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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 •. 
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~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. 
1\ 
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Part :t 

General Discussion en solvent-EXtraction;. 

Solvent or liquid-liquid extraction is a technique in which 

a solute is allowed to distribute itself in a certain .raUo bettveen 

two immiscible sol~~ts. one of which. is usually ~ater and the 

other an organic solven'l:~ .It is necessary to· clar.i..fy tba fundamental 

principles of extractions parttcular~y the various terms used £or 

expressing the effectiveness of a sepatationo 

Partition Coeff~cient~ -
~.n analytical chemist· is partic;ularly incerested in the 

aqueous•organic solvent pair· since he is concerned. t':Tith the analysis 

of the element present .in the aqueous phasee :If a solut;e is allOt-red 

to dissolve within two .immiscible or sparingly miscible solvents, 

the species is· shared bet.l'ree.n the t\'JO layers in such a wa}( that 

the ratio o£ concentration of the solute in the two phases at 

equilii;>rium at a particular temperature remains constant• provided 

that the species will have the sarr.e molecular weig..'lt in both the 

phases~ This ratio is c;:alled the distribution or partition c:o­

effiC.i~Bnt (K_p.l• Xhus £or aqUeous aD;d organic sys·tems •. 

~1etal ion concentration: in organic Phase 
= ----------------------------------------

••• (1) 

Metal ian concentration in Aqueous Phase . . . 
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'.fhe lett~ as stated,. is not thermodynamically rigid but .ts 

a useful aJ;>prO.Xi.'llaticn (e. 9• 6 it takes no account of the ac~!vit.ies 

of the various species,, end for this reascn it t-J'ould be. expected 

to apply in very dilute solution~ where the ratio of the acti.vittee 

approaches unity}. 

t-Jhen the case i·s .ideal, the species shares .itself between 

the two phases .tn the ratio of its ·solubilities. Of course, it -
also depends upon other ~actors. like acid concentration end extrac­

tion. of molecular species. 

Distribution rat.io or Extract.ion ccef£ieient (D)~ 
A ........... 

In the solvent extra¢tion technique the primary interest 

o:f .. analysts lies in '!;he fraction of the total solute in erie or 

other phase, quj.te regardless of its· mode o£ dissociation., associa-

. tion or 'in:teJ;aQt.i.on t-Jith o~er dissolved species. Hence it is 

required to introduce a re.liable quantity to describe the ext.ractioth 

lmovm as the distribution ratio .CDJ. 

D = 'l'ot.al metal Cv'llcentration i.n the o;t:ganic phase •• • (2) 

1'otal .metal concentration in the aqueous phas~. 

For s given metal. M, p~sent: as various spec;:ies Ma, M2.• l-13 ... • ~· 

a."ld partitioned between an organic phase and an aqueous phase, 

the extraction cen be expressed ae 
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CMa Jorg + CM2J org + CM3 :lorg +. •• • + f'l~ org 

LM1J sq + LM:;.J aq + Lf!J.a.7 aq +· • • • + CYaq 
••• (3) 

In case o£ polynuclear species# their concentrations are multiplied 

by the apprepr.iate stoichiometric co--efficien·t. D and I<p. ao.re eqUal 

'!:Then there .is no reactio."l .bettieen t.i-}e species and other c;:om,ponents 

in ei t'her phase • 

...:.f· ~..ntage extraction: 

y· 

For ~alysts, percentage extre.cti.on (% E) is more inpo4tant 
I ; 

than the distribution ratio. 'l'hese two factors are related as follws• 

100 D ••• (4) 

V aq· and V org stend for the voli.mss of the aqueous Old org&'1ic 

phases respectively• On sinpl1£ication this equation beccmes. 

o'= ~asu r lS -; 
I I .... ~. 

VOJ:g l. lOO..E _I 
(5) 
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~·lher~ E is percentage extraction. t~hen the volume of the organic 

phase is equal to the volume of aqueous phase 

.E 
.lOG-E 

••• (6) 

when E approaches frcm 99 to 100%, the di.str;J.bu~i<>.."'l ratio varies 

from 99 to infinity .• 

Multiple extraction J. 

IJ.lhe main object of an analyst:. in the process of extraction 

is to separate the metal component Q.tlantit.ativel;st by a single 

ext:reetion frcm. a· lilbt:ture o~. ,solution. when hundpsd psr cent 

extx;a_~ion is not possible· by one step single extraction~ multiple 

extr&tction i·s applied;. 

, Thus if a fr~ti.cn J.A of. a substance A left after extraction 

of volume vaq of aqueous p~ase with_n successive portion~ of organic 

solvent having each ®volume .v0~. then 

-~·,/ -, 

= /;(.'' ves.t ••• (7) 

t:· Vaq + VOD 

For rqpid and c'omplete extraction_., the distribl.Tti.cn ratio 

(D) must. be of very high values. :tn the above system, th~ parti ticn 

isotherm is asstl!lled to be linear ~.e., CA0 Jj CAaq .7 = D 
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t11h!ch remains ecnstant' for any value of fAj. ~o achieve good 

·.results v shculd be lat-1 and n should be of bi.gh value •. 
0 

2:he term separation factor~ .( .(3 l# is r<:aquired t;o be intrcP 

duced t-1hen t.he solution ccntSins two· sPecies A end B., ~he separ.at.ion 
> I• ' ', • • 

fo.c:t.c.J: ( ~ ) is related to their individual distribution rat.!os .. 

:tt cafl be shotm as* 

1-1here CAJ 0 , Cs..J
0 

ere 't;he- concentrations of A end B in the' 

organic phase and /:AJeq" f:'Bjaq are the concentrations o£ A 

and S in the aqucue~ phase~ . 

con~lete $9pC$aticn can be achieved when cne of the 
. . 

distr!bui;ion ratios .is very small and t.~te e-ther .rel at!vely large. 
•• 'T ., 

; . 

separate as the ·ttgo distribution ratios are equal~ In such cases., 

sapera.ticn 1$ generally carried out by us.ing c.ounter c:urrent 
I •I , , 
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ClassificatiQn of Extraction svste:ms * 
... b 1 ill BE 

Various clas~ifieation of extrac;tion .systems haVe :been 

made but are: admittedly arbi~at:YQ ;since a· part.i<:ular system una~ 

oertain c:ondi t.icns may be 91rouped under more t..."'len one c:lass. t.rhe 

best compromise might be t.o elaeeify the systems in terms of the 

t;Vpe~ of chemical ccmpound .involved. such a cl?ss,i.fication rrzigbt. 

lJncharged c::ovalent species 

sinple moleo.ules e·~·· ~ ~2I;t9Cl2* Cel'scooa. 
Chelate complexes e.g:~- aiuminiu.'ll oxinate. 

uncharged eleet.rovalent (.ion a$soc!ation comple)(es) 

Halometallic: .;lCids. e •. g.,. HF ec14 
~- . -Amin~snionic;: c;omplex compounds e.g • ., R3NH •. J?eel4 

!'letal•ec:L_d ester compl-exes e.g.,. La (D.EHP)3 

~olvatt;:d acids end salts e.g~··: mo3-~aP; 
v~ (N~)2(~BP)2.' 

Non-solvated salts e.gii.., (CoBs) 4AS+.FeC14 

(DEHP = di•2•ethyl h~l. phosphate;. 

TBP = tributyl phosphate}. 

\ 

From the cv!e-w point of theoretical discussion such claesi·· 

£.ic:atims are· meant convenien-t. For pract.ical puxpose# howeve~.,. 

it t.itill be more u~e£u~ to classify according to the i:ype ~ reagent 

used,: so· that the poss.:tb.il.iti~. fol" separaiaon-., etc. can bet m~ 

easily seen'! 



(l) unc:harged complex formation. 

(2) Distri.buticn o:E such complex Pt;tt>reen the b10 liq\tid phases. 

(3) Interaction of the complex in the orgard .. c phase.,_ 

unchargedconpl~ formation depends upon several factors. 

The complex may be· o;f. d.liffe.rent t;ype$ as (i) simple 

coordination ccrr\Pl~ oheJ.ate complex or (ti) a.S ion ~sc~Ciation 

CC!T\Pl~. 

(i) M+n + nR~ < > MRn (<::ov.ordinetion) 

chela1;ing or coordina:'cing agent .. 

·EXarqples· : Ger.manium t~trachlo.rice. ~s,i.rnple cc-or&na.ticn 

conplex) .• 

Gallium 8-quinolinate (chelate) · 

(ll) 1m ion association ccmpl€X is ·fo.x:med by. c~ordination in 
' ' either the-cation or the anion of the extractable i.on pair~ 

!fA+ + bB < > ~-~~+ (J:on"'"asscciatiCl'l) 

-I~-r· + nX~ < > ~+ .. nx•J 
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roJJxa... - .. r+ __,......;.. (·"""r+ "IJ.X.a- \ (I __ an•asscc1at:l.on) li~ll+a + a<J .oE--- ..... ~ ~ ... ~..,.u+a ~ . . 

