CHAPTER I

INTRODUCTION

The trace metals occur as natural components of the earth's
crust and are ever present as constituents of soils, natural
waters and living matter. In the past three decades there has
been a rapid growth of industries. Hence with the increase in
industrialisation, the problem of disposal of waste has also
been increasing., There is always a possibility in all the
effluents/waste water that several trace elements may be
present. The trace elements like Se, Te, As, Sn, Bi, Cd, Hg, Ti,
Pb, Zn, Ni, V, Mn etc, have been increasing attention in the
present times as toxic pollutants in aquatic ecosystems (1,2).
Hence environmental pollution which includes water, air and
s0il pollution, mainly caused by industrial effluents, has
emerged as a mgjor threat to the human beings, animals, marine
life, plants, crops etc.. With the rapid industrialisation
(pharmaceuticals, pesticides, chemicals and textile industries),
obviously, more efficient and economical methods for removal of

pollutants from industrial effluents are being devised.

The poisonous trace elements which are having the vital
impact on environment (including flora and fauna) caused
serious concern to public health authorities. They do not

respond to conventional treatment of ultratrace levels. There



are no such simple rapid, sensitive, selective methods for
detection and determination of these metals except atomic
absorption, voltametry, plasma emission’technique that have a
limited use and many of the laboratories and industries can not

afford to have it.

Solvent extraction process, is widely used for separation
of metals, nonmetals, organics etc.. This method enjoys a
favoured position among separation techniques, because of its
speed, simplicity and convenience of operation. The process can
be carried out by using a separatory funnel and merely shaking
the sample for a few minutes, This method s+ having-advantage
that it does not involve co-precipitation which is undesirable
feature of separations based on precipitation., This technique
finds application in preparation, purification and enrichment
on all scales from micro analysis to production processes. The
inherent use and simplicity of spectrophotometric methods
coupled with the availability of more suitable~extraction systems
are undoubtedly important for its popularity among many other
competative analytical techniques. The work carried out about
this subject of extraction and photometric analysis is
excellently covered by a number of specialised monographs,

review articles and textbooks (3-21).



ORGANIC. REAGENTS AS EXTRACTANTS

The use of organic reagents in analysis has made possible
many new analytical methods by titrimetric, gravimetric and
colorimetric measurements. New type of organic reagents are
constantly under investigation for possible analytical and
industrial applications., A large number of coordination
compounds have been synthesised especially by reacting metal
ions with organic ligands. The most considerable applicability
of many organic reagents of an analytical importance is mainly

based on its ability to form a complex with the metal ions.

Hydroxamic acids with bidentate functional grouping (I),
are the versatile reagents for organic and inorganic

analysis (22-50).

- N - OH
-C=0
(1)

These reagents satisfy the basic requirementsof complex
formation with metal ions, and therefore, form an important
family of complexing agents. Hydroxamic acids are the N-aryl
derivatives of hydroxylamine (51-53). Structurally the
hydroxamic acids can be represented in their two tautometric

forms as (II) and (ITI).



The metal chelate thus produced have formed the basis
of diverse analytical application from early times., Due to
their non-ionic nature, these metal chelates (or inner
complexes) can be often extracted from aqueous solutions
or suspensions with water immiscible solvents such as
toluene, benzene, chloroform, carbon tetrachloride, higher
alcohols or o=dichlorobenzene to form the basis of separation
processes involving solvent extraction. If the agueous
solution and their extracts are coloured and stable, these
can be used for developing colorimetric methods for the
determination of metal ions. Further, the inner complexes are
highly insoluble in water, sufficiently stable and have
constant composition, They can be used in gravimetric methods.
A detailed survey of literature on hydroxamic acids is
deliberately avoided because various aspects of their
chemistry namely their methods of preparation, properties,
molecular arrangements, structures and applications in diverse

field have been reviewed (57-61).

Similarly the proton ligand and metal ligand stability
constants of hydroxamic acids have recently beeh réviewed by
Agrawal and his coworkers and summarised in well documented
review articles (62-63). The physico=-chemical properties and
analytical aspects of the hydroxamic acids have also been

reviewed by Agrawal et al. (64~148) and others (149-179),.



TRACE METALS OF THIS STUDY

Trace elements have been classified by Underwood zs
dietary essential, possible essential and non-essential (180).
Some of these non-essential elements enter into the body
and produce undesirable effects, therefore, referred as
'Toxic Elements', e.g. Se, Te, As, Sb, Bi, V, Pb, Mn, Cd,

Zn, Ti etc. regarding trace element requirements of plants
and animal have been performed in large number by withdrawing
or adding some of the elements from the diet in an otherwise
controlled environment. The effeét of growth, survival and
level of trace elements in tissues have been studied for

such elements (181).

