrogen a 12.33*

Infra*red <C g>?ogtroftgww»

t.R.Spectrum of nickel succinlmlde complex was

taken in the nujol medium by the method of fast scanning,

in the infra red region. For comparing this spectrum

with that of ligand,infra red spectrum of succinlmlde

was also scanned by the above method. Parkin Slmer,

Infra cord was used for carrying out these studies. The

spectra obtained are depicted in Flg.25.
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p i a ens 3 t n a

The following Information on the composition of the

nickel-suecinirrlle complexes,studied In the non-aqueous

medium,was obtained on employing the various physioo-chemical

methods,

vjpectroahtomatrle jfleajfjtj

On applying Vos3urgh and Cooper's method for the

mixtures (nickel chloride to succinimide as 2sl,lsl,lt2,lt4,
lt6 and It8) at different wavelengths,two maxima correspond

ing to 400 and 650 mu (?tg.2) were obtained, Indicating

thereby the existence of two complexes. The choice of the

wave-lengths at which these complexes could be stuiied was

not easy to make,since the first peak was very close to that

of the methanolic solution of nickel chloride,obtained at

405 mu Irrespective of the iretai ligand ratio in the mixtures.

However,in the wave-langth region 430 to 480 mu.mixtures

containing excess of succinimide showed much greater absorpt

ion than those, ontalilng higher proportions of the metal

(^lg.2,Curves 4-6). The yellow complex formed In excess of

succinlmlde could, there fore, be successfully studied speetro-

photometrlcaily In the wave-length region 430 to 460 mu.. The
«l

methani.0 solution of nickel chloride showed negligible

absorption in this region of wave-l@ngths. On the other hand

there was no difficulty in making a choice of wave-lengths

for the second camplax,slnce the second peak was pronounced,

only for mixtures containing excess of nickel chloride

(H.g. 2, Curves 1-3).
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Composltlon and stability constant of the yellow complexj-

The maximum peaks in Job's curves (Figs. 3-5) corresponding

to the formation of ltd (S?l-3ucclnimide)oomplex were

obtained when the difference of O.D. of the mixtures of

suocinimide and metal ions against ratio (Ni)/(Hl)>(auec-

nlmlde), was plotted at wave-lengths 440,450 and 460 mu..

The range of the mixtures analysed was,howtver, limited

due to the decomposition of the complex in excess of

nickel chloride.

farther confirmation regarding the composition of

t is oomplex was obtained on the basla of molar ratio

rothod. The plot of O.D. vs. molar ratio of succinimide

to nickel,(keeping nickel constant and varying succinimide)

gave curves with the inflexion points corresponding to the

ratio ltd (nickel s succinimide) (Figs.6-8).

The stability constant of the complex was determined

by the molar ratio method due to Harvey and Fanning. The

formation of ls4 eomplex can be represented by the equation

Y «• 4 A • YA t for which the stability constant K Is given
4 4

by K « C (l-<* ) / otC x ( 4 *C ) , where dC is the

degree of dissociation and C the concentration of the com

plex. The degree of dissociation of the complex Is given

by oC * am - &s / &B , where % Is the maximum absorpt

ion Obtained frosr tie horlsantal portion of the plot of

O.D. of the solution against,moles of reagent/ mole of

nickel and da Is the Observed absorption at the stoichio

metric irolar ratio.

Plg.6, Curve 2, has been utilised for the calculations
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of stability constant of ls4 yellow complex. The value of
stability constant Kwas found to be,2.869 x 105.
Composition ani stability constant of green compiext- as
already stated the complex was found stable in excess of

nickel-chloride. Alarger number of nickel-succinimide

mixtures could be subjected to analysis by Job's method in

this case than for the yellow complex, in the region of
wavelengths 630-670 mu,the plots of difference of O.D.

against molar fraction of nickel,gave a peak for the existe

nce of lt2 (nickel-succInlmlde)complex (?lgs.9-n>.

In the monovarlatlon method the nature of the curves

(Figs.12-14) was slightly different from those of the

typical molar ratio curves. ?he O.D. values wore found to

decrease after the stoichiometric ratio had been realised,
Instead of retraining constant. This decrease could be

' explained due to the formation of lt4 (nlckel-succlnlriie)

yellow complex in presence of excess of succinlmlde. This

was also evident from the fact that the absorption of yellow

coloured complex was ruch less than that of the green

variety in this region of wavelengths(630-670 mu),Pig.2.

The stability constant K of this complex was deter

mined by the method ot Aiders on and coworkers ( loc.clt.)

using equations 3 and 5, Pages 44 and 45. From Fig. 15,the
values of a^ , b^ and eg 1 bg from first and second sets
were,1.8 x 10"*^, 6.2 x 10"^ and 2x lo"S», 5.7 x lo"8M,
respectively. The value of K calculated from the above

4
equation,came out to be,6.14 x 10 .
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Direct conductometric titrations with methanolic

succinimlde( prepared in equivalent amount of KOH) in

the cell gave sharp inflexion points (Figs. 16, Curve 1-4)

corresponding to the formation of ltd complex.

As regards the reverse titrations( nickel chloride in

the ceil), it lodksd in the beginning aa if the precipitation

of nickel hydroxide in presence of four equivalents of

methanolic potassium hydroxlle wouli interfere with the

titrations. But it *as later fammd that gradual addition

of succinimide to freshly precipitated hydroxlle,resulted

in its decomposition and subsequent change into the yellow

complex. The conductometric titrat Ions,under this condition,

were quite successful, again giving a sharp inflexion for

the combining ratioi 1 nickel to 4 succ In lmlde( Fig. 17,Curves

1-3), The steep fall In conductance before the realisation

of the inflexion point was due to the removal of caustic

potash during the formation of the complex. Afterwards,

yry little variations In conductance took place on addition

of excess of succinimide.

jJamammmli tamattaatf

BJerrum*s method has certain limitations when

applied to systems studied in non*aqueous medium,since the

pH scale set for aqueous medium Is not applicable to non

aqueous medium. The values of stability constant determined

for these systems would not,therefore,be the real values but

would be the apparent ones. The K,calculated from -log succ.

and n !••• the formation curves (Pig. 20) in the non-aqueous
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medlum,have there fore, been designated as "apparent stability

constant^. Henceforth the term apparent stability constant

has been used in subsequent discussions,

pit-metrie titrations of succinimide alone and In

presence of nickel ions,performed according to the method

recommended by Calvin and Helchlor gave typical pS-metrlc

curves (Fig. 19). From the shift of the curves the excess

amount of alkali consumed was calculated. The plots of n

against - log succ. (fig.20,Curves 1-3),were employed for

determining the average apparent stability constant of the

lt4 complex. The value of over all apparent stability

constant9was computed from the average stability constant

value as shown belowt

Curves Average stability Over all stability Keen
constant constant log K
log ka-log A at n*2,iog K»4 log k

7.80

8.00 7,93

8.00

ae

The gradual Increase in the value of n «lth increase

of pfl showed that the anionic form of succinimide was

responsible for the complex —ton with nickel.

Further confirmation was forthcoming from the pH*

metrlc titrations of succinicide alone and of nlekel-

sucelnlmlde fixtures prepared in ratios as It 1, it2,It3,ltd,

and lt5. From these curves (Fig.21) it could be concluded

that the reaction between nickel and succinlmlde takes

place with the liberation of protons,the limiting condition

1 1.95

8 2.00

3 2.00
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was reached with lt4,nlokel succinlmlde mixture. Afterwards

overlapping of tha curves was observed showing thereby that

a maximum of four protons can be liberated In the reaction

per metal Ion. Thla confirmed the exlatence of It4 nlckei-

suoclnlmlde complex.

ammmaaUl 9f tfte. BmaeJal ammmmmmTJ

inalysis of the isolated complex gave s Ni » 12,9%

and Mg a 12.33 %m The values are in quite agreement with
theoretical values.

iaJmaiamatlKtt

The I.ft.spectra of sueelnimida and Its is4 complex

with nickel were recorded in the sodium chloride region (Fig,

25). The main feature of the spectrum was a marked shift
-l

in the carbonyl stretching frequency from 1750 cm

(succinimide) to 1660 cm*1 (complex), pointing towards
metal-oxygen binding in the complex. This may be true

for the isolated corplex which may change Its nature on

heating and drying,but is not possible for the complex In

solution where both chemical evidence end p3-metric data

gave strong indication of co-ordination through nitrogen,

Moreover, the complex showed Interesting splitting of the

band of the type shown by the parent Imldes due to vibrat

ional coupling. This fact also goes against possible metal-

oxygen binding in the complex.

Another Interesting feature of the complex was

to lower the frequencies of 1160 cm*1 band,whlch may have
a at rang component of the C-Jf vibration stretching band.

Further the duplet found around 630 cm"1 (probably due to
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ring vibration) also shifts to lower frequency on complex

ion.

fllcKI Sttcgjntoilde complex formed in aauooua madluMi

Unlike the complexes In the non-aqueous medium,

the one formed in the aqueous medium is stable only In

presence of excess of succinlmlde. The spectrophotometric

technique could not be employed since the mixtures

prepared according to Job's and molar ratio methods got

precipitated In most of the cases. The conductometric

titrations failed to give any Inflexion In view of the

originally high conductance of the succlnlmile solution

(prepared in equivalent amount of KOH).

The pH-metric method could only be successfully

employed to study the composition and stability of the

complex in the aqueous medium.

Typical titration curves were obtained when

succinimide was titrated against standard potassium hydro

xide solution,with and without the ?T9amiC9 of nickel ions{

Flg.23). The horlsantal dlstance( excess of alkali consumed)

gave the amount of protons liberated by complex-Ion I.e.

tha amount of ligand complexed. This value divided by the

total metal Ion in the system gave the value of n • Thus

at various values of pH, a set of n values was determined.

The value of n was found to increase with pH and attained

a constant value In the region of one at pH 7.5,suggesting

thereby Isl (Ni t succinlmlde) composition of the complex.
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If HA (succinlmlde) complexes with HI,the equilib

rium Involved in the reaction may be expressed est

Ni ♦ A a Ni A

(II A)*/ (NI2*) (a") a K* (1)
where K, represents the equilibrium oonstant of the above

reaction.

If TA represents th* total concentration of the ligand

and TK , that of the metal, then

TA a (HA) ♦ (A*) ♦ (Ni A*) (2)

end T^ . (Ni2*) ♦ (Ni A*)
If Km be the dlasoclatlon constant of the ligand

(H*) (A*) / (HA) » K (3)
a

Equations 2 and 3 reduce to,

(A*) . TA * <»* **> ..... (4)
(H*)

1 ♦

The concentration of free ligand (A*) was calculated

from equation (4). The values of n were plotted against

the corresponding values of - log A to obtain formation

curve* Fig. 24). The value of atabiilty constant log K of the

complex was determined at n • 0.5 from the formation

curve. The mean value of log K came out to be 3.025 as

shown in the following table.
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^tebility constant of nlckel-suocinimide complex.

Curves stability constant Keen
log K « - log A at 5 « 0.5 log K.

1 3.05

8 3.05

3 3.00 3.025

4 3.00

Fig. 30

Hflchanlsa of the reactions between nickel chloride and,
imccinticUt to a^ffffls and MMilBi iamUoV

(i) ltd nickel-succ in imide complex(yellow In colour),
formed in methyl*alcohol.

This reaction is essentially a biuret reaction for

the reason that four basic nitrogen atoms are involved in

co-ordination with nickel. A similar mechanism was proposed

by Rising and Yang (loc.clt.) for the airide complexes of

copper involving co-ordination with four basic nitrogen,

accompanied by the splitting of four hy irogen stoma from

two amide molecules. The structure of ltd complex may be

represented as,

V

CH2 * C0X. I >
>r
2

j ^> La N< or <(C4H402N)4 Hi)'
CH_ - «r N

8 A

For the above complex both chemical evidence and

pH metric lata gave strong Indication of co-ordination

through nitrogen. However, I.R. spectrum of the isolated

complex gave indication of the metal oxygen binding, This
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may be true for the isolated complex,which may have changed

its nature on heating and drying,but is not likely for the

complex In solution.

(11) lt2 nickel succinimide complex(green in colour),formed
In methyl alcohol.

Assuming that two molecules of methyl-alcohol are

associated with one ator of nickel in the methanolic solution,

the forrula of It 2 complex may be represented as followst

(C4H4°2M *2 Ml (CH3°H>2 » th# c°-°r<llnatlon number
of nickel la completed by two molecules of methyl-alcohol.

The formation of this green complex involves co-ordina

tion with two basic nitrogen instead of four. The biuret

reaction mechanism cannot therefore be put forward here.

The possibility of chelation also exists in this

complex since co-ordination through both nitrogen and

oxygen also is possible. Therefore either of the following

two structures may be assigned,

(1) CHg - COs. /OC - CH

CHL • CO^ ^0

(11) cr - co
2

CH„ *
2

(CHgCH)
2

(CHjOH^

2

<*2

CH.

-Ince the cotrplax could not be isolated In the pure form,

cheelcal evidence as well I.E. analysis was not possible

ROOftKae*
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to give any specific structure to this complex.

(ill) itl Nl-succinlmlde com pi ax(green In colour )formed
in aqueous medium.

Bje
The reaction between succinlmlle and NI Ions,below

pH 8 may be represented by the following mechanism,

Ni2* (Hg0)4 ♦<C4H4Q2Nf »((C4H402N) Ni (^0)3)*
The possibility of chelation exists here also as in case of

lt2,nickel-sucelnlmlde complex, and therefore following two

structures may be envisaged for this complex,

(1) CH
2

CHg -

(11) CHg -

CHg -

CO

co-

N

•'

Ni- 0),%'

:ni <\0)*

But due to lack of evidence in favour of either of the two

structures,the complex may be formulated as,

The biuret reaction mechanism can not be assigned for the

formation of the above complex.
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Nickel complexes of phthallmlde and glutarimide(biuret
and non biuret reaction mechanisms).



INTRODUCTION

Very little work has been done on nickel-imldes

because of the instability of these complexes In aqueous

medium. Tayabjl and Gibson(l) had mentioned the formation

of potassium salt of gold-phthallmlde complex,which they

prepared by mixing the boiling solutions of KAoBr4 and
potassium phthallmlde, and extracted gold phthallmlde

from the solid product,by tha acetone extraction method.

Thie gold derivative of phthallmlde was not found to be

very stable and got decomposed on heating to give back

phthallmlde. The structure of this complex was determined

by means of chemical analysis only.

Livlo Cembl (2) reported the magnetic susceptibility

of the complexes of nickel with phthallmlde and hexahydro-

phthaiimide, mi also those of palladium complexes of

phthallmlde and succinimide. The nickel-phthallmlde complex

Nl(C8H40gN) . 3 3tOH was obtained on evaporating under

vacuum the product of the interaction of nickel acetate

and potass Urns phthallmlde.

Sxoept for the above passing references on imide

complexes, nothing worth mentioning has so far been done

on tha metal imide complexes, and a comprehensive study

on the ohemistry of these complexes is worth under taking.

Preliminary investigations revealed that nickel(II) did

not react with phthallride in aqueous medium,both in acldle

and alkaline media. The reaction was,however, possible

in the methanolic medium in the higher pH range( pH > 9).

Evidence for the existence of two complexes i.e. a
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yellow one formed with excess of phthallmlde,and a green

one in excess of the metal Ion was forthcoming. Both

the complexes ware found to ba highly susceptible to

moisture. This necessitated the use of purely methanolic
*

solutlormof the reactants. Further Indication of complex

ion formation between nickel chloride and phthalimide was

obtained from the fact that,although precipitation of

nickel hydroxide took place on addition of nickel chloride

to caustic potash(methanolic solutions ),but no such

precipitation in the alkaline medium was observed in

presence of phthallmlde. Instead of precipitation,two

complexes were obtained. Horeover,Just like the niekel-

suecinlride complex,the yellow complex got changed into

a green one on the addition of excess of nickel(II).

In this chapter,composition and stability of the

yellow complex have been established by spectrophotometrie,

conductometric and pH metric methods. The results have

been further confirmed from eherieal analysis of the

isolated complex and also from Its I. R. spectrum. As

regards the green complex,only spectrophotometrie method

could be employed to study its composition and stability.

Another interesting aspect of the study of the

metal-imide complexes is to examine the effect of the

nature of the ring of the imldes on the complexes formed.

A comparison could,therefore, be possible by studying the

interaction of nickel chloride with glutarlmlde,whlch is

a six membered ring compound compared as against a five
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membered ring present in phthallmlde. Here too, the

preliminary studies revealed that the corresponding

complex was stable only In the non-aqueous medium. However,

unlike nickel phthallmlde, no yellow complex was obtained

with excess of the complexing agent,but only a green

product was obtained irrespective of the metal glutarlmide

ratio. Further-more, the reaction could be carried out

at a little higher pH ( pH > 10). The same difficulty

regarding the Isolation of the complex was encountered

in this ease as met with in the ease of green varlaties

of nickel succinlmlde and nickel phthallmlde. Chemical

analysis and I.R.studies were,therefore,not possible.
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Phthallmlde was prepared by the action of urea on

phthalic anhydride by the method recommended by Vogel(3),

M intimate mixture of 99 gms. of pure phthalic anhydride

and 20 gms,of urea was placed In one litre long necked

round bottomed flask. The flask was heated In an oil bath
o

at 130-136 C.,when the contents melted,effervescence

commenced and increased in vigour. After 10 to 20 minutes,

the mixture frothed at about ( 150-160 C) and became solid.

The flame was removed to allow the flask to cool, "he

solid mass was disintegrated by adding about 10 ml.of water.

This product was filtered at vacuum pump,washed with a

little water and then dried at 100°C.

This phthallmlde was recrystallised from 1200 ml.

of methylated spirit and the first crop was collected,

which was pure phthallmlde( u.p.233°).

Preparation of glutarlmldat In order to prepare glutari-

mide,the corresponding acid was first of all prepared

from cyclopentanone (4). Details of the method are given

belowt

An intimate mixture of 200 gms. of adiplcacld

and 10 gms.of barium hydroxide(crystallised) was placed

in a two litre distilling flask fitted with thermometer

reaching within 5 mm.of distilling liquid. The flask was

connected with a condenser and a receiver . The temperature
o o

of the flask was maintained between 285 and 290 C,
o

not allowing to rise more than 300 C, as adlpie add



distilled over. The cyclopentanone was separated from

water In the distillate and dried with anhydrous potassium

carbonate. This treatment removed the traces of adipie

acid, if any,from the distillate. Finally cyclopentanone

waa collected by distilling the crude product at 128°
to 131°C.

For obtaining glutaric acid from cyclopentanone, two

litre round bottom flask was fitted with a long condenser

and a dropping funnel. A mixture of 350 ml. of concentrated

nitric acid and 550 ml.of water, was heated nearly to

boiilngt 90 gms. of cyclopentanone was allowed to enter

the hot acid iropwise taking care that the first few drops

were acted upon by the acid, otherwise explosion might

have occurred, the addition was completed in about one

hour, as the reaction was exothermic the flame below the

flask was kept considerably lower.

After the completion of the reaction the solution

was transferred to a large evaporating dish and evaporated

the solution to dryness on a water bath;an oil was obtained
o

which solidified on cooling r.p.60-85 and consisted of

a mixture of glutaric acid and succinic acid. This mixture

was dissolved in 100 mi. of water, and was boiled to

expel the excess of ammonia, flight excess of 40£ barium

chloride solution was aided and the precipitate of

barium succinate was filtered off. The fliterate was

acidified with dilute hydrochloric acid,and the glutaric-

acid was extracted with 100 ml. portions of ether,three to
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four times. The etherlal extract of glutaric acid was

dried with anhydrous magnesium sulphate,and the ether was

distilled off. The crude glutaric acid obtained,was

reorystaillsed from bensana to get tha pure product,
o

m.p.97 C.

Olutarimide was prepared by tha distillation of

lta ammonium aalt, by tha similar method as was employed

la ease of sueoinlmlde.

Phthallmlde solution was prepared in methanol by

direct weighing. Concentrated solutions of phthallmlde

could not be prepared,on account of its limited solubility,

in methanol. However,solutions of strength upto 0.087 Y

could be obtained on prolong shaking. For spectrophotometrie

studies phthallmlde solution was obtained In equivalent

amount of potassium hydroxide.

Olutarimide solution was prepared by dissolving

the requisite amount of the reagent in mathanol.Kethanolic

solutions of nickel chloride and potassium hydroxide were

prepared by the method discussed earlier in Chapter X.

Spectronic *20',Bausch and Lomb was used for

spectrophotometrie studies,after allowing a sufficient

warring up period. pH metric measurements were carried

out with Cambridge bench type pE meter In conjunction

with Cambridge glass electrode and S.C.S.. Conductometrie

studies were performed using Phlipa conductivity bridge.
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Composition of nickel-phthallmlde complexes In methanolic
medlum.by spectrophotometrie methodss

VosBurgh and Cooper's method(1 oe.cit. 5 was employed

to know the number of complexes formed and for choosing

wavelength,suitable for performing further studies.Several

mixtures were prepared by mixing nickel chloride and

phthallmlde solutions in various proportions(islfis8,ls3,

Is4,ls5 and ls7 ),malntaining the sum of concentrations

of nickel and phthallmlde as 0.067 M. These mixtures were,

than scanned on the spectrophotometer. From O.D.values

at different wavelength,two maxima corresponding to

360 mu and 650 mu were obtained(Flg.l). In order to ascert

ain the nature of the curves in wavelength region (425-

550 mu), VosBurgh and Cooper's curves have been plotted in

two parts on separate scales,The results have been depleted

in the following table.
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ULM M JSSU1*

Absorbance of nickel chloride-phtbalimide mixtures,mixed

according to VosBurgh Cooper's method.

Concentration of nickel chloride a6.67 x 10* M

Concentration of phthallmlde -6.67 x 10*2 K

Vajfsj Ratio of nick*
length.

mm ls7 ls5

386 1.284 1.260
340 1.432 1.480
360 1.510 1.530
360 1.602 1.596
380 1.187 1.301
400 0.550 0.650
425 0.275 0.296
440 0.200 0.205
450 0.165 0.165
460 0.145 0.150
470 0.127 0.130
490 0.097 0.100
510 0.073 0.075
525 0.050 0.055
550 0,028 0.040
575 0.088 0.046
600 0.048 0.070
610 0.083 0.078
625 0.053 0.087
640 0.066 0.090
650 0.062 0.090
660 0.063 0.090
678 0.065 0.087
700 0.050 0.077
725 0.040 0.070
750 0.040 0.065
775 0.033 0.049
800 0.025 0.040

ltd

1*301
1.470
1.650
1.605
1.398
0.746
0.340
0.230
0.188
0.160
0.143
0.117
0.087
0.070
0.052
0.052
0.086
O. u96
0.102
0.108
0.112
0.105
O. 089
0.087
0.073
0.067

0.040

1*3

1.1
1.398
1.458
1.500
1.337
0.700
0.300
0.163
0.115
0.092
0.078
0.068
0.045
0.044
0.043
0.065
0,100
0.110
0.125
0.125
0.132
0.125
0.116
0.098
0.065
0.075
0.088
0.043

lt2

1.888
1.377
1.430
1.490
1.097
0,580
0.200
0.077
0.050
0.032
0.025
0.013
0.012
0.013
0.020
0.088
0.114
0.133
0.156
0.162
0.165
0.160
0.165
0.135
0.110
•» e> "**«»O

0.075
0.050

111

1.143
1.301
1.320
1.071
0.650
0.430
0.190
0.069
0.053
0.037
0.028
0.015
0.003
0.007
0.012
0.025
0.068
0.067
0.118
0.132
0.140
0.147
0.148
0.140
0.127
0.117
0.090
0.056

Flg.l Curve 1. Curve 2. Curve 3. Curve 4. Curve 5. Curve 6.

The above absorb ince curves besides giving Information

for the existence of two complexes,gave sufficient indication

of the decomposing nature of yellow complex in presence of
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axoeaa of nickel. The absorbance, of mixtures in all

proportions,was fairly high in the wavelength region of

360 mu (Flg.l). But in the region of wavelength 425

mu to 480 mu,the mixtures having higher proportions of

phthallmlde absorbed appreciably,as against those with

low proportions which showed little absorption. The

absorbance of nickel chloride was not appreciable in the

above region of wavelengths. From the scanning,it was

concluded that etolchlometry of yellow complex could best

be carried out in the wavelength range 430 to 480 mu..

No such difficulty existed in choosing wavelengths for tha

second complex, as the second maximum peak occurred at

680 mu, which appeared quite far from the second maximum

of nickel chloride occurring at 760 am.

aamttmawaBaaal af ammmaal amBaammg J°b '* method(loc.clt. )of

continued variation was followed for determining the

composition of the complex* Jqulmolar solutions of nickel

chloride and phthallmlde were mixed as undert

N1C1- s 0.5,1.0,1.3,1.7,2.0,2.4 ——5.0 ml.and phthallmides

9.5,9. 0, 8.7, 8.3, 6.0 —*-5.0 ml,and 0. D. of mixtures was

measured at three wavelengths( 425,440 and 460 mu). Such

three sets of experiments were carried out at three

concentrations vis.,(0.06,0.044,and 0.04 H). The difference

of 0.0. of the mixtures and metal ions was plotted against

mole fraction of nickel, (Nl)/(Ni) ♦(phthallmlde). Tha

results of Job's method are given belows
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LeVI fcJ M.2.

- — ™. vw 1•••

-jftXa.;80S*h 42ft„«».

Vol, of Vol. of O.D, O.D. Difference
»iag phthall mixt. NiCi2

mlde
4b*

0.5 9.5 0.118 0.012 0.100
1.0 9.0 0.207 0.020 0.167
1.3 e.7 0.856 0.023 0.232
1.7 8.3 0.290 0.028 0.268
2.0 8.0 0.36 0.040 0.340
2.4 7.6 0.375 0.047 0.326
2. 6 7.2 0,355 0.057 0.298
3.3 6.7 0.285 0.071 0.184
4,0 6.0 0,198 0.090 0.102
4.5 5.5 0.182 0.102 0.080
5.0 5.0 0.162 0.117 0.065

Fig, 2, Curve I.

x I ? 11 m. 3.

O.D. o.o.Vol.©f Vol. of Difference

N1C12 phthall
mlde

> mixt. NiClg

0.5 9.5 0,089 0.005 0.084
1.0 9.0 0.168 0,010 0.152
1.3 8.7 0,200 0.012 0.186
1.7 «. «J 0,286 0.016 0,270
2.0 8.0 0.310 0.018 0.292
2.4 7.6 0.280 0.980 0.260
45* 15 7.2 0.245 0.026 0.220
Savakep 6.7 0.108 0.035 0,073
4.0 8.0 0.076 0.047 0,088
5.0 5.0 0.087 0.057 0,030

Fig.3,Curve 1,



'••aPear'

0.0. O.D.Vol. of Vol. of Difference
N1C1. phthall- mixt. H1C18

8 mide

0.8 9.6 0.065 0.00 0.065
1.0 9.0 0.119 0.002 0.116
1.3 8.7 0.155 0.004 0.151
1.7 8.3 0.23 0.008 0.224
8.0 8*0 0.25 0.008 0.242
2.4 7,6 0.202 0.007 0.195
2.8 7.8 0.173 0.010 o;i63
2.3 6.7 0.048 0. 012 0,036
4.0 6.0 0.025 0.017 0,008
5.0 5.0 0.030 0.020 0,010

Flg.4, Curve U

Sat II. Coneentratlon of the reactants a 0.044 M.

amams aaamtmm 488 8aV

Vol.of
NlCla

0.5
1.0
1.3
1.7
2.0

H#) C
3 a> •*

4.0
5.0
6.0

Vol. of
phthall*
mide

9.6
9.0
8.7
8.3
8.0
7,6
7,2
7.7
6.0
5.0
4.0

O.D.
mixt.

0.08
0.16
0.19
0.216
0.265
0.262
0,23
0.167
0.146
0.155
0.183

O.D.
N1C12

0.045
0.04
0.05
0.06
0.057
0.063
0.070
0.080
0.090
0.117
0.145

Fig,2,Curve 8,

Difference

0.035
0.120
0.140
0,168
0,208
0,199
0.160
0,107
0, ""56
0,038
0,038
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Set III. Concentration of the reactants a0.04 M.

O.D. O.D.Vol.of Vol. of Difference
NiCl0 phthall mixt. N1C12

2 mlde

0.5 9.5 0.059 0.022 0.037
1.0 9.0 0.115 0.028 0.087
1.3 6.7 0.135 0.035 0.100
1.7 8.3 0.170 0.040 0.130
2.0 8.0 0.210 w| "«^Tg*!f 0.188
2.4 7.6 0.210 0.050 0.160
2. 8 7.2 0.205 0.050 0.155
3.3 6.7 0.156 0.062 0.094
4.0 6.0 0.120 0.072 0,048
4.5 5.5 0.110 0.085 0,025

Fig,2,Curve 3,

O.D. 0.0.Vol,of Vol. of Difference
N1C1 phthall mixt. tfici„ •

2 mlde 8

0.5 9.5 0,042 0.020 0.022
1.0 9,0 0,060 0.020 0.080
1.3 8,7 0,090 0.022 0.058
1.7 8,3 0,110 0,023 0.087
2.0 8,0 0,131 0,024 0.107
2.4 7,6 0,127 0.027 0,100
2. 8 7.2 0.100 0.088 0,072
3.3 6,7 0.053 0,035 0,030
4.0 6,0 0.049 0,038 0.011
4.5 8,5 0.048 0,048 0.000

Fig. 3,curve 3.
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amaaa ammamma 489 OT. *

Vol. of Vol. of O.D* O.D. Difference
tlCl0 phthall-

8 mlda
mixt. »1C12

0.5 9.8 0.027 0.013 0.014
1.0 9.0 0.033 0.015 0.028
1.3 8,7 0.054 0.015 0.039
1.7 6.3 0.069 0.016 0.053
2,0 6,0 0.080 0.016 0.062
2.4 7.6 0.073 0.018 0.055
2.8 7.8 0.056 0.019 0.037
3.3 7.7 0.034 0.084 0.010
4.0 6.0 0.022 0.020 0.002
4,5 5.5 0.022 0.022 0.000

Flg.4,Curve 3.

^one vartaUpq ao^ftflf

Mole ratio method (loc.clt,) was tried here also

for confirmation of the results of Job's method on composi

tion, and also for determining the stability constant of the

yellow complex. Solutions were mixed by the method described

earlier (keeping constant amount of nickel and varying the

concentration of phthallmlde) and experiments were carried

out at two different concentrations of nickel chloride. The

optical density measurements were made at 440 and 460 mu.

The results are tabulated belowt



O.D.values of mixtures prepared according to mole ratio
method.

I U I M JSL.li.

Concentration of nickel chloride a 0.01 H(in 10 ml.).

Concentration, phthallmlde solution a 0.087 M,

Total volume made up aio ml.

440 mu 460 muVol.of

^icia
Vol.of
phthall*
mlda

1.5 1.0 0.082 0.01
1.5 1.5 0.082 0.01
1.5 2.0 0.038 0.011
1.5 2,6 0.04 0.0X2
1.5 3.0 0.065 0.088
1.5 3.5 0.07 0.03
1.6 4.0 0.10 0.051
1.5 6.0 0.19 0.132
1.5 5.5 0,245 0.170
1.5 6.5 0.265 0.190
1.6 7.0 0.268 0.195

Flg.6,
Curve 1.

Fig.6,
Curve 1.

aUaaaJaai 12*12.

Concentration of nickel chloride a 0.0067 M.(in 10 ml,).

Concentration of phthallmida solution aO,^57M,

Total volume made up a 10 ml.

Vol, of Vol. of 440 mu 460 mu

»iCl8 phthall
mlde

1,0 1.0 0,019 0,01
1,0 2.0 0,034 0.018
1,0 2.5 0,048 0.081
1.0 3.0 0,08 0.086
1.0 3.5 0,075 0.048
1.0 4.0 0,115 0.085
1.0 4.6 0.119 0.108
1.0 6,0 0,156 0.110
1.0 5,5 0,16 0,112
1.0 6,0 0,158 0.114

Fig.5,Curve 2. Fig.6, Curve 2,
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Tha reverse method(keeping phthallmlde amount

constant and varying tha amount of nickel chloride) was

employed for obtaining Information of tha decomposition of

yellow complex in prnamem of excess of nickel chloride.

Absorption measurements of different mixtures were carried

out at wavelengths 440 and 460 mu,and were plotted against

mole ratio of nickel chloride and phthallmlde. Following

results were obtained,

aVJmJLi 8 &L.13,

Concentration of phthallmlde a 0,033 K,(ln 10 ml.),

Coneentratlon of nickel chloride a 0,067 K,

Total volume made up a 10 ml.

Vol,of Vol,of 440 mu 460 mu
phthall- SflCl
mide *

6.0 0.2 0.081 0,013

5,0 0.4 0.044 0,084

5,0 0.8 0.057 0,035

6.0 0.8 0.073 0,045

5.0 1.0 0,098 0,081

6.0 1.8 0,108 0.086

5.0 1.5 0,090 0.050

5.0 i. V 0,077 0.037

6.0 8.0 0,075 0.032

Fig.7, Fig. 8,
Curve 1, Curve 1,
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UUsJaJ H.14.

