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GENERAL INTRODUCTION

The importance of organic compounds as analytical
reagents, is well recognised, Of surpassing value as
analytical reagents, are the compounds which are capable
of forming chelates particularly inner-complex salts or
chelate non-electrolytes, with metals, Certalin oximes,e,g.,
orthodioximes, acyloin-oximes, ortho-hydroxy aromatic oximes
monoximes of diketones etc., belong to this class of organic

reagents,

Ortho=dioximes :

The reaction between nickel salts and dimethyl -
glyoximel. CH3- C(= NOH)-C(= NOH)-CHS, the often quoted
example of ortho-dioximes, takes place through the central
group, -C(= NOH)-C(= NOH)-, resulting in the formation of
brilliant red, insoluble nickel chelate, The replacement of
the methyl groups by other aliphatic, aromatic or hetero -
cyclic groups, does not prevent the formation of cimilar
nickel compounds, The composition (C4H702N2)2N1 of the
nickel-dimethylglyoxime indicates that one of the hydrogen
atoms of each of the two molecules of dimethylglyoxime,

C4H802N2, has been replaced by the bivalent nickel atom,

Following the demonstration of the existence of

two tautomeric forms of the oxime grouPZ.

u L
N oY
OH 0 H

Oxime form Nitrone form
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Pfeiffera'4 proposed that the nitrone form is involved in
the formation of the nickel derivative and a five-membered
ring is formed in which the nickel i1s attached directly to

the nitrogen atom,

R C c R
[
{3 o

That the hydroxyl radical of the second oxime group 1is not
involved in the formation of the metal complex, is further
demonstrated by the fact that mono-O-ether of benzildioxime

forms an exactly similar compound with nickel4'5

C6H5 i i CsH5
N N
e AR
0 Ni — CH3
2

5

Brady and Meurs” have proposed the following

formula for nickel dimethylglyoxime,

CH

Hac i F 3
O <— N N —ih
Nt po
H Ni ;
5 2o e o
0 —-ﬂ—-T W-———~* 0
H3C C Cc CH3

The postulated hydrogen bonding eliminates the possibility
of cis-trans isomerism and also explains the lack of

reactivity of the hydroxyl group.



Acyloin oximes :

The mode of reaction of acyloin oximes containing
the group >C(OH)-= C(= NOH)=, with metals is different,
Available evidence seems to indicate that-acyloin oximes
react as dibasic acids towards cupric salts to form compounds

of the type,

R c

.
w0

Under special conditionsx-benzoinoxime forms compounds with

s

Z=—=Q0

R
0

cobalt, nickel and with bivalent platinum and palladium, but
in the formation of these compounds, the oxime functions as

monobasic acid6.

Ortho-hydroxy arometic oximes :

Ortho hydroxyaromaticoximes,however,differ from th
ortho-dioximes and acyloinoximes, in their reactions with
metals, In these phenolic compounds of unusual analytical
importance, the hydroxyl group is so located with respect
to the nitrogen atom of the oxime group that six-membered
rings instead of five-membered (as in the case of ortho -
dioximes and acyloinoximes), are formed with metals. The
s+ructures of the metal compounds of hydroxyarometicoximes
have, however, not yet been systematically investigated,
although aquite a few references dealing with their
applications in analytical chemistry, are available in
the literature, The need of jinvestigating the structure



of these metal complexes as well as the desirability of
finding new reactions of analytical importance exist.
Before proceeding further with this aspect, a brief survey
of the existing literature is desirable,

Most of the salts of hydroxyaldoximes are
insoluble in water and consequently adaptable to the
detection and determination of numerous cations, Inorder
to increase the selectivity and sensitivity of these
reactions, many derivatives have been prepared and studied,
The most readily available compound of this class is

salicylaldoxime,

Ephraim7, for the first time, used this compound
for the detection and gravimetric detemmination of copper,
The following structures for the copper-salicylaldoxime,
based on the replacement of the hydrogen atom of either
acldic phenolic or the oxime group by the metal and coordina-
tion of the metal to the other group resulting in the

formation of typical inner-complex were proposed,

74 (0] 7 O.H
| \\Cu.f‘! e Gbos
OR /

K Ci-:/ZoH N\ fT'-_-N—-:-o
H

Feigl and Bondi8 while investigating the reactions of

the isomeric methyl ethers of salicylaldoxime

]/ﬁoﬂ N O CH
Q (‘I:N_oc;/_; 1 cl= ~oH

H H
with copper, had observed that the compound containing the

free hydroxyl group reacted with copper to form a dark
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brown salt, while the isomeric phemolic ether did not
react and hence reached the conclusion that the phenolic
hydrogen was replaced by the metal, Ephraim9 had studied
the reactions of a number of other compounds which contain

the same reactive grouping as salicylaldoxime,

The presence of the group HO——#-—&—-# = NOH
in o-hydroxyaldoximes, is not in itself sufficient to yield
a specific copper reaction, For example, pentanol-2-one-4-

oxime, CHB—'CH(OH)—*CHZ-*C(z NOH) —CH_,and chloral acetophenone-

3
oxime,cclse-CH(OH)f-CH2——C(= NOH)-—C6H5, containing the same
grouping, nelither yield insoluble copper salts nor character-
1stic cclour reactions with copper. In fact, the enhanced
acidity of the hydroxyl group because of lts linkage to

the aromatic ring and lack of any steric hinderance between

the =MOH and the-OH group,are responsible for the copper

specific action of the group HO—CgH;~ Cl{= NOH)— .

Flagg and FurmanlO had made a detailed study
of the reactions of many ions with salicylaldoxime and
found that positive reactions were obtained in many cases,
The same authors had also studied the effect of introducing
a halogen atom or nitro-group into the salicylaldoxime and
had found that the resulting derivatives offered no special
advantages as analytical reagents,over the parent compound,
The colours of certain metal salts of the 5=nitro-oxime,
however, were more vivid than those of the corresponding

metal compounds with salicylaldoxime,



Salicylaldoxime has also been found to be useful

for the quantitative determination of leadll'u,palladiu%a'14

1ron'®, nickell® and bismuthl”,

Resorcylaldoxime (2,4-dihydroxybenzaldoxime)
yields a purple colour with ferric iron in slightly acidic
solution and this reaction may be used for the detection

and eolorimetric determination of ferric iron,

Musantels, for the first time, introduced
salicylhydroxamic acid, 06H4(0H).gHwNOH, as an analytical
reagent and studied its nickel and cobalt salts, Subsequent-
1y Bhaduril? had studied the qualitative reactions of this
compound with various other metallic ions, Bhaduri and
Ray20’21 had also suggested the application of this compound
for the colorimetric estimation of uranium, molybdenum,

vanadium and ferric iron.

Bandyopadhayay and Ray22 had 1nvEstigated the
resctions of salicylamidoxime, C6H4.(OH).8H3NOH, with a
number of metallic ions, They observed that salicylami-
doxime resembled salicylaldoxime, in its general behaviour,
with respect to the colour, solubility etc, of its metallic
derivatives but the pHs of incipient precipitation of

metals with salicylamidoxime are somewhat higher,

Poddar23 studied the reactions of o-hydroxy-

acetophenoneoxime, an aryl hydroxyketoxime, with a number

+
of metallic ions such as ﬁg*, Hg++, Pb++, Cu +, Cd++,

¥ 3 4+t F 4t ot +rtt +4 o bt

Z ,Fe ,FP ,Ce ,Ni ’M ,Ti ,CO oU°29

Vos and Mo0,~ . He also studied the application of this



compound as an analytical reagent and employed it success-
fully for the gravimetric estimation of copper24. nickel24,
palladiumzs, vanadium26. titanium27 and for colorimetric
estimation of uranium28, vanadiung and ferric iron3o.

31

Appala and Neelkantam employed successfully

resacetophenoneoxime as an analytical reagent for quantita-

132 employed

tive separation of copper and cadmium, Bhatk
this reagent for the gravimetric estimation of nickel,
Reddy33 used this reagent for the amperometric determination

of copper in the presence of cadmium and nickel.

Singh and Sharma34 studied the reactions of
2-hydroxy-5-methyl acetophenoneoxime with various metallic
ions and also successfully carried out the aquantitative
estimations of nickel and copper and thelr separation when

present in the sam2 solution, with this reagent.

The Problem

The above survey of the existing literature
supports the view point that much remains to be investigated
so far as the structursl and analytical aspects of the
chemistry of netal-dihydroxy aldoximes, is concerned,

The present studies were planned with an aim to study the
structure and analytical uses of some soluble and insoluble
metal complexes of hydroxy acetophenonecximes. The soluble
complexes were exploited for colorimetric estimation while
insoluble complexes were made the basis for the amperometric

estimation of these metals,



The investigations may roughly be divided under
the following heads :-

(1) Reactions of Mo(VI) with the oximes of
o-hydroxyacetophenone and its derivatives namely 2-hydroxy-

S-methyl acetophenone and 2,5-dihydroxyacetophenone,

(2) Colorimetric estimation of molybdenum using

2,5-dihydroxyacetophenoneoxime as a colorimetric reagent,

(3) Reactions of copper(II), palladium(II) and
nickel(II) with the oximes of hydroxyacetophenones

mentioned above,

(4) Amperometric determination of copper, palladium

and nickel with 2,5-dihydroxyacetophenoneoxime.

(5) Reactions of uranium and thorium(IV) with

2=hydroxy-5-methyl acetophenone,

The composition and structure of the chelates
formed in the above reactions, were determined using
spectrophotometric (in the case of soluble complexes),
conductometric, amperometric, pH metric methods, chemical

analysis and I.R. studies.
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CHAPTER I
R

* Metal complexes of o-hydroxyacetophenoneoxime "
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The aryl aldoximes containing an ortho-hydroxyl
group, are capable of forming chelate compo%gds. Best known
example of this class is salicylaldoxime {=NOH, which
was first employed by Ephraiml for the detection and
gravimetric determination of copper, Ephraim2 hkas also studied
the reactions of a number of compounds which contain the same
atomic grouping, HO-C-C-C=NOH, as salicylaldoxime and has
found that all of them give yellowish coprer salts, None of
these seems to offer any special advantage over the more
readily available salicylaldoxime, but their reactions
filustrate the selective or specific action of certain atomic
groupings, Subsequently Flagg and Furman3 studied the reactions
of salicylaldoxime and also of its 5-chloro-,3,5-dibromo-and

5-nitro-derivatives, with various metal ions, Since then several
papers have appeared on the use of salicvlaldoxime for the

separation and determination of metals.

Musante4, for thﬁ first time, introduced
salicylhydroxamic acid, C=NOH, as an analytical reagent and
studied its nickel and cobaig salts, Later on Bhaduris)gtudied
its qualitative reactions with various other metallic ions and
suggested thislreagent for the colorimetric estimation of
uranium, molybdenum, vanadium and ferric iron. He also
investigated the composition of the molybdenum complex of

salicylhydroxamic acid, employing spectrophotometric method

and reported the existence of two complexes, H2M002X2 or



H MoO3X, depending upen the concentration in the pH range
6,6-7.2,

Bandyopadhayay and Ray7 investigated the
reactions of a number of metallic ions with salicylamido-

NHa,

xime, [:I?=NOH, and compared the results of their
1nvestigat§gns with those of Flagg and Furman (loc,.cit.).
They found that salicylamidoxime resembled the salicylal-
doxime, in its general behaviour, with respect to the
colour, solubility etec., of its metallic derivatives but the
pHs of the incipient precipitation of metals with

salicylamidoxime were somewhat higher,

Podd ar® studied the qualitative reactions of

orthohydroxyacetophenoneoxime, an aryl o-hydroxy-ketoxime,

+ +4
» Cd -,

++ ++++ +
2", re', et ™, m*, &t e, nttt, Vo'

s + +
with a riumber of metallic fons such as Ag » Cu

and MoO,~, He 2lso studied the application of this compound
as an analytical reagent and employed it successfully for

the gravimetric estimation of copper and nickelg,palladi&%,

vanadiumll, titanium12

13 14

and for colorimetric estimation of

15

uranium™, wvanadium and ferric iron™"v,

From the existing literature surveyed as above,
it is quite apparent that although ortho-hydroxyacetophenone-
oxime has been employed for the quantitastive estimation of
tew metals, no attempt has, so far, been made to study the
nature and composition of the resulting complexes. With

this aim in view, the physico-chemical studies on the soluble



(in the case of molybdenum) and insoluble complexes
(copper, nickel and palladium) were considered worth

investigating.

The investigations carried out for the determina-

tion of the composition of the said complexes consisted of:

L

(1) Spectrophotometric studies on the composition
of soluble complex of molybdenum (VI),

(2) Conductometric titrations on the composition
of the complexes of molybdenum, copper,
nickel and palladium,

(3) Amperometry of the copper, nickel and
palladium complexes,

(4) Chemical analysis and I.R. spectra of the

isolated complexes.,



EXPERIMENTAL

Preparation of o-hydroxy-acetophenone :=

o-Hydroxy-acetophenone was prepared by Fries

16

reaction™ " on treating phenyl acetate with anhydrous

aluminium chloride,
0COCH; OH

@ L A e R

o-Hydroxy=-acetophenone p-Hydroxy-%%%tophenone

187 gm, of anhydrous aluminium chloride and 200 ml, of
carbon disulphide were placed in one litre, three-necked
flask fitted with a dropping funnel, a stirrer and a reflux
condenser, The suspension was stirred and 170 gm, (158 ml,)
of phenyl acetate were added slowly at such a rate that the
solvent boiled vigorously, When all the phenyl acetate had
been added, the reaction mixture was gently refluxed on a
water bath for about two hours until the evolution of
hydrogen chioride ceased, The solvent was distilled off the
reaction mixture which was then placed in an oil-bath
maintained at 140-150°C, for three hours. The contents of
the flask got thickened and finally became a brown resinous
mass which was cooled, treated with 1l:1 hydrochloric acid
and allowed to stand overnight, The contents were further
treated with benzene to extract both ortho-and para-hydroxy-
acetophenones. The benzene layer was separated, dried over
anhydrous magnesium sulphate and benzene was then distilled
off, leaving behind a mixturé of ortho-and para-hydroxy-

acetophenones which was subjected to steam distillation, The

e



ortho-hydroxy-acetophenone, being volatile in steam,
distilled off, leaving behind para-isomer in the distilla-

tion flask,

Preparation of ortho-hydroxy-acetophenoneoxime :-

It was prepared by refluxing 1 gm, of
o-hydroxy-acetophenone with 1 gm, hydroxylamine
hydrochloride and 2 gm, sodium acetate, over water bath
for 1 hour. On cooling the solution, o-hydroxy-acetophe-
noneoxime separated out, The compound was recrystalllzed

from alcohol (white crystals, m,p, 114-116°C),

The solution of the oxime was prepared in

50% alcohol,

Copper sulphate ;-

Copper sulphate (B,D,H) of A.R, quality was
used for the preparation of stock solution of copper. The

strength of the solution was determined iodometrically17.

Palladium chloride :-

1 gm, of palladium chloride (Johnson
Matthey, London) was dissolved in 2 ml, of conc, hydro-
chloric acid and the solution was diluted to 100 ml, with
double distilled water. The strength of the solution was

determined gravimetrically as palladium-dimethyl glyoximels.

Nickel sulphate :-

Nickel sulphate (B,D,H,, A.R,) was used to

prepare the stock solution of nickel. The strength of the



solution was determined gravimetrically as nickel -

dimethyl-glyoximelg.

Ammonium molybdate :-

A stock solution of molybdenum (VI) (approx,
0,02M) was prepared by dissolving ammonium molyhdate
(E,Merck) in double distilled water. The molybdenum content

was determined gravimetrically as lead molybdatezo.

Weaker solutions of desired concentrations were
obtained by diluting the stock solutions with double
distilled water,

Gelatine solution ;-

0.1% gelatine (E.Merck) solution was prepared
in hot double distilled water.

Buffer solutions :=-

Sodium acetate-acetic acid bufferszl(Walpole)
of pH 4,0 and 4,6 and ammonia-ammonium chloride buffer

of pH 9,0 were prepared.

All pH measurements were carfried out with 3
Beckman pH meter (Model H), previously standardized with
phthalate buffer of pH 4,0 and borax buffer of pH 9,1.

Isolation and chemical analysis of Molybdenum-o-hydroxy-
acetophenoneoxime complex :=-

Ammonium mclybdate and o-hydroxy-acetophenone-
oxime solutions were mixed in 1:2 molar ratio respectively.

The pH of the mixture solution was adjusted to 3,5-4.5,
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The solution was concentrated under vacuum when yellow
crystals of molybdenum complex separated out, The yellow
crystals wefe filtered on a sintered crucible and washed
with alcohol to remove the adhering ligand if any. The

isolated complex was dried in a vacuum dessicator.

For estimation of molybdenum content, a
weighed quantity of dzied sample of the complex was heated
with acua-regia to decompose the organic matter., To this
solution was added concentrated sulphuric acid and the
mixture was evaporated to dryness, The residue was extracted
with ammonia and molybdenum was estimated gravimetrically

as molybdenum oxinate22.

The estimation of nitrogen content in the
complex was carried out, using Kjeldahl's method23. A
weighed quantity (0,1 gm.) of the complex was Kjeldahlized
and the ammonia evolved was absorbed in 50 ml, of decinor-
mal sulphuric acid, The ammonia evolved was found out from
the back titration of unreacted sulphuric acid against
decinormal sodium hydroxide. Knowing the volume of ammonia

evolved, the percentage of nitrogen was calculated,

Calculated for bis(O-hydroxy-acetophenoneoxime)MoO2
(CgHgOoN) HMo0y
N -> 6.55’ MO - 22.42

Found N - 6,8 , Mo - 23,0



f 1%

Spectrophotometric studies of the Molybdenum (VI )complex :=

Molybdenum(VI) complex was studied
spectrophotometrically. Job24 has developed a method called
"the method of continued variation"” for detemmining the

composition of complexes,

Job's method of continued variation 1is
applicable to the systems involving the formation of only
one complex and is not useful to those in which more than
one complexes are formed. Vosburgh and Cooper25 extended
this method particularly to deal with such cases. They‘have
shown that the results are independent of the wave length
of light used only when a single complex is formed while
in a system with more than one complexes, wave length of
light plays an important role and a careful selection of
wave lengths for different complexes is required while
studying the complex ion formation, These authors have
studied the complexes of NL(II) with o-phenanthroline and
ethylenediamine formed in 1:l, 1:2 and 1:3 proportions
and copper ammonia complexes (Cu++: Ni, as 1:2 and 1:4)

to prove their view point,

Another method which is common with
spectrophotometric measurements is the "slope ratio
methodze’. This method is helpful in two ways;it provides
confirmation of the results of Job's method of continued
variation and also helps in establishing the composition

of the complex,
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In the reaction

mA + nB .,——*-%Bn
if the concentration of B is kept constant and in sufficient
excess to make dissociation negligible, the equilibrium
concentration of the complex ApB, will be essentially

proportional to the analytical or total concentration of

A added in the reaction; so

(Aan) = C A/h 00860900 000008000000 000800 (1)
where the brackets refer to the equilibrium concentration
and C to the analytical or total concentration.

From Beer's law

E = edo (AmBn) 020000000080 800060060060 0000 (2)

where E is the measured extinction, e, the molecular
extinction coefficient and d, the thickness of the cell in
cm, Substituting the value of (ApBp) from (1) into (2).

E = ed. C AA“ 0000000000000 c80500 00000600 (3)

E 1s plotted against different analytical (or total)
concentrations of A, keeping the concentration of B constant
and in excess, The equation (3) is valid over the straight
line portion of the curve and this straight line will have

a slope given by
Slopel - ed/m #5800 9990 Y 8 &6 s=s 68 8RO (4)

Similarly if A is the component in constant excess and the
concentration of B is varied

R & Bt viimicamapiviaveresen. Al



and if E is plotted against Cg, the slope of the straight

line portion of the curve will be
Slope2=ed/n Peoegendseastapssseieeeasasse (6)

The ratio of n tom in the complex may be determined by

taking the ratio of the two slopes.
Slope, / slope, = n/m

Nature of the complex :-

Vosburgh and Cooper's method (loc.,cit,) was applied
to determine the number of complexes formed in solution
by the interaction of o-hydroxy-acetophenoneoxime

(designated hereafter as H.A,0) and ammonium molybdate.

Ammonium molybdate and H.A.0, both of concentration

lxlO'3M, were mixed in the following ratios :

1:1 1:2 1:3 2:1 3¢l
MOOZ- 6.0 4.0 3.0 8.0 9.0 mlo
H.A.o. 6'0 8.0 qoo . 400 3.0 ml'

All absorption measurements were made with Bausch and Lomb
*spectronic 20", after allowing sufficient warming up

period for the instrument,
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Table - 1

Vosburgh Cooper's method applied to Mo- H.A,0,compl ex

Concentration of ammonium molybdate = 1xl0” 3
Concentration of H,A,0. = lx10'3M
Wave length gptical density
my ) Ratio of ammonium molybdate to H.A,O.

1 1:1 112 1:3 2:1 il
325 0,30 0,53 0,72 0,27 020
330 0,32 0,55 0,77 0.29 022
335 0,36 0,59 0.82 0,32 0.24
340 0,40 0,63 0.88 0,34 0426
345 0,43 0,67 0,93 0,37 0,28
350 0,38 0,58 0,83 0,325 0,245
385 0.33 0,52 0.75 0.28 0,21
360 0429 0,46 0,66 0.245 0.185
365 0,24 0,40 0,585 0,21 0.15%
370 Ne21 0,35 0,52 0.18 0,13
37% 0,18 0.30 0,47 0.16 0,12
380 0,16 0,27 0.41 0,13 0.09
390 0,13 Ne21 0.32 0,10 0,07
400 0.10 0,16 0,26 0.08 0,055

Curve(a) Curve(b) Curve(c) Curve(d) Curve(e)
Fige 1
The maximum absorbance of the mixtures occurs at 345 mp.

Influence of pH on stability of the complex :-

In order to study the influence of pH on the
complex formation,a series of solutions containing 4.0 ml.,
of ammonium molybdate and 8,0 ml, of H,A,0, both of concen-
tration 2xlo'3M. were adjusted to different pH values and the

total volume was made up to 25 ml, The optical density of
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these solutions was measured over a range of wave lengths

(325-400 mu).

Table

.2

Wave length

0.D, of 1:2 Mo~ H,A.0 mixture at different pHs

(mpa ) 2.5 3.0

3,5 4,0 4,5 5,0 5¢5
325 0,44 0,47 0450 0,52 0,53 0.36 0,1
330 0.48 0450 0.52 0,55 0,55 0.40 0,13
335 0,50 0,52 0.57 0.59 0,59 0,44 0,16
340 0,55 0,56 0,61 0,63 0.63 0,47 0.19
345 0.58 0.61 0,65 0,66 0,66 0,50 0,23
350 0,48 0450 0,55 0,57 0,56 0,44 0,18
360 0,38 0.40 0.43 0,45 0,44 0,33 0,13
370 0.29 0,31 0,33 0.33 0,35 0,25 0,09
380 0.21 0,23 0,25 0.25 0.2% 0,16 0,06
390 0,15 0,17 0,18 0,19 0,20 0,10 0,06
400 0.11 0,13 0,14 0,15 0,15 0,05 0,02
Curves (a) (b) (¢) (d) (e) (£)  {g)

Fig. 2 a.

The »max of the complex occurs at 345 mu in the pH range

(2,5=5.5),

Composition of the complex :-

For determining the composition of the complex

by Job's method of continued variation, follewing sets of

mixtures were prepared:

Set I

1.0, 2,0, 3,0, 4.0, 5,0, 6.0, 7,0, 8,0, 9.0 ml,
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of ammonium molybdate were mixed with 9,0, 8,0, 7.0, 6,0,
5.0, 4.0, 3.0, 2,0, 1.0 ml, of H,A,0, respectively; the
initial concentration of both the reactants was 5x10'3M.
The pH of the mixtures was adjusted to 4,0-4,% and the
final volume was made up to 25 ml, with double distilled

water,

set II

Initial concentration of the reactants being

3.33x10"°M, all other details were the same as in Set I.

set III

Initial concentrations of the reactants was

2.5x10"3

M,

The optical density measurements of the mixtures
were made at 345 mu, 350 and 360 mu. Curves were plotted of
the difference between the optical density of the mixture
and that of ammonium molybdate and H.A,0 against the ratio

(Mo0,~")/(Mo0,™") + (H.A,0).

The observations are summarized in the

followlng tables :



Table =3

Wave length 345 mu

Final concentration of the reactants = 2xlo'3M

Vol. of Vol.of ______ Optical density
ammonium H.A.O. Mixture H.A.O, Amm,molybdate Difference
molybdate

{(ml,) (ml,)

1.0 9,0 0.94 0.03 0,02 0,89
2,0 840 1.1 0,02 0,03 1,05
3.0 7.0 1,155 0,015 0.04 1,1
4,0 6,0 1.1 0,01 0,045 1,045
5.0 5.0 0,96 0.005 0.05 0.905
6.0 4,0 0,77 0,00 0,06 0.71
7.0 3,0 0,62 0,00 0,07 0,95
8.0 2,0 0,44 0,00 0,08 0.36
9.0 1.0 0,27 0.00 0.09 0.18

Fig.3, curve 1

Table -4
Wave length 3435 mp

Final concentration of the reactants = l.333x10'3M
Vol.of Vol.of Optical density
Amm.molybdate H.A,0, Mixture H.A.0, Amm,molyb- Difference
7 AT, P RN Yo e e B i e s
1,0 9.0 0.56 - 0.01 0,55
2,0 8,0 0,68 - 0,02 0,66
3.0 7.0 0.74 - 0.025 0,715
4,0 6.0 0,68 - 0,03 0,65
5.0 5.0 0,60 - 0,035 0.565
6.0 4.0 0,49 = 0,04 0,45
7.0 3.0 0.37 - 0,05 0,32
8.0 2,0 0,27 - 0,06 0,21
9.0 1.0 0,15 - 0,06 0.09

Fig.3, curve 2



Wave Jength 345 mu

Iable - 5

Final concentration of the reactants = lxlO'3M

Vol. of Vol. of Optical density
amm,.molybdate H,A,0, Mixture H.A,O, Amm.molyb- Difference
(ml.) (ml,) date

1.0 9.0 0,37 - 0.0 0,37
2,0 8.0 0,49 = 0,91 0,48
3.0 7,0 0,51 = 0.01 0.50
4,0 6.0 0,475 - 0.015 .46
5.0 5.0 0.39 - 0.02 0,37
640 4,0 0.33 - 0,03 0.30
7.0 3.0 0,25 - 0,04 0.21
8.0 2,0 0,18 - 0.0% 0.13
9,0 1.0 0,09 - 0,05 0,04

Fig. 3, curve 3

Wave length 350 mp Table - 6

Final concentraticn of the reactants = 2xlO'3M

Vol, of Vol. of ________Optical density

Amm,molybdate H,A,0, Mixture H.A.O, Amm Difference
R R L A melybdate o iens
1.0 9.0 0,855 - 0,005 0.85

2,0 8,0 1,0 - 0,01 0.99

3.0 7.0 1.0% o 0,015 1,03%

4,0 6,0 1.0 - 0.02 0.98

5.0 5.0 0,855 - 0,025 0.83

6.0 4,0 0,68 - 0,03 0,65

7.0 3.0 0,53 - 0.04 0.49

8.0 2,0 0.36 o 0.05 0.31

9,0 1.0 0420 - 0.05 0.15

Fig., 4, curve 1



Table - 7

Wave length 350 mpu

Final Concentration of the reactants = l.333x10'3M

Vol. of Vol., of ______ QOptical density

amm,molybdate H,A.O0, Mixture H,A.Q. Amm , Difference
L. o T O N molybdate ____ _ . _-...
1.0 9.0 0,50 - 0.0 0,50

2,0 840 0.61 - 0,01 0,60

3.0 7.0 0,63 - 0.0l 0,62

4,0 6.0 0.60 - 0.015 0.585

5.0 5.0 0.52 - 0,02 0,50

6.0 4,0 0,41 - 0.025 0,385
7.0 3.0 0,32 - 0,03 0.29

8,0 2,0 0.22 - 0.035 0.185
9.0 1,0 0.11 - 0.04 0,07

Fig, 4, curve 2
Wave length 350 mu

Table - 8

Final Concentration of the reactants = 1x10'3M

Vol. of Vol. of Optical density

Am?&?o§ybdate ?&f’?' Mixture H.A.C. Amm, Difference
R A L by e i o .. molybdate ___________...
1,0 9,0 0.32 - 0.0 0,32

2,0 8.0 0,40 - 0,0 0,40

3,0 7,0 0.44 - 0,01 0,43

4,0 6.0 0.39 - 0.01 0.38

5.0 5,0 0,35 - 0.02 0,33

6,0 4,0 0.29 - 0,02 0,27

7.0 3.0 0,21 - 0.02% 0.185

€.0 2.0 0,15 - 0,03 0.12

9,0 1.0 0.085 - 0.03 0.05

Fig, 4, curve 3
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Table - 9
Wave length 360 mp L
Final Concentration of the reactants = 2x10™°M
Vol. of Vol.of Optical density
am?&T°%Vbdat° Hzgio) Mixture  H,A.0,  Amm, Difference
s o R - A oy it OPRE el o ina BB ERUREE e sinnnnn
1.0 9,0 0,695 - 0.9 0,695
2,0 8,0 0.82 - 0,0 0,82
3.0 7.0 0.855 - 0,0 0.855
4,0 6,0 0,77 - 0.0 0.77
5.0 5.0 0.68 - 0.01 0,67
6.0 4,0 0,52 - 0,01 0.51
7.0 3.0 0,40 - 0,01 0,39
8.0 2.0 0.27 - 0,02 0,25

9.0 1.0 0.14 = 0,02 0,12

Fig. 5, Curve 1

Table - 10

Wave length 360 mp

Final Concentration of the reactants
3

Set II = 1,333x10"M; Set IIT = 1x10™M

Volume of Vol. of Optical density
Am?é{?%ybdate Hi:i?; Set 11 Set 111 y
........................... ot 4 RN | . . PR
1.0 9.C 0.40 0.24
2.0 8.0 0.48 0.30
3.0 7.0 0.495 0.34
4,0 6.0 0.45 0.30
5,0 5.0 0.40 0,27
6.0 4.0 0.31 0,22
7.0 3.0 0,24 0.145
8.0 2.0 0.16 0.10
9.0 1.0 0.08 0.055

Fig.5,Curve 2 Fig.5, Curve 3

The optical density of ammonium molybdate and H.A.0, was
negligible in Set II and Set III at 360 mpu.



Slope ratio method :

The composition of the complex was further

investigated by slope ratio method (loc.cit.). Two series

of solutions were prepared. In one series, the concentration

of amm. molybdate was varied in the presence of constant

excess of H.A.0; in the other series H.A,0 was varied while

ammonium molybdate was kept constant,

Absorbance was measured at 345 mu and 350 mu,

Table - 11

Fixed concentration of H.A.0, = 8x10'4M (in 25 ml.)
Initl al concentration of Amm. molybdate added =1x10™ M

pH of the solutions = 4-4,5

Final volume

Vo, of Amm,
molybdate

3.0
4.0
5,0
6,0

Optical density

= 25 ml.
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Table - 12

Fixed concentration of Amm, molybdate = 8x10'4M (in 25 ml.)
Initial conccentration of H,A.0, added = lxlo'sM

pH of the solutions = 4-4,5

Final volume = 25 ml.
Vol, of‘H.A.O. Optical density at
AN O 1 TR . 1 TR
0.0 0.02 0.015
1.0 0.06 0.045
2,0 0,12 0.10
3.0 0.17 0.15
4,0 0.23 0,19
5.0 0.28 0.24
6.0 0.34 0.30
7.0 0,39 0.35
8.0 0.44
Fig,6,Curve 2 Fig.7, Curve 2
Table - 13

Fixed concentration of H.A.0. = 4x10™4 (in 25 ml.)

Initial concentration of Amm.molybdate added = 5x10™M
pH of the solutions = 4-4,5

Final volume = 25 ml.

Vol.of Amm. Optical density at

o - R BT, o JEISIDRACR W
0.0 0.0 0.0
1.0 0.035 0.03
2,0 0,085 0.07
3.0 0.10 0.09
4,0 0.14 0,125
5.0 0.16 0,14
6.0 0,17 0.15
7.0 0.22 0.19
8.0 0.24 0.20

Fig.6, Curve 3 Fig.7,Curve 3



Table - 14

o

«

Fixed concentration of Amm, molybdate = 4x10'4M (in 25 ml.)

Initial concentration of H,A.0, added
pH of the solutions
Final volume
Vol. of H.A,O.