A BRIEF REVIEW ON SPECTROPHOTOMETRIC DETERMINATION OF

TRACE METALS

Selenium, tellurium, arsenic, antimony, bismuth,
vanadium and titanium are receiving attention for their
detection because of their increasing levels in the
environment and their impact on human health. A large
amount of information is available on the various reagents
used in solvent extraction of various metal ions. The work
on the solvent extraction and spectrophotometric method of
analysis of these metal ions is enormous and still in
progress. The spectrophotometric characteristics are the
most important and the recent rabid developments in

spectrophotometric and separation methods for the elements

“



have become feasible especially for a new organic

reagents and their reactions with inorganic ions. However,

a survey of progress on the spectrophotometric determination
of selenium and tellurium in the past ten ysars has been
carried out and these data are summarised in the Table 1.

A detailed review on the spectrophotometric determination

of arsenic, antimony, bismuth, vanadium and titanium with
hydroxamic acids and other reagents is deliberately avoided
since it has already been recently published by Agrawal

et al., (182).

THE PRESENT INVESTIGATION

A thorough investigation of literature on hydroxamic
acids and their application led to the following

considerations.

(1) A new series of the hydroxamic acids could be
synthesised having long chain and high molecular

weilght.

(2) The hydroxamic acids are capable to form very

stable complexes.

(3) Development of spectrophotometric methods for the
determination of toxic metal ions using hydroxamic

acids.



. e UPQOU

. . G .C

- (1:6) mm H"D (ToH) BapPTZRIPAY
z61L - - ¢*o9-g’L 09¢ +5TDHD W 6°0 -0ZUSqoTYl AXOJIPAH-Z *Ql

(TDH) auUTwWEIR BausTAuasyd
L6l - ce6L - 8ve - W L-1°0 ~0~(Tddoadfxoapdg-z)-N *6

*03®
gaJ0 ‘gyooa A¢omNm
68l ¢zaddoo‘peaT - 0° L=£0"0 029 Tto0 W 66 2UOZTUITA *8
061l - - 0°1L-2°0 029 100 (ToE)H 9 2UOZTUITA  *J
g8l sekp oT38wWso) - 0°2L=2°0 0¢s 1omD (ToH)W oL outzeapdy Thusydrg-L¢L *9
L8L SRR - - 092 om0 0°¢ 91BWEqIBOOTYLITPTAULISTd ¢
0%H + TOOATD

SpoeI TBWTUBR puB mgmﬁﬁm@wa TOTUITP-9

g8l SJ030NpUOOTUSY - Gt =0 GéY + HO®H®D (IDH)W ¢ ‘g=outrprwrialdoutueT(d-Gy °f
- anydTns (TOH)
asl A3tand yStH 000°¢9 - Gh9 - W G0 I Tozeadduwoayy *¢
731 aptued) - 0°2-9L=0 09¢ 0°H 2°/=6°9  UTSOF + UOOJBU SUTIBZITY *3Z
¢l 8014 pPd sy - 0¢-8 00% om0 LT0=¢°0 opTTTUB3edeoTyy, (TA300V-2) °*1L
GnTus o9

6 8 L 9 g 17 ¢ Z L
gsuotieorTdde wo ou (udd) mey wut Artproe *ON
*Joy /seouadagasiul |- rzﬂ L §,;I98¢g MmEJA JUBATOG /ud gruafeay *Ig

(IMTJInTTal % UNTUSTag) STBIIW 90BJLL FO UOTIBUTWISLS( Otajduwojoydoaizosdg

L HIEVS



**pjuUoyH
. 6.9 (70s%n)
rAOY# gaaQ‘uz‘ny - 0°2-0"t R H’0 W a6 dUTWepoyITAINg *9
SIUSWITS Toyooe
Loz dnoad TAA‘AT 000°%LG  0°2-L°0 ahg TA3ngosy 0y pay ToTTefoxddomorg *g
002 ~ - - 0¢s “Tomo (TOH) W ¢ II ToTynwsTyd *%
661 anydng - - o¢¢ 102 - IT TOTUINMWSTH °¢
geN ut
Aéowmmv STOZBPTWIZUSY AXOylsu
861 g os ‘62 G-1 oty 1% w Les-L -g-03dBoI8U~Z~TAZUBE~] *3Z
. c 81BOTULTPOGIBD
161 - oozéL8 - L62 “TOHD 0°8 ~|=-3UTpTToJI4d untuowuy °|
WATINTTOL
STETJIS}BU
961 TeoTd0ToTyg - oL-1L 06¢ ausnioy, - BUTWETP SUSBTAUSYJ-O—-OJIITN-7 *#1L
BUTWE TP
G61L - - - ogf¢ - 0°¢ —-suaTAuayg-0O~TAUIdH-N ‘¢l
. Aiommmv @PTJIOTUOOIPAY
761 aPTPOT - 0°2=%7°0 799 0"H et suTzeadawoTUISNW 2|
c (ToH) W
¢61 - - - ~ “TOHD L°L-G"9 - ST0zZBTY30ZUSqo3dedJddyr-g *Li
6 8 VA 9 G 7 ¢ Z L