The steb.ili ty of a metal coord.1nation corllplex depends on· 

(a} the acidity of t.ne metal ion (b) basic.tty of the coordination 

ligand and (c) specia:l £actors related to the ccnfigllr ation of the 

resultant complex. :tn the $imple co-.oz:dinat.i.on complex the monoo­

functional ligands take part end in the chelate COfl!Plex poly­

f\mcti.onal ligan~ ~e acting that occupy more than o~e position 

in the coordination s,phere. The chelate co~lexes are mostly soluble 

in organJ.c solvents and hence \!Sed in the prcoess of extraction. 

These chelates are either five or $.ix-membered rings •. tT.'hay may be. 

classif'ied as folla~s• 

(i) Positively ·charged chelates having requisite n~~ 

ot uncharged basic groups m; the ligand e.g.~ 

Tris (ethylenediamine )-D:on .(~J:)., 

(.1.1) Chelate:;; having are an:ionlc end are uncharged 

.basic: group ·o£ the li.gand i.e .. ~ neutral chelates· 
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U.ii) f'l$9c:;tt1~ly charged chelates having 11egetively 

¢barged basiC g,woup of the ligend e.g. PJ.iZaa:"in 

de~J.vative of xron: (~~~).,.. 

xcn-assoc;:J.at.ion comple,lteS e~g~, £" (C0HS}4Ar;;+ • Rf;lO. J2. 
are easily extractable .in organic solvents li.l>te <;hloroform,, benzene 

- . 
etc. The e~tent cf ion-assoc.tation depends on .tonic si2e of the 

s~lt involved and also· on other structural factors. 
/ 

or .icn•associat.ton ccmple~ is distributed un.iformly in. the eol'Vent 

depending upon their eolubili t-J.es~ 

(3) Th19 . t~#.rd ·stage ;is the .:interact! en· of tbe complex in the 

orga'liC: ;phase. ~he chelates ere not generally interacting w.ttb 

the solvent. l:n case of ion-association ccmplexes,. · polymerisation . 
(when concentration incre~~) and C!!ssociation (in case of d!lllte 

solui;iad should be considered~ -

In the enal.~ical laborato~ the. J:ollot'l:tng thre.e methcds 

of 14-quid•liqu.ie ext.ract.io.m:;· are in use. ~hey are; 

a) Batch e.xtract.ion 

b) continuous ex·craci;icn 

c) _Discon.t:tnuoue extrac'ti.on 



·~ 

a) 

b) 

11 

Batch eitraction' is the simplest Ir.ethod of extraction 

and is UE,;e~ul when ·the distl:'ibution ratio is l~ge• In 

this method a given volume of metal salt. solut!on is 

ettracteo vJith a gi.ven volume of the organic solvent .. . 

in a· separatin9 f\mnel by mechenicai· sheking until 

equilibrium is attained .. at"'ld the two la.ye~a ere :then 

separated... After separation the metal. in each ph~e .is 

~his method of extrac;tion is applied in ·the ·Case "1nen 

d.tstri.bution ratio is small. H~.u::e an immiscible solvent 

fl'*IS continuously or both phases are allo-.ved to pass 

through the solution in c;:cunte.r•current aixec:t.ion. 

e} Craig~ bas used this taehnique £or rapid separation enc. 

apPlied in fractionation of o.rgenic ccmpounas having 

similar distribution ratios. 

zeclmigues ~ .• extractions ; 

The choice of solvent in the extracticn. prccedu.t.-e rlepend.$ 

on many factors., mainly t.he solubility of the particular epec:ies 

to .be extracted., 

(ii) .r,malxsi,! ~.· 

~he amount of solute present in both the phases after 

·extraet.ion can be det-ermined in various ~Jayso Cne i!Ipol:tant method 
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is bacJc extraction of solute frcm orga..'1:1C phase wit.il water .<?it, __ ~-) 

acid £ollowed by analysis. Mother method ccnsists- of direct 

evaporation of organic solvent when- the solvent is volatile and 

then estimation of t.he solute. If the solvent is not. very volatile# 

it may be ·rE:J7:0Ved by heating w.ith ccnoentrated nitric and perchloric 

acids folladed by estimation. ,t;iost recently the estimation of the 

organic phase may be c:~.ried cut by radiometric metnoa2• 

(iii)- §glectivitl J 

- -

The selectivity of .an extraction system increases by 1,1sing 
I 

oxidising or reducing agents. For example, Cbrorrdum (:~ll) is not 

extracted t-rith diphenyl carbazide but chromium (IV} can. lJe extracted 

from it,.,_ solution. scrnet;Lmes- suitable m~sing agents sue.~ es 

cyanide, citr;ate, tartrate# ED~J\ etc. are also useful to prevent 

extractions of undesired element. 

Sa1ting~out agent~ may also play an irqportant role in 

enhancing the extent of extraction, espec:;ially in case of .ton­

assc~iaticn carn,pl~es. The most wicely ·used salting out agents 

are chlorides ar:u:l nitrates . of arrmoP..ium,. sodium• magnesium etc. 
--

Xhis .is probably due to high concentration of the corrple.xing icn 

supplied by the salting-out agents. 
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sqms P.ractiqal Considerations • 

Solvent. extraction is generally employed in analysis to 

separe.t;e a $Olute (solutes) of int_erest from suQstances t'lhich 

interfere in tne ultimate quantitative analysis of the mater !all 

sometimes the interfering sol\ltes are ·~~ti~~ed selectively. ~he 

choice of solvent is governed by the follet-Iing consiaerationt 
' 

(i) A ~gb ·distribution. ratio for the solute and a low 

distribution ratio for unaesirable impurities. 

(ll) -LOw solubility .in.:the aqueous phase. 

(ill) ·SUfficiently lat'l v.lscos.tty and .su££.icient ®nsity 

differences from the aquecus phase tc avoid the · foJ:ma.tion 

o£ emulsion. 

(v) Ease of rer:;.overy of solute frcm the solvent £or subsequent 

~~ analytical processing. ~hus 'the b~-P~ . oii the solvent a.'!'ld . 

the ease o£ stripping by cbemic:al ~agents merit$ t-1hen 

"' -~ -1 •. 

a choice is pos$ible.. sometimes mixed solvents may be 

used to improve the above properties. salting out.· agents 

may also inp.rO"..,re extractab:tlitT• 

Stripping !s the removal of the extracted solute £rom 

the organic phase' :fC?r $:lUther preparation £or the detai.led analysis-.. 
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~n, m~,y color3.met.ric procedures involv.:i.,ng an extraction p~ocess 

the concentration of the ··desireQ. solute :is determined Qirectly 

in the organ.i.¢. phase by measuring the absorbance of a lmown volur-..e 

of ·the s·olution of the coloured c:croplex. 

t-.There ot.her methods o.f analysis are to be e.Ir!lloye.d oz; 

where further separation steps are required~ the solute must be 

removed from the organic phase to a more s-oit.eble mediunt~ If the 

organic sol·vsnt is volatile the siillPlest procedure. is to add a 

small volume of water end evaporate the solvent on ~ 1t1ater bath; 

care should be taken to avoid loss of a volatile solute dur.ing 

the evaporation,. sometimes adjustment. of the pH of t..ile solution,. 

change in valence $tate, or the use ·Of canpetitive water-soluble 

cornplexing re~gents may be en~loyed to prevent. loss Of the solute. 

~lhen the extracting solvent is nc~volatile the solute is removed 

from the solvent by chemical means,. eog•~ by shaking the solvent 

tvith a volume of water ccntaining ac:::id~ or othe~ reagents, whereby 
' ' . 

the extractable .complex ~s decomposed. ~he metal ~o.ns are then 

quantitatively bac::k...exeracted into the aquews phase. 

Inpurities present in the organic phase ma-:J( scmetime::;l be 

removed by baclteoowash.tng. ~he organic extract \"J'hen shaken l:'lith one 

or mo-te small portions o.f a .fresh aqueous phase cont-aining the 

opt:l.mum reagent c<.<ncentrat.ion and of coa.Tect pfl .. w:i.ll result in the 
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.r:edistribution of the .inpur~ t1.e.s in favour of the aqueous phase., 

since their distribution ratios are lo4; most of the desired 

elements will remain in the organic layer. 

co.rnoletion o£ the analysis. : 

Having separ:ated a particular element or subs~snce by 

solvent. extraction. th.e fin~ step involves the quentitativ~ 

determination o:f the element or substance of interest. Sin1ple 

colorimetric o.r better~ spect.J:ophotcmetric rrethods may :be· ~pplied 

directly to the solvent extract "Q,tilising ~he absorption bands· of 

the c:omplex in the ul~avi.olet. or .visible region •. A t:vp.ic;:al exal'l\Ple 

i:s the dete:puinat:ton of nicl"~l as . a:i.methylglyoximate in chloroform 

by ·measuring the ebf1orbence o£ the complex at 36(5 Ilil'l)ll 

tiith ion-assoe.tetion complexes#' $.mproved results can often 

be cbtain,ed 'by developing a chelate complex after extracti~ An 

ex~le ~s the extraction of urantl nitrate from nitr~c acid into 

tributyl phosphate and tbe subsequent addition of dibenzoylmethane 

to the sol vent to :form a. soluble coloured chelate. 