= 5x10°%M
= 4.4.5

= 25 ml,
Optical density at

WL o PR . 345 ma___ LTRSS L Y
0.0 0.02% 0,02
1.0 0.04 0.03
2.0 0.04 0.03
3.0 0.05% 0,045
4,0 . 0,07 0.0%
5.0 0.07 0.055
6.0 0.09 0.07
7.0 0.105 0.09
£.0 0.11 0.095
9.0 0.13 0,105
Fig. 6, Curve 4 Fig.7, Curve 4

Formation constant of the complex :-

A number of ugseful methods are known for the
calculation of formation constant of the complexes. The method,
desctribed by Anderson et a127. hased on the comparison of the
composition of the solutions having identical intensity of
colour, i.e,, the same absorbance value, has been found very
convenlent. The limitation of this method is that both the
reactants must be colourless. The method was subsequently

modified by Dey and co-workers28

who were able to apply
this method to the system where one of the reactants was colour-

ed. This method has, therefore, a much wider application and
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may be employed conveniently for the study of a large
number of complex ion formation reactions. In this method,
the absorbance data cbtained for Job's method of continued
variation, are utilised and the observed absorbance of the
mixture solution (not the difference in absorbance) is
plotted against (M)/(M)+(A) where (M) is the concentration
of the metal ion and (A) that of the complexing agent.

The formation constant of the molybdenum - H.A,0, complex

was calculated as follows
Consider the reaction
MoO,  + 2 H.A.O..=--iMoO4 (H.A.O)2

if x represents the concentration of the complex at
equilibrium and a and b, the concentrations initially
present of the Mooz' fons and H,A.0 respectively, the
formation constant is given by

sipsaansusnese (1)

k X
K (a-x) (b-2x)2

Taking two values of a and b for the solutions
showing the same absorbance, i.e.,, the same value of x, we

have

— = X sos 1X)
(al-x) (bl-2x)2 (az-x) (b2-2x)2

or x = - (bg‘bf)+4(azb2‘albl):Iﬁq‘bg'bf)*4(32b2'albl)]2
-16((a; %0, )-(a,*b,)] (a,b2-a,b2)

8((a,%5)) - {ag¥,]] ses iy
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Thus from equation (3), the value of x could be calculated
and consequently the value of K by substituting the value of
x in equation (1).

For determining the value of formation constant, the
absorbance measurements made during the Job's method of
continued variation (Table 10) at 360 mu were utilised. An
arbitrary value 0.20 for absorbance was chosen on the graph
(Fig.8) and the concentrations of the reactants were read

from the graph in the descending portions of the curves.

Solution I - Concentration of Molybdate (al) = 1x10™3M
Concentration of H.,A.0.  (b,) = 0.333x10"M

Solution II- Concentration of Molybdate (a2) = 6.3xlO'4M
Concentration of H,A.0, (b2) = 3.7x10’4M

Conductometric studies of Molybdenum (VI) complex i-

The composition of the complex of molybdenum was
also established by conductometric titrations. The conducti-
vity measurements were carried out with the help of philigs
magic eye type (P.R.95C0) conductivity bridge, using dip
type conductivity cell (K=0.44). The effect of temperature on
conductance of the solution was minimized by putting the
cell in a large beaker of water. Volume correction was applied
by multiplying the conductance value by V + v where V is the

. 0
volume taken in the cell and v,the volume of the titrant
added,
The titrations were carried out by taking a fixe@
amount of the amm, molybdate solution in the cell and addind;l

L1
\

o-hydroxy-acetophenoneoxime solution from the burette.
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The reverse titrations were also carried out by
taking o-hydroxy-acetephenoneoxime solution in the cell and

adding amm. molybdate solution from the burette.

The observations are tabulated below :

Table - 15

Direct titrations (Amm.molybdate in the cell)

Volume of Amm, molybdate = 30 ml,

Concentration of Amm.molybdate = Set I = 1.333x10" M
Set II= 2x10™°M
Set ITI=2.666x10"3M

Concentration of H.A.O. = 2x10” M
Vol. of I ¢ 3 III
H.A:O. Corrected Vol.of H.A.0 Cerrected YOl.of Corrected
fael s ) confgctance (ml.) izggg%;gngi sziO) ggnduitfg-
ORI . 2 .. & R v - (uhos)_
0,0 2,25 0,0 3.15 0.0 4,0
0.5 2,15 1.0 2.95 1.0 3,75
1.0 2.05 2,0 2.7 2.0 3.5
2.0 1.9 3.0 2.45 3.0 3.25
3.0 1.7% 4,0 2,2 4,0 3.0
4,0 1,55 5.0 2.05 5.0 2.85
4.5 1,50 6,0 1.9 6.0 2,6
.0 1.45 5.9 1.85 7.0 2,45
6.0 1.35 7.0 1.77 8.0 2,25
7.0 1.25 8.0 1,65 9.0 1.98
8.0 1.1% g.0 1.5% 10,0 1.85
10,0 1,45 11.0 L. 75
12,0 1.6
13,0 1.5
14,0 1.50
Curve(a) Curve(b) Curve(c)
Fig., 9
Curve (a)

30 ml. of 1.333x10"2M Amm.molybdate =3.9 ml.of 2x10™2M H,A.O

=58.5 ml.of 1.333x10"°M H.A.O



ﬁ
P
S

Curve gbl

30 ml. of 2x10~°M Amm.molybdate = 5,9 ml.of 2x10"2M H.A.O.
59 ml. of 2x10"°M H.A.O.

]

CQurve (c)
30 ml, of 2.666x10"M Amm,molybdate = 8.2 ml.of 2x10~2M H.A.O.

61.5 ml.of 2.666x10" M
H.A.O.

i

Table - 16

Reverse titrations (H.A.0. in the cell)

Volume of o-hydroxy-acetophenoneoxime solution = 30 ml,
Concentration of o-hydroxy-acetophenoneoxime

solutions = 5.333x10"3M (Set I)
= 4x10™ M (Set II)
= 2,666x10"M (Set ITI)
Concentration of Amm. molybdate = 2x10™ M
Vol.of I II I1I
Amm. Corrected Vol, of Corrected Vol.of Corrected
mol;bdate conductance Amm. conductance Amm, conductance
(ml,) x10'3[mhos) mo%gg?jte x10’3(mhos) mo%zgfﬁte x10'3(mhos)

0.0 0.06 0.0 0.07 0.0 0.08
1.0 0.615% 0.5 0.36 0.5 0.435
2,0 1:19 1.0 0.69% 1.0 0.8
2.5 1;4 1.5 1.0 19 1.15
3.0 1.6 2.0 1.3 2.0 1.5
3.5 1.8 2,5 1.5% 2.5 1.8
4,0 2.0 3.0 1.8 3.0 2,05
4.5 2,2 3.5 2.0% 3.5 2.4
5.0 2.4 4,0 2,29 4,0 2,65
9:5 2,55 4,5 2.0 4,5 3.0
6,0 2,75 - 19 2,7 5.0 3.25
6,5 2,85 6.0 3.1
7:0 3,0 7:0 3.5

Curve(a) 7 TCurve(b) Curve(c)

Fig, 10

Curve(a)

'3M H,A.0. = 3.9 ml,of 2xlO'2MEl4.63 ml.of

5.333x10-3M
Amm,molybdate

30 ml. of 5,333x10
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COMPOSITION AND STRUCTURE OF COPPER(II), PALLADIUM(II)
AND NICKEL (11) COMPLEXES

Isolation and chemical analysis of the complexes ;-

Copper - o-hydroxy-acetophenoneoxime complex:

Copper sulphate solution was neutralized with
2N - sodium hydroxide until a slight turbidity appeared. To
this turbid solution was added dilute acetlc acid sufficlent
to obtain a clear solution, The solution was diluted and 1%
alcoholic solution of o-hydroxy-acetophenoneoxime was added
to it in slight excess with constant stirring. The precipitate
was digested over water bath for 1 hour, filtered on a sinter-
ed glass crucible, washed with hot water and fipally with
dilute alcohol to ensure complete removal of axcess of the

reagent, The precipitate was dried at 100-110°C.

A weighed quantity of dried sample of copper
complex was decomposed by heating with aqua-regia. To this
solution was added concentrated sulphuric acid and the mixture
was evaporated to dryness, The residue was extracted with
water and copper was estimated gravimetrically as cuprous -
thiocyanatng. The nitrogen content of the complex was estima-
ted by Kjeldahl's method as described earlier,

Calculated for :

bis (o-hydroxy-acetophenoneoxime) Cu(II), (C8H802N)2 Cu

Cu-17,35; N-7.71
Found Cu = 17,7 N = 7,2



Palladium - o - hydroxy-acetophenoneoxime complex :-

Palladium chloride solution was treated with
slight excess (a little more than 2 moles) of alcoholic
solution of the oxime with constant stirring when palladium
complex separated out as yellow precipitate, The precipitate
was digested over water bath for half an hour, filtered,
washed with hot water a2nd finally with alcohol and dried at
100-110°¢C,

A weighed quantity of dry palladium complex
was decomposed with aqua-regia, The resulting solution was
mixed with concentrated sulphuric acid and evaporated to
dryness, The recsidue was extracted with dilute hydrochloric
acid and the palliadium present in the solution was estimated

gravimetrically as paliadium dimethyl-glyoxinme,

The nitrogen content of the complex was determin-

ed by Kjeldahl's method,

Calculated for:
bis (o-hydroxy-acetophenoneoxime) Pd(II),(CBH802N)2 Pd
Pd - 26;18' N - 6.88

Found Pd - 25,8, N - 7,2

Ni « 0 = hydroxy-acetophenoneoxime complex :=

To a solution of nickel sulphate was added a
slight excess (a little more than two moles) of an alcoholic
solution of the oxime., To this mixture solution was then
added dilute ammonia when the nickel complex got precipita-

ted, The precipitate was digested over water bath for an
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hour, filtered, washed thoroughly with hot water and finally
with alcohol. The precipitate was dried at 100-110°C.

A weighed quantity of dry nickel complex was
digested with aqua-regia, The resulting solution was mixed
with concentrated sulphuric acid and evaporated to dryness,
The residue was extracted with water and the nickel content

was estimated gravimetrically as nickel dimethyl-glyoxime,

The nitrogen content of the complex was estima-

ted by Kjeldahl's method as described earlier,
Calculated for :

bis (o-hydroxy-acetophenoneoxime) Ni(II),(C8H802N)2Ni
N - 16,36, N - 7.8
Found: Ni - 16,0, N - 7,5

Since insocluhle complexes were formed with these
metals, the spectrophotometric method could not be employed.
Only conductometric and amperometric methods could be used

to determine their compositions.

Conductometric titrations :-

The details of the titrations were the same as

in the case of molybdenum complex.

The observations are summarized in the following

tables :=-
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Conductometric titrations between copper sulphate and

o-hydroxy-acetophenoneoxime,

Table « 17

Direct titrations (copper sulphate in the cell)
Volume of copper sulphate = 25 ml.
Concentration of copper sulphate = ex10™%M (set I)
1x1073M (Set II)
1.2x10™3M(Set 111)

Concentration of c-hydroxy-acetophenoneoxime = lxlo‘lM
I II III
Vol.of Corrected Vol.of Corrected Vol. of Corrected
H.,A.Q0. conductance H.,A.O. conductance H.,A.O. conductance
(ml.) 41o-4(mhos) {ml,) x10=4 (mhos) (ml.) x10~4 (mho's )

"

]

0.0 3.8 0.0 4,7 0.0 5.6
Csl 5.8 0.1 Py | 0.1 7.5
Ce2 TH7T 0.2 8.8 0.2 9,5
Ce3 9.5 043 11,0 0.3 11,5
0.4 11,2 0,4 12,5 0,4 13.4
C.5 12,2 0.5 13,9 N5 15,2
C.6 14,5 0.6 14,6 0.6 16,3
0.7 12,9 0,7 18:1% 0,7 17,5
0.8 13,2 0.8 15.9 0.8 18.2
0.9 15,8 0.9 18,5
1.0 16,2 1,0 18,8
1.1 19.1
Curve(a) Curve (b) Curve(c)

Flg. 11

Curve(a) 4
5 ml, of 8%x10™ M copper sulphate

Curve(b) 3 "
5 ml, of 1x10"°M copper sulphate = 0,49 ml.,of 1x10""M H.A.O.
& -3
e s = 49 ml, of 1xl10 TlH.A.O.
25 ml, of 1.2x10 “M copper sulphate = 0,6 ml.of 1x10 "M H,A.O.
= 50 ml. of 1.2x10"°M H.A.O.

0.41 ml.of 1x10" M H.A.O.
51.25 ml.of 8x10™IM H.A.O.

th

L}



Table - 18

Reverse titrations ( H.A.0, in the cell)

Volume of o-hydroxy-acetophenoneoxime = 25 ml,
Concentration of o-hydroxy-acetophenoneoxime = l.6x10'3m(53t I)
= 2,4x10"2M(Set II)

Concentration of copper sulphzte = 1x10™M
Vol.of Cogrected Vol, of CuSo4 Cor%icted
CuSo, conductance conductance

(ml.) x10"%(mhos) {ml.) x10™4 (mhos)
0,0 0.4 0,0 0.4
0.0 2.5 0.9 1.7
1.0 4,8 1.0 3.15
1.5 6.8 1.5 4.5
2,0 8.1 2,0 5.65
2,5 8.9 2.5 6.65
3.0 9,6 3.0 7.6
3.5 10.1 3.9 8,15
4,0 10,6 4,0 8,65

4,5 2.0%
2.0 9,35
6.0 9.75
7.0 10,5
Curve{a) Curve(b)
Fig, 12
Curve (a

25 m1, of 1.6x10"M H.A.O.

It

1.9 ml, of 1x10™°M CuSo,

= 11,9 ml, of 1.6x10"M CuSo,
Cuxve (b)
25 ml, of 2.4x10"°M H.A.0. = 3.0 ml. of I1x10~ M Cuso,

= 12,5 ml. of 2,4x10"°M CuSo,



Conductometric titrations between palladium chloride
and o-hydroxy-acetophenoneoxime

Table - 19

Direct titrations (Pd012 in the cell)

Volume of'PdCl2 = 25 ml, 2
Concentration of PdCl, solutions = 4x10™ M (Set I)

= 6x10"*M (Set II)
Concentration of o-hydroxy-acetophenoneoxime = lxlO'2M

Vol;of H.A.0. ST N , Voluof HAo. ., S i
. conductancexl10” * conductancexl0
DRt W) Cp " BEESR AT RIS VLA mhos) __.....

0,0 3,10 0.0 4,5
0.5 2.8 0.5 4,2
0.8 2,6 1.0 3.87
1,0 2,9 1.9 3.5
1,2 2,3% 2,0 3.25
1.5 2.2% 2,9 2,95
2,0 2.0 3.0 2,65
2,2 1.9 3.5 2.9
2.0 1.8 4,0 2.4
3.0 1,65 4.5 2,35
3:9 1,6 5.0 2.30

4,0 1.45
4,5 1.30
Curve(a) Curve(b)
Fig. 13
Curve (a)

2.0 ml, of 1x10™“M H.A.O.

25 ml. of 4x10™M PdCl,
50 ml. of 4x10~4M H.A.O.

i

Curve (b _
25 ml., of 6x10™*M PdCl, = 3,05 ml.of 1x10™“M H.A.O.
5L ml, of 6x10”*M H.A.0.

U]



Table - 20

Reverse titrations (H.A.0. in the cell)

Volume of o-hydroxy-acetophenoneoxime = 25 ml,
Concentration of o-hydroxy-acetophenoneoxime = 4x10'4M(Set 1)
8x10~4M(Set II)

Concentration of PdCl2 = 2.5x10'3M
I II
Vel.of PdCl2 Corrected i Vol,of Pd012 Corrected o
(ml. ) conductancexl0 (al.) conductancexl0”
. (mhos) ¢ (mhos)
0.0 N,0 0.0 0.0
0.8 De4 0.5 0.36
0.8 n.61% 1,0 0.7
1.0 D.75 1.% 1,05
L. 2 N,L,90 : 2.0 1,42
1.5 1. 1% 2.9 1,79
1.8 1.4 3,0 2,05
2.0 1,52 3.5 2.3%
2.3 1.70 4.0 2.63
2.% 1,85 4.5 2.87
3.0 2,2 5.0 3.18%
3.9 2.5 2.5 3.4
4,0 2.8 6,0 3.65
7.0 4,15

Cuxve(a) Curve(b)

Curve fal

25 ml, of 4x10'4m H.A.0.

R

2.0 ml, of 2,5x10"°M PdCl,
12,5 ml.of 4x10™“M PdCl,
Curve Sb[ nd-

25 ml, of 8x10”M H.A.0. = 3,85[of 2.5x107°M PdCl,
12,03 ml. of 8x10™*M PdCl,



Conductometric titrations between nickel sulphate and
o-hydroxy=-acetophenoneoxime :

A stendard solution of o-hydroxy-acetophenone-
oxime was prepared in equimolar solution of ammonia,

Table - 21

Volume of o-hydroxy-acetophenoneoxime = 25 ml,

Concentration of o-hydroxy-acetophenonenxime
=4x10~-3M (Set I)

=6,4x10"2M(Set II)
Concentration of NiSo4 solution =2xlO'2M

Viol,of NiSo4 Corrected Vol.of NiSo4 Corrected

conductancex10™? conductance
: x10-4
ST T R T IS (mhos)___

0,0 1.4 0.0 3.8
0.5 2.2 0.5 4,9
1,0 3.1 1.0 €.0
1,5 3.95 1.5 7.2
1.8 4.36 2,0 8.3
2,0 4,65 2.5 9.4
2.2 4.9 3.0 10,%
- 5.3 3.5 1.4
2.8 Be7 4.0 12,5
3.0 5.95 4,5 13,98
3.9 6,55 5.0 14,4
4,0 Y.l 5.5 1%,0
4,5 7.65 6,0 15.9
5.0 8.2 6.5 16,5
7.0 17,0

Curve(a) Curve(b)

Fig.l5
Curve(a)

25 ml.of 4x10"3M H.A.0. = 2.55 ml.of 2x10™ M NiSo,
= 12,75 ml.of 4x10"°M MiSo,

Curvelb -3 o
55'hi.o% 6.,4x10"°M H,A.0.= 3,85 ml.of 2x10™“M NiSo,
= 12,03 ml.of 6.4x10™ M NiSo,
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Amperometric titrations :-

Amperometric titrations between o-hydroxy -
acetophenoneoxime and copper sulphate, palladium chloride
and nickel sulphate were carried out, employing a Toshniwal
manual polarograph type CLo-2 (India) with Pye scalamp
galvanometer in the external circuit. The polarographic cell
was kept immersed in a water thermostat maintained at
30 + 0,1°C. Fischer capillary with the dropping time 3.4
seconds was used for dropping mercury electrode. Volume
correction was appliec by multiplying the current values
with V + v where V was the volume in the cell and v, the

volume of the titrant added,

Amperometric titrations between o-hydroxy-acetophenoneoxime

and copver sulphate :~

In order to carry out amperometric titrations,
the constant potential to be applied during the course of
titrations was first of all determined, 20,0 ml. of lx10™°M
copper sulphate solution containing 0,2N sodium acetate -
acetic acid buffer (pH 4.63) and 0,01% gelatine solution,
were taken in a polarographic cell, The solution was
dezerated by passing through hydrogen gas (purified after
passing through alkaline pyrcgallol and chromous chloride).
The current was ncted at different potentials., Folarogram
was drawn Fig,(16) and the potential to be applied was

determined as -0,.15 volts,



(B
ks

Amperometric titrations between o-hydroxy-
acetophenoneoxime and copper sulphate were carried out
using sodium acetate-acetic acid buffer solution (pH 4.63)
as supporting electrolyte and 0,01% gelatine solution as maxi.

Mum SUPPressor.
The ohservations are givern in the following
tables :-

Table - 22

Direct titrations

20 ml, of l.5x10'3M copper sulphate titrated against
1%10™ % o-hydroxy-acetophenoneoxime,

Vol. of H.A.O, Current
G - 1 NSRRI, . L AR e ila
0,0 4,1
1.0 3.4
2.0 2.6%
3.0 2.1
4,0 1.5
5.0 0.95
6.0 0.5
7,0 0.25
8.0 0.25
9.0 0.2%
10.0 0.28

Fig. 17, Curve a

5.9 mlL.of 1x10™2M H.A.O.
3

20 ml. of 1,5x107 M CuSo,

39,3 ml, of 1.5x10"°M H,A.O.



Table 23

20 ml. of 2x10~°M copper sulphate against 1x10™2M H.A.O.

Vol.of H.A.O. Current Vol.of H.A.O. Current
oomie) o $2x1077 amp.) ___(ml.) ______ _{2x10-Tamp, )
0,0 5.1 7.0 0.8

1.0 4,4% 8.0 0.4

2,0 3.7 9.0 0.25

3.0 3.2 16,0 0.28

4,0 2.6 11.0 0.25

5.0 1.95 12,0 0.25

6.0 1.4

Fig. 17, Curve b

3 Cuso, = 7.9 ml.of 110~ 24 H.A.O.

=39.5 ml.of 2x10~°M H.A.O.

20 ml.of 2x10°

Table = 24

20 ml, of 2.5x10'3M copper sulphate against lxlO'QM H.A.O.

Vol.of H.A.O. Curren Vol.of H.A.O0 Current
Soomi) o (2xiotfamp.) __(ml.) _______(2x107Tamp,)
0,0 643 9,0 1.0
1.0 5,6 10,0 045
2,0 5.0 11,0 0.35
3.0 | 4,4 12,0 0,25
4,0 3,75 13.0 0,25
5.0 3.1 14,0 0.25
6,0 2.6

v 2.0

8,0 ; 1.5

Fig. 17, Curve ¢
2 al, aof 2.5x10"3M Cu304 = 10,0 ml., of lxlO'QM H.A.O.
40,0 ml. of 2.5x10"°M H.A.O.

1l



Table - 2%

Reverse titrations
20 ml, of 4x10'3M o-hydroxy-acetophenoneoxime agsinst

1x10"%4 Cuse,
Vol, of Cu‘:‘oo4 Current -7
e BN R I T T SR
0.0 0,15
1.0 0.15
2.0 0.1%
3.0 N.1%
3.5 0.2
4,0 0.3
4,5 0.8
5.0 1.2
6.0 2.1
7.0 2.8%

—— e ——— e —

Fig, 18, curve a

20 ml, of 4xlo'3M o-hydroxy—acetophcnonooxime
= 3.8 ml.of 1x10"2M CuSo,

= 9,5 ml.of 4x10"°M cu;-:o4

Table - 26

20 ml, of 3x10'3M o-hydroxy-acetophenoneoxime against
1x10"% Cuso,

Vol, of Cu€o4 Current

(ml,) (2x10’7amp.)

0,0 0,1%
1.0 0.1%
2,0 0.15
2,5 0,15
3.0 0.25
3.5 0.7

4,0 1.1%
3.0 2,0

Fig. 18, curve b

20 ml,of 3x10'3M o=hydroxy-acetophenoneoxime =2,9 ml,of 1x10'2h
CuSo
4

£9.7 ml.of 3x10™M
CuSo,
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Table - 27

20 ml, of 2x10‘3M o-hydroxy-acetophenoneoxime against
1x10"% CuSo,,

Vol.of CuSo, Current . Vol,of CuSo, Current.,
edmded ... (2007 ampe) . __(ml.) ' __ (2x10” ‘amp.)
0.0 0.15 3.0 1.2

1.0 0.15 o3 1.7

2.0 0,25 4,0 2.1

2,5 0,7 5.0 3.1

Fig.18, curve ¢

3

20 ml. of 2x10™ M o-hydroxy-acetophenoneoxime

= 2.0 ml, of 1x10™2M CuSo,
=10.0 ml, of 2x10~°M CuSo,,

Amperometric titrations between o-hydroxy-acetophenoneoxime

and palladium chloride :

In order to find out the potential to be
applied during the course of titrations, 20 ml, of 5x10'4M

palladium chloride solution in 0,2N sodium acetate-acetic
acid buffer solution (pH 4,0) and 0,01% gelatine solution
were taken in 2 polarographic cell, The solution was deaerated
with the purified nitrogen gas and current was noted at
different potentials., From the current-voltage curve Fig,.(19),
the optimum potential tobe 3pplied for carrying out the
ampercmetric titrations was determined to be -0,4 volts vs

$.C.R,

Amperometric titrations between o-hydroxy-
acetophenoneoxime and palladium chloride were carried out in

the presence of 0,2N sodium acetate-acetic acid buffer
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solution (pH 4,0) as supporting electrolyte and 0,01%
gelatine solution as maximum suppressor.
The observations are given in the following tables:
Table - 28

Direct titrations

4

20 ml. of 5x10™“M PdCl, against 2x10™°M H.A.O.

Vol. of H.A.O, Current

(ml,) (2x.lO"'7 amp, )
0,0 4,35
0.4 2,95
0.6 2,45
0.8 2.1
1.0 1.9
1.2 1.7
1.4 1.5
1.6 l.4
2.0 1,3
2.4 1.3

Fig, 20, curve a

4

20 ml. of 5x10'M PdCl, = 0,96 ml, of 2x10”2M H.A.O.

m

38.4 ml. of 5x10”%M H.A.O.

L]



Table

- 29

20 ml. of 1x10™°M PACl, against 2x10°2M H.A.O.

Vol.of H.A.O Curren§7 Vol.of H.A.O CurrenE.7
—odml, _-__-_--_--£g§!9_-ETE:l ....... ml, --------!g§}9--§@E:)-.
0,0 7.4 2.0 1.8
N2 6,7 2.2 Is®
0.4 6.2 2.4 l.4
0,8 5.0 2.6 1.3
1.0 4,3 2.8 1.8
1.2 3.8
l.4 3.8
1.6 - 2.6
1.8 - 1 |
Fig. 20, curve b
20 ml, of 1x10"3M PdCl, = 2.02 ml.of 2x10™ %M H.A.O.
= 40.4 ml.of 1x10™°M H.A.O.
Table - 30
Reverse titrations
20 ml. of 1x10"2M H.A.0. against 5x10™°M PdCl,
Vol.of PdCl, Current., Vol,of PdCl, Current,
5 W I RO - T el N LY R {2x10_ "amp, )
0.0 068 3,0 1.6
1.0 0.8 4.0 2.6
2,0 0.8 5.0 2.9
2.4 1.2 6,0 4,4
2,8 1.5

20 ml. of 1x10™°M H.A.O

Fig,21, curve a
= 2.2 ml.of 5x10™°M PdCl
=11.0 ml.of 1x10~3M PdCl

2
2
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Table - 31
20 ml, of 2x10'3M H.A.0, against 5x10'3M PdCl2
Vol. of Cugrent7 Vol. of Current7
dCl 2x10 1 2 am
it 2<P> o A i bl ool AR
0.0 0,8 4,5 1.2
1.0 0.8 5.0 1.8
2.0 0,8 6.0 2,%
3.0 0.8 7.0 3.3

4l0 rilS

™

Fig.2l, Curve b

3 -3

20 ml, of 2x107°M H.A.0. = 4,0 ml, of 5x10
= 10,0 ml. of 2x10™3M PdCl,

PdClz

Anperomettic titratlons between o-hydroxy-acetophenoneoxime

and nickel sulphate :

The potential to be applied during the course
of amperometric titrations of o-hydroxy-acetophenoneoxime
and nickel sulphate was determined by taking a polarogram

of 20 ml, of lxlo'aM NiSo4 solution in ammonia-ammonium

chloride buffer solution (pH 9.0) and 0.01% gelatine solution.

From the polarographic wave (Fig.22) for the
reduction of nickel, the potential at which nickel yields
the maximum diffusion current is found to be -1,2 volts

vs S.C,E, g ﬂ\
\
|

Amperometric titrations between o-hydroxy-

acetophenoneoxime and nlckel sulphate were carried out,



using ammonia-ammonium chloride buffer solution (pH 9.0)
as supnorting electrolvte and 0,01% gelatine solution as

maximum suppressor.,

The observations are tabulated below:

Table - 32

Direct titrations

20 ml, of l.5x10'3M N1504 solution agalinst lxlO'zM H.A.O.

Vol. of H.A.O. Current.
(ml,) (2x10" " amp.)
0.0 3.6
1.0 3.1
2,0 2.5
2.0 2.0
4,0 1.5
5.0 1.0
6.0 C.55
7.0 N4
8.0 0.4
9.0 0.4

Fig, 23, Curve a

H

20 ml., of l.5x10'3M Nit’-io4 = 5.9 ml., of lxlO‘%ﬁii.A.O.
39.3 ml.of 1.5x10"°M H.A.O.

1]



Table - 33

20 ml, of 2x10'3M NiSo4 solution against 1xlO'2M H.A,O0.

Vol.of H.A.O. Current. Vol,of H.A,0, Current,
(ml,) (2x10" "amp, ) (ml.) (2x10” "amp, )
0.0 4.6 7.0 1.3
1,0 4,1 8.0 0.9
2,0 3.5 9.0 0.7
3,0 3.0 10.0 0.6
4.0 2.6 11,0 0.6
5.0 2,1 12,0 0.6

6.0 1.6

Fig. 23, Curve b

8,1 ml. of lxlO'2M H.A.O.
40.5 ml. of 2x10™°M H.A.O.

W

20 ml. of 2x10™3M NiSo,

il

Table - 34

Reverse Titrations

20 ml.of 2x10'3M o-hydroxy-acetophenoneoxime against
1x10” %M NiSo,

Vol. of NiSo4 Current

L ) e i st
0.0 0,25
1.0 0,25
1,8 0,35
2,0 0.45
2.% 0,7
3.0 1.15
3,5 1.4%
4,0 1.8
5.0 2,95
5.5 2.9

Fig, 24, Curve 3
20 ml. of 2x10~3M H.A.0. = 1.95 ml.of 1x10™M NiSo,

= 9.75 ml.of 2x10"°M NiSo,
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Table =35

20 ml, of 4x10™3M H,A.0. solution against 1x10™2M NiSo,

Vol, of NiSo4 Current
(ml,) (2x10="amp., )
0,0 0425
1,0 0e25
2,0 0,25
3,0 0425
3.5 0.25
4,0 0.4
4,5 046
5.0 1.0
55 1,45
6,0 1.8

Fig. 24, curve b

20 ml. of 4x10”3M H.A.0. = 4,1 ml, of 1x10™M NiSo,
=10,25 ml, of 4xlO'3M NiSo4

Infra-red spectroscopy :

The I.R.,spectra of o-hydroxy-acetophenoneoxime
and its complexes with molybdenum, copper, nickel and palla-
dium, were recorded in solid state by KBr disc technique,
using Perkin-Elmer 337, grating infrared spectrophotometer,



DISCUSSION

Ortho-hydroxy-acetophenoneoxime forms complexes
with molybdenum(VI) (soluble, vellow coloured), copper(II)
(insoluble, dirty white), palladium(II) (insoluble, yellowish)
and nickel (insoluble, green), The composition of these
complexes has been investigated by chemical analysis of the

isolated products as well as by physical methods,

Compositién of molybdenum(VI) complex :

Molybdenum(VI) instantaneously forms a soluble,

bright-yellow complex in acidic medium,

The results of chemical analysis of the isolated

yellow complex of molybdenum correspond to its formula as
(CgHgO,N) Mo0ye

Spectrophotometric studies 3

The spectrophotometric methods employed to study
the nature, composition and stability of the complex,

furnish the following information :-

(1) Vosburgh and Cooper's method employed to
determine the number of complexes formed in solution, shows
the existence of only one complex since eouimolar solutions
containing different proportions of ammonium molybdate and
o-hydroxy=-acetophenoneoxime, exhibit only one absorption

maxima at 345 mu (Fig.l).



(11) The influence of pH on the complex was studied
by measuring the absorbance of several solutions containing
ammonium molybdate and o-hydroxy-acetophenoneoxime, of
equimolar concentrations in the ratio of 1:2 respectively
and adjusted to different pH values (2,5-5,5). The absorbance
curves of these solutions show Amax at 345 mu, (Fig.2a)
thus, indicating that the complex is stable in the pH range
2,5=5,5, The complex shows the maximum absorption in the

pH range 3,5-4,5 (Fig.2b).

(i1i) Job's method of continued variation was followed
to find out the composition of the complex, Curves (Figs.3-5)
were obtained by plotting D, the difference between the
observed optical density of the mixture solution and that
of the metal and the ligand, against the mole fraction of
the metal at the wave lengths 345, 350 and 360 mu at three
concentrations. In all these cases the maximum of D occurs
at the ratio of 1:2 for molybdenum and o-hydroxy-acetophenone-

oxime respectively.