Concentration of phthallmida a 0,0287 M.(in 10 ml,),

Concentration of nickel chloride a0,067 M,

Total volume made up a 10 ml,

440 mu 460 mmVol, of
phthall
mida

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4,0
4.0

Vol. of
nox2

0.2
0.4
0.6
0.8
1.0
1,2
1.4
1.6
1.8

0,08
0,044
0,058
0,081
0,107
0,099
0,098
0,088
0,080

Fig,7,
Curve 2,

0.014
0.026
0,038
0,058
0.069
0.055
0. 050
0.043
0.037

ng.8,
Curme 2,

wHa%4VaaM§bMaaMwaMie^

Tha value of K, stability constant of yellow,niekei-

phthalimide complex was calculated by the mole ratio method,

as recommended by Harvey and Banning (loc.cit.5). The data

given in Fig.6,Curve 1 ware used for calculations. The

results are discussed later on.

AmtJaamma ImmmammE

Solutions were mixed aecordiag to the Job's method of

continued variation at three different concentrations 0.067 K,

0,05 M and 0.04 K respectively and absorbance measurements

were carried out at wavelengths 630,650 and 670 mu respectively

for Beta I,II and III. 9ere also difference of O.D.of
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mlxturea and metal Ions,was plotted against the ratio

(81)/ (81) « (Phthallmida). The results are given belowt

Sat I. Concentration of tha reactants • 0.067 K

O.D, O.D,Vol. of Vol.of Difference

»1C1« phthall mixt. »ici2
2 mlde

1.0 9.0 0,088 0,01 0,018
2,0 8.0 0.074 0,016 0.058
2.5 7,5 0.107 0.017 0.090
3.0 7,0 0.188 0.026 0.102
.3. 33 6,67 0,188 0.027 0.102
4.0 6,0 0,113 0.088 0.084
5.0 5.0 0,098 0,038 0,086
6.0 4.0 0,089 0,048 0,043
7.0 3.0 0,086 0.083 0,033
8.0 2.0 0,084 0.068 0, 019

fejTt Ittiltft 880 811.

Vol.of
91C12

1,0
2,0

3,0
3.33
4.0
5.0
6.0
7.0
6.0

Vol.Of
phthall
mida

9.0
8.0
7.5
7.0
6.67
6.00
5.00
4, 00
3.00
2.00

Flg,9, Curve 1,

T Aft h 1 H2.3&.

O.D.
mixt.

0. 029
0.060
0,122
0,143
0,148
0,135
0,134
0,121
0,118
0,123

0,D,
HiCl

0,012
0,033
0,027
0,038
0,040
0.045
0.060
0.070
0.080
0.100

Fig. 10, Curve 1.

Difference

0.017
0.057
0.096
0.108
0.105
0.090
0. 064
0.051
0.038
0.088
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Wi*e leneth 670 mu.

Vol. of Vol. of O.D. O.D. Difference

»1C12 phthall
mida

mixt. S1C1
3

1.0 9.0 0.027 0.016 0.011
2.0 6.0 0.078 0.029 0.049
«£. 0) F. o 0.117 0.035 0,082
3.0 7.0 0.138 0. 048 0,090
3.33 6.67 0.142 0.050 D, 092
4.00 6.0 0.135 0.058 0.077
5.0 5.0 0.135 0.075 0.060
6.0 4.0 0.140 0.090 0.050
7.0 3.0 0.143 0.105 0.038
8,0 2.0 0.150 0.127 0, 023

trf.Sfc, XI*

Fig, 11, Curve 1,

Concentration of the reactants a 0,05 K,

I (LI A • efts 1*.

,3Tw" eJmatma mams maV

Vol,of
N1C1.

1.0
2,0
2.4

3.3
4.0
4.5
5.0
6.0
7.0
8.0

Vol.of
phthall-
mide

9.1
8,0
7.6
7.2
6.7
6.0
5,6
5.0
4.0
3,0
2.0

O.D.
mixt.

0,084
0.049
0,070
0,085
0,113
0.10
0,088
0,081
0,070
0,065
0,062

O.D. Difference

ncia

0.012 0. 512
0.012 0.037
0. 017 0.053
0.020 0.055
0.023 0.090
0.029 0.071
0.030 0.058
0, 030 0,051
0,035 0,035
0.042 0,023
0.051 0,011

Fig.9,Curve 2.



MOLE RATIO METHOD
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Vol.of

2

1,0
8,0
2.4
2.8
3.3
4.0
4.5
5.0
6.0
7.0
8.^

Vol.of
Phthall
mlde

9.0
6,0
7.6
7.2
6.7
6.0
5.5
5.0
4.0
3.0
2.0

-101*

uhj m.19.

O.D.
mixt.

0.086
0.052
0,070
0,093
0,133
0.117
0.106
0.102
0.093
0.090
0.088

O.D. difference
sici2

0.013 0.013
0.020 0.032
0.028 0.045
0.027 0.066
0.033 0.089
O. J4& 0.075
0.045 0.080
0.050 0.068
0.055 0.038
0,065 0.035
0.078 0.010

Tig, 10, Curve 2,

0,0, O.D.Vol.of ' Vol.of Difference
NiCla phthall

mlde
mixt. »ici„

2

1.0 9.0 0,023 0, 012 0.010
2.0 c. 0 0,048 0.022 0.086
2.4 7.6 \», Qua 0.027 0.037
2.6 7.2 0.067 0.031 0.056
3.3 6,7 0.115 0.043 0.072
4,0 6,0 0,115 0.050 0.056
4,5 5,5 0,112 0.053 0,069
6.0 5.0 0,113 0.058 0, 055
6,0 4.0 0,109 0.068 0,041
7,0 3,0 0,110 0.083 0,027
8,0 2,0 0.113 0,099 0.014

ng. ii, Curve 8.
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III- Concentration of the reactanta a 0.04 If.

T A8 Is g snmaata

HiVt l^gth„§30 8aV

Vol.of Vol.of
phthall
mida

1.0
2.0

v. c

..>» 3
4,0
4.5
5.0
6,0
7.0
8.0

9.0
8.0
7.6
% S&

6.7
6.0
5.5
5.0
4.0
3.0
2,0

O.D.
mixt.

0.020
0.043
0.056
0.074
0.087
0.074
0.068
0.088
0.059
0.053
0.052

o.o.
M1CI

2

0.009
0.013
0,016
0,018
0,021
0,023
0,030
0,030
0,033
0,041
0,044

Fig, 9,Curve 3,

Difference

0.011,
0.030
0.042
0. 066
O. 066
0.051

0.032
0.021
0.012
0.008

Vol. of Vol, of 0.0. O.D. Difference

M1C10 phthall* mixt. sici*
2 mlda

1.0 9,0 0.083 0.008 0,014
2. 0 8,0 0.041 0.013 0,028
3.4 7.6 0.057 0.018 0,039
2.8 7.2 0.075 0.020 0,055
•>m 3 6.7 0.090 0.032 0,068
4,0 6.0 0,080 0.026 0,054
4,5 5.5 0,075 0.033 0,042
5,0 5.0 0,070 0,037 0.033
6,0 4.0 0.070 0,045 0,025
7,0 3.0 0,085 0,049 0,016
8,0 2.0 0.051 0,052 0,009

Fig.10,Curve 3,
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212*23*

O.D.
mixt.

O.D.
JflClg

Yol.Of Vol.Of
Jfl0lo phthali-

* mlda

Difference

1.0 9.0 0.020 0.011 0.909

2m0 8.0 0.039 0.017 0.032

2.4 7.6 0.053 0.088 0.030

2.8 7.8 0.068 0.085 0.043

3.3 6,7 0.081 0.030 0.051

4.0 6.0 0.079 0.098 0,044

4,5 5,5 0.080 0.041 0.039

6, 0 5,0 0.075 0.044 0.088

6,0 4,0 0,077 0.055 0.088

7,0 3.0 0.075 0.068 0.013

8.0 3,0 0.075 0.069 0.005

Fig, 11, Curve 3,

Kola ratio methods* The results of Job*s method were

further confirmed by mole ratio method. The method of

mixing the solutions was the same as described earlier,

the experiments ware performed at two different concentrat

ions of nickel chloride,and absorption measurements were

carried out at wuve lengths 630,650 and 670 mu.The results

are tabulated belows
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0,D,values of mixtures,prepared according to the mole
ratio method.

Coneentratlon of nickel chloride a 0.0133 K (in 10 ml.).

Concentration of phthallmida a 0.067 K.

Total voltsme made up a 10 ml.

Vol,of Vol.of 630 mu 650 mu 670 mu.
KIClg phthall*

mide

2,0 1.0 0,028 0.038 0.041
2,0 2.0 0,043 0.050 0.051
2.0 2,5 0,053 0,062 0.061
2.0 3.0 0.063 0.070 0.070
2.0 2,5 0.077 0.083 0,076
2.0 4,0 0.092 0,097 0.067
2.0 4.5 0.095 0,100 0.090
2.0 5.0 0.093 0,098 0.086
2.0 5.5 0.086 0,093 o.oes
2.0 6.0 0.085 0,092 0.063

Fig.14.
Curve 1.

Fig.13.
«urve 1.

Fig. 12,
Curve 1.

x,„AJJrl 1 IS. 23.

Concentration of nickel chloride a 0.0iM.<ln 10 ml.).

Concentration of phthallmlde a 0. 067 M.

Total volume made up a 10 ml.

Vol. of Vol. of 630 mu 650 mu 670
Nid0 phthallmlde

1.5 1.0 0.033 0.035 0.039
1.5 1.5 0,040 0.043 0.041
1.5 2.0 0.048 0.051 0,050
1.5 3.5 0.060 0.062 0,059
1.5 3.0 0.072 0.073 0,085
1.5 3.5 0.076 0.075 0,057
1.5 4.0 0.074 0.073 0.065
1.5 5.0 0.069 0.068 0.062
1.5 5.5 0,063 0,062 0,058

Pig.14. Fig, 13. Fig. 12.
Curve 2. Curve 2, Curve 2,
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Stability constant of grecm complexs* The value of K,

stability constant was determined by the method of

Anders on( loc.clt.), using the expression described in

Chapter I, for Is 2, complex. Two sets of mixtures, of

concentrations 0.05 K and 0,057 Y of the reactants,were

prepared according to the Job's method. The 0,0,(not the

difference) was then plotted against the ratio

(M)/(Si) * ( Phthallmida),

temaUMI aaM*a .
0,0,values for stability oonstant of is2,nlckel phthalimide,
green complex,

Set, IConcentratlon of the reactants a 0,05 M.

Set II, Concentration of the reactants- 0,057 Y

Vol,of Vol,of 3et I ^et II
MClg phthalimide 0.0, 0,t>,

1.0 9.0 0.016 0,029
2,0 8.0 0.050 0,082
2.6 7.5 0.070 0,120
2.8 7.2 'J. \XH 0,144
3.3 5.7 0.120 0,148
4.0 6.0 0.118 0,140
4.5 5.5 0.111 0.132
5.0 5.0 v. 1U9 0.132
6.0 4.0 0,102 W| ImuMst

7.0 3.0 0.101 0.137

Fig.18, Curve 3, Curve 1,
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yondystoafftrlg maamaamaaml

Conductomatrlc titrations of phthailmida(prepared

in equivalent amount of K08) against nickel chloride were

carried out in order to obtain further confirmation of the

composition of nickel*phthallmlde complexes. The procedure

and other details,for performing these studies were kept the

same,as described in Chapter I,

EsadlngS for direct titrations* Phthallmida in aaiy

I 4 3 Ttf | cmfcita

Concentration of phthallmlde solution * 0.066 Ym

Concentration of nickel chloride solution a 0.30 K.

Volume of phthallmlde solution a 10 ml.

Total volume made up to 25 ml.wlth methyl alcohol.

Vol, of

^Gl2
(ml.).

Corrected
conductance

(mhoaxlO"3)

Vol.of
i?ici8

(mi. ).

Corrected
conductance

(mhosxlO*3)

0.0 2.545 1.0 2.941
0.1 2.500 1.1 3,086
0.2 2,463 1.2 3,226
0.4 d£a) t^j^tI 1.3 3.356
0.5 2,381 1.5 3.623
0.6 8.40W 1.7 3. 676
0,7 2.577 1.9 4.167
0,8 2.688 3.1 4.405
0,9 2.817 3.4 4.762

Fig,16

10,0 ml, of 0,066 Y phthallmida

a 0.55 ml.of 0.3 ¥ MCI • 2.5 ml.of 0.066 Y MClfi
8 a

Ms phthallmlde » lt4
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Concentration of phthallmlde solution * 0.066 K.

Concentration of nickel chloride solutiona0.30 If.

Volume of phthallmida solution m 12 ml.

Total volume made up to 25 ml.with methyl alcohol.

Vol. of Corrected Vol.of Corrected
MClg conductance MCU eonluetanee

(ml.) (mhoaxlO ) (ml. ). (mhoaxlO"3)

0,0 2,817 0.9 2.778
0,1 H.7W3 1.0 *} pno

0,2 2.762 X.H 3.106
0,3 2,732 1.4 3.300
0,4 2,703 1.6 3.534
0,6 2,681 1.8 3.731
0.6 2,667 2.0 3.922
0.7 2.653 9.4 a. <m#2
0,8 2.688

•
«.

Pig.17

12.0 ml. of 0.066 H phthailmiie

a 0.675 ml. of 0.3 K MClg a 3.07 ml. of 0.066 H MClg
Ms phthallmida * Is3.9

XmmmM Ibl -^ **•
Concentration of phthallmida solution a 0.068 K.
Concentration of MClg solution a 0.30 «.
Volume of phthallmlde solution » 16 ml.
Total volume made up to 25 ml.with methyl alcohol.

^Ql.Qf
MClg
(ml. 7.

0.0
0.2
0.4
0.6
0.8
1.0
1.2

Corrected
conductance

(mhosxlO*3)

Vol.of
MClg
(ml. ).

Corrected
conductance

(mhosxlCT3)
a. »ao 1.4 3.571
3. 215 1.6 3.717
3.164 1.8 3. SE?1
3,134 2.0 4.132
3,077 *?. «s 4. ovis
3,125 2.4 4.587
3.333

-
—

15 ml.of 0.066 If phthallmlde Fig.16.
m 0.65 ml.of %m MClg « 3.67 ml.of 0.06611 MClg

Ms phthallmlde a Is3. 86
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eUJJkJ I-.30,

Concentretion of phthalimide solution « 0.086 «.

Concentration of nickel chloride solution «0.3 M,

Volume of phthalimide solution a2l.O ml.

Total volume made up to 25 ml.with ©ethyl alcohol.

Vol.of Corrected Vol.Of Corrected
MC1~

(ml.).

conductance MClg
(ml. /.

conductance

(mhosxlO* ) (mhoaxlO*3)

0.0 4,292 1.6 a. u98
0.2 4,255 1,6 4.167
0.4 4.167 1.7 4,346
0,6 *f # X**d6 1.9 1.545
0.7 4.115 2,8 4.782
0.8 4. 098 2.4 5.002
0.9 4.062 «*.a 5.155
1.0 4.049 2,8 5.319
1.2 3.964 3.0 6.556
1.4 3.968 am

-

.19.

21.0 ml. of 0.066 K phthalimide

a 1.2 ml. of 0.3 K of MClg a 5.4 ml. of 0.066 H MClg
Ms phthallmlde a 1:3,65

For reverse tit rations, 1.0 ml. and 2.0 ml.of 0.056H

nicktl chloride were taken In the cell. To these four

equivalents of potassium hydroxide solution were added,and

total volume was made up to 10 ml,In each case, to interesting

feature of these titrations was that although,nickel hydro

xide precipitate was originally present In the titration cell,

It got decomposed on the addition of phthalimide solution,

resulting in appreciable variations in conductance values

and subsequent appearence of a well defined inflexion point.

The results are tabulated belows
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Stealing for revsrsc tltratlonssntekel ehlflrlla in the ftfU-

Concentration of nickel chloride solution a 0.0667 K.

Concentration of phthalimide solution a 0.0567 K,

Total volume made up to 10 ml.with methyl alcohol.

eUamatal «aV»l.

Volume of nickel chloride solution ai.O ml.

Vol,of Corrected Vol,of Corrected
phthalimide conductance phthalimide e<aiduetanee

*"l»'« (trhcaxlcT3)(ml,), (mhoaxlO"3)

o.o 1,299 4.3 1,093
0,7 1.242 6.0 1.081
1.4 1.160 5.6 1,066
2,1 1.180 8.4 1,036
2,6 1.130 7,4 1,020
3,5 1.U1 6,0 1,020
m% fe 1.111 — am

Fig, 20,

1.0 ml. of 0.0667 MMClg a. 3.80 ml.of 0.0687 Y phthalimide
Ms phthalimide a is3.8

a* h fl I I E32,

Volume of nickel chloride solution • 2.0 ml.

Vol. of Corrected Vol,Of Corrected
phthallmlde conductance phthallmlde

(ml.).
con iuctanoe

(mi.). (mhosxlO* ) (mhosxlO*3)

o.o 2.361 8.0 1,724
1.2 <5ej *&S«5 9.0 1,661
2.4 2.083 10.0 1,645
3.6 1,969 11.2 1.613
5.0 1,887 13.4 1,575
6,2 1,812 13.4 1,538
7.0 1,770

•

, 21*

2,0 ml.of 0.0667 Y MCI • 7,8 ml, of 0,0867 K phthalimide

Ms phthallmida a it 3.9
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ammammmmll JMmammamaJ

Tha method recommended by Calvin and Kelchoir(loc.clt.)

was employed here also,for performing pH metric studies of

nickel complexes of phthalimide and glutarlmlda,in methanolic

medium. The experimental details and the apparatus employed

for these studies,were same as described earlier In Chapter

X, Both In case of phthalimide and glutarlmlda, typical

titration curvea were obtained with and without tha preaence

of metal ion,

ammammmmamammmmi mmmmmmmP

30 ml.of 0.05H phthallmida solution was mixed with

1.0 ml.and 1.6 ml. of nickel chloride,and was titrated

against 0.1 H potassium hydroxide solution. i?or oK value

phthallmlde solution was separately titrated p% metrically.

Corrected values of n and -log A (free ligand concentration)

were calculated using the equation described in Chapter I,

Tables showing calculations of n and -log A have been given,

along with each titration table.
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T A ft i S -12.33.

Titration for pK value of phthalimide(methanolic solution).

20,0 ml.of 0,05 Y phthalimide,titrated against 0,1 K KOH,

Vol. of
K0H(ml. ),

pR Vol. of
K0H(ml. ).

pH

0.0 6,87 4,0 9.48
0.2 9,12 5,0 9.495
0.3 9,38 6,0 9,50
0.5 9.32 7.0 9,52
0.8 9,38 8,0 9,54
1,4 W,3iP 9,0 9.57
2,0 9,42 10,0 9.59
3,0 9.47 — —

ng.32.

pK value of phthalimide a 9.50

T A 8 L g JJ$, 34.

Titration of phthalimide solution in absence of nickel-
chloride,

20,0 ml, of 0,05 M phthalimide titrated against 0.1 Y KOH.

Total volume made up to 25 ml, by methyl alcohol.

Vol, of pH Vol. of pH
K0H(ml,), K0H(ml.).

0,0 6,79 1.8 9.45
0,1 8.75 2,5 9.48
0,2 9,02 3,0 '»*fc
0,4 W, GJL 4.0 9.49
0,6 9.35 5.0 9,51
1.2 9,40

• *

Fig. 23, Curve 1.
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Titrations of phthalimide in presence of nickel chlorides

Concentration of phthalimide a 0.95 I*

Strength of MClg solution a 0.02 «
Strength of KOH solution a 0.1 K

UULk .1 12.35.

20 ml. of phthallride -1.0 ml. of nickel chloride,total

volume made upto 25 ml. by methyl alcohol.

Vol, of pH Vol. of pH
K0H(ml. ). K0H(ml. ).

0.0 4.46 1.0 8.98
0.1 5.40 1.4 9.33
0.2 5.91 1.8 9.31
0.4 7.20 2.5 9,40
0.5 7.93 3.0 9.44
0.6 6,24 4,0 9.52
0.8 8.70 8.0 9.58

Fig, 23, Curve 3,

LaUULi J&.35U)
Calculations for formation curve.

For 1.0 ml.of 0.02 H,MCig a 0.2 x 10*4 moles,
pH a KOH Holes of , n -log phth.

KOH x 10 4 ^

5,0 0,075 0.075 0.375 5.8037
6.5 0.135 0.125 0.635 5.3038
6,0 0.225 0.225 1.125 4.6060
6.5 0.325 0.325 1.515 4.3081
7.0 0.375 0,375 1.875 3.8063
7.5 0.425 0,426 2.125 3.3102
8.0 0.475 0,475 2.375 2.6113
£.5 0.625 0,625 3.125 2.3145
9,0 0.80 0.80 4.000 1.6161
w. 25 0.85 0.85 4.36 1.5692

Fig. 24, Curve 1.
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MaaJaJ SSL 36.

20 ml. of phthalimide -1.8 ml. of nickel chloride,total

volume made upto 25 ml. by methyl alcohol.

Vol. of pH Vol, of pH
K0H(ml.). K0H?ml.).

0,0 4.42 1.3 B. 80
0.1 8.00 1.8 9.25
0.25 5.55 2,5 9.35
0.3 5,90 3,0 9.47
0.4 6,25 4.0 9.53
0.5 6,75 5.0 9.67
0,8 6.10 *

•

Fig. 23, Curve 3.

tip fr i aa.36U).

Calculations for formation curve,

*4For 1,5 mi, of 0.02 K,MClg » 0.3 x 10 moles,

p8 A KOH Moles of - 5 -log phth,
KOH x ICT4

5.0 0.125 0,125 0,416 5,8031
5.5 0.20 0,30 0,666 5,3054
6.0 0.35 0,35 1,166 4,6086
6,5 0,45 0,45 1,50 4.3107
7,0 0.55 0.55 I. 633 3. oiiStf
7.5 0.65 0.65 2.166 3.3150
8.0 0.75 0.75 2,50 3.8170
8.5 0.95 0.95 3,166 2.3212
9.0 1.175 1.175 3.916 1.8389
9.25 1.30 1.30 4.333 1.5784

Fig. 24, Curve 8.
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For further confirmation of the compos It ion of

yellow complex,metal alone and with increasing proportions

of phthallmlde as (Isl,ls2,is3,ls4 and Is5), were aaparately

titrated against atandard potassium hydroxide solution.

Titration of phthalimide alone,against KOH,was also

performed under similar condition. Details have been

summarised in the following table and observation of

different titrations are ahown in Fig.26,

T4HS m.37;

Concentration of phthallmlde solution a 0.05 M.

Concentration of nickel chloride a 0.05 H.

Concentration of KOH solution a 0.1 M.

Total volume In each set made upto 20 ml.by methyl alcohol.

Vol.of Vol.of MCla s Curve Ho,

111018 fmut1*11* PfcthSllmidm
(mi, /,

3.0 0.0 * 1

3.0 3.0 lsl 3

3,0 6,0 ls3 3

3,0 9,0 H3 4

3,0 13,0 1*4 5

3,0 15,0 Is5 6

0,0 15.0 - 7
eaaaHameaiaaaMMNaMMmmeamaMMMWMM^

Fig.25.
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- Log A (phth.)
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4 S 6

FIG- 24
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illttatl^llutaa^ffMl JmatamaaP

pH metric titrations of 10 ml.of 0,1 H glutarimide

alone and in preaariee of 0,5,1.0 and 1.5 ml. of (O.OSN)

nickel chloride(total volume made upto 12 ml.vith methyl-

alcohol In each case),were performed against standard

potassium hydroxide solution. pK value of glutarimide was

determined by a separate titration and was found to be 11.08

at half titration point. Calculation tables for n and

- log A (free ligand concentration) are given along with

each titration table,

gjLaUaJ JIB.3*.

Titration of glutarimide solution in aba«ice of nickel-
chloride,

10,0 ml. of 0,1 M glutarimide solution titrated against
0,1 K KOH.Total volume made upto 12 ml. by methyl alcohol.

Vol, of m pH Vol. of pH
K0H(ml. ). K0H(ml. ).

0,0 7.15 1.5 11,9

0,1 10.38 2.0 12,05

0.2 10,70 3.0 12.20

0.3 10.95 4.0 12,30

0.4 11.13 6.0 12,35

0.5 11.28 5.5 12,40

1.9 11.70 6,3 J>o.a,ns

Fig, 26, Curve 1,



-116-

Titrations of glutarlmlda In presence of nickel chlorides

Concentration of glutarimide a 0,1 It.

Strength of MClg solution a 0,05 K.
Strength of KOH solution a 0,1 K

10 ml. glutarimide - 0.5 ml. nickel chloride. total
volume made upto 12 ml. by methyl alcohol.

Vol. of pH Vol,of pH
K0H(ml. ). K0H(ml.).

0.0 4.20 1.0 11.43
0.1 6,20 1.5 11.78
0.2 7.05 2.0 11.96
0,4 8,95 2,5 12.10
0.5 10.05 3,0 12.20
0.6 10.60 4,0 12.30
0,7 10.93 5,0 12.37
0,6 11.15

- •

Fig.26, Curve 2.

TAPH Ifi.39(A)

Calculations for formation curve.

For 0.6 ml. of 0.05 K MCI a 0.25 x lo"4 moles.
•

pH A KOH Holes of . n *iog fittt.
KOH x 10"4 * *

7.0 0.20 0.20 0.80 8.1464
7,5 0.25 0.25 1,00 4.64£2
6,0 0.275 0.275 1,10 4.1492
8,5 0.30 0.30 1.20 3,6499
9,0 0.35 0.35 1.40 3,1517
9,5 0.40 0.40 1.60 2.6534

10,0 0.425 0.425 1.70 2,1544
10,5 0.450 0.450 1.60 1.6552
11.0 0.45 0.45 1.60 1,1552
11,5 0.45

1
0.45 1.80 0,6552

Fig. 27, *Curve 1,



• 117-

LAJLfcJ jm.do.

10 ml,glutarlmlda - 1.0 ml. nickel chloride,total volume
made upto 12 ml, by methyl alcohol.

Vol.of
K0H(ml. ).

pH Vol. of
K0H(ml. ).

pn

0.0 4.27 1.0 10.40
0,1 5.95 1.2 11.10
0,2 6,40 -*•• » 11.40
0,3 6.80 i. V» 11.70
0.4 7.26 45. fi ll.fc9
0,5 7.60 3.0 JL<v. i.

0,6 7.90 3,5 12,20
0.7 6,30 4.3 12.30
0.8 8.65 5,0 12.35

Fig.26, Curve 3,

aUJLkl 2&.40U).

Calculations for formation curve.

For 1.0 ml. of 0.08 HMClg • 0.5 x 10~4 moles.
pH A KOH Moles of . n -log glut.

KOH x 1(T4

7.0 0,35 0.35 0.70 5.1517
7.5 0,45 0.45 0.90 4.6552
8.0 0,575 0.575 1.15 4.1597
6,5 0.70 0.700 1.40 3.6638
9,0 0.75 0,75 1.50 3.1655
9.5 0. £5 0, 65 1.70 2.7069

10.0 0.90 0.90 1.60 2.1706
10.5 0.91 0.91 1.83 1,6709
11,0 0.90 0.90 i.eo 1,1706

Fig, 27, Curve 2,
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I ft P h S SSL 41.

10 ml. glutarimide * 1.5 ml. nickel oh lorIda, total volume
made upto 12 ml. by methyl alcohol.

KOH pH KOH p8
Vol. (ml.). Vol.(ml.)«

0.0 4.17 1.3 8,33
0.1 5,60 1.4 10,40
0.2 6,12 1.7 11.10
0,3 6,43 2.0 11.50
0.4 6,75 2.4 11,79
0.5 7,00 2.8 12,02
0.6 7,30 3.2 12.13
0.63 7.30 3.8 12* 23
1.0 7.76 5.0 L<s.3c

Fig. 28, Curve 4.

T ftP j • JStt. 41(A).

Calculation for formation curve.

For 1.5 ml. of 0.05 KMClg - 0,75 x 1<T4 moles.

pH A KOH Joles of 4 n _lof glut.
KOH x 10~*

7.0 0.50 0,60 0.667 5.1569
7.5 0.75 0.75 1.00 4,6655
6.0 1,00 1.00 1.33 4.1739
C| *-> 1,15 1.15 1*533 3,6789
9,0 1,20 1.20 1.60 3,lfe06
9,5 1,25 1,25 1.667 2,6622

10,0 1,30 1.30 1.733 2,1639
10,5 1.35 1.35 1,89 1,6855
11,0 1,32 1.32 1.76 1,1646

Fig, 27, Curve 3,



BJERRUM CALVIN METHOD
Volume of KOH (ml)
2 3 4

FORMATION

2 3 4 5 6/
_ Log a (Glut.) FIG. 27

CURVES FOR Ni-GLUT. COMPLEX (Methyl Alcohol'
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Here again solutions containing nickel chloride

and glutarimide in different proportions,giving ratios of

nickel to glutarimide as lsl,ls2 and ls3,were titrated

pH metrically against 0,1 M potassium hydroxide solution.

Blank titrations of nickel chloride and glutarimide were

also carried out separately, under similar conditions.

The results of titration have been shown in Fig,28 and

details of concentrations etc, of the reagents are

summarised beiowi

aUaal&J 12.42.

Concentration of fiutarialda solution a 0,1 K,

Concentration of nickel chloride a 0.05 M,

Concentration of KOH solution a 0.1 K.

Total volume In each set made upto 15 ml.by methyl-
alcohol.

Vol,of
MClg
(ml,),

Vol. of
glutarimide
(ml.).

MClg »

glutarlir Ida

Curve Ho.

6,0 0.0 — 1

6,0 3.0 lsl a

6,0 6.0 ls2 3

6.0 9.0 ls3 4

0,0 9.0 a 6

Fig. 28.
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feftUUon 3aa 8^Paaaf| 3naTl31aa A fcH aamttaml aamammmmm
Mammal amammiaaaMI mamamamml

50 ml, of nlekel chloride ( 0,05 K) solution was

added to 250 ml. of phthallmlde solution of strength

0,05 M ( phthalide solution was prepared In equivalent

amount of potassium hylroxlde), when a pH in the vicinity

of ten was adjusted. The yellow coloured,crystalline

precipitate of nickel phthalimide complex,waS obtained,

on concentrating the above mixture in a vacuum dassioator.

Chemical analysis of this complex was done by the method

described In Chapter I. The results of analysis are as

follows!

Percentage of nitrogen m 8.51 %

Percentage of nickel * fc.98 %

saaaaal amm •amm^ammamaP* UK Spectra of Isolated yellow

colcured,nickel phthalimide complex and of phthallmlde

were obtained in nuiol medium by the method of fast scanning,

Perkln and limer,spectrophotometer was employed for the

above studies. The spectra obtained are depicted in

Fig.29,
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DI3CUSSIQH

As described earlier nickel did not undergo complex

ion with phthalimide in aqueous medium, In either acidic

neutral or alkaline madia. In methanolic medium two complexes

of yellow and green varieties were formed In presence of

potassium hydroxide above pH 9. The yellow complex was found

stable In presence of excess of phthalimide while the other

complex was formed In presence of excess of nickel, similar

to the yellow coloured nickel succinimide complex,this

yellow complex also changed into the green variety on increas

ing nickel proportions In the mixtures.

joectroghoSosjetrlc s^sji

On applying VosBurgh and Cooper^ method for the

mixtures of nickel chloride s phthalimide as (lsl,l»2,ls3,

Is4,ls5 and ls7), two maxima corresponding to 360 mu and

650 mu were realised (Fig,l). Formation of two complexes

was evident from these observations.

A much remarkable information to ascertain the nature

of the two complexes was obtained by critically examining

the variations in optical density values for the different

mixtures,In the wavelength region 425 to 480 mu. The

mixtures having higher proportions of phthallmlde showed

appreciable absorption,while the mixtures with low proportions

absorbed very little In the above wavelength region. An

abrupt fall In optical density values for the mixtures

containing higher proportions of nickel than Is4 (Ni s

phthallmlde), Indicated the decomposition of yellow complex.
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Therefore the stoichioaretry of the yellow complex was

carried out at wavelengths 425,440 and 460 mu. The absorpt

ion of methanolic solution of nickel chloride in this

wavelength region,was negligible. The studies for the

green complex were performed at wavelengths 630,650 and

670 mu,as the second absorption peak was obtained at 650 mu,

which was quite far apart rrom the second peak of nickel

chlorlde(750 mu).

Composition and stability constant of yellow complexs-

From Jdb*s method of continued variation,the plots of the

difference of 0.0. of mixtures and metal Ions against

rolar fraction of nickel,gave peaks corresponding to ls4

(M-phthalimide) complex (?igs.2-4).

A slightly modified version of the molar ratio

method was employed. In one case phthallmlde was constant

while in the other like the conventional procedure,nickel

was kept constant, with mixtures containing fixed acount

of nickel chloride, the plots of (moles of phthalimide )A»ole

of nickel) vs.optical density,gave a sharp break correspond

ing to ls4,nickel-phthallmide complex (Figs.5 and 6). The

second procedure ( mixtures containing fixed amount of

phthallmlde), besides providing information about the

composition of the complex, also furnished definite evidence

for the decomposition of the yellow complex in presence of

excess of nickel (Figs.7 and 8) alnce optical density

values beyond the Inflexion point,showed gradual decrease

Instead of remaining constant. This decrease in optical
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density was due to the formation of green complex which as

already stated,showed lesser absorption on the wavelengths

440 and 460 mu.