Further teohn~ques which may be applied directly to the 

solvent _extract are flarr,e spectrophotcme~ry and atomic abso.:r;ption 

?Pectrophotometry. An· exemp~e. of the former tec;:h~que .i.s the deter ... 

rnination of copper as' the salicylaldaxime complex in chlorofornn 

tbe o.rga."liC extract. .is sprayae1 directly _into an o-...tyacetylene flame 

end tha spectral emission of copper at 324.,7 .nrn is measured. 

I c 

1 5 l\1.'\;~; J 7 7.-.;~ 
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1. synerg.tsm : ~he term synergism was first coined l:>y ~lake 

etal3 in 1$'58 in, their report that vfnen a dialkyl hydrogen 

phosphate (R0)2Po.~ is used ~n conj~cticn with _certain neutral 

organophosphorous reagents,; e.g.,., ~BP, the extracting pQ'ler of 

the mixture exceeds the sum of the extracting pa1ers of .its 

components. This phencmenon of greatly enhanced extraction of 

synergism dQe· to a ~tu~e of ~t~actants has attracted considerable 

attention in J:ecent:. year$. The review articles by l·1EU:eus4 and ~5 

---~? are o;e interest in this connection. 
l.. 

:x.. 

The most intensively studied sy~tems are o£ ·the follet'ling 

types 1 (1) a chelating agent. such as H.t'TA or IP.C ( •i:sopropyl­

tropolanel and a. solvating solvent such as !I'BP, IBMK (isobutylmethyl . 
' 

ketone), .paso (dibutyl sulphoxide) and (2J a dialkyl phO$phoric 

acid and a neutral ·orga:1ephosphorous ester (s)., 

consider able worl' has been done .ion this area~ lrving and 

Edgington6 postulated that th~l conditions for synergic extraction 
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(a) one of the active reagente (HX) .should l:e able to 

neutral~se the c:he.rge 6n t.b,e metal ion. preferably 
. f 

by :forming a chelate,. 
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(b) the solvent(s) should disJ?lay a."'ly residual coo~dinated 

t'later £rom the neutral mstel complex,. renc.lering .it less 

(e) tht:~. sol vent (s) should net. i:tself be hycrcphilic and 

coordinated less strongly than ax. 

(d) the maximum coo.rdina:ticn number of the rootal and the 

geometry ot the ligands should be favourableJI 

These postulates ~Jere vali~·. £or the U(Vl)·H~r~TBP and 

u (V.t)-..H'l~A•!rBPO .(tributylphosphine oxide) m.Uttures, syne~gic 

enhancement factors of :the order o£ 103 an,d 104 respectively were 

cbsewed. The extracted species were assigned the composition 

UOaXa•·TBP end U02~• ('+'BP0)3 re"Spectively7- 9
, from isopiestic ana 

infrared meaeure:ments~. The studies we%e extended to plut~ium (VJ:), 

americium tti:t)~ e;urepium(:ti:l) and thor.ium and the species ident.Uied 

we~ P.u.Xg~ .('l'SP)2 ,. ~.~ (TBl?)2, ~·'rDI?01 ThX3 (N03 )..~Bl? and 

-~ XhX(l~~ ) 3 .'I'BPOo 

Healy10 reported an synergic ext.racticn of uranium (VI}, 

thorium. lanthan~oes (III), aetini.ces {III) and alkaline earth metals 

with .liXTA-TBP, H'I"'.'A-TBPO and H~TA-I.L'P.P; TPP is triphenyl phospbateo 
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Healy11 further suggested that.tne reaction for ti1e system 

ur ooium (Vl: ) ... ~~A-s ccn be expressed e;::; a 

••• (12} 

sekine and Dyrssen12- 17 h&ve reported exte:nsive·.investiga­

ticns on solvent extraction of metal ions tvitb mixed ligend~ Zhey 

hav-e de~cribed the ~dduot formetioll of Cu (II), zn, ~.(Ill) and 

Th -:.d .. th Hr-rA end 'l'BP or l:EMK and t-1ith IP'l end ~BP cr .W£-1!< in 

chloroform and carbcn tetrachloriaeo 

.rmporte.nt cases in this categdry ere ' di (2-ethy.l-hexyl) 

phosphoric e.cid (HDEPH)-TBP. il~hich was the fixst reported case o:f 

synergic extraction3 • 18• 19; mono (2-ethylhexyl} phospho.r:.ic acid 

(~N£IiP) ... ~BP20, dibutyl phosphoric acid· (1-1DBPl•~l3J?21 end HDBP-

~opo22q 

20 . 
Peppard et al · .investigated the system lqnt.l-}anide (III) • 

Y(!l:I), . .Am(ll:l) .. cm(III}# Tb, u(v;,cJ ... H2MEHP•~dilnent, tvhere the 

synergic agent. s t..ras n-aec anol~ 'J.'BP or ~OPO an:d the diluent t-las 

toluene, cyclohexene o~ n-decano~ .... 
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.substo:l.chiometric extraction : 

Ruziclta and Stery23 ' 24 fi.rst proposed this ne~.r technique 

o:f ~ubstoichiometr.ic extraction end determination of rnet.als, t~.7hich 

is applicable to activation analysis and isotope dilution analysis. 

In 'all conventional extraction separation procedures. en 

excess o£ the org~~ic reagent is usuelly used to ~sure quantitative 

separa:tion of t.he desired metalt1 In subst.oichiometric method the 

organic reagent .is added in less than the stoicheio.metric amount 

.___+-- required for the rretal to be determined. l?Y using the same amounts 

of organ.ic reagent everJ! time, it is. possibl~ . to isolate slwS¥s 

the same amount. o£ the.. element in question. irrespective of the 

emcunt of it actually present (subject to the ccnc'iit.ion that this 

must be an excess relative to the amount of extr(:'lctant).g, This 

_)-; 
\. 

permits hi~1ly selective separations. The t~atment is essentially 

that ·oovelopeti by .Ruzicka and stary23, 24 
o 

The . u~e of ligand ion-exchange dates back to 1946 t·.rhen smith 

and Page25 , zepo.rted that high molecular· t-Je.ight amines (!~.rn<~A) can 

be used for extr£cticn of acida because their acid salts are 

insolUble .in t<Jater but rea.Qily ·soluble in o.rganic solvents such 

as chloroform •. benzene o.r kerosene t· 
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in the aqUeous phase. The orde·r df preference in the orgmnie amina 

The earlier t-.1ork for l.i~:!d a'!'l!r...n ... exchengers (1-!Mt'J'A) has 

been z:eviet ... red by 1-1oore, Green and P.rcl:>nu26-29 •. 

In ~versed-phase partition ch~omatog~qphy the organic 

extreeta"lt is !IT~nobi,l!Z,.ed ... on some stationery inert. support such 

as ~e~~J:9\lh~~·> styrenediy.inylbenzene copolyrner or simply filter 
' 

paper. 'lbe technique t-1~s intrQdueed by l?idel.is and Sield.ersiq.30 

for the .seP,aration of the lighter rare earth on colu.rrns o:f; 

kieselguhr impregnated with 'XBP.r: 3.5 ~ nitric acid being used as 

the mobile phase4 They e~:te~c.~d tr~eir work31 . to the h~avier rare 

earths. t..rhi.ch ere usually di:ff:icult to separate •. .Fair separations 

were acl'deved t'17ith 11.5 ~1 # 12 .. 3X..J and 13 l-l n.itr.ic acid and concen­

trated hydrochloric acid as the mob.ile phases. 



~ 
\ 

21 

I<orltisch32 presented El no-11el separation techni<,.l\M~~(i' viz •• 

CO!l'bined i.On•exchange solvent ext~action (C:tESE)e- This is based 

on simult.anecuo oPeration of :Len-exchange and solvent ~tracticno ... 

!{:ern~l! comolexes 

Betteridge and t1est.33 described the selective extraction 

of microgram amounts of dibutylatT.ine silver (:C) with an ion-

esscc.io.tion ccmplex · (o.r: ternary comple.."':) t>li th salicylic acid. 

Dagnall aT'ld Lvest34 aescr.ibecl tn.e· extraction ·of a blue ternary 

CCif!Plex A!J(ll~l,., 10-phenanthroline-:sr-omcpyrogallol Red-CJS t~~ ,basis 

of an ext.rerrely sensiti.ve spectrqphotometric procedure for trace 

of silver., 

Extre.ct.ion from molten salts 

~he oldest. exarr,ples of extracti9ns of soJ.utes :fruw molten 

salta are t..Jw removal of impurities by -slag formation in wetallu.t"gy, 

the :f.ire-assay method for separation of gold,. None. o£ these is 

po.rt.:tculerly useful .in solvsnt extraction chemistry., al·though 

a process ~tin to s~agging wss ~sed to rem~e f~ssion products 

from rxeactor :fuel by extract.:Lon "':lith 1nagnes.iurn chlorice36• 37 

accoreing to the reaction (for a tetravalent .metal such as a 

lanthanide)$ 
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2l1(m) + 3Mg(m) ••• (14} 

~fhere too subscripts (m) and · (s) denote the l"!'tetal end $alt phases, 

respectively. 