(1v) The results of Job's method were further
supported by slope ratio method. The ratio of the slopes of
the straight line portions of the two curves (Figs.6,7),
obtained by plotting the optical density against the concen-
tration of the variable component, comes out to be equal to
2, again providing evidence for the metal: ligand ratio
as 1:2.

(v) The formation constant of the complex was

determined by the method recommended by Anderson and
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co-workers. Taking the values of al,bl,az,b2 from the
fig, 8 (table 10), the value of K was found to be 9.3x108.
The free energy of formation A F was worked out to be

«12,39 Kcals,.at 30°%¢.

Conductometric studies :

Both direct (ammonium molybdate in the cell)
and reverse (o-hydroxy-acetophenoneoxime in the cell)
titrations were verformed at different concentrations. Sharp
inflexion points (Figs.9,10) were obtained at the stoichio-
metric ratio corresponding to 1:2 complex of molybdenum with
the ligand respectively, Results of the conductometric

titrations are summarized below 3

S.No, Fig,& Vol.of Amm.molybdate Vol,of H.A.O. Mole ratio
curve No. (ml.) (ml.) Mo/H.A.O.

1 9,2 30.0(1.333x10"3M)  58.5(1.333x10"°M) 111,95

2 9,b 30,0(2x10"3M) 59.0(2x10" M) 1:1.97

3 9,¢ 30,0(2.666x10"M)  61,5(2.666x10"°M) 112,05

4 10,8 14,63(5.333x10° M) 30,0(5.333x107°M)  1:2.05

5 10,b 15.0(4x10™ M) 30,0(4%10"M) 1:2

6 10,¢ 15.0(2.666x10"3M)  30,0(2,666x10"°M)  1:2

Structure of the MolI) complex :

In o-hydroxy-acetophenoneoxime there are two

possibilities of coordination :

(a) That the hydrogen atom of the acidic phenolic
(-oH) group is replaced by the metal which in turn is



coordinated to the nitrogen atom of the oxime group to

form the inner-complex salt,

(b) The hydrogen atom of the oxime (=C=NOH)
group is replaced by metal and coordination takes place

through phenolic oxygen.

Hence the two possible structures for the metal

complexes of o-hydroxy-acetophenoneoxime may be written as;

Structure(I) is assigned to the metal complexes
in view of the investigations carried out by Feigl and

Bond130 on the reactions of isomeric methyl ethers of

salicylaldoxime,
74 I CH==N-0CH3 CH=N-oH
N\ 2 ©C Hs
(111) (IV)

They observed that the compound (IIT) containing the free
hydroxyl group reacted with copper to form dark brown salt
while the isomeric phenolic ether(IV) did not react,

The structure(I) for the molybdenum complex of
o-hydroxy-acetophenoneoxime was further confirmed by the

study of its infrared spectrum.

"‘\.}.



The ligand (Fig,2%) shows 2 strong absorption

band at 3350 cm’l

which is due to the stretching vibrations
of phenolic (-oH) group. The complete absence of this band
in the spectrum (Fig.26) of the complex suggests that the
phenolic hydrogen is replaced by the metal, The stretching
frequency due to =C-o of the phenolic group is also shifted

1

from 1265 to 1250 em™ -~ in the complex.

Another feature worth noting in the spectrum of
the complex is the marked shifting in the stretching
frequency of C=N- of oxime group from 1620 em™L (in the

1

ligand) to 1550 em™~, thus proving that coordination of metal

takes place through nitrogen of the oxime group.

Although in weakly acid solutions paramolybdate
ions are present, yet a number of compounds react under these
conditions with molybdenum(VI) in the form of the catiogl
M002+. Thus, 8-hydroxy quinoline at pH 2,24 precipitates
M002(09H6ON)2. This seems to indicate that at pH 2,24 small

2+ cations are present, besides the paramolyb-

amounts of Moo
date anlons Mo7 24 (which are not precipitated by 8-hydroxy-
quinoline). As Mooz(C9H6ON)2 precipitates out, more paramolyb-

date ions are converted into M00%+.

On the basis of the above evidence available,
the following structure is assigned to the molybdenum

complex,

How c
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Comesition of the insoluble complexes of Cu{II),Pd(II)
and Ni(II) :

Copper forms a dirty white precipitate in the
pH range 2,1-8,0; palladium, a yellowish precipitate in the
pH range 1,0-4.5; and nickel, a green precipitate in the

pH range 5,0-9.0, with o-hydroxy-acetophenoneoxime,

The results of chemical analysis of these
isolated complexes give their composition corresponding to

the formula (CBH802N)2M (where M=Cu,Pd,Ni).

The composition of these complexes was further

studied by applying conductometric and amperometric methods.

The conductometric titrations of the ligand
against nickel sulphate as titrant give sharp breaks at the
stoichiometric ratio corresponding to 1:2 complex of nickel
with the ligand, The reverse titrations (NiSo4 in the cell)
could not be carried out as the conductance variations on

the addition of the titrant were too small to be pbserved,

Conductometric titrations of copper and
palladium, also correspond to the combining ratio of 1:2

for the metal and the ligand respectively,

The results are summarized in the following

tables 3



Conductometric titrations between copper sulphate and H,A.O

S.No. Fig,& Vol.of copper sulphate Vol.,of H.A.0. Mole ratio

curve (ml,) _ {ml.) Cu/H.A.O
1 11,a 25.0(8x10™M) 51,25(8x10"4M)  1:2.05
2 11,b 25.0(1x10™ M) 49.0(1x1073M)  1:1.96
3 11,¢ 25.0{1,2x10" M) 50,0(1.2x10"3M) 1:2
4 12,8 11.9(1.6x10" M) 28,0(1.6x10"°M) 1:2.10
5 12,b 12.5(2.4%10" M) 25,0(2.4x10" M) 1:2
Conductrometric titrations between palladium chloride
and H,.A,O.
S.No. Fig.& Vol. of PdCl2 Vol.of H.A.0. Mole ratio
curve (ml,) (ml.) Pd/H.A.O
1 13,a 25.0(4x10~M) 50.0(4x10"%M)  1:2
2 13,b 25.0(6x10™ M) 51.0(6x107%M)  1:2.04
3 14,2 12.5(4%10™ M) 25.0(4x10~ M) 112
4 14,0 12.03{ex10"*M) 25,0(ex10"*M)  1:2.08
Conductometric titrations between nickel sulphate and H.A.O
s.No, Fig.& Vol,of NlSo, Vol.of H.A.0 Mole ratio
curve (ml,) (ml.) Ni/H.A.O
1 15,a 12,75 (4x10™M) 25.0(4x107°M)  1:1.96
2 15,b 12,03 (6.4x10™ M) 25.0(6,4x10"2M) 1:2.08

Both direct (metal in the cell) and reverse
(H.A.O in the cell) amperometric titrations further
reveal a combining ratio of 1:2 for the metal and the

ligand respectively.
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The results of the amperometric titrations are

summarized below :

Pmperometric titrations between copper sulphate and H.A.O

Fig.&
curve

o O bW

17,2
17,b
17,c
18,a
18,b
18,¢c

Vol. of CuSo

(ml.) e

20.0(1.5%10™M)
20.0(2x10™3M)
20.0(2.5%10" M)
9.5(4x10™M)
9.7(3x10"3M)
10.0(2x10™3m)

Vol,of H.A.O. Mole ratic
(ml.) Cu/H.A.C
39.3(1.5x10"°M)  1:1.965
39.5(2x10" M) 1:1.975
40,0(2.5x107M)  1:2
20.0(4x10"2M) 1:2,1
20.0(3x10" M) 1:2,06
20,0(2x10™3M) 1:2

Amperometric titrations between palladium chloride

and H.

Fig.&
curve

20,a
20,b
21,a
21,b

A.o.

Vol.of PdCl2
(ml.)

20,0(5x10™*M)
20,0{1x10™3M)
11,0(1x10™ M)
10.0(2x10™M)

VolcOf HQA.O
(mlc)

Mole ratio
Pd/H.A.O

38,4 (5x10™ M)
40.4{1x10" M)
20,0(1x10" M)
20,0(2x10™M)

1:11.92
1:2,02
1:1.82
1:2

Amperometric titrations between nickel sulphate and H.A,O

Fig.&
curve

E W N

23,a
23,b
24,a
24,b

Vol,of NiSo4
(ml.)

20,0(1.5x10"M)
20.0(2x10™3M)
9.75(2x10™ M)
10.25(4x107M)

Vol.of H.A.O.
(mls)

Mole ratio
Ni/H.A.O

39,3(1.5x10™M)
40,5(2x10™ M)
20.0(2x10™3M)
20,0(4x10™3M)

1:1.965
132,025
1:2,05
1:1.95
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Structure of the complexes of Cu(II), Pd(II) and Ni(II):

The I,R.spectra of the complexes of copper
(Fig.27), palladium (Fig.28) and nickel (Fig.29) show no
band corresponding to phenolic (-oH) group (3350 em™! in
the ligand), thus pointing to replacement of the phenolic

hydrogen by the metal ion. The frequency of C=N- is

1 1

exhibited at 1560 cm™~ in copper complex, at 1540 cm”

in palladium complex and at 1550 em™1 in nickel complex,

-1 may be

In the ligand (Fig,25) the band at 1620 cm
attributed to C=N- group., The shift in the C=N- frequencies
in the complexes from 1620 cm'l leads to the inference
that the coordination of the metal takes place through
nitrogen of C=N-.

On the basis of the information furnished
by both chemical and physical studies, the following

structure may be assigned to these metal complexes ¢

CH;
74 0\\ L),DN-_—&
N\ C=“ﬁﬁra T—0

M = Cu(II), Pa(II), Ni(II)
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CHAPTER 11
RN

" Metal complexes of 2-hydroxy-5-methyl acetophenoneoxime

%%



INTRODUCTION

During the course of study of the metal complexes
of o-hydroxy-acetophenoneoxime, it was considered worthwhile
to investigate the reactions of its methyl derivative which
has not yet been studied in detail, From the existing
literature it appears that complexes of cogper, nickel and
ccbalt have only been studied from analytical point of view,
Singh and Sharmal have suggested the utility of 2-hydroxy-
%-methyl acetophenoneoxime as a gravimetric reagent for
cepper and nickel and their separation when present in the
same solution but they did not study the physico-chemical

aspect of the problem,

The investigations described in this Chapter deal
with the physico-chemical studies on the composition and
structure of the complexes formed by the interaction between
2-hydroxy-5-methyl acetophenoneoxime and copper, nickel,
palladium and molybdenum, The physical methods applied are
spectrophotometry, conductometry and amperometry, The
resulte achieved by the physical methods have been supplemen-
ted by the chemical analysis and infrared spectroscopy of

the isolated complexes.

c-'l"P
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EXPERIMENTAL

Preparation of 2-hydroxy=-5emethyl-acetophenone :

It was obtained by the Fries migration2 of

p-cresyl acetate in presence of anhydrous aluminium chleride,

OCDCH_;

(

N

_ Anky ALl
165°

w

p-cresyfaacetate 2—hyd¥3xy-5—methyl
acetophenone

200 gm, of anhydrous aluminium chloride and 200 ml, of
carbon disulphide were placed in a three-necked flask, To
this suspension was added slowly p-cresyl acetate (190 mg,)
with constant stirring., When all the p-cresyl acetat~ tad
been added, the solution was refluxed over water-bath for
2 hours till the evolution of hydrogen chloride ceased,

The solvent was distilled off the reaction mixture which
was then placed in an oll-bath at 160-1652, for three hours,
The contents were then cooled, treated with hydrochloric
acid and allowed to stand over-night, The solid product
was filtered, dissolved in sodium hydroxide and shaken with
ether in a separating funnel, The aquous layer was acidi-
fied with hydrochloric acid when 2-hydroxy-5=methyl
acetophenone separated out as yellowish solid. It was
recrystallized from alcohol when fine needle like yellowish

crystals (m.,p.50°) were obtained.
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Preparation of 2-hydroxy-5emethyl acetophenoneoxime :

It was prepared by refluxing 1 gm, of
2-hydroxy=-5=-methyl acetophenone with 1 gm, hydroxylamine-
hydrochloride and 2 gm, of sodium acetate for 1 hour, On
cooling the solution, white crystals of the oxime separated

out, It was recrystallized from alcohol,

The solution of the oxime was prepared in

%0% alcohol,

Standard stock solutions of ammonium molybdate,
copper sulphate, palladium chloride, nickel sulphate and
buffers were prepared and standardized in the manner as

described earlier in Chapter I,

MOLYBD ENUM (VI )« 2-HYDROXY-5-METHYL ACETOPHENONEOXIME COMFLEX

Isolation and chemical analysis of the complex :

To a solution of ammonium molybdate was added
aquous-alcoholic soluticn of the oxime (a little more
than 2 moles), The pH of the solution was adjusted to
3,5-4,0, The solution was concentrated under vacuum when
yellow coloured molybdenum complex crystallized out, The
yellow crystals were fjltered, washed with alcohol and

dried in vacuum dessicator,
A known weight of the complex was digested
with aqua-regia and the molybdenum content was estimated

as molybdenum oxinate,
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The nitrogen content of the complex was

estimated by Kjeldahl's method,

Calceculated for (C9H1002N)£M002
Mo - 21,04, N - 6,14
Found Mo - 21,7 , N < 6,0

Spgptrophotometric studies on the nature, composition and
stability of the complex :

Vosburgh and Cooper's method {(loc,cit,) was
employed to find out the number of complexes formed in
solution by the interaction between ammonium molybdate and
2-hydroxy-5-methyl acetophenoneoxime (desiagnated as H.M,A,0)
and to choose the wave length suitable for carrying out
further studies, Several equimolar solutions were prepared
by mixing ammonium molybdate and H.M.A.0 in various propor-
tions, viz,, 1l:1, 1:2, 1:3, 2:1 and 3:1, keeping the total
concentration of the reactants at lxlo'3M. The absorbance
of these solutions was measured at different wave lengths

(325-450 mp), employing Bausch and Lomb 'Spectronic 20°',

The effect of pH on the stability of the complex
was studied by measuring the absorbance at difference wave
lengths, of equimolar solutions containing ammonium
molybdate and HM.A.0, in 1:2 ratio and adjusted to various

pH values (2,0-6,0),



Table - 1

Vosburgh Cooper's method applied to Mo-H.M.,A.0., complex

Concentration of ammonium molybdate = 1x10™3u
3

Concentration of H.M,A.O = 1x10° M
Wave length Optical density
(my) Ratio of Amm,molybdate to H.M.A.O
[N | Py | eS| BT EES R ) 1
32% 0,36 0,46 N0.29 D.32 0.22
330 0.42 0,54 0.70 0.36 0.27
335 0.45 0,60 0.79 0.40 0,31
340 0.48 0.63 0.84 0.41 0.34
345 0,50 N0.66 0,88 0.44 0.36
350 0,45 0.59 0,83 0.39 0,28
355 0.40 0,52 0,76 0.3% 0.25
360 0.3 0,46 0.70 0,32 0.21
365 0.31 N.41 0,64 0.27 0,18
370 0.27 0,37 0,36 N.23 0.16
375 0,23 0.33 0,50 020 0,13
380 0,195 0.29 0.44 0,17 0.115
385 0.18 0,26 0,40 0,15 0,095
390 0.17 0.23 0.36 0.13 0,082
400 0,15 0,18 0.29 0.12 0.065
410 0,13 0,15 0,23 0,11 0s05
425 0.10 0,105 0.165 0.09 0.03
450 0,05 0.07 0,12 0,05 0.01
Curves (1) (2) (3) (4) (5)
Fig, }

All the solutions have maximum =bsorbance 2t 345 mp
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Table - 2

Effect of pH on the stability of molybdenum complex

Concentration of Ammonium molybdate = 4x10'4M

Concentration of H.M.A.O = 8x10™M
Wave length Optical density of solutions at pH
(mp) 2.0 3.0 3.5 4,0 4.5 5.0 6,0
325 0,47 0.48 0,50 0,50 0,47 0,30 0,02
330 0.52 0.55 0,57 0,61 0,575 0.34 0,02
335 0,57 0,60 0,63 0,62 0,59 0,38 0,03
340 0,59 0,63 0,66 0,66 0,63 0,41 0,04
345 0,60 0.64 0,68 0,68 0,65 0,44 0,05
350 0,57 0,60 0,64 0,64 0,60 0,40 0,03
355 0,51 0.54 0,60 0,61 0,57 0,38 0,02
360 0.45 0,48 0,56 0.56 0,52 0,34 0,02
365 0,40 0,43 0,50 0,50 0,46 0,30 0,01
370 0,35 0,38 0.45 0,45 0,41 0,27 0.0
380 0.285 0,31 0.40 0.41 0.37 0,23
390 0.21 0.24 0,32 0,33 0,29 0,18
400 0.165 0,19 0,25 0.26 0,23 0,15
425 0.09 0.10 ©0.11 .11 0.1l 0,07
450 0.05 0,06 0,08 0,08 0,08 0,04
Curves (1) (2) (3) (4) (3) (6) (7)
Fig, 2

Amax of the complex lies at 345 mu in the pH
range 2,0-6,0-
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Job's method of continued variation Was followed
for determining the composition of the complex. Equimolar
solutions of ammonium molybdate and HM.A.Q. of concentra-

3M, 2.5x10"3M, and 2x10"3M, were mixed in

tions, 3,333x10"
the same manner as described in Chapter I, the pH of each
solution being kept at 3,5-4.0 and the final volume at 25 ml,
The absorbance of the solutions was measured at 345,350 and
360 mu, The difference between the optical density of the
mixture and that of Ammonium molybkdate and H.M.A.O. was

plotted against the ratio (Mooz')/(MoOQ')+(H.M.A.O).

The absorbance values recorded at 345 and 360 mu
are given in the following tables while those at 350 mu are
depicted in Fig.4 :

Table - 3

Jobt's method of continued variation applied to Mo-H.M.A.O

complex
Wave length 245 mu Finali concentration of the -3
reactants = 1,333x10 "M
Vol.of Amm, Vol.of HM.A.O ___Optical density b g
molybdate (ml,) Mixture HM,A,0, Amm.molyb- Diffe-
B R s s ama it B S A S i b el  { i ATRRES rence__
1.0 9.0 0.89 0.09 0.01 0.79
2.0 8,0 1.04 0.08 0.02 0.94
3.0 7.0 1.07 0.07 0.02 0.98
4,0 6.0 1.02 0.07 0,03 0.92
5.0 5.0 0.915 0,065 0.035 0.81%
6.0 4.0 0.745 0,06 0.04 0.645
7.0 3.0 0,87 0,045 0.05 0,475
8.0 2,0 0.405 0.04 0.06 0,305
9.0 1,0 0.24 0.02 0.06 0,16

Fig,3, Curve 1
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Table - 4

Wave length 345 mu

Final concentration of the reactants = lxlO'aM

Vol.of Amm, Vol.of HM,A.QO Optical density
molybdate (ml,) Mixture HM,A.0 Amm.molyb- Diffe-
TG SRR S S R T LT, S st date ____.. rence__
1.0 9,0 0,62 0,06 0.0 0.56
2,0 8,0 0,73 0,06 0.01 0,66
3.0 7.0 0,80 0,05 0,01 0,74
4,0 6,0 0.75 0,05 0.015% 0,685
5.0 5.0 0,635 0,045 0,02 0,57
6.0 4,0 0,52 0,04 0.03 0,45
7.0 3.0 0,42 0,035 0,04 0.345
8.0 2,0 0,31 0,03 0.05 0.23
9,0 1.0 0.17 0.015 0,05 0,105
Fig.3, curve 2
Table - 5
Wave length 345 mu
Finz2l concentration of the reactants = 8x10'4M
Vol.of Amm, Vol.of HM.A.O _____ Optical depsitv of J
molybdate (ml,) Mixture H.M.A.0 Amm.,molyb- Diffe-
L] e R st i AR e date, .. rence__
l.o 9.0 L .41 0.05 0.0 0.36
2,0 _8.0 0.54 nN.,05 0,01 0,48
3.0 7.0 0,56 0,04 0,01 0,51
4,0 6,0 0,52 0.03% N.02 0.465
5.0 5.0 0,45 0.03 0,02 0,40
6.0 4,0 0.37 0.025 0,03 0.315
7.0 3.0 0,285 0.02 0,03 0,235
8.0 2.0 0.20 0.02 0.04 0,14
9,0 1.0 0.11 0.01 0.04 0.06

Fig.3, Curve 3



Table - 6

Wave length 360 mp

Final concentration of the reactants = l.333x10'3M

Vol.of Amm, Vol. of H.M,A.O. Optical density of
molybdate

wl,) tad. ) Mixture H.M.A.O, Difference
1.0 9.0 0.66 0,03 0,63
2,0 2,0 0.75 0.03 0.72
3.0 7.0 0.825 0.025 0.80
4,0 6.0 0.74 0,02 0,72
5,0 5.0 0.64 0.02 0.62
6.0 4,0 0.52 0.01 0.81
7.0 3.0 0.40 0,01 0,39
8.0 2,0 0.27 - 0.27
9.0 1.0 0.14 - 0,14

Fig.5, Curve 1

Table - 7

Wave length 360 mu

Final concentration of the reactants = lxlo“3M

Vol, of Amm, Vol.of HM.A.O Optical density of

5 b R bl IO R .
1.0 2,0 0.44 0,02 0,42
2.0 8.0 0,56 0.02 0,54
3.0 7.0 0,59 0,01 0,58
4.0 6.0 0,54 0.0l 0,53
5.0 5.0 0.46 0.01 0,45
6.0 4,0 0,37 - 0,37
7.0 3.0 0.29 - 0.29
8.0 2,0 0.20 = 0.20
9.0 1.0 0.10 - 0,10

Fig.5, Curve 2
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Table - 8

e length 360 mu

Final concentration of the reactants = 8x10'4M

Vol.of Amm, Vol.,of H.M.A.O Optical density of
“‘°H‘l"f§te _ Mixture H.M.A.0.  Difference
1.0 9.0 0,29 0,02 0.27
2,0 8,0 0,37 0,02 0,35
3.0 7.0 0.41 0,01 0,40
4,0 6,0 0.37 0,01 0,36
5.0 5.0 0,32 - 0,32
6.0 4,0 0.255 - 0,255
7.0 3.0 0,18 - 0,18
8,0 2.0 0,125 - 0,125
9.0 1.0 0.06 - 0,06

Fig,5, Curve 3

Ammonium molybdate solutions have no absorption at 360 mu

Further confimation of its composition was
achieved by performing slope ratio method (loc.cit,). The
mixing of the solutions of the reactants was done in the

same manner as described in Chapter I.

The observations are tabulated below :



Table - 9

Slope~-ratio method applied to Mo-H.M.A,0. complex

Fixed concentration of H.M.A, 0 = 6.666x10’4M (in 25 ml,)
Initial concentration of Amm.,molybdate added=3.333xlo'3M
pH of the solutions = 3,5-4,0

Final volume = 2% ml,
Vol.of AmT.molybdate added 0.D.0f solutions at 345 mp

mi,
0.0 0.03

> 0,19
1.0 033
1.8 0.48
2.0 0,55
.3 0,58

Fig,6, Curve 1

Table - 10

Fixed concentration of Amm.molybdate =6.666x10'4(in 25 ml )
Initial concentration of H.M.A.0, added = 3.333x10'3M
pH of the solutions = 3.5-4,0

Final volume = 25 ml,
Vol.of HM,A.0,added 0.D.0of solutions at 345 mu
TS D0 AT -~ NIt e T 2 T T
0.0 0,03
0.5 0.10
1.0 0.17
1.5 0,23
2.0 0.30
2.5 0.40
3.0 0.45

- po—

Fig.6,Curve 2
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Table - 11}

Fixed concentration of HM.A.O = 5x10”%M (in 25 ml,)
Initial concentration of Amm.,molybdate added

= 2,5x10"M
pH of solutions = 3,5-4,0
Final volume = 25 ml,
Vol,of ?mT.?olybdate added 0.,D. of solutions at 345 mp

mi,
0.0 0.03 i
065 0.14
1.0 Ne25
1.5 0.32
2.0 0,36
2.9 0,38

Fig.6, Curve 3

Table - 12

Fixed concentration of Amm.,molybdate = 5x10'4M (in 25 ml,)
Initial concentration of H.M.A.0.added= 2,5x10™°M

pH of the solutions = 3,5-4,0
Final volume = 25 ml,
Vol.of HM,A.O.added 0.D.of solutions at 345 mp
...... B N R R USSP 1 S s SRS
0.0 n,02
065 ' 0.075
1.0 0,11
1.5 0.16
2,0 0,21
2.5 0,24
3.0 0.31
3.° 0.35




Stability constant of the complex :

The method recommended by Dey and co-workers
(loc.cit,) was employed for determining the stability
constant of the complex, For calculating the value of K,
the absorbance measurements made during Job's method of
continued variation (tables 7,8) at 360 mu, were utilised.
For an arbitrary absorbance value of 0,19 on the graph
(Fig,7) in the descending portions of the curves, the values

of al,bl.az,b2 were found to be:

a, = 8x107°M
by = 2x10™M
2, = 5,6x10" M
b, = 2.4x10™"M

Conductometric studies :

The composition of the Mo(VI) complex was
further confirmed by performing conductometric titrations.
The apparatus and the procedure for performing these

titrations were the same as described in Chapter I,

The observations are summarized below :



Table - 13

Direct titrations (Amm.molybdate in the cell)
Volume of Ammonium molybdate = 30 ml,
Fixed concentration of Amm.molybdate = Set I: 1.333x10" M
Set II:2x10™M
Set ITI:2,666x10™ M
initial concentration of H.M.A.0 added = 2x10~ M

Vol.of copiiored Vol of  ificiea  Vol.of | corrected
i conductance NS conductance N conductance
(ml,) x10-3mhos (ml,) x10=3mhos (ml.) x10-3mhos

ol G L SR T R Y R,

0.5 2,56 0.8 3.8 1,0 4.5

1.0 2,43 1.0 3.7 2,0 4,25

1.5 2,3% 1,8 3,64 3.0 3.95

2,9 2,32 2,0 3.5 2.9 3.90

2.5 2,30 2,5 9,33 4,0 3.77

3.0 2,17 3.0 3.2 £.0 3.64

3,5 2,04 3.9 3.1 ©.9 3.57

4,0 1,96 4,0 3,03 6.0 3.45

4,5 1,92 4,5 2,9 6.5 3.33

5.0 1,90 .0 2,86 7.0 3.10

565 1,85 9,9 2,74 7.5 3.0

6.0 1,80 6.0 2,63 8,0 2,94

6.9 2.56 9,0 2.85
7.0 2,50 10.0 pr 30 -
T ¥ 2.47 11,0 2,65
£.0 2,44 12,0 2.9
9,0 2,32
10,0 2,22

Fig.8,curves (a) (b) (c)

Curve a -3 Y
30 ml.of 1.323x10"°M Amm.molybdate = 4.7 ml.of 2x10 i HM.A.O.

260.0 ml.of 1.333x10"°M H.M,A.0

Curve b ~ -2M

30 ml.of 2x10”°M Amm.molybdate = 6,1 ml.of 2x10 H.M.A.O
=61.0 ml.of 2x10™°M H.M.A.O

Curve ¢

35 i of 2.666x10"°M Amm.molybdate= 7.5 ml,of 2x10" M HéM.A.O.
=56.3 ml.of 2.666x10"°M H.M.A.O



Table - 14

Reverse titrations (H.M.A.0.in the cell)

Volume of H.M,A,O = 30 ml,
Fixed concentration of HM.A.0. = Set I ax10™3m

Set II 5.33x10" "M
Initial concentration of Amm.molybdate added= 2x10” M

3

Set I Set 11
nolypiste Soxrected  molfdae  Cormected
(ml,) (x10=3 mhos) (ml.) (le‘g mhos )
0,0 c.,013 0,0 0,01
0.5 0,63 0.3 0,55
1,0 1,13 1.0 .0
1.5 1.7 1,8 1.5
2.0 2.2 2.0 1.9
2.5 2,7 2.5 2,25
3,0 3.1 3,0 2.8
3.5 3.33 3.5 3.12
4.0 4.0 4.0 3.33
4,5 4,2 4.3 3.45
5.0 4,5 5.0 4,0
5.5 5.0 5.5 4,25
6.0 5.1 6.0 4.4
6.5 3.4 6e3 4.6
Fig.9, curve (a) (b)
Curve (a)

3,15 ml.of 2x10™ A% Amm.molybdate
15.75 ml.of 4x10"°M Amm.molybdate

30 ml. 4x10™2M H.M.A.O.

i

Curve !b)
30 ml, of 5.33x10"°M H.M.A.0

]

3.75 ml.2x10'2M Amm, molybdate
14,0 ml.of 5,33x10"°M Amm.molybdate

i
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COMPLEXES OF Cy(II), Pd(II) AND N§(II) WLITH
2-HYDROXY= 5 METHYL ACETOPHENONEOXIME

Isolgtion qnd chemical analysis of the complexes :-

Copper-2-hydroxy-5-methyl acetophenoneoxime:

To a solution of copper sulphate was added, with
constant stirring, an alcoholic solution of the oxime( >2 moles
The pH of the solution was adjusted to about 2,5 and the
precipitate was digested over water bath for an hour, The
precipitate was filtered, washed with hot water, followed by
dilute alcohol and dried at 100-110°C,

A weighed quantity of dry complex was decomposed
by boiling it with agua-regia and its copper content was

estimated as cuprous thiocyanate.

The nitrogen content of the complex was also

determined by Kjeldshl's method.
Calculated for (C9H1002N)2Cu

CU - 16.22, N - 7015
Found Cu - 16,52, N- 7.0

Palladium-2-hydroxy—5—methyl-acetophenoneoxime :

Palladium chloride solution was treated with
an alcoholic solution of the oxime ( >2 moles), with constant
stirring, when a yellow precipitate of palladium complex
was obtzined, The precipitate was digested over water bath
for an hour, filtered, washed with water and finally with
dilute alcohol and dried at 100-110%C.

lC3E5‘27
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A known weight of the dry complex was decomposed
with agua-regiz and the palladium content was estimated

as palladium dimethyl-glyoxime,

The nitrogen content of the complex was also

determined by Kjeldahl's process.

Calculated for (CngoozN) Pd

2
Pd - 24,5, N - 6.44

Mickel=2-hydroxy-E-methyl-acetophenoneoxime :

To a solution of nickel sulphate was added, with
constant stirring, an alcoholic solution of the oxime (a
little more than 2 moles), The pH of the solution was
adjusted to sbout 6,0 and the green precipitate of the
nickel complex wazs digested over water bath for an hour.
The precipitate was filtered, washed with hot water and

then with dilute alcohol. It was dried at 100-110°C.

A weighed quantity of the dry sample of the complex
was decomposed with aqua-regia and the nickel content was

determined gravimetrically as nickel dimethyl-glyoxime,

The nitrogen content of the complex was also deter-

mired by Kjeldahl's process.
Calculated for (C9H1002N)2N1

Ni « 15,17, N = 7,24

Found Ni - 14,9, N= 7,40

Since these complexes were insoluble in nature,

therefore conductometric and amperometric methods could ohly



be employed to determine their compositions.

Conductometric titrations :-

The apparatus and the procedure adopted for

these titrations was the same as described earlier,

The observations are given in the following

tables :



Conductometric titrations between copper sulphate and

2-hydroxy-5-methyl-acetophenoneoxime (H.M.A.O0)

Volume of copper sulphate

Table - 15

Direct titrations {Copper
= 25 ml,
Fixed concentration of copper sulphate

sulphate in the cell)

solutions -4
= Set I:s 8x10 M

= Set TI:l.2x10"3M
= Set III:l.6x10™°M

Initial concentration of HM.A.O. added= 1x10-1M

Vol.of
HM.A,

Set 1 Vol,of

Set II

Vol.of Set III

0, Conductance H.M,A.C Conductance HM,A,0 Conductance

_{ml.) ___x107%whos ___(ml.) _ x1074mhos____(ml,) __x10z7mhos _____
0.0 4,0 0.0 5,2 0.0 6.68
0.1 5,3 0.1 6.8 0.1 8.1
0.2 6.7 0.2 8.6 042 10,0
0.3 8.8 0.3 10.4 0.3 11.5
0.4 10,5 0.4 122 0.4 13,2
0.5 1.1 0.5 13.8 0.5 14,9
0.6 11,5 0.6 15.3 0.6 16,5
0.7 12.9 0.7 16,5 0.7 18.2
0.8 12,7 0.8 17.2 0.8 19.1
0.9 13.3 0.9 18.1 0.9 20,6
1.0 13.8 1.0 19,0 1.0 21.5
1.1 19.8 sl 22,1
1.2 23,0
Curve(a) Curve(b) Curve(c)
Fig.lo
S%E%fég% 8x10"4M Cuso, = 0.4 ml.of 1x10" 1M H.M.A.O

Curvelb
35 ml. of 1.2x107M CuSo,

= 50 ml.of 8x10”"M H.M.A.O.