Formation constant of 1-4, nickel phthalimide complex

was calculated using the method of Harvey and Hanningdoc.cit.).

The equation described earlier in Chapter I, for ls4

complex, was employed here also for this purpose. From

F?ig.6,curv« 1, the value of stability constant K,came out

to be, 3.89 x 106.
Composition and stability constant of green complex!- Unlike

ls4 complex in non-aqueous medium,this complex was quite

stable in presence of excess of nickel chloride. The plots

of difference in optical density against molar fraction of

nickel gave maxima corresponding to ls2 (NI s phthalimide)

composition^ igs.9-ll).

Further confirmation of the results of Job's method

was obtained by molar ratio method,inflexion points correspond

ing to is2(nickel-phthalimide) ratio were realised (Figs, 12-

14), However,the curves slightly deviated from the normal

curves for the molar ratio method. The optical density

values after the inflexion point instead of remaining

const ant, decreased due to the formation of yellow complex

(due to excess of phthalimide).
im

The stability constant of this complex was determined

by Anderson's method ( equations 3 and 6,Pages 44 and 45).
The values of ^ , bx and Sg ,bg were 1.467 xlo"8,5.2 xlO
and 1.45 x ld*2t 4.05 x ld"^ respectively (Fig. 15,Curves 1
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and 2 ). The value of stability constant K, came out to be,

9.61 x 10S.

B8ammaaaamam\8l8 l4te88aammV

Conductometrlc direct (phthalimide in the cell)

titrations were quite successful In methanolic medium.

A sharp inflexion point corresponding to ls4(nlckel-phthall-

mide) ratio was realised (Figs.16-19). Reverse (nickel

chloride in the cell) titrations,exhibited a behaviour

similar to the nickel-succlnlmlde complex. The precipitate

of nickel hydroxide got dissolved on gradual addition of

phthallmlde,giving a sharp inflextion corresponding to

ls4, nickel phthalimide complex (Figs.20-21).

gfrWftrlg mamaitat'

Here also, as In the case of nickel-succin Imide

compleXjBjerrum's method was subjected to the limitation

of arbitrary units of pH in non-aqueous medium. However,

from the shift In pB-metrlc titration curves the values

of n *nd apparent average stability constant were determined.

The value of,apparent over all atability constant,of the

nickel phthallmlde complex was obtained by multiplying the

average value by four(Fig.23). From the titration curvea

it was evident that the value of n showed gradual Increase

with Increase of pH,till a oonstant value of four was reached,

suggesting thereby that the anionic form of phthalimide

was taking part in the complex—lon(Flg.23). The mean value
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of apparent stability constant of the yellow complex,

calculated from formation curves is given below*

Curves Average stability Over all stability Faan
constant m constant log K
log k —log A at n a2 log K a 4 log k

1 3,45 13,80
13.9

3 3.50 14.00

Fig, 24

The difference In the values of stability constant of

yellow complex,as obtained by spectrophotometrie and p»-

metrlc methods, is quite understandable,since the pH In

non-aqueous medium Is not in the same units as in case of

aqueous medium. Therefore the value of the stability

constant obtained from pH-metrlc method,gives only the

apparent value of stability constant.

The further confirmation of the composition of nickel

phthalimide complex was obtained from the pB»aetrle titrat

ion curves of phthalimide alone and of mixtures having

nickel and phthalimide in proportions of Isl,ls2,ls3,ls4

and ls5. The shift of curves towards lower pH region,with

increasing proportion of phthallrlie,suggested continuous

liberation of protons during corplex-lon with nickel,The

limiting case was reached corresponding to the mixtures

having,nickel s phthalimiie in the ratio of ls4 (Fig,25^.
Analysts of the yellow CQBPlsgs

The results of analysis of the isolated complex

(Hi a 6.98 i and » • 8.5 *),aiso confirmed tha existence of
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ls4 complex,

JaaViammmmmml

The I,H,3pectra of phthallmlde end its ls4 complex

with nickel were recorded in the sodium chloride region

(Fig. 29).

The main characteristic of the spectrum of the

complex was a marked shift In the carbonyl stretching

frequency. The parent ligand,phthallmlde showed carbonyl

absorption band around 1750 cm" while the complex showed

the band around 1660 cm"1. The splittings of the band were

also shown by the complex. However, it may be pointed out

that even the parent imldes must show splitting due to

vibrational coupling.

Since the pH titrations and other chemical evidence

seems to Indicate that the co-ordination is through nitrogen,

the decrease in carbonyl frequency could be Interpreted due

to the mass effect of the heavy metal atoms, which must have

some perturbation in these ring complexes. Furthermore

some of the decomposed metal might have reacted with carbonyl

group, resulting the decrease in its frequency.

Klekal-glutArlmlde coaolex formed in methyl-alcohols

Interaction of nickel with glutarimide was studied

by pH-metrlc method only since conductometric and spectropho

tometrie methods could not be employed due to the limitations

similar to those as encountered in ease of nickel suocinimide

complex, in the aqueous medium.

pB-m#trle titration curves obtained were In accordance
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with the shape of the typical curves of ajerrum's method

(Flg.26). A set of n values was determined at different

pH values. The value of n was found to increase with pH

and attained a constant value at n « 2» indicating thereby

the formation of It2 (nickel glutarlmlda) complex.

Free ligand concentration a") was calculated by the

method described earlier in Chapter I. Formation curves

(Fig.27) were obtained by plotting n against -log A. The

apparent values of average and over all stability constants,

as determined from the formation curves are tabulated belows

Curves Average stability Over all stability Keen
constant m constant log K
log ka-log A at n»l log K.2 log k

6.80

9.10 9.0333

9.20
*

Flg.27

Further confirmation of the composition of nickel

glutarimide complex was Obtained from pH titration curves

of mixtures containing nickel chloride and glutarlmlda

in different proportions (Fig.28). A gradual shift of

curves towards lower pH range was observed till the ratio

of nickels glutarimide approached,Is2. Jfo further shift

of the curves to the lower pH range was observed beyond

ls2,nickel-glutarimide ratio. This clearly Indicated that

the maximum capacity per metal Ion for displacing hydrogen

ions of glutarimide,is two.

1 4,40

8 4,55

3 4.60
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Hffshanlfg 9f ^ ? rtacUav* ft nlfimtlUlMtft ffhtftalteUt
end glutarimide. In methanolic mediums

(i) ls4 M-phthalimi la eompiex(yellow coloured).

Analogous to the behaviour of Ni-sucolnlmide,this

complex was also formed by a biuret mechanism. The following

structure may therefore be assigned to this complex,

\/
If

i — at —Z< or ((Cg^V'd Rl /
I
/\

In view of the evidence gathered from physico-chemical

studies, the co-ordination of nickel has been visualised

through four basic nitrogen atoms. However,I,R.spectrum of

the isolated corplex does not seems to support above

observations,probably due to change in the nature of complex

on heating and drying,

(ii) ls2 M-phthaliKide corplex(green coloured).

The following structure may be proposed,based on

exactly similar reasonings as in case of ls2,nlckel-

suecinimide complex,

(<C8H4°2!f)2 H (C%°H)2)
The possibility of chelation exists here also

analogous to ls2,succlnlrida complex of nickel,

lnce two basic nitrogen instead of four are Involved

in co-ordination,biuret reaction mechanism cannot be assig

ned,

(111) ls2 M-glutarlJtlle compiax(green coloured).

The structure of Is 2, nickei-glutarlmide complex
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aay be represented by the following formulae,

(i)^CH - CO

-::;2 - CO'

(ll^CRg -

^CHg -

CO
X

U -H

(CH3OH)
2

—;.

0

<Ca30H)2

oc

oc

:a2"

ca.

.OC - CHg.

:C - CHL

CM.

CHg

However, for lack of evidence in favour of any of the two

structures,the complex may be represented as,

PWV0. M1 <CVH,8]
This complex again is not formed by biuret reaction, since

only two nitrogen atoms are Involved in complex-ion.
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INTRO OUCTIQIf

Copper complexes Invoiing biuret reaction are quite

familiar, Mary K.Rising and coworkers (l) studied the

biuret reaction of dl-acid amides and copper, in presence

of alkali. The colour change was explained due to

simultaneous aalt and complex Ion formation. It was

therefore, suggested that in each molecule of di-aold

amide there must be two acid hydrogen atoma and one or more

amine nitrogen atoms,for salt and complex Ion formation

respectively.

Biuret reaction of copper with amino acid am Idea (2)

Involves appearance of pink colour even in absence of

alkali. This behaviour was attributed to their ready

enolisation. Thus copper gets coordinated with four

nitrogen atoms of two molecules of acid amides. The litera

ture on these reactions,besides being meagre,deals mostly

with the studies based on the methods of chemical analysis

only, ^ome of it is,however, worth describing, SehiffO)

in his generalisation of the groups,responsible for the

biuret reaction did not include dl-acld imldes. However,

Tschugaeff (4) reported biuret reaction of imldes In the

am*onicel,aqueous-ethanollc and pyridine media. The

hydroiytle nature of the copper succinimide complex was

reported by Ley and isomer (5), Owing to its hydroiytle

decomposition,Rising and Johnson (6) Investigated the

copper succinlmlde complex in ethanolic solution of barium

hydroxide, and tried to establish its composition by the

method of chemical analysis.
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L.Cambl (7) studiei the magnetic properties of

complex derivatives of succinimide and phthalimide,with

Iron,nickel,cobalt and copper,and these complexes were

shown to be paramagnetic.

From what has been said above,it is evident that

only reactions involving coordination of the metal with

four basic nitrogen are designated as biuret reaction,

while other reactions like the interaction of copper and

nickel with lmides in the aqueous medium, Involving two

basic nitrogen or that of cobalt in non aqueous medium

involving combination with two ionic nitrogen are non

biuret reactions.

Preliminary investigations performed in aqueous

medium revealed that copper got precipitated as hydroxide

on mixing with alkaline solution of sueoinlmlde and

glutarimide. However, on carrying out the reactions in

methanolic medium, complex-Ion between metals and imldes

was possible to realise. It was thus observed that bluish

violet insoluble complex was obtained,on mixing methanolic

potassltim hydroxide to a methanolic metal-Imide mixture.

This bluish violet precipitate was found highly sensitive

towards moisture and traces of water decomposed it,resuiting

in the formation of cop er hylroxlde. Moreover,these

complexes got decomposed in excess of copper sulphate also.

In this chapter composition and stability of insoluble

copper complexes of succinimide,phthalimide and glutarimide,

formed in methanolic medium have been studied,employing
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eonductometric,potentiometric,aaporometrlc and pH-metric

methods. The results of the above studies have been further

confirmed by I,R,spectra and chemical analysis, of the

Isolated products.

SEPg.lUEvn'I.mll

Solutions of succinimide,phthallmlde and glutarimide

were prepared by dissolving the requisite amounts in double

distilled methyl alcohol. Copper sulphate (A.R.) solution

was prepared by direct weighing and dissolving in methanol.

Freshly prepared methanolic solution of copper sulphate was

used through out these studies,since it got turbid on

keeping.

Copper (I) chlorides- Ho oopoer(I) salts soluble In water,

much less In methanol to give eopper(I) ions are known.

The only known stable copper(X) salts are either slightly

soluble compounds In water or are complex salts (6),

Cuprous chloride was prepared by dissolving 43 gms,of

crystalline cuprlc chloride In 300 ml, of hydrochloric acid

(sp.gr, 1,17) and mixing with 100 ml, of water, 25 gms, of

copper turnings were added and the mixture was heated on a
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water bath until the dark colour disappeared. The clear

liquid was then poured into a vessel containing two

litres of cold,air free water,acidified with a little

auiphurous acid, White precipitate of cuprous chloride

was collected by means of suction filter,washed with

dilute sulphuric acld(ls20) and then successively with

absolute alcohol and ether. The product was dried in a

vacuum dessioator over concentrated sulphuric acid.

Cuprous chloride solution was prepared by dissolving

the salt In methanolic solution of sodium chloride.

Stock solution of methanolic potassium hydroxide

was prepared by dissolving the alkali in methanol. Its

strength was determined volumetrlcally,

mmamamtmmmalataal ammmmmalamaV

Conductometric titrations of aueelnlmide,phthallmida

and glutarimide against freshly prepared copper sulphate

solution were carried out at different concentrations.

Both direet(eopper sulphate as the titrant) and reverse

(imldes as the titrant) titrations ware performed in purely

methanolic medium. For direct (metal Ion as tha titrant)

titrations,imide solution prepared in equivalent amount of

potassium hydroxide,was taken in the cell,while for reverae

(irriJe as titrant) titrations,copper sulphate in presence

of four equivalents of potassium hydroxide was taken in

the cell.

The technique of reverse titration was baaed on

decomposing the freshly precipitated copper hydroxide
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(formed due to the addition of four equivalenta of meth

anolic potassium hydroxide) by gradual addition of the

imide from the burette. As stated earlier, a sharp Inflexion

point corresponding to the formation of a definite complex

was realised here also,

Phillips conductivity bridge with bridge type

conductivity cell was used for conductance measurements.

The effect of temperature on the conductance was minimised

by putting the cell In a beaker of water. Volume correction

was applied by multiplying the conductance value by the

V ♦ v / V , where V is the volume taken in the cell and v la

the volume of the titrant adied. The readings for the

direct and reverse titrations are tabulated belows
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Cospar-succlnlmlda complex,'

Raadlnga for direct titrationssaueelnlirlds tn tha flail-

T hV If • amVae

Concentration of succinimide solution a 0.1 M.

Concentration of copper sulphate solution a0.2 H.

Volume of succinimide solution »io ml.

Corrected
conductance

Vol. ofVol.of
Cu304
(ml, ),

CuiO
'4(mhos x 10T3) (ml.).

Corrected
conductance

(mhos x 10 )

0.0 3,8462 1,8 0.5263
0.2 3,4483 2,0 0.4348
0.4 3,0303 2,2 0.3328
0.6 2,5907 2,4 0,3380
0.8 2,1552 2,6 0.1766
1.0 1,7844 2.8 0,1408
1.8 1, 2987 3.0 0.1075
1.4 0,6333 3. 2 0.0833
1,6 0.6410 —

•

Flg.l

10 ml, of 0,1 M sueelnimida,

a 1,2 ml. of 0.2 MCu304 » 2.4 ml.of 0.1 MCua04
Cut succinlmlde » Is4,15

T4SH M.2.
Concentration of sueelnimida solution aO.l M,
Concentration of copper sulphate solution a0,2 M,

Volume of succinlmlde solution a 15 ml.

Vol.of
Cu^04(ml.).

Corrected
conductance

(mhosxlO*3)

Vol.of Corrected
Cii-i04(ml.), conductance

(mhosxlCT3)
0,0 4.3860 2.0 1.2967
0,2 4.1152 2. 2 1.0000
0.4 3.8610 2.4 0.7692
0.8 3.2258 2.6 0.7521
1.0 Ss.wcsao *. m 0.6554
1.2 2.6110 3.4 0.3703
1.4 2. 2863 4.0 0.2024
1.6 x. "&91 4.5 0,1298
1.8 1.6077 —>

•

15 ml.of 0.1M succinimide.
a 1.95 ml.of 0.2M Cu^04 m 3,9 ml.of 0.1 M Cu>04

Cus succinimide a ls3,T"
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U8il fi&3.

Concentration of succinlmlde solution a 3.1 M.

Concentration of copper sulphate solution aO,l M,

Volume of succinlmlde solution a 9,0 ml.

Vol.of
Cu304
(ml. ).

Corrected
conductance
(mhos xlO*J)

Vol.of
CuS04
(ml. )»

Corrected
conductance,
(mhos x 10*3)

0.0 2,5707 1.9 0.6695
0.3 2.3981 2.1 0.7143
0,3 2.3310 2*3 0.5614
0,5 2.1413 &a> f 0,4504
0,7 1.9531 3.0 0,3636
0,9 1.7794 3.3 0,2915
1.1 1,5873 3. O 0,1866
1.3 1.4085 4.1 0.1492
1.5 1.2195 4,4 0.1219
1.7 1.0636 4.8 0.0909

Fig. 3,
9.0 ml.of O.lM succinlmlde.
5 2,3 ml. (O.IM) Cu^04.
Cutsuccinlmlde als3.9.

LaVJUaJ J&.4*

Concentration of succinimide Solution

Concentration of 0ui04 solution

Volume of succinlmlde solution

Vol, of
Cu304
(ml,),

Corrected
conductance,
(mhos x 10-3)

Vol,of
Cu304
(ml,).

a 0.1 M.

a 0.133K.

•7,5 ml.

Corrected
conductance
(mhos xlO-3)

0.0 2,5641 1,6 0.6250
0.2 2,3148 1,8 0.4878
0.4 2,0576 2,0 0.4115
0.6 1,6149 2s. — 0.3496
0,8 1,5625 2.4 0,2601
1.0 1,3245 2.6 \2127
1,8 1, 0636 2. 6 0.1795
1,4 0,8196 3.0 0.1526

Fig.4.
7,5 ml, of 0,1 M sueelnimida,
« 1,45 ml. of 0,133M Cu^04 a 1.93 ml.of O.IM Cu304.
Cus suocinimide a is3.66.
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Readings for the reverse titrationsCuiQA solution in cell.

aUaJeJfcJ SSL 5.

Concentration of succinlmlde solution a 0,5 M,

Concentration of Cu-*04 solution a 0.04 M.

Volume of Cu304 solution a 5.0 ml.

Vol.of Corrected Vol.of Corrected
succinlmlde conductance succinimide conductance-
(ml.). (mhos x 10-3) (mx,). (rehos x ItT3)

0.0 3.9696 2.6 1.8116
0.4 3.0303 a. m t *?*too

0.8 2.6888 3.2 1.7301
1.2 2.3753 3.5 1.6667
1.6 2.1053 3.8 1,3245
2.0 1.9531 4.1 1,2987
2.3 1.8727 4.4 1,2821

Fig.6.
5,0 ml, of 0,04 M CuS04
s 1.6 ml. of 0.6 M succinlmlde solution a 20 ml.of 0.04 M

sueoinlmlde.
Cus succinlmlde a is4,0

KjULaVJ £g.6.

Concentration of succinlmlde solution aO.S M,

Concentration of Cu^Ou solution

Volume of Cu304 solution

Vol,of Corrected
succinimide conductance
(ml.) (mboaxiO-3)

a0.02 M,

•6.0 ml.

Vol. of Corrected
succinlmlde conductance
(ml.). (mhosx 1CT3)

0.0 e>.clef 1.1 x.43cc

0,2 2.0576 1.3 1,3889
0,4 1.9157 1.5 1,3605
0,6 1,1700 1.7 1,34—3
0.7 1.6667 1.9 1,3168
0.8 1.5924 2.1 1,2987
0,9 1.5365 2.3 1,2821
1,0 1,4706 2.5 1,2656

6,0 ml, of 0,02 M Cu^O-
a 1,0 ml,of 0,5 Y succinimide m 25 ml.of 0.02 M succinlmlde,

Cus succinlmlde a is4,17,



2 3 4

Vol. oi CuSo4(ml.)
FIG. 1-2

I 2 3

Vol. of CuSoaOnl.)
FIG. 3-4

12 3 4

Vol- of 5ucc (ml.) piG- 5-8

CONDUCTOMETRIC TITRATIONS: Cu - SUCCINIMIDE COMPLEX
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Ccncentration of succinlmlde solution a 0,5 M,

Concentration of Cu304 solution a 0,02 M,

T A9 1 g 12.7,

Volume of Cuv04 solution a 10 mi.

Corrected Vol.of Corrected
conductance succinimide conductance
(mhos xlO-3) (ml.). (r?hos xlO*3)

Vol.of
succinimide
(ml.).

0.0
0.2
0.4
0.6
0.6
1.0
1.2
1.5
1.7

3.3333
3.1746
3.0211
2.6571
2.7100
2.5445
2.3610
2.1692
2.0633

1.9
2.1
2.3
2.5
2.7

3.1
3.4
3.7

1.9920
1.9231
l.fc762
1.8349
1.6116
1.7699
1.7544
1.7094
1.6835

Fig.7.

10.0 ml. of 0.02 M CuC04
a 1.65 ml. of 0.5 M sueoinlmlde * 40 ml.of 0.02M succinimide

Cus succinimide a is4

X iA8 1 I $$L K

Vol.ofCu304 solution a 8.0 ml.

Vol.of Corrected
succinimide conductance succinimide conductance
(ml.). (mhos x 10-3) (ml.). (mhos xlOT3)

Vol.of Corrected

0.0 2,7548 1.8 1.6564
0.2 2,6316 2,0 1.6393
0.4 2,'1676 2,3 1,6000
0.6 2,3256 2,5 1,5625
0.8 <s, X t>S4 2,6 1,5365
1.0 2,0000 3,0 1.5036
1.2 1,8868 3.3 1.4493
1.4 1,7794 3.5 1.3699
1.6 1,7094 3.7 1.1765

• 8.

8.0 ml.of 0,02 M Cui04
a. 1,3 ml, of 0,5 Y sueoinlmlde a32.5 mi,of 0.03H sueoinlmlde

Cus succinimide a ls4,06
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Readings for direct titrationss phthallmlde in tha call.

Concentration of phthallmlde solution a 0,0667 M,

Concentration of Xi>04 solution a 0,0667 M,

t IJ h § aa.9.

Volume of Baa thai Imide solution a 5.0 ml.

Vol.of 'Corrected Vol.of Corrected
Cu^04
(ml. ).

conduct anc§
(mhos xlO*3)

~u~»Q4
(ml. ).

conductance
(mhos xlO*3)

0.0 1.2900 1.4 0.4566
0.2 1.1630 1.6 0.3922
0.4 1.0260 1.9 0.3236
0.6 '•'. ©696 S-f> X 0.2604
0.8 0.7876 2.4 0.1916
1.0 0.6061 2.7 0.1307
1.2 0.S102 3.0 0.0925

Fig.9.

5.0 ml. of 0.0667 M phthallmidea 1.25 ml.of 0.0667M Cu^04
Cus phthalimide a ls4.0

UJLkl iiSt.10.

Volume of phthalimide solution a 12.0 ml.

Vol.of Corrected Vol.of Corrected
CuCO* conductance CuiO. conductance.
(Rl ) <«»»ca xlO"3) (wi#). (jrhos * 1Qr >
•I .W.HI HW. •wa.lWMWWiiiiM.'.i.WM laWilliliMa IHiliW.n,.iWl.*>».ii..Wli«.l..i^i>MM.«t...i •!.•• •i.^.ii.i Mil H.I.WMI •»» ».i.»iii •"••mi •"•'

0.0 2.439 2.4 0.8403
0.4 2.169 2.7 0.6250
0,8 1.923 3.0 0.4255
1.1 1.724 3.3 0.2950
1.5 1.471 3.8 0.2273
1.8 1.262 4,2 0,1659
2.1 1.058 4.5 0.1639

^__

12 ml. of 0,0667 Y phthalimide s3.0 ml.of 0.0667 H Cu304
Cus phthallmida a 1,4,0
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IAA Mnft IP.. 11.

Volume of phthalimide solutiont a 16,0 ml.

Vol, of Corrected Vol,of Corrected
Cuo04
(ml.),

conductance
(mhos xlO*3)

Cu304
(ml,),

conductance
(mhos xlO*3)

0m0 3.236 4,5 0.7825
0.6 2.967 4,9 0.6867
1.0 2.732 5,5 0.4250
1.5 2,486 6.0 0.3541
2.0 2,247 6.5 0.2481
8*8 1,934 7.0 0. 2169
3.0 1.734 7.5 0.1669
3.6 1.360 6.0 0.1562
4.0 1.120 — -

* ig.i*.

16.0 ml. of 0.0667 K phthaliiridea 4.60 ml.of 0.0567 M Cu304

Cu s phthalimide a Is3.91

1A P |kJ SSL 12.

Volume of phthallride solution a 21 ml.

Vol.of Corrected Vol.of Corrected

Cu^04
(ml.1.

conductance

(mhos xlO*3)
Cu«i04
VPvl . /.

conductance
(mhos xlO*3)

0.0 3,226 5.5 0,9253
0.8 2. £74 5.5 0,7025
1.6 <U+*Wt&% 6.1 0,4762
2.4 2,180 6.8 0.3527
ij* Gt 1.816 7.6 0.2735
4.0 1.461 6.0 0.2213
4.5 1.266 6,6 0,1379

^*U» i—.

21.0 ml.of 0.0567 K phthallrldos 5.5 ml.of 0.0667M Cu30,

Cu s phthaliride a is 3. 62.
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Headings for reverse titrationssCuoQ, In the cell.

Concentration of phthallmlde solution a 0,0667 H.

Concentration of Cu304 solution a 0,0167 F.

Volume Of Cu304 solution a 5,0 ml.

Vol.of Corrected Vol. of Corrected
phthaliElde conductance phthallrBlde cc iuctanoi
(ml. ). (rrhos x IO"3) (ml. ). (trhos xlO-3)

0.0 1,562 5.7 0,9709
0.7 1,461 6,4 0,9346
1.4 1,406 7.1 0.9091
2.1 1.333 7,8 0. ci#29
2.6 x . <& JO 6,5 0.8850
3.5 1,149 »*, « 0.6696
4.2 1,075 10,0 0.8475
5.0 1,005 <— —

rlg.l3.

5 ml.of 0.0167 K Cu304
s 5.0 ml. of 0.0667 M phthallmlde a 20,0 ml.of 0.0167 M

phthallmlde.

Co s phthaliiride a Is4.0

aaaialaaVJ H&.-4.

Volume of Cu3Q solution a 7.5 ml.
4

Vol.of Corrected Vol.of Corrected
phthallmlde conduct<ance phthalimide conductance
(ml.). (mhos xlC~3) (ml.). (mhos x IO"3)

0.0 «*» aja 7.0 1.379
1.0 2.174 6.0 1.316
2.0 2.041 9.0 1.266
3.0 1.906 9.5 L. c\c.

4.0 1.754 10. 0 1.220
5.0 1.587 11.0 1.120
6.0 1.481 — am

Fig. 14

7.5 ml. of 0.0167 K Cu304
a 7.4 ml. of 0.0667 Y phthallmida a 29.6 ml.of 0.0167K

phthalimide.
Cus phthallmida a Is3.95.
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T Aft I S Ufi.15.

Volume of Cu304 solution a 10,0 ml.

Vol,of Corrected Vol.of
_lmide conductance

(ml.),
phthalimide conductance phthallmlde conductance

(mhosxlO"3) (ml,), (mhos xlO*3)

0,0
1,5
3,0
4,0
5,0
6,5
7.5

1.462
1,385
JL. c6"

1.163
1.047
0.9091
0,833

6,6
10,0
11,0
12.0
13.0
14.0
15,0

Corrected

0.7613
0.7407
0.7246
0.7092
0.7042
0.6803
0.6667

Pig.15,

10 ml. of 0.0167 M Cu304
a 9.5 ml.of 0.0667 M phthallmlde 9 38.0 ml.of 0.0167 Y

phthallmlde.
Cus phthallfPlde els3. 8.

Volume of Cu3C4 solution a 12,5 ml.

Vol. of Corrected Vol, of Corrected
phthallmlde
(ml.).

conductance
(mhos xlO"1)

phthallmlde
(ml,),

conductance
(mhos xlCT3)

0.0 1.6535 11.5 0, 6929
2.0 1.4433 12.5 0, 6696
3.5 1.430 13.5 0.6403
5.0 1.369 14.5 0.6330
6.5 1.227 15.0 0.6197
6.0 1, 094 16.0 0. £130
9.0 1,020 17.0 0.7163

10.0 0,9346 16,0 0.7692

?lg. 16.

12,5 ml. Of 0,0167 H Cu304
a 12.4 ml. of 0.0667 M phthalimide • 49.6 ml.of 0.0167W

phthalimide

Cu s phthalimide a li3.97.
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CoPOer-glutarliKldfl comalaxi

Readinga for direct titrationst srmta~i«*id« m tha a«n.

Concentration of glutarimide solution »0,2 H,

Concentration of Cu*i04 solution aO,l W,

U^U H.17.

Volume of glutarimide solution a 6,0 ml.

Vol. of Corrected Vol. of Corrected
Cu304 conductance Cu30A conductance
(ffil ) (mhos xlO"*) j- *j (nshos xlO"2)

0.0 1.124 4,0 0,3704
M 1.010 4.4 0.3226
M 0.9424 4.8 0.2776
1.2 0,8596 5.2 0.2326
1.6 0.7692 5.6 0.1689
2.0 0.7042 6.0 0.1567
2.4 0.6250 6.4 0.1282
2.6 0.5556 6.8 0.0633
3.2 0.500 7.2 0.555
3.6 0.4348 - -

6.0 ml. of 0.2 Y glutarimide
5 4.0 ml. of 0.1 Y Cu304 • 2.0 ml.of 0.2M Cu304

Cu s glutarimide a Ii4,

?lg.i7,

Volume of glutarimide solution a 10.0 ml.

Vol.of Corrected Vol.of Corrected
Cu304
(ml.).

conductance
(mho3 xlO"2)

Cu304
(»1. ).

conductance
(mhos xlO"2}

0,0 1.010 4.8 0.4082
0,6 1.000 5.3 5.3571
1.2 0.9091 5.6 0.3077
1.8 0.6333 6.3 0.2597
2.4 0.7143 6.8 0.2126
3.0 0.6250 7.3 0.1695
3.6 0.5556 7.8 0.1299
4.2 0.4831

* -

Fig. 16,
10.0 ml. of 0.2 Y glutarimide
« 4.9 ml. of 0.1 Y. Cu304 a. 2.45 ml.of 0.2K Cu304

Cu s glutarimide a ls4.08
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X A 9 \t S ]|£> 19,

Volume of glutarimide solution a 12,0 ml.

Vol,of Corrected Vol,of Corrected
QuS0A conductance CumO, conductance

(ml. >. (rhoS xl0"§) (ml. ). (Eh0S xl°" }
0.0 1.111 7.0 0.2941
1.0 0,9524 6.0 0.2198
2.0 0,6333 9.0 0.1481
3.0 0.7143 10.0 0,0896
4.0 0.5662 11.0 0,0513
5.0 0.4762 12.0 0,0294
6.0 0.3704 a -

Fig. 19.
12.0 ml. of 0.2 Y glutarimide

a 6.0 ml. of 0.1 N Cu304 a 3.0 ml.of 0.2M Cu^04

Cu s glutarimide a is4

1 A 3 i I SSL 20.

Concentration of glutarimide a 0.134 K.

Concentration Cui04 solution * 0.1 If,
Volume of glutarimide solution a 13.5 ml.

Vol.of Corrected Vol.of Corrected
CuSO. conductance CuCQ. conductance
, 1 (mhos xlO"2) ( x ) (mhos xlO"2)

0.0 o.soo 4,6 0.2500
0.6 0.7143 5,2 0,2174
1.2 0,6250 5,8 0,1635
1.8 0,5556 6.4 0,1527
2.4 0,4878 7,0 0,1227
3.0 0,4255 7.6 0,0954
3.6 0.3606 8.2 0.0769
*1 a> *- 0.3077

- •

Fig,20.
13,5 ml.of 0.134 M glutarimide
a 4.6 ml.of 0.1 Y Cu304 a 3.4 ml.of \134 K Cu^04

Cu s glutarimide a is4.08
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Beadlngs for the reverse titrationssCui04 In the ceil.

Concentration of CuSO. solution a 0.02 H.
4.

Concentration of glutarimide a 0.2 K.

T A B L • H9..21.

Volume Of Bsjl0 solution a 6,0 ml.

Vol.of Corrected Vol.of Corrected
glutarimide conductance

(mhos xlO"3)
glutarimiie
(mi. ),

conductance
(irhos xlO"3)(ml.).

0.0 j'm a.Oc5 C 0.2 3.446
0.4 0.0392 3 * 6 3.922
0.8 0.0476 4.0 4.338
1.2 0.1562 4.4 4.651
1.6 1.000 4.8 5.000
2.0 1.667 5,2 5.263
2.4 2.410 5.6 5.556
2. 6 2.965 6.0 5.714

:*"ig.2i.

6 mi. of 0.02 M 0m§8U
a 2.5 ml. of 0.2 Y glutarimides 25 ml.of 0,02 Y glutarlride

Cu s glutarimide a is4,17

fnl,P M J2&.22.

Volume of Cui04 solution a 10 ml.

Vol. of Corrected Vol.of Corrected
glutarlriJie conductance

(rhos xlO"3)
glutarimide
(ml. ),

conductance
(rhos xlO"3)(ml. /.

0.0 0.1429 4,8 3.077
0.6 0.0425 5,4 3.509
1.2 * 0.0434 6,0 3.646
1.8 %0869 6.6 4.167
2.4 • 0.6667 7.2 4.545
3.0 1.333 6,0 4.762
3.6 8. 020 6,6 5.000
n.2 2.S64 — *

?ig. 22.
10 ml. of 0.02 K Cui04
a 4.0 ml. of 0.2 Y glutarimide a40.0 ml. of 0.02K

glutarlmlda.
Cu s glutarimide a ls4
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Volume Of 0 solution

atmaa ~ » w

15. 0 ml.