Xhe use of organic solvents in conjunction ~itn molten 

sal.t was reported by Gruen and cc.o•t·rorke.rs36., Marcus39 has g;tven an 

excellent .reviet1T of. this extraction from molten salts. 

Extractive t.itrations and indicators 

solvent extract:icn ca11 be used in ti trations either simply 

to provide in¢ication o£ the end.point1 or fo~ doing the titration 

itsel£. ~he classic ~xarrple of end-point detection is the use of 

carbontetrachlorii.de in the Andrews titration to indicate the 

complete oxidation of iodine to ioaine(I). 

P.r9graune of t-1ork \vith ir<fn.t.. cobalt, platinum, cswer, palledi.qzu, 

niclel and Bismuth 

I~Ut'mrcus methoos on spec;trophotometric determination of 

iron, cobalt, platinum, copper,. pa.lladi~~ nicl~l and Bismuth 

are available . .:tn the literature., ]further attempr:,_has .been made 

to ~ply this technique for th~ spectrophotometric method of 

thesf? elements, t-rhere the methods are simple •. 
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Revia-1 of the literature en spectrophotomet;.ric 

methods o£ these metals and on their sepora.t.ion 

from miXtures. 

23 

. ' 

(i!) Cho.ice of appropr3.ate reagents for obtaining 

suitable couplexes and aJ.eo of solvents •. 

(iii} 

(iv) 

studies on the behaviour of t.'l-lese conp~eges ta..rards 

different. solvents and an attenpt to devise a s\Utable 
. / 

technique for extraction end separation. 

' 
· Actual e:.q:leriroonts· on extraction end Separation. 

~hroughcut the investigation effort has been put to minimise 

the r.·n::st.age of chemicals, time and port;er and ·to prevent the loss o:f 

the precious· metals. 
' 
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Absorpt:i.ometr.g end 9Jaectroehotometrl • !glalzticsl Basi.§ 

~he colorimErtric ·analysis is based on the variation of the 

colour o:f a system wit.~ change in concentration cf soma conponent. 

The aclcur displayed is due to the formation of a coloured compound 

by trJO additic-...n of a suitable .reagent or it .mey be inherent. in the 

desired constituent i.tself. ~h~ intensity of the colour may then 

be coll\Pared t-lith that. obtained by treating a knQrm amount of the 

substa~ce ±n the same manner• 

' 
colorimetry is concerned with the cleterminati en o£ the 

ccncentr ation of a substa'lce by measure,m;nt. o£ the relatj,ve 

abso.rpi;ion of lig.~t t-1ith respect to. e knavn concentratic'll: of the 

substance. In visual c.olorime·cry" ne.t:ural. or artificial -v;hite .light 

is normally used as a light source. end deten~inaticns are carried 

out with a sirrple .instrument called a colorimeter or colour 

(thus lar~ely el:L-n.inating the errors due. to the per~cnal charoc-.a 

teristics of each observer) t.l'le ~"'lstrument i.s termed a. photoelectric 

·colorimeter. 1'his inst.l.-ument is·. 'also ~"1~vn as filter photometer 

because it is emplo-J'E:.:;d tvith J.ight ccntained taJit.hin a comparatively 

narret.r range o£ t'1avelengths furnished by passrt:ag· t..rW. te l.ight 

through f.ilte.rs, .i.e.~ mate.r.ial$ in the· form of plates· o:f col.ourec1 

glass, gelatin. etc.# transm.itting only a lln·dted spectral regi.cn. 
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):n spectrophotometric analysis a sc11rce of radj.at.ion J.s 

used that extends in to the ultrev.t.olet. reg.icn of the spectrum,.. 

F.rcm this., definite t...ravelengt.~s of radiaticn a;e chosen possessin9 

a he_nCit\Tidth c; less thm 1 :nmQ This precess necessitates the use 

of a more ~omp~ca~d and consequently more expens.ive instrument. 

~he insf,;rument ~mpl.oyed for this purpose is a spectrophotometer_, 

and tbis instrument is .teally two inst:ument.s in one :;.' ... ~;: cabinet""' 

a spectrometer and a pl1.ot;ometer,.. 

t·10lecules or atoms which d;)sorb radiation charact.eristi-

cally may be dete.rmined or studied by ITaasurement of light absorbed. 

Light from a suitable source is allat1ed to pass via an optical 

system, that .isolates a nar.r~r band o;E wavelengths. through a 

homogeneous absorbing meaium •. 

'rhe layer is usually planer •. liquids end vapours being · .\ 

enclosed in cylindl:.ic:al or recta"lgular cells. ~he intensity ol: ·I 

I 

the radiation t~ansmitted by the medium. I is .compared with t~, 
\ \ { 

incident intensity. :co. by allowing each ~(turn to pasE$ to a·_', 
• • \ ,!,\ 

\ I 

sui~able detector. since cells and solvents ,may ebsorb radiation, 
' ! ·,, . \l \ 

and to conpensate also for reflection and simi"lar optical effects 

fran the cell faces, a matchecl. cell coota,;.nm~ \f'Y the solvent.;. 

medium is interposed in the .beam during t:he m~a~dfement of xo. '.· 
< 0 • ~ f: ' \I 

,The detection is often .. a photoelectric c;:ell , ~~oto cell) sensif~ye 

in the required wave length region and forms p. · t. of the photd-

metrie devi-ce which m<>aaures the intensity. ·s~. tile cl.etecto~ 
f \ 1\ 

\ \\ "'\ \ \ / 1 I \ . \ / ., 

\ 
\ 

\ 

''·,'.' ~ 1\\ !\" 



response· is related to the radiant energy falling upon it, the 

instrument no~ally measures a ratio of the two intensitiesD 

I/1.6, terned the transmittance, ~. The detection signal may be 

smplif:.te-d and presented in various forms~ such as percentage 

transmittance (lOOT) or 3,00 VIo or absorbance, A(•log T). 
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'11"10 in"portmt properties are concerned in absorption 

measurements, wave length and degree of absorption. 'l'he t-1a.ve lengtll 

at which absorption occurs are ·determined l>y the energy ·difference, 

A.E~ between the u,pper .and let-rer energy states of e~ch pot:~sible 

--+- transition of the molecule (or atom). cooce.med.: 

The· degree of absorption is expressed by mo::al'ls of. en 

experimentally measured absorptivity per unit quant.ity of substance. 

~hiS .is termed the eXtinction· -co--efficient &"la .is defined by means 

o£ Beer-.L~rt law. This la,y is: ·a CQmbination of tt<IO absorption 

lav1.s~ t-lhich may be· stated in a· v-ariety of ways;. · 

Lembert.'s (or Beer•.s). lar.·1~ deals wi;th. optical. path length.'. . . . . . ' . ~ 
•\ 

~he lsw states that the inten~ity. of the emit·ted monochromatic, 
. .~ . . . . ' ~ • I 

. ' 

light decrea~~s· exponentially es :th~ tJ:li:cJ:.ne~~ .of the absorbtg 

medium increases arithmetically or that any layer of given thickness 
. ' 

o£ the medium absorbs the same fraction of the-light incident~~~ 

i. t. The lat-r can· be expressed as~- .. . )t 

1\ 
t 
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. 
\~e~e ~o = .int.ensi"tl.l of the ;lncident liQbt £elling upon an 

eb~or~ing mediun~e. 

l = thickness of the absorbing medium. 

z ;: mt.ens.i.ty of .the trensmi tted light. 
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k = e. constant for the ".rave length end the absorbing medium. 

e = the natul:'al logarithm base~ 

Rearranging the above equ~t.ion, 

ln:to/:,; o:r 2.303 log :to/J: = kl 

or log Io/l = kl/2. 303 

or . log :to/i = k.l 

where I<.== k/2.303 and is termed the extinction c::o-ef£ic.tent <;>r 

el:laorbance ·index.- ;r.ts value is charecteri$tiC at a given temperatt.u:e 

:for a pure homogeneous liquid or solid* provid~d it exhibits no 

direct~onal c;1bsorpi;1on. properties#, but not. for a gas or solution 

in 'itlhich the number of molecrales per unit. thickness varies t"l7.i th 

pressure or concentr~ion. 