= 0.62 ml.of 1x10™M H.M.A.0
251,70 ml.of 1.2x10"°M H.M,A.0

Curvelc - -1
25 ml.of 1.6x10"°M CuSo, = 0,79 ml,of 1x10""M H,M,A.O
§49.4 mlnof J 06x10-3M HQM .a‘\oo
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Table - 16
Reverse titrations (H.M.A.0, in the cell)
Volume of H.M.A,.0, = 25 ml,
Fixed Concentration of H.M.A.0 = Set I: 2.4x10" M
Set II:l,6x10™ M
Initial Concentration of CuSo, added = 1x10™ 2%

Vol.of CuSo, Set I Vol.of CuSe, Set Il
Corrected Corrected
conductance conduyctance

Jmd) L xl0zfwhos | (ml) ________ xlo=4mhes__

0,0 0.04 0,0 0.05

0.5 1,96 0,5 1.9

1.0 3,74 1,0 3.7

1,5 b.4 1.5 5.2

2,0 6.96 2.0 6,2

2,5 8.5 2.5 6.6

3.0 9.5 3.0 6.8%

3.5 10,5 3.5 762

4,0 11.4 4.9 79

4,5 12.0

5.0 12.6

6,0 13,6

Curve (a) Curve(b)
Fig.1ll
Curve(s)

25 m1, of 2.4x10"M H.M.A.0 = 2.55 ml.of 1x10"2M CuSo,,
=12 ml.of 2.4x10™M Cuso,,

Curve{b 3 -2
S ml, of 1.6x10"°M HM.A.O0 = 1.€ ml.of 1x10™“M CuSo4
= 11,3 ml.of 1l.6x10"2M CuSo,



Conductometric titr=tions between palladium chloride and
2-hydroxy-5-methyl-acetophenoneoxime (H.M.A,O)

Table =17
Direct titrations (PdCl2 in the cell)

Volume of PdCl2 = 2% ml,
Fixed concentration of PdCl, solutions ax10~M (Set I)

6x10™%M (set II)

]

Initial concentration of HM,A,0.added = lxlO'%M
Vol.of HM.A.O, Set 1 Vol.,of HM.A,0 Set I1I
Corrected Corrected
conductance conductance
x10=2 mhos x10=2 mhos
AP v TSP S PRERRSERAT R) RGIER  AR
0,0 3.0 040 4,4
0e5 2.75 05 4,1
1,0 2,40 1,0 3.8
1.5 2,15 1.5 3.5
2,0 1.90 2.0 3.25
2.5 1,75 2,5 2,95
3.0 1.60 3.0 2.70
3.5 1.5 4,0 2.9
4,0 1.3%5 4,5 2,45
4,5 1,22 5.0 2,40
5.5 230
2,20
Curve({a) Curve (b)

Fig,12

Curve (a)

25 ml., of 4x10™M PdCl, = 2.0 ml. of 1x10"M H.M.A.O,

= 50,0 ml, of 4x10™“M H.M.A.O.

i

Curve (b
28 ml, of 6x10~M PACl, = 3.1 ml. of 1x10~ 2 H.M.A.O,
= 51,7 ml.of 6x10"“M H.M,.A.O,

]



Table - 18
Reverse titrations (H.M,A.0. in the cell)
Volume of H.M,A.O. = 25 ml,
Fixed concentration of HM,A.0. = 1x10'3M (Set I);
= 4x10"*M {set II)
Initial concentration of Pd012 added = 2.5xlo'3M

Vol.of PdC12 Set I Vol.of PdCl2 Set II
Corrected Corrected
conductance conductance

{ml.) x10~ < mhos (ml.) x10~2 mhos

0,0 0,002 0,0 0.00

.5 0.355 0.5 0,405

1.0 0.68 1.0 Q7

1.5 1.05 1.5 1.0

2.0 1.37 2,0 1.4

2,5 1.65 2.5 1.8

3.0 1,98 3.0 2.1

3.5 2.25 3,5 2,45

4,0 2:89 4,0 2,75

4,5 2.8 4,5 3.03

Do 2.0%

€.0 3.3

7.0 3.5%

£.,0 3. 75

9.0 3.92

Curve(a) Curve(b)
Fig.1l3
Curve (a

25 ml. of 1xl0~2M H.M.A.0. = 5.0 ml.of 2,5x107°M PdCl,
12,5 ml.of 1x10™3M PdCl,

U]

Curve (b

2% ml. of 4x10~7M H.M.A.O. 2,25 ml. of 2.5x10"°M PdCl,

1

14,0 ml. of 4x10™*M PdCl,



Qo

Conductometric titrations between nickel sulphate and
2-hydroxy,5-methyl acetophenoneoxime (H.M.A,0)

A standard solution of 2-hydroxy«S-methyl

acetophenoneoxime was prepared in equimolar sclution of ammonia
Table - 19
Volume of H.M.A.O. = 25 ml,
Fixed concentration of H.M.A.0 = 6,4x10"M (Set I)
= 4x10~3M  (Set II)
Initial concentration of NiSo, added = 2x10™ M

Volume of Set I Vol.of Set II
N‘iSo4 Corrected NiSo4 Corrected conductance
conductance x10-4 mhos
(ml1,) x10-4 mhos (ml,)
040 2.6 0.0 1.4
065 2.95 0.5 2.3
1.0 3.85 1.0 3.0
1.5 5.0 1.5 4,0
2.0 6.0 2,0 4,7
2.5 6.8 2.5 5,2
3.0 Te2 3.0 6.0
3.9 8,05 3.5 6.6
4,0 8,65 4.0 7.0
4,5 9,3 4,5 7.6
5.0 10,0 5.0 8,1
5.9 10,5 6.0 2.3
6.0 11.0
6.5 11,5
7.0 11.7% 4
Curve(a) Curve(b)
Fig.l1l4
Curve

: a
5% ml.0f 6.4x10"3M H.M.A.0 = 3.9 ml.of 2x10"°M NiSo,
=12,2 ml,of 6,4x107°M NiSo,

Curveibg -3 '2M :
5 ml.of 4x10°°M HM,A.0, =2,45 ml.of 2x10 _ Nibo4
=12,2 ml,of 4x10™°M NiSo,

Nickel sulphate solution could not be successfully titrated
against H.M,A,0. as titrant as the variations in the conduc-
tance on adding the titrant were too small to be observed.
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Amperometric titrations :-

The apparatus and the procedure used for these
titrations was the same as described in Chapter I. Both
direct {metal in the cell) and reverse (H.M.A.O. in the cell)
titrations were performed.

Amperometric titrations between copper sulphate and 2-hydroxy.
S-methyl acetophenoneoxime (H.M.,A.O)

Amperometric titrations between copper sulphate
and M.M.A.0. were carried out, using sodium acetate-acetic
acid buffer solution (pH 4.63).as suoporting electrolyte and
0.01% solution of gelatine as maximum suppressor,at -0.15
volts {the reduction potential of copper as described earlier
in Chapter I).

The observations are given in the following

tables
Table «20
Direct titrations
20 ml.of 2%10™ M CuSo, titrated against 2x10"2M H.M.A.O.

Vol.of H.M,A.O. Curren Vol.of H.M.A,0, Curren
BT = TR, (2x107 Tamp,) _____. S R {2x107_amp.)

0,0 6.3 4,0 1,65

0.5, 5.7 4.5 1.15

1.0 5.1 5.0 0475

1.5 4,5 5.9 0,35

2,0 3.9 6.0 0625

2.9 3.2 6.5 0,25

3.0 2.7 7.0 0.25

3.5 2,0

Fig.15, curve (a)
25 ml. of 2x10"°M CuSo, =5 ml. of 2x10~2M H.M.A.O.
=50 ml. of 2x10™°M H.M.A.O.



Table - 21

25 ml.of 1,6x10”°M CuSo, titrated against 2x10"2M H.M.A.O.

Vol.of H.M,A.O0. Curren Vol.of HM.A.,0, Curren
AR L TR (2x107amp,)________ (mlo) _____..(2x107[ amp.)_

0.0 .15 3.5 1.1

0,5 4.4 4.0 0.6

1,0 3.85 4,5 0,25

1.5 3.2 5.0 0,25

2.0 2.65 3.5 0,25

2.5 2.10 6.0 0.25

3.0 1,59

Fig.l15, curve (b)
25 ml., of 1.6xlo'3M CuSo4 = 3,9 ml,of 2xlO'2M of HM,.A,.OD.
= 48.75 ml.of 1.6x10"M of H.M.A.O,

Table - 22
25 ml, of 1,2x10'3M CuSo, titrated against 2x10'2M H.M.AO.

Vol,of HM,A.O. Current Vol.6f HM.A,Q Curren%
I ) meeieRen (2x10=Tamp.) _______Iml.)________ (2x10="amp, )
0.0 3.9 2.5 1.1
0.5 3.3 3.0 0.6
1.0 2.7 3.5 0.25
1.5 2,15 4,0 0,25
2,0 1.6 540 0,25

Fig.15, curve (¢)

3.0 ml.of 2x10"2M of H.M.A.O,

25 ml.of 1,2x10"°M CuSo,
50 ml. of 1.2x10"°M of H.M.A.O.

i



Table - 23

e
vem,

Reverse titrations

25 ml.of 3.2x10"3M H.M.A.0. titrated against lx10~ M CuSo,,

Vol,of CuSo, Curreni:7

S 99 MR L TSSRRER  ECN
0.0 0425
1,0 0,25
2,0 0.2%
3.0 0.28
3,9 0,40
4,0 0.85
4,5 1.7%
5.0 2.7
De5 3,58
6.0 4.5

Fig.16, curve (a)

2% ml. of 3.2x10"°M H.M.A.O.

Table - 24

=
=

2,6% ml.of lxlo'2M CuSo,
11.4 ml. of 2.2x10"M CuSo,

25 ml. of 2.4x10~3M H.M.A,0, titrated against 1x10™2M CuSo,

Vol.of CuSo,
(mlo)

.Current

(2x10" " amp.)

0.0
1,0
2,0
2,5
3.0
3.5
4.0
4.5
5.0

Fig.16, curve (b)

25 ml.0f 2.4x10"3M H.M.A.D.

=
—

il

5.8 ml.of 1x10™2M CuSo,,
11.7 ml.of 2.4x10"°M CuSo,



Table = 25

25 ml. of 1.6x10"2M H.M.A.0 titrated against 1x10™2M CuSo,

Vol. of CuSo4 Current

(ml, ) (2x10" " amp. )
0.0 0,25

1.9 0,25

1.9 0.25

2.0 0,5

2.5 1,55

2.0 ; 2.9

3.9 3.6

Fig.16, curve (c)

25 ml, of 1.6x10°3M H.M.A,0. = 2,0 ml.of 1x10" M CuSo,
=12,5 ml.of 1.6x10"°M CuSo,

Amperometric titrations between palladium chloride and
2-hydroxy-S5-methyl acetophenoneoxime :

Amperometric titrations between palladium
chloride and 2-hydroxy-%-methyl acetophenoneoxime were
carried out, using sodium acetate-acetic acid buffer solu-
tion (pH 4.0) as supporting electrolyte and 0,01% gelatine
solution a2s maximum suppressor, at a potential of -0.4 volts

vs S.C.E (Chapter I).

The observations are tabulated below :
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Table - 26

Direct titrations (Pd012 in the cell)

25 ml. of 4x10~“M PdCl, titrated against 9x10™ M H.M.A.O.

Vol.of HM.A,O, Cu.rreni;7 Vol.of HM.A.O CUrrent7
R T MDA CTRRERE T A  T N T IR {2x107 "amp.)
0.0 4.5 1.2 107
0,2 3.9 1.4 1.4
0.4 3.2 1.6 1.3
0.6 2.5 2.0 1.2
0.8 2.2 2.4 1.2
1.0 1.9 2.6 1.2
3.0 1.2
Fig.17, curve (a)
2% ml. of 4x10™M PdCl, = 1,0 ml. of 2%10~ M of H.M.A.O,

£50.0 ml. of 4x10™%M of H.M.A.O.

Table - 27

25 ml. of 6.4x10”4M PdCl, titrated against 2x10" 4 H.M.A.O.

Vol,of HM,.A.O, Cur::‘em_:.7 Vol.of H.M.A.O Cm:ren-ig.7
..... ol . (2x107Tamp,) _ _ (wl.) _______(2x107 aup,

0.0 6.8 1.6 2,5

0.2 6.1 1,8 2.%

0,4 B.6 2.0 2.4

0.6 5.0 2,2 2,3

0.8 4,5 2.4 2.2

1.0 3.6 2.6 2,2

1,2 3.2 3.0 2,2

Fig.l7, curve (b)

25 ml. of 6,4x10” M PdCl, = 1.6 ml.of 2x10" 24 of H.M.A.O

=50.0 ml. of 6.4x10"“M of H.M.A.0



Table - 28

Reverse titrations (H.M.A.0. in the cell)

25 ml. of 8x10"“M H.M.A.O titrated against 5x10"°M PdCl,

Vol. of PdCl2 Current_7
(ml,) (2x10" "amp. )

0,0 0.6

1.0 0.6

1.5 0.6

2,0 0.8

2,5 1.1

3.0 1.5

3.5 2.0

4,0 2.5

5.0 3.6

Fig.18, curve (a)
25 ml. of 8x10"%M H.M.A.0 = 2.25 ml. of 5x10"°M PdCl,
= 14,1 ml. of 8x10™°M PdCl,
Iable - 29

2% ml. of 1.6x10"3M H.M.A.,0 titrated against 5x10™°M PdCl,

Vol.of Pd012
(ml)

0,0
1.0
2,0
3.0
4.0
4,5
5.0
5.5
6.0
7,0

Curren37

0.6
046
0.6
0.6
0.8
1.0
1.6
2.0
2,%
3.4

Fig,l8, curve (b)

25 ml. of 1.6x10~°M H.M.A.O.

= 4,1 ml,of 5x10™°M PdCl,
=12.8 ml.of 1.6x10"M PdCl,

L5



Am?erometric titrations between nickel sulphate and 2-hydroxy.
5-methyl-acetophenoneoxime :

Amperometric titrations of nickel sulphate
against 2-hydroxy-5-methyl-acetophenoneoxime and reverse
(H.M,A.O against NiSo4) were performed at a potential of
-1,2 volts ve S.C.E. (Chapter I), using ammonia-ammonium
chloride buffer solution (9.0 pH) as supporting electrolyte
and 0,01% gelatine solution as maximum suppressor, The
observations are recorded in the following tables :

Table - 30
Direct titrations (NiSo4 in the cell)

25 ml., of 1.6x10™°M NiSo, titrated against ox10™ 2 H.M.A.O.

Vol.of HM.A,O Current Vol.of HM.A.0 Current

(ml.) (2xlo'7aMp.) (ml,) (2%x10=7amp.
0.0 53 3.0 1.7
0.5 4,7 3.5 1.3
1.0 4,15 4,0 0.8
1.% 3,6 4,5 07
2,0 2.9 5,0 0.6
2.9 2,3 L 0.6

Fig.1l9, curve (a)

25 ml. of 1,6x10"°M NiSo, = 3,95 ml.of ox10”2M H.M.A.O.

49,4 ml. of 1.6x107M H.M.A.O.

L]



Table - 31

25 ml.of 1,2x10"°M NiSo, titrated against 2x10™2M H.M.A.0

Vol.of HM.A.O CUrren§7 Vol.of HM.A.O Curren§7
(ml,) (2x10™ "amp, ) (ml,) (2x10" "amp, )

0.0 4,25 3.0 0.8%

0,5 3,6 3.9 0,60

1.0 3.0 4,0 0,60

1% 2.35 4,5 0,60

2.0 1.7% 5.0 0,60

2.5 1.2%

Fig.19, curve (b)

25 ml. of 1.2x10"°M NiSo, = 2.9 ml.of ox10~2M H.M.A.O.
=48.3 ml,of 1.2x10"°M H.M.A.O.

Iable - 32
Reverse titrations (H.M.A.0. in the cell)

25 ml. of 3.2x10" M H.M.A.0. titrated against 1x10™°M NiSo,

Vol,nf NiSo, Curren§7 Vol,of NiSo, Curreg
(ml,) (2x10™ "amp. ) (ml,) (2x10™ ‘amp. )
0,0 0,35 5.0 1B
1.0 0,35 5.9 2.1
2,0 0.,3% 6.0 2.3
3.0 0.35
3.9 0,35
4,0 0.6
4,5 1.1

Fig.20, curve (a)

25 ml. of 3.2x10"3M H.M.A.0 = 3.8 ml.of 1x10™2M NiSo,
11,9 ml.of 3.2x10"°M NiSo,

n



Table - 33

25 ml,of 2xlO'3

Volume of NiSo4
(ml,)

0,0
1.0
2.0
2,5
3.0
3.5
4,0
4.5

Fig .20,

25 ml, of 2x10~M H.M.A.O.

M H.M.A,O, titrated against 1x10™ M NiSo,

Current -

(2x10" "amp.)

0s35
0,35
0435
04,60
1.1
1.7
2,2
2.8

curve (b)

=

n

2.4 ml.of 1x10~ M MiSo,
12,0 ml,of 2x10™3M NiSo,

g6



DISCUSSION

2-Hydroxy-5-methyl acetophenoneoxime (designated
as HM.A.0) forms complexes with molybdenum(VI), copper(II),
nickel(II) and palladium(II), The nature, composition and
structure of these complexes have been investigated by both

chemical and physical methods,

Naturas and composition of Mo(VI)-H.M.,A.0.complex :

Molybdenum(VI) reacts inestantaneously with
2-hydroxy-5-methyl acetophenoneoxime to form a bright yellow,

soluble complex in the acidic medium,

Application of Vosburgh and Cooper's method
demonstrated the existence of only one complex in the yellow
solution. The ~max. of the complex was found to lie at
345 mu (Fig.l).

In order to study the effect of pH on the
stability of the complex, a series of equimolar solutions
containing ammonium molybdate and HM.A.0. in 1:2 ratio, were
prepared at different pH values. The absorbance of these
solutions was measured over a range of wave lengths (325-450 mu).
The absorbance curves (Fig.2) show )\max. at 345 mu,showing
thereby the stability of the complex in the pH range of
2.0-5.0.

Job's method of continued variation was applied
to ascertain the composition of the complex. From the
absorption curves (Figs.3-5), it could be found that the
combining ratio of Mo and H.M.A.0, comes out to be 1:2
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respectively.

Further support to the resulis of Job's method
was extended by slope ratio method, The ratio of slopes of
the straight line portions on the curves (Fig.,6) also

revealed the existence of 1:2 complex,

The formation constant of the complex was determined
by the method recommended by Dey and co-workers (loc.cit.).
The value of K was calculated to be 4.87x108 and that of

free energy of formation AF to be =120Keals,

The conductometric titrations between ammonium
molybdate and H.M.A.0, also confirm the formation of 132

complex for molybdenum and H.,M,A,0, respectively.

The results of the titrations are summarized below:

S.No, Fig.& Volume of Amm, Volume of HM.A.O0. Mecle ratio

curve molybdate Mo/H.M.A.O
(ml.) (ml.)
1. 8,2 30.0(1.333x10"°M) 60.0(1,333x107M)  1:2
2, 8,b 30.0(2x10™M) 61,0(2x10"3M) 112,03
3, g,¢ 30.0(2.666x10" M) 56,3(2,666x10"°M)  1:1.9
4, 9,8 15, 75(4x10™3M) 30.0(4x10™M) 111.9
5. 9,b 14,0(5.33x10"M)  30.0(5.33x107°M)  1:2.14

—

The results of chemical analysis of the isolated
yellow complex correspond to its formula (C9H1002N)2M002.



On the baeis of the above evidence, the following

structure may ke written for the compnlex,

Composition and structure of Cu(II)-H.M.A.0. complex :

2- Hydroxy-5-methyl acetophenoneoxime forms insoluble,

dirty white complex with copper ions in the pH range 1.5-8,0.

The conductometric titrations between copper sulphate
and HM,A.0, reveal the formation of 1:2 (CusH.M.A.O.)

complex, The results of the titrations are tabulated below:

S.No, Fig, & Volume of CuSo Volume of HM,A.0., Mole ratio

curve (ml,) “ (ml,) Cu/H.M,A.0
% 10,a  25,0(8x10™“M) 50.0(8x10™*M) 132
2, 10,b  25,0(1.2x1073M)  51,7(1.2x1073M) 1:2.07
3, 10,¢  25.0{1.6x10"3M) 49,4(1,6x10"3M) 1:1.98
4, 11,a  12.0(2.4x107M)  25.0(2.4x10"3M) 1:2.08
5, 11,b 11.3(1.6x10"3M)  25,0(1.6x10"M) 1:2,21

The compocsition ofthe complex was further confirmed
by carrying out both direct (copper sulphate in the cell)
and reverse (HM,A.0.in the cell) amperometric titrations
at a potential of -0,15 volts vs S.C.E,, using dropping

mercury electrode,
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A combining ratio of 1:2 for Cu and HM.A.O.
was realized from the inflexion points on the volume -

current curves,

The results of these titrations are summarized

below:
S.No, Fig.& Volume of CuSo, Volume of H.M.A.O Mole ratio
curve No. {ml.) (ml.) Cu/H.M,A.0
1. 15,3 25,0(2x10"3M)  50.0(2x10™3M) 112
2. 15,b 25,0(1.6x10"3M) 48.75(1.6x10™ M) 1:1.95
3, 15,¢ 25,0(1.2x10"°M) 50.0(1.2x10"3M) 1:2
a, 16,3 11,4(3.2x10°3M) 25,0(3.2x10" M) 1:2,2
5, 16,b 11.7(2.4x10"3M)  25,0(2.4x10" M) 1:2,13
6. 16,¢ 12.5(1.6x10"3M)  25,0{1.6x10"M) 112

The results of the chemical analysis of the
complex were alsc in agreement with those achieved by
physical methods and corresponded to the composition of

the complex as (CQHloozN)zcu'

From the composition of the complex it is
evident that HM.A,O,, C9H1102N, during the reaction with
copper ion, behaves as a monobasic acid in which the
hydrogen atom of either the phenolic or the oxime group

may be replaced by an equivalent of the metal,

The infrared spectrum (Fig,22) of the complex
confirms that it is the phenolic hydrogen which is replaced

by the metal since the spectrum shows no band of phenolic
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(oH) group at 3340 em~!

of the ligand (Fig,21)., That the
other group involved in chelation is the nitrogen of the
C=N-, is shown by the lowering in the stretching frequency
of C=N- from 1590 emt (in the ligand) to 1540 em™L in the
complex, The bands at 2910 and 3030 em™> in both ligand

and the complex are due to =N-OH group.

Hence the structure of the copper complex may

be written as :

i ‘3H3
"ko\\ A (N

Cu
-
)%C "\ C=~oy J
Ve &% //

Composition and structure of Pd-H.M.,A.O, complex :

2-Hydroxy=-5-methyl acetophenoneoxime reacts with
paiiadium to give yellow, insoluble complex in the pH range

1.0-5.0.

The conductometric titrations carried out to
ascertain composition ofthe said complex, reveal that
the complex contains one mole of palladium and two moles

of HM,A.0. The results of the titrations are given below:

S.No, Fig.& Volume cof [ jdCl2 Volume of HM,A.,0 Mole ratio

gurve {(ml.) {ml.)
1, 12,2 25,0(4x107%M)  50.0({4x10™*M) 1:2
2, 12,b  25,0(6x10"%M)  51,7(6x10"M) 112,07
3, 12,8 12.5(1x1073M)  25,0(1x10"°M) 112
&, 13,6 14,0(4x10”*M)  25,0(4x107M) 1:1.8
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The amperometric titrations of palladium chloride
against H.M,A.O, and reverse (H.M.A.0. against PdClz) also
exhibited the same combining ratio of 1:2 (Pd:H.M,A,0.)

from the inflexion points in the volume-current curves.

The results are given in the following table :

S,No, Fig,& Volume of PdCl, Volume of H.M.A.D, Mole ratio

curve (ml,) (ml1,) Pd/H.M,A.O,
1, 17,2 25.0(4x10"%M)  50.0(4x10"%M) 132
2, 17,6 25.0(6.4x10"%M) 50.0(6.4x10"M) 132
3, 18,2 14.1{8x10"*M)  25.0(ex10"M) 1:1.77
a, 18, 12.8(1.6x10"3M) 25,0(1.6x10"°M) 1:1.95

The chemical analysis of the complex also gave

the composition of the complex as (CngoogN]QPd.

The I.R.spectrum (Fig,2l) of the ligand shows
the nbsorption bands of phenclic (-oH) at 3340 cm'l,=NOH

1 1

at 2915, 3030 em™~, C=N- a3t 1590 em”~~ and =C-2 (of phenolic)

at 1260 cm';. The spectrum (Fig,23) of the complex shows

1 c=N- at 153% em™) and =C-0 at

=N-OH at 2915, 3020 em”
1232 em™t, on comparing these spectra, it is found that the
complex shows no band corresponding to phenclic group and
that marked shifting takes place in the frequency of C=N-
from 1590 to 1535 em™! in the cemplex, The bands due to
=N-OH appear more or less at the same positions in both

the spectra, The frequency due to =C-0 is 2lso shifted

from 1260 to 1232 em™!., Thus the absence of phenolic group

and the shifting in the C=N- frequency in the complex lead
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to the conclusion that phenolic hydrogen and nitrogen of
oxime group are involved in chelation of palladium with

H.M.A,O, Hence the structure of the chelate may be written

as @
fk\~—o
[

o

HoN—Cj‘
— o N§/” “““ﬂ
C%

Composition and structure of Ni-H.M.A,0, complex :

2-Hydroxy-5-methyl acetophenoneoxime gives a

light green, insoluble complex in the pH range 4,5-9,0.

The conductometric and amperometric titrations
carried out between nickel sulphate and H.M.A,0, showed the
formation of 1:2 complex between nickel and H.M.A.0, res-

pectively.

The results of the titrations are summarized

below:

Results of conductometric titrations

S.No. Fig.& Volume of NiSo, Volume of HM.A,O Mole ratio

curve (ml,) (ml.) Ni/H.M.A, O
L 14,8 12.2(6.4x10"M) 25.0(6., 4x10'3M) 1:2,05
2. 14,6 12.25(4x10"2M)  25,0(4x107M) 1:2,04
Results of amperometric titrations
1. 19,a  25.0(1.6x1073M) 45,4(1,6x107M)  1:1,98
2. 10,b  25,0(1.2x10"M) 48,3(1.2x10"M)  1:1,93
3, 20,3  11.9(3.2x107M) 25.0(3.2x1073M)  1:2,1

4, 20,b  12.0(2x1073M)  25,0(2x16™M) 1:2,08
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The recsults of chemical analysis of the nickel
complex also corresponded to ite composition as (C_H N)Ni.

9 10 2
The I.R.spectroscopic studies of the complex
were undertaken to locate the groups invelved in the forma-
tion of the nickel chelate, The most characteristic feature
of the spectrum (Fig,24) of the complex is the complete
disappearance of phenolic band (at 3340 cm'1 in the ligand)
and the shift in the C=N- frequency from 1590 (in the ligand)
to 1545 cm'l. These observations point to replacenent of
phenolic hydrogen by nickel which is conrdinated through

nitrogen of C=N- (oxime greup}! to form a chelate,

On the hasis of the above avidence, the

structure of the complex may he written as :

CHs

I'// O :9 _C___:%——“Hz
H3c{ 5 Na” ~o—\! 5




VOSBURGH COOPERS METHOD

=

Optical Densilt
p aQ nsxv;/

(47

o | | | I | | L | | 1 =1k | | ! i
325 335 345 355 365 375 385 395

Wave length(mw) FI1G. 1

INFLUENCE OF pH ON STABILITY OF COMPLEX

i

o
AV

Oplical Densily
0
>\

! | | o)
225 337 245 355 765 375 285 395 400
Wave lenglh (m u) £1G6. 2




o8

o
o~

Difference in OD
()
5

02

o2

[

Jors METHOD

At

345 mu

Difference in O.D

TR

[MoJ/ (Mo] [H VA o]

F1G. 3

Difference in O.D.

08—

(e ¥

| | | | | L |

Aol ___J_ J

o/ Mcl+HMA

[ e AN S | . 3
o6 o8 1o
[140]/[’\40 J+[HMA O]
FiG. 4
At 360 mu
| | L
O-8 -0 F'G-5




06

©
B

Oplical Den S'lﬁj
O
N~

FORMATION CONSTANT OF COMPLEX SLOPE RATIO METHOD

Qb o

% S,

o
&

o)
r

Opﬂca( Density

& e T L D S 5 ! 2 3 E
92 YN » : A‘ ‘ 8
7 Volume of Variable Camponent(m

O- Molybdenum Varying
[0- HMA.O Varying FI1G.6




» -

CONDUCTOME'_TRIC, TITRATIONS
5 e

(Amm. molybdal‘e in cell)

-3

Conducteince x O mhoes

20 (CuSoy in cel)

—4
o
|

Conduclance x10 mhos
~
|

o) a 4 é & 10 /2
Volume of HM.A0 (ml) EiG &

( HMAo in celt)

| I } | | | [ o
2 o4 o6 o8 10

Volume of HMAo (ml) F1G. 10

=3

Conductéince x10 mhos
)

(HMA© in cel) % sl

o

. f 2 3 4 5
Volume of Amm. molybdate (mt) FIG. 9 Volume of CuSo,(ml) FiG.

PR el g ! 3




4

Conductance ¥1O0 mhos

~

[6+]

&5

(HM Ao in cell)

| i | L | |

CONDUCTOMETRIC TITRATIONS

45

n

-2

Cond.uctance x 10 mhos
W

[\Y)

1 2 3

| | | ] | |
4 = 6

Volume of NiSO.q(ml) FiG. 14 !

(Pciclz mn cell)

W

Conductance x1IOmho s
N

Ak

1

Volume of HMAO(M[)

|
6

)
Volume of pdclz_(ml)

Fla. (2




Current

(2 xt0” 7(,Lm/,{ )
pas

- AMPEROMETRIC TITRATIONS
q A ..\6_
CPL TRy S (HMA o in Cell)
oAl 5
r’ ‘0
-k
44 et
Ao
: =
2
; Ozt
: =
(o] S, < >
1 ! A i ] )t 0o | 1 !
o R y) 5 3 1 ¥ T
Volume of HMA o(m!) FIG 15 Volume of CuSos(ml)  Fy6. 16
'.\g B
< (HMA o n cell)
:\3 -
N
7 M
<
Ser
)/

i gl e Sl e e
3 4 -

N

Volume of pdclL(ml) FlG. 18




Current (2 X/u 7am/{)

el AMPEROMETRIC TITRATIONS
dcly in cell) < )
4* (P § % (NiSoy in cell)
S
~A
£
=
5,
Va2
o £ S Q
i e P (e L L TR W e
- ¥ e =g ) Q i 7 3 7 5

HMA O (m
Volume of HMAO(ML) FiaG. 17 Volume O{- ( l

=
S
&

Fla. 19

R (H.M.A o in cell)
o
&
L 2F
<
< b a.
5 b
U
‘_ /
- o @ > -
[t o Y e e
o iy % { I2 | _,_?1’, ] - * 3

- Volume of NiSoz (ml) Fi1a. 20




0.0

e

Ko
QS
l

ABS ORBANCE
W
o
I

N
S
]
]
‘\\
EN L

e g RS
N o
YR T
R e

- O

J 000 2500 2000 /500
g i 5 FREQUENCY (CM?)

"I o S/’LCO/L/LC(/?’)’L ofe-ﬁya//&.oxyf e fnc/ﬁﬁy/ace/oﬁé eronce oxime-

/[—/G. Fosd



ABSORBANCE

0.0

4O

201

S e

g

SO

60}
70~

I { | 1 ' i i | j | | | | |

i L e R by PR,

s

A000

3500 3000 2500

FREQUENC)/((‘M) /

I.R. SPECTRCIM Of C(W,/,% 2 - /4?%0)(% 5. 77‘0@

G. 22

"

2000 1500

acafﬁﬁ%e none O Y tme




0.0

B

ARSORBANCE
o :
T

R

| ! l | 1 | ] l | ! |

| | | | I I 1 | 1 |

3500 3000

_LR.gﬁa%Zwmwg//éaZmeﬁxmw-a-

fFI1G-23

2500

FREQUENCY (CM!)