Vol. of Corrected Vol. of Corrected
glutarimide conductance

(rhos xlO"3)
glutarimide conductance

(mhosxlO"3)(ml.). (ml.

7.0

).

0.0 0,133 3.175
1.0 0.339 6.0 3.650
2.0 0.0680 9.0 4.082
3.0 0.2965 10.0 4.546
4.0 1.176 11.0 4.762
5.0 1.980 12.0 5.000
6.0 2.632 m

•

Flg.23.

15 ml. of 0.02 Y CuJO.

a 6.2 ml. of 0.2 K glutarimide 1 62.0 ml.of 0.02 Y
glutarlmlda.

Cu s glutarimide a ii4.13.
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galamaaaJmmtaaUi tttammmimmmm

Potentlometrlc titrations of succinlmlde,phthalimide

and glutarimide against copper sulphate were performed

with a view to confirm the results on the composition of

these complexes by conductometric studies.

£.M.F.measurements were carried out using *0/e,benoh

type potentiometer in conjunction with a ballistic

galvanometer with lamp scale arrangement. Platinum electrode

served the purpose of an indicator electrode for the

redox system by adding minute luantlty of methanolic

cuprous chloride solutlon( 1 ml.of 0.01K was added,to

imldes solution in direct titrations,and to copper

sulphate solutions In reverse titrations). For direct

titrations imldes solutions were prepared in equivalent

amount of potassium hydroxide,while for reverae titrations

four equivalents of potassium hydroxide were added to

copper sulphate solution, in order to ensure complete

reaction. Nitrogen free from oxygen and carbon dioxide was

passed through the cell to create an inert atmosphere and

also to serve the stirring purpose. All tho experiments

were performed at room temperature. The results are given

belows
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Joooer-sueclnlrrlla gry^^i

Readings for direct titrationss succlnlirl ie in tha gall.

Concentration of sueelntelle solution a O.OSM.

Concentration of Cu^O solution a 0.0667 K,

Volume of succinimide solution a 6,0 ml.

Vol.of Pot.vs. Vol. of Pot.vs,
CUa04

(ml. ).
mV.

Cu^O

(ml.),

**,'w, -i.
mV,

0,0 173 1.8 -116
0,2 146 2,0 -144
0.4 120 2, 2 -166
0.8 95 2.4 -174
1.2 70 2.6 -194
1.4 - 11 2.6 -206
1.6 - 65 3,0 -212

Hg. 24.
6 ml.of 0,05 Y succinlmlde
a 1.5 ml. of 0.0667 Y Cu^04 » 2.0 ml. of 0.05 Y Cu-i04

Cu s succinlmlde a Is4

T A B L S JfQ.,25.

Volume of succinimide solution a 5.0 ml.

Vol. of Pot.vs, Vol. of Pot.vs.
:u304
(ml. ).

•j. *. a.

mV.
Cu-»04
(ml. ).

i.0.8,
mV.

0,0 151 1.2 -167
0,2 86 1.4 -187

0,4 73 1.6 -197
0,6 29 1.8 -205
0.6 - 37 2.0 -208
1.0 -125 am

-

Fig.25.
5.0 m\. of 0.05 Y succinic!de
a 0.95 ml. of 0.0667 Y Cui04 S 1.26 ml. of 0.05 Y Cu**04

Cu s succlnlmiJe a ls3.94
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Volume of suecinimide solution a 11.,"! ml .

Vol.of Pot. vs. Vol Of Pot.vs.

0u^04
(ml.).

•

mV.
•• Cu^04

(ml.).
mV.

0,0 154 2.0 —56

0.4 101 <£# a- -92

0.6 61 2.4 -130
1.0 44 • a . 6 -164
1.4 14 3.0 -190
1.6 -04 -.5a> *% -208
1.8 - 26 3.6 -216

Fig,,26.•

11.0 ml • of 0.05 Y succinlmlde

a 2.1 ml. of o.o667 K :u-0 a 2.8 ml.of 0.05M Cu^04

Cu s succinlmlde a is3.93

T AX 1 1 ^a.27.

Volume of succinimide s olut i.on a 9.5 ml.

Vol.of Pot. vs. » Vol. of Pot.vs.
Cu^04 -

• • % 0oS04 . »• '•••

mV. (ml.). mV.

0.0 144 1.8 - 78
0.4 82 1.9 - 92

0.8 50 2.1 -130

1.2 08 2.3 -162

1.4 — 17 2.5 -176
1.5 - 31 2.7 -167
1.6 - 45 2.9 -192
1.7 - 59 a 3.0 -194

Fig. 26.

9.5 ml. of 0.05 Y succinlmlde

a 1.7 ml. of 0.0667 K Cu304 s 2,27 ml. 0.05 Y Cu304
Cu s succinimide a Is4.18
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Raadings for the reverse titrationssCuJO. in the cell.

Concentration of Cui04 solution a 0.01 M,

Concentration of succinimide solution a0.4 K.

T 4B j | 12.26.

Voluem of Cu«i043olutlon a 10.0 ml.

Vol. of Pot.vs, Vol. of Pot.vs,
succinlmlde 3,0,8, succinimide 6.C, "
(ml,), mV. (bjI, ). bV.

'• •*.

0,0 -392 0.9 -130
0.1 -386 1,0 -107
0.2 -362 1.1 - 94
0.3 -220 1.2 - 63
0.4 -195 1.3 - 73
0.5 -178 1.4 - 64
0.6 -165 1.5 - 56
0.8 -155 1.6 - 49

Tig.26.

10 ml, of 0,01 Y Cui04
a 1.0 ml, of 0,4 Y succinimide a 40 ml.of 0.01 M

succinimide.
Cu s succinlmlde als4.

,1, ,A B If • jfC.,29.

Volume of GnSO solution a 8,0 ml.

Vol.of Pot.vs. Vol,of Pot.vs,
succinimide *

'*>• ••>• a. succinic ide j.C.a.
(mi. ). mV. (mi. ). mV.

0.0 -366 0.7 •138
0.1 -361 0.8 -110
0.2 -260 \9 - 91
0.3 -200 1.0 - 75
0.4 -186 1.1 - 64
0.5 -177 1.2 • 55
0.6 -166 1.3 - 46

Fig. 29.
6.0 ml. of 0.01 Y 0sj86L

a 0.8 ml. of 0.4 V succlnlfrlde a 32.0 ml.of 0.01 K
succinlmlde.

Cu s succinlmlde a li4
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Lai 1?
•

J M0. 30,

Volume of Cu*i04 solutliXI • 12.0 ml .

Vol,of
succiniride
(ml.).

Pot.vs.
* a

**>• --f. a.

mV.

Vol,of
succinlmlde
(ml,),

Pot.vs,
3. S. E,
mf,

0,0
0,2
0.4
0,6
0.7
0.8
0,9

-379
-360
-210
-195
-189
-161

-171

1.0
1.1
1.2
1.3
1.4
1.6
1.6

-157
-141
-125
-114
-103
- 87
- 71

Fig. 30.

12 ml. of 0.01 Y CuC04
a 1,2 ml, of 0,4 Y succinlmlde? 46 ml.of 0.01 M succiniride

Cu s succinlmlde a ls4

T JamJaVl iSU3l

Volume of CuS04 solution a 15 ml.

Vol.of Pot.vs . Vol,of Pot.vs.
succiniride sueclniiride •

(rl.). mV. (ml,), mV.

0.0 -396 1.4 -106
0.2 -380 1.6 * 90

0.4 -356 1.8 - 47
0.6 -170 2.0 - 41

0.8 -152 2.2 * 34
1.0 -141 2.4 - 26
1.2 -131 2.6 - 18

Fig. 31.

15 ml. of 0.01 Y Cu^04

a 1.55 ml. of 0.4 Y succinimide a62.0 ml.of 0.01 Y
succinimide.

Cu s succinlmlde a is 4,13
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fl opper- p^thai toilf-c, pf sift**

Raadlnga for the direct titrationssohthallrlda in tha call.

Concentration of phthalind.de solution a 0,05 K,

Concentration of CuuO^ solution a 0.05 M.

Volume of phthalltrlde solution a 4,0 ml.

Vol. of Pot.vs. Vol. of Pot.vs,
***a .C.3. -Cua0A c.s.s.
•la "Y- ml. 4 «7'
0.0 63 1.2 • 93
0.2 13 1.4 -185
0.4 08 1.6 -196
0.6 - 08 1.8 -203
0.8 - 20 2.0 -209
1,0 - 60 2.2 -213

Flg.32.

4 ml. of 0,05 Y phthalimide a 1,0 ml.of 0.05 Y Cu^04

Cu s phthalimide a is4

T A3 j 5 ^£,33.

n

Volume of phthallmlde solution a 7.0 ml.

Vol.of Pot.vs. Vol, of Pot.vs,
Cu*>04 ->.0, 8. 0u<i04

ml.

B.C.8.
ml. mV. mV,

0.0 108 1.6 - 53
0.2 37 1. 6 -107
0.4 26 2,0 -190

0.8 19.5 &i <f£ -196
1.0 13 **• •** -204

1.2 em 2# 6 — «»u9

1.4 - 25 «># fc -214

Fig, 33,

7,0 ml. of 0,05 Y phthalimide sl.75ral.of 0.05 M 0u^04
Cu s phthalimide *is4.
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I.4P If » S9..34.

Volume of phthaliride solution a 9.0 ml,

Vol. of Pot.vs. Vol.of Pot.vs.
CU304 i "* aw>. rf, w. Cu-iO,

ml.

J.C. i»»

ml. mV. mV.

0.0 25 2.0 — 53

0.3 15 2.2 - 78
0.6 - 06 2.4 -121

0.9 - 22 2.6 -197

1.2 - 33 4». 8 -205

1.5 - 35 3.0 —209

X. o - 38 3.2 -211

Fig. 34.

9.0 ml. of 0.05 Y phthallmlde a 2.25 ml.of 0.05 Y Cu->04

Cu s phthallmlde a ltd.

TABU jJO.. 35.

Volume of phthallmlde solution a li.O ml.

Vol.of Pot.vs. Vol. of Pot.vs,Cu^04 a . —. • Cu^04 w, U, i2>.

ml. •v. ml. mV.

0.0 110 2.6 - 43

0.4 28 2. 8 - 77.5

0.8 — 03 3.0 -141

1.8 - 24 •j. — -192

1.6 - 34 3.5 -200

2.0 - 32 3, C -204

bf *J - 40.5 4,0 -205

*ig. 35.

11.0 ml. of 0.05 Y phthaliride a 2.8 ml.of 0,05 K Cu^04

Cu s phthallmlde * ls3,93



-154-

Readlngs for the reverse titrationss0uJQ4 in tha call.
-oncentrati:n of Cuo04 solution a 0,01 K.

'concentration of phthaliride solution a 0.1 H.

Volume of Cu 30. solution a 9.0 ml.

Vol. of Pot.vs. Vol.Of Pot.vs.
phthaliride ^ J** £*-

-», ^. a. phthalimide
ml. mV. ml. mV.

0.0 -378 2.6 -109.5
0.4 -364 2.8 -101.5
0.8 -194 3.0 - 98.5
1.2 -164 3.2 - 93.5
1,6 -140 0.6 - 76.0
1.8 -134 4.0 - 07.5
2.0 -131 4.4 25.0
<-.- a) & -122 4.6 32.0
2.4 -117 4.8 35.5

Kiel
9,0 ml. of 0,,01 H Cu304
a 3,7 ml, of 0,1 K phthallmldes 37.0 ml.of1 0.01K

phthaliride.
Cu s phthallmlde • ls4* U

I A3 W - A&. ffe

Volume of Cu304 solution a 10,0 ml.

Vol. of Pot,vs, Vol. of Pot.vs,
phthalimide is l** *•3, -J. •«, phthaliride •

mi. mV. mi. mV.

0.0 -380 0.6 - 93
0.6 -353 4.0 - 64
1.2 -191 4,4 - 34
1.8 -165 4.8 - 15
2.4 -151 5. I - 07

• c -141 5.4 06
>* -139 5.8 14
3.4 -113 6.0 20

?"ig, 37,
10 ri, of 0.01 M Cu304
a 4.0 ml, of 0.1 K phthallmlde* 40.0 ml.of 0.01 K

_ . .. . Phthaliride.
Cu sphthallride»ls4
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Volume of Cu»K>4 solution « 5. 0 ml.

Vol,of Pot.vs. Vo. of Pot. vs .
phthallmlde -"• -'• •-*• phthaliride i>, W, £.
ml. rV. ml. mV.

0.0 -376.5 1.8 -130
0.3 -353.5 2.0 - 61
0.6 -167.5 #Ca> <0 - 49
0.9 -163.0 2.4 - 29

1.1 -150.5 2.6 - 09
1.3 -143.5 2. 8 06
1.6 —135.5 3.0 17

tt*% 36.

5.0 ml. of O.OIH Cu304

s 2.0 ml. of 0.1 Y phthaliridss2).0 ml.of 0.01 M
phthaliride.

Cu s phthallmlde m ls4

- ;? - 39.

Volume of Cu^04 solution 13 11.0 ml.

Vol.of Pot.vs. • Vol. of Pot.vs.
phthallmlde a. II. -. path allmima 1 •'""-*. v/. -*.

ml. mV. rl. mV,

0.0 -377 3.2 -129

0.4 -370 3.6 -119

0.6 -242 4.0 - 61.5
1.2 -169 4.4 - 27.5
1.6 -169 4.6 - 04

2.0 -159 5.0 05
2.4 -149 5.4 08

2. 6 -137 m
•

ng. 39.
11.0 ,1. of 0.01 Y Cu304

a 4.2 rl. of 0,1 Y phthalimide « 42,0 ml. of BuQa Y
phthaliride.

Ou s phthillrlde a 1*3.82.



POTENTIOMETRIC TITRATIONS : Cu~ PHTHALIMIDE COMPLFX
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yogptr-tlytaTlrll? gor^9n«

Readings for the direct titrationssglutgrirUe, Ll tfte cell.

Concentration of glutarlride solution

Concentration of Cu304 solution

T A 8 L 1 gg.40.

Volume of glutarimide solution

Vol,of
CuJ04
ml.

Pot. vs.
•<
rV.
».C. «,

Vol.of
Cu304
ml.

0.2 M.

0.0567 M.

4.0 ml.

Pot.vs.
-».U,A.
mV.

0.0 154.0 2.0 71.5
0.4 143.5 2.6 19.5
0.6 129.0 2. 6 ••JLsaZrc) av

1.2 119.0 3.2 -155.0
1.4 111.0 3.6 -197.5
1.6 96.0 4.0 -210.0
1.8 85.5 • *

Tig. 40.

4.0 ml. of 0,2 Y glutarlride
a 2.65 ml.of 0.0867 H CuJ04 a 0.95 ml.of 0.2K 0884).

Cu s glutarimide a Is4.21

TABU 222.41.

Volure of glutarlriie solution » 6.0 ml.

Vol. of Pot.vs, Vol.of Pot.vs,
CuJ04
ml.

—. w, - • Cu304
mi.

8.0.4,
rV, mV,

0.0 156.0 3.0 78.5
0.4 144.5 2.4 54.0
0.8 136.5 3. 8 15.0
1.2 127.5 4.2 - 66,0
1.6 116.0 4.6 -153.5
2.0 106.5 5.0 -171.0
2.4 102.5 5.3 -184.0
2.7 fc9.0 5.6 -196, 0

?ig.41.
6.0 mi. of 0.2 N glutarlriie
1 4.2 rl. of 0,0667 R Cu->04 a 1.5? ml.of 0.2 H -uJ04

Cu s glutarlride a li3.62.
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1 r 9 UJi.42.

Volume of glutarimide solution a 7.0 ml.

Vol.of Pot.vs,
• Vol. Of Pot. vs.

CuS04 ml. *>. **. *•. CuiCu ml. •

•j. ->. j>.

mV. »v.

0.0 169.0 *• mm 53.5
0.6 152. 0 4.8 » 15.0
1.2 136.0 5.4 -107.0
1.8 125.0 6.0 -138.0
2.4 111.5 6.5 —142.5
2.6 102.0 7.0 -155.0
3.2 60.0 7.5 -160.0
3.6 74.0 • *

'ig.42.
7.0 rl. of 0.2 Y glutarlride
a 5.2 rl. of 0.0567 Y Cu^045 1.74 rl. of 0.2W CuoQ4

Cu s glutarlride a ls4.02

Readings for the reverse titrationss«2u-l04 lo ttlff C?U»
Concentration of Cu>04 solution a 0.02 H.

Concentration of glutarlride solution a 0.2 K.

T A B L 3 M.43.

Volume of Cu^04 solution a 4.0 ml.
Vol. of Pot.vs, Vol, of •ot.vs.
glutarlride Bf0.m. glutarimide *.?.B.
mi. mV. ml. ••«

0.0 -375.5 2.0 66.5
0.4 -341.5 2.2 102.5
0.8 -141.5 2.4 111.0
1.2 -101.0 2.6 116.5
1.4 • 57.5 2.8 119.0
1.6 +04 .0 3.0 121.0
1.8 ♦ 54,5

4.0 ml. of 0.02 Y CuoO.
a 1,6 ml. of 0.2K glutarimide a 16,0 ml.of 0.02 Y

glutarimide,
Cu s glutarlride m is 4.0.

>lg.43.
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jJaJmJa

Volume of Cu304 solution a 5. 0 ml,>

Vol.of Pot.vs, Vol. of Pot.vs.
glutarimide .0,8, glutarlride S.0.8.
ml. raV. mi. mV.

0.0 -383,5 2.3 53.0
0.4 -365.0 .^. o 80.5
0.8 -177.5 2.7 99.0
1.2 -118.5 <s. w 1:09.0
1.6 - 70.0 3.1 113.0
1.8 - 27.0 3.3 115.0
2.0 ♦ 09.0 • •

Pig.44.

5.0 ml. of 0.02 Y CuiQ4
a 2.0 ml, of 0.2 Y glutarimidea 20.0 ml. of 0.02 H

glutarimide,
Cu s glutarimide a is4

Volume of Cu304 solution a 7. 0 ml.

Vol. of Pot.vs. Vol.of Pot.vs.
glutarimide IJB. 8. glutarimide 1 •. . St.

ml. mV. mi. mV.

0.0 -370.5 3.4 57.5
0.6 -361.5 3.6 65.0
1.2 -175.0 4.2 97.5
1.8 -123.0 4.6 108.0
2. 2 — "if. V 5.0 115.0
2.6 - 38.5 5.4 117.0
3,0 e 19,0

•

—

?ig. 45.

7.0 ml. of 0.02 H Cu^04

a 2.8 ml. of 0,2 Y glutarimide a 28.0 ml.of 0.02 H
glutarimide.

Cu s glutarlride a is4.



POTENTIOMETRIC TITRATIONS : Cu-GLUTARIMIDE COMPLEX
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tjfrPSTflrotriQ,

Amperometric titrations of succinlride,phthaliride

and glutarimide against copper sulphate were carried out

using potassium hydroxide as supporting electrolyte. In

direct (imldes in the cell) titrations,irids solutions were

prepared In equivalent arount of potassium hydroxide,while

in reverse (copper sulphate in the cell) titrations four

equivalents of potassium hydroxide were added In the ceil.

In case of succinimide and phthallmlde, only direct titrations

(imide in the cell) could be carried out,while with

glutariri !e,inflexion points could be realised only in the

reverse titrations( Cu304 In the cell). 1'ethod of preparing

copper sulphate and Imldes, methanolic solutions was the

same as already described.

Toshniwai *>.?fo. (031) India, with scaiamp galvanometer

model ?ye (sensitivity lslO) in the external circuit was

used for carrying out these titrations. Nitrogen gas

(p'jrlfiad after passing through alkaline pyrogallol and

chrorous chloride) was passed for keeping an inert atmosphere.

The cell was kept immersed in a thermostat maintained at
o

30 ♦ 0.1 C. The drop time was kept at 4.0 seconds.

Unlike usual amparometrlc titrations (for choice

of potential and shape of titration curves vide under

discuss ion), It was difficult to choose the oonstant potential

for the respective titrations. However, the following



-160-

potentlals were found suitable for these titrations*

Titration Potential applied

Cu^i04 sueoinlmide(dlrect titration) -1.2 volts

0«s04 phthalimide(diract titration) -0.8 volts

Cu304 glutariride(rev0rse titration) -0.8 volts

Coppar-SUCQlniglda eomlsyi

Healings for direct titrationsssunclnlttida in tha ael.y

I a a L g* i^a.46.

6.0 ml.of 0.1 Msuocinimide against 0.05 K Cui>o4
Volume of
Cu-J04
ml.

Current Volume ofcurrent _fi volume of Current -'
(arp.2.0xl0°) CuJ04 (am p. 2.Oxl0*6)

0.0

0.5

1.0

1.5

2.0

2.4

0.4

*• ©

2.9

3.5

4.0

4.4

ml.

2.8

3.0

3.4

3. 6

4.0

4.5

4.7

4.9

4.6

it
3* £

2.9

Fig.46.

6.0 ml, of 0.1 Y aucclnimide

a 2.95 ml, of 0,05 » CuJ04 a 1,475 ml.of 0,1 K Cu3o4

Cu s succinlmlde a ls4,l

•

'

\
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UJLkl 22.47

6.0 ml.of 0,086 Y aucclnlride against 0.066K Cu304

Vol. of Current - Vol. of Current A
0u304 <amp.2.0xicr6) Cu^04 (amp,2,0xl0"e)
ml, ml.

0,0 0.9 1.4 8.8
0,4 2.8 1.8 8.0
0.7 4.3 2.0 7.5
1.0 5.8 2.4 6.7
1.2 8.3 2.6 6.3

Flg.47.

6 ml, of 0,066 Y succinimide a 1,45 ml.of 0.056 Y Cu304
Cu s aucclnlride a It4.13

I 48 III? iKL46

12,0 ml. of 0.066 K succinlmlde against 0.066W Cu304

Vol.of Current 6 Vol.of Current fi
Cu^04 (amp.2.0xl0 w) Cu304 (arp.2.0xl0"0)
ml. ml.

0.0 0.3 2,8 8.3
0.5 1.2 3.0 6.7
1,0 2,5 3,2 8.4
1.4 2.5 3.6 7.8
1,6 4.9 4.0 7.6
2.5 7.2 5.0 6.8

Fig.48

12.0 ml. of 0.066 Y succinimide a 3.0 ml.of 0.066 Y Cu304

Cu i succinimide « ls4



AMPEROMETRIC TITRATIONS : Cu -SUCCINIMIDE COMPLEX
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Copper-Phthaliride cmrolo*s

Raadinga for direct titrations!phthallmidm m tha call.

TABLE &£.19.

3.0 ml.of 0.066 N phthaliride against 0.033 Y Ctj-04

Vol.of Current * Vol.of Current -
Cu-04 ml. <amp.2.0xl0 w) CuCC4ml. (amp.2.0x10^)

0.0 8.6
v. 3 ' |
0.7 11.2
1.0 12.3
1.3 13.0

-__

3.0 ml.of 0.086 Y phthaliride
a 1.45 ml.of 0.013 H Cu^04 a 0.725 ml.of 0.066 K CuSO.

Cu s phthaliride a ltd.14.

TABLE NO.50

4.0 ml. of 0.086 Mphthaliride against 0.033 MCu304
Vol, of Current Vol.of Current *
CuJ04ml. (amp.2.Oxl0*6) Cu«Q4 ml. (amp.2.0xlO )

in 6.o
4.0

0.0 1.0
0.4 2.4
0.8 4.1
1.8 5.0
1.6 5.5

1.6 12.9
1.8 12.0
2.0 10.9
2.2 ™. 8
2.4 6.2

2.0
a.4 2.5
2.6 1.2

PI*.5 0 '
4,0 ml.of 0.066 M phthaliride
a 1.9 ml.of 0.033 Y Cu>04 a 0.95 ml.of 0.066M Cu304

Cu : phthalimide a 1>4.2

I 4 • j I BmVal
5.0 ml.of 0.066 M phthallmlde against 0.033 Y Cui04

Vol.of Current A Vol.of Current -
CuiC4 ml. (amp.2.0xlCTp) CuiC4 ml. (amp.2.GxlcrD)

_ 11.5

3.0 10.0
3.4 ?•, <£

- 4^0 6.2
5 rl.of 0.066 Y phthaliride fig. §1.
a 2.6 ml.of 0.033 Y Cu304 sl.3 ml.of 0.066M Cu*>04

Cu s phthaliride a ii3. 65.

0.5 4.7
0.8 6.6
1.2 8.3
1.6 9.4
2,0 10.4
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YflMgjr-ft-UiltarlBide go-piagi

Readings for reverse titrationss ^i-SQ^ In t^he cal\.

aaaiaaamai H8.52.

0.5 ml. of 0.05 M Cu<i04,total volume made upto 10 ml.,
titrated againat 0.1 I! glutarimide.

Vol. of Current - Vol. of Current -
glutarimide (amp.2.0 xl0~°) glutarlmlda tamp.C.OxiO )
ml. ml.

0,0 1.4 1.3 5.1
0,2 1,9 1.7 5.1
0,5 3,1 2. "' 5.0
0,7 4,1 &. o 4,9
1.0 5,2 •

«.

Pig. 52.
0.5 ml. of 0.06 H 0u88U
a 1.0 ml. of 0.1 N glularlmideaS.0 ml.of 0.05 Y glutarimiie

Cu s glutarimide a is4

UBM ML®*
2.0 ml.of 0.05 M Cu-04 , total volume made up to 10 ml.,
titritod against 0.1 M glutarlride.

Vol.of Current - Vol.of Current _6
glutarimide ml. (amp.2.0 xlO"°) glutarimide ml.(amp.2.0x10 )

oTo" T7S 4.0 6.2
1.0 2.5 4.5 6.1
2.0 3.9 5.0 6.0
3.0 5.2 6.0 5.9
C|D 5a b ** **
aammmmaammeammammamemmmmammmmaaajB^ 1 amammaamaaamaamframmmm3>

Fist 53
2.0 THl.of 0.05 Y OeVHU ®* *
a 4.0 ml.of 0.1 M glutarlmlda a 8.0 ml.of 0.05 H glutarlmlda

Cu s glutarimide a is4

aaaUL&J ia.»4.
1.0 ml.of 0.05 K Cu304 total volume aada up to 10 ml.,
titrated against 0.1 Y |lm%oa*leji4a.
Vol,of Current fi Vol.of Current -
glutarimide ml. (irp.2.0xlO,"D) utarlride ml.(aap.2.0xiTr)

0.0 ' 1,0 2,0 5.4
0,5 2.1 <£« 2* 6.3
1.0 S.2 3.0 3a **

1.5 4.0 Pa>am 5,15

Pig, 54,
1,0 ml. of 0,06 K Cud04
a 2.0 mi. of 0.1 • glutarlride a 4.0 ml. of 0.05 I*

glutariside
Cu s glutarimide a ls4



AMPEROMETRIC TITRATIONS : Cu - GLUTARIMIDE COMPLEX
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AMPEROMETRIC TITRATIONS : Cu - PHTHALIMIDE COMPLEX
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Methanolic solutions of imldes and copper sulphate

were prepared in the manner das cribel earlier. pH-metric

titrations of imldes alone and in presence of copper

sulphate were performed against standard methanolic

solution of potassium hydroxide,according to the method

recommended by Calvin and Kelchoir(loc.clt.). Cambridge

bench type pH meter In conjunction with Cambridge glass

electrode and 5.C«3. was used for pH measurements,standard

potassium hydroxide methanolic solution was added to the

reaction vessel from an automatic micro burette, Nitrogen

(free from oxygen,carbondioxlde and rolsture) was used

for maintaining inert atmosphere as well as for stirring

the solutions.

Typical titration curves were obtained when imldes,

alone and in presence of copper sulphate,were titrated

against potassium hydroxide solution. The distance between

the two curvis gave the excess amount of alkali(A KOH)

consumed,which on dividing by the metal ion concentration

gave the value of n, the average number of ligand moles

undergoing complex Ion formation per metal Ion,

The solutions of different imldes were separately

titrated pH metrically and apparent pK values were calculated

at half titration values (described earlier in Chapter I

and II),
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pK value of succinlmlde a 9,74

pK value of phthaliride a 9,50

pK value of glutarimide a 11,03

The titration data together with the values of

n and -log A (free ligand concentration) are given belows

*

amamemm lammamaaa\amm ammmammai

a-AJmJLI SSL 55.

Titration of sueelnimida in ebsance of copper sulphate.

10,0 mi, of 0,5 K suocinimide - 1.0 ml.of 0,01 I! Hg30 ,
Total volume made up with mathyl alcohol a 15.0 ml.

Concentration of KOH solution * 0.1 K

Vol, of pH Vol, of pH
E0H(ml. ). K0H(ml. ).

0.0 0.64 1.4 9.22
0.1 1.14 2,0 9.31
0.2 1.61 2.5 9.36
0.4 £. 26 3.0 9.37
0.6 6.79 4.0 9.40
0.8 C|99 5.0 9,40
1.0 9.10

•
—

, 55, Curve 1,
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Titrations of suocinimide in presence of copper sulphate.

Concentration of succinimide a 0,5 If

Concentration of copper sulphate a 0,05 I!

Strength of H^O solution a 0,01 Y
Strength of KOH solution a 0.1 M

X.sVB h S 122.56.

10 ml.of succiniride - 1.0 ml.of Cu*3Q4 - 1.0 ml.of FJO. ,
total volume made upto 15 ml.by methyl alcohol.

Vol. of
K0H(ml.)

pH Vol. of
K0H(ml. )

PH

0.0 1.55 1.2 6.S1
0.1 2.00 1.4 7.54
0.2 2.77 1.6 6.64
0.3 3.42 2.2 8.62
0.4 3.94 2.5 8.75
0.6 4.66 3.0 8,90
0.8 5.42 4.0 9,10
1.0 6.23 5.0 9,20

ng,56, Curve 2.

I O • I JS0..56U)

Calculations for formation curve, .
For 1,0 ml. of 0.05 MCu-»04 a 0.5 x 10* moles.
pH A KOH Woles of . H .iog succ,

KOH x icr4

4.0 0.10 0.10 0.2 6,2300
4.5 0.26 0.25 0.5 5.7343
5.0 0.35 0.35 0.7 5.2371
6.5 0.45 0.45 0.9 4.7400
6.0 0.60 0.60 1.2 a.^saa—

6.5 0.75 0.75 1.5 3.7483
7.0 0.85 0.85 1.7 3.3411
7.5 1.00 1.00 2.0 2.7551
8.0 1.20 1.20 2.4 2.2605
«-• 5 1.55 1.55 3.1 1.7689
37 a) w 2.20 2.20 4,4 I."666

Pig. *6, Curve 1.



-167-

T A I yv | 12.57.

10 mi. of suoclnlrlde - 1,5 ml. of Cu^O, -1.0 ml.of

HgCO ,total volume made upto 15 ml. by methyl-alcohol.
Vol.of PH Vol,of

KOHCml.)
pH

K0H(ml. )

0,0 1.75 2.0 7.76
0,2 3.00 2.45 6,09
0.4 3.70 2.80 8.37
0.6 4.32 3.20 8,61
0.8 4.82 3.60 8.60
1.0 5.37 4.00 t. yo
1.4 6. 28 4.50 9.10
1.6 7.41 5.00 9.15

Fig.55,Curve 3,

TAH 1 22.57 (A)

Calculations for formation curve.

For 1.5 ml. of 0.05 I CuSO. a 0.75 x id"4 moles,
4

pH A KOH Moles of . R
KOH x 1CT4

-log succ.

4.0 0.20 0.20 0,27 O. &9J0V
4.5 0.35 0.35 0.467 5.7371
5.0 0.50 0.50 0.667 5.2414
5.5 0.70 0.70 0.933 4.7469
6.0 0,90 0.90 1.20 4.2524
6.5 1,10 1.10 1.46 3.7579
7.0 1,35 1.35 1.80 3,2645
7,5 1.55 1,55 2.06 2.7698
6,0 2.00 2.00 2.667 2.2816
8.5 2.55 2.55 3.267 1.7953
9.0 3,20 3.20 4, S3 1.3111

Fig, 66,Curve 2,
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T AS? fr 5 £2.58

10 ml, of succinimide *1.8 ml.of Cu3q4 -1,0 ml. of

H304 , total volume made upto 15 ml, by methyl-alcohol.

Vol,of mm Vol,of
K0H(ml. ),

PH
K0H(ml, ).

0,0 1.78 1.8 6.78
0,2 2.64 2.2 7.86
0.4 3.50 3.6 6,04
0.6 4.02 2. 5 8.22
0.8 4.49 3,0 8.36
1.0 5,00 3,55 8.85
1.2 5,58 4.5 9,00
1,4 6,15 5.0 9,10

Fig, 55,Curve 4,

Llatal I 12, »8 (A)

Calculations for formation curve,

-4For 1.8 ml, of 0.05 MCu304 a 0.9 x 10 moles,

pH A KOH Moles of A
KOH x 1CT4

I -log sueo.

4,0 0.30 0.30 0,333 6,2357
4.5 0.45 0.45 0.500 5.7400
5.0 0.65 0.65 0.722 5.2456
5,5 0.65 0,65 0.944 4.7411
6,0 1,05 1.05 1.167 4,2465
6,5 1,30 1.30 J*ej TTmrml 3,7532
7.0 1.50 1,50 1.555 3,2565
7,5 1.80 1,80 2.000 2,7663
8.0 2.25 2,25 2.500 2,2776
6.5 2.60 2,80 3.110 1.7914
9.0 3.60 3,60 4.000 1.3105

Fig. *6, Curve 3.
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Roarer-PtittiaUiUt gwaltt

Titration of phthallmlde in absence of eopper sulphate.