Beer•s law d?als t'lith co~)Cent;.ration. It states that the 

intensity of a beam of monochromatic light eecreases exponentially 

as the concentration of the ebsorbing substance incree.ses arith­

metically. '£he soJ,.vent. is assumed to be_ non absorb.i,.ng~ .in the 

sirrplest-- case~ -This Qcm be written in the form. 
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fOJ;" general use the tt'lo lao's are combined and using the 

above mathematical treatment the Beer.I,.embert lew may be ex.pl:'essed 

in the £om, 

t'Vhere e is the concentration of the absorbing substance as solute, 

l is tne thiclmess ?Od k• # l;h~ . E;xtinc;:tion c~effic.ient* is a 

ccmbinatio~ of ccnsi;ant~._ ~he property log I.O/l. is linearly related 

to concentration an~ path length and .is termed the absorbance· At 

it. is also knOL>m· as the opt.i.cal density (.D)., 

~he ~ee~.O.~ati<l>ert lav1 is the basis of accurate analytical 

a}:)so;r:ptiometry and s~ctrophotbme.try at ail 't'1av'S lengths. ~oth 

ld\'lS az:e held to be generally valia •. though kortum considered 

Beer's law to be limiting la..Y;. valid ,only at. lew concentrations., 

For matched cells (i.e~., l ccnatentl the l3ee~Lambert 

la~tt may be wrttten as# 

:to -J 

or Co\log 1 
.- > t:lle 

-~ 
citJbere ~- .=:;. t~ansmi ttance J 

- . 
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Hence by plotting A (or log 1) as orig.inate, against. concentration 
\1 " 

as abscissa. a straight line \fill be obtained and this \<Jill pass 

through the· point C. = o, A == Q (T = 100%). This calibration line 

may then be used to d$termine unlmcwn ccncentrations of solution 

of the sante material after meer;Jurement of absorbance.s. 

EXtinction co-efficient or ab.sorptivities : 

F.r:orn Beer • s l Sll t-1e , have, 

A·= k'Cl. 

The numerical. value· of k'· depends on the· unit$ chosen for expressing 

C and l in the above equat;j_on. The .intensity units aile iumateri~ 

and 1 is a1t'17QYS. in em t..mits. If the con.centraticn .is expressed in 

moles per litre, the constant is kna .. ..rtl as mol~ or molec~la~ 

extinction co-e£ficient (SUropem s,rstem) or molar absorptivity 

(u.s •. system) and is written es {.. • ·givin9 the £crm. 

Deviation from Beer's law;· 

Beer• s lavr will. generally hold over a wj,d~ .range ot concen-

trq,tion if the structure o:e· the co~oured ion or of the coloured 
. 

nonel!l>e.lectrolyte in the dissolved state doe$ not change with con-

centration.. small emount of elec:trol~$.. which do not react 

chemically with th-e coloured components# do not usually affect the 

light absorption; large amounts of electrolytes me¥ result in a 
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shift of the m?JXimum absorpt~on and may also change the v~ue of 

'--+-'_! .( the ext._inction cc-effic.ient. Discrepancies are usually found when 

the coloured solute ionise~~- dissociates or associate~ in solution. 

since the nature of the species .in solution ~Jil.l vary 'j,Jith ti'"'.e 

concentration. The 1~1 .dces not hold vlhen the coloured solute foms 

complexes, the co~osition of i>1l1:lch depends upon the concentration. 

Also discrepancies may occur ~hen monoohroma~ic light is not used, 

'-'he behaviour ·O.f a substance can al\orays be tes~d by plotting 
·' 

log ~o/X or log T against the concent.rat,ton a a straight. line passing 

through the or.igin indicates the ~onformit.y to the lat1• 

§.£~ as42ects of colorimetric Determination : 

The choice of a colorimetric procedure for the dete.rm!nat.ion 

of a substance -vrill depend upon such consideraticns as the .follet?Tin9t 

A colorimetric method will often give more accurate result 

at ~ow concentrations. 

The method may .frequently be applied under c:onCli tions when 

no satisfactory gravimetric or titrimetric procedure ex3.st~. 

3. Speed and rapidity, proviced the experimental conttltions 

are rigidly cc.ntrolled to avoid any serious sacrifice of 

accuracy .. 

'l'he criteria £or a satis£acto.r:y colo.rimett.ic analysis ares 

(a) specific.ity of the colour reaction 

(bJ Proportionality .between colour and (.:cncentrat.icn 
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(cl Stabil.tty of the colour 

(d) Reproducibility 

(e) 'Clarity of the soluticn 

(£) High sensitiv~ty. 

Proeosed Investigation • 

r , 

31 

· ~1ost of the available extraction spectrophoton-etric: methods 

£or the determination of cobalt.. pallad.ium. nic-ltel, b.ismuth. 

copper,. platinum and irotl. are based on colour-forming ·.reacti.ons 

\~i th. various ~eagents, .... mostly organict), .!n majority o£ cases4' 

afte~ separation, determinations w~ carried out by measuring 

the abso~tio~ of the coloured met.al ccmplexes in the vis~ble 

region. Nethods. based on such colour-.... forming :reactions ere al"t'la""i'S 

found to be dependent on various ~acto;rs .i!l:e•- the pa of t.~e . 

medium. the reagent concentrat.ion, stabiJ.it.y and extractability 

of ~le coloured co~~lex as also the absorption of the reagent 

itself. 

In the proposed investigation the abov~ rnenticnea metal 

ions in micro quantities are made to react wi ·th a sui table ligmd 

or ligands to g1ve oomple~es in the form of coloured precipitates. 

The precipitates are readily soluble (except cases in chapter 

VJ: and· ~:£ where determinatJ. on procedures are acccmpli shed -~ 

using C?.qUeous soluti~s) and extractable .in certain immiscible 

organic solvents. ~he eonrpl,e.xes in organic solvents or in aqueous 
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medium ab~orb c:ons:lderably in the vis:f.ble J;eg;Lon anQ. conform to 

Beer'13 l&A for a fairly wid~ range of metal ion cQncent.ration.. 

Further; th~ solUbil,tty and; the intensity of the cole\lr systems 

are fourid sat.isfact.or~ly high. t·tea$urement of absorbance of the 

oo.loured extract at the wcwe length recording maximum abso.rpi;ion •. 

has made possible aevelepment of new spectrophotometric methods 

for d.eterrnination of the metal ions under investigaticn. 

. I 
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1'he COO[Joundt pheny~thiohydantoic acid (~) dates 

baelt to 1905 t'lhen Pozzil•Escot1 first su.ggested its use as a 

qualitative reagent £or c:olbalt. :~tzeit2 used this c~cund as 

a reagent foJ: nickel •.. t'lill.ard and Hall3 studied the reaction of 

phenyithiobydantoic: acid wi.th $olut.ions of cobalt. salts. :aut t.he 

analytical potentialit-y of the compound has not oeen discussed 

so £ar. In i9Ur laboratory it has been .noted that ~liA gives , 

c.ol~x:ed complexes '.rtith cobalt. and pQlladium. '.rhe resulting 

comple~es are extractable into orgs'lic solvents under optimum 

conditions. Wl1.is properties of the complexes suggested that further 

studies· might lead to the development of methods for separation 

and spectx-ophotanetr1c determination of the metals .. 
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' Introduction 

Cobalt :eor:ms a v-artety of n"d;.xed corrplexes with the _lig(3nds 

Nfts" fi>y' flaO• halides:4' ~Q-1• •. NoJf COJ"1 etc. 1'he most sensitive 

spect.ropbotoroetric rnet;hods. for the determination o~ cobalt. have 

been made~ the ut~l:lzat.icn of :its colour reaction wt'th tbe 
. NO QJ 

~eagent.s containing :::. -~ -~ J :c;~, group. Cobalt (:&:Z) wee extJ;aeted4 

as the thiocyanate ccnplex at. PH ~ in p.resGnce o~ citric acid 

w.itb acetyle.<:et.one.. Tbe absorbance· of the organic extract was 

measured at 625 11m-. .J:# manganese ·and <::hrcmium are present th@y 

should b~ removed by ion-exch&"lge method first- The red complex 

oi cobalt. ~11i th sodium 4,.ni t~osc-2...,hyaroxynaphthelene.r..3, 6•Qisul-.. 

phonate$ bas been invest:ig ated.- The complex i.s stable in acid 

solution., 1'he metal J, ligand ratio t-1SS found to .be 1;3 • 

cobalt f~o.m coloUred complex with .1-ni tro$o.-2•naphthal6 

at pli 3~ s..a,.. 0 1.1hich can be extracted into carbontetl:'achlor ide:,. 

2 .... nit.roso..l•napthol1 also gtves colour reaction witn cobalt. At 

p!i 3•4, in the presen<:e of citrate, -and hydrogen ;p?roxi~ the 

complex was extractel;>le ~nto chlorOform and measured at 530 nm. 
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Loren~.:o et a18 determined cobalt at .sso nm after oxidation 

to co+3 t.;.itb. al~~o2 as its lc:2 complex with 1 1 6-hexe.nediamine 

tetra aeetic acid at pH 9.511! 

Nakashima et. a19 p.re~ented a method for the determination 

o£ cobalt using 6wam.ino-2~.ben:aylth.io--Sanitrosoo-4-ox~3; 4•dihydro-
' 

pyrimidine. 'nl.e yellcw complex .\ISS extractable into chloforcm!l, 

The metal 1 ligand ratio was found to be la3. The absorbance 'fi'J'SS 

measured at 410 nm. 