'ﬂ?n40§%-5=

2000 1500

m,ef %?/ Q ce/éé %e 207LC OXT "rrz e




ABSORBANC E__

e

iy
il: | [ |

=80 e
| \

J \

50 (-
A |

60
.70

/.0

| R |
. | I I
=y
| ] ] I |
i L l i I
| N
I I |
1 |

4000
3500
3000
2500
REQUEN()/(CM 2000 /500

TR s/Lecfla,m Oj[nLC/éC[ 2~ /ﬁ; OX
0? 5= mefﬂ//accf%//;c 72.027.€C va

fra. 24




REFERENCES

1, Singh, H, and Sharma, K.C,, Indian J, Appl, Chem,28,(2),
43 (1965).

2, Vogel, Arthur I,, A Text Book of practical organic
chemistry, 3rd Ed, pp.676, Longmans Green and Co,,London,



CHAPTER 1I1I
R gl 2 I AN

" Metal complexes of 2,5-dihydroxyacetophenoneoxime "
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INTRODUCTION

Resacetophenoneoxime (2,4-dihydroxy acetophenone-
oxime) has been employed for the estimation of copper in
the presence of nickel and cadmium by a number of workers'®3,
The use of this reagent for the amperometric determination
¢f copper has also been reported by Reddy4. The corresponding
2-% dihydroxy-acetophenoneoxime has attracted no attention
so far either from the view point of its analytical utility
or 2s a chelating agent. It was, therefore, considered
worthwhile to study these two aspects by investigating its
reactions with some metal salts, The present chapter gives
the rTesults of the structural studies while the data of

analytical investigations are incorporated in the following

chapter,

Preliminary experiments show that copper,
nickel and palladium form insoluble complexes with this
compound while molybdenum gives a soluble complex. The
former reaction was studied by conductometric, amperometric
and pH-metric methods while the composition of the mo lybdenum
complex was investigated by spectrophotometric and

conductometric methods,

The results of theee investigations were further
confirmed by isolating these complexes and subjecting them

to chemical analysis and infrared spectroscopy.



EXPERIMENTAL

Preparation of 2,5-dihydroxy-acetophenone :

The compound was prepared5 by heating
hydroquinone diacetate in presence of 3,3 moles of anhydrous
aluminium chloride,

ococCH;3 OH

— C OCHjy

OCOC',H3 OH
Finely powdered mixture of 8,0 gm., of dry hydroquinone

diacetate and 17,4 gm. of anhydrous aluminium chloride was
placed in a 100 ml, round-bottomed flask with an air
condenser which was protected by a calcium chloride tube

and connected to a gas-absorption trap, The flask was slowly
heated in an oil bath at 110-120°, When the evolution of
hydrogen chloride started, the temperature of the oil bath
was slowly raised to 160-165° and maintained for an hour,
The flask was cooled and the contents were treated with
crushed ice and concentrated hydrochleric acid to decompose
the aluminium chloride complex, The solid was filtered,
washed with woter, dried and crystallized from ethyl alcohol.
Green-yellow crystals of 2,5-dihydroxy acetophenone

(m.p.203°C) were obtained,



Preparation of 2,3-dihydroxy-acetophenoneoxime :

It was prepared by refluxing 2,5-dihydroxy-
acetophenone with equimolar quantities of hydroxylamine
hydrochloride (B.D.H.) and sodium acetate over water bath
for an hour. The solution was concentrated and cooled when
2,5=dihydroxy-acetophenoneoxime separsted out as brownish

crystals (m.p. 150°C),

The solution of the oxime was prepared in

40% alcohol,
Reagents :
The solutions of ammonium molybdate, copper

sulphate, palladium chloride, nickel sulphate and buffers

were prepared as described in Chapter T.

0.1% gelatine solution was prepared in hot

double distilled water.

Apparatus :

The details of the various apparatus used

for these studies, are the same as described in Chapter I.

Mo (VI )-2-5-DIHYDROXY ACETOPHENONEOXIME COMPLEX

Chemical analysis of the complex :

The complex of molybdenun was isolated and

ite metal and nitrogen contents were estimated in the same
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manner as described in Chapter I,

Calculated for :

bis (2.5-dihydroxy-acetophenoneoxime)MoO2,(CBH803N)23002
Mo - 20.86, N - 6,088

Found Mo - 21,25, N - 6,0

Spectrophotometric studies on the nature, composition and
stability of the complex :

Nature of the complex :=

Vosburgh and Copper's method (loc.cit,) was
followed to determine the nature and the number of complexes
formed in solution by the interaction of ammonium molybdate
and 2,5=-dihydroxy=-acetophenoneoxime {designated as D,H,A,0).
Equimolar solutions were prepared by mixing ammonium molybdat
and D,H,A.Q, of concentration 1x10‘3m in the ratio of 1l:l,
132, 133, 2:1 and 311 respectively, The absorbance of these
solutions was measured at different wave lengths(325-450 mu)

using reagent as blank.

Effect of pH on stability of the complex :

A series of solutions containing 1,0 ml, of
ammonium molybdate end 2,0 ml. of D.H.A,QO,, both of
concentration 5x10”°M, were adjusted to various pH values
(2,0-4,5) by adding buffers and the final volume was made
up to 25 ml. The absorbance of these solutions was measured

at different wave lengths.
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Table - 1

Vosburgh and Cooper's method applied to Mo (VI)-D.H,A.O,

Concentration of Amm.,molybdate = 1x10™ M

Concentration of D.H.A.O, = 1x10™M
Wave length Optical density
(mp) Ratio of Amm.molybdate: D.H.A,O,
1:1 1:2 1:3 2:1 3:1
325 0,06 0.17 0,25 0,0 0,0
330 0.04 0415 0.20 0.0 0.0
335 0,07 0.145 0,18 0,05 0.0
340 0.13 0,22 0.30 0.10 0.03
345 0.20 0.265 0.455 0,17 0,10
350 0,32 0.39 0.65 0.24 0.15
355 0,37 0,47 0.75 0.30 0,21
360 0440 0.54 0.815 0.32 0,24
365 0.41 0.56 0.82 0.34 0,27
370 0.42 0,57 0.84 0.3% 0.28
375 0.37 0.52 0.80 0,31 0.25
380 0.32% 0,47 0,75 0,275 0.225
390 0,25 0,38 0,605 0,22 0,175
400 0.19 0.31 0.51 0.18 0,15
410 0.15 0,26 0.41 0,13 0.11
420 0,12 0.21 0,34 0.11 0,085
430 0.10 0.18 0.28 0.085 0,07
450 0.07 0,12 0,17 0.05 0.04

_Curve(a) Gurve(b) Curve(c) Curve(d) Curve(e)

Fig.l

A1l these solutions exhibited)‘max. at 370 mu.



Table - 2

Concentration of Amm, molybdate = 2x10™*M

Concentration of D.H,.A.0, = 4x10'4M
Wave length C.D,values of 1:2 amm.,molybdate and D,H.A,O,
(mp) mixture at different pH values

2.0 2.5 e LE: 4.0 4.5
325 0.17 0.16 0,15 0,18 0,19 0,14
335 0,09 0,09 0,09 0,085 0,085 0,075
340 0.10 0.10 0,095 0,09 0,09 0,08
345 0.11 0,11 0,011 0.11 0.11 0.10
350 0.15 0,155 0,16 0.16 N.,16 0.14
360 0,32 0,335 0,345 0,34 0,34 0.28
365 0,38 0,405 0.41 0.4) 0,40 0,325
370 0.39 0,42 0.425 0,425 0.42 0,34
375 0,38 N0.41 0.41 D.41 0,41 0.33
380 0.35 0,37 0,265 0,36 0.36 0,30
390 0.25 0.26 0,26 0,26 0.26 0.22
400 0,195 0,20 0,20 0.205 0,20 0.15
4190 T 0.312 Nel3 0,13 0.125 0,13 0.11
425 0,0 n,095 0,09 0,005 0,09 0.07
450 0,05 0,05 0,05 0.05 0,05 0,03

curves (1) {2) (3} (4) (%) (6)
Fig, 2

The 7max.of the complex was found to be at 370 mm
in the pH range of 2,0-4,5.
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Composition of the complex :

Job's method of continued variation (1oc.6it.)
was followed to determine the composition of the complex.
Equimolar solutions of ammonium molybdate and D.H.A.O.
were prepared in the usual manner and pH adjusted between

3.5 and 4.,0.

The optical density of the solutions was
measured at 370, 380 and 390 mp. Ammonium molybdate solutions
did not give any absorbance at these wave lengths, The
difference between the optical density of the mixtures and
that of D.H.A.0, solutions was plotted against the mole
fraction of ammonium molybdate. The absorbance data recorded
at 370 mu are summarized in the following tables while the
data at 380 and 390 mu are depicted in the Figs. 4 and 5:

Table - 3
Wave length 370 mu

Concentration of the reactants = l.333x10'3M

Vol.of Amm.molybdate Volume of Optical density

...... PRI - e
1.0 9,0 0.82 0,07 0.7%
2,0 8,0 0.98 0.06 0,92
3.0 7.0 1,05 0,05 1,00
4,0 , 6.0 1,0 0.04 0.96
5.0 5,0 0.82 0.04 0,78
6.0 4,0 0,66 0.03 0,63
7.0 3.0 0,50 0.02 0.48
8.0 2.0 0.33 0,01 0.32
9.0 1.0 0.16 0.0 0,16

Fig.3, Curve 1
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Iable = 4
Wave length 370 mu

Concentration of the reactants = lx10'3M

Vol.of Amm, Vel.of D.H.A,O. Optical density

e 7 O O Wixture  D.M.A.0. Difference _
1.0 9,0 0,54 0,05 0.49
2,0 8,0 0.67 0.045 0,625
3.0 7.0 0.7% 0,03 0.72
4,0 6,0 0.69 0,03 C.,66
5.0 5.0 0,57 0,025 0,545
6.0 4,0 0,445 0.02 0.425
7.0 3.0 i 0,34 0,01 0.33
8,0 2,0 0,22 0,01 0,21
9,0 1,0 0,10 0,0 0.10

Fig,3, curve 2

Iable = 5
Wave length 370 mu

Concentration of reactants = 8x10'4M

Vol.of Amm, Vol.,of D,H.A,0, Optical density

g SR sl TR R, T MO
1.0 9.0 0.38 0.04 0,34
2,0 8.0 0.48 0,035 04445
3.0 7.0 0,53 0.03 0,50
4,0 6.0 0.51 0.025 0.485
5,0 5.0 0.41 0.02 0,39
6,0 4,0 0435 0,02 0,33
7.0 3.0 0.27 0,01 0,26
8,0 2.0 0,17 0.0 0.17
9.0 1.0 0,095 0.0 0,095

Fig.3, curve 3
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The results of Job's method were further
subjected to confimation by slope ratio method, Two series
of solutions were prepared in the same manner as described
earlier, The optical density of these solutions is recorded
in the following tables :

Table - 6
Set T

Fixed concentration of D.H.A.0. = 8x10”%M (in 25 ml,)

Initial concentration of Amm.,molybdate -3
added = 1lx10 “M

Total volume = 2% ml.

pH of the solutions = 3,5-4,0
Vol.of Amm.,molybdate O.D,at 370 mu
0.0 0,052
1,0 0.16
2,0 0,27
3.0 0.38
4,0 0.48
5.0 0.52
6.0 0.%6
7,0 0.58
8.0 0,62

Fig.6, curve (1)
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Table - 7
Set II
Fixed concentration of Amm.molybdate = 8x10”"“M(in 25 ml)
Initial concentration of D.H,A,0.added = 1x10™M
Total volume = 25 ml,
pH of the solutions = 3,5-4,0
Vol.of D.H,A.O. 0.D. at 370 mu
{ml.)
0.0 0.01
1.0 0,055
2,0 0.11
3.0 0,16
4,0 0.215%
5.0 0,27
6.0 0,32
7,0 0.37
8.0 0.42

Fig.6, curve (2)

Table - 8
Set III

Fixed concentration of D.,H.A.0. = 4x10™M (in 25 ml,)
Initial concentration of Amm.molybdate_4M

added = 35x10
pH of the solutions = 3,5-4,0
Total volume = 25 ml,
Vol.of Amm,molybdate 0,D. at 370 mp

(ml,)

0.0 0,02

1,0 0,04

2,0 0.065

3.0 0.09

4,0 0.1l

5,0 0,135

6.0 0.16

7.0 0,18

8.0 0.20

Fig.6, curve (3)



Set IV

Iable - 9
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Fixed concentration of Amm.,molybdate = 4x10'4M (in 25 ml,)
Initial concentration of D.H,A,0,added = 5x10™M
pH of the solutions

Total

Vol.of D.,H,A,O.
(ml.) '
0,0
1,0
2.0
3,0
4,0
5.0
6.0
7.0
8,0
9.0

10.0

volume

= 3,5-4,0
= 25 ml.

0.D, at 370 mu

Fig,6,curve (4)

Formation constant of the complex

0.0
0.01
0.015
0.025
0,04
0,048
0,055
0,068
0,078
0.088
0.20

The formation constant of the complex was

determined by the method recommended by Dey and co-workers,

For calculating the value of K, the absorbance data recorded

during Job's method of continued variaticn (Tables 4,5)

were made use of.

For an arbitrary absorbance value of 0,3 on the

descending portions of the curves (Fig,7), the initial



concentration of the reactants were as follows:

Solution I a, = 7.3x10"“M
b, = 2,7x10™M

Solution II 2, = 5,28x10" M
b, = 2,72x10~ M

Conductometric titrations :

The composition of the complex was further
studied by carrying out conductometric titrations between
the reactants., The practical details of these titrations

were the same as described earlier.

The observations are given in the following

tables :

2
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Table - 10

Direct titrations (Amm.molybdate in the cell)
Fixed concentration of Amm.molybdate = Set I: 0.666x10'3M(in 30 ml)
Set II: 1,333x10"M(in 30 ml)
Set IIT: 2x10™°M  (in 30 ml)

Initial concentration of D.H,A.0.added = 2x10" M

i g 2R e by Gtataed s i
(mi.s ’ conggctance Zmi.s conggctanco imi.s conggctance
o) x1073(mhos) 11t  _ _x10=3(mhos) "t __ x1073(mhos)_
0,0 1,38 0,0 2,45 0,0 3.5
0.5 1,31 1,0 2,32 1,0 3.28
1.0 1.26 1.8 2.2 2,0 3.08
1.8 1,22 2,0 2,15 2.5 3.0
2.0 1,17 2,95 2,1 3.0 2,94
2.8 1.13 3.0 2.0 3.5 2.8
3.0 1.09 3.5 1.96 4.0 2,75
3.9 1,03 4,0 1.9 4.5 2.70
4,0 1.0 4,5 1.8% 5.0 2.60
4,5 0,99 5.0 1.8 3.9 2,56
5.0 0.95 5.9 1,7 6.0 2.50
6.0 1.65 6.5 2,40
7,0 51.97 7.0 2,39
8.0 1.% 8.0 2,24
9.0 2,16
10,0 2,07
Curves (a) (Fig.8) (b) (¢)
Curve{ea)

30 ml, of 0.666x10'3M Amm.molybdate = 2,0 ml,of 2x10'2M D.H,A,O,

=60,0 ml.,of 0.666x10"°M D.H.A,O

Curve(b) -
30 ml, of l.333x10'3M Amm.molybdate = 4.1 ml.of 2x10 M D.H.A.O.

=61,5 ml.of 1,333x10" % D.H.A,O
Curve(c) 3 '2M
30 miL. of 2x10"°M Amm,molybcdate 6.0 ml.of 2x10 D.H.A.O.

60 ml.of 2x10"°M D,H.A.O,
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Table - 11
Reverse titrations (D.H.A.0.in the cell)

Fixed concentration of D.H,A,0, = 2.666x10'3M (in 30 ml,)=-Set I
= 5,333x10"°M (in 30 ml,)-Set II
Initial concentration of Amm.molybdate added = 2x10™ M

1 Vol.of 11
oijpaste Crmected  nolibiets Sreactsd
imdg) ___x1073(mhos) _____ (mi.) ______x10-3(mhos) ________
0.0 0.0 0.0 0.0
0.5 0,62 0.5 0.5
1.0 1.2 1.0 0,95
1.5 1.64 1.5 1.4
200 2,2 2.0 1.82
2,5 2.65 2.5 2.2%
3,0 2.92 3,0 2.53
3.5 3.40 3.5 3.0
4,0 3,65 4,0 3,33
4,5 4,1 4.5 3,65
5.0 4.5 B.0 - 3.92

5,5 4,3
6.0 4,35
6.5 4.66
Tl 4.9
Curve(a) Curve(b)
Fig.9
Curvela

30 ml. of 2.666x10’3M D.H,A, 0, = 2,0 ml,of 2x10™2M Amm.molybdate

=15.0 ml.of 2.666x10"°M Amm,
molybdate
Curvelb
30 ml. of 5.33x10"3M D.H.A.0. =4,05 ml.of 2x10” M Amm.molybdate

=15,2 ml.of 5.333x10"°M Amm,
molybdate
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COPPER(II!I PALLADIUM%II} AND NICKEL(II) COMPLEXES OF
2, 5. DIHYDROXY- ACETOPHENONEOXIME

2-5«Dihydroxy-acetophenoneoxime gives insoluble

complexes with copper(II), palladium(II) and nickel(IX).
‘The composition of these complexes was determined by

chemical analysis, conductometric and pH metric titrations,

Chemical analysis of the complexes :

The complexes were isolated and analysed for the
metal and nitrogen contents in the same manner as described

earlier, The results of the analysis are given below :

1, Calculated for :
bis (2,5-dihydroxy-acetophenoneoxime)Cu(II).(CBHBOSN)QCU
Cu - 16,06, N« 7.07
Found Cu - 15,8 , N -« 7320

2, Calculated for :
bis {2,5-dihydroxy-acetophenoneoxime}Pd(II),(C8H803N)2Pd
Pd - 24,27, N« 6,38
Found Pd - 24,65, N - 6,52

3, Calculated for :
bis (2,5-dihydroxy—acetophenoneoxime}Ni(II),(CSH803N)2N1
Ni - 15,02, Ne 7,16
Found Ni - 15,30, N« 7,0

Conductometric titrations :

Both direct (metal solution in the cell) and
reverse (D.H.A.O0, in the cell) titrations were carried out,

The results are given in the following tables :



Conductometric titrations between copper sulphate and

2,S-dihydroxy-acetophendﬁeoxime |

Iable = 12
Direct titrations (copper sulphate in the cell)

Fixed concentration of copper sulphate: 5x10'4M(in 20 ml,)

- Set I
1x10”3M(in 20 ml,)
- Set II
1.25x10"°M(in 20ml.)
- Set III
Initial concentration of D.H.A.O, = 2xlO'2M
Xoﬁ'ifo Coriected xog'ifo Ciirected g?é,%fo Cgiiected
fhi.s conf:ctance '.(él:)‘ condgctance (mi.i conggctance
(ml)  x10-4(mhoe) __Mi:!  xlozA(mhos) __T:l__ x1077(mhos) _
0.2 1.9 0.0 3.4 0.0 4,1
0,5 2.8 0.5 4,1 0.9 5.1
1,0 3.3 1.0 4,7 1.9 5.95
1.9 3.7 1.5 5.4 1.5 6.8
2.0 3.9 2.0 5.9 2.0 Te7
2,5 4,1 265 6,3 9 8,6
3.0 6,7 3.0 9,0
3.5 6.9 3.5 9,2
4,0 % 4,0 9.5
4,5 9.7
5.0 10,0
Curve(a) Curve(b) Curve(c)
Fig. 10

a

Curve(a)
0 mI.of 5x10"“M CuSo,

1.1 ml.of 2x10™2M D.H,A,O,
44.0ml.of 5x10™%M D.H.A,O.

Curve (b N
20 ml.-f‘)_% IXl'}‘SM CUSO4 - 2005 ml.O'r 2)(10 2M D.H.AQO.

Cur

41.0 ml.Of lx10-3M D.H.A,O,
Ve!Cl

SREXECl, | .25x10~3M CuSo, = 2.6 ml.of 2x107 2% D.H.A.O.

=41,6 ml.of 1.25x10"°M D.H.A,O.



Iable - 13
Reverse titrations (D.H.A.0.in the cell)

Fixed concentration of D.H.A.0 - Set I : 2.5x10~°M(in 20 ml,)

Set II : 2x10”°M (in 20 ml,)
Initial concentration of cooper sulphate added = 1x10” M
I II

Vol.of CuSo4 Corrected Vol,.of CuSo, Corrected

{ml,) conductance (ml,) conductance
SNSRI T S SR - s
0,0 1:3 0,0 1.3
0,8 2,6 0,5 2,6
1.0 4,0 1,0 37
15 5.2 1.5 4,6
2.0 6.6 2,0 5.8
2.8 a7 2.5 6.8
3.0 8e2 3.0 T4
3.9 8.5 3.5 7.8
4,0 9.0 4,0 8,6

Curve(a) Curve(b)
Fig.1ll

Curve (a)
20 ml.of 2.5x10">% D.H.A.O,

|

2.4 ml.of lxlO'QM CuSo4
9.6 ml.of 2.5x10™M CuSo,

Curve (b
20 ml. of 2x10"3M D.H.A.0. = 2.2 ml.of 1x10™“M CuSo,
11,0 ml. of 2x10~M Cuso,

]
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Conductometric titrations between palladium chloride and
2,5-dihydroxy=-acetophenoneoxime

Table - 14
Direct titrations(?d012 in the cell)

Fixed doncentration of PdCl, - Set I 3 7.5x10~M (in 20 ml.)
- Set II : 1.5%x10"°M (in 20 ml.)

Initial concentration of D.H.A,0. added = 1x10™ M

Vol.of Cgrrected Vol.,of D.H,A.O. Coiiected
D.H.A,0, conggctance I conductance
(ml,) x10~3 (mhos) {ml.) x10=3 (mhos)
0.0 10,5 0,0 12,5
[ % 10,0 1.0 11,4
1,0 9,1 2.0 10,9
1.5 €.4 3.0 9.5
4.0 Te7 4,0 845
3.0 6.5 5.0 T3
4.0 5.6 6.0 6,6
5.0 4,9 7.0 6.2
6.0 4.2 8.0 5.7
7.0 3.7 9.0 8.1
10,0 4,8
11.0 4,35
Curve(a) Curve(b)
Fle., 12

Curve (a)
20 ml.of 7.5x10~"M PACl, = 3.2 ml,of 1x10"2M D.H.A.O,

42,7 ml.of 7.5x10"%M D.H,A.O,

Curve (h
20 ml.,of 1.5x10%°M PACL, = 6.0 ml.of 1x10~ 24 D.H.A.O,

40 ml.of 1.5x10"°M D.H.A.O.



124

Table - 15

Reverse titrations (D.H.A.O., in the cell)

Fixed concentration of D.H.A.0, - Set I: 4x10~“M (in 20 ml.)
Set TI: 6x10~4M [in 20 ml.)
Initial concentration of PdCl, added = 5x 10~ M

Vol.of PdCl, Coirected Vol.of PdCl, Coiiected
(ml,) conductance (ml,) conductance

R ., ] AR | . )
0,0 - 0.0 -

0.2 0,16 0.4 0.8

0.4 0,8 0.8 1.7

0.6 1.5 1.0 2.1

0.8 2,45 % | 2,7

1.0 3.5 l.4 2.9

1.2 2.7 1.6 3.1

1.2 4,2 2.0 3.8

1.6 5 1 2.4 4,3

4,9 6.0 248 4,9

Curve(a) Curve(b)
Fig, 13

Curve (a
20 ml. of 4x10~*M D.H.A.O.

0.9 ml.of 5x10”°M PdCl,
11.25 ml. of 4x10™M PdCl,

i

¢ 3
20 1. of 6x10-“M D.H,A.0, = l.2ml, of 5x107°M PdCl,
10.0 ml. of 6x10“M PdCl,

|
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-

Conductometric titrations between nickel sulphate and
2,5—dihydroxy-acetophenoneoxime

The solution of\2,5-d1hydroxy-acetophenoneoxime
was prepared in an equivalent amount of ammonium hydroxide.
Table - 16
Fixed concentration of D.H.,A.0, Set I: 5xlO'3M(1n 20 ml,)

Set II: 8x10~2M(in 20 ml,)
Initial concentration of nickel sulphate = 2x10‘2M

Vol.,of NiSo, Coriected Vol.of NiSo4 Coriicted
(ml,) conductance (ml,) conductance

IR {217 T INUUBPRIL + | —.  |} SR
0,0 2.8 0.0 3.95
0,5 4,05 0.5 4,95
1,0 5,29 1.0 6.0
1.5 6.2 1,5 7.0
2,0 7.4 2.0 B.15
2.2 8.0 2,5 9,2
2,5 A 8.4 3.0 10,3
3.0 2.0 3.5 11.2
3.9 10,0 4,0 12,1
4.0 10,5 4,5 12,7
4,5 11.4 5.0 13,7
5.0 12,2 5.9 14,4

6,0 15.4

6.5 16.0

7.0 16,6 b

Curve(a) Curve(b)
Fig.l4

Curvega% -3 '2M
20 ml.o 5Xlo M D.H.Ao()o = 2.5 m1.0f 2x10 Ni.s‘04
=10.0 ml.of 5x1073M NiSo,

Curveib -3 -2 :
20 ml,of 8x10 M D.H.A, 0., =4,15 ml,of 2x10 "M N1$o4

10,375 ml.of 8x10”°M NiSo,
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The titration of nickel sulphate using D.,H.A.O,
as titrant, could not be carried out successfully as the
conductance variations on the addition of the titrant

were too small to be observed,

pH metric titrations 3

The pH-metric titrations were carried out separately
with the solutions of the metal, the ligand and the
mixtures of the two, using standard KOH as titrant. The
observations cbtained during the titrations are summari zed

in the following tables
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pHemetric titrations between copper(II) and 2,5-dihydroxy-

acetophenoneoxime :

Iable - 17
Solution I : 10 ml.of lxlO'ZM CuSo4+40 ml.of 40% alcohol,

*  IT & 10 ml.of lx10” M CuSo,+10 ml,of 1x10" %M D.H.A.0,
+30 ml.of 40% alcohol.

" III : 10 ml.of 1x10™“M CuSo,+20 ml,of 1x10” ‘M D.H.A.O,
+20 ml,of 40% alcohol.
» IV 10 ml.of 1x10™°M CuSo,+30 ml.of 1x10” 24 D.H.A.0,
I ml.of 40% alcohol,

. V i 20 ml,of D.H,A,0, +\40% alcohol.

Vol.of pH of sclutions

0.1M KOH added

. SR AR | e N Sl i Boa o

0.7 < 3.0 2.85 2.85 5.35

0.1 - - - - Be2

0,2 5.8 3.2 2.95 2,95 B,7

0,3 - = - - 8.95

0.4 5.85 3.4 3,02 3,0 9.1

0.6 5.9 3,6 3.12 3.1 -

0,8 5,95 4,1 3.2 3,18 9,5

009 " 5-0 - - -

1.0 6.0 5.8 3.38 3.22 9,65

1.1 - 5.95 - - -

1,2 6,1 6,0 3.8 3.3 -

1.4 6.2 6.18 2,7 3.45% -

X.B - 6.25 - - 10.0

1,6 6.6 6,35 3.95 3.6 -

1.7 7.4 6,48 4,2 - -

1.8 9.7 6,65 4.5 3.85 =

109 lool 7065 500 401 -

2.0 10,2 9,6 6,45 4,98 1C.4

o5 - 10.1 Q,6 2.0 -

2.2 10,3% 10.3 10,1 8.7 =

2.4 10,45 10.3 10.2 9.3 -

2.5 - - - - 10,8

2,6 10,6 10.6 10.5 9.6 -

2.8 10,7 - - 9.8 -

3.0 10,8 - - 10,1 b

Curves (a) (b) (c) (d) (e)

Fig, 15
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pH metric titrationg between palladium(II) and 2,5-dihydroxy
acetophenoneoxime :

Table =18
Solution I 3 5 ml.of 1x10™°M PACl, in 0.05N HC1+20 ml, 40%
alecohol,

" I s 5 ml.of 1x10™2M PdCl, in 0,05N HCl+5 ml, of
110" D,H.A.0.+ 15 ml, 40% alcohol.

" IIT s 5 ml.of 1x10™2M PACl, in 0,05N HC1+10 ml, of
1x10°2% D.H, A 0.+ 10 ml,40% alcohol,
" IV : 5 ml.of lx10™M PdCl, in 0,05N HC1+15 ml.of

lxlo'%ﬁ D,H.,A,0, + 5 ml.40% alcohol,

Vol,of ' pH of solutions

0. 1M KOH

i I 11 T11 iv

-f@lxl ..........................................................

0.0 2,1 2.0 1,98 1,98

0.5 2,22 2,08 2.0 2.0

1.0 2,35 2,18 2,1 2,1

1.5 2,52 2,32 2.22 2,2

2.0 2.8 2.45 2,3 2.3

2.3 3.1 - - p

2.5 390 2,78 2,5 2,48

2.8 4.0 3.1 2.7 2,7

3.0 4,1 3,62 2,88 2,9

302 4.2 3.8 3.1 3..‘.

3.3 4,4 4,1 3.4 3.4

3.4 4.6 - 3.6 3.5

3,5 10,25 5,9 4,78 4,5

3,8 11.0 10,3 10.1 9.68

4,0 11,2 10.55 10,3 10,1

4,5 11,45 10,95 10,7 10.5

5,0 11.6 11,2 11,1 10.9

Curves (a) (b) (c) (d)

Fig.l1l6



pH-metric titrations between nickel(II) and 2,5-dihydroxy-
acetophenoneoxime :

Table - 19
Solution I : 5 ml.of 2x10™ “M NiSo4+l5 ml.of 40% 2lcohol.
- II : 5 ml.of 2x10”2M NiSo,+ 5 ml.of 2x10"24 D.H.A,0,

+10 ml.of 40% alcohol.

" TIT : 5 ml.of 2x10~ 2 NiSo,*10 ml.of 25x10"2M D.H.A.O.
+ 5 ml.of 40% alcohol,

(e

" IV ; 5 ml.of 2x10'2M NiSoA+15 ml,of 2xlO'2M D.H,A,0D,
Vol.of pH of solutions
0,0 6,72 5.95 5.7 5,6
0.1 7.88 6.3 - i
Ne2 8,0 6,48 5.9 5.7
0,4 8.1 6.52 2.95 5.7€
0.6 3.1% 6,6 6.0 5.8
0.7 - 6,7 - o
0.8 8,25 6,9 6,0 8.8
0.9 - 7.1 - -
1.0 8.35 7.8 600 508
1,1 - 7.95 - -
-‘-02 8)4 8002 6005 5.8
1.4 8,5 Bel 6.1 5.8
1,6 g.68 8,2 6.3 5.9
1.7 8,92 - 6.35 -
1.8 9,52 .35 6,5 6.1
1.9 10,12 8.5 6,75 6.2
1,95 - - 7.0 6,35
2,0 10,42 8.8 8.45 7.0
2,05 - - 9.1 843
2,1 10,6 9,2 9,2 Be6
2,2 10,72 9.4 9,3 8.8
2.4 10.9 9.7 9,58 9,0
2,6 11.0 9.9 9,68 9.2
2,8 11.1 10,05 9.8 9.5
3.0 - 10.1 9,9 -

Curves (2) (b} (¢) (a)



LS

DI SCUSSION

Composition and stability of Mo(VI) complex :

Molybdenum(VI) reacts instantaneously with
D,H.A, 0, in acidic medium,giving a soluble orange-yellow

complex.

Spectrophotometric studies reveal the
formation of only one complex having maximum absorption

at 370 mu {Fig,1l).

The complex is stable in the pH range
2,0-4,5 as found from the absorption spectra of the solu-

tions at various pH values (Fig,2).

Job's method of continued variation (Figs.3-5)
and slope ratio method (Fiq.6) give evidence for the forma-

tion of 1:2 (molybdenum: D,H.A.0) complex,

The formation constant was determined by the
modified Anderson's method. The formation constant was
calculated from the absorbance data taken for Job's method
(Tables 4,5). Since molybdate jons do not absorb at 370 mu
( Mmax. of the complex), hence the absorbance of the
solution may be due to D.H.A.,0 and the coloured complex. In
the descending portion of the curves (Fig.7) where the
molybdate ions are in excess, it may he safely assumed that
D.H.A.0, is fully complexed with molybdenum and does not
contribute to the colour of the solution, hence the

absorbance of the solution is due to the coloured complex



K was calculated and found to be 1.39x10
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alone. Taking into account these assumptions, the value of

1o and that of free

energy - AF = 14,02 Keals. at 30°C.