*Pauo) L 9TUBL



10

shotT®e
£5.103.0NPUOO 9.9 (8 anTg orsedq 1 D)
oLz ~Twas *3y 000 ‘08 6-0 209 H’D N OL-6 HN 9NTg BTIOOTA *#l
9.9 (xgH)
602 - 00¢ “y - rA%y] H7D W e SUTWBTALOOTIT *¢L
8uo019y
TAyyew .
802 - - 090 rAAS Tdingost  ('0TOHH) BaJINOTYL 2l
rsusnIIIe n_ 2
‘sTeoas‘ugpg ¢z ('08*H)
Loe “34%09s43y 000°0LEL G°0~20°0 G¢G HOH™YD W& H g suTwepoyuy °Li
noépo z PTO® OTOTUZTIP
902 ‘TN‘oDfag - - 0Lg 0%H G6°0 ~0QJBO~ | ~BUTPTTOIIL *0Ol
S3JI0 m
coe pue s300Yy - 2°0=20°0 09¢ TOHD 7°G Totysnusta~-TAyiydeN °*6
_ . . ("os®u) .
702 age) 3“3y 00¢‘ee - (o144 0"H W6 aTozBPTWTZUS(O3dROId) -2 °Q
(2:1)
n mQOWwW< Ahmmv.
¢0c - ooLcL - - + “H7D N héL usaad snuel °)
6 8 L 9 g . 7 ¢ 2 L

‘Pjucy ‘L 9TdAB[



The present thesis describes mainly in following

three parts :

Part 1 Synthesis and physico~-chemical properties

of N-grylhydroxamic acids

Part II Extraction and spectrophotometric

determination of trace elements

Part IIT Trace determination of metals in high
purity grade metals, alloys, pharmaceuticals

and in the environment.

The synthesis and properties of nine new Nearyl-—
hydroxamic acids derived from substituted &(-phenyl-
cinnamic acids are described. The syntheses are made by
reacting N—aryihydroxylamine with acid chlorides at low
temperature in diethyl ether containing aqueous

suspensions of sodium bicarbonate.

These acids are characterized by elemental analysis,
melting point, ultraviolet, infrared, nuclear magnetic

resohance and mass spectra.

The thermal analysis (DTA, TG) and non~agueous

titrations are also performed,
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The thermodynamic ionization constants of hydroxamic
acids have been determined in different mole fractions of
dioxan (0,174~0.33) at 25 and 35+0.1°C, The DK, varies
linearly with the mole fraction of dioxan and the linear
relationship have been obtained using the method of least
square. The relevant correlation coefficlents have also
been calculated. The thermodynamic parameters, A G°, A H°
and AN S® are calculated., The effect of substituent on

ionization of hydroxamic acids is discussed.

Solvent extraction spectrophotometric and atomic
absorption spectrophotometric methods for the determination
of selenium(IV) in microgram quantities are described. The
~ selenium(IV) forms yellow coloured complex with N-phenyl-
benzohydroxamic acid (PBHA) extractable into chloroform from
7 M HClO@. Se-PBHA complex has maximum absorbance at 345 nm

with a molar absorptivity 1.5 x 10° 1 mol™" cm™! and Sandell's

sensitivity 0.000526 pg/cmz. Effect of molarity, reagent
concentration, diverse ions on the extraction of selenium
complex were studied. The selenium is determined in

presence of tellurium.