1.0 . :+2 Rodri.gnes et al · se:lectively determined co ·as its 

cornpl~ with chromotropic acid dioXinte in ammon.iacal solutions 

cas~r Leino et. al11 speotrcphotcmei;r:.Lcall~ (leterw..in~ 

,Cobalt by using ethylene d.iamine-N .. N'~d.:tpropionic ., ac.14 · at the 

!fi a.o4t T;~ abso.rb~c:e t-1as measured at ~3$ mn, 

.K-1isc .. ~eruyosh112 dev1sed a $pectJ;ophot.ometriq teohni.gue 

. ;for the de~emnina.tion of co~::u:ll~ by using ~hloropbosphonazo.(~!l) 

.. and ~ephiramine at P» 9 ... 10 •. ~ •. Th~ complex t-1as extracted .into 

chloroform anct it sha-red absorbance at 695 nm. g?he mol. ratio 

was found to be 1J2;2, 

. . 

Redcy N. Subba Rani et a113 developed a method. for t.l"e 

spectrophotometric aete.rrrdn<:t'Ucn of eobal.t (IZl tfith sel~cylalciehycle 
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thiosewiecu:bQZone e.t. pH 5. 0~ ~he yellOW COllll?lex ¢lid ShOW absorbance 

4 •1 •1 at ·400 nm.1 with molar abso,J:pt.ivity 1•1 x 10 :J; UJOl ·Qm. · • 

Spectrophotcmetric detexminatien of cobalt tiTith. 

.. . 14 . '.. -
1"""phenyl-3•th:iobenzoylthiocarbamide - 2- (5-bromo-~pyridylc;~Zo)-

5-&ethy~amin~phenollS·, 1, S•~y¢lo~exane diol,le-.ditllios.emtcarbazone 

monohydrochlor1ael.6 , 1• (2~pyrLdylazo )·4-benzyJ.resorcinoJ-17, 

S.chloro-7-iodo-B•qUtnolinollS"' o{ ~methy~2, 4,.dihydroxy 

benzyliclene·2~amino aniline19 ~· 2 '-hyoroxy.a4to.~etba&y~5 •-methyl 

chalcone oxime20, laio~ll'.ethoxy· p~yl•S-phenyl.-s- (~methyl~4-· 

hydroxy•2•pyt;imiQinyl) form~an2~ ~ 2* 4-dihydroxy acetc;>phenone . . 

tl'Uosemicarbazone22; 11 5-bis .(ai-2•pyr,idylmetbylene) t;bio 

caxbonohydr~ide23 ~· · 2ti.4-dinitrophenylezo.oa..i.oquinolinol2t.l. potassium 

propyl xanthate2 !?., lsophthal d!hydroxamic acid26• 2• (3•-sulpho­

ben~cwll pyr.idin~ benzoyl hydr.azon~27• "l~ .2,. a~i·ndene~tricentri~ 
·ox~me28~ dipicoline dihyd~~xa~¢ actd291 .4-fo~yl-l•phenyl-3~ 
methyl-2•p~.r.raz~lin-~one30., :tsoni t:rosoth:!.ocamphore31 • ·N..;.phenyl­

cinnemo hyc:IJ;oxsmic acid and· thiocyanate32• l!i!t(2-qUinolylezo)'-2• 

4, S.trihydroxyl;>enzene33 , 2- £"'2- (3, >dibrcmo pyridy~) ~oj-s­
diethyl amin~ benzoic ac.:i.d3·4• ··4- UZ"!"thiazolylazo)t!!o1,3 di&riinO"l"' 

:benzene35, 2·~•hyaroxyac:etophenone· th.iooe~carbazQne36• ·end · 

oithizcne37 bave. been .suggeste:_d by varJ.cus workers • 

.38 
Zhang Zhengq.t et a.l · develop~d a spectrophotometric 

method .for the aeterm.1,.nation o~ cobalt by u~ing 4- (2-..S...bromopyr4dyl). 

azo)•1,3-0S.hyoroxynaphthe!ene. !!?he compl~ ~~as stable in NaOAQoo-
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HOAG buffer solution (pH S..O)". ~he metal • ligand ratio was 

fouitc;l t9 be ~•24!, The absorbance of the complex t.fas measured .at 

541 nm. 

co+2 :was determined as its porphyrin conplex by Ji Cuirong 

et & 39 wi.th meso•te~asulpnopol;phl'l;in(I) .i,n pH 4.3. ~he buf~er 

solution used was ACOHoi!oACCNa •. 'l'he complex had ~ absorbance at 

426 nm. The metal ., ligand ratio was found to .ba ltl. 

l?eJ:~.a. J?~ ~ +;)t. a140 u~ed ninhyarinoxime and pyridine for 

the spectrophotanet~ic dete.tmination of co{J::t). ~be,;Ye,llQ1i$l_l 

brc;,m complex was extractable into chl.orofo~ 'rhe metal : ligand 

ratio was determined t.o .be 1:3. The absorbance o£ the complex was 

measured a.t 330 nw .. 

' ' 

':tt bas been fcuna that eobalt f'orms a chocolate b.t"am 
~· -- - •• j 

c;:o~le;c' tttitn pheny~th~ohydantoic::: aci& ~his complex is readily 

ex~racteble. int.o chlorofo~. which i~ the basis of cur p~:esent. 

inye~tigati?~ 
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A shimaazu PR-1 model spectrqphotcmeter was used for 

absorbance neasurements. A pair of matched quar~ cells of 10 nm 

optical path length ~.ras used for the purposea 

A stocl" solution o£ cobalt (II') was prepared from 

co(No3 ) 2.6a2o and standardised. A worl~ing solution of lo:Jer con­

centration o£ cobalt was prepared by appropriate dilution t,rith 

dis~illed t·J'ater. 

Chloroform and other sol~tions were distilled before use. 

Buffer solutions of different pH~values~ prepared by standard 

procedure. tt:ere used to adjust th3 Cleidi.ty of the aqueous phase. 

'I'o study the interferences. standard solutions of diverse ions 

were prepared from their-corresponding salts. All other chemicals 

used ~rere of analytical grade. 

P :t . 0 Oc: nmu"' 4_1 _o repara: J. n .~. c ... ,....,.._ • 

.Monochloroaceti.c acid (189 gm) and ammonium thiocyanate 

('~52 g) were mixed and to -this t"J'ere added 186 g of- sniline 61ld 

930 ml of ethyl a<\cohol. The rnixtuw t--Jas heated uncer .reflux on a­

't<J'ater bath for six hours# and the miXture was allOi.,red to ·stand 

until the undissolved material s~ttledo Xhe clear br~Jnish lic~id 

poured into a large ·evaporating disb and allo.v-ed to cool. The 



yellow crystals which fo~ea. was fil~ered and washed with water. 

The product was purified by rec~stallisation from alcohol 

(m.p. 3.56-157°C). A o •. ~~ acet.on.ic solution of the reagent v1as 

used to estimate cobalt. 

To en e~j.quot. containing 44.7).). g of cobalt(II) was added· 

2 ml of PTHA and adequate amount of buffer (&omax:-:~ycroohloric acid 

buffer) (pH B) to make the volume of the aqueous phase to 10 ml 

.end.lef~ for, 1 minute to .ensure complete complexation. Finally,. 
' I . •. 

it was equilibrated 't'1it.h chl.orofo.rm (10 ml) for 30 sec. 'l'he 

. separated chocolate bretm orgenic layer t'J'as shal~n tori th anhydrous 
' 

sodium sulphate to remove any retained t-J'ater droplets. The absorbence 

of t.he chloroform extract lr16S read at 490 nm.. against a cobalt free 

reagent blenk. ])mount of cobalt extracted tr.7aS deduced from a 

calibration curve. ~o study the effects of diverse .ions the 

r~spective fore.ign ions were added to the .. aqueous solution before· 

add~tion of the reagent. 

RESULTS k~ DISCUSSXQ~ 

·The absorption sr:;ectrum of the cobalt complex in. chloroform 

'1...ras ta:l~en against. a blan]tg. The complex exhibits wsorpticn maximum 

at 490 nm (Fig. l). The reagent blan!~ did not _absorb in this region 

and th,e t-tave lengt.l1 of 490 nm t·Ias selected fo:r ell analytical 

measurements•some other solvents like benzene, ethylacetate and 
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carbon. tetrachloride were also tested as extracting solvents. 

Benzene md ethyl e.cetate d.id not extract the c:cnplex~ The oonplex 

in ethyl ccetate gave .lor.1 ~sorbance compared to ehloroform. 