Conductometric titrations were also carried out

to determine the composition of the molybdenum complex. Both

direct and reverse titrations give the combining ratio of

1:2 for metal and ligand respectively, The results of these

titrations are summarized below ¢

S.No. Fig,& Vol.of Anm, Vol.of D.H.A,0. Mole ratio

curve Molybdate Mo/D,H,A.0,

S gy WD A S g W UR D WO e W N g o s Ty 5 WS W0 D an G5 S o - D T ep E s WD S TR e W NS e WD e WS g OB me s

8,2  30(D.666x10"3M) 60.0(0.666x107M)  1:2
8,b  30(1.333x10"°M) 61,5(1.333x1073M)  1:2,05

g,c  30(2x10"M) 60.0(2x10" M) 1352
9,a  15.,0(2.666x107M)30(%,666x10™M) 12
9,b  15.2(5.333x107M)30(5,333x10" M) 111,97

Structure of the complex @

The results of chemical analysis of the isolated
yellow complex, for molybdenum and nitrogen contents

revealed ite composition as (CSH803N)2MOO?'

On the basis of evidence derived from physico-
chemical studies as well as the chemical analysis, the

following structure may be assigned to the complex,

Ho/v:é oOH

HO \ =No
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Composition and structure of Cu(II)-D.,H,A.O.complex :

2,5-Dihydroxy-acetophenoneoxime forms
insoluble, light brown coloured complex with copper ions

in the pH range of 2,0-8,0.

Chemical analysis of the complex gave

evidence for the formation of (CBHBOBN)QCU complex,

The composition of the complex was further
studied by carrying out conductometric titrations (both
ditect and reverse) between the reactants, The results of
all the titrations also revealed the formation of 1:2
(CusD.H.A.0.) complex., The results of the titrations are

summarized below :

s.No., Fig. & Vol,of Copper Vol.of D.H.A.0, Mole ratio

curve sulphate Cu/D.H.A.O,
................ 258 SR 0L S (R R N rery St =

10,2 20.0(5x107M) 44,0(5x10" M) 1:2,2

10,b 20.0(1x1073)  41,0(1x107M) 1:2.05

10,¢ 20.0{1.25x10"3M)41,6(1.25x107 M) 132,08

11,a 9.6(2.5x10"3M) 20,0(2.5x107°M)  1:2,08

b 11.0(2x1073M)  20,0(2x107%M) 1:1,82

pH metric titrations were also carried out
to determine the composition of the complex, The pH metric
titrations of copper sulphate in presence of 0,1,2 and 3
moles of D.H.A.O, against standard KOH (Fig,15) provide

the following information.



The titration curve(a) of copper sulphate alone
against KOH has got only one inflexion point corresponding
to the interaction of 2 moles of KOH‘with 1 moleof copper
to give 1 mole of cupric hydroxide,

4+

cu*t + 200> cu(OH),

On addition of 1 mole of the ligand to the copper-sulphate
solution, the pH of the solution is lowered by about two
units (curve b)., This lowering in pH can only be attributed

to the release of protons during complex formation, Two
inflexion points are observed in curve (b), one corresponding
to 1 mole and the other to 2 moles of KOH respectively,

It may be assumed that 1 mole of KOH is required to neutralize
2 proton released during 1:2 complex (Cu : D.H.A.,0) formation
and the eecond mole of KOH is used'for precipitating the

remaining half of copper as the hydroxide.

L o* 4 HL o+ OH——> &| cu(L), | + H,0 (HL stands for the
2 2 2 2
ligand)

ratt e ——F [cuon), |

However, with the copper sulphate containing excess of the
ligand (2 and 3 moles), only one inflexion point corresponding
to 2 moles of KOH 1s realized (curves c,d). It is assumed

that 2 moles of KOH may only be consumed for reacting with

2 H* released during complex formation, The reaction may be
represented as follows

cutt + 2HL + 20H"—>Cu(L),y + 2HyO
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The pH metric titrations thus indicate that one
mole of copper reacts with two moles of D.H.,A.0, to form

1:2 complex.,

The physico-chemical investigations as well as
the results of chemical analysis provide evidence for the
formation of 1:2 complex,

The infrared spectra show 2 lowering in the

8 of free oxime

C=N- stretching frequency from 1590 om”
(Fig.18) to 1550 cm'l in the copper complex (Fig,19), It
may thus be inferred that copper is coordinated to oxime
through nitrogen of C=N-, The other group involved in
chelation will then be phenolic(oﬁ), the hydrogen of which
is replaced by the metal, This is also confirmed on the
basis of pH metric studies. The structure of the complex

may be written as :

o ﬂ S L O/‘/
/ O\ f}ﬂ_c
A
H o=\ C%:NOH (0]
CH}

Composition and structure of Pd-D.H.A.O. complex 3

2,5=-Dihydroxy-acetophenoneoxime reacts with
palladium ions to form yellow, insoluble complex in the
pH range 2,5-6,0.

The results of estimation of palladium and

nitrogen contents of the isolated complex corresponded

to its molecular formula (CSH803N)2Pd.
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The conductometric titrations carried out between

T

palladium chloride and D.H.A.O0, gave the combining ratlo
of 1:2 for metal and the ligand respectively. The results

of the titrations are given below :

S. No, Fig.& Curve Volume of Palladium Vol, of Mole ratio
chloride D.H,A,O. Pd/D.H,A,Q,

........................... ml,) _ -----_____ﬁlei_-----_-_-_-_-_--_

1. 12,2 00,0(7.5x10" M) 42,7(7.5x107%M) 112,13

%, 12,b 20.0(1.5x10734)  40,0(1.5x107°M) 112

3, 13,2 11.25(4x10™%M) 20,0(4x10"%M)  1:1.78

4, 13,b 10,0 (6x10™ M) 20.0(6x10" M)  1:2

pH metric titrations were also carried out to

determine the composition of the complex,

Three sets of solutione were prepared as ir the
case of copper and were titrated against standard KOH
solution (Fig.16). Since palladium chloride solution was
prepared 1in 0.05N hydrochloric acid, necessary correction
was, therefore, made while evaluating the composition,
Curve(a) gives two inflexions corresponding to the
consumption of 5 and 7 moles of KOH respectively, The
first inflexion is due to complete neutralization of
hydrcchloric acid present inﬁgolution, with KCH whereas

the second inflexion indicates the complete precipitation

of Pd as Pd(oH)b

sHY + sOH™—> 5H0
pd**+ 200™—> Pd(oH),

pd**+ sHY+70H™—> Pd (oH) ,+5H,0
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On addition of the ligand to palladium solution,
lowering in pH of the solution occurs as indicated by
curve(b), This lowering of pH is attributed to chelation
reaction resulting in the release of protons, Curve (b)
records only one inflexion at 7 moles of KOH, Of the seven
moles of KOH consumed, ® moles are required to neutralize
hydrochloric acid present in the solution, As the solution
contains metal and ligand in the ratio of 1l:l, it may be
assumed that half of the palladium forms 1:2 complex with
the ligand, with the release of one proton which reacts with
one mole of KOH whereas the other half of palladium gets
precipitated 2s hydroxide by another mole of KOH,

sHY + S0H—— 5H,,0

oM+ o %{pd(r_)z]+ H,0

Pd

Heoww — %[pd(OH)Q]

Curve(c) is obtained on titrating the solution

Pd

= -

containing metal and the ligand in the ratio 1:2 respectively,
There is only one inflexion corresperding to seven moles
of KOH, Since five mcles of KOH are consumed in the
neutralization of the hydrochloric acid present in the
solution, the remaining two moles are required to neutralize
the two protons released during complex formation,

sH® + SOH™—— 5H,0

-+

Pd** + 2HL+20H™ - Pd(L), + 2H,0

Again with the solution containing metal and
the ligand in the ratio 1:3 respectively, only one inflexion



corresponding to seven moles of KOH, is observed (curve d),

From the pH metric titrations, it may, therefore,
be concluded that for one mole of palladium, two moles of

D.H.A.0 are required to form the Pd-D,H,A.O.complex,

The structure of the complex was established by
comparing the infrared spectra of the ligand (Fig.18) and
the complex (Fig.20). The interesting feature of these
spectra is the shifting of C=N- frequency from 1390 en™t
(in the ligand) to 1560 en~! in the complex, pointing
thereby coordination of the metal to the ligand through
the nitrogen of C=N-, The other group responsible for
chelation is the phenolic (oH), the hydrogen of which is
replaced by the metal, as evidenced by pH metric titrations,

The complex is, therefore, structurally represented as:

Composition and structure of Ni-D,H.A,O.complex :

The results of chemical analysis of the

isolated complex corresponded to its formula (08H803N)2Ni.

Conductometric titrations were carried out
between nickel sulphate and D.H.A,O. The combining ratio
of 1:2 for nickel ané D.H.A.0, was evaluated from the

titration curves, The results of the titrations are



summarized ac below:

SeNo, Fig.and Vol,of N:'LSo4 Vol.of D.H,A,O Mole ratio

curve (ml,) (ml,) Ni/D.,H,AO
i 14,2  10,0(5x1073M) 20.0(5x10" M) 1:2
2, 14,6 10,375(8x1073M)20,0(8x10" M) 151,92

pH metricltitrations were performed with the
solutions containing nickel and D.H,A.0, in the ratio of
1:0, l:l, 1:2 and 1:3 respectively against standard KOH
(Pigsl7)s

In curve(a) there is only one inflexion
corresponding to 2 moles of KOH, the whole guantity of KOH

being consumed in precipitating nickel as hydroxide.

N1t 20H™—— N (o),

Two inflexions are observed in curve(b) corresponding to

1 and 2 moles of KOH respectively. Since the solution contains
metal and ligand in the ratio of 1l:1, it may be concluded

that half of the metal is consumed in the formation of 1:2
complex, The other half of the metal is precipitated as
hydroxide by another mole of KOH

Ni + HL + OH—— [Ni(L)2l+ H20

[Ni(OH)zl

NL + OH —>

N o
o= N
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Curve(c) represents the titration of the solution
containing metal and D.H.A.O, in the ratio of 1:2, Only
one inflexion corresponding to 2 moles of KOH is realized.
These two moles of KOH are consumed in reacting with two

protons released during 1:2 complex formation

N e 2HL + 20H™—> NL(L),* 2H,0

In curve(d) representing the titration of the
solution containing metal and ligand in the ratio of 113,
there is also one inflexion corresponding to 2 moles of
KOH, thus showing again 1:2 complex formation between

nickel and D.H.A.Q.

On comparison of the infrared spectra of D.H,A.O.
and its nickel complex, it is found that the absorption
band at 1590 em~) due to CaN- in the 1ligand (Fig.18) is
shifted to 1550 em~t in the complex (Fig,2l1), showing
thereby that the coordination of nickel takes place through
nitrogen of the oxime group. The other group involved in
chelation is the phenolic (OH), the hydrogen of which is
replaced by the metal as evidenced by pH-metric titrstions.

The nickel complex is, therefore, represented

structurally as

"/ ﬁON:fC \ OH

(¢
\ g M
N
HO—Lk gnéf TR\ 4
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CHAPTER 1V
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* 2,5%=Dihydroxyacetophenoneoxime as an analytical for
copper, palladium, nickel and molybdenum "

% RP



INTRODUCTION

2,5-dihydroxy-a;etcphenoneoxime as a colorimetric reagent
for molybdenum :- _ =

One of the earliest methods used for the
colorimetric determination of molybdenum, is the thiocyanate
methodlwhich is stiil being used despite some of its
limitations namely the poorer reduction sf Mo(VI) to Mo(V),
control of acidity,concentration of thiocyanate, fading of

the colour on standing ancd the effect of the solvents,

0f the organic compounds recommended for the
colorimetric estimation of molybdenum, pyrocatecholz,
phenyl-hydrazine? diphenylcarbazone? 8=hydroxyquinoline-5-
sulphonic acid®, chloranilic scid®, thiogiyeollic acid’ and

toluene-3,4-dith1018 are worthmentioning,

H
The compounds containing {tyqn NOH

3

(where X may be H, oH, NH2 or alkyl group) have rarely been
used as colorimetric reagents for the estimation of molybdenur
The reactions of 2 few compounds of this series, viz,,
o-hydroxy-2cetophenoneoxime, 2-hydroy-5-methyl-acetophenone-
oxime and 2,5-dihydroxy-acetophenoneoxime with molybdenum
have beén described in the preceding Chapters, All these
compounds give colour reactionsvith molybdenum(VI), It has
been found that out of these compounds, only 2,5-dihydroxy-
acetophenoneoxime can be used as a colorimetric reagent for

molybdenum due to its higher sensitivity and greater
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solubility in aquous-alcoholic medium,

Amperometric determination of copper, nickel and palladium
wi}h 2,5:d;hydroxy-acetophenoneoxime H

The amperometric determination of copper has
been studied by a number of workers, Amongst the reagents

belonging to the oxime series, recommended for the estimation

9, salicylamidoximelo,

d-benzoinoximell(cupron) and resacetophenoneoximel2.

of the metal are salicylaldoxime

Neuberger estimated copper amperometrically by adding excess
of salicylaldoxime to the copper solution and then back
titrating the reagent with standard copper solution. Langer
used « =benzoinoxime for the amperometric determination of
copper but the method is not suitable as it involves the
interference by a number of metals, e,g,, Ni,Fe,Zn,Pb, etc.
Salicylamidoxime is also recommended for the determination
of copper amperometrically in the presence of Pb, Cd, Zn,
Mn, M. and Co. The interference due to Ag, Sb, Bi may be
avoided by precipitating these metals as chloride and
oxychlorides, prior to the addition of the acetate buffer

golution,

Resacetophenoneoxime has recently been
reported for copper determination in the presence of cadium
and nickel; the interference due to other lons has not been

studied by the authors,

A few references are available on the

amperometric estimation of palladium; the reagents
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13’ 1’2,3-benzotriazolé?

16

worthmentioning are salicylaldoxime
mercaptothiozolel5, dimethyl-glyoxime and « -nitroso -

ﬁ-naphtholl?

1,2,3 benzotriazole has been recommended by
Wilson and Wilson for the estimation of palladium
amperometrically., The method fails in the presence of
Os(VIII), Ru(III), Ni(II), Fe(III), Au(III), Co(II) and Ir,

A number of reagents have been investigated
for the amperometric determination of nickel, The most
extenslvely used reagent for the estimation of this metal

is dimethyl—glyoximels.

The present investigations deal with the
amperometric titrations of 2,5-dihydroxy-acetophenoneoxime
with Cu(II), Ni(II) and Pd(Il1). The suitability of this
compound as an analytical reagent for the amperometric

determination of these metals, has also been explored,
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EXPERIMENT AL

Solutions of the reagents, viz,, 2,5=-dihydroxy-
acetophenoneoxime, copper sulphate, palladium chloride,
nickel sulphate and ammonium molybdate were prepared and

standardized as described in the Chapter I,

Walpole buffers (sodium acetate-acetic acid) of
pH 4,6 and 4,0 and ammonia-ammonium chloride buffer solution
(pH 9.0) were prepared and their pH was checked in exactly

the same manner as described earlier,

Gelatine solution of 0,1% was prepared in hot

double distilled water,

Solutions of diverse ions were prepared from their

sultable salts of A,R., quality,

Absorbance measurements were carrlied out with
Bausch and Lomb !'Spectromic 20!, using 1 em, cells, All pH

measurements were made with Beckman pH meter, model H,

Visual colour comparisons were made in 50 ml.

Nessler cylinders,

A Toshniwal manual polarograph,type CLO-2(India),
with Pye Scalamp galvanometer in external circuit, was
employed for carrying out amperometric titrations, The
polarographic cell was kept immersed in a water thermostat
maintained at 30 # 0,1°C, Fischer capillary was used for the
dropping mercury electrode, A drop time of 3,5 secs, was

maintained throughout the experiments,
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2,5=-dihydroxy-acetophenoneoxime as a colorimetric reagent

for mplybdenum:

Abgsorption spectrum of_Mo(VI)-2,5-d1hydroxy-acetophenoneoxime

In order to determine the wave length of
maximum absorption, a solution of the complex was prepared
by mixing 2,0 ml, of 1x10"3M ammonium molybdate with 10 ml,
of 5x10'3M of 2,5-dihydroxy-acetophenoneoxime (D.H.A,0) and
the final volume was made up to 2% ml, A reagent solution

was also similarly prepared.

The absorbance of the orange-yellow solution
was measured at different wave lengths, using reagent as

blank,
Table = 1
Absorption spectrum of Mo(VI)-D.H.A.0. complex.

-R
Concentration of ammonium molybdate =8x10"~M (7.7 p.p.m)

Concentration of D,H.A.O =2x10" M
Wave length Optical density

(mu)

32% 0.15
330 0,14
335 0,13
340 0,16
345 0.20
350 0.27
355 0.35
360 0,40
365 0,46
370 0.49
378 047
380 0.44
290 0637
400 0,31
425 0,19
450 0.12

Fig., 1

The maximum absorbance of the complex lies at 370 mu.
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Effect of pH on the colour intensity of the complex
solution :

The effect of pH on the colour reaction was
studied by measuring the optical density, at 370 and 380 mp,
of the solutions containing the same concentrations of

ammonium molybdate and the reagent and at different pH

values,
Iable - 2
Effect of pH on the colour intensity of the complex
solution,

8x10"°M (7.7 pep.m)

i

Concentration of ammonium molybdate

Concentration of D.H.A,O, = 2x10™M

pH of the solution Optical density at

........................... 3 3 RS . Y S
1.5 0.39 0433
2.0 0,46 0.40
2.5 0.48 0,43
3.0 0446 0.43
3,5 0,48 0.43
4,0 0.48 0.43
4.5 0.40 0,37
5.0 0.08 0.07
6.0 0.04 0,04

Fig., 2



Effect of reagent concentration :

Solutions containing 2,0 ml,of 1x10™3M
ammonium molybdate and varying amounts of'lx10'2M D.H.A.O
were prepared, the pH of each solution being 3,0-4,0 and
total volume of 25 ml, The absorbance of these solutions

was measured at 370, 380 and 390 mu.

Iable - 3

Effect of reagent concentration

Final concentration of ammonium molybdate =8x10'5M(7.7 P.P.N
Initial concentration of the reagent added=1x10"

Final volume = 25 ml.

Vol, of D,H,A,O, Optical density at

e 370 mu_____ 380 mu __ __ _ 390 mu______..
1.0 0.25 0,19 0,13
2.0 0,46 0,37 D.24
3.0 0.585 0,47 0,31
4,0 0,66 0.53 C.35
5.0 0,69 0.35 0,37
6.0 0,74 0.585 0,39
7.0 0,77 0.62 0.41
8.0 0.80 0,63 0,42
9.0 0,80 N.63 0,42
10,0 0.82 0.64 0.43

Fig. 3



Validity of Beer-Lambert's law :

In order to find out the concentration range
of molybdenum over which Beer's law is obeyed, a series
of solutions containing fixed concentration (6.4x10'3M)
of the reasgent and the varying concentrations of ammonium
molybdate were prepared and their zbsorbance was measured

at 370 and 380 mpu, against reagent blank,

Table - 4
Validity of Beer-Lambert's law

Final concentration of reagent = 6,4x10" M
Initlal concentration of aam.molybdate added= lxlO'3M

Total volume = 25 ml,

Vol.of Amm,molybdate Optical density at

R I s = e i RS 1 R 380 mp_______
0.0 0.0 0.0
0.25 .04 0.04
0,5 0,11 0,10
1.0 0.23 0.20
1.5 0,36 0,30
2.0 0.48 0,42
2.5 0,57 0.52
3.0 0,72 0.64
3.5 0,81 0,74
4,0 0.91 0.84
4,5 1.03 0.93
5.0 1.11 1,03%
5.5 1.19 1,1
6.0 1.23 1.16




Visual sensitivity of the colour reaction :

50 ml, solutions containing 1x1073M of
D.H,A.Q0 and 0,5, 1,0 and 2,0 p.p.m. ¢f molybdenum
respectively were prepared, These solutions were observed

against 2 blank (reagent) in Nessler cylinders,

Tolerance of foreign ions :

The solutions of diverse inns of varying'
concentrations were added to the 25 ml. flasks containing
a fixed concentration of molybdenum (7.7 p.p.m) and to
this was added the reagent (final concentration ax10™°M).
The absorbance cf these solutions was measured at 370 mu

against reagent blank,
Iable =5

Ef fect of Diverse ions

Final concentration of Amm.molybdate =8xlO'5M(7.7 PePoeln)

Final concentration ¢f reagent =4%10™3u
pH of the solutions =3,0-4,0
Wave length used =370 mp
Ion Added as Conc,of ion Absorbance
3 - - 0.48
arttt A1 (so,) 0.5 0446
2FTAE 0.2 0,47
Bet? BeCl, 3.0 0,48
6.0 0,478
9 0,47
ca*t Cd(Nog) o5 0.48
50 0,48
100 0,472
ot
Ce Ceo(So,)q 1 0,478

2 047



Ion

+4
Co

+*
CI+ +
+4

Fe++

+4+
Fe ¥

++

+4+
Mn

Ni+*

pb++

pd++

S TRALA

++

+4
Vo

W54
Tptt

o e
Zr

+4

++
Batstlica

Added as

CoSo4

Cr2(504)3

CuSo4

FeSo, (NH, ) 550,

FeCl3

MgSo4

MnCl2

Pb(N03)2

PdCl,
Agho
TiCl,

U02(N°3)2
VoSo4
N32W04
Th(Neg),
Zr(No3)4

ZnSo4

Nitrate

Conc,of ion
—{(p.p.m)

50
100
150

De2

12
24
30
100
200
300
50
100

2

100
200
400

1000

Absorbance

0,48
0,472
0.465

0,47

0,47

0,48
0,47

0,59
0,48
0,475
0,47
0.48
0,48
0,472

0,48
0.49

0,48
0,47

0,47
0,47

0,485
0449

0048
0.488

0,53
0,48
0.488
0,50

0,48
0,47

0.48
0.465

0,48
0.48
0.472

0,48

c?

[N



Ion

c1”
Br~
-
S0,

4

NO4

ﬁ-
CH3C0L

Oxalate

Tartrate

Citrate

Added as

KCl1
KBr
KI

K2$o4

KNo3

CH3COONa

Potassium
oxal ate

Sodium
tartrate

Potassium
citrate

Conc,of 1on
—{RaRam)

1000
1000
1000
1000
1000
1000
1.0
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Absorbance

0,48
0,48
0,48
0.48
0.48
0,48
0.47

0,475
0,47

0,475
0,472
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Amperometric determination of copper, palladium and
nickel with 2,5-dihydroxy-acetophenoneoxime.

Amperometric determination of copper(II):-

The amperometric titrations of Cu(IT) were

carried out at a potential of -0,15 volts vs 5.C.E,

Titration procedure :-

An appropriate aliquot of the standard
stock solution of copper(Il), sufficient to give the desired
concentration, was neutralized with dilute alkall and
transferred to a 100 ml, flask; to it were added 50 ml, of
0.,4N sodium acetate-acetic acid buffer solution (pH 4,6)
and 10 ml, of 0.,1% gelatine solution and the solution was

diluted to the mark with double distilled water,

A 20 ml, aliguot of this solution was
transferred to a titration cell, deaerated with purified
hydrogen gas and was titrated against 40% alcoholic solution
of 2,5-dihydroxy~acetophenoneoxime at 2 potential of -0,15
volts vs S.C.E., using dropping mercury indicator electrode.
The current was recorded after each successive addition of
the titrant, Volume correction was spplied by multiplying
the values of the current with !%g, where V was the initial
volume of the solution taken in the cell and v, the volume
of the titrant added, The extrapolation method was employed
in ascertaining the volume of the titrant used in the

titration,



Iable -6

20 ml, of 2.5x10'3M CuSo4(in the cell) titrated against
2x10"2M D.H.A,O,

Vol.of D.H.A,O, Current Vol. of D.H.A.O, Current
ML T (2x10=7amp) ____ (ml.)_ __ _ . .. {2x10-7amp,)_
0.0 1200 4.5 3.2
DD il.© 5.0 2.5
1.0 10,0 5.5 2.0
1.5 9.15 6,0 1.7
2.0 7.9 6,5 1.6
2.5 6,9 7.0 1,6
3.0 5.85 8.0 1.6
3.5 4.85
4,0 4,0
Fig.5, curve (a)

Igble - 7
20 ml.of 2x10"M CuSo,(in the cell)titrated against
2x10"2M D.H.A.O.

0.0 10,05 3.5 2.8
0.5 9,0 4,0 2.4
1.0 8,0 4,3 1.8
1,5 705 5,0 1.6
2.0 5.9 5.5 1.6
2.5 4.7 6.0 1.6
3.0 3.65

Fig,5, curve (b)
Table - 8

20 ml,of l.5x10"3M CuSo4(1n the cell) titrated against
2x10"“M D, H.A.O,

0.0 801 305 104
0.5 7.0 4.0 1.2%
1.0 6,0 4,5 1.2
1.5 4,6 5.0 1.2
2.0 3.5 5.5 1.2
2,5 2.2 6,0 1.2
300 l.?

Fig.5, curve (c)



Table -9

20 ml,of lx10'3M CuSo4(in the cell) titrated against
2x10’2M D.H.A.O,

Vol.of D.,H,A.D, Current Vol.of D, H,A,O, Current
W T SR (2x10=7amp)______ (ml.) . _._.{2x10=Tamp.)_

0.0 5.9 2,0 1,2
0,2 5.4 2.2 1.0
0,4 4,9 2.4 0.7
0,6 4.3 2.6 0.7
0.8 3.7% 2,8 0.7
1,0 3.3 3.0 0,7
1.2 2.8 3.2 0¢7
1.4 2.3

1.6 109

1.8 1.45%

Fig.5, curve (d)

Table =12

20 ml,of 5x10'4M CuSo4(in the cell) titrated against
2x10" 21 D.H.A.O,

0.0 3.3 1.2 1.05
0,2 2.8 l.4 1.05
0.4 2,4 1,6 1.05
0,6 1.95 2,0 1.05
0.8 1.5
1.0 1,2

Fig.6, curve (a)

Iable -11
20 ml.of 2.5xlo'4M CuSo4(in the cell) titrated against
2x10" i D.H,A.0,

0,0 2.0 1.0 1,0
0,2 1.6 1.2 1,0
0.4 1.3 1.4 1.0
0,6 1.0
0.8 1.0

Fig.6, curve (b)



The reverse amperometric titrations, taking
2,5-dihydroxy-acetophenoneoxime in the cell, were carried

out under similar conditions as in direct titrations,

|5q5blg" 12

20 ml, of 4xlo'3M D.,H.A.0. (in the cell) titrated against
1x10~ 24 CuSo,

Vol,of CuSo4 Current Vol,of CuSo4 Current
. 75 et (2x10-7amp,)____. . (2x10=Tamp, ) __

0,0 0.7 3.2 0.85

0.4 0.8 3.6 1.05

0.8 0,8 4,0 1.5

1.2 0.8 4,4 1.9

1.6 0.8 4.8 3.0

2,0 0.8 5e2 4,2

2.4 0.8 5.6 5.4

2.8 0.8

Fig,7, curve (a)
Izble - 13

20 ml.0f 2x10~3M D.H.A.0. (in the cell)titrated against
1x10~ M CuSo,,

Vol.of CuSo4 Current Vol.of CuSo4 Current
fmlg) ____C___(2x10-Tamp,) _____ [ T (2x10=Tamp, ) ___
0,0 0,65 1.6 0.85
0.2 0,75 1,8 0.9
0.4 0.75 2,0 | %
0,6 0.75 2.2 1,6
De8 0.75 2.4 1.8
1,0 0.75 2.6 2.3
1.2 0.75 2.8 2.8
1.4 0.8 3.7 3.2
3.9 4,%
4,0 5.8

Fig.7, curve (b)
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Table ~14

20 ml.of 3x10™°M D.H.A.O. (in the cell) titrated against
1x10" % cuso,

Vol,of Cu504 Current

(ml,) (2x10"Tamp, )

FEBWWONOO

W W e L
SO OWROOO
DR WN=OOD00
.
WONBR=OO®D

Fig, 7, curve {¢)

Effect of diverse ions :

The effect of foreign ions on the amperometric
determination of copper was studied by adding varvying
concentrations of the lons to the copper solution (fixed
concentration 1,26 mg/20 ml,) and titrating the solution
against the reagent under the conditions described during
the ampercmetric titrations of copner, The results are

summarized and given ir the discussion part,

Amperometric determination of palladium :

Procedure :

An appropriate aliquot of the standard stock
solution of palladium, to give the desired concentration,
was transterred to a 25 ml, flask; to this were added

10 ml, of 0,5N sodium acetate-acetic acid buffer solution



of pH 4,0 and 2,5 ml, of 0,1% gelatine solution and the
solution was diluted to the mark with double distilled

water,

A 20 ml, aligquot of this solution was transferred
to a polarographic cell and the solution was deaerated by
passing oxygen free nitrogen gas. The titration was carried
out at -0,4 volts vs S.C,.E., using dropping mercury
indicator electrode, Small aliquots of the reagent were
adaed to the palladium solution., After each addition, the
solution was stirred with nitrogen gas and the current was
measurec after an interval of two minutes, The current
values were corrected for dilution effect as described
earlier. The end point was obt ained graphically from the

volume-current curve. The observations are tabulated below:

Table =15
20 ml, of 2, 5r10'3y PdCl (in the cell)titrated against
2x10"2M D.H.A.O,

Veol.of D.H.A,Q, Current Vol,of DH,A.Q, Current
(ml,) (2x10-7amp, ) (ml,) (2x10=7amp.
0.0 7.6 3.,% 2.6
0.5 6,9 4,0 1.9
1,0 6.2 4,5 1.3
1.5 5.5 5.0 0.95
2.0 4,75 55 0,7
249 4.05 6.0 0.5
3.0 2.4 6.9 0.5

7.0 0.5

Fig.8, curve (a)



Table =16

20 ml.of 2x10™°M PdCl,(in the cell) titrated against
2x10"2M D.H.A.O,

Vol.of D.H,A,0, Current Vol.of D.H.,A,0, Current
(ml,) (2x10=T7amp, ) (ml,) (2x10=7amp, )
0,0 6,2 3.5 1.29
0.5 5.5 4,0 5 P
1,0 4,9 4,5 0,5
1.5 4,1 5,0 Na4
2,0 2.2 5.5 N4
25 2,6 6.0 N.4
3‘0 1.9

Fig.8, curve (b)

lable -17
M PdClz(in the cell)titrated against
2x10” A D.H,A.0,

20 ml.of 1.25%x10"°

0.0 4,2 3.0 0455
0,5 3.5 3.5 0.45
1,0 2.7 4.0 C.40
1.5 1.9 4.5 0,40
2,0 1.2 5.0 C.40
2.5 C.8
Fig.8, curve (c)
Iable =18

20 ml,of lxlO’3M Pd012 (in the cell) titrated against
2x10" 24 D,H.A.O.

0.0 3.35 2.5 0.3
0,3 2,6 3,0 0,45
1,0 1.9% 3.5 0,40
1.5 l.o 4.0 0'40
2,0 0,65

Fig.8, curve (d)
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o =10

20 ml. of 5x10'4M PdClz(in the cell) titrated against
2x10™2M D,.H,A,0,

Vol.of D,H,A.D, Current Vol.of D.H,A.O, Current
S % ST e x10=Tamp, _______. L R e x10=Tamp, _

0,0 3,2 1,2 0,5

0.2 2,7 1.4 0,4

0,4 2.1 1,6 0,4

0,6 1.9 1.8 0.4

0.8 0,95 2.0 0,4

1,0 0,6

Fig,9, curve (a)

20 ml.of 2.5x10"M PdCl,{in the cell) titrated against
2%x10~2M D.H,A.O,

0.0 1.5 0.3 0,35
0.1 1,25 0,6 0.3
0,2 0495 07 0,3
0,3 0,7 0,8 0.3
0,4 0,5
Fig.9, curve (b)
Reverse titrations
Iable - 21
20 ml.of 5x10"°M D.H.A.0, (in the cell) titrated against
1x10™2M PdCl,
Vol.of PdCl Current Vol,of PdCl Current
N 74 YA {2x10-7amp,) ______. 7 TR, (2x10=7amp, )_
0,0 0,5 HeD 0.85
1,0 0,9 6.0 1,15
2.0 0.5 6.5 1,45
3.0 0,5 7.0 1.8
4,0 0.5 7.5 2,05
4,5 0.55 8,0 2.4
5,0 0.6

Fig.10, curve (a)
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Iable -22
20 ml.of 2.5x10"°M D.H,A,O. (in the cell) titrated against
1x10™% PdCl,

Vol.of PdCl2 Current Vol,.of PdCl2 Current
JAmle) L .f2x107Tamp.)_ . ... Blsteean.. - {2x10=Tamp, )
0,0 0.5 - % 1,15
1,0 0.5 4,0 1.9
2.0 0.5 5.0 2.2
2.5 0.6 6.0 2.9
3.0 0.8

Fig.10, curve (b)

Table =23

20 ml.of 2x10"°M D.H.A.0. (in the cell) titrated against
1x10” M pdcl,

0.0 045 3,9 1,6
1,0 0.5 4,0 1.95
2,0 0.5 4.5 4,3
2.5 0.9 5.0 2,6
3.0 1.25 6.0 3.3

Flg.10, curve (c)

Effect of diverse ions :

Effect of diverse ions on the amperometric
determination of palladium was studied in the same manner
as described in the case of copper. The results are summarized

and presented in the discussion part,



Amperometric determination of nickel(II):

Procedure :

A measured volume of standard nickel solution,
to give the desired concentration, was introduced into
100 ml, flask; to this were added zmmonia-ammonium chloride
buffer (pH 9.0), 10 ml, of 0,1% gelatine solution and the
solution was diluted to the mark with double distillad

water,

A 20 ml,aliquot of this solution was transferred
to a polarographic cell, deaerated with purified hydrogen
gas and a potential of -1,2 volts was applied, Dropping
mercury was used as an indicator electrode, Small aliauots
of the reagent were added and after each addition, the
solution was stirred by bubbling hydrogen gas and the
current was measured after an interval of one minute., The

observations are summarized in the following tables :

Iable -24
20 ml, of 2.5%10™ M NiSo4(in the cell)titrated against
2%10™ 2 DeH.A.0,

Vol.of D.H.A.O, Current Vol.of D.H.A.0, Current
o SRR e {x10-tsmp.) . _ iml.) _._ {2x10=Tamp, )
C.0 5,95 5ed 2.7
1.0 7.6 6,0 2.5
z.0 6,2 70 2.4
3,0 5.l 8,0 2,35
4.0 3.8 9,0 2.5
4,5 3.3 10,0 2,39
5.0 3.0

Fig.,1ll, curve (2)



Iable -2%

20 ml.of 2x10~M NiSo , (in the cell) titrated against
2%10" M D.H,A.O.

