
FOREWOOD· 

Recent edvences in analytical chem~stey, are characterised by 

great' progress toward more pet'i7erfu~ metl"lods of separation, equalling 

in significance 'the development brcught.about in ~nstrurnental 

methods of deterrninati on~ Problems of chemical mall'sis almost. 

al"t.gays involve two steps : Separation of the desired constituent 

end measurement of the amount or concentration of this c:cnstit.uent. 

11uc:h worthy ~eseeroh has been dedicated to the develop~t. of ·more 

discrimina~ory ·methods of estimation, such as spectrophotometric, 

si,=lectrographie etc. 'td.th a viet'if to minimizing the need for separaticn 

steps preceding the measurement stepo Eut despite the eveilabil!ty 

of the modern; more cU.scrimi..~ating tr.ethods of measurement, suc:cessful 

and effective solutions -t;o many analytical problems depend beairily 

on separation p~ocesses. 

solvent extraction claims a significant position among -the 

separation techniques because of its .ease,. sin:plicJ.ty •. ·s~ed and 

apPlicability to both tracer end macro amounts Of metal ions. 'l!he.: 

objective of these analytical liquid•liquiC. e::ttract;ton prpcedures 

lies in the extrapolation to full-scale commer~ial hy~ro.metall~gi~ 

cal· processes :from the tec!"L."'lical point of ·viet.;. The rrethods ara 

highly ·operative on numerous metallurgical separation systems 

.involving ex-traction ircm mini waste . end dump leach liquors •. 



(ii~ 

~he present thesis is the cutcome of a series of investigations 

carried out to study the separation and spectropho'tomet.rJ.c determina­

tion of cobalt(Illu platinum(IV}, pal!edium(II)~ coppe~:(II), 

Bis!l'l\lt)l (IIJ:), Iron (II), Nickel (:t:t.), by using the anlytical reagents 

such as 4onitrosoresorcinol, cet.yltrimethyla.rrmoniUI'!'brcmide (C'I'~.B)~ 

Phenylth.iohydantcic acta (Pl'HA), 2-hydroxy ..... l-naphthaldoxime; 

caeotheline and 2-mercaptobeneoic. acid. AuX.:f.J.i.~y ligands namely 

iodide, bromice6 pyridine ana sone of tts methyl subs·ti tuted 

derivatives· end solvents like chlorofoz:m, ben~ene, ·carbon tetra­

chloride, ethylacetete were made ·use of.during the investigatory 

oper.aticns. 

Tr~ main aim of this thesis involves the development of 

enalytical_methods for seperati~u and spectrophotometric determina­

tion of diff'7.rent .heavy metals trlith the help of various organ3.c 

rengents. ~erne of t!'le m=thods are promising £rom the st.end point 
' 

of separation of the aforesaid rnete.ls from each other. References 
I ! . 

to t.'le literatures survey have b.:.-.eo presented so as to incll.cate, 

to some extent., the subject matter of eache 

This thesis is div.i.ded in·to ~even chapters. A brief 

chapter""'-v1ise Stml!lacy of the work done is given belwa 
.. 

CHAl?'l'ER - J: 

The first chapter aeals t•1ith the discussion o£ basic 

principles of solvent. extrac~ion and separation of mata;l ions;,.... .. i 
'\) 



(iii) 

folla.;ed by a. dj.scussion of spectrOphotQnetry~ the analytical basis 

adopted throughout the ccurse of the tt1or:tt. The ch'apter ends with 

e brief ·o~1ine of the proposed. investigation ana ReN: . .Y:~:~;e:e-~ ~:\~---

CHAP!l'ER·• Z:t 

This chapter describes tte use of phenylthiohydmtoj,c 

acid (Pl'HA) as an analytical reagent for extract.i~ .separati<n 

and spectrophotorretric determination of cc»alt and palladi'l.lni •. Cobalt 

for.ms a ccropiex with P~ extractable into chlorofor.m. Absorbence 

of the metal complex shCJWs a linear response over a concentration of 

. •t 4 l 1-1 •1 10 ppm of cobalt t-lith molar e.bsorptiv.:\ ,'cll •. l23x10 -_· mo.· ·em at 

480 nm. The f;ystern loterates· ·a number of diverse; icns9 CObalt hes· 

been estimated-in synthetic rnix~res using the proposed method. 