EXtraction as a £unction o£ PH 8 

.. 
'.rhe e.."Ct.raction of. cobalt i.n ter&P.S of absorbence i:'l6S 

investiga~c1 J.n the pH range of 0~12• .EXtraction of cobalt virtually 

starts from pH o.s. ·The ·c::h.1orofomn· eJtt.racts sho-vred maximum absor­

bance when the e.htractions t'li'ere ccu:ried out from aqueous solutions 

·o£ p;a 7.-S•a.s. In the pH range* a:t·ter. a single operation# t-Jhen the 

ext~action process was repeated using the same aqueous phaseg 

the organic extract vi.rtually sha;1ed ·no absorbance. ~his in.dicat.ed 

a complete and <auantitative rec:overi' cf cobalt. . .in this condition. 

The results have been sbc.vrn in Tcble 1· and iig. 2. 

The optimum reagent concentration t,;as ascerteinecl by 

extracting ccbolt at Oifferent concentrations of l?'l'HA. lt t'ITas 

noted that 2 ml of 0.1% acetcne solut~on of the reagent was 

sufficient to extract. 44.7 }.A- g of cobalt in a single operatiorh 

The aqueous phase was cle~ and colou~less after extraction and 

t-165 free .:f~orn cobalt ·as tested indepent'lent.ly. Higher P1'HA concentra~ 

ticn (upto 5 ml) had no ad"~erse effects (~able 2). ~he system . · 

,conforms t·o Beer 11 s la-1 over a ccncentraticn of 10 ppm of cobalt 
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(Table 3, Fig. 3 ). The molar absorptivity of the compl~ (on the 

basis of cobalt content.) ir1as evaluated to be 1.3.23 x 104 l mol-1c:m•1 

and saneell0 s sensitivity o.oos )A g/c;Jr? at 490 nm. 

_§tebilitx of colour t 

The ebsorbances of the Co(li}·l>~HA conplex in chloroform 

were measured at elapsed intervals of. time after the extraction 

prccess10 'Xhe conplex is stable .for at least 12 hrs as seen from 

Interferences t 

In or&-er to study the· effects of diverse ions on the . 

extraction _behevicnr, 44.7 » g of cobalt t'ITas eJttrected a.116. o.e·te.nr.ined 

according to the xecommende,d procedure in presence. of t~e respective 

foreign ionso An ion t-1as considered tc .interfere .if too recovery 

of cobalt dif£erec1 by more than + 3% .from the a=tuel amount taken. -
The :results are sham in 'l' able s. 

In absence of .real. s~,ples the prOposed method t•Jas extended 

to $Orne synthetic mixtures to estime.te microgram amounts of CcdSalt • 
. •' .. \ ~ .::::.--

Average of these determinaticns was tar2n in each case (~a~le ~). 
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~he proposed method trtas tested by analysing solut:l.ona 
.• 

cc.>ntaining a lmc:t.m .amount of co'balt.(:ti)o The results in Table 1 

shet17 that the methoo is fairly prec:ise end reprcO.uc.tb.le reqUir.tng 

The proposed methca is very simple and .repid and !e conpar~le 

t:1ell ~:.ri th sv'llte other existing methods as seen f.rcm ~able e. 
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Table 1~ Variation of abso.rbance of the chlorofor.m extract 
containing the Co(J:I)c;al?[IHJ\ complex{i1 (IJ:'he aqueous 
phase (10 rnl) contains 44.7 .fA g of cobalt end 2 ml .. · 
of o •. l% acetcnic solution of PX~IA)• 

pH Absorbance pH Absorbence 
at 490 nm at 490 nm 

l 0.260 1 0.642 

2 0.315 a 0.640 

3 0.362 '9 Ot!68S 

4 0.410 lO o.a1o 
5 0.502 "11 o.&42 
6 0~560 12 0-:440 

Table 2. Effect of ph.enylthiobydantoic acid concentra:t"ion. 
The aqueous phase (10 ml) (pHS) contains 44.?p.g 
of cobalt• o.l% Aceton:Lc solution of l?~ t<IaS used 

Reagent added Absorbance Reagent ·added .Absorbence 
in ml at 490 nm in ml at 490 nm 

o.os· - 1.75 o.e4o 
0.10 - 2.,0 0.,840 

o.2s o.oG 2.25 o.s~2 
.----.-~, 

i. :.:~- _) o. so o.1s2 ~.s o.s35 
0,.75 0.315 2~75 0 .• 840 

1.0 0.450 '3•0 0~835 

l.25 0.102 . 4"0 o.s3S 
1.5 0.790 s.o 0.,.830 

Oil!WW4W' .. W*ZW'~ , .. --= .....::..~ . • ' kf 
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Beer's law' data 

t,;:oncentration of 
cobalt (ppmJ . 

1.12 
2~23 

4.47 
6.70 

8.94 

1' able 4.. Variation of a:bsorb-a..l'lce wi.th. tims · 

Time in hr. rreasured 
after eXtraction 

48-

Absorbance 
at 490 nm 

0.180 
0,..400 

0.845 
le220 
1.760 

Absorbance 
at 490 nm, 

------~----------------------------------~---·--·--~-----------
0~25 

o.so 
1 
2 

4 

a 
12 < 

0111940 

· o.a4o 
0,.842 

0.636 

o.s4o 
0.840 

o.s4o 
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Table 5. Effect o£ diverse icns on the deterndnation of . -
44.7 ;u. g of cobalt~t. Average Of three determina;tion 

'\ '--+· 
v1a..c; taken. 

... ........ <WitS 

Ion added AmOunt J:on added ~.mount 
tole~ated· tolerated· 

(}'Lg} 

Tartrate. 4000 calcium 4000 

Arsenate. 4000 Barium 4000 
. -

N.it.rate 4000 strcntium 4000 
'I'hiccyEinate 4000 Cadmium 4000 

Thiosulphate 4000. uranium 1000 ---
p.scor:bate 4000 ;u:orl+ 3000 

-~~ Phoephate 2000 Zr(IVJ 200 

Borate 2000 zn(:ti) 200 
Bromiee 2000 Pd(J;I) 4000 
Iodide , 2000 Pt(IV) 4000 
Fluoride 2000 AU(I~I} 4000' 

Phthalate 2000 Bi{;tJ:J:) 4000' 

C.itrat~ 2000 Qu(I:t)* 1000 
Oxalate 2000 *-* Pb(I~)· 4000 
Mg(l.I) 4000 Ag(;tJ 1000 

":»-~ Sn(Z;t) -200 ~h(IV). 200 
V(V) 200 cr(Illl 200 
Hg(Il) 20 MO(VI) 4000 
Em A nil 

+ In presence of ~ 
* · - in presence of ;asc~~:§.§t:~; 

'** absorbance measured a£t.e.r tt-Jo hcurs of e:::,trection 
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Table 6. Determinat~on of cdbalt in Synthetic mixtures 

Composition w~th·anounts 
in g 

1. co ( 44. 7 > i· cu (1 oo) 
* + Fe(J.OO) 

2. Co(44~7} + Pd(lOO) 
+ .Rh(lOO) 

3 .• Co(44a7) + Ag(lOO) 

4~ co(44. 7) ... B.i (100) 

+ Pt. (100} 

+ Pb(lOO) 

' t.; 

-«· Fe(100) 

5,. co (44.7) + Mc(100) + V(lOO) 

*in presence of citrpte6 ascorbete end F 

45~5 

44~5 

4;3.5. 

50 

------------=---------~--------~-----N-------~-··--------------·---1~~ 
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Table 7. Reproduclbility of cobalt recovery 

~ 
._..._.a -
Cobalt taken Cobalt £cund Mean Std. oev. 

p-9 )'t9 }-t9 ~' ·-- 10.5, 9.5, 9.0 
1. 11.16 10.33 1.oa 

11.0, lO.Ot 12.0 

2l'lt01 · 23.0, 22.5 
2. 22.35 22.16 1.03 

21e0# 22.0, 23.5 

~-
4s.s, 43~5,. 44.0 

3. 44.70 44.42 l.lS 
46.0, 43~0, 44.5 

Gs.s,. 66.0, 67.5 
4'lt 67..,0 65.92 o,97 

66.o, 64.5, 66.0 

- ..... ~ .... -
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1'able Se Conparison. of the P::esant r-1ethod 

-- ... _. .. ,.... • 0 --..... ~-------

Ref. Reagent pH max t-Ioler 
aboo~tpti""vity 

Interference 

42. 

40. 

43~ 

44• 

45. 