Vol.of D,H,A,O, Current

Vol.of D.H,A,O,

162

Current
$2x10'7amg:)___

2,4

.
N

o

IR 7S e (2x10Tamp,) ______(ml.) _ _ ___(2x10-7a

0,0 6,3 3,9
0.5 5.7 4.0
1.0 5.1 4,5
1.5 4,% 5.0
2,0 4,C 5.5
2,% 3.5 6.0
3.0 3.0 6.5

7.0

b b b b = A N

UOONOOO

Fig,ll, curve (b)

Iable -2€

20 ml,of l.5x10'3M NiSo4 (in the cell) titrated against

2x10"2M D.H.A,O,

0,0 4,85 3.25 1.9
0.5 4,3 4,0 1,15
1,0 3.6 4,5 1.15
l.5 209 5.0 1015
2,0 2.45 6.0 1,15
2.5 2,05

3,0 1,6

Fig.l1l, curve (c)
ITable =27
20 ml.of 1x10'3M NiSo4(1n the cell) titrated against
2x10"%M D,H,A,O,

0.0 3.25 2,5 1.8
0.5 2.8 3.0 1.15
1,0 2.2 3.8 Lok
1,5 1.7 4,0 |
2.0 1.4 5.0 oy )

Fig.ll, curve (d)
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20 ml.of 5x10'4M NiSo4 (in the cell) titrated against
2)(].0-2M D.H. Ao o.

Vol,of D,H,A.O, Current Vol.of D.H,A.O, Current
(ml,) (x10=Tamp) (ml,) (x10=Tamp)
060 3.05 0,7 2.0
0,1 2.9 0,8 1,85
0,2 2,75 n,9 1.7%
N3 2.6 1.0 1.7
n,4 2.45 1.1 e
0,6 2.1% 1.4 i 4

Fig.l12, curve (a)
Table ~29

20 ml.of 7.5x10™%M NiSo, (in the cell) titrated against
2x10"2M D,H.A.O,

D40 4,2 1,2 2,30
0.2 3.85 l.4 2,0
0.4 3,9 1,6 1.85
0.6 2.2 1.8 1.7
0.8 2.7% 2.0 1,7
1,0 2,55

Fig.12, curve (b)
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Reverese titrations
Table 30

20 ml.of 5x10”°M D.H.A.O,(in the cell) titrated against
1x10" M NiSo,

Vol.of NiSo4 Current Vol.of 5&504 Current
MR e (2x10=7amp.) _____ (ml.) = ____(2x10-Tamp.) __
0.0 0.8 5,0 1,05
1.0 0.8 8.8 1.3
2,0 0.8 6.0 1.6
3.0 0.8 6.5 2,0
4,0 0.8 7.0 2.9
4.5 0.9 705 300
8.0 3.4
9,0 4,35

Fig,13, curve (a)

2 - .
20 ml.of 4x10"°M D.H,A.O0. (in the cell) titrated against
1x10™ M Niso,

0.0 C.R 4,0 p
1,0 C.R 5.0 1,95
2,0 C.8 5eD 2.45
3.0 0.8 6,0 3.0
3.5 0.85 7.0 4,05
4,0 1.1

Fig.13, curve (b)

Table =32
20 ml.of 2x10"°M D.H.A.O. (in the cell) titrated against
1x10” %4 Ni.So,

0.0 0.8 3.5 2.3
0,5 0.8 4,0 2.9
1.0 0,8 4.5 3.4
1.5 0.85 5.0 3.9
2.0 l.o

2.5 102

3,0 1,85

Fia.13, curve (c¢)
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DISCUSSION

2,5-dihydroxy=-acetophenoneoxime as a colorimetric reagent
for molybdenum:

2,5=-dihydroxy-acetophenoneoxime forms an orange-
yellow coloured, soluble, 2:1 complex with molybdenum in
acidic medium, The complex is stable at room temperature and
the intensity of the colour remains unchanged even on keeping
for long period, The results of the spectrophotometric studies
carried out under various conditions illustrate the applicabi-
1ity of 2,5-dihydroxy-acetophenoneoxime as a colorimetric

reagent for molybdenum,

Determination of optimum conditions :

The orange-yellow coloured, soluble complex
of molybdenum with 2,5-dihydroxy=-acetophenoneoxime, shows
maximum absorption at a wave length of 370 mu (Fig.1l) and this
wave length was, therefore, selected for subsequent colorimetric
etudies, The maxima of the complex was realized by using
reagent solution of the same concentration as blank due to the

high absorption of the latter,

The absorption measurements recorded at various
pH values show that the complex is stable in the pH range
2,0-4,5 (Fig,2,Chapter 111) and from the subsequent spectral
studies it is found that the complex acquires maximum colour

intensity in the pH range 2.5-4.0 (Fig.2).
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In order to assess the optimum conditions for
attaining the maximum colour intensity of the complex, the
absorption measurements were carried out with the solutions
obtained by adding various concentrations (4x10™ - 4x10'3M)
of the reagent to a fixed concentration (7.7 p.p.m) of the
metal, It was found that 40-50 folds excess of the reagent

were required to get maximum colour intensity of the solution

(Fig.3).

The absorbance measurements carried out with the
solutions containing fixed concentration of the reagent
(6.4x10'3M) and varying concentrations of the metal at 370
and 380 mu revealed that Beer's law was followed over the

concentration range of 2-20 p.p.m of molybdenum (Fig.4).

Preliminary studies on the effect of temperature
on the colour intensity of the solution showed that the colour
was stable upto 40°C; beyond that temperature the colour
started fading away. However, the solution regained its
original colour intensity on cooling to temperature below
40°c.

The qualitative assessment of the colour intensity
of the complex was studied by running a few experiments with
Nessler cylinders, Visual colorimetry with the solutions
containing 0.5, 1.0 and 2,0 p.p.m of molybdenum showed that
only the solutions having concentrations of 1,0 pep.m OT

above were visually distinguishable from the reagent,
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The colorimetric estimations of molybdenum were
studied in the presence of a number of foreign ions,

Solutions having a fixed concentration of molybdenum

(7.7 p.p.m) were taken and cations such as Al+++, Be*t

T4 P ++ +44 +4 S
cd*?, co*, @, ™, ', re™, ™™ .

<+ Sw
Ni++, b +. Pd++, Ag+, Ti++++, Vo++, Wol ™, Th++++’Zr++++’

Zn++, ca™*, Ba*t, sr** and anions such as a1”, Br”, I,

+ +*
» Mg ', Mn ',

So;'. Nog, CHSCoo', oxalate, citrate and tartrate were
added in varying concentrations and absorbance measurements
were carried out, Assuming + 2% change in the observed
absorbance of the solution containing foreign ion from that
of the solution containing no foreign ion as an interference

+++ 4+ ++4

limit, it was found that Al , Gr , Fe d Vo++ interferr-

ed strongly and must be eliminated prior to the estimation.
Cu++, Pd++, Pb++. Ti++++, WOZ., Ce+++, oxalate, citrate and
tartrate did not interfere if present upto 3.0 p.p.m.,
whereas other ions did not interfere at all with the estima-

tion of molybdenum,

The tolerance limits of the various ions are

summarized in the following table :

Concentration of Ammonium molybdate = 7,7 p.p.m

Concentration of reagent = 4x10'3ﬁ
Ion Added as Tolerance l1limit
= v o -
atHt A12(So4)3 0.2
Be*t BeCl, 9.0

++
cd cd(N'o3)2 100



Ion

+4d
Ce .

c°++

++e
Cr

0J++

Fe't

4t
Fe

Mg **

++
Mn

Rl
Pb
Pd
Ti

++
e
ot

+4
Uogy

4
Vo i

Wo;'

s
Th

+e
Zn

zptttt

Ca+fBa*fSr+*
cr,Br,I”
So.”

Nog

CHSCO6
Oxalate

Tartrate

Citrate

Added as

Cey(So, )y
Co 504
CuSo4
FeSod(N-i4)2So4
FeCl3
MqSo4
MnSo ,
Ni€o4
Pb(N03)2
Pd012
TiCl4
Uo,(Nog),
‘9’0%4
Na2Wo4
Th{No, ),
ZnSo4
Nitrate
Potassium salts
KoSo,

KN03
CHBCuoNa
Pot.oxalate

Sod.tartrate

Pot.citrate

Tolerance limit
om)

100
0.2
1
12
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must be eliminated

30
300
100
2

1

2
200

must be eliminated

3
10
400

> 1000
>1000
>1000
>1000
>1000
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Recommended procedure for analysis:

Molybdenum can be determined in commercial
samples, ores, minerals etc, by adopting the following

procedure:

A solution of the weighed amount of the sample
is prepared and treated to separate the other elements
present as wsual (Snell and Snell, Colorimetric methods of
analysis, 3rd Edition, Vol, II A, page 364-69, D, Van
Nostrand Co.,Inc,, London; Sandell, " Colorimetric determina-
tion of traces of metals", 3rd Ed, page 654-63, Inter -
science Publishers, Inc.,). The solution thus obtained,
may be treated directly or in an aliquot portion with an
excess (about fifty folds) of 2,5=dihydroxy-acetophenoneoxime
solution., The pH of the solution is adjusted to 3-4 and
then the solution be diluted to a requisite volume so that
the molybdenum content lies between 2-20 p.p.m, The
absorbance of the solution is measured at 370 mu against
reagent as blank. From the absorbance value, the concentra-
tion of the molybdenum can be found out with the help of the

caliberation=-curve,

From the above results it is concluded that
2,5-dihydroxy-acetophenoneoxime can be very well recommended
as a colorimetric reagent for molybdenum. The reagent
develops instantaneously a very stable orange-yellow colour
over a fairly wide pH range of 2.5-4,0. Metals like
berylium, nickel, cadmiunt, cobalt, ferrous iron, magnesium,

manganese, uranium, zinc do not interfere even in large
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excess, with the estimation. Metals like copper, palladium,
lead, titanium, thorium, zirconium, tungsten do not inter-

fere if present in small amounts. The method is thus reliable
and rapid as it does not involve the elimination of some of the
common metallic impurities associated with molybdenum,

Further, unlike the conventional thlocyanate method, it does
not require the reduction of Mo(VI) to Mo(V) and the
extraction of the complex with organic solvents and the

colour intensity remains unchanged during the estimations,

Amperometric determination of copper(II), palladium(II)
and Mickel (II1) with 2,5-dihydroxy-acetophenoneoxime:

In the preceding chapter, the complexes of
Cu(I1), NMi(II) and Pd(II) with 2,5-dihydroxy=-acetophenoneoxime
have been described and their composition has been investiga-
ted by chemical analysis, conductometric and pH metric
titrations, These metals form 1312 complexes with the ligand,

These complexes are very stable and insoluble in character,

Gravimetric analysis carried out with a
few samples of these complexes shows that the reactions
between metal ions (Cu++, Ni++. pd**) and the ligand take

place gquantitatively,

Amperometric determination of copper :

Amperometric titrations between copper and
2,5-dihydroxy-acetophenoneoxime were carried out using
acetate buffer (4,6 pH) as supporting electrolyte and

0.01% gelatine solution as maximum suppressor at the



=
-3
Jreead

reduction potential (-0.15 volts vs S.C.E) of copper,

Both direct (metal in the cell) and reverse
(1igand in the cell) titrations were carried out, The
current-volume curves (Flgs.5=-7) gave a stoicﬁiometric
ratio of 1:2 for the metal and the ligand respectively

in all cases.

The results of these titrations are summarized

belows
S.No, Fig.,& Vol.of CuSo4 Vol.of D, H.A.O, Molar ratio
curve (ml,) (ml.) Cu/D.H,A,0,
1 5,a 20(2.5x10"°M) 40.4(2,5x10™°M) 1:2.02
2 5,b  20(2x10"M) 39,68(2x10™M) 1:1.985
3 5,d 20(1x10"°M) 40.0(1x10™3M) 1:2
4 7,2  10,2(4x1073m)  20(4x107M) 1:1.96
5 7,6 10,0(2x10734)  20(2x107%M) 1:2
6 7,6 9.87(3x107M)  20(3x107°M) 112.02

During the course of amperometric titrations
of copper(II) with 2,5=-dihydroxy-acetophenoneoxime, it was
observed that appreciable changes in the diffusion current
of copper occurred on addition of the reagent, The reaction
between copper and the reagent is also quantitative in
the pH range 4.5-8,5, Keeping in view of the above
observations it was proposed to investigate the possibility
of employing smperometric titrations for the determination

of copper,



The optimum conditions required for carrying out
amperometric estimation of copper(II) with 2,5=-dihydroxy-

acetophenoneoxime were found to be as follows:

(a) The pH of the medium was maintained at 4,6
by using sodium acetate-acetic acid buffer solution which

also served as a supporting electrolyte.

(b) 0.01¥% gelatine solution was used as a maximum

SUppPressor,

(¢) A potential of =0,15 volts vs S.C.E. was

applied during the course of titrations,

Copper solutions of varying concentratiens
(0,315-3.15 mg.) were titrated against reagent of a suitable
concentration (at least 10 times the molar concentration of
copper in the sclution under titration). The results are

summarized as follows @

s.No, Vol.of Copper present Copper found % error
solution
(ml.,) (mg.) (mg.)

1 20,0 3.1% 3.1815 + 1

2 20,0 2.52 2,501 - 0,8

3 20,0 1.89 l.89 0,0

4 20,0 1.26 1.26 0,0

5 20,0 0,63 0,63 0.0

6 20,0 0.315 0,315 0,0

The amperometric estimations of copper were
also carried out in the presence of foreign ions. To the

solutions containing a fixed concentration of copper



(1,26 mg,), varying amounts of diverse ions were added

and the amperometric titrations were performed, it was

found that ions like Ag‘, Fe

P

Pd” ", Ti

bt

., Vo

++

interferred strongly with the estimations and should be

removed before carrying out the determinations. In the

presence of other ions, the estimations can successfully

be carried out, The results of the estimation of copper

in the presence of other ions are summarized below:

Estimation of copper in the presence of

other ions.

Ion Added as Concentration
of ion present found
et ok e UL L 1 7 R (mg,)____. {mg,)
agt  Agho, 1.0 1.26 1,35
4 : J 1.2
Al AL,(So,)., 128 1.26 5
et BeCl A 1,26 1,26
2 90 1.26 1.248
py*tt Bi (Nog )5 2%0 1,26 1,263
catt Cd(No,) 550 1,26 1,26
co™*  Coso, 100 1,26 1,26
+4+4 ] 1.26
Cr Cr2(504)3 250 1.26
Fe**  FeSo,(Mi,) S0, 50 1.26 1,263
Fe''t  FeCl, 0.5 1,26 1,51
Hgt*  Hg(Ne,), 200 1,26 1,248
Mg**  MgSo, 125 1,26 1,25
un**t  mnCl, 200 1,26 1.25
M** Nise, 100 1,26 1,255
ot Pb(Nog) 5 1000 1.26 1,273
pa*t  pdcl, 1.0 1.26 1.8
th****  Th(Ney), 500 1.26 1,26

% error

|
b
&
o

L]
0.25

+ 1

0,0

0.0

0.0
+ 0,29
+20,0
- 1,0
1.0
- 1,0

0.4
+ 1,0
+42,8

0.0
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Ion Added as Concentration _ Copper % error
of ion E?E?%%T—_?Eﬁhd
- _(ma,) (ma.) (ma.)
¢ i TiCl, 0,5 1,26 1.4 + 11,0
Vo' Uo,(Noy) o 200 1,26 1,265 + 0.4
Vo*t VoSo, i A 1,26 1,28 + 1.6
Wo,~ Na,Wo, 500 1,26 1,248 - 0,95
zn** ZnSo, 300 1,26 1,26 0,0
it Zr(Nog) 4 500 1,26 1,248 = 1.0
Ba't BaCl, 500 1,26 1,26 0.0
sx*? sr(Nog), 800 1,26  1.26 0.0
ca*t ca(Noy), 500 1.26 1,26 0.0
cl” KCl 1000 1.26 1.26 0.0
Bz~ VBr 1000 1,26 1.26 0.0
1" KI 1000 1.26 1,26 0.0
Nog KNo, 1000 1.26 1,26 0.0
S0z~ K,S0, 1000 1.26 1,26 0.0
Oxalate Pot.oxalate 100 1,26 1,26 0.0
Citrate Pot.citrate 200 1.26 1.2% - 0,8

Tartrate Sod,tartrate 200 1.26 1,2%9 - 0,8



Amperometric determination of palladium :

The reaction between palladium and

2,5=dihydroxy-acetophenoneoxime proceeds aquantitatively in

the pH range 205-6.00

Amperometric titrations between palladium

and 2,5-dihydroxy-acetophenoneoxime were carried out at the

potential -0.4 volts vs S.C.E., using sodium acetate-acetic

acid buffer solution (pH 4.0) as supporting electrolyte

and 0,01% gelatine solution as maximum suppressor, From

tha-
the points of intersection on jcurrent-volume curves a

combining ratio of 1:2 for metal and ligand respectively

was obtained, The results are summarized as follows:

S.No.

Fig,& Vol,of PdCl Vol.of D,H.A.0, Mole ratio

curve (ml.,) 2 {ml,) Pd/D,H.A.O,
1 8,a  20(2.5x107M) 39,2(2,5x10"°M)  1:1.96
2 g,b  20(2x10"M) 40.5(2x10" M) 1:2,024
3 g,d  20(1x10"3M) 40,0(1x10™M) 1:2
4 10,a  10(5x107M) 20(5x1073M) 1:2
5 10,6 10,2(2.5%10°3M)  20(2.5x107M) 111,96
6 10,6 10.0(2x10™3M) 20(1x10™3M) 1:2

Like copper, it was found that amperometric
titrations between palladium and 2,95-dihydroxy-acetophenone-
oxime could also serve for the determination of the metal,

The following conditions were maintained during the
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determination of palladium amperometrically:

(a) The pH of the solution was maintained at
4,0, using sodium acetate-acetic acid buffer solution which

also served as the supporting electrolyte,

(b) Gelatine (0.,01% solution) was used as a maximum

suppressor,

(¢) A potential of =0,4 volts vs S.C.E, was applied
during the titration, ]

Solutions containing 0,532-5,32 mg., of palladium
were used for the amperometric determination., The results

are summarized in the following table

S.No, Fig,t Vol.of solu- Pd present Pd found % error

curve tion

................ R D (SR | e e gt
8,a 20 5632 5,2136 - 2,0
8,b 20 4,256 4,309 + 1,2
8,¢c 20 2,66 2,66 0,0
8,d 20 2,128 2,128 0.0
9,a 20 1,064 1,064 0.0
9,b 20 0.532 N.511 - 4,0

1t is inferred that solutions containing 1,0-4.0 mg.

of palladium can accurately be determined within 2 1% error.

The influence of foreign ions on the estimation

of palladium was also studied in the usual manner, It was

T
found that Ag+, g Ti++++ Vo++, Cu  interferred

strongly. The presence of other ions did not hinder in the

accurate determination of the metal.



The results of the amperometric titrations of
palladium in the presence of other ions are summarized in

the following table :

Ion Added as Conc.of ion Pd present Pd found %
AR .. B R
agt AgNo 4 0,2 1.064 1,12 -4,15
ALY Aly(So,), 100 1.064 1.064 0,0
Be't BeCl, 45 1,064 1,064 0,0
Bi™*"  Bi(Noj), 100 1,064 1,07 40,65
ca*t Cd(No,), 100 1.064 1,064 0,0
™ CoSo, 100 1.064 1.064 0,0
ottt Cry(So,), 100 1,064 1.064 0,0
cu™t CuSo,, 0,5 1,064 1.9 +80.0
Fett FeSo, (NH,) S0, 56 1,064 1,08  +1,5
re' FeCl, 0.5 1,064 1.5 +40,0
Hg't Hg(No, ), 200 1,064 106 0.4
Mgt MgSo , 100 1,064 1084 0.0
Mn** MnCl, 200 1,064 1.064 0,0
n Y NiSo, 100 1,064 1,07 40,65
pb** Pb(No, ), 200 1,064 1,06  -0,4
Th****  Th(Neg), 100 1,064 1.064 0,0
7T Ba, 0.2 1,064 1.12  +6,0
Uoy' Uo,(Nog), 100 1.064 1,064 0,0
Vo't VoSo, 1 1,064 1,09  +2.5
wo;' Na Wo, 200 1,064 1,064 0,00
zn*t ZnSo, 200 1,064 1,070  +0.65
2zt zriney), 200 1,064 1.064 0,0

Ba't BaCl, 500 1,064 1,064 0,0
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Ion Added as Conc.of ion Pd present Pd found % error

------------------------ (mg,)--=--=-4mg, )=-=--4mg, )=~ -==-=-==-
sett sr(Nog), 500 1,064 1,064 0.0
cat? Ca(Noy) 5 500 1.064 1,064 0.0
- KCl 1000 1.064 1.064 0,0
Br~ KBr 1000 1,064 1,064 0.0
i KI 1000 1,064 1,064 0.0
Y K,So0, 1000 1,064 1,064 0.0
No, KNoq 1000 1,064 1.064 0.0
CHBCOO' CH3CooNa 1000 1,064 1,064 0.0
Oxalate Pot,oxalate 100 1,064 1,064 0,0
Citraté Pot.citrate 100 1,064 1,060 - 0.4
Tartrate Sod,tartrate 100 1,064 1,060 - 0,4

Amperometric determination of Nickel :

The reaction between nickel and 2,5-dihydroxy-

acetophenoneoxime 1s miantitative in the pH range 6,0-10,0.

The amperometric titrations of nickel with the
reagent were carried out at an applied potential of -1,2
volts vs 3.C.E, in the presence of ammoni a- ammonium chloride
buffer solution (pH 9,0) as supporting electrolyte and
0.01% solution of gelatine as maximum suppressor, Both
direct and reverse titrations were carried out and the
combining ratio, from the points of intersection on the
volume-current curves,was found to correspond to 1:2
complex for metal and ligand respectively, The results

are summarized below 1



S,No, Fig.,& Vol,of NiSo Vol.of D,H.A,O, Mole ratio

4

________ SBEYS- -(ml.) (ml,) Ni/D.H,A,0
1 11,8 20.0(2.5x10°3M) 40.0(2,5x10"3M) 1:2

2 11,b 20.0(2x10°3M)  40,0(2,0x10™3M) 1:2

3 11,6 20.0(1.5x10"3M) 40,33(1.5x107°M)  1:2,017
4 13,a 10.4(5x103M)  20,0(5x10™M) 1:1.92

5 13,b  10.0(4x10"3M)  20,0(4x10"3M) 1:2

6 13,¢ 10.5(2x10"3M)  20.0(2x10"M) 1:1.9

The amperometric determination of nickel
was carried out by titrating solutions containing
(0.587-2.935 mg,) of nickel against 2,5=dihydroxy=-acetophe-
noneoxime as titrant in the same manner as described above.
The results of a few determination of nickel are tabulated

below :

S.No, Fig,& Vol,of solu- M present Ni found % error

curve tion (mg.) (mg.)

_-_---_---------___iT}:) .......................................
1 1il.:4 20,0 2,935 2,935 0.0

2 11,b 20,0 2.348 2,348 0,0

3 1l,e 20.0 1,761 1,77%6 + 0,83

4 11,d 20.0 l.174 1.1%93 - 1,25

5 12,a 20,0 0.587 0.5166 - 12,0

6 12,b 20.0 0.8805 0.857 - 2.5

it is evident that the solutions containing

1,0-3.0 mg. of nickel can be accurately determined

(+2% error).
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The effect of diverse ions on the determination
of nickel could not be studied due to the formation of
their hydroxides or insoluble chelates with the reagent
in the basic medium.

From the above results, a conclusion may be
drawn that 2,5-dihydroxy-acetophenoneoxime may be used for
the amperometric determination of Cu, Ni and Pd, Copper
and palladium can be accurately estimated in the presence
of a number of other ions, Nickel can also be estimated
in a2 wide range of concentrations, though the presence

of foreign ions interfere with the estimation,
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* Uranyl and thorium(IV) complexes of 2-hydroxy=-5-methyl

acetophenone "

*X¥
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INTRODUCTION

The metal chelates of hydroxyaldehydes and ketones
have mainly been used for the detection and estimastion of
metal ifons., The precipitates formed by the interaction of
copper, nickel and ferric iron with salicylaldehydel in
ammoniacal medium, have been found suitable for their
gravimetric estimations. Another aldehyde namely pyrogallol
aldehyde2'3 has been employed by Kaserer for the detection

of thorium and zirconium,

Amongst the aromatic hydroxy ketones,2,4-dihydroxy-
acetophenone (resacetophenone) has been reported for the

detection of iron4 and boron5.

From the structural point of view, a little
attention has been pald to the studies of the metal chelates
of these reagents., Mostly the work has been done by Wilson
and Calvin®'7 who have studied the stability of Cu, Ni, Co
and 2Zn complexes of salicylaldehyde and its derivatives
potentiometrically. A few references of the chelates of
copper, nickel and cobalt with p-methoxy-a-hydroxyacetophenone8
have also been reported in the literature, Reactions of
metals with 2-hydroxy-S-methyl acetophenone have, however,
not been studied so far. It was, therefore, considered
worthwhile to study its reactions with few metals, For this
purpose two metals namely uranium and thorium were chosen,
These metals gave soluble complexes whose composition was

determined by spectro-photometric and conductometric methods,
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EXPERIMENTAL

SOLUTIONS;

Uranyl nitrate :-

Uranyl nitrate (B,D.H. Analar) was dissolved
in double distilled water, The strength of the solution‘

was determined gravimetrically as uranyl oxinate,

Thorium nitrate :-

Thorium nitrate of A.R., quality (B.D.H) was
dissolved in double distilled water and the strength of the

solution was determined gravimetrically,

2-Hydroxy=-5emethyl acetophenone :-

It was prepared by the method described in
Chapter II, Its solution was prepared in 50% alcohol,

Apparatus :-

The details of the apparatus employed are the

same as described in the preceding Chapters,

SpectrOphotometric studies on the nature, composition and
stability of uranyl=2-hydroxy-5-methyl acetophenone :

Uranyl ions react with 2=-hydroxy=5=methyl
acetophenone (designated as H.A.0) forming an orange, water

soluble and stable complex,

Vosburgh and Cooper's method was employed to
determine the number of complexes formed in solution,

Equimolar solutions were prepared by mixing the reactants



in the same manner as described earlier,
The absorbance of all these solutions was
measured at different wave lengths (350-450 mp), using

reagent solution as blank,
Iable =1

Absorption spectrum of uranyl nitrate solution

Wave length 0.D, of Uoz(Noa)2 solutions of conecs.
(mp) 0. 1M 0,05M 0.025M
350 0637 0,20 0,09
360 0.32 0,17 0.075
370 0,35 0.19 0.09
380 0.46 0,25 0.12
390 0.62 0,34 0,17
400 077 0.42 D.21
410 0..80 0.43 0,23
420 0,66 0.36 0,175
430 0,46 0,25 0.12
450 0,16 0,08 0.04

Curve (a) Curve (b) Curve (c)
Fig, 1

Mmax lies at 410 mu
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Table =2

Absorption spectrum of H.M.A, solution

Wave length 0.D., of HM.A, solutions of concs.
(mp) 2.5x10-4M 1.25x10=M
325 0,53 0,30
330 0.64 0,38
335 0.75 0.42
340 0.81 0.47
345 0,86 0.48
350 0,88 0,49
355 0,84 0.46
360 0.78 0.42
365 0,68 0.36
370 0,58 0.29
37% 0,43 0.23
380 0,20 0,16
385 0,20 0.12
390 0,135 0,085
400 0.05 0.035%

Curve (a) Curve (b)
Fig. 2

The maximum absorption of the solution occurs at 350 mu



lable -3

Vosburgh and Cooper's method applied to Uo2-H.M.A

Concentration of uranyl nitrate

Concentration of HM.A

= 2x10™M

= 2x10'3M

o
i

-
LFY

Wave length Optical density of solutions
(mu) Ratio of uranyl nitrate to H.M.A
lsl 132 1:3 211 311
350 0.065 0.09 0,12 0,065 0.065
355 0,09 0.12 0,14 0,09 0,095
360 0.11 0,15 0,18 0,11 0,11
365 0.13 N0.18 0,21 0,13 0.13
370 0,17 0,20 0,25 J.16 0,15
375 .20 0.24 0,28 0,185 0,17
3e0 0.22 N.26 0,29 0.20 0.19
385 0,21 0.25 0,28 0,19 0,18
390 0,19 0.24 0,26 0,18 0,17
400 Cal7 D.21 0,22 0.16 0.15
410 0,15 0,18 0.20 0,14 0.12
420 0,13 0.16 0.18 0.12 0,11
Curves (a) (b) (c) (d) (e)
Fig, 3

The »max of the solution lies at 380 mu-
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In order to study the influence of pH on the colour
reaction of uranium with HM,A, the absorbance of equimolar
solutions containing 8x10~*M uranyl nitrate and 4%10™3M
HM.A. and adjusted to different pH values (3,0-5,0),

was measured at different wave lengths (350-450 mu).
Iable -4

o
Influence of pH on the}stability Ub2,' HM.A

Concentration of uranyl nitrate = 8x10~ M

Concentration of H.M.A = 4x10'3M

Wave length 0,D, of solutions at different
tou) pH values
= 3.0 3.5 4,0 4,5
350 0.04 0,07 0.16 0,08
360 N.08 0.12 0,22 0.15
270 04ll 0417 0,31 0,21
380 0,12 0.19 0.41 0,29
390 n,08 0,17 0.38 0,25
410 0,035 0.10 0.31 0418
420 0,02 0,08 0,26 0,14
430 0.01 n,06 0,22% 0.115
450 0,0 0,03 0,16 007

Curves (2) {b) (c) (d)
Fig. 4

The Mmax of the solutions lies at 380 mm in the
pH range 3,0-4,5
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For determining the composition of the complex,

Job's method of continued variation was employed.