IABU SSL 59.

20,0 ml, of 0,0667 Y phthallmlde - 1.0 ml. of 0.01 M Hg304 •

Total volume made up with methyl-alcohol a 25 ml.

Concentration of KOH solution a 0.05 M,

Vol, of
KOH ml.

PH Vol,of
KOH ml.

PH

0,0 1,02 1.84 8.70

0,1 1,12 1,40 8. SI

0.2 1,23 1.60 9,04

0.4 1,48 2.20 9.14

0.5 1,68 2.60 9.19

0.6 2,04 3.00 9,84

0.7 3.70 4,00 9.32

0,8 7,50 5,00 9.35

1.0 6,32 — —

Fig, 58, Curve 1,
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Titrations of phthallmlde in presence of ooppar sulphate,

Concentration of phthalimide a 0,0667 K,

Concentration of Cu^O-

strength of fL304

Strength of KOH

a 0,02 M,
•a

a 0.01 M.

a 0,05 M,

H8U SSL 60,

20 ml, phthalimide - 0,7 ml, Cu304 * 1,0 ml, Hg304 »
total volume made up to 25 ml, by methyl-alcohol,

pH Vol, of pHVol,of
KOH ml.

Vol, of
KOH ml.

0.0 1,34 1.6 8,08
0.2 1.64 2,0 CajO"*

0.4 2,06 2,5 6,88
0.6 3,17 3,0 9,00
\h 5,11 3.5 9,08
1.0 6,35 4.0 9,13
1,2 7,02 5,0 9,21

Fig.58,Curve 2.

T AB L 8 SSL 60(A)

Calculation for formation curve.

For 0,7 mi. of 0,02 MCuS04 a 0,14 x id" moles,
pH AKOH

5,0 0,10
5,5 0.15
6,0 0,20
6,5 0,30
7.0 0.45
7.5 0.55
8.0 0.75
8.5 0.85
9.0 1.10

Moles Of A
io-4

a -log phth.
KOH x

0.05 0.357 5,7748
0,075 0.535 5,2757
0,10 0,714 4,7765
0.15- 1,070 4,2762
0.225 1,60 3,7801
0.275 1,96 3,2625
0.375 2.67 2,7659
0.425 3.35 2,2676
0.55 3.92 1.7917

Flg.59, Curve 1.
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T ,A 9 h i 22.61.

20 ml.phthallmlde - 1.0 ml.Cu304 - 1,0 ml, H3©4 ,
Total volume made upto 25 ml, by methyl-alcohol.

Vol. of PH Vol.of pH
KOH ml. KOH ml.

0,0 1.17 1.6 7.42
0.1 1,36 2.0 8.10
0.2 i«34 2.5 c aa

c, oo

0.4 tf*. 45<J» 3.0 8,78
0.6 3, SV 3.5 6,92
0.8 4.35 4.0 9,00
1.0 5,44 4,5 9,06 •

1.2 6,18 5.0 9,13

Fig, 58, Curve 3,

T 49 m 8 SSL 61 (A)

Calculation for formation curve.

For 1.0 ml. of 0.02 MCu.i04 a 0.2 x IO-4 moles.

pH A KOH Moles of, H -log phth.
KOH x 10 *

5.0 0.175 0,086 0.437 5.7762
5.5 0.26 0,125 0.675 5.2774
6.0 0.30 0.15 0.75 4.7762
6,5 0.50 0.25 1.25 4.2616
7.0 0.70 0.35 1.75 3.7850
7,5 0,85 0,425 2.125 3.2676
8.0 1,05 0,525 2,625 2.7909
1 • "J 1,35 0,675 3.375 2.2959
9.0 1, 85 0,925 4.25 1.8032

Fig. 59, Curve 2,
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I A9 & * H2.62,

20 ml. phthaliride - l.S ml, Cu304 -1.0 ml. Hgi04 ,
total volume made upto 25 ml. by methyl*alcohol.

Vol.of pH Vol.of pH
KOH ml. KOH ml.

0.0 1.30 2,5 6,00
0.2 1.74 3.0 6,41
0.4 2.54 3,5 8,66

0.6 3,43 4,0 6,64

1.0 4.86 4,5 6.96

1,5 6,46 5,0 9.05
2,0 7.28 •

am

Fig, 58, Curve 4,

X. a. b M a ,32, 62 (A)

Calculation for formation curve.
-4For 1.5 ml. of 0.02 MCu3Q4 a 0.3 x 10 moles,

A KOH 3

5.0
£>,o
6,0
6.5
7.0
7,5
6,0
6,5
9.0

0,275
0,40
0.55
0.75
1.00
l.mm
1.60
1.90
2.70

Moles of a
KOH x 1CT4

0.138
0.20
0.278
0.375
0,500
0,626
0.900
0,950
1.350

0.458
0.666
0.916
1.240
1.666
2,082
2,973
3.153
4.430

Fig. 59tCurve 3.

-log phth.

5.7779
5,2799
4.7828
4.2859
3.7901
3.2042
2.7032
2.3049
1.6176
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$9gg9r»glttt;ari.ffl<flQ QaRias

Titration of glutarlmlda in absence of eopper sulphate,

X A 9 ft fi SSL* 63,

10,0 ml, of 0,2 M glutarlmlda, total volume made upto

11 ml.by methyl-alcohol.

Concentration of KOH solution a 0,1 M

Vol,of
KOH ml.

pH Vol.
KOH

of

ml.
pH

0,0 6,10 .5 10,46

0.1 9.50 0.8 10,62

0.2 10.02 1.0 10.68

0,3 10.22 1.8 10.80

Fig. 60, Curve 1.
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Titration of glutarimide in presence of copper sulphate.

Concentration of glutarimide a 0.2 M,

Concentration of Cu30
4

Strength of KOH

Vol.of
KOH ml.

0.0
0.2
-.4
".0
0.6
1,0

4.06
7.06
9.12

10.00
10,34
10.54

a 0,04 M,

a 0.1 M.

I.A 9 k » SSL 64,

10 ml, glutarimide - 0,3 ml, Cu»o4 ,total volume

made upto 11 ml. by methyl-alcohol.

PH Vol. of
KOH ml.

1.2
'.6
2.0
2.5
3,0
3.4

PH

10.66
10.60
10.92
11,00
11,06
11.10

Fig. 60, Curve 2.

T hP V g SSL 64 (A)

Calculations for formation curve.

For 0.3 ml. of 0.04 MCui04 a 0.12 x id"4 moles.
pH . A KOH Moles of A n

KOH x 1CT4
-log glut.

6.0 0.10 0,10 0,833 5.6043
6.5 0.12 0,12 1,000 5.3051
7.0 0.15 0.15 1.250 4.6062
7.5 0.19 0,19 1,563 4.3078
8,0 own 0,88 1,633 3.8089
8.6 0.26 0,26 2.17 3.3104
0,0 0,30 0.30 2.50 2.8121
9.5 0,37 0.37 3,083 2,3118

10.0 0,42 0.42 3.50 1,8167

Fig, 61,Curve 1.
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T A3, ftffi SSL 65.

10 ml. glutarimide -0.45 ml, Cu304 ,total volume made upto

11 ml, by methyl-alcohol.

Vol.of pH Vol.of pH
KOH ml. KOH ml.

0.0 3,94 1.0 10,35
0.1 5.34 1.1 10,46
0.2 6,48 1,2 10,54
0.3 7,43 1.3 10,62
0.4 8,18 1.4 10,72
0.5 8,86 1,6 10,82
0.6 9,54 L. c 10.90
0.7 9. Crm 2,0 10.98
0.9 10.18 2,5 11.06

Fig, 60,Curve 3,

lAgfcl SSL 65 (A)

Calculations for formation curva,

Mr 0.45 .1. of 0.04 K0,30, = 0.18 xIO'* rol..

pH A KOH Moles of
KOH x IO"4

—

n -log glut.

6.0 0,15 0,15 0,833 5,8062
6,5 0,18 0.18 1,000 5,3073
7,0 0,88 0.22 1,220 a, c$j&9

7,5 0,26 0.26 1,445 4,3105
8,0 0,32 .32 1.778 3,6129
8,5 0,38 0.36 <s. J-.Li. 3.3152
9,0 0,43 0,43 2.390 8.6172

9,5 0,68 0,52 2,890 2.3205
L0,0 0,62 0,62 3,445 1. 6243

Fig.61,Curve 2.
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T h 3 ft S Am* 66.

10 ml. glutarlmlda -0.6 ml. 3u304 , total volume made
upto 11 ml. by methyl*alcohol.

Vol.of pH Vol.of pH
KOH ml. KOH ml.

0.0 3.70 0.9 9.77
0,1 5,08 1.1 10.09
0.2 5.60 1.2 10.24
0,3 6.74 1.4 10.44
0,4 7.67 1.6 10.57-
0.5 6.20 1.6 10.65
0,6 8.56 w#) G* 10.77
0.7 9.29 2.6 10.84
0.8 9.60 3.0 10.90

Fig. 60, Curve 4.

T 4,9 ft ? 12. 66 (A)

Calculations for formation curve.
-4"or 0.6 mi. of 0.04 Y Cuo04 a 3.24 x 10 moles.

PH A KOH Moles of A
KOH x IO"4

n -log glut.

6.0 0.22 0.22 0,916 5.8090
6.5 0.25 0.25 1.04 5.3101
7.0 0.30 0.30 1,25 4.6121
7.5 0.35 0.35 1,46 4.3140
8.0 0.42 0.42 1,75 3. 6167
fc.5 0.50 %50 2,08 3.3197
9.0 0.56 0.56 2,33 2.8219
9.5 0.69 0,68 3, 89 2.3267

10.0 0.82 0,62 3.417 1.6316

Pig. 61, Curve 3.
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In order to ensure that hydrogen Ions are liberated

during complex-Ion of copper with Imldes,and for further

confirming the stolchlometry of the copper-Imide complexes,

copper sulphate alone and also in presence of one,two,three,

four and five fold equivalents of imldes solutions were

irately titrated against potassium hydroxide solution.

Irlde solutions were also titrated separately against

potassium hydroxide solution.

Details of concentrations and volumes of the reactanta,

used for this purpose,are summarised below. Actual observat

ions cm be read from corresponding figures,

i h a, ft g m. 67

gooeajr-sueainimlde ara^lax.

Concentration of succinimide solution 0,05 M,

Concentration of copper sulphate solution a3.95 Y*

Concentration of potassium hydroxide »0,1 M,

Total volume in each set made upto 80 ml.by methyl-alcohol.

Vol.of Vol.of Cu304s Curve
CuS04

VOL. Or w«s)Wii ^ur

succin lrlde Cucclnirlde Sfo.
rl. ml. ______-_M___

0.0 15.0 - 1
3.0 3.0 lsl 2
3.0 6.0 ls2 3
3.0 9.0 ls3 4
3.0 12.0 ltd 5
3.0 15.0 ls5 6
3.0 0.0 - 7

Fig. 62
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? Afl ft a J!2. 68

fiflgf^r-P^ttlaUrUf complex.

Concentration of phthaliride solution a 0.05 M.

Concentration of copper sulphate solution a 0.05 M.

'trangth of potassium hydroxide solution a 0.1 M.

Total volume in each set made upto 20 ml.by methyl*alcohol.

Vol.of Vol.of Cu304 » Curve
Cu304 phthalimide phthaliride N<>.
ml. ml*

o.o • 15.0 1
3.0 3.0 lsl 2
3.0 6.0 1:2 3
3.0 9.0 ls3 4
3,0 12.0 ltd 5
3,0 15.0 ls5 6
3,0 0.0

"

7

Fig. 63

I Aft ft S 12. 69

Qgagwr-glMfrtflBlde, QflBBlag

Concentration of glutarimide solution a 0.2 M.

Coneantr-tlon of copper-sulphate solution a0.04 M.

Concentration of potassium hydroxide aO.l M,

fatal volume In each set made upto 10 ml,by methyl-alcohol.

Vol.of Vol, of Cu304s Curve
Cu304 glutarlride glutarlffilda "o.
ml. ml.

0.0 5.0 „ 1

5.0 0.0 m 2

5.0 3.0 ls3 3

5.0 4.0 ls4 4

5.0 5,0 IS8 5
m

1?. 64
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Cu-PHTHALIMIDE COMPLEX
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Cu-GLUTARIMIDE COMPLEX
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raalatlon and fthatrleal analysis Of the gOffiPlttieas

In view of the unstability of these complexes in

presence of excess of copper ions,the reagents were mixed

keeping the proportion of the imide a little higher than

deterrlned by the various physico-chemical methods

described above. 3ince a ls4 complex was indicated by

these methods,methanolic solutions of copper sulphate

and the imide were mixed, and the p^ of the resulting

mixture was adjusted to 10. The resulting precipitate

was thoroughly washed with methyl alcohol till it was

free from adsorbed caustic potash and excess of imide.

It was then k?»pt in a vacuum dessicator and dried over

calcium chloride. The bluish violet precipitate rerained

almost unchanged In colour on drying,

fl7im» ««««tnd»rtda comolaxs 500 ml.of 0.5 Msuocinimide
having one equivalent amount of potassium hydroxide,

taken in a beaker and 50 ml. of 0.1 M copper aulphate

were added to It,when dark blue coloured crystals of

eopper succinimide complex were formed.

Cnnnar ahthallal.dm aomolcXS 500 ml.Of 0.05 M phthallmlde

having equivalent amount of potassium hydroxide were

mixed with 50 ml. of 0.1 M copper sulphate solution,when

a pink violet precipitate was obtained,

ffft[mT amtamimidm comolaxs 200 ml, of 0.1 Mglutarimide
having eiuivalant arount of potassium hydroxide were

mixed with 40 ml. of 0.1 Mcopper sulphate solution,when

a blue coloured complex was obtained.



2000

o-o

IO -

oo

CM- i

1500

T
I OOO

J_ _L
i> 7 8 9 10

Wavelength (Microns)
Curve I Succinimide

Curve 2. Cu-Succinimide Complex

I . R . SPECTRA FIG. 65



2000

0 01

•10 -

•20 -

z-^80

O^

V
u

C 60
0

£

c

0 40

20

CM - 1
1500 1000

Curve 2

7 8 9 10

Wavelength (Microns)

Curve I. Phthalimide

Curve 2. Cu - Phthalimide Complex

I . R . SPECTRA

900

FIG. 66



-180-

Chemleal malyslss A weighed amount of the dried

• ample was digested with aqua regie and its copper

content was estimated gravimetrlcally as cuprous thlo-

cyanate.

The nitrogen estimation of copper imide complexes

was carried out using Kjeldahl's volumetric method.

Following results were obtained.
Nitrogen % Copper %

-opper-sueclnlmide complex 12,14 13.43

Copper-phthailsride complex 9,36 10,42

Copper-glutarimide complex 10,68 12,12

infra-rod Wfitrpawir'

Spectra of copper-succinlmlde and oopper-

phthailiride complexes ware taken in nujol medium by the

method of fast scanning,in the infra-red region. For

co-paring the spectra of complexes with those of ligandsf

I,E,spectra of succinlffide and phthaliirlie were also

recorded by the above method. The apparatus used In

these studies was Perkin and Slmer infra cord. The

spectra obtained are depicted in Fig,65 for succinimide

corrplex and in Fig, 66 for phthalimide complex.
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JUSfiVaSipn

Results on tha conductometric, potent lometric,

emperometric and pH metric methods between the eopper

sulphate and imldes at high pH presents the following

interesting features,

•QonlwolwiftUU titrations*

In both direct (idles in the cell) and reverse

(copper sulphate In the cell) tit rat Ions, the combining ratio

of Cu s imide comes out to be ls4 (Figf. 1*4,9*12 and

21-23), The imide aoiutions for direct titrations were

prepared in equivalent amount of potassium hydroxide.

The copper-glutarlmide compiex, studies could not,

however, be carried out at low dilution of caustic

potash. Instead a concentrated solution of potassium

hydroxide (0.2 Y) wee added to obtain glutarlride in one

equivalent of caustic potash.

Reverse titrations,performed with copper

sulphate,containing four equivalents of caustic potash

(each equivalent for one rol@ of succinlmlde and since

evidence of Is4 complex was forthcoming,four equivalents

of potassium hydroxide were added in the very beginning).

On gradual addition of the titrant(isrd.de), the copper

hydroxide precipitate got decor posed and got converted

into the violet blue complex carpletely,when Imide

corresponding to the equivalence point in the conducto

metric titrations was added, Jiirilarly in the direct
a

titrations the violet complex got decomposed Into the
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green hydroxide when copper aulphate beyond the equivalence

point was added to the imldes.

The inflexion pointa from the titration curves,

both dlract and raverse, gave the combining ratio, 1 mole

of Cu>+ to 4 moles of the Imide (Figs, 1*23),

t'otentlometrlc titration*!

The potentiometric titration technique could not

be applied in Investigating the composition of these

cor-piexes due to the non-availability of a suitable

Indicator ei^etrode, k copper electrode(obtained by

electrolytic deposition of copper on platinum) used as

3uch did not remain steady, Satisfactory results could

not also be obtained with the amalgam electrode(prepared

by the method recommended by Hie lion and 3rown(9)) since

this too failed to give stable potentials In the required

pH range. The possibility of employing a new electrode

system was,therefore,sought for. It was found that a

redox indicator electrode could be developed if a platinum

wire electrode was kept dipped in a solution of cuprlc

ions containing extremely small amount of cuprous ions

( - Cu** s - Cu*)« Variations in c,m,f, at this electrode,

on adding the titrant (imldes) gave typical potentiometric

titration curves with sharp breaks. Reverse titrations

(imldes in the ceil) could also be carried out successfully,

Jto extra advantage of this redox system was that Its

performance was equally good in non aqueous medium,
a

Prom the inflexion points precise Information about

the binding ratio is obtained both from the direct as well
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as the reverse titrations. The ratio comes out to be

lfCu s 4,lmide. These results confirm the data of conducto

metric titrations. Moreover the titration curves obtained

with phthalimide and glutarimide gave sharp Inflexion points

as compared to those of the succinimide. This may be

attributed to the structural difference between the

complexing agents,

r'agerflBttrlfi UtraUgnft'

The amperometrle titrations confirm the results of

the other studies, Here-too the combining ratio of ls4

(Cu s imide) was realised for all the three lmides. However,

the shape of the curves was unusual and In no case typical

titration curves were realised.

Ordinarily copper complexes are studied amperometrl-

cally by ap lying a constant potential corresponding to the

plateau of the reduction wave of cuprlc ions,it was net

possible to do so In the case of the copper-lmide complexes,

since a well defined wave of copper was not obtained in

the methanolic medium, Polarograms of the chelating agents,

vis,, succinimide,phthalimide and glutarimide were then

recorded using methanolic caustic potash as the supporting

electrolyte(caustic potash was chosen si ace the reactions

studied,took place only in highly alkaline medium),Two
reduction waves (one anodic and the other cathodic) were

obt lined(Fig.67-69).

The constant potential to be applied for the
a

amperometrle titration was determined from the plateau of

these waves. The potentials employed were -1.2,-0,8 and
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-0,8 volts,for succinlmlde,phthalimide and glutarimide

respectively,

Olr^ct titrations( imide in the ceil) could only

be carried out with succinimide and phthalimide, Heverse

titrations( copper sulphate In the ceil) were not successful

with these two Imldes. However, in the case of glutarimide

only reverse titrations could ba performed,titrations

with the reagent in the cell did not give sharp inflexion

point.

Considering the titrations with succinimide and

phthalimide, it would be observed that the current should

decrease with tha removal of the imldes on adding gradually,

Increasing amount of the cuprlc Ions. After the completion

of the reaction, the current should become constant since

excess of the metal Ion would not be reduced at the applied

potential. But as already stated this typical behaviour

was not observed. Instead, the current first goes on

increasing, followed by an equally sharp decrease In current

after the inflexion polnt(Fig. 46-51).

The initial Increase in current can be due to two

factors (i) reduction of the resulting complex at the

applied potential? (11) appearance of adsorption or kinetic

current( depending on the nature of the reaction and

reaction products). These currents will manifest themselves

as long as the complex Is present and this behaviour should

persist unless the complex formed starts decomposing.

Since these complexes, like the nickel*Imide .

complexes, also get decomposed in presence of excess of
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metal, a decrease In current should be observed after

the completion of the reaction. This is what has actually

been observed In both cases.

Amperometrle titrations,therefore, not only

confirm the existence of 1*4 complex but also give

experimental support to the observation that the copper

complexes of sucelnltrile and phthalimide can remain in the

stable form,only in excess of the complexing agent. Once

metal ion is In slight excess than the stoichiometric

ratio for the formation of the complex,It decomposes.

The titrations aiith giutarlmide( copper sulphate

in the cell) should normally show a constancy upto the

inflexion point,followed by an Increase in current due

to excess of glutarimide. This typical bahaviour Is not

met-vith and shape of the titration curves is Just el

unusual as observed for copper complexes of phthalimide

and succinimide. The explanation for the lnltal Increase

can be based on the same reasoning,namely, the reduction

of the complex or the existence of adsorption or kinetic

current, but since In these titrations excess of the

ligand instead of the metal ions are being added,after

the Inflexion point,a decrease in current due to the

decomposition of the cotrplex should not be observed, A

constancy in current instead of gradual increase beyond

the inflexion point may point towards the adsorption of

the glutarimide by the resulting complex, A large affinity

of the complex for the imidea is quite understandable*since

the complex attains greater stability In presence of excess
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of tha glutarlmlda,

glHpotrlo atiamaUmV

QJerrum's method is normally employed to determine

the composition and stability constant of aoluble complexes.

It was observed that the experimental procedure of this

method could be used to determine the composition and

stability const ints of complexes showing tendency to exist

as colloidal precipitate. Since the complexes remained in

highly dispersed form in excess of the ligand,and flocculat*

ion sets in,only in the higher pH range,average stability

constant of the copper-Imide complexes could be computed

from the curves (with and without tha metal tons) upto the

pH range in which precipitation of the complexes was not

started.

The pff-metric titrations performed according to the

method of Calvin and Melchlor,gave typical curves in all

the three cases. The value of n *as found to Increase

regularly with the increase of pH and attained constant

value of approximately four in each case,confirming thereby

the existence of ls4 metai-imide complexes. The use of

this method was based on the assumption that the methanolic

medium would not effect the n value as It was calculated

from the excess arount of alkali consumed in presence of

metal Ions (Figs.55-58 and ©0).

For determining the apparent atabillty constant of

different complexes the plots of n against -log A,were

uaed as done previously. The results are given belows
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Apparent stability constants of the copper-imide complexes.

Copper-succlnimide eomplexs

Over all stability Mean
constant log K
log K*4 log k

11.00

11.40 11.333

11.60

Fig, 56

Copper-phthalimide co&plexs

1 3.40 13.60

8 3,45 13.80 13.80

3 3.50 14.00

Fig,59

Copper-glutarimide eomplexs

1 3,45 13.80

2 3,50 14,00 13,933

3 3.50 14.00

Fig.61

The pS-metrlc titrations performed with copper alxie

and with different proportions of imldes as,lsl,ls2,ls3,ls4,

ls5 (Cu s imide) (Figs,62-64),exhibit a continuous shift

of curves towards the lower pH range with increasing

proportions of imldes. This shift of curves continued till a

Curves Average stability
constant
log k»-log A at n «2

1 2.75

8 2.85

3 2.90
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metal-imide ratio of ls4 was reached. In case of mixtures

having Is5 metal-imide ratio, the pH shift was almost

negligible,showing thereby that maximum of four protons

can be liberated from four molecules of imldes per metal

ion.

Chemical analysis of tha aomplexefs

Chemical analysis of the isolated complex also

confirmed ls4 (metal-Iride) combining ratio,

laamammmaammV

Tha I.R. "pectra of Imldes and their ls4 complexes

with copper revealed a marked shift in carbonyl stretching

frequency (Figs,65 and 66) pointing towards oxygen-metal

binding, ;ilnce the p?f-matrlc,conductometric and other

cherleal evidences seem to indicate that the co-ordination

is through nitrogen,the decrease In carbonyl frequency

could be interpreted due to the »ass effect of the heavy

metal atoms which would definitely have some perturbation

in these ring compounds. The NH vibration frequency could

not be examined due to the interference from the OH absorpt-
i

ion bands of methanol,which probably is present In the

complexes, to additional feature of succinlmlde complex

—i
was to lower frequencies of the 1180 cm band which may

have a strong component of the 0-8 vibration stretching

band. Further duplet formed around 630 cm (probably due

to ring vibration) also shifts to lower frequenoy on complex

ion.
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In view of the above results,the structure of copper comple

xes of succinimide, phthallmida and glutarimlde,may be

represented by the following formulae,

Copper-succlnimide complex, ((C^O^^ Cu (CRjOH)^

\2-

Copper-glutarlmide • O^VV0* * <C%0!JV

The solvation of metal Ions with methanol is not

unusal as has also been reported in the literature (10).

Evidence for this is also available from I.R,9pectra where

OH absorption bands of methanol are observed.

Moreover,since four basic nitrogen atoms are involved

in complexatlon with copper,all the three complexes are

eisentlally formed by biuret reaction mechanism.



CHAPTER H.

Soluble copper complexes of succinimide and saccharin
(non biuret reaction mechanism).



INTRO DP CTIOM

Livio Carbi (l) studied the magnetic properties of

insoluble copper complex of succinimide and showed it to be

paramagnetic. Malik and coworkers(2) studied copper*suoolnl*

mide complex polarographlcally in aqueous and aqueous-

ethanollc media, at high pH ( 1.0 MKOH) and reported the

formation of a soluble violet coloured copper-succinImide

complex.

Preliminary experiments In aqueous medium have

revealed the formation of a bluish coloured copper-succini-

mide complex In the lower pH range( pH<8),stable only

In excess of suocinimide. The polarographle method was

found unsuitable to study this complex due to the irreversible

nature of its reduction. Other physico-chemical methods,

viz,,conductometric and potentiometrlc methods were therefore,

tried. The conductometric method failed to give any

inflexion In view of the originally high conductance of

sueoinlmlde solution, ^o -as the case with spectrophotometrie

methods, since mixtures containing excess of copper sulphate

got precipitated,not allowing wide concentration range

necessary for the use of Job's or slope ratio methods,for

the determination of the composition of complex. Of the

available methods In the laboratory,it was only the pH-

metrlc method which could be employed for these studies.

The BJerrum*s method(loc,elt.) was tried and was found to

give satisfactory results on the composition and stability

of the complex.
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Formation of another soluble eopper-imide complex

was noticed when copper sulphate was mixed with saccharin

in methanolic medium, Potassium-bis-o benzoic sulfanimide

dlbromo aurata ( ^^WWa K**• * *** coIooMd
derivative of potassium Saccharin was studied by Tyabll

and 0ibson(4), which was found to decompose by the action

of water. Crystal structures of saccharin derivatives of

manganese,nickel and cobalt have also been cited In the

Uterature(5). Klasen's and Terpstra(6) have shown the

formation of light blue crystals of (Og^COaOgN^ Cu
(HO) upon addition of concentrated copper sulphate

solution to an equally concentrated solution of sodium

saccharlnate.

Owing to the decomposing action of water on these

complexes of saccharin,probably no physico-chemical method

was employed to study the nature of this complex. It was,

therefore,thought worth investigating this complex,ln

non aqueous medium,using the available physico-chemical

methods, Unlike the cop per-succin imide complex described

above, the spectrophotometrie as well as conductometric

methods could be employed to determine its composition.

The pH metric method could,however,not be employed since

this reaction,unllke the others described earlier,does not

take place in alkaline medium.

The results of spectrophotometrie and conductometric

methods ware confirmed by the methods of chemical analysis
a

and I,R, spectroscopy.
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gnfgfieHmffTml

3took solution of 3u coincide of strength 0,5 M

was prepared by dissolving 12,3912 gms, of the reagent

in 250 mi. of double distilled water. Aqueous (for the

succinimide complex) and methanolic (for the saccharin

complex) solutions of copper sulphate A.R.(B.D.H.) were

prepared by direct weighing and their strength checked

gravlmetrieally as cuprous thlocyanate. The standard

solution of saccharin 4.1, (B.D.H.) was prepared in double

distilled methyl alcohol, ^toek solution of potassium

hydroxide was prepared in double distilled water and its

strength determined by titrating against standard oxalic

acid solution.

Beckmann's model 0-pH meter with extended electrode

leads was used for pH measurements and conductance

measurements were carried out with a Philips conductivity

bridge. Bausch and Lamb spectronic •80l was used for

absorption measurements.

Cooper sunclnlTTlle CTPlflS*

?or Investigating the composition and stability

of copper-succinlride corplex by Bjerrum's method, the

procedure recommended by Calvin and Melchoirdoc.cit.)

was adopted.

20 ml. of 0.5 M aucciniwide solution was mixed

with varying amounts(0.0,0.4,0,7,1,0 ml. ) of 0,1 M

copper sulphate and 1.0 ml. of O.OlM,sulphuric acid,making

the total volume to 25 ml. with double distilled water.

The mixtures were taken in the cell and nitrogen (free
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from carbondioxide) was passed for maintaining inert

atmosphere as well as for stirring the solution. All the

measurements were performed at 30 ♦ 0,1°C using Tows en

and Kercer water thermostat, 0.1 M potassium hydroxide

solutlm( carbonate free) was added from an automatic

tricro burette for titrating the afors-said solutions.

The results of the titrations are given in the following

tables. The method adopted for calculating 8 and -log A

( free ligand concentration) was the same as described

earlier in Chapter I. The tables for calculations have

been given along with titration tables,

pX value of succinlmlde used In these calculations

is 9,29 as mentioned in Chapter I,

X Mr y S SSLU

Titration of succinimide in absence of Copper sulphate.

20 ml, of 0.5 Msuccinimide-1.0 mi. of 0,01 M*£\ .
Total volume made upto 25 ml.by distilled water.

Vol.of pH Vol.of pH
K0H(ml. ). KQH(mi, )

0.0 3.53 2.0 7.7
0.1 5.80 3.0 7.84
0.2 6.67 3.5 7,90
0,3 6.61 4.0 8.05
0.4 7.03 4.5 8.10
0.5 7.08 5.0 8.16
0,6 7.27 6.0 £.22
1.2 7.43 7.0 6,25

,6 7.56 8.0 6,35

Fig, 1,Curve 1,
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Tltratlons of guoctnlitlde in presence of Cu^O^ s

Concentration of succinimide solution a 0,5 M,

Concentration of copper sulphate solution a 0,1 M,

itrcngth of H_30 solution » 0,01 M.

Strength of KOH solution « 0,1 M,

T AB L 2 SSL, 2.

20 ml, succlnlrlde -0,4 ml.Cu304 -1,0 ml, Hg304 ,
total volume made upto i?5 ml. by distilled water.

Vol.of pH Vol.of pH
KOH ml. KOH ml.

0.0 0.44 1.6 7.24
0.1 4.09 2.0 7.40
0.2 4.58 2.5 7.56
0.3 4.90 3.0 7.70
0.4 5.25 3.5 7.79
0.5 5.56 4.0 7.90
0.6 5.64 4.5 7.96
0.8 6.31 5.0 6.03
1.0 6.66 6.0 8.12
1.2 6.93 7.0 6.20
1.4 7.12 6.0 8.27

Fig.l, Curve 2.

lag fr J I&2U)
Calculations for formation curve, 4
For 0.4 si. of 0.1 MCu304 a M ^ 10" moles.
pH A KOH Moles of A

KOH x 1CT4
1 -log succ

4.0 0.08 0.06 0.145 5.6893

4.33 0.10 0.10 0.205 5.3567

4.67 0.17 0.17 o.doe 5.0209
5.00 0.27 0.27 0.656 4.6926

D».5J 0.35 0.35 ), <32 4.3610

5.67 0.45 0,45 1.101 4.0257
6.00 0.57 0,57 1.412 3,6977

6.33 0.67 0.67 1.561 3.3664

6,67 0.60 0.80 1.882 3.0316

7.0 0.83 0.83 1.901 2.7021

7.33 0.63 0.83 1.960 2.3691

7.67 0.65 0.65 2. 000 4*e *AJ<&0

Fig. 2, Curve 1.
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T.,43 L 8, SSL 3.

20 *l.auecinirride - 0.7 mi. Cui04 -1,0 ml.H^04 ,
total volume made upto 25 ml. by distilled water.

Vol, of
KOI! ml.

0.0
0,1
0.2
0.3
0,5
0.7
1.0
1.2
1.6
2.0
2.4

pH

3.45
3,93
4.34
4.64
5,05
5.44
5.98
6,29
6.60
7.12
7.33

Vol. Of
KOH ml.

«5. 6

3.2
3.6
4.0
1.5
5,0
6,0
7.0
i-.O
9.0

Fig, 1, Curve 3,

pH

7.50
7.60
7,70
7,76
7.65
7.01
8.05
8.16
8.24
6,32

TABLE M, 3 (A)

Calculations for formation curve.