The method has been ccm,Pared t'lith some other existi.'"lg met.hoas.'T'h~?d.-Y-ri-IA 
C:D"""~\.-1!~ ~nowS )o.'W'Q.-. oJ ?f.o 'Y\W\ w•'H~ JV\cMO."'" O.l.:.<;.o--r'pt.'vi{'j l·'!>OJX \o'I,A-~-r <:..,.·r. T'n~ "'V\~!f.J,oc( pvo\1•'!-e~ 
~~<.~-e..U'(""t y~(_O\J~'Y-;1 o~ tr.~ \'V\~oJ. '"'?"<H"'""c::~ o~ o..l.'T"o'i:,t oJ..l t~C!. <o""""O"' to ..... ~ .. \'1\-e """-t-t~oO.. hA.<,.~ 

c_.,......,..po..,.~ w~r.:.n. ";.o'f\M. Dtll.-flY_~'l"_i.-.,~1 ..... ~ '"M~tV<orh. e""'-

CfiAP'.IlER . - .IIX · · 

In this chapter the use of 2-hydroxy•l•naphthaldoxima 

as a sinple and sensitive reagent £or the extrEtetion .snd spec::t.ro­

phot.cmet.r.ic: det.errr.inat.ion of nickel, cobalt and palladium has ·been 

Cl.escr.:i.bed. 

t:Uckel forms a· <;:cmple.x t..r.ith 2-hydroxy-l~naphthalao.xine 

extrect.able into carbon tetrachlor!ce. il-bsorbance o£ the matal 

ocrnplex shOtv-s a linear response cvey a. ccncentration of 10 ppm of 

nickel td.th molar absorptivity 1• 20;zx:1o4 l mol~1cm•1 at 380 nm. 
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The system tolerates a number of Cliversei.onso Nickel hap been 

eetimated'in synthetic mixtures using ~he prqposed rnethodo ~he 

method has been ccnpe.red ~rith scree other ey.isting m::rthods~ 

(iv) 

A selective spectrephotornetr!c: method for the determination 

of cc:balt wi"t;h 2-hycg-oxy-l-..naphthaldaxime has been eevised. Beer• s 

l<!M' is- cbeyed over 10 ppm of cobalt. w.tth molar absorptiv.ity . 

4 ·l-1 -1 . ., o.826x10 1 mo -- em at 400 n.mo 'l'he method -p.rovioos excellent 

.recovery of the metal .in presence of almost all the co..wton ions 

testedo ·The method has been compared \"lith some other existing 

Pal_lacl..ium f O.tmS a complex Tt1.i th 2'-hydrcxy•l-naphtbaldaxime 

extractable into chlorofOLi£1•· · Beer• s ·l~ i.s obeyed over 15 ppa 

of palladium tv.i"tll mc•le.r absorptivity o.,S6S x l04 .l rnoJ,.~1cm .. 1 

at 4QO m. l'he method provides excellent recove_ry of tne metal 

.in presence of a large number of diverse icne test.edo '!!he method 

has been conpared with scme other e:.tist.ing reethods. 

CHAP.rER • :tV 

This chapter aescribes the_use of cetylt~imethylammonium 

bromide as an analytical reagen~ for the extraction end s_r;ectro­

photcmetric determination of b;ismuth.and cq_,per. 
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Bismuth•CTAB complex sh~~s a linear +esponse over a concentra­

tion ·of 25 ppm o;E bismuth with molar .. absorpt.ivi~y 0,..822xl04 1 mol-l 

-1 em . at 4.90 nm. The .system tolerates· a nu'liber of diverse -ions.-

B;f.smuth has.· been estimated in synthe·tic mixtures using the :proposed 

method. The method has been compared with some other existing 

methods~-·- .· . 

For c;u ... CTAB cony_:,lex th~- ~eer~s _ l.aw. is. obeyed _over_ 10 ppm 

of copper vrit.h molar absorpt~vi_ty ~._o64X~o4 l mol ... 1cm-1 at 360 nm. 