Equimolar solutions were prepared by mixing the

reactants in the same manner as described earlier,

The difference between the optical density of
the mixture and that of uranyl nitrate and H.M.A, was
plotted against the ratio (Uo;+)/(Uo;+) + (HM.A), The
absorbance data at 390 mu are given in the following
tables while those at 380 and 400 mu are depicted in
Figs.5,7 3

Table-5
Wave length 390 mu

Final concentration of the reactants = 8xlO'3M

Vol,of sz(N°3)2 Xb&.if Optical density '
(m1.) (ml.) Mixture To,(Nos), H.M.A gié;.;gz-
1.0 9.0 0.745%5 0.01 0.34 0.39%
2.0 8.0 0.81 0,02 0.32 0,47
3.0 7.0 0.825 0.02 0.30 0,505
4,0 6.0 0.775 0,025 0,26 0,49
5.0 5.0 0,72 0,03 0,23 0.46
6.0 4,0 0.64 0,039 0.20 0,405
7.0 3.0 0,54 0,04 0.17 0.33
8,0 2,0 0.41 0.04 0.,12 0,25
2.0 1.0 0.26 C.N4% 0,06 0,155

Fig.6, curve 1



Table -6
Wave length 390 mu
Final concentration of the reactants = 4x10™M
5911%5 ) Vol,of HM.A Optical density
o (1 W oot .
T i) R TR
l.o 9.0 O.4l - 0.195 0.2.‘-5
2,9 8.9 0,43 = 0.18 0,25
3.0 7.0 0.44 - 0.17 0.27
400 600 0.39 - 0‘14 0.25
5.0 5.:) 0.36 - 0.12 0.24
6.0 400 0031 - 0.10 0.21
7.0 3.0 0.25 = 0.08 0.17
8,0 2.9 0,19 - 0,05 0,14
9.0 1.0 0.12 - 0.025 0.095
Fig.6, curve 2
Iakle =7

Wave length 390 mp

Final concentration of the reactants = 2x10'3M

Vol,of Vol.of Optical density

Wpiigly ek Wixture Uo,(Noj), HM.A Difference
l.o 9.0 0.20 - Ogll 0009
2,0 8,0 0.215 - 0.10 0,115
3.0 7.0 0,21 = 0,085 0.125
4,0 6,0 0,19 = 0,07 0,12
5.0 5.0 0.17 - 0.0b O.ll
6.0 4,0 0,15 - 0.0% 0,10
7.0 3.0 0,12 - 0,04 0,08
800 2.0 0.09 ] 0003 0006
9.0 1,0 0.06 - 0.015 0,045

Fig,6, curve 3
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The formation constant of the complex was
calculated from the absorbance values of Job's method at
390 mu (tables 6,7). The uranyl lons are colourless at the
given concentrations, For arbitrary absorbance value of
0,15, the initial concentrations of the reactants were
found 3
Conc,of Uo2(No3)2(al)= 3.44x10'3H

Solution I: 3
Conc.of H.M.A.(bl) =o56x10" °M

Conc.of Uo,(No,),{a,)= l.2xlO'3M
Solution II: BN 2
Conc.of H.M,A (b2) = 0,8x10""M

Conductometric studies on the composition of the complex 3

Both direct (metal in the cell) and reverse
(ligand in the cell) titrations were carried out to

determine the composition of the complex,
The observations of the titrations are tabulated

below 3
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Table -8
Direct titration (uranyl nitrate in the cell)

Vol.of uranyl nitrate = 20,0 ml,
Concentration of uranyl nitrate 1,25x10"°M (Set 1)
2x10"2M (Set II)

0.75x10"M (Set III)

n

b

Initial concentration of HM.A. added = lxlO'zM

I II 171
Vol,of Corrected Corrected Corrected
H.A,O, conductance conductance conductance
x10=4(mhos ) x10=4 (mhos) x10=4 (mhos )
0.0 7.4 8e3 6eD
O.S - - 6.2
1,0 6.7 7.65 5.8
2.0 6.1 7.2 5.1
1.% - - 4.8
3.0 L 6.6 4,4
3.5 - - 401
4,0 4,7 6.06 3.8
5.0 4,05 5.4 3.4
6,0 3.6 4,9 2,8
7.0 3.2 4.4 2.3
8.0 2.9 400
9,0 2,5 3.7
10,0 2.1 3.4
11.0 3,2
12.0 3.0
Curve(a) Curve(b) Curve(c)
Fig.9
Curve Sa}

ml.of lxlO'zM HM.A

20,0 ml.of 1.25xl0™M Uoy(Nog)y = 5.2
1.6 ml.of 1,25%x10"°M H.M.A

IEIH

Curve (b
20,0 ml.of 2x10"2M Uoy(Nog), = 7.7 ml.of 1x107°M H.M.A
38,5 ml.of 2x10"°M H.M.A

Curve !c)

20,0 ml.of 0,75x10°M Uoy(Nogy), ml.of 1x10”2M H.M.A

3.4
5.4 ml.of 0.75x10"°M H.M.A

lglll
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Tghle -9
Reverse titrations (H.M.A, in the cell)

Volume of H.M.A, = 20,0 ml,
Concentration of HM.A = 7,5x10"°M (Set I)
=  1x10"%M (Set II)

Initial concentration of Uo2(No3)2 added = 2x10'2M

I 1I
Vol.of Ub2(No3)2 Corrected conductance Corrected conduc-
(ml.) x10=4 (mhos) tance x10-4(mhos)

g O O N O IO B g O g S 0 I O (% 5 VIO - o B P TPy o T wn D e @8 W oew oS

0,0 1.6 0.7
1,0 2.25 1,25
1,9 3.0 1,8
2,0 3,6 2.3
2.5 4,1 2,8
3.0 4035 302
3.5 4,8 3T
400 5.0 4.25
4,5 5.9 4,7
8,0 6.3 BSel
5.5 6.7 545
6,0 Yok 5,95
6,5 6.3
7.0 6.7
8.0 7.3
Curve(a) Curve(b)
Fig,10
Curve (a)

20.0 ml.of 7.5x10"3M H.M.A, = 3,85 ml.of 2x107M Uo,(Nos),
= 10,3 ml.of 7.5x107°M Uoy(Nog),

Curve (b)

20,0 ml. of 1x10”2M H.M.A,

W

4,85 ml.of 2x10”°M Uo,(No,),
9.7 ml.of 1x10~ M Uo,(No,y)
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Thorium(IV)=2-hydroxy-S-methyl acetophenones

Thorium nitrate reacts with 2-hydroxy-
5-methyl acetophenone forming stable, water soluble,
yellow complex in the acidic medium. The colour davelops

instantaneously,

Voshurgh and Cooper's method was applied to
determine the nature and the number of complexes formed by
the interaction between thorium ions and H.M.A, Thorium
nitrate and H.M.A solutions were mixed in different propor-
tions, viz,, 111, 132, 1313, 2:1, 3:1 and the absorption
spectra of these solutions were taken, using reagent as

blank,

Table =10
Vosburgh and Cooper's method applied to Th{I¥V)-HM.A

Concentration of thorium nitrate = 8xl0 4M

Concentration of H.M,A, = 8x10 4M
wave length Optical density of solutions
Ratio of thorium ions to H.M.A

I SN T S ST N T
350 0,21 0,22 0,34 0,175 0,145
3155 Ne30 0,32 0,45 0,265 0,185
360 N,42 0,44 0,54 N4,39 0.27
365 0.51 0,53 0,63 0.,45 0,33
370 0,58 0.59 0,70 0.51 0,37
375 0,59 0,635 0,74 0,53 0,38
380 .58 N.615 0,73 0,52 0,36
390 0,49 Na52 0.64 D.,42 0,30
400 0,35 0637 0,46 0,30 0,21
410 0.21 0,22 D.28 0417 0,12
425 0,055 0,07 0.09 D.05 0,035

Curves (a) (b) (c) (d) (e)

Fig,1ll

>max of all the solutions lies at 375 mu
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The influence of pH on the complex was studied
by measuring the absorbance at different wave lengths
(350-425 mu) of equimolar solutions (conc, 4x10™M)
containing thorium nitrate and H.M.A in the 1l:l ratio and

adjusted to different pH values,

Table -1l
Influence of pH on the stability of the complex

Concentratioson of thorium nitrate = 4x10'4M

Concentration of H.M.A, = 4x10™“M

Wave length 0.D,0f solutions at different
pH values ”

PUNRT - SRS WP ) RS 9:9-_--3:§-_--ﬂzQ----ﬂ:?--
350 0,0 n,01 0,09 0.13 0.04 0.0
355 0,0 N.035 0.1l4 0,21 0,06 0,0
360 0,0 n,06 0,19 0,27 0,1} 0,03
365 0,02 n,08 0.25 0.34 0.14 0,05
370 0,025 0,08 0,26 0.365 0,16 0,06
375 0,02 0,095 0.28 0,38 0,17 0,07
380 n.02 0,09 0,27 0,37 0,16 0,06
390 7.01 0,07 0.23 0.2fF 6,13 0.05
400 0,01 N,05 0,16 0,22 0.10 0,03
410 2,01 0,03 0,09 0,13 0,0F 0,02
425 0.0 0,01 0,02 0.04 0,015 0.01

Curves (a) {b) (¢) (d) (e) (f)

Mmax of the complex lies at 375 mu in ;h; gﬂsrange



The composition of the complex was determined by
applying Job's method of continued variation. The solutions
were mixed in the same manner as described earlier. The
absorbance data taken at 375 mu are given below while those
at 380 and 390 mup are depicted in Figs,14,15 :

Table =12
At 375 mu

Concentration of the reactants = l.6xlo'3M

Vol,of Th{No;), Vol.of Optical density of
(ml.) Hiﬁi?? Mixture H.M.A. Difference

1,0 9,0 0.64 0,36 0.28
2.0 8,0 0.96 D.34 0,62
3.0 7:0 1.1 0.31 0.79
4,0 6.0 1.15 0.2% 0,90
3,0 5.0 1:15% 0,225 0.930
6,0 4,0 1.0 0.19 0.81
7.0 3.0 0,825 0.135 0,690
8,0 2.0 0,62 0,10 0,52
9,0 1.0 0,35 0,06 0.29

Fig,13, curve (1)



Table =13
At 375 mu

Concentration of the reactants = 8x10'4M

Vgl.of thorium Vol.of Optical density of
i NI il S T b
1,0 9.0 0,31 0,22 0.09
2,0 8,0 0.43 0,19 0.24
3,0 7.0 0,51 0,18 0,33
4,0 6,0 0.52 0.14 0,38
5,0 5.0 0,50 0,11 0,39
6.0 4,0 0,46 0.10 0,36
7.0 3,0 0,38 0,07 0.31
8,0 2.0 0,27 0.05 0,22
9.0 1.0 0,15 0.03 0.12

Fig,13, curve (2)

Table =14
At 375 mu

Concentration of the reactants = 4x10'4M

Vol.of thorium Vol,of Optical density of

?iﬁ?%te }?ﬁi‘g' Mixture H.M.A, Difference
1.0 9.0 0.15 0.11 0,04
2,0 8.0 0,18 0.09 . 0.09
3.0 7.0 0,19 0.07 0,12
4,0 6,0 n,21 0.07 0,14
5.0 5.0 0,19 0.05 0.14
6,0 4,0 0,16 0,035 0,12%
7.0 3.0 0,15 0.02% 0,128
8,0 2,0 0.09 0.02 0,07
9,0 1.0 0.04 0.01 0,03

Fig.13, curve (3)
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The results of Job's method were further confirmed
by the method of slope ratio, The method was performed at
two different concentrations of the solutions, The results

are depicted in Fig,16,

The formation constant of the complex was determined

by Anderson's modified method. For the reaction :

Th* & HM.A —>Th*? —~HM.A, + K
if x represents the concentration of the complex at
ecquilibrium, a and b, the initial concentrations of the metal
fons and the ligand respectively, the formation conetant
is given by
SIS § |

” X

" (a=x)(bex)
Taking two concentrations 2),25 end bl,b2 of the reactants
in the solutions having the same optical density i.e, the

eame valve of x, we have

X & X
K = (al-x)(bl-x) (az.x)(b2_§) eeoes (2)

or X = albl 5 a2b2 e R0 OGS EROBIBSRNSDOYL (3)
(a)+b))=(ayth,)

Thus from equation(3), the value of x and subsequently the

value of K by substituting x in equation{l) can be calculated,
The absorbance data (tables 12,13) of Job's method

was used for the calculation of the value of K,

The conductance data of the conductometric titra-
tions between thorium nitrate and H.M.A., are depicted in

Figs.18,19.
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o

DISCUSSION

Uranyl=2-hydroxy=5-methyl acetophenone complex :

Uranyl ions form instantaneously soluble,
orange coloured complex with 2-hydroxy=-5-methyl acetophenocne
(designated as H.M,A), The complex is highly stable and
its colour intensity remains unchanged even on keeping for
a week or so, The change of temperature {upto 80°C) has no

effect on ite colour intensity.,

Vosburgh and Cooper's method showed the
existence of only cne complex having maximum absorption
at 380 mu (Fig,.3), Since the reagent absorbs heavily in
this spectral range, viz., upto 400 mu,therefore, the
reagent solution instead of water was used as blank in all

these absorbance measurements,

The absorption spectra of the solutions having
the same concentration of the reactants but at different pH
values, exhibited only one maxima at 380 mu (Fig,4), showing
thereby the stability of the complex in the pH range 3,0-4,5;
above 4,5 pH, the complex got hydrolysed resulting in the
precipitation of uranium hydroxide., The solution attained

maximum colour intensity at 4,0 pH.

From the Job's method of continued variation

(Figs,5=7) the composition of the complex was found to be

-t

1:2 (Uo2zH.M.A).
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The value of formation constant K of the complex

was calculated from the absorbance data (tables 6-7, Fig,.8)

and found to be 1.49x107. The free energy of formation-AF

was worked out to be 9.91 KCals at 30°C from the relation
«/\F = RT lnk.

The concductometric titrations between uranyl

nitrate and HM.A also confirmed the same composition of

the complex, The results of the titrations are summarized

below

Fig.&
curve

Vol.of Uoz(Nos)2 Vol,of HM,A Mole ratio
(m.) (ml.) Uog*/H .M. A

e ag—— = g—— T T T LT E R R R R L R e R Rkl AR e

10,a
10,b

20,0(1,25x10"M) 41,6(1,25%x10"°M) 1:2,08
20,0(2x10™M) 38,5 (2x10™3M) 151,925
20,0(0.75x10" M) 45,33(0,75x107M) 112,25
10.3(7.5x10"3M)  20.0(7.5x1073M)  1:1,94
9.7{1x10" 1) 20,0{1x10™ %) 112,06

Structure of the complex :

The structure of Ub2_2-hydroxy-5~methyl

acetophenone may be written as :

CHs

on the assumption that there is coordination through the

carbonyl oxygen and replacement of the phenolic hydrogen by

the uranyl ion.
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Th(IV)=2-hydroxy-5-methyl acetophenone complex :

2-Hydro xy=-5-methyl acetophenone reacts with
thorium(IV) ions in aquous medium to give instantaneously

a yellow coloured, soluble complex,

Application of Vosburgh and Cooper's method
demonstrated the existence of only one complex having

Mmax st 375 mu (Flg.1l),

The complex was found to be stable in the
pH range 2,5-4,5 and the solution attalned the maximum
colour intensity at pH 3,5 (Fig.12),

From hoth Job's method of continued variation
(Figs,13-1%) and slope ratio method (Fig.16), the composi-
tion of the complexes was found to be l:l (Th(IV)sH.M.A),

; The value of formation constant K was found
to be 2.66x102. The free energy of formation -AF was
caleulated to be 3,331 Keals.at 30°C.

Conductometric titrations (both direct and
reverse) were also carrled out to investigate the composi-
tion of the complex. The points of intersection in the
conductanee eurves {(Figs.18,19) gave a ratio of 1l:l for
thorium and H.M.A in the complex, thereby confirming the
results of spectrophotometry, The results of the

titrations are summarized below :
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S.No, Fig.& Vol.of Th(Nog)‘ Vol.of HM.A Mole ratio

curve (ml.) (ml.) Th/H.M. A
1 18,2 20.0(1.25x10°M) 18.88(1.25x1073M) 1:0.94
2 18,b  20.0(2x10"M) 19.2 (2x1073M) 110,96
3 19,2 19.0(4x10"M) 20,0 (4x10”2M) 111.0%
4 19,b  19,7(6x10"M) 20,0 (6x10™3M) 1:1.002

Structure of the complex :

The structure of the thorium{IV)-2-hydroxy-3-methyl

acetophenone complex may be written as i
++F

N\

O 4L
e
CHj
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RESUME

Amongst the nitrogen bearing ligands offering
sites simultaneously for salt formation and coordination,
hydroxyaldoximes deserve special mention, In these compounds,
the hydroxyl group is so located with respect.to the nitrogen
atom of the oxime group that sixemembered rings are formed
with metals, Many of these metallic salts are insoluble in
water and consequently adaptable to the detection and
determination of numerous cations. In order to increase
the selectivity and the sensitivity of these reactions,

many derivatives have been prepared and studied,

In the existing literature, the applications of
such compounds as analytical reagents have been cited but
very little attention has been paid towards the study of

their chelation reactions,

In this thesis, the reactions of aromatic hydroxy
ketoximes with metals have been discussed, The compounds
chosen for such studies were the oximes of o-hydroxy -
acetophenone, 2-hydroxy-5-methyl acetophenone and 2,5
dihydroxy-acetophenone and the metallic ions were MoOZ',

autt, pat

* and Ni*Y,

The chelation reactions of the hydroxyketone,

viz,, 2-hydroxy-5-methyl acetophenone with radioactive
elements like uranium and thorium(IV) were also investigated,
The interesting aspect about the choice of these metals

was that soluble as well as insoluble complexes were
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available, thereby offering a wide range of physico-chemical
methods which could be employed for investigating their

nature and composition,

Mo (VI)-hydroxy-acetophenoneoximes :-

The reactions of Mo(VI) with hydroxy-
acetophenoneoximes have not been investigated so far, either
from the structural or analytical point of view. The
reactions of this metal with the oximes of o-hydroxy =-
acetophenone, 2-hydroxy-S5-methyl-acetophenone and 2,5-
dihydroxy-acetophenone were considered as typical cases for

investigations.,

The following colour reactions were obtained

on mixing the reactants :

(1) Mo(VI)+ o-hydroxy-acetophenoneoxime - bright yellow
solution,

(11)Mo(VI)+ 2-hydroxy-5-methyl-acetophenoneoxime - bright
yellow solution,

(111 )Mo(VI)+ 2,5-dihydroxy-acetophenoneoxime - orange-yellow
solution,

Spectrophotometric methods were employed to
determine their nature, composition and stability. Vosburgh
and Cooper's method demonstrated the fomation of oniy one
complex (pp.54,97,130) in all these cases, The complexes of
o-hydroxy-acetophenoneoxime and 2-hydroxy=-5-methyl -
acetophenoneoxime had maximum absorption at 345 mu while
that of 2,5-dihydroxy—acetophenoneoxime had maximum

absorption at 370 mp,



205
Job's method of continued variation and slope

ratio method showed the composition of these complexes as

1:2 (Mooz's the complexing agent) (pp.55,97,98,130).

Further confirmation of their composition was
obtained from both direct (Mooz' in the cell) and reverse
(complexing agent in the cell) conductometric titrations.
In all cases the plots of conductance against volume of
the titrant, gave inflexion points (pp.56,98,131) corres-
ponding to the combining ratio of 1:2 for MoOZ'and the

complexing agent.

The complexes were also isolated through crystalli-
zation and analysed for their molybdenum and nitrogen
contents, The results of the analysis corresponded to their

molecular formulae :
(C8H802N)2M002....for Mo(VI)-o-hydroxyacetophenoneoxime,

{C HyAO0,N) M0O,...for Mo(VI)=2-hydroxy-5-methyl acetophenone-
9t1002N) Me0y s

(C_H,0.N) MoO,....for Mo(VI)=2,5-dihydroxy=-acetophenoneoxime,
8 873 2 |

The formatlion constants of these complexes were
determined from the absorbance data of Job's method using
the modified Anderson's method, The values of K and those

of free energy of formation - AF were found to be :

Complex Value of K - AF
Mo (VI }=o-hydroxyacetophenoneoxime 9.3x108 12,39 KCals at30°
Mo (VI )=2-hydroxy=5-methyl-acetophe- 4.87x108 12,0 KCals at 30°
noneoxime

Mo {VI)=2,5=-dihydroxy=-acetophenone- l.39x10lO 14,02 KCals at 3¢
oxime
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Mo(VI)-2,5-dihydroxy-acetophenoneoxime should, therefore,
be the most stable of all of them,

Since in all these cases 1:2 complexes were
formed, the molybdenum complex of the parent member, viz.,
o-hydroxy=-acetophenoneoxime, was therefore, subjected to
infrared studies (pp.58) in order to know the structure

of these complexes,

The infrared spectrum of the complex had shown
complete absence of the phenolic (OH) band as against that
of o-hydroxy-acetopiienoneoxime at 3350 cm°l. This observa-
tion provided enough evidence of the fact that the phenolic
hydrogen was replaced by the metal, Furthermore the
stretching frequency of C=N- of the oxime group got shifted
from 1620 cm‘l (for the ligand) to 1550 cm"l in the complex,
From thie marked shift in the C=N- stretching frequency, it
was concluded that the metal was also coordinated to the

ligand through the nitrogen of C=N-.

The above mechanism,viz,, the replacement of
phenolic hydrogen by molybdenum which in turn is coordinated
through the nitrogen of C=N-,resulting in chelate formation,
ghould 2lso hold good in the molybdenum complexes of the
other two compounds., The following structure was, therefore,

assigned to these complexes.
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2,5=dihydroxy aqgtophenoneoxime as a colorimetric reagent
for the estimation of molybdenum :

o-Hydroxy-acetophenoneoxime and its methyl
derivative namely 2~-hydroxy-5-methyl-acetophenoneoxime can
be used as colorimetric reagents for the estimation of
molybdenum as both these compounds give stable, bright
vellow solutions with molybdenum, But 2,5-dihydroxy -
acetophenoneoxime has been found to be more suitable for
this purpose, due to its greater solubility in aquous -
alcoholic medium and higher sensitivity in comparison to the
corresponding o-hydroxy-acetophenoneoxime and its methyl

derivative,

The orange-yellow solution showed maximum
absorption at 370 mu(pp.165) and this wave length was,
therefore, chosen for colorimetric measurements, The complex
was found to be stable in the pH range 2,0-4,5 {(pp.130) and
the solution acquired the maximum colour intensity in the

pH range 2.%-4,0 (pp.l165).

In order to obtain maximum colour intensity
of the solution, abeout 40-30 folds excess of the reagent
were required (pp,166). The colour system obeyed Beer's law
over the concentration range of 2-20 p.p.m of molybdenum
(pp.166). The colour wes found to be stable upto 40°C;
beyond this temperature the colour started fading away.,
However, the gclution regained its original colour

intensity when cooled to the temperature below a0°c,
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Visual colorimetry showed that solutions having
molybdenum concentration of 1,0 p.p.m or above were visually

distinguishable from the reagent,

The effect of foreign ions on the estimation of
molybdenum was 2lso investigated. Assuming + 2 ¥ change
in the observed zbsorbance of the solution containing foreigr
ion from that of the solution centaining ne foreign ion
as interference limit, it was found that ﬁ1+++, Cr+++, Fo'*t

and Vb++ interferred strongly and must be eliminated prior

to estimation., Ions like cu™®, pd™*, ™", T1 ™", we ",
Ce+++, oxalate, tartrate and citrate did not interfere when

present within 1-3 p,p.m whereas the other ions showed

no interference at all (pp.167,168).

Molybdenum(VI) may thus be determined in commercial
samples, ores, minerals etc. by this method {pp.169). This
method has the advantage that it neither reguires the
reduction of Mo(VI) to Mo(V) nor extraction of the complex
with organic solvents and the colour intensity of the

solution does not change for long periods,



Reactions of Cu(II), Pd(II) and Ni(II) with hydroxy -
acetophenoneoximes :

Poddar (Z.Anal.Chem, 154, 254, 1957) drew
attention to the possible use of o-hydroxy-acetophenoneoxime
as a precipitating reagent for the gravimetric estimation
of heavy metals, The structures of the resulting complexes
have not, so far, been investigated, Besides, the reactlons
of the metal ions with 2,5-dihydroxy-acetophenoneoxime,
have not yet been studied either from the chemiczl or analy-
tical point of view, Investigations in these directions

were, therefore, undertaken,

The reactions of Cu{II), Pd(II) and Ni(II) with

o-hydroxy-acetophenoneoxime and its derivatives are given

below :
Reaction Colour of the Incipient pH
precipitate

(1) cutts o-hydroxyacetophenoneoxime dirty-white 2,1=8,0
(11) pa**+ . yellowish 1.0-4.5
(111)N1 " " green 5.0-9.0
(iv) cutt+ 2-hydroxy-S-methyl- dirty-white  1,5-8,0

acetoohenoneoxime
(v) pa™*+ " yellow 1.0-5,0
(vi) Ni+++ 0 light-green 4,5=9,0
(vii)Cu+++ 2,5-dihydroxy-acetophenone- light-brown 2,0-8,0

oxime

(viti)pa**e . yellow 2,5-6,0
(ix) Ny te » green 6.0-10,0
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Composition and structure of the complexes :

Evidence of 1l:2 complex (metal: the complexing
agent) formation in all these reactions, was available on
the basis of the results of conductometric (pp.60,99,101,
103,132,135,138) and amperometric (pp.6l,100,102,103,171,
175,179) (both direct and reverse) titrations between the
metal solutions and the complexing agents, Their composition
was further confirmed on the basis of the determination
of their metal and nitrogen contents, They were found to

have the following molecular formulae :

(CBHBOZN)ZM +se.for metal complexes of o-hydroxy-acetophenone~
oxime,

(C,H, O,N) M,...for metal complexes of 2-hydroxy=5-methyl=
971072 2! acetophenoneoxime,

(CSH803N)2M v...for metal complexes of 2,5-dihydroxy -
acetophenoneoxime,

(M = Cu, Pd, M)

The structures of these complexes were esta-
‘blished by studyling their infrared spectra (pp.62,100,102,
104,134,137,139), Some of the important stretching
frequencies of the complexing agents and their metal

complexes are enlisted below :

Compound N OH(phenolic)  NC=N-

Lgm'l) (c -l)
o-hydroxyacetophenoneoxime 3350 1620
Cu(II)-o0-hydroxyacetoghenoneoxime - 1560
Pd (II)-o-hydroxyacetophenoneoxime - 1540

Mi (11)-o0-hydroxyacetophenoneoxime - 1550
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Compound NOH (phenolic) N C=N-
CHA T tem™h) (em=1)
2~-hydroxy-5-methyl-acetophenoneoxime 3340 1590
Cu(II)=2-hydroxy-5emethylacetophenone- = 1540
oxime
Pd(II)-2-hydroxy-5-methylacetophenone- - 1535%
oxime
Ni(II)=2-hydroxy-5-methylacetophenone- = 1545
oxime
2,5=-dihydroxy-acetophenoneoxime 3290 1590
Cu(IT)=2,5=-dihydroxy-acetophenoneoxime 3260 1550
Pd(17)=2,5-dihydroxy-acetophenoneoxime 3270 1560
Ni(II)=2,5=dihydroxy-acetophenoneoxime 3260 1550

The complete absence of the phenolic(OH) band in the metal
complexes of o=hydroxy-acetophenoneoxime and 2-hydroxy=5-
methyl acetophenoneoxime, points to the replacement of the
phenolic¢ hydrogen by the metal, From the lowering in the
C=N- frecuencies in 211 the metal complexes against those
in the complexing agents, it can be inferred that the metal
is also coordinated through the nitregen of C=N-,

The above mechanism involving the removal of
proton from the phenolic (OH) group of the hydroxy-acetophenon
oximes was 2lso confirmed on the basis of the results of the
pH metric titratlons, 2,5=dihydroxy-acetophenoneoxime was
taken as a typical case for carrying out these titrations
(pp.132,135,138) using KOH as the titrant. It was observed
that with the metal solutions containing 2 equivalents of
the ligand, only one inflexion point corresponding to
2 equivalents of KOH, was obtained, indicating thereby that



212
2 ut were evolved during the reaction.
M** 4 2HL 4+ 20H"——M(L) + 2,0
(HL stands for the ligand)
The inflexion point was found to be independent of the

amount of the ligand beyond 2 equivalents,

On the basis of the above physico-chemical
evidence, the following structure may be assigned to

these metal complexes :

Vi

' H(/v-c— j—
R‘—-\ ' C NoH ;L

LK_.: HJT,H';-—.J

Amperometric determination of copper :

During the course of amperometric titrations of
copper(II) against 2,5-dihydroxy-acetophenoneoxime(pp,153),
it was observed that appreciable changes in the diffusion
current of copper occurred on addition of the titrant,
Gravimetric estimations of 2 few samples of copper with
thie compound also showed that the reaction was quantitative
in the pH range 4.5-8,%, In view of the above observations,
it was proposed to explore the possibility of employing

amperometric titrations for the determination of copper,

The optimum condltions required for carrying

out such amperometric determinations were kept as follows

(1) The pH of the medium was maintained at 4,6 by using
0,2N sodium acetate-acetlic acid buffer which also

served as supporting electrolyte.
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(11) 0.01% gelatine solution was used as maximum
suppressor,

(1i1) A potential of -0,15 volts vs,S.C.E. was applied
during the titration,

Copper solutions of varying concentrations
(0.315-3,15 mg,) were successfully titrated within +1%
error (pp.l172)«

The estimations of copper (1,26 mg.) were also
carrled out in the presence of foreign ions, It was found

4+ + +htd
?

that ions like Ag*, Fe s N 4 T1 Vo++ interferred

strongly while the others did not hinder (pp.173).

Amperometric determination of palladium :

The reaction between palladium and 2,5-dihydroxy=-
acetophenoneoxime proceeds quantitatively in the pH range
2,5=6,0, During preliminary experiments, it was found that
amperometric titrations of palladium against 2,5-dihydroxy-
acetophenoneoxime could also be used for the detemination

of the metal.
The following conditions were maintained during
the titrations

(1) The solution of sodium acetate-acetic acid buffer

(pH 4,0) was used as 2 supporting electrolyte,
(11) Gelatine (0.01%) solution was used as maximum
suppressor,

(111)A potential of 0,4 volts vs.S5.C.E, was applied during

the titrations,
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Solutions containing 0,532.5,32 mg, of palladium
were titrated. It was found that solutions containing

1=4,0 mg, of the metal could be accurately determined
within + 1 % error (pp.l176),

The influence of foreign ions on the estimation
of the metal (1,064 mg,) was also studied, It was found
that Ag*, Fe+++, Ti++++, Vo++, cutt interferred strongly
whereas the presence of other ions did not hinder in the

accurate determination of the metal (pp.l177).

Amperometric determination of nickel :

The quantitative precipitation of the metal as
nickel=2-5-dihydroxy-acetophenoneoxime occurs in the pH

range 6,0-10,0.

Amperometric determination of nickel was carried
out by titrating solutions (containing 0,587-2,935 mg,) of

nickel against 2,5-dihydroxy-acetophenoneoxime,

The pH of the solution was maintained at 9,0 by
using ammonia-ammonium chloride buffer which also served as
a supporting electrolyte, A solution of 0,01% gelatine was
used as a maximum suppressor, A potential of -1l,1 volts
vs.S.C.E, was applied during the titrations, It was found
that the solutions containing 1-3,0 mg, of nickel may be
accurately determined within + 2 % error (pp.l179).

The effect of diverse ions on the estimation of
nickel could not be studied due to the formation of their
hydroxides or insoluble chelates with the reagent in the

basic medium,
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Uranivm and thorium complexes of 2-hydroxy-5-methyl-
acetophenone

Uranyl and thorium ions react instantaneously
with 2-hydroxy=5-methyl acetophenone to give soluble, orange
and yelldw coloured complexes respectively. The complexes
are highly stable and their colour intensity does not fade

even on keeping for longer periods,

The composition of these complexes was
determined by both spectrophotometric and conductometric

methods,

Vosburgh and Cooper's method demonstrated the

existence of only one complex in both the cases (pp.198,200).

The uranyl complex was found to be stable in
the pH range 3,0-4.5 (pp.198) while the Th(IV) complex in
the pH range 2,5=4,5 (pp.200).

Job's method of continued variation revealed
the existence of 1:2 (pp.198) and 1:1 (pp.200) complexes

in the case of uranyl and thorium({IV) respectively.

Conductometric titrations, both direct(metal
solution in the cell) and reverse (ligand in the cell) also
gave inflexion points corresponding to 1:2 (pp.199) and
111 (pp.201) (metalsligand) combining ratios in uranyl

and thorium(IV) complexes respectively,

The formation constants of the complexes

were determined by Anderson's modified method, The values
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of K and - &~F, the free energy of formation, were found

to be

Uo2-2-hydroxy-5-methyl-acetophenone: K =l.49x107. -zﬁF=9.9ltK§Sgé
a .

Th(IV)- 2.hydroxy-s.mrfyiacetophenone :K=2,66x10"2,- F=3,351 KCals
at 30°C,
\'1

their chemical 2nalysis and I,R,spectra could not be recorded.

The following structures may be suggested to

these complexes :

Y {t o= c-@_cm

Ub2-2-hydroxy-5-methyl-acetophenone

FHr

Th(IV)-2-hydroxy-5-methyl-acetophenone,
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