For 0,7 ml. of 0.1 MCu304 5 0,7 * 1°"' ®ol#S
pH A KOH Moles of A

KOH x IO*4
-log succ,

4.0
4.33
4.67
5.00
5.33
5.67
6.0
6.33
6.67
7.0
7.33
7.67
8.0

0.100
0.150
0.280
0.400
0,575
0,725
0,900
1.100
1.250
1.400
1,400
1.45
1.45

0.100
0.150
0.250
0.400
0,575
0,725
0.900
1,100
1,250
1.400
1,400
1,450
1.45

0.143
0.214
0,356
0.571
0.621
1.036
1.266
1.571
1.786
2.000
2.000
2.070
2.070

Fig, 2, Curve 2,

5.6897
5,3573
5.0222
4.6946
4.3648
4.0304
3.7032
3.3736
3,0391
2.7118
2.3768
2.0424
1.7124



BJERRUM CALVIN METHOD

Volume of KOH (ml-~)
3 4 5__

IO IO 2 0 30 4-0 50

- L09 A (Succ )
FORMATION CURVES FOR Cu-SUCC COMPLEX (AQUEOUS MEDIUM)

_L

fcO 70

FIG. 2
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TABLE SSL 4.

20 mi. succinimide -1.0 ml. Cu304 -1.0 »1. HgJ04 ,
total volume made upto 25 ml. by distilled water.

Vol,of pH Vol,of pH
KOH ml. KOH ml.

0,0 3.44 2.6 7.15
0.1 3.90 3,0 7,36
0.2 4.28 3.4 7.50
0.3 4.53 3.8 7.63

4.73 4.2 7.72
0.6 5.03 4.6 7.60
0.6 5,32 5,0 7.86
1.2 5.82 6.0 7,99
1.6 6.30 7.0 8.10
1.6 6.50 6,0 8,18
2,2 6,66 9.0 6,26

Fig, 1, Curve 4,

T AD L 3 SSL 4 (A)

Calculations for formation curve.

For 1.0 ml. of 0.1 MCu304 2 1.0 x ICT* *oles.

»8 A KOH Moles of . 5 -log succ.
¥ KOH x icr4

.-4

4.0 0.100 0.100 0.100 5.6897
4.5 . 0.225 0.225 J. 888 5.1919

0.475 0.475 0.475 4.6961
0.B50 0.850 0.850 4.2025

6.0 U250 1.250 1.850 3.7092
6 33 1.500 1.500 1.500 3.3803
6 67 1 800 1 800 1,800 3.0482
7.0 1.95 1.95 1.95 2.7206
7^33 2.00 2.00 2.00 2.3684
7> 2.00 2,00 2,00 2,0514
8.0 2.10 2.10 2.10 1.7230

Fig. 2,Curve 3.
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For confirmation of the composition of oopper-

sueelnlmlde complex, copper sulphate alone and also in

presence of succinimide solutions in proportions of Is2

and ls3 (CusSuccinimide),were separately titrated against

0,1 M potassium hydroxide solution, Succinimide alone was

also titrated against potassium hydroxide solution. Details

of concentrations and volumes of the reactants used for

this purpose are summarised below. Actual observations

can be read from Flg.3,

T A 9 k S E5.

Concentration of succinimide solution a 0,1 M

Concentration of copper sulphate solution a 0,1 M.

Strength bf potassium hydroxide solution a 0,1 M,

Total volume in each set made upto 20 mi.

Vol. of Vol.of CuJO. s ftirve
0u.04 succinimide Suectnimlde **'

0.0 15.0 - 1

5,0 0,0 • 8

5.0 10.0 ls2 3

5.0 15.0 ls3 4

Flo.
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Swer-9icsh,irtn era p! ox, in aethfiRoUc Bedim

4po«troDhotcmctrlc studies s* VosBurgh and Cooper's

method (ioc.cit.) was first of ail employed to know the

number of complexes formed by the Interaction of copper

sulphate with saccharin, in methanolic medium. The

solutions of the reactants prepared In methanol (both of

strength 0.04 M) ware mixed in the ratios of eopper

sulphate to saceharin as ls3,l»2,lsl,2sl and 3sl,by mixing

3.0,4.0,6.0,6,0 and 9,0 mi, of copper sulphate to 9,0,

6.0,6.0,4,0 and 3.0 ml.of saccharin respectively. Optical

density was measured at different wavelengths,ranging

from 600 to 950 mu. All the Fixtures gave maxima at 800 mu,

showing thereby the formation of only one complex.
I 49 h ft S2.6.

Concentration of the reactants a 0.04 M
Optical density of the mixtures prepared according to
VosBurgh Cooper's method, «____,_^_«»»<_«.
Wave length Ratio of copper sulphate to saccharin
nu ls3 ls2 lsl 2sl 3sl

600 0,05 0.063 0.08 0,085 0.085
650 0.13 0.17 0.23 0.245 0.250
675 0.192 0.26 0.36 0.38 0.39
700 0.285 0.355 0,46 0,538 5.568
730 0.36 0.445 0.60 0.71 0.769
750 0.398 0.49 0.667 0.706 0.67
760 0.37 0.509 0.769 0.839 0.921
775 0.45 0.54 0.733 0.686 0.92
790 0.42 0,53 0.745 - 0.99
800 0.42 0.532 0.745 - 1.00
610 0.42 0.536 0.75 0.921 1.00

0.41 0.53 0.733 0.903 1.00
850 0.35 0.495 0.733 0.886 0.958
675 0.325 0.462 0.733 0.810 0.885
900 0.305 0.432 0.668 0.757 0.624
925 0.265 0.400 0.636 0.710 0.769
B§0 0.265 0.375 0.593 0.658 0.721

Fig.4
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VosBurgh Cooper's curves (Fig.4) gave the evidence for the

existence of one complex only,

l$)*» gflthfrd, of c^ftUnuadyarlaUoo*- Job's method was

followed for determining the composition of the complex,

vjulmolar solutions of copper sulphate and saccharin, of

concentrations,0,0667 M,0,05 M and 0,2 M, were mixed

according to the method _of continuous variation and 0,0,

measurements were carried out at wave lengths 660 and

710 mu, A<$ the 0,0, of copper sulphate was appreciable on

the above wave lengths, the difference of 0,0,of mixtures

and copper sulphate,was plotted against the ratio,

(CuMPu) ♦ (Saccharin), The results are tabulated belows

T AS h a IS. 7,

Concentration of saccharin a 0,0667 M

Concentration of copper sulphate a0.0867 M,

Vol. of Vol. of o.o. O.o. Difference
CuS04
ml.

eaecharin.
ml.

mixt. CuSG,,
4

1.0 9.0 0.135 0.068 0.067
2.0 6,0 0.235 0.118 0.117
3.0 7,0 0.32 0.173 0,147
4.0 6,0 0.39 0.232 0.158
5.0 5,0 0.44 0.285 0.156
6.0 4.0 0.47 0.335 •. L4I
7.0 3,0 0.5157 0.36 0,136
6.0 2.0 0.523 0.435 0.088
9.0 1.0 0.53 0.46 0.05

Fig, 5,Curve 1,
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I f\8 a » Ik 6*

Concentration of saccharin a 0,0667 M,

Concentration of CuS04 sulphate a 0.667 M.

W/tT9 l*nrth 710 ffl*.

Vol. of Vol. of O.D. O.D, Difference
CuS04 saccharin mixt. Cuo04
ml, ml.

i^O 9,0 0,240 0,135 0,105
•> 8,0 0.438 0.250 0.188

3*0 7.0 0.602 0.370 0.232
4*0 6.0 0,745 0,495 0,250
.5Vo 5.0 0,654 0,600 0.254
G j 4.0 0.943 0.699 0.244
?!o 3.0 1.046 0.800 0,228
8*0 2,0 1.097 0.939 0,158
9.0 1.0 1.125 1.046 0.079

Fig.6,Curve 1.

T A3 L E SSL *.

Concentration of saccharin a0,06 M,

Concentration of copper sulphate aO.05 M.

lauUaafcamV

Vol. of Vol. of O.D. O.D. Difference
Cu304 saccharin mixt, CuS04
ml. mi.

9.0 0.095 0.053 0.042
8.0 0.177 0.088 0.089
7.0 0.237 0.130 0.107
6.0 0.290 0.168 0.122
5.0 0.330 0.210 0.120
4.0 0.360 0.245 0.115
3.0 0.360 0,282 0,098
2,0 0,390 0.320 0.070
1*0 0.400 0.355 .045

Fig, 5, Curve 2,
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I ABLE 12, 10.

Con cent rati on of saccharin a 0,05 M.

Concentration of copper sulphate a 0,;)5 M.

*«Yt Israeli.-lA-Bffl.

Vol,of Vol,of O.D. O.D, Olfferance
CuS04
ml.

saccharin
ml.

mixt. CuSQ4

1.0 9,0 0.173 0,105 0.066
2.0 8,0 0.325 0.190 0.1.35
3.0 7.0 0,445 0,280 0.165
4.0 6.0 0.553 0.365 0.186
5.0 5.0 0,638 0.450 0.188
6.0 4.0 0,710 0,530 0.180
7.0 3.0 0,769 0,607 0.162
6.0 2.0 0.810 0,668 0.122
9.0 1.0 0.834 0,770 0.064

Fig.6, Curve 6ps8

I A? JUI SSL 11.

Concentration of saccharin m 0.02 M.

Concentration of copper sulphate a 0. 02 M.

"aYfl iTOKtin.fifiiLlfl*.

Vol.of Vol.of o.o. O.D. Difference
0uS04 saccharin mixt* CuSO-
ml. ml.

**

1.0 9.0 0.042 0.024 0.018
2.0 8,0 0.065 0.040 0.025
3.0 7.0 0.090 0.056 0.034
4.0 6.0 0.112 0.073 0.039
5.0 5.0 0.127 0.088 0.039

6.0 4.0 0.142 0.102 0.040
7.0 3.0 0.153 0.120 0.033

8.0 2.0 0.160 0.135 0.025
9.0 1.0 0.170 0.145 0.025

•

Fig. 5,Curve 3.



-
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Wave leneth. 710 mu.

-—w

a 0,Concentration of saccharin 02 K.

Concentration of copper sulphate a 0, 02 M.

Vol.of
Cu304 Vol. of O.D. O.D. Difference

Saccharin mixt. CuSO.
ml. ml. 4

1.0 9.0 0.066 0.039 0.029
2.0 8.0 0.112 0.070 0.042
3.0 7,0 0.157 0.100 \ 088
4.0 6.0 0.193 0.137 0.057
5.0 5.0 y, <o&5j 0,168 0,081
6.0 4.0 0,256 0.198 0,058
7.0 3.0 0,288 0.230 0,052
8.0 2.0 0, 295 0.265 0,041
9.0 1.0 0,313 0.260 0.033

Fig.6,Curve 3,

frolar ratio mttjamajt

The results of Job's method were confirmed by

molar ratio method. Solutions for this method were mixed

keeping constant arount of copper and varying the concentra

tion of saccharin, experiments were performed at two

concentrations of ooppar sulphate and O.D.measurements were

made on different wave lengths. The results are given belows



Moles Sacch./Mole Copper

MOLAR RATIO METHOD

FIG. 8
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0, p. values of mixtures prepared according to the molar
ratio methods

T A3 fc § J&.13.

Volume of 0,04 Mcopper sulphate solution a 4.0 ml.

Concentration of saccharin solution a 0.08 K,

Total volume In each case was made upto 10 mi, by adding
requisite volume of methyl alcohol.

Vol, of 690 mu. 700 mu. 730 mu. 770 mu. 790 mu, 600 mu.
s accharin
ml.

0,5 0,270
1.0 0.295
1.5 0,315
2,0 0,330
2.5 0.346
3.0 0.353
3.5 0.365
4.0 0.376
5.0 0.400
6.0 0.402

0.303 0.410 0.411
0.330 0.452 0.539
0.353 0.405 0.561
0.370 am 0.582
0.387 0.509 0.599
0,395 0.516 0.606
0,410 0.523 0.615
0,420 0.539 0.630
0.421 0.546 0.633
0.424 0.547 0.634

0.538 0.541
0.558 0.561
0.583 0.585
0,599 0.602
0,620 0.620
0,622 0.629
0,633 0.636
0.650 0.652
0.646 0.646

- 0.650

Curve 1. Curve 2, Curve 3, Curve 1, Curve2, Curve 3,
' Flg.7 Pl^.9

UHS I&.14,
Volume of 0,04 M copper sulphate solution a 5.0 ml.

Concentration of saccharin solution a 0,06 M,

Total volume in each case was made upto 12 ml.by adding
requisite volume of methyl alcohol.

Vol.of 690 mu. 700 mu. 730 mu 770 mu. 600 mu.
saccharin
ml.

1.0 0,285 0,320 0.425 0,523 0.545
1.5 0,299 0,335 0.442 0,533 0.559
2.0 0,314 0,360 0.465 0,561 0.563
2.5 0,335 0.360 0.490 0,586 0.607
3.0 0.345 0.365 0.500 0,597 0.620
-3. 5 0.352 0,400 0.519 0,614 0.634
4.0 0.370 0,415 0.536 0,634 0.654
5.0 0,390 0.435 0.560 0,653 0.675
6.0 0,400 0,450 0.577 0,668 0.684
7,0 0.403 0.455 0,578 0.700 0.660

QBMm__l^r .Cjiof.a. -QUVMJL
Fig. 8
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Another method,which is in common with spectro

photometrie methods,is the slope ratio method. This

method not only provides a confirmation of the results of

Job's and Molar ratio methods,but also helps in establish

ing the ratio of colour forming radicals to the metal ions.

In the reaction mA ♦ nB « to 8n, if the concentration of

B is constant and in sufficient excess to make dissociat-

ion negligible,the equilibrium concentration of the

complex to 8n will be essentially proportional to the

analytical concentration of A,added in the reactions o

( in Bn ) » CA/ a (1)

where the brackets refer to equilibrium concentration

and C the analytical or total concentration. From Beer'a

law there is the relation 8m a 8 ( to Bn) ....(2),where

3 is the measured extinction,e the molecular extinction

coefficient and d the thickness of the ceil in cm,.

Substituting the value of Am Bn from (1) and (2)

2 a e d CA/ m (3)

S Is plotted against different analytical concentrations

of A,keeplng the concentration of B constant and in excess.

Over the straight line portion of the curve,equation (3)

is valid and this straight line will have a slope given

by, lope^ aed/m (4)
Similarly if A is the component in constant excess and

the concentration of B is varied,

AmBnaCg/n (5)

If £ is plotted against Cg ,the slope of the straight
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line portion of the curve will be,

3lope2 aed/n (6)

The ratio of n to m In the complex may be determined by v

taking ratio of two slopes.

SiopejL / *>lopes a n/a

?*urther confirmation of the composition of copper

saccharin complex was sought for. For this purpose slope

ratio method was employe!. Following two sets of exparimants

were performed.

Set I. Where the concentration of copper sulphate was

kept constant and that of saccharin was varied. The results

of the experiments performed for molar ratio method were

used for plotting curves of this set also,vide Table No.13,

Flg.9, Curve 1 to3 j and Table So. 14, Fig. 11,Curve 1 and 3.

Set 2. Concentration of saccharin cons tent,while that of

copper sulphate varying. Here difference of O.D. of the

mixtures and copper sulphate was plotted as the increase

in O.D. was not due to complex ion formation only but also

due to the presence of free copper sulphate. The results

are tabulated In the following tablssi
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Concantratlon of saccharin solution a 0,04 M,

Strength of copper sulphate solution a 0,08 M.

Total volume made up a 10 ml.

V.aYv lanstfh 77P rcu.

Vol. of Vol. of
saccharin CuS04
ml. oi.

0,0.
mixt.

0.0.
cuso4

Difference

4,0
4.0
4,0
4,0
4,0

0,5
1.0
1.3
1.7
2.0

0.166
0.312
0,400
0,500
0.573

0.107
0.202
0.260
0.323
0.373

0.059
0.110
0.140
0.186
0.205

Fig. 10, Curve 1,

T^SmS JSSsV. 16.

»are Itngvh 7QQ 8m>

Vol.of
saccharin
ml.

I. '•
4.0
4.0
4.0
4,0

Vol,of
CuS04
! I.
0.5
1.0
1.3
1.7
2.0

lvm XmzXh frQQ am.

Vol.of
saccharin
ml.

4.0
4.0
4.0
4.0
4.0

Vol.of
Cu>04
ml.

0.5

1.3
1,7
';'. 0

O.D,
mixt.

0,168
0,320
0.405
0.526
0,594

O.D.
CuiO.

0,112
0,216
0,275
0,345
0.395

Fig. 10, Curve 2,

2 J£& 17.

O.D.
mixt.

0,165
0.320
0,403
0.527
0.597

O.D,
CuS04

0.118
0.217
0.278
0.350
0.400

Fig, 10, Curve 3,

Difference

6,056
0,104
0,130
0.161
0.199

Difference

0.047
0.103
0.125
0.177
0.197
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Concentration of saccharin solution a 0,04 M,

Strength of copper sulphate solution a 0,08 M,

Total volume made up a 12 ml.

TUU WQ.ie.

Vol.of Vol. of
saccharin CuS0A
ml. rl

5.0 0.50
5.0 1.0
5.0 1.5
5.0 2.0
5.0 2.5

O.D,
PiXt,

0,138
0,266
0.385
0.495
0.606

•'•U, 12, Curve 1,

T * * » 8, 2C.W.

0,0.
Cu->0,

0.091
0.168
0.245
0.322
0.305

Difference

0.047
0.098
0.131
0.173
0.211

Vol, of
Saccharin
rl.

Voi.of
CuS04
ml.

O.D.
mixt.

O.D.
CuS04

Difference

O. <J

5.0
5,0
5,0
5.0

0.5
1.0
1.5
2.0
2.5

0.140
0.272
0.395
0.511
0.623

0.095
0.179
0.270
0,342
0,415

0.045
0,093
0,126
0,169
0, 208

Fig. 12, Curve 2.

1. .;. i. L £ SO. 20.

Beam lematfr 8QQ mm.

Vol.of
s accharln
ml.

Vol.of
CuSQ4
ml.

O.D.
mixt.

O.J.
0uS04

Difference

5.0
5.0
5,0
5,0
5,0

0.5
1.0
1.5
2.0
2.6

0.139
0.273
0.395
0.513
0.629

0.095
0.181
0.273
0.350
0.425

0.044
0.092
0.122
0.163
0.204

Fig. 12,Curve 3.
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illlty constant of copper-saccharin egoless

For detarrining the stability constant of copper-

•aocharincomplex,two sets of mixtures were prepared by the

method of continued variation, Tha optical density (not the

difference) was plotted against the ratlo(Cu)/(Gu)* (saccharin).

According to Andersen'a method,for Isl complex stability

constant K is given by the equation.

Ka * when X a ..?!, b^ " *2...,.g , a and
(a-X)(b-;i) (»i ♦ bx>-(a2 ♦ b2)

b are having their usual signiflcance( described in Chapter I)

O.D.values for stability constant of copper saccharin
complex.

Set I. Joneentration of the reactants a 0.0567 K.

Sat XI. Concentration of the reactanta a 0.05 M.

Vol. of Vol, of o.D. O.D.
Oq804 saccharin s«t I, Sat XI.
Fi. •!•

1.0 9.0 0.135 0.095
2.0 8.0 0.235 0.177
3.0 7.0 0.320 0.237
4I0 6.0 0.390 0.290
5.0 5.0 0.440 0.330
6.0 4.0 0.470 0.360
7.0 3.0 0.516 0,380
8.0 2.0 0.523 0.390
9.0 1.0 0.530 0.400

Fig.13, Curve 1. Curve 2.
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CaotoVangtris UtraUonn

Conductomatrlc titrations of Saccharin against

copper sulphate, In the methanolic medium,were carried

out at four different eoncentrations in order to confirm

the above results. Only direct titrations (metal Ion as

the titrant) could be possible. Volume correction,

V + v / V was applied In order to minimise the dilution

error(V and v hiving their usual significance). The

readings for these titrations are tabulated belows

Readings for rtondust-nmatrlQ tltratlonSiCuS-O^ fa\ frhq cgU.

I aft *f S IS. 22.

Vol.of copper sulphate solution m 10.0 ml,

Coneentratlon of sacoharln solution a 0,2 Y

Strength of copper sulphate solution m 0.04 m".

Vol.of
s aecharin
ml.

0.0
0.3
0.6
0.9
1.2
1.5
1.8
2.0

Corrected Volume of
conductance a aecharin
(mhos x IO"3) ml.

0.5076
0.7407

1.0670
1.2200
1.3700
1.406
1.4490

•l
2.6
3.0
3.4
3. 8
4.2
4.6
5.0

Corrected
conductance
(mhos x IT3)

1.493
1,538
1.567
1.613
1.695
1.724
1.732
1.754

Fig.14,Curve 1.

10 ml, of 0.04 M CuS04
m 1.9 ml. of 0.2 M saccharine 8,5 ml. of 0.04 saccharin

Cu s saccharin a 18 0.85.
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TAPIS SSL 23,

Volume of copper sulphate solution ai2 ml.

Concentration of saccharin solution a0,2 K,

Strength of copper sulphate solution a0,04 K,

Vol.of •Corrected Voli
s aecharin conductance

(mhos xlO"3)
saci

ml. ml.

0.0 0.6250 2.4
0,4 0.8547 2. 6
0.8 1.031 3.2
1.2 1.176 3,6
1.6 1, 266 4,0
2.0 1,370 em

Corrected
conductance,
(mhos x IO"3)

1,493
1,515
1,563
1,684
1.724

Fig, 14, Curve 2,

12 ml.of 0.04 Y CuS04
a 2.4 ml. of 0.2 H saccharin a 12.0 ml.of 0,04 Y saccharin.

Cu s saccharin a lsl

X Aft h S 12,24.

Vol. ofcopper sulphate solution a 14 ml.

Concentration of saccharin solution a 0.2 Y.

Strength of copper sulphate solution a 0.04 K.

Vol.of Corrected Vol.of Corrected
• aecharin conductance,. laccharin conductance
ml. (mhos x IO"3) ml. (mhos x IO"3)

0.0 0,5780 &* c- 1.471
0.5 0.7519 3.4 1.515
1.0 0.9346 4.0 1.587
1.5 1.1240 4,5 1.613
2,0 1.3160 5,0 1.695
2,4 1.4290 —

•

Fig,14,Curve 3,
14.0 ml. of 0.04 M CuS04
s 2.6 ml. of 0.2 H saccharin a 13.0 ml.of 0.04 Y saccharin

Cu s saccharlnait0.93.
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T A fl « ff -SSL. 25.

Volume of eopper sulphate solution a 16 ml.

Concentration of saccharin solution a 0.2 Ym

rength of copper sulphate solution a 0.04 F,

Vol.of Corrected Vol.of Corrected
saccharin conductance saccharin coniuetanca
•1. (mhos xlO*3) ml. (mhos xlO"5)

0.0 0.6098 3.0 1.639
0.5 0.6333 3.5 1.695
1.0 1.0200 4.0 1.770
1,5 1.2350 4.5 1.618
2.0 1.3990 5.0 1.660
2.5 1.5380

Fig.14,Curve 4.

16 ml. of 0.04 I? CuS04

a 3.1 ml. of 0.2 Y saccharin a 15.5 ml. of 0.04 M aaecharin

0« s saccharin a is0.97

Isolation and eharlcal analysis*

200 ml. of 0.1 Y copper sulphate solution was

added to m equal volume of 0.1 Y saccharin solution.The

resulting mixture was concentrated by the method of

evaporation under vacuum,when the blue coloured complex

was obtained. Cop per was estimated in the complex, gravlmetrl-

eally as cuprous thlocynate and nitrogen by KJeldahl's

method. The results of the analysis are as followss

Percentage of copper a 17,84

Percentage of nitrogen* 4,32

^-R-studiass- Infra-rod spectra of the complex and

saccharin were recorded by the method of fast scanning*in

nuiol medium by Parkin and Slmer Infra-cord.fF/g is)
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SPH^IP

Sofobla eoaaer-duoclnlalde comploxf farmed in aqueous medium

From pft-metrle studies typical titration curves

were obtained,both with and without the presence of copper

sulphate(Flg,l ), The horizantal dlstance(excess of alkali

consumed) between the two curves,at any value of pH,

provided the amount of protons of succinimide Iiberated,by

complexion i,e,the amount of ligand cor piaxed. Thla value

divided by,the total metal ion in the system,afforded the

value of n . Thus at various values of pH a set of n values

was determined and the concentration of free ligand (A ) was

calculated. This value of n was found to increase with pH

and attained a maximum value of two suggesting thereby,

formation of Is2 complex. The values of n were plotted

against the corresponding values of -log (A*) (Fig.2). As a
am ^

first approximation,!*-*! /alues of -log (A ) at n * 0.5 and

1.5 were equal to log t (4.65) and log K (3,60)respectively.
1 *

These temporary constants were corrected by BJerrum's method

of successive approximations. For this case spreading factor

x, Introduced by BJ*rrum, is given by KXA2 a4 x and the

formation function is given by,
2-2

2 x k (A ) ♦ 2 k (A )
n • T 5

l*2xk(A)«-k(A>

where k stands for average constant and Is given by

k a < KiR2*

Corrected values of n ,obtained by solving equations for

each correspond! g value of (A~), were then plotted against
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- log (X") . The final values of log Kj, log Kg and log K
(over all stability constant) were 4,75,3,41 and 6,17

respectively as shown belows

ataewlse and over all stability constants.

Curves log *x log Kfi Over all stability Keen log K,
at n«0,5 at n»1.5 f^^og K^log Kg

1 4,80 3.50 6.30

8 4.75 3.40 6.15

3 4.70 3.35 6.05

8,17

ng, 2

further confirmation of ls2 (copper-succinImide)

composition of the complex was afforded from the titration

curves depleted ln(l?ig,3), *>lnce a shift towards lower

pH range was realised,it was concluded that hydrogen ions

are definitely liberated due to complex Ion formation.

Moreover,since a inflexion,corresponding to the ratio of

2 moles of KOH s 1 mole of Cu304 , was found to exist In the
titration curves of copper sulphate-succlnimiie mixtures,it

could be concluded that the number of molecules of succinlmlde

Involved In the reaction was also two. The reaction of

succinimide and cuprlc ions below pH 8, may be represented

by either of the following reactions,

CO - CaV, CHq - C0V <e

(i) Cu2*(H20)6 * "\M L ^V - CO7 I „% *^ ° XC0 - €%£ CH2 Cff20)5
/.« CH - C0V CBU - C0S /& - CHg

^M - Cu I „ /NH -U-* I m&( I Qi NC0 - CH.
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hlgher pH range end precipitation of copper hydroxide took

place,

VosBurgh and Cooper's method (Fig.4) suggested the

formation of only one complex. The maximum peak appeared

at 800 mu (methanolic solxition of copper sulphate jave peak

at 810 mu). Though the shift in the maximum was not very

appreciable,yet change In absorbance on complexion was

appreciable within the wavelength region 690 to 600 mu.

Keeping the above llmltationa in view Job's and

other spectrophotometrie studies were carried out in the

wavelength region,690 to 800 mu,

from the Job's curves it could be seen that in each

case the combining ratio of copper and saccharin comes out

to be lsl (Figs,5 and 6).

Further support to the conclusions of Job's method

was available from molar and slope ratio methods,Experiments

carried out with different concentrations of the reactants

gave typical molar ratio curves (Figs,7 and 8). The break

in the curve and constancy in absorbance occurred at a

higher molar ratio ( copper s saccharin) than lsl,which

may be duo to the dissociating nature of the complex. This

method was,therefore,not expected to give a precise Informat

ion about the composition of the complex,

Slope ratio method was also tried. First set (Figs.9

and 11) of experiments was carried out keeping metal

concentration constant and varying the amount of aaecharin .

to the second set ,constant concentration of aaecharin .was
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mlxed with varying amounts of copper sulphate. ?or this
*

second set, the difference of optical density was plotted

(Figs.10 and 12). This modification had to ba made because

on adding copper sulphate the increase in absorbance

might not only be due to complexion but also due to free

eopper sulphate. The presence of free copper sulphate

has been attributed to the dissociation of the complex.

Tha above experiments gave parallel straight lines. From

these results It could be precisely concluded that eopper

reacts with saccharin in lsl ratio.

3fra&UUr fionstint of qomoims

The stability constant of lsl copper saccharin

complex wee determined by Aiders on *s method using equations

1 and 2, page 44{Fig.l3). The value of the stability
2

constant K was found to be,3,015 x 10 .

Samammlamamtialai UtraUvttfi*

The titrations between copper sulphate and saccharin

exhibited only one break for all concentrat Ions of the

reactants,confirrlng thereby the formation of lsl (copper-

saecharin) complex^Fig. 14,Curves 1-4).

l>Jfc3aectlru,BUOf fr.fte 6aatJeJm>>

I.H.Jpectra of saccharin and its lsl complex with

copper (Fig. 15) showed a decrease In the carbonyl frequency

from 1735 to 1665 cm""1! Jost as in case of succinlmlde and

phthallmlde complexes. The band due to >0g group at 1190 cm"
is also shifted to lower frequency 1160 cm" . to OH

stretching band Is also shown in the spectrum probably, due

to the presence of methyl-alcohol in the corplex.
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On the basis of the above results,either of the

following structures may be assigned to the complex,

C=
(1)

C6\ :» cu-ciijOH^

'aO
2

o +

(li)

ceV
X

Cu—(CHgOH^

Preferably the first structure may be assigned

to this complex,since results of chemical analysis are

in better agreement with this formula.
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Cobalt complexes of succinlmlde and phthalimide
(non biuret reaction mechanism).



T « » «0 DP C T IOH

Cobalt complexes of biuret,peptides,proteins,diaeid-

imldas and of related compounds are rarely reported in the

literature on account of their unstable nature. Killer and

Li (1) determined the configuration of the red species

obtained on oxygenation of cobalt complexes of leucyl

tyroslnes(LT) employing magnetic,polarographle,pH metric

and ion exchange studies. They showed that the structure

was same as that of the corresponding glycyI-glycine

complex. The postulated structure was((LT)g Co - (Og) -

(on) - Co (w)2) .
Magneto chemical studies of cobaitfnlckel and

copper with amides and imldes were carried out by Cambl

and Tremolada (2), In this work authors have dealt

various classes of copper,nickel,and cobalt complexes,

derived from amides and imides, which give the biuret

reaction, 3ut their studies were limited to chemical

enalysis of the complex and due consideration was not given

to the various aspects controlling the stability of these

complexes. This could have been possible if attempts were

made to elucidate the nature and composition of these

complexes by physico-chemical methods.

Preliminary investigations revealed that cobalt

chloride did not undergo complex-. Ion with imldes in

aqueous medium, both in acidic and alkaline ranges. This

reaction was therefore, tried in completely methanolic

medium,so as to avoid hydroiytle and other decomposing
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lnfluences of water. It was then observed that cobalt

reacted with succinlmlde and phthallmlde in presence of

methanolic potassium hydroxide to give com piexes, violet

in colour, which gradually changed to pinkish violet

on keeping.

The colour of the complexes was distinctly different

from the colour of the turbid solution,obtained on adding

caustic potash to the methanolic solution of cobalt

chloride.

The interaction of cobalt with glutarimide and

saccharin was also tried under conditions favourable for

3uch complex-Ion but unlike copper and nickel cobalt

did not form complexes with these Imldes.

Mother Interesting point worth noting in study

of these complexes was the 3trong solvation tendency of

cobalt ions with methyl alcohol. Due consideration was

given to this aspect also while describing the structure

of theee complexes. 2.Lux (3) showed that Co Ions with

Cl" ions in methanol at temperatures between -60 and 60°C
forms an octahedral monochlora complex ( Co(KeOH)5 Cl) .
Two kinds of cobalt (II) complexes which are easily

distinguished by their colour are pink complexes that

are six fold co-ordinated and have an octahedral structure

and blue complexea that are four fold co-ordinated and

have tetrahedral structure.
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UPgBer'SflT.Am-

Kethods u3ed for preparing methanolic solutions of

succinimide, phthallmlde and potassium hydroxide were the

• erne as described earlier, 5took solution of cobalt(II)

chloride was prepared by dissolving the reagent,3, J.H.

(A.R.) in methanol and the metal estimated gravimetricaily

after proclpltatlng as cobalt ammonium phosphate. For

spectrophot Jmetrie and conductometric studies imide

solutions were prepared in equivalent amount of potassium

hydroxide,

spectrophotometrie studies were carried out with the

help of Bausch and Lomb spectronic '20' after allowing

sufficient warring up period,

pH measurements were made with a Cambridge bench

type pH-meter In eonjuctlon with Cambridge glass electrode

*. i •"•'••

Philips conductivity bridge was employed for

performing conductrometrio titrations.

Jxroosltlon of cobalt (II) succinimlia complex in methan

ol!c. aitdiw by aavgar9tfh9ta»8trt9 wttate'

First of all VosBurgh and Cooper's method was

employed for determining the number of complexes formed

and also for selecting suitable wavelengths for applying

Job's and other spectrophotometrie methods. Mixtures of

solutions having different proportion(ls4,ls3,ls2,lsl)

of cobalt and succinlmlde were prepared maintaining the

sum of concentrations of cobalt and succinimide al

0.0333 Y.Optical density measurements were made immediately
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after mixing the solutions,

IJlJLai S 10, i.

Optical density of methanolic solutions of coblat
chloride.

