CHAPTER I

INTRODUCTION

Organic reagents have become an important tool in
the field of_analytical chemistry. The thousands of
reagents are synthesised and their analytical behaviour
is evaluated. Eventhough in recent years they are in
great demand and play a vital role. The Nearylhydroxamic
acids are a mile stone in the analytical chemistry of

organic reagents.

Hydroxamic acids having the bidentate functional
grouping (I), fulfill the basic requirement of complex
formation with metal ions and therefore form an important

family of chelating agents.

-C=0
(1) -

Chemically, hydroxamic acids are regarded as the

N-aryl derivatives of hydroxylamine (1-3). Structurally,



the hydroxamic acids can be represented in their two

tautomeric forms (II)-and (III)

H, - N - OH N - OH -
Ry~ C = 0 R, = C = OH
(11) (IIT)

Alternatively, the hydroxamic acids are regarded
as N~hydroxy derivatives of acid amides or as oximes of
carboxylic acids (4). By substituting the hydrogen atom
attached to the nitrogen atom in (II) by alkyl or amyl
groups, numerous N=substituted hydroxamic acids of the

type (IV) can be cbtained.

Rq'u N ~ OH

R, -C=0

2
(1v)

The complex formation of hydroxamic acids of the
type (IV) usually takes place with the replacement of
hydroxylamine hydrogen by the metal ion and ring closure

through the carbbnjl oxXygen.



— — _
R1~ N. - .OH. R1~ N -0

n + MY — M + nHt
Ry~ C =0 R2-C=O/

The métal(chelates of hydré%amic acids are non-tionic
in nature., Therefore, it is possible to extract thebr
uncharged metal chelates or inner complexes with different
water immiscible solvents. The coloured and stablg solutions
of these complexes often provide photometric methads for the
quantitative determination of several metal iens. At the
same time the water inscluble and thermally stable metal
complexes of hydroxamic acids have provided excellent gravimet=-
ric methods for the quantitative determinations of various
metal ions. However, the stability of metal compiexes,
depending on the type of metal ion and the donar atoms rests
much on the base strength and the number of coordination
sites of the ligand, the chelate ring size, and steric and

the resonance effects.

REVIEW OF THE PREVIOUS WORK

In recent years N=phenylbenzohydroxamic acid (V)
(PBHA) also popularly known as N-benzoylphenylhydroxylamine
(BPHA) has received a great deal of attention as a versatile

reagent for determining metel ions (4=10). This reagent was



first synthesised by Bamberger “(11}‘ in 1919 but its
analytical potentialities were recognized only after
30 years by Shome (12), who regarded PBHA (V) as an

analogue of cupferon (VI),

Gy @
- -@--c_-:o : N =0

vy (vﬂ_

the ammonium salt of N~nitroso-N-phenylhydroxylamine (VI).
Further PBHA .and other N-substituted hydroxamic acids

gained wide popularity due to their most selective colour
reactions with vanadium and other metal ions (3-100). These
nethods afford direct determination of metals in presence

of large number of foreign ions and have been applied for

the vide varieties of samplese.

The general survey of literature on Nearylhydroxamic
acids is deliberately avoided here because the various
aspects of their chemistry, structure and analytical
applications has been recently reviewed exhaustively by
Agrawal et.al. (13-19) and others and well decumented in
several research papers (5,6,10,20-100). However a brief
. account on their ana}:-ytical application of recent five -

years is summarised in Table 1.
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The high complexing power of the hydroxamic acids
towards some ions such as uranium, plutonium, neptunium,
cerium, thorium, zirconium, nioebium, molybdenum, iron etc.
led to considerable nuclear interest. The stability of
these complexing agents is at least equal to that of the
corresponding oxalates, acetyl acetone,"thenoyl trifluo-
acetates and when the study is limited to the ions most
strictly bound to the nuclear technologies, the stability
of the ccmplexés with the hydroxamic acids is without any

doubt one of the highest (166=175).

AINS AND SCOPE

A series of the hydroxamic acids are synthesised by
Ryan, Tandon, Bhattacharyya, Agrawal, Exner and others and
their analytical potentialities swere discussed (176-190).
Gasparani et.al. (191-195) have synthesised some new
hydroxamic acids and discussed their complexing ability
with metals. A tifrough investigation of literature
concerning hydfoxamic acids reveals that there is not much
work has been reported on the synthesis, physico=chemical
properties and analytical potentialities of high mol ecular
weight hydroxamic acids which led to the following

consliderationss

1. A new series of hydroxamic acids could be synthesised
"having the high molecular weight and tertiary carbon
atom and conjugated double bond.
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2+ The hydroxamic acids}are‘capable to form very stable .
complexes.

3¢ During the last 20 years the praétical use of
hydroxamic acids has been widely shown by a lot of
analytical applications. A

4, The idea of an application of hydroxamic aci&s in the
field of solvent extraction has already beep<taken into
consideration, by means of utilizatioh of Nearyl-

hydroxamic acids.

Starting from these considerations, it was decided to
carry out a series of studies arrived at synthesising the
hydroxamic acids;’which, fully meeting the requirement
featured could be satisfactorily used as selective chelating

agents,

(a) Synthesis of new high‘molecular weight hydroxamic acids.

(b) Establishment of physico=-chemical properties of the
newly syﬁthesised acidé for their\analytical behaviour,

(c¢) Application of the synthesiéed acids for the extraction
and spectrophotometric determihation of the heavy

metals and their comparison with the existing methods’
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PRESENT INVESTIGATION

The present investigation is a part of the broad
project of our laboratory dealing with several aspects of

the Chemistry of "Hydroxamic Acids".

This thesisédescribes the preparation and properties
of five new high molecular weight hydroxamic acids. The
preparations are made by'reacting hydroxylamine with acid
chloride at low temperature in benzene and diethyl ether

containing agueous suspensions of sodium carbonate,

J
/
These 5 new Ne-arylhydroxamic acids synthesised by

above method, are characteriséd by elemental analysis, mp,

ultraviolet, infrared, nmr and mass spectra.

The physico—chemical\properties vizs thermogravimetric
(7G) and differential thermal analysis (DTA), thermal
stability, chemical stebility, non-aqueous titrationm,

ionization and hydrolysis constants have been described.

The thermal dissociation of hydroxamic acidsare
studied by differential thermal analysis (DTA). The DTA

_ curves show exothermic peaks by melting of the compound.

The synthesised hydroxamic acids are titrated

visually in non-aqueous media {methanol and dimethylformamide)

i i assium
using thymol blue as indicator against 0.1N potass

methoxide. Potentiometric titrations were also performed
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in non~aqueous media with platinum and calomel electrodes.

The molecular weights of hydroxamic acids are calculated.

The chemical and thermal stability and thermodynamic
’ionization constants of the synthesised acids in 50 = 70 %
dioxan-water media at 35°C * 0.1°C have been determined.

The hydrolysis constants are also reported.

A rapid éklecfiveﬁand sensitive spectrophotp;etric
method for the trace determination of cerium(IV), Nicbium(V)
) Zirconlum(IV) is descrlbed with syntheslsed high mdlocular
weight N—arylhydroxamlc acids. A comparative study for the
sensitivity of different hydroxamic acids towards these
metal ions has been made, A detailed study of wvarious
parameters for the optimum extraction of these metals have
been undertaken with N-p=-Chlorophenyl-3,4,5 trimethoxy-
cinnamohydroxamic acid (PTCHA). The teénary complexes
with suitable chromogenic reégents were also studied-and
applied for the enhancement of the sensitivity of the
method, These metal ions have been determined in presence

of several diverse ions and in standard samples.
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