The· method prov.ides excelle:t:J:t recove~ of the meta! in presence of 

~lmost all the common ions teste~. The-method has been compared 

toJith some other existing me·thods. 

CHAPTER- V 

Thi~ chepter inc.;l.uc1~s :the. uses of .. iodide, bromide a"ld 
, ,• . 

pyri<U.ne baf:!e? ~ _ an~y:tical reagents for ,~h~ ,_extraction and 
. ' - , ':; ... ' 

spectrophot.ometric determination 'of· palladium,.: platinum and copper. 
,, 

[ . ' ',< 
Palladium forme a compleJt t-J~th pot~si-qrn iodide and pyridine 

. . ;. ) ' 
1 f .•• •' 

bases extractable into clilorofo.rm~ · Beer:•s la~1'\is obeyed over 1-10 
' '.... i \ 

ppm of palladium t-.Tith rnaxi~m .abs:orbal}6e· ~- 354~365 nmll! The'' msthod 
. : ' . ' ' I ' ' I'··,' 

' . . '\ f .... 

provides excellent. recovery of th~ ~ta.l ip. !?,P~sence of almost all 
' ' •· t • I \ <· ,._. -

the common ions. teste,;i. The metho.d h"f' pe+n ,C~~ed with some 

other existing methOds.. . . . , "'\- · 
' . . .~.... ->· ... ' ·, ' 

l?latinum forms complex 'with ·KJ;· and r:)yd.dln¢~es extractable 

into chlorofonn) Beer''s lm-I is obey~d. over s-'so; ~P~. i ~:E platinum with 

.. ·, '\ , .. 

/' ~ '"'· '1· .. ·, ·. ,· 
\ " .. , .. 

\. ' l#l' .. ~ 
. "\' (~ 1,)_>. 
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(vi) 

'A m• at the reg.ion 345"!'485 nm. The system tolerates s number of 

aiverse ions41 Platinum hos been estimated in S]('Uthetic mbttures 

using. the propose a inethoult 1'he method has been ecmpered with scme 

otber e:-dsting methods. 

~ selective s~trcphotcmetr1c method for the d?termination 

of copper td.th potassium bromide/potassium iodide and pyridine bases 

has baen devised. Bee~• s la-1 i$ obeyed over s-.so ppm of coppez:o 

t4ith )\max at 32D-360 nm. The w.ethod provi.des ~cellent recovery 

of the metal in presence of almost all the common ions tested. ~he 

method has been c~ered with scrne other existing methods. 

CHAPl.'ER • Vl: 

This chapter describes the use .of 2~me~captcbenzoic acid 

as an analytical reagent for spEC:t.J=~hotometric determination of 

palladium. 

'!!he J.>a(:t:rJ...,2~ercaptobenzoi<: acid c::omplex sh~~d Amax at 

420 nm. The .system conforms to seer's law over 10 ppm of palladium 

with molar absorptivity 1• 725 X 104 1 mol-1cm .. l• 4?alladium has 

been estimated in synthetic mixtures using the pr0poseo method. 

By this method,.the interferences o£ most of the diverse ions t..rere 

ove.rcorre end this has been compared t'li 1;1'1 some other existing met.h.ods. 



C.Hl\P.CER _ • VIX 

A spectrophotometric method for the d9terrrdnation of 

iron (II) with cacotheline has been presented., 

(vii} 

The absorbance of the Fe(II)- cacotheline complex was 

measured at 530 nm~ The system conforms to BeeJ;' s law: over 2-so px:m 

of iron with molar absorptiv.it.y 1.,49 x 103 l mol•1cnrl.: ~he rrethod 

provides excellent .recovery of the rratal in presence of almost. 

all the cort'.mon ions tested. 'l'he method has been coirpaYed \-iith f;lcme 

other existing rn9thcds~ 

Many obviously inferior xeegents and methods are included 

since the treatment of the subject .is intended t? be complete.­

The.ir .inclusion is justified .because o£ tt·ro considerations : !n 

futw:e -no time need be lost in a.tterqp~ing _analytical rnethoas that 

in the past have been "demonstrated as unsati;:;factory; and f~rther, 

an inferio"' method m~, with suitable modificatiqns~ be mooe useful. 
o£h'fy 

for certain purposes. 
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