Wave 0,0, of CoClg solutions of concentration,
length

mu 0.008K 0.01K 0,012K 0.017M

325 0,007 0.008 0,015 0.016
330 0.009 0.005 0,013 0,020
335 0.008 0. 008 0,012 0,018
340 0.009 0.005 0.010 0,016
345 0.007 0.003 0.010 0,015
350 0.006 0.006 0.009 0,012
06 0 0.007 0.004 0.010 0.010
880 0.009 0.005 0.012 0.013
400 0.007 0. 008 0.010 0,018
425 0.012 0. 012 0,020 0,030
440 0.025 0.027 0.036 0,054
450 0.031 0.042 0.052 0,075
460 0.045 0.055 0.073 0,105
470 0.056 0.070 0.093 0.135
4 tO 0.079 . 0.085 0.108 0.165
500 0.090 0.114 0.145 0.210
520 0.100 0.130 0.162 0.240
525 0.100 0.126 0.159 0.237
540 0.080 0.105 0.135 0.196
560 0.048 0. 062 0.076 0.119
580 0.021 0.026 0.037 0.060
600 0.012 0.013 0.017 0.028
625 0.006 0,007 0.010 0.018

Fig, 1.

One peak is obtained for cobalt chloride methanolic

solution at 520 mu.
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Optical density of mixtures prepared according to VosBurgh
and Cooper's methods

—2
Concentration of cobalt chloride a 3.33 x 10 Y.

—2
Concentration of succinimide a 3,33 x 10 ' M,

Wavelength Ratio of cobalt t,

mu ltd H3

325 0,185 0,202 .
340 0,115 0,125 V
350 0,083 0,063
375 0,043 0,043
400 0.033 0,031
426 0.038 0,042
450 0.057 0,080
475 0.097 0,118
500 0.108 0,135
520 0.115 0,145
530 0,112 0.140
550 0.100 0.127
575 0.087 0.091
600 0,060 0.068
625 0,040 0.047

ls2 lsl

0.232 0,155
0,140 0,090
0, 097 0, 065
0,060 0,038
0,035 0,037
0,050 0,055
0.100 0.131
0.163 0.212
0.195 0.270
0.200 0.265
0.190 0.270
0.152 0.212
0.097 0.130
0.067 O.OtO
0. 045 0, 051

Fig. 2.

Peak is obtained at 520 mu.

The above absorbance curves (Fig.i and 2 ) suggested

that the maxima in met handle solution of cobalt chloride

and its complex with succinlmlde occurred at the same

wave-length (520 mu, ),But the absorbance of cobait-

succiniml ie solutions was quite appreciable in the wave

length region 325-350 mu,,while absorbance of cobalt

chloride solution was negligible In this region of wave

length. Therefore experiments for the composition of .

cobalt succinimide complex could be carried out in the



O.D. CURVES FOR METHANOLIC SOLUTION
OF Coc/2

325 375 425 475 525

Wavelength M yti
575 625

FIG- I

VOS BURGH COOPER'S METHOD (Co SUCC. MIXTURES)

425 475 525

Wavelength M /a.
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above wave-length region.

Job's method of continued variation was followed

for determining the composition of the complex. iSqutmolecular

solutions of cobalt chloride and succinimide were mixed

according to the method of continuous variation and optical

density measurements were carried out at several wave

lengths, <sxperlments were performed at three concentrations

of the reactants (0.04 M, 0.033 Y and 0.0285 K ) and optical

density of the mixtures was plotted against the fraction

(Co) / (Co) e (succinimide). Tha results arc given belows

» ab L e SSL 3.

Concentration of cobalt chloride a 0.04 K.

Concentration of succinimide a 0.04 K.

Vol. of Vol. of 0.0. 0.0. 0.0. 0.0.
CoCl„ succinl- 325 mu 330 mu 335 mu 340 mu.
ml. 2 mide.al.

0.5 9.5 0.078 0.070 0.062 0.067
1.0 9.0 0.135 0.122 0.108 0.093
1.5 8.5 0,165 0,142 0,135 0.11
2.0 8,0 0,213 0,183 0,155 0.140
.5 7.5 0.235 0.206 0.175 0.150

3.0 7.0 0.265 0.232 0.200 0.166
0.5 6.5 0.280 0.250 0,205 0.176
4.0 6.0 0.240 0.212 0.175 0.145
5.0 5,0 0.153 0.126 0.102 0.066
6.0 4.0 0,120 0,100 0,080 0,068
7.0 3.0 0.098 0.080 0.067 0.052
8.0 2.0 0.075 0,057 0.080 0.050

Fig.3,
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I A3 h § 19., 4,

Concentration of cobalt chloride a 0,0333 K.

Concentration of succinimide a 0.0333 M.

Vol. of Vol. of 0.0, O.D, 0.0, O.D,
CoClg sucelni- 325 mu 330 mu 335 mu 340 mu
ml. mlde.ml.

1.0 9.0 0.105 0.093 0.077 0.064
1.5 8,5 0.143 0.125 0.108 0.087
2.0 8,0 0,180 0.162 0.135 0.112
3.0 7,0 0,227 0,200 0.165 0.140
3.5 6.5 0,232 0,200 0.168 0.146
4.0 6.0 0,200 0,175 0.148 0.120
5.0 5.0 0.158 0.135 0.112 0,092
5.5 4,5 0.130 0.115 0.093 0,073
6,0 4.0 0.121 0.099 0.081 0,071
7.0 3.0 0.091 0.083 0.070 0,060

Fig, 4.

? A S fr 5 SSL 5.

Concentration of cobalt chloride m 0,0286 Y.

Concentration of succinimide m 0,0886 H,

Vol.of Vol.of 0,0, 0,D, o.o. O.D.
C0CI2 succlnl- 325 mu 330 mu 335 mu 340 mu

ml, mlde.ml.

1.0 9.0 0,084 0.077 0.050 0.050
1.5 6.5 0,110 0.098 0.078 0.062
2.0* 6.0 0,130 0.108 0.087 0,069
2.5 7.5 0,160 0,133 0,102 0.085
3.0 7.0 0.179 0.146 0.121 0.100
4.0 6.0 0.143 0,115 0.093 0.072
5.0 5.0 0.095 0,078 0.062 0.045
6.0 4.0 0.071 0, 056 0,042 0.030
7,0 3,0 0.045 0,037 0,024 0.016
6,0 2,0 0,029 0,022 0,013 0.006

Flg.5.
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Kolar ratio methods- For obtaining confirmation of the

results of Job's method,experiments employing molar ratio

method ware also performed, Solution were mixed according

to the method described eariler(keeplng constant amount of

cobalt chloride and varying the concentration of succinlmlde.

Here too three concentrations of metal ion wera used for

determining the composition of the complex. Following

results were obtalneds

T 49 fr S £9.. 6.

Volume of 0,0333 Y cobalt chloride solution a 3 ml.

Concentration of succinlmlde solution a 0.0667 K.

Total volume made up by methyl alcohol a 6 ml.

Vol, Of Vol, Of O.D. O.D. O.D. O.D.
CoClg succlni- 325 mu 330 mu 335 mu 340 mu
ml, mlde.ml.

3.0 0.5 0.176 0.163 0.150 0.140
3.0 1.0 0.188 0.176 0,158 0.146
3.0 1.5 0.206 0.187 0.170 0.151
3.0 2.0 0.227 0.208 0,182 0.162
3.0 2.5 0.261 0.238 0,205 0,173
3.0 3,0 0.300 0.270 0,230 0,195
3.0 3.5 0.305 0.272 0,231 0,198
3.0 4.0 0.310 0.275 0.231 0,198
3,0 4,0 0,310 0.277 0.230 0.200
3.0 5.0 0.301 0.276 0.231 0.192

Flg.6
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t a a l s m. 7,

Volume of 0,0222 M cobalt chloride solution a5 ml.

Concentration of succinlmlde solution a 0,0867 K,

Total volume made up by methyl alcohol a 10 ml.

Vol. Of Vol. Of O.D, 0,D. O.D. O.D.
CoClg succlnl- 325 mu 330 mu 335 mu 340 mu
ml, mlde.ml.

5.0 1,0 0,055 0.047 0.036 0.030
5.0 1.5 0.078 0.065 0.050 0.039
5lo 2^0 0.113 0.095 0.075 0.050
5*0 2.5 0.160 0.130 0.100 0.063
5*0 3.0 0.208 0.176 0.146 0.116
| 0 3.3 0.210 0.160 0.150 0.120
5*0 4,0 0.212 0.160 0.148 0.116
|!e 4.5 0.214 0.163 0.150 0.120
,; > 5.0 0.212 0.181 0.148 0.118

Fig, 7,

TABLE SSI* K

Volume of 0,0222 Y cobalt chloride solution a 3,0 ml.

Concentration of suocinimide solution a 0,0667 K,

Total volume made up by methyl alcohol * 8 ml.

vol, of vol, of o.o. o.d, ?•?•_ £•*>•
CoClg succini-
ml. mlde.ml.
CoClg succlnl- 32S mu 330 mu 335 mu 340 mu

3 0 0,4 0.063 0.073 0.063 0.050
5!o 0.8 0.100 0.089 0.073 0.060
3* > ill 0.110 0.100 0,067 0.071

1.4 0ll28 0.110 0.096 0.0803.03> 1*.7 0.162 0.135 0.115 0.090
3^0 2.4 0.192 0.165 0.135 0.110
3.0
3.0

3.0 2.4 0.192 0.165 0.135 o.iiu
3#,0 2.8 0.194 0.167 0.136 0.110

0.193 0.165 0.134 0.110

Fig. 6.
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^tabiiity constant of cobalt-succinimide eomplexs- Method

of Anderson was used here also for calculating stability

constant of the above complex. Two sets of mixtures of

the reactants of concentrations 0,0333 Y and 0,0286 H,were

prepared according to the method of continuous variation.

The optical density and not the difference was then plotted

against the ratio (Co) /(Co) + (succinimide),at wave-length

325 mu. The equation for Is2 (metal-llgand),complex

described in Chapter I,was used for calculating stability

eamiteatif,

X A 3 L 2 ,m* 9.

0,0,values for stability constant,

I 3et, Concentration of the reactants* 0,0286 Y.

It Set,Concentration of the reactants a0.0333 M,

Vol, of Vol. of o.o. 0,D.
CoClo succinimide Set I. Set II,
ml. ml.

0,5 9,5 0,05 0.068
1.0 9,0 0,084 0.105
1.5 8,5 0,110 0.143
2.0 8,0 0,130 0.160
3.0 7.0 0,179 0.227
4,0 6,0 0.143 0. 200
5,0 5.0 0. 095 0,158
6,0 4.0 0,071 0,121
7.0 3.0 0.045 0,091

Fig. 9,

Spectrophotometrie method could not be employed for

determining the composition of cobalt-phthallmide complex, due

to its insoluble nature. However,the eonductcaetrle and

pH metric methods could be sueoeasfully employed in this ease*



MOLAR RATIO METHOD

•5 I 15 2 25 3 35

Moles Succ/Mole Co-
FIG. 6

MOLAR RATIO METHOD

•5 I 15 2 25 3 35

Moles Succ./Mole Co.
FIG. 8

MOLAR RATIO METHOD

25 3

Moles Succ /Mole Co.
FIG. 7

STABILITY CONST. 1: 2

Co-SUCC. COMPLEX

(Co)/(co) +(Succ)
FIG. 9
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These two methods could also be conveniently employed in

elucidating the composition of cobalt-succinimlde eoraplex.

The results of the conductance and pH metric method! for

both the complexes arc described below,

Composition of cobalt eomolaxea of auceinlmldo and Phthallffi-
r.t i.vjrr..r..'.ru. ii-uf-BH

Conductometric titrations of succinimide and

phthallmlde solutions against cobalt chloride were carried

out at several concentrations of the imide solutions

(prepared in equivalent amount of potassium hydroxide). Only
direct titrations (imldes in the cell) could be performed.

The effect of temperature on the conductance wai minimised

by putting the ceil in a beaker of water. Volume correction

was applied by multiplying the conductsncc value by a factor

* V ♦ v / V, where V Is the volume taken in the cell and v is

the volume of the titrant added,

flavin** tnT tltratjanat suaelnImide in the call.

TABLE JBfl. 10

Concentration of succinimide solution a 0.05 M.

-trength of cobalt chloride solution a 0.25 M.

Volume of succinimide solution « 15 ml.

I Vol,of Corrected Vol,of Corrected
CoClg conductance CoClg conductance
•*• (irhos xicr2) ,i. , (whoa U,T*i,»
0.0 0.5464 2,0 0.5208
0.3 0.5369 2.5 2* £21
0.6 0.5291 *•! 2-5!if1.0 0.5208 3.0 0.5405
1.5 0.5181

Flg.lO, Curve 1.
15 ml. of 0.05 Y succinlmlde .rt„w r -,a 1.5 ml. of 0.25 MCoClg m7.4 ml. of 0.05 K CoClg

Co s succlnialde a is 2



a* ^CdR?*"1

? A 3 *» s 12* H<

Concentration of sueclnimide solution a 0.04 K.

Strength of cobalt chloride solution a 0.25 W.

Volume of sueclnlmile solution a 15 ml.

Vol. of
CoClg
ml.

0,0
0.3
0.6
0.9
1.2

Corr-:eted
ccmsmiatsmiaa
(mhos xlO**2)

0.4444
0.4405
0.4367
0.4329
0.4305

Vol,of
CoClg
ml.

1.5
1.8
ti. 1
2.4
2.6

Corrected
conductance
(mhos xlO-8)

0.4328
0.4400
0.4505
0.4587
0.4622

Fig. 10, Curve 2.

15 ml. of 0.04 Y succinimide
al.25 ml. of 0.25 K. CoClg » 7.6 ml.of 0.04 K cobalt chloride

Co s succiniEide a Is 1.92

t a p m as. *«*•

Coneentratlon of sueoinlmlde solution a 0.0465 H.

Strength of cobalt chloride solution a 0,25 M.

Volume of succinimide solution a 15 ml.

Vol.of
CoClg
ml.

0,0
0,3
0.6
1,0
1.5
2.0

Corrected
conductance
(mhos x IO-*2)

0,3655
0,3636
0,3625
0,3597
0,3584
0,3679

Vol, of
CoClg
ml.

2.4
2.6
2.8
3.0
3.3
3.6

Corrected
conductance
(mhos xlO"*5)

0,3693
0.3715
0.3764
0.3790
0.3817
0.3846

Fig, 10, Curve 3,
15 ml. of 0.0465 M suocinimide
a 1.4 ml of 0.25 MCoClg « ?.6 ml.of 0.0465 K CoClg

Co t succinlmlde a Is 2
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fitafllw for titrations? PtithiltaUi to tht call*

I ABLE 12.13.

Concentration of phthallmida solution a 0.0223 H.

strength of cobalt chloride solution a 0.25 M.

Volume of phthallmlde solution a 15 ml.

CoCl!f Correcta* Vol.of Corrected
r-urasa, .t1* s^i

0.0 0.2325 0,9 0,2272
0,1 0.2293 1,0 0.2427
0,2 0.2247 1.1 0,2538
0.3 0.2197 1.2 0,2681
0.4 0.2150 1,4 0,2833
0.5 0,2127 1.6 0.3003
0.6 0,2115 1.8 0.3146
0.7 0,2164 2,0 0.3322
0.8 0.2207 am

?ig.11, Curve 1,

15 ml,of 0.0223 M phthalimide m _^
a 0.65 mi. of 0.256 K of CoClg s 7.3 ml.of 0.0223 Y CoClg

Co s phthalimide a is2.06

una as* i*.

Concentration of phthallmida solution a 0,03 W.

strength of cobalt chloride solution a 0,25 K,

Volume of phthallmlde solution a

~°l*of Corrected Vol,of Corrected
"°"t2 cxiduetance CoCl0 conductance
»!• (mhos xlO-2) Bl * (ffihoa xicr2)

0.0 0.2638 0.8 0.2314
0.1 0.2604 0,9 0.2358
0.2 0.2544 l.C 0.2433
0.3 0.2500 1.1 0.2597
0.4 0.2445 1,3 0.2625
0,5 0.2398 1.5 0.3049
0.6 0. 2364 1.7 0.3268
.? * 0.2331 1.9 0.3436

15 ml. of 0.03 Y phthalimide Fig. 11,Curve 2#
a 0.9 ml of 0.25 M CoCl„ »7.6 ml.of O.OOHCoClg

Co s phthalimide a is1.98
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I A3 \ ft 29.. 16.

Concentration of phthallmlde solution a 0,035 If.

Strength of cobalt chloride solution »0,25 M,

Volume of phthalimide solution a IS ml.

Vol,of

ml.

Corrected
eon iuctano
(mhos xlO-2)I

Vol,of
CoCl9
ml.

Corrected
cniuetanee
(mhos xlO"*)

0.0 0.3125 1.2 0.2641
0.2 0.2994 1.4 0.3077
0.4 0.2898 1.6 ,3338
0.6 0.2800 1.8 0,8524
".I 0.2788 2.0 0,3731
1.0 0.2681 S. tm 0,3876
1.1 0.2717 2.4 0.4030

Fig. 11, Curve 3.
15 ml. of 0,035 M phthalimide
a 1.1 ml. of 0.25 Y CoClg s 7.65 ml. of 0.036 K of CoClg

Co s phthallmlde a is 1.96

t ou m. ie.

Concentration of phthalimide solution a

rength of cobalt chloride solution a

Volume of phthallmlde solution a

Vol.of
CoCl

ml.
2

Corrected
conductance
(mhos xlO"2)

Volof
CaC

ml.

CoClg

0.0*8 M

0.28 If

15 ml.

Corrected
conductance
(mhos xlO"^)

0.0 0,:i676 1.5 0,3115
0.2 0,3597 1.6 0,3195
0.4 .3472 1.8 0,3436
0.6 0.3390 2.0 0,3636
0.8 0.3289 2.8 0,3 817
1.0 0.3195 2.4 0,3968
1.2 0.3115 2.6 0.4132
1.3 0.3086 • 1 0,4255
1.4 0.3067 3,0 0,4356

15 ml. of 0,048 Y phthallmida ^ „ -
m1,45 ml, of 0,25 MCoClg * 7*5 •!•** °»°** " »aG12

Co t phthallmlde a is 2
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PH aatrlc atttdlas on nobalt complexes Of SuCClnlffildt and
fihthdUilfli*

For obtaining further confirmation of the compositions

and also to ascertain the nature of cobalt complexes of

succinlmlde and phthallmlde,pH metric titrations were

performed heam also according to the method recommended

by Calvin and Feleholr, Typical titration curves were

obtained In both the oases of succinimide and phthallmida.

The values of R and - log A (free ligand concentration)

were calculated by the method described earlier. Tables

showing calculations for formation curve have been given

along with titration tables for both the Imldes, pX

values of sueelnimida and phthailmlda,used for calculations

are 9,74 and 9,50 respeetlvely(as determined In Chapter

X and XX),

Cohalt-auofrtniffilda cqbpIcis

14 8 kJ SSL. 17.

Titration of aueelnimide solution in absence of cobalt
chloride.

10.0 ml.of 0.5 H succinimide - 1.0 ml. of 0.01 K BC1,
total volume made up to 15 ml.by methyl alcohol, tit rat ad
against 0,1 Y KOH,

Vol.of pH J°l«°f pH
KOH.ml. K0H,ml,-.

0.0 1.91 1.5 9.46
0.1 7.55 2.0 9.53
0.2 8,48 2,5 9.58
0.3 8.76 3,0 9,61
0.4 6.94 3.8 9.66
0.6 9.14 4.2 9.68
1.8 9.27 4.6 9.88
1.1 9^37 5^0 9.71

Fig. 12,Curve 1,
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Titrations of succinimide in presence of cobalt chlorides

Concentration of succinimide a 0.5 M

Strength of cobalt chloride solution a 0.125 ml.

Strength of hydrochloric acid solutlona 0,01 if.

Strength of potassium hydroxide solution a 0,1 M,

TAns aa.18.

10 ml. of succinlmlde -0.5 ml. of cobalt chloride-1.0 ml.
of hydrochloric acid,total volume made upto 15 ml.by
methyl alcohol.

Vol.of pH Vol. of pH
KOH.ml. KOTI.ml.

0.0 1.96 1.5 8.69

0.1 4.61 1.81 8,97

0.2 5.26 2.2 9.17

0.3 5.66 2.6 9.29

0.4 5.96 3.0 9.37
0.6 6.60 3.5 9.44

0.8 7,42 4.0 9.48
1.0 7.90 4.5 9.52

1.2 8. 24 " 5.0 9*56

Fig. 12, Curve 2.

TABLE W0.18U)

Calculations for formation curve.

For 0.5 ml. of 0.125 MCoClg » 0.625 x 10~4 moles.
pH A KOH Kolos of .

KOH x IO"4
n -log succ.

5.5 0.200 0.200 0.32 4.7230

6.0 0.325 0.325 0.52 4.2264

6.5 0.500 0,500 0.80 3.7314

7.0 0.625 0.625 1.00 3.2349

7.5 0.850 0.850 1.36 2.7411
8.0 0.925 0.925 1.48 2.2431

8.5 1.150 1.150 1.84 1.7492

9.0 1.425 1.425 <S. bb 1.2566

9.25 1,500 1.500 2.40 1.0065

Fig. 13, Curve 1.
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Z Ami fr 8.1. US* 19*

10 ml, of succinimide-0,7 ml, of cobalt chlorlde-1,0 ml,
of hydrochloric acid,total volume made upto 15 ml.by
methyl alcohol.

Vol.of pH Vol.Of pH
-' •• r I«

0.0 2.10 1,6 8,20
0.1 4,80 1,8 8.44
0,2 5,33 2.0 8,65
0.4 5,67 K.3 8.67
0.6 6,25 2,6 9.03
0,8 6,69 3,0 9.16
1,0 7.28 3,5 9.25
1.2 7.67 4,0 9.32
1.4 7.94 4,5 9.36

Fig. 12, Curve 3.

TABLE SSL. 19(A)

Calculations for formation curve.

For 0,7 ml. of 0.125 M.CoClg » 0,878 x id*4 »oleo
pH A KOH Koles of n .log succ.

KOH, xl0-4

5.5
6,0
6,5
7,0
7.5
8.0
<".,. o

9,0
9,25

0,225
0,425
0,650
0,826
1,000
1,300
1,660
2.000
2,160

0,225
0,426
0.650
0.825
1.000
1.300
1.650
2.000
2.160

Fig, 13,Curve 2,

0.257
0.486
0.743
0.942
1.142
1.486
1.880
8.880
2.380

4.7235
4.2292
3.7355
3.2404
2.7451
2,2532
1,7624
1.2715
1,0266
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Y A8 h I ia.20.

10 ml, of suceinimide-0,9 ml. of cobalt chloride -1.0 ml.
of hydrochloric acid,total volume made upto 15 ml.by methyl-
alcohol.

Vol.of 8l Vol.of PH
K0H.ml. K0H,ml,

0.0 2.00 2.0 8,16
0.1 4.45 2,3 8.47
0.2 5.12 2,5 8.66
0.3 5.44 2.7 8,83

0.5 5.84 2.9 6.95
0.6 6.02 3.1 9.05
0.8 6.36 3.4 9.15
1.0 6.66 3.7 9.22
1.2 7.11 4.0 9.26
1.4 7.49 4.5 9.36

1.6 7.76 5.0 9,42

1.8 7.96 a *

Fig, 12,Curva 4,

T A3 L S »iU20(A)

Calculations for formation curva.

For 0.9 ml. of 0.125 Y.CoClg a 1.125 x IO*4 molei.
pH A KOH Holes of

KOH.xlO"4
8 -log ©uco.

5,5 0.275 0.275 0.244 4.7250
6,0 0,525 0,525 0,466 4,2321

6,5 0.826 0,825 0,733 3.7504
7,0 1,075 1,075 0,955 3.2472

7,5 1.300 1.300 1.155 2.7532

8,0 1.700 1.700 1,511 2.2637

6,5 2,050 2,050 1.733 1.7728

9,0 2,450 2,450 2,177 1.2628

9.25 2.650 2,650 2,355 0.9378

Fig. 13,Curve 3,



-236-

Cobalt- phthallmida com pleas

Concentration of phthalimide a 0.05 If.

Strength of CoClg solution a 0.05 K.
Strength of potassium hydro
xide solution. • 0.1 If.

T A B L B SO. 21.

Titration of phthallmlde solution In absence of eobalt
chloride.

15.0 ml. phthallmlde solution diluted to 20.0 ml. by methyl-
alcohol, titrated against 0.1 W KOH.

Vol.of
KOH.ml.

pH Vol.of
KOH.ml.

pH

0.0 8.88 2,0 10,80

0.1 9.65 2,5 10,90

0.2 9.93 3.0 11,00

0.3 10.10 4.0 11.15

0.4 10.20 5.0 11.33

0.6 10.35 6.0 11.50

0.8 10.48 7.0 11.63

1.2 10.62 8,0 11.78

Fig.14,Curve ]*
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Titratloni of phthalimide in presence of cobalt chlorides

T AS h a SSL «•

15.0 ml. of phthallmida-0.2 ml. of cobalt chloride,
total volume made upto 20 ml. by methyl alcohol,tit rated
against KOH.

Vol.of pH
K0H.ml.

0,0 5.80
0,2 9.20
0,4 10.04
0.6 10.30
•''• c 10.45
1.0 10.56
1.4 10.73

Vol. of
KOH.ml.

1.8
2.5
3,0
3.5
4.0
4.5
5.0

Fig, 14,Curve 2,

T AB L 1 SSL &U)

Calculations for formation curve.

For 0,2 ml. of 0,05 Y CoClg a 0.1 x 10" kmoles.•4

pH

10.86
11,00
11,10
11.20
11.30
11.39
11.48

pH A KOH Koles of .
KOH x IO*4

8 -log phth.

6.5 0.0375 0.0375 0.375 4.4267
7.0 0.050 0.0500 0.500 3.9270
7.5 0.075 % 075 0.750 3.4276
6.0 0,100 0.100 1.000 2.9281
8.5 0.150 0.150 1.600 2.4292
9.0 0.175 0.175 1.760 1.9298

9.5 0,200 0.200 2.000 1.4303
10.0 0,190 0.190 1.900 0.9300
10.25 0.175 .175 1.850 0.6798

Fig. 15, Curve 1.
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I A 9 h % 12. 23.

15.0 ml. of phthalimide-0,4 ml, of cobalt chloride,
total volume made upto 20 ml, by methyl alcohol,titrated
against KOH,

Vol. of pH Vol,of pH
KOH.ml, K0H,ml.

0,0 5.80 1.4 10.63
0.1 6.97 1,8 10.80
0.2 7.90 2,5 10,98
0,3 6.60 3,0 11.08
0.4 9.40 3.5 11.15
0.5 9.75 4,0 11.24
0.6 10. 00 4,5 11.35
0.8 10,28 5,0 11.44
1.1 10,48 m

•

Fig. 14, Curve 3.

•1,,A lift ft SSI. 23(A).

Calculations for formation curve.

For 0.4 ml. of 0.08 YCoClg a 0,2 %ICT4 moles.
pH A KOH Moles of . n

KOH x 1CT*
-log phth.

6.5 0.050 0.050 0.250 4.4270
7.0 0*100 0.100 0,500 3.9261
7.5 0,150 0,150 0.750 3.4292
6,0 0,200 0.200 1.000 2.9303
6.5 0,275 0,275 1.375 2.4320
9.0 0,350 0,350 1.750 1.9335
9.5 0,375 0.378 1,875 1.4341

10.0 0.400 0.400 2,000 0.9345 *
10.25 0,380 0.380 1.900 0.6841

Fig, 15, Curve 2.



•

(
12

II

Volume of KOH ("ml.)
J 5 10 15 20 2-5 SO 35 40 45 5-0

i i i i i i i

BJERRUM CALVIN METHOD

i i i i i i

1

1
10

r 2/ / / FIG- 14

9
•

' / V /
/ / 4/

8

X

-Q-

/ / A
2U

1-6

\° \ \

1

/

7
\ A \

6 //

12

'c

•8

\ \ V
\ \ 2 \

- °\ \ \ -

5

A

4 i 2 1 1 I 1 1

12 3 4

-L09 A (Phth.)
5 t

e
FORMATION CURVES FOR Co-PHTH COMPLEX F(G.

15



*• «5vf1***

I ,4 9 ,kJ SSL. 24,

15,0 ml. of phthallmlde - 0.6 ml. of cobalt chloride,
total volume made upto 20 mi. by methyl-alcohol,titrated
against KOH.

Vol. of
K0H.al.

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
1.0

pH

5.51
6.55
7.10
7.60
6, 26
8,90
9,48
ET. Bw

10,00
10,!

a

Vol,of
K0B,ml.

1,2
1.4
1.7
2,0
2,6
3.0
3.5
4.0
4,5
5.0

Fig. 14, Curve 4.

T AB L 2 *£. 24 (A)

Calculations for formation curve.

For 0.6 ml. of 0.05 KCoClg a 0.3 x IO-4 moles.
pH

6.5
7.0
7.5
8,0
6.5
9.0
9.5

10.0
10.85

Z^ KOH

0.080
0.150
0.250
0,350
0,425
0,500
0.575
0.575
0,550

Koles of „
KOH x IO"*

0,080
0,150
0.250
0,350
0,425
0,500
0,575
0,575
0,550

8

0,:
0,500
0,833
1,166
1,416
1.666
1.916
1,916
1,633

Fig. 15, Curve 3.

pH

10.43
10,56
10,70
10,80
10.95
11,03
11,12
11.22
11,33
11.42

-log phth.

4,4276
3,9292
3.4314
2.9336
2.4351
1.9367
1.4380
0.9360
0.6878
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It was observed that in methanolic medium cobalt-

chloride reacted with sueciniriae and phthalimide In presence
of methanolic potassium hydroxide,to glve,a soluble violet
complex with succinimide and a insoluble violet complex with

Phthalimide. The composition and stability constant of cobalt-
sueclnimide complex were established by spectrophotometrie,
conductometric and pH-metrle studies. Isolation of the complex
could not be possible as any attempt for its isolation

resulted in the precipitation of eobalt hydroxide.

The composition of cob ait-phthallmlde complex was

established by conductometrie and pH-metrlc methods, ipeetro-
photoretric stulles could not be performed in view of the

insoluble nature of the complex.

Cobalt-sucelnlBiiii ^orPltfi'

On applying VosBurgh and Cooper 'a method eviience for

tha formation of only one complex was forthcoming. However,
it was Interesting to note that the curves obtained did not

resemble with those obtained In the case of nickel-imide

complexes,where two peaks were realised. The maxima for

methanolic solutions of cobalt chloride,and its complex with

sueciniraide occurred at the same wavelength,520 mu (Figa.l „

and 2). But the absorbance for cobalt-suecinimide rixtures

was quite large In the wavelength region,325 - 350 mu,while

the absorbance of cobalt chloride was negligible in this

region of wavelength. Therefore experiments for composition
a

of the complex were performed in this region.

?rom Job's method of continued vari at Ion,where
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experiments were performed in the wavelength range of 325

to 340 mu,the plots of optical density of equlmolar solutions
2* 2+

against ratio (Co )/(Co ) ♦ (Succinimide), suggested the

formation of Is2 (Co-succinlrride) complex (Figs,3 and 5).

Confirmation of the results of Job's method was

available from molar ratio method. The break in the curves

again corresponded to is2 metil-Imide ratio (Figs.7 and 8).

The stability constant of the complex was calculated

from Aiders on*a method using equations 3 and 5, pages 44

and 45. Thus from fig.9, taking the values of ^ , bx and
ag , bg as .667 x IO*2, 2.667 x id"*8 and .828 x IO*"2,
2,03 x 10~t* respectively, the value of K,stability constant

of the complex was found to be,3.35 x 101 .

The conduetometrie titrations of suecinimlde(in the

cell) against cobalt chloride confirmed the formation of

ls2 (cobalts suocinimide) complex (Fig. 10,Curves 1-3).Blank

titrations performed between lmiie and KOH on the one hand

and between metal and imide on tha other,showed non

interference with the above results.

Ourlng pB-metric studies,it was indicated that the

value of n* average number of ligand molesbound per metal

Ion,gradually Increased with Increase of pH and attained

a maximum value of two,showing thereby the formation of

Is2 complex (Fig. 12). The plots of n and -log A were used

to determine the apparent stability constant of the complex.

The value of apparent over-all stability constant as
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caleulated from average stability constant is shown belows

?9l)6U-iMfi0tollPld,g ftomplftss(Apparent stability constant).

Curves average stability Over all stability Keen
constant constant logK
log k*-log A at n»1.0 xog K«2 log k '

1 3.20 6#40

8 •»• 6.30 6,45
3 3.225 6.45

Fig,13

From the break in conductometric titrations between

Phthalimide and cobalt chloride, it is evident that cobalt

interacts with the phthalimide in the ratio Is2, Here too

blank titrations performed as in ease of sueoinlmlde,
did not interfere with the results on composition of the

cob-piex.

As in the case of copper-imide insoluble complexes,
Bjerrum's method could be used here also upto the pH range
in which the precipitation was not set-up. As with cobalt-

succinimide complex, It was Observed that the maximum

value of n was two. The Increase in n with pH suggested

that the anionic form of phthalimide was taking part during,
complexion* Fig. 14). The plots of n values against -log A

(free ligand concentration) gave the formation curves

(Flg.lS). The value of over all apparent stability constant

obtained from formation curves is tabulated belows
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Cpb ait* Bhthalimide eowplagf Apparent stability constant).