Solvent extraction, spectrophotometric and atomic
absorption spectrophotometric determination of tellurium(IV)
in nanogram levels are described., The tellurium(IV) forms
yellow coloured complex with N-phenylbenzohydroxamic acid

(PBHA) which is extractable into chloroform from 7 M HCqu.
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Te-PBHA complex has a maximum absorbance at 345 nm with the

& -1 and Sandell's

molar absorptivity 3.5 x 10" 1 nol ™ em
sensitivity 0.00365 pg/cm>. The tellurium(IV) is also
determined in the range of 0.01-0.08 ppm by flameless
atomic absorption spectrophotometry using GBC HG 900 vapor
generation accessary., Effect of molarity, reagent
concentrations, diverse ions on the extraction of tel;urium
complex were studied. The tellurium was determined in

presence of selenium and also in standard sample.

The solvent extraction and spectrophotometric method
for the determination of arsenic(III) is described. Arsenic
forms a yellow coloured complex with N-p-tolyl-& -phenyl-p-
methoxy=-cinnamohydroxamic acid (PTPMCHA) at pH 4.5 - 5.2
which can be extracted into chloroform. The molar absorptivity

b 1 mol—qcm"1

of As-PTFMCHA is 1.3 x 10 at 410 nm, Many common
ions associated with arsenic do not interfere. The effect of
pH, reagent concentration and solvent is described. The

arsenic is determined in standard samples.

The solvent extraction and spectrophotometric determina-
tion of antimony(III) in the sub-ppm quantities with N-p-tolyl-
o ~phenyl-p-methoxy~cinnamohydroxamic acid (PTPMCHA) is
described. The antimony forms a colourless complex with
PTPMCHA at 1.0 M HC1 extractable into chloroform. Phenyl
fluorone is added into the Sb-PTPMCHA extract which forms a

reddish yellow coloured mixed-ligand complex having a maximum
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absorbance at 505 nm and molar absorptivity 1.0 x ’IOL‘L 1

mol’1cm'1

. The photometric sensitivity of the colour
reaction is 0.0122 ng of antimony per cmz. The effect of
diverse ions and several experimental parameters have been
studied. The composition of the antimonyy: PTPMCHA :
phenylfluorone is 1u1:2. The antimony is also estimated by

atomic absorption spectrophotometry.

A sensitive and selective method for extraction
spectrophotometric and atomic absorption spectrophotometric
determination of bismuth(III) utilising N-p-tolyl-« —phenyl-
p-methoxy cinnamochydroxamic acid (PTPMCHA) as an extractant
is reported. It forms a colourless complex, extractable at
pH 5.0 into chloroform. The sensitivity of the method is
enhanced by the addition of phenyl fluorone in the Bi-PTPMCHA
extract, which gives the red colour complex having maximum
absorbance at 550 nm and molar absorptivity 3.1 x 1041

mo1~lem™1. Beer's law obeyed in the range of 0.33%-10,00 ppm
of Bi(III).

The present method has been applied for the determination
of bismuth in standard metals and alloys. These results were

compered with atomic absorption spectrophotometric data.



Extraction and spectrophotometric method for the
determination of titanium(IV) is described. The titanium(IV)
is extracted witho -phenyl-substituted hydroxamic acid into
chloroform from strongly acidic solutions. The -phenyl-p-
methoxy cinnamohydroxamic acid (PTPMCHA) is the most
sensitive reagent amongst the synthesised hydroxamic acids
which forms the yellow Ti-PTPMCHA complex having maximum

absorbance at 375 mm with molar absorptivity 1.9 x ’101’L 1

mol“qcm”1

. Various parameters for the optimum extraction
conditions and the effect of thiocyanate to increase the

sensitivity have been discussed.

Nine newly synthesised substituted o-phenyl cinnamo-
hydroxamic acids have been reported for the extraction and
spectrophotometric determination of vanadium(V) in trace
amount. The N-p=~tolyl-e(-phenyl-p-methoxycinnamohydroxanmic
acid (PTPMCHA) is found the most sensitive reagent amongst
the substituted hydroxamic acids. The vanadium(V) is
extracted with PTPMCHA from 2-5 M HC1l. The bluish violet
extract has a maximum absorbance at 550 nm and molar

-7 )
1cm . The various parameters

absorptivity 6.4 x 10° 1 mol™
viz, effect of acidity, reagent concentration, diverse ions
and stoichiometry of the complex have been discussed, A
comparison has been made with atomic absorption spectro-

photometric method.
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The solvent extraction and spectrophotometric
methods, developed in PART II are applied for the trace
determination of selenium, tellurium, arsenic, antimony,
bismuth, titanium and vanadium in high purity grade
metals, alloys, pharmaceuticals and in the environment
samples viz, standard samples, blood serum, urine, soil,
plant, water, industrial effluents and waste water samples
collected from different areas of Baroda district. These
results are also compared with those determined by atomic

absorption spectrophotometry,
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