3 * cet.yltrimetbyl 4.~ !-lCl 625 1. 9 x 10 cu~ zn, Hg., Cd 
ammonium to pH a EmA* 
bromide 

Ninhydrin 
oxime 

2,2'.,.dipyridyl 
ketcne-2•picolyl­
imine 

Isonitroso 
thioc amphor 

Th!oglycolic 
acid anilide 

Present w,et.hod 

3-6 330 

a. s-11 •. 1 sao 

lM HCl 240 
to 295 

lH NaOH 325 

s.G- 4SS 
9.8 

7.s--s~s 490 

1"97x 104 

4.42 X 104 

1./1 X 104 

1.12s x104 

1.123 X .103 

. Rh (III) and i;i02 
~ - . ,, 

• * ··l-1.1 {II), CU. (II) 

. * . *· ·, * . Pd , CU ~ Et'fl'A 

* * ' * ) De (J:I}, Fe (III), Al (Ill , 
* ) * ) -* ) B.i (lii 1 CJ:h (IV 1. Pb (II • 

* * * Cd (II)~ Cr* (IU), V* (V.Il" 
cu*(;I), Hg (:(;I)• Sb (II), 

~~~ 
;:, ,. . 

* ' * .. l-Ji, EJ:n:A, C\t , l?b and· Fe 

uaJIL4 1:11•=mr ? _.. ...... ~--- <&CLIL • .,._ ::--

'* ""V\ M ~\yo..,. A,......,.. ~. 

c.n 
N 
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!Xtra::tion end .s~qtroehotane,tric Determination of l?alladium(II) 

t<Ji. th Phen:tl~hi.ohydap.toic Aei~ 

Literature sha.vs that. palladium has an affinity to form 

complexes 'frtit:.h the· ligands containing N1 s~p, As •. se. The most 

t-tidely used reagents are, pw-n.itroso aniline der.ivatives46," in 
the detection and estimation of the metal. 

47 
Palladium {II) forms conplex w1th sodtumdtethylthiocarbamate 

at. Pli ~1· ~he cc·mple.x is ~:&tractable into carbon tetrachloride 

and absorbs maximum at 305 nm~ Eenzoylmethyl glyoxime 48 is also 

a good reagent for palladium (II) • 

Another important .reagent for the determinatj.cn of 

pallaOium is 2 ... nit:rosc-l-nephthol49 ~ Palladium -vras extracted at 

pH l.,S..3,S :into toluene in presence of ErlrA and measured at 370 

~'- -or SSO -nm:. l• (2-pyridylazo)-2•naphthol50 forms a gxeen chelate 

with palladium(I:.t}. __ which can he extra(:teci into chloroform at 
I ~, 

~-- - J 

PH 2<P5• Tbe absorbSl'lce was measured at 678 ~ 

GOt.zda ~- senke et a151 presented a photometric method for, i~\~ 
', \ 

the determination of Pd.(I:t) by using trifluprom~ine hydl:'ochlo.td<;ie. :-

~be red coloured complex is formed in the pH 1.4-2~'7~ The metal, a 
~ i 

ligand ratio is 1:1. !rhe absorbance. of the ccmp~e~ was measured,\ 

at 480 nm. \ 
\ 
\ 

\ 

\ 
\ 
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Gat~da Hw sanke et al 52 aevelopea a method £or the 

spectrophotometric detezrninCJ.ticn of pellaaium by using 

prochlorper~ine maleate. Xhe red coloured la2 (metal 1 ligand) 

CC!IlPlex tha1; formed in the pH.range 0.1 to 3,.0 had an absorbence 

at. ~eo nm .. 

Po. ~ve.ihung .ria et a153 dete;m.tned palla.dlwn spectrc.-photo­

metricel.ly by using 4-f (S..chlox-o-2 pyri.Qi.l.Jazoj~l, 3•dianino 

befl~ene. ...r'he ccnpzt.ex has ·a purple red colour and extracteb~ into 

n-pentanol~ J:.t is stable in the si;rong acid medi\Ull• ~he complex 

sha>~ed wsorbsnce a.t 594 nm~ 

Procedures based em the £ormation of palladium(IJJ - --

complexes t'lcith thiocaprolactum54 
1 ~-pyridine carboxal®hyce-241!0 

pyridyl hydr8Zone55, N~pnenyl~N,(o(-py.t;"idyl) thiourea56• mes~ 

tetrakis (4 .. sulfopht=;!nyl) potphyrin 57• 3.brom~2.;..hydro.xy~5'!1!rnet.hyl 

acetophenone bydt'azone?8, N#l~-o.imetl)y~N-·(4-pheny1...,2-thtazo~yl} 

thiocirea~9• 2~furaldehyde-2-pyridyl~hydrazone60# 1-pyrrolidine 

carbodithi~ate61• 3, s.dichlor~4-hydrcxy~acetophenone0Xime62• 
2-met.byJ...-.l,~napthoqu.inone th.i6sern~~~bazone63 ~ 2....g.,thiopyrogallol 

64 ' 
and (!; .rnercaptoresorc:inol · ,, Eriechro.-ne AZuro~ B and cetyltrimethyl 

arrrneniu.rn hromide65, 2•(2• ,,4'-dihydrC«y•3'~n-!trO"',e.:.a'lenyl}azc-3-cyan~ 

4-methyl•S~ethoxy c~bonyl th:i.Ophene66• phenanthroquinone 

monoxime67, l• (2• .. anin6-4'•methyl .... pbenyl}~4,4# 6•tri~thyl 

1, li, 4H-pyr.tmidine•2•thiol68, 3-Acetoxy~7•methyl phenothiazine69, 
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benzyl dimethylphenylammonium chloride70, s-cs~~ib~o.mo-2• 

py.r1dy1azo)•2., 4-dian.i.no toluene ethanol71~ arylaz()iij,2.o.hyW:oxynaph~ 

thalene•3 • G•disulphcnic acid 72" t.hioJ.aot.ams and Rose Eengel73• 

2·(2-benzotbiazolyl~.o)-5-dimethylamino benzoic acJ..d74
#: 2•(3.,51 

dib.r.os00-2~pyridyl aaoJ•S.a.imathyleminoanilme 75, isoni troso-· 

thiocamphor76, tin (J:I} chloride and Rhodamine 6G 77., 2•al.lyl 

thiourea end thiocyanate 78 ~ 5-chlor~2., 4-dihydl;cor;y prcpiOphenone­

oxime79 have been suggested by ver.tous workers~ 

H •. Shoul<nn et a160 have developed a. spectrophotometrio 
. .• ' 

method for the dei;e.rmination o:f palladium by usiri:g p-eminophenyl 
I 

fluorene arid cetyltrirnetbyl arnnonium br:omiae. The COmPlex is 

stable in ~e pH range 6. 9,.7 ~s tili th sn absorbance a't 563 nm.. The 

metal 1 ligand .ra:~io wes 1;:3. 

Zhang Gu~g et al81 a~visea a technique for the. · spectt-:0-

ph~tometric. detex:minat:icn of palladium with, ~·(2~tbiaZolylezo)­

l,3•diamino :ben~ene). ·The p\lrple ccritp'iex \'Ias s~aQie in- perchloric 

acid nedium. ·The me~al 1 ~igand ratio ~.res found to be 1:1. :tt 
' 

sha.1~d ~sorbanc~ · at 584 nm• 

The extraction. o£ palladium(.Il), a red corrplex with 

4 ... (2.-thiazolylszo) ~esorcinol by te,traphenyl phosphonj,urn chloride 

. in chloroform was studied by Siroki M. et ale2• Quantitative 

extraction· t-Ias achieved in the pH range . .bett.;~en 2 and 10. ~he 
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absorbance, of .the corrplex t-Jas measured at 52S run. 

:en the present investigation phenylthiohydantoic acid 

has been used for the ext.raqt:ton.,, sep?J:ation and spectrophotometric 

determination of palladium. 
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EXPERIMENTAL. 

Apearatus and Reagents, 

Absorption measurements. t-rere carried out \11ith a Shimad~u 

PR•1 model spectropllotanetel;' equipped 't'Ii th a pair of matched 

quartz cells of 10 mm optical path length. 

PdCl2 (Johnson and I-·1ati;hey l (1 gm) tv as diu solved in HCl 

(l m.l) al'ld diluted to 250 ml 't..rith distilled water. i'his W<:$· 

sta."ldardised vli th dimethylglyoxirne. A t'TOrking solution of 

palladium(l:l) (60 ppm) was prepared by appropriate dilution. 

Pyridine. chlorofom and ather· solvents were distilled 

befoxe use~ Buffer solution (pH 4) prepared by standard method, 

was used to adjust 't;he acidity of. the aqueO'tls phase. To study the 

interferences, standard solutions of diverse i.cns rrrere prepared 

fran this c;or.responding salts. All other chemicals used t'i1ere of 

anslytical grade., 

l?henylthiohydas"ltoic acid (PTHA) ttas prepared by the 

method as described earlier. 

Determination of palledi_ym_; 

'I'o an aliquot containing _6Q j-'-9 of palladium t1las added 

1.s ml of Pl'HA (0.1%) end 0.2 ml of pyridine followed by adequate 

amount o£ buffer (pH 4) (potassium- byQJ:ogenphthelate-hydrochlo:t·ic 



--~ 

'I 

---·­' ~I . 

,. ' 5·&. 

acid buffer). to make the volume of the acqueous pllase tlP~O 10 ml 

and le£t J;or 1 min to ensuJ;e complete con1plexation~ 'I'he so~ution 

was then eqUilibrated 't'17ith chloroform (10 ml) for 30 sec. 'lhe 

separated organic layer \'las poured over anhydrous sodium sulphate 

to remove any retained t'later droplets. '.l:he absor:;;tion. o£ the 

Chlorofonn extract t-