Curves Average stability Over all stability Kean
constant m constant log K
log ka-log A at nai,0 log K»2 log k

6,0

6.0 6.05

6,1

Fig.15

T^ructure at Um c^frpiexes,.*

Is2, Co(II)-sueclnlmlde eomplexs- This complex is formed

by non-bluret reaction as only two basic nitrogen atoms

are involved therein, -Jlnee cobalt exhibits the property

of solvation In methanol(3) therefore the structure may

represented,

(C4H40gH)g Co (CfL^

1s2,Co(II)-phthallmlde eomplexs- Thla complex also cannot

be considered to be formed by biuret reaction as it falla

to fulfil the eaaentiai condition of involvement of four

basic nitrogen atoms. The structure of the complex may,

therefore,be represented as,

1 3.0

8 3.0

3 3.05
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amongst the nitrogen bearing llgands,offering sites

simultaneously for salt formation and eo-ordlnatlon,dlaeld-

lmides,both aliphatic and aromatic,deserve special mention.

This class of compounds,known for their tendency to form

hydrolysabla metal complexes,has attraeted little attention

as a complexing agent,

Tha original concept of the biuret reaction

(development of a reddish violet colour on the addition of

copper sulphate to biuret in an alkaline medium) has been

greatly modified and extended so as to included) different

basic medla,like barium and calcium hyiroxides9magneelum

oxide,sodium carbonate,ammonia,plperidine etc,(11) metal

ions other than copper,via,,nickel and cobalt (111) complex

ing agents other than biuret, vis,,amino acid-amides,

peptides,proteins,acid-amiies and imldes.

The biuret reaction of acid imldes has not been

studied fully, achlff (l) In his generalisation of the

groups responsible for the biuret reaction did not include

these compounds, Tschugaeff (2) reported the reaction In

tha ammonical,aqueous ethanolic,and pyridine media.

But for few passing references of I*ey and werner(3),

and Rising and Johnson (4), nothing worth mentioning exists

in the literature and much remains to be done to elucidate

the nature .of the biuret and non biuret reactions,involved

in the case of metai-lmlde eompiexei,

A systematic and comparative study of the proiucta
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formed la aqueous and non-aqueous media by the interaction

%of heavy metal Ions with complexing agents containing lmlie

groups was therefore,considered worth undertaking.

Both soluble end insoluble metal complexes of imldes

ware studied in aqueous as well as in methanolic media. The

metal Ions used in these studies were nlckel(II),eopper(II),

and cobalt (II); imldes used as complexing agents ware,

succinimide,phthaiimide,glutarimide and saccharin, Electro-

metric methods vls,,potentiometrie,eonduetcmetrle,ampero-

metrie and pH metrie titrations,and spectrophotometrie

methods were employed for studying the nature and composit

ion of the complexes, Tha composition of the complexes wai

also confirmed by the method of chemical analysis in oases

where isolation was possible. The nature of the complexes

was further investigated by I,R.studles. Stability constants

of the complexes were calculated by spectrophotometrie

and Blerrum's method (as extended by Calvin and Helchlor)

depending upon the suitability of the method for a

particular complex, ^lnee the ?H scale sat for water is

not strictly applicable in ease of methanolic medium,the

stability constants calculated from BJerrum's method were

not considered to give absolute value. The constants m

derived in methanolic medium by pH-metrle studles,were

designated as apparent stability constants.

i. [ilcKfll-fUficlrUriig goii?io»9ff(bittrigt *i4 nan frlv.r6t,
raaguoft gwhanisffsj

Two complexes,one yellow and the other green were
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formed by the interaction of methanolic lolutiomof

niokel chloride and sueelnimida in presence of methanolic

potaiiium hydroxide. The yellow complex wai not yry stable

and got decomposed by moisture. The green variety was

obtained with excess of the metal salt. It was also pceiible

to decor pose the yellow complex into the green one by

adding gradually increasing amount of nickel chloride. In

the aqueous medium the behaviour was different. The complex

obtained in presence of excess of succinImide, was green

in colour while in excess of metal ion precipitation of

the hydroxide took place. The combining ratio for the

yellow complex was found by spectrophotometrie,eonducto-

metrlc and pB-metric methods. The green complex (formed

In the higher proportions of nickel ions) could only be

studied spectrophotometrieally since the conductometric

method failed to give sharp inflexion points while the

Bjerrum's method could not be employed due to the limited

coneentratlon range in which the studies were possible.

The green complex obtained In the aqueous medium

could be studied by Bjerrum's method employing the

procedure of Calvin and Kelchlor. Other methods,vis3,

spectrophotometrie,conductometric etc.,could not be

successfully employed due to the precipitation of nickel

hydroxide In pr**mo9 of excels of the metal salt.

Cwaposition and stability of the aomoiaxasi

VosBurgh and Cooper's method when applied to study
e

the yellow complex,not only provided necessary information .
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for the number of complexes formed, and the suitable

wave-lengths to work with but helped Immensely in indicat

ing that two complexes,with absorption ranges fairly wide

apart are formed depending on the relative amounts of the

reactants present in the reaction mixture. Frof the curves

(Chapter I,Fig,2) it would be seen that the mixtures with

higher proportions of succlniirldo showed appreciable

absorption in the range 430 to 480 mu,while mixtures having

lower proportion of succinimide showed very little absorpt

ion In the above wave-length region. Hence the stoiehicmetry

of the yellow complex,formed in excess of sueclnimlde

could be safely studied spectrophotometrlcally In the wave

length region 430 to 480 mu, On the other hand,a suitable

wave-isngth for investigating the green complex could be

selected from the maximum appearing In the higher wave

length side of O.D.curves.

On applying Job's method on the wave-lengths 440,

450 and 460 mu, peaks were obtained at the molar ratio

ls4 ( Si-suceiniiride),thereby showing the existence of

the complex ( C4 H4 0g H )4 Hi,(Chapter I,Figs.3-5), The
results found further confirmation by the molar ratio

method (Chapter I, Figs,6-8), The stability constant of the „

complex as determined by mole ratio method was found to
5

be K a 2,869 x 10 , (Chapter I, Fig.6,Curva 2),

Dlrset conduct ernetrio titrations with methanolic
a

succinimide(prepared in equivalent am unt of KOH) in the
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cell,gave sharp inflexion points confirming the formation

of ls4 complex(Fig, 16,Curve 1-4), The reverse titrations

(nickel chloride in the cell) deserve a special mention.

During the course of the titrations it looked as if the

precipitation of nickel hydroxide in presence of four

equivalents of methanolie potassium byiroxlie,would interfere

with the titrations. But interestingly enough it was found

that the presence of freshly precipitated hydroxide did not

Interfere with the titrations due to Its stepwise decomposit

ion into the yellow complex. The titrations under these

conditions were quite successful,again giving sharp indicat

ion of the existence of ls4,nickel-succlnltrl ie complex

(Fig. 17,Curve 1,2 and 3).

pB-metric studies employing Calvin and Helchlor

procedure clearly provided evidence for the fact that

hydrogen ions are liberated during the course of the reaction

and the anionic form of succinimide was taking part during

complex-ion. The value of n, average number of ligand moles

added per metal ion had increased gradually with increase

of pH and attained a limiting value of four( Fig,19-21), The

value of apparent stability constant,calculated by pH-

Eetric method came out to be, log K a 7.93 ,(Table P.75).
—

Chemical analysis of the Isolated yellow complex

alio confirmed ls4, Hi-sueelnimide complex.

The X. ft, spectra of succlnl»lie and its ls4 complex
e

with nickeK Fig,25) gave the following Informations

The main feature of the spectrum was a marked shift



In the carbonyl 3tretching frequency from 1750 em"
(succinlmlde) to 1660 cm*1 (complex),pointing towards metal

oxygen binding in the complex. This may be true for the isola

ted complex which may change its nature on heating and

drying,but is not possible for the complex in solution

where both eherlcal evidence and pH-metrie data gave

strong Indication of co-ordination through nitrogen,Moreover

the complex showed Interesting splitting of the band of

the type shown by the parent Imldes due to vibrational

coupling, toother interesting features of the complex was

to lower the frequencies of 1160 em"1 band,which may have
a strong component of the C-H vibrational stretching band.

Further duplet around 630 cm"1 ( probably due to ring
vibration) also shifts to lower frequency on complex—ion.

The composition of the green complex formed in non

aqueous medium,was established by Job's and mole ratio

methods. The peek was obtained corresponding to ls2,

Ni-succin imide composition by Job's curves (Chapter l,Flgs.

9-11). The results of the Job's method were confirmed

by mole ratio method, when the inflexion again corresponded

to ls2 (Hl-suecinlmiie) complex (Chapter I,Figs. 12-14),

But the nature of the curves was slightly different from

those of the typical molar ratio curves. The 0. J. values

instead of remaining constant,were found to decrease,

after the stoichiometric ratio had been realised. This

decrease could be explained due to format.ion of ls4

(Hl-succinlmlda) yellow complex,in presence of excess of
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sucoin imide. This was also evident from the fact that the

absorption of yellow complex was much less than that of

the green variety In wave-l ngth region of 630-670 mu

(Chapter I,Fig.2).

The stability constant K of this complex was

determined by the method of Anderson and coworkers and

was found to be, Ka 6,14 x IO4 (Chapter I,Fig.15).
Nlckel-snccinltrlde coirolexrln aqueous madiumi

Unlike the complexes formed In non-aqueous sodium,

the one In the aqueous medium was stable only in presence

of excess of succinimide. As stated earlier,experimental

limitations could allow only the use of pH metric method

to study the composition and stability of the complex in

the aqueous medium.

Typical titration curves were obtained when

sueclniPide was tit rated, against potassium hyiroxide with

and without the presence of nickel ions (Chapter 1, Fig,23),

The value of 5 ( average number of ligand moles added

per metal Ion) was found to increase with pH and attained

a constant value in the range of one at eJJ 7,5, suggesting

thereby lsl ( Hl-succlnlmide) composition of the complex

(Fig,24), The mean value of log K,stability constant,

as calculated by Ojarrum'a method came out to be

log K a 3.025.

t^ghailsg of the reaction between, nickel chioxye, and
s^gcinisilfl In iUgous and othaqaUc media'

(l) ls4 nickel sucelniirlde complex( yellow In colour1)
formed In methyl-alcohol.
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This reaction is essentially a biuret reaction for

the reason that four basic nitrogen atoms are involved

In co-ordination with nickel atom, A similar mechanism was

proposed by Rising and Yang (5) for the amide complexes

of copper involving co-ordination with four basic nitrogen,

accompanied by the splitting of four hydrogen atoms from

two amide molecules. The structure of ls4 complex may be

represented as,

CH2 - CO

N

CH. - CO

V
I

Ni

\\

2-

yI

Cherlcal evidence and pH-metrlc data gave strong evidence

of co-ordination through nitrogen, for the complex In

solution, I,R,spectra of the isolated complex did not give

el?ar Indication for the binding through nitrogen,

probably due to change in the nature of the complex on

heating and drying,

(li) is2 nickel succinimide complex(green in colour)
formed in trethyl-alcohol.

The following structures may be assigned for Is2

eomplexs

(I) CHg - C0X ^CO - CHg
• !U •

CO
'CO - CHg

(CHgOH^



(ii)

m
i
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CO -CO -CHg -

CHg -
/\.,y\km\ y - c

'|V
(ca,0H)a

However in view of lack of evidence in favour of any one

of the two,the composition of this complex can be formu

lated as(( C4H40gN)2 Ni ( CHgOH)^, the eo-ordlnatlon
number of nickel Is completed by two molecules of trethyl-

alcohol. The formation of this green corrplex Involves

co-ordination with two basic nitrogen instead of four, fhe

biuret reaction mechanism cannot, there fore,be put

forward here.

(ill) lsl nickel suocinimide complex ( green In colour)
formed in aqueous medium.

The reaction between succinimide and nickel

in aqueous mediuir,below pH 8 may be represented by the

following mechanism,

»!*( Hg0)4 ♦ ( C4H40gNH)—,»< C4H402N )Hi* (Hg0>3
The structure of the above complex may be represented

by either of the following two formulae,

(1) CHg - COv

h

:••

CO

Ni

o H 0)
2 3

(ii)CHg- CO

y

vca/i
This complex also can-not be considered to be formed

by biuret*reaction mechanism.

II. Hiekal complexes of Phthftllrldf and glyUrlflUt
(biuret and non biuret reaction mechanisms;.

By the interaction of phthalimide with nickel,in
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aethanolle medium, evidence for the existence of two

soluble complexes, a yellow one formed with exeess of

phthallmlde and a green one in excess of Fetal Ion, was

forthcoming. Both the complexes were highly sansltive

towards moisture. Moreover, Just like the niekel-sueclnlfrdde

complex, the yellow complex got changed into a green one

on the addition of excess of nlckel(II).

Unlike nickel-succlnlmide, interaction of phthalliride

with nickel could not be studied In aqueous medium,on

account of the extremely low solubility of phthalimide

In water. Composition and stability of the yellow complex

have been established by spectrophotometrie,conductometric

and pH metric rsthods. The results have been further

confirmed from chemical analysis of the Isolated product

and also from Its I.E. spectrum. At regards the green

complex, only spectrophotometrie rethod could be employed

to study its composition and stability due to the restrict-

Ions similar to succinic!ie complex.

The Interaction of nickel with glutarimide was studied,

to examine the effect of nature of the ring of imldes

on the complexes formed( glutarimide is a six membered ring

cor pound compared as against a five membered ring present

In phthalimide and succlnlmlle). Here too,the preliminary .

studies revealed that the corresponding green complex was

stable only In non aqueous medium. However,unlike nickel-

phthallmlda, no yellow complex was obtained with exeess of

the complexing agent,but only a green product was obtained
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irrespective of the metal-glutarimide ratio. This complex

could be studied by pH metric method only, and the s«
of

ilfficulty as retwith in case nickel-succlnimide complex
A

In aqueous medium,was encountered here.

gammmaUfcemm mi fcamfcUUa' of th.9 c^plex^s:

Nickel-phthallmlde complexess - VosBurgh and Cooper's

curves (Fig.l) obtained,were similar to those obtained

with succinimide. The mixtures having higher proportions

of phthalimide showed appreciable absorption in the wave

length region 425 to 480 mu, while the mixtures with low

proportions absorbed very little In the above wave-leigth

region. The two maxima,occurred at 360 and 650 mu(whlle

in case of succinlmlde, the first- maximum occurred at

400 mu ).

The plots for Job's method in the wave-length

region of 425 to 480 mu,gave peaks corresponding to ls4

(nickel-phthaliride) ratio, for tha yellow complex(Flga.2-4).

The mole ratio method also confirmed the results of Job's

method of continued variatlon(Fig,5 and 6 ). A slightly

modified version of the molar ratio method was also

employed, by keeping phthallmlde (colourless )constant

and varying the concentration of nickel chlorlde(coloured).

This method,besides providing Information about the

composition of the complex, also furnished dlflnlte evidence

for the decomposition of the yellow complex In presence

of the excess of nlcel (Fig.7 and 8). It was further



-255-

observed that optical density values beyond the Inflexion

point,showed,gradual decrease instead of remaining constant.

This decrease right be due to the formation of green

complex which,as already stated,showed much lesser absorpt

ion on the wave-length 440 and 460 mu.. The stability

constant of the yellow complex as determined by the mole
g

ratio method came out to be K a 3.89x10 (Fig.6,Curve 1).

Conductometric titrations,both direct (phthalimide In

presence of equivalent KOH, in the cell) and reverse

(nickel chloride with four equivalents of KOH In the cell),

provided definite evidence for ls4 (Ni-phthalimide)cxrplex

(Fig.16-18,20 and 2l). pH-metric studies (Calvin and

Kelchior irethod) also gave evidence of the fact that four

anionic molecules of phthallirlde co-ordinated with one

atom of nickel. The apparent stability constant calculated

by this trethod was found to be log K a 13.9(Fig.23-25).

Cherical analysis of the yellow coloured nickel

phthallmlde complex confirmed the existence of ls4 Nl-

phthallmlde complex. The UK spectra of phthalimide and

its ls4 nickel complex (Fig.29),revealed a marked shift

in the carbonyl stretching frequency, from 1750 cm" to

1660 cm""1. 3ince the pH titrations and other chericai

evidence seems to Indicate that the co-ordination is .

through nitrogen,the decrease in carbonyl frequency could

be Interpreted due to the mass effect of the heavy metal

atoms,which must have some perturbation In these ring



compounds, furthermore some of the decomposed metal In the

isolated product,might react with carbonyl group resulting

a decrease In its frequency.

""he composition of the green complex was established

by Job's and molar ratio, methods. The maxima obtained in

the Job's method(Flg.9-ll) and the Inflexion in molar

ratio method (Pig. 12-14) pointed towards the formation of

ls2 (Nl-phthallmlde)complex. Here again molar ratio

curves deviated from, the normal behavlour(O.D. after the

Inflexion point,Instead of regaining constant showed

a decrease),due to the formation of yellow complex In

excess of phthallmlde. The stability constant of the

green complex was determined by Anderson*! method using

the equation derived in Chapter I,for Is2 complex and

th. „!«. of Kw* fo«d . 9.61 * 104 ms.U).
Hlckel-giutarimlde eomplexs- Interaction of nickel

with glutarimide was studied by pH-metric method only,

since conductometric and spectrophotometrie methods

could not be employed due to limitations similar to those

encountered in case of nickel-succinimlde complex in

aqueous medium. The shape of pH-metric curves (Fig.26)
was In accordance with the typical curves of Bjerrum's

method. The value of n .average number of ligand molea

added per metal Ion,was found to Increase with pH and

attained a constant value at n • 2,indicating the format-

Ion of l*2,nlckel-glutarimide corpiex(Fig.27). The
apparent value of the over ail stability constant as
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determlned from the formation curves came out to be,

log K a 9.033.

Further confirmation of the composition of Is2 ,

nlckel-glutarlmi ie complex was obtained from pH titrations

curves obtained for solutions containing nickel chloride

mixed with glutarimide in different proportions(Fig.28).

A gradual shift of curves towards the lower pH range was

observed till the combining ratio of niekelsglutarimide,

approached is2. Beyond this the pH curves showed over

lapping Indicating that the maximum shift in pH is realised

on displacement of two hydrogen Ions of glutarimide by

a metal ion.

^.trastyre of tha com^ie>eas

(1) ls4 nickel-phthallmlde complex(yallow in colour
formed in methyl-alcohol.

Thli complex Is formed by a biuret reaction

mechanism,since four basic nitrogen atoms are involved in

co-ordination with nickel (already discussed in Hi-succini-

mide complex). The following structure may be assigned

to the complex: ,2-

CO

rl

CO

V
N

-NI

1
-I /

I.R.spectrum of the isolated complex does not confirm

binding through nitrogen,but in solution the complex is

bound through nitrogen. Different physico-chemical methods

give evidence in favour of the above structure.
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(11) ls2 nlckel-phthallmlde complex(green In colour)formed
In methyl-alcohol.

Assuming that two mol cules of methyl-alcohol are

associated with one atom of niekel In the methanolic solution

(6), formula of Is2 (nickel phthallmlie)complex may be
represented as (C^lOg NI («y>H>8 ,the co-ordination
number of nickel being completed by two molecules of methyl-

alcohol. Tha possibility of chelation also exists in this

complex,simllar to ls2 nlekel-sueclnlmlde complex,since

eo-ordination through both nitrogen and oxygen is also

possible. The formation of this green complex involves

co-ordination with two basic nitrogen instead of four,the

biuret reaction mechanism cannot therefore,be put forward

here.

(Hi) ls2 nickel-glutarimide complex(green in colour)formed
In methyl-alcohol.

The structure of ls2,nlckel-glutarlmide complex

may be represented by the following formulae,

(1> J^2 " °°

CH2x
CHrt - CO

2

(li) J3Hg - CU. S— 2
\n M^ ^CH2

XNl'

0^ I 0

(CHjOH^

However, for lack of evidence in favour of my of the two

CO,

CH
2

\
2

N

,0C - CHg,

II- -1 CI
2

OC -

(CHjOH)
2

,0C - HL

C - CH.
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structures,the complex may be represented as,

This complex again Is not formed by biuret reaction

mechanism since only two nitrogen atoms are involved in

complex- ion.

III. jtomfljal CQffPtr QQirPlMfS of teldffi(succinic 3e>
Bhthal trifle, and fUrtartollc/ loy?\vlqg ftlnrvt
laa?tlon g^chanltis

Preliminary Investigations performed In aqueous

medium revealed that copper got precipitated as hydroxide

on mixing with alkaline solutions of imldes. However,

on carrying out the reaction in methanolic medium, complex

ion was possible to realise. It was thus observed that

bluish violet Insoluble complex was obtained,on mixing

methanolic potassium hydroxide to a metal-imide mixture.

This bluish violet precipitate was highly sensitive

towards moisture, Moreover,like nlckel-lmlde complexes,

these copper-lmlde complexes also got decomposed In excess

of copper sulphate,
of

The composition in-soluble copper complexes of
A

succinlmlde, phthalimide and glutarimide,formed in metha

nolic medium,were studied employing conductometric,

potentiometrlc,amperometrle,and pH-metric methods. The

results of the above stuiles were further confirmed by

chemical analysis of the Isolated products and I,H.spectra,

Conductometric studiess- In both direct (imldes prepared

In equivalent amount of KOH,in the cell) and reverse

(eopper sulphate along with four equivalents of KOH,in the
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cell),titrations the combining ratio of copper-imide

came out to be Is4 (Figs. 1-4,9-12 and 17-20 for direct

titrations). During the course of reverse titrations,on

gradual addition of the tit rant (Imide), the copper hydro

xide precipitate decomposed and got converted Into the

bluish violet complex completely, when imide corresponding

to the equivalence point was added(Figs. 5-8,13-16 and

21-23). The latter experiments offer possibilities of

carrying out conductometric titrations with freshly

prepared precipitates or suspensions which can Interact

with the titrant.

Potentiometric titrationss- For potentiometrlc titrations

in the methanolic medium,it was found that a redox indicator

electrode could be developed if a platinum wire electrode

was dipped In a solution of cuprlc Ions,containing

extremely small amounts of cuprous lons(-Cu * -Cu ). By
employing the above device,both direct(copper sulphate

in the cell) and reverse (imides In the cell) titrations

were performed successfully. From the inflexion points,

precise information about the binding ratio 1 Cus4 lmlde,

was obtained (Figs. 24-45).

imiparometrlc titrationss- The amperometric titrations

confirmed the results of other studies. Heretoo,the

combining ratio of ls4 (copper s imlie) was realised for

all the three imldes. However,typical curves were not

obtained (Figs. 46-54), Attempt has been made to explain

the nature of the curves in terms of kinetic and adsorption

currents.



pH-metrlc studies?- BJerrum's method Is normally employed

to determine the composition and stability of soluble

complexes. It was observed that the experimental procedure

of this method could be used to determine the composition

and stability of complexes showing tendency to exist as

colloidal precipitate. *>lnce the complexes remained In

highly dispersed form in excess of the ligand,and floccula-

tlon sets In,only In the higher pH range,average stability

constants could be computed from the curves (with and

without the metal ions ) in the range of pH where precipitat

ion is not started.

In all the three cases the value of n was found

to increase regularly with increase of pH and attained

a constant value of approximately four (Figs.55-61),

confirming the existence of ls4 (metal-Imide) complexes.

The values of apparent stability constants as calculated

from the average stability constants are tabuited belows

Average stability Ove? all stabi-
constant,log k a - log A llty constant,
at n «2. log Ka4 log k.

Cu-succinlmlde
complex. 2.633 11.333

Cu-phthalimide
complex. 3.45 13.80

Cu-glutarlmlde
complex, 3*463 13,933

The pH metric titrations performed with copper

alone and with iifferent proportions of imldes,lsl,Is2,ls3,

Is4 and Is5 ( Cus imide) (Figs,62-64) exhibited a contlrfuous
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shift towards lower pH region till a metal-lmide ratio

of ls4 Is reached. Beyond this ratio the curve obtained

over lapped the curve for ls4 proportion showing thereby

that a maximum of four protons can be liberated from four

imide molecues per metal Ion, Chemical analysis of the

isolated complexes also confirmed 1$4 ( metal-imide)

combining ratio,

I.R. studless - The I. R. spectra of Imldes and their

ls4 complexes with copper revealed a marked shift In

carbonyl stretching frequency (Figs.65-66) pointing

towards oxygen-metai binding. ;Jlnce the pH-metrlc,

conductometric and other chemical evidence seems to indicate

that the co-ordination is through nitrogen, the decrease

in carbonyl frequency could be Interpreted due to the mass

effect of the heavy metal atoms,which would definitely

have some perturbation in these ring compounds. The NH

vibration frequency could not be examined due to the interfe

rence from the OH absorption bands of methanol,which

probably is present in the complex.

In view of the results,structure of copper

complexes of succinimide,phthallmlde and glutarimide may

be represented by the formulae given belows

Cu-succlnimide ((C4H40gN )4 Cu (CBgOH^)
Cu-phthalimide ((C8H4°2N)4 Cu (CHjOH^)
Cu-glutarimlde ((C5^0gN)4 Cu (CHgOH^ )

The-solvation of metal Ions with methanol is not

unusual as has also been reported in the literature(6)

2-

2-

2-
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Evidence for this Is also available from I.R.spactra

where OH absorption bands of methanol occurred.

?he most interesting aspect of these studies,

however,is that ail the three complexes Insplte of their

insoluble nature are formed by biuret reaction mechanism

• taea four basic nitrogen are Involved In the reaction.

XV. ^olubla eooaar complexes of succlnlBl*e an4 saccharin.
(non biuret reaction mechanism )s

Preliminary experiments in the aqueous medium

revealed the formation of a bluish coloured copper-succlnl-

mide complex In the lama* pH range (pH < 8),stable only

in excess of succinlmlde. This complex could be studied

successfully by BJerrum's method only. Tne conductometric

method failed to give any Inflexion point in view of the

originally high con iuctance of succinimide solution. 8a

was the case with spectrophotometrie methods,since mixtures

containing excess of eopper sulphate got precipitated

not allowing the use of wide concentration range for

spectrophotometrie studies.

Formation of another soluble copper-Imide complex

was observed vhen copper sulphate was mixed with saccharin

in -ethanolic medium. Owing to the hydroiytle nature of

this complex,probably no attempt his been made so far to

study its nature. Unlike the copper succinimide complex

described above, the spectrophotometrie as well m the

conductometric methods could be employed to determine Its

composition. The pH-metric method could,however,not be



employed,since this reaction did not take place In alkaline

medium.

Copper-succlnlmlde complex:- Typical pH-metrlc titration

curves were obtained both with and without the presence

of copper sulphate( Figs. l),when succinimide was titrated

against potassium hydroxide solution. The value of n

was found to increase with pH and attained a maximum value

of two, InHeating the formation of ls2 (Cu-succinImide)

complex. From the formation curves (Fig.2) the values of

log K, ,log K ( step-wise constants) and log K (over all

stability eons tent ),v ere found to be 4.75,3.41 and 6.17

respectively, further confirmation of Is2 composition of

the complex was obtained from the potentiometrlc curves

(Flf,2), In these curves,since an Inflexion corresponding

to the ratio of two moles of KOH s one mole of copper

sulphate was found to exist, it could be concluded that

the number of molecules of succinimide involved in the

reaction was also two.

This is 2 (Cu-succ in imide) complex formed In aqueous

medium may be assigned two structures as possibility of

chelation also exists in this complex (vide under discussion

Chapter IV). Jlnce there is no definite evidence In favour

of any one of the two structures, the composition of the

compiex,may be formulated as (C^OgNJg Cu (Hg0)4 •
The behaviour In this pH range in aqueous medium is

quite different from that of the biuret complex of copper-

succlnimide in methanolic medium.
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Copper-saecharin eomplexs- VosBurgh and Cooper's method

suggested the formation of one complex only (Flg.4),

Though the shift in maximum peak was not appreciable yet

change In absorbance on complex—Ion was quite large in

the wave-length region 690 to 750 mu. The peaks obtained

by Job's method corresponded to lsl (Cu-saecharin)ratlo

(Figs.5 and 6). The results of Job*s method were further

confirmed by molar ratio and slope ratio methods (Figs.7

and 6), In slope ratio,for the case when saccharin was

kept const ant, and copper was varied, the difference of

0,0, was plotted,since the increase in O.D,was not only

due to complex - Ion,but also due to the free copper

suiphate(Figs. 10-12),

Conductometric titrations were also quite success

ful, inspite of the fact that It was not a precipitation

reaction,giving sharp breaks corresponding to lsl(Cu-

saecharin) ratio{Flg, 14,Curves 1-4),

The formation constant of the complex was calcula

ted by aiders en's method using equations 1 and 2, Page 44,

Chapter I. The value of formation constant K was found
2

to be 3.015 x 10 •

l,R,spectra of copper-saccharin complex showed
-1

a decrease in the carbonyl frequency from 1735 to 1665 cm m

(Fig, 15). The band due to 30g group at 1190 cm-1 *«• alio
shifted to lower frequency 1160 cm"1, to OH stretching
band was also observed in the spectrum due to the presence

of methyl-alcohol in the complex.
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On the basis of the above results either of the

following structures may be assigned to the complex,

corresponding to the following two structures of saccharin,
„^*0 _ —OH

sea4\ /NH ceH«\ /*
SO 30;

2 . 8 .

o ^^°\

/
30

2

(CHgOH^ v30
2

V. Cobalt comolaxas of suae Inlm Ida and Phthallmida
(non biuret react!on)t

Cobalt chloride did not undergo complex-ion with

lml lea in aqueous medium, both in acidic and alkaline

ranges. However,It was observed that in methanolic medium,

cobalt chloride reacted with succinimide and phthalimide In

the higher pH range, to give,a soluble violet complex with

succinlmlde and a insoluble violet coloured complex with

phthalimide. The interaction of cobalt with glutarimide and

saecharin was also tried under conditions favourable for

such complex-ion,but unlike copper and nickel, cobalt did

not form complexes with these imldes. .hile studying these

complexes,the strong solvation tendency of cobalt Ions with

methyl-alcohol was given due consideratlon(7).
The composition and stability of cobalt-sueclnim^ie

complex were established by spectrophotometrie,
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conductometrie and pH-metric studies. Isolation of the

complex could not be possible,as any attempt for its

isolation resulted In the precipitation of cobalt hydro

xide. The composition of cobalt-phthalimiie complex was

established by conductometric and pH-metrle studies only,

spectrophotometrie studies could not be made In view of

the insoluble nature of the complex,

Cobalt-sueclnimlde eomplexs - Here VosBurgh and Cooper's

absorbance curves,suggested that the maxima In methanolie

solutions of cobalt chloride and its complex with

succinlmlde occurred at tha same wave-length (520 mu, )

(Fig.2). But the absorbance for cobalt-suecin imide mixtures

was quite large in the wave-length region 326-350 mu,,while
of

absorbance cobalt chloride solutions was negligible in
A

this region of wave-length. Therefore experiments for

compos it ion, of the complex were performed In this region

of wave-lengths. From Job's method of continued variation

(Figs,3-5) as well as from molar ratio method(Figs,6-8),

evidence for Is2 (eobalt-succlnlmlde) ratio was obtained.

The stability constant of the complex was calculated from

Anderson's method employing equations 3 and 6,Pages 44

and 45, The value of stability constant,K was found to be
4

3.35 x 10 •
e

Conductometric titrations (succinimide in the ceil)

confirmed the formation of Is2 complex (Figs, 10,Curves 1-3),

During pH-metric studies It wai Indicated that the value of

n Increased with Increase of pH,and attained a maximum •



value of two showing the formation of Is2 complex. The value

of apparent over all stability constant as computed from

average stability constant was found to be ,log K a 6.45.

Cob alt-phthallmlde eomplexs- Conductometric titrations (Fig. 11)
between cobalt chloride and phthailmideUn the cell),gave

sharp break corresponding to is2 combining ratio of cobait-

phthalimlde. In pH-metric studies variations in pH were

similar to those as observed in cobalt-sueclnlmlde complex.

In the balls of these studies the existence of a Is2

complex was envisaged. As in the case of copper-imide

complexes In methyl-alcohol,Blerrum's method could be used

In the pH range upto which precipitation was not set up.

The value of over all apparent stability constant as

calculated from average stability constant came out to be,

log K a 6.05 (Figs. 14 and 15 ).

Structure, Of *ha gomalexeSS

(i) ls2 cobalt-succinimide com piex(violet in colour Jformed
in methyl-alcohol.

This complex Is formed by non biuret reaction

mechanism since only two basic nitrogen atoms are involved

in the complex-ion. Since cobalt exhibits the property

of solvation in methanoi(7), the structure of the complex

may be represented as,(C^QjOg Co (CH^OH^.
(11) is2 cobalt-phthalimide complex(vlolet In oolour)formed

in methyl-alcohol.

According to the similar considerations as involved

in cabalt-.sueclnlmlde complex,structure of H2,cobalt-
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phthallmlde complex may be represented ass

(08B4028 >, 00 <0^0H)4

Biuret reaction mechanism cannot be put forward

here also since only two basic nitrogen atoms are involved

in the structure.

#*♦******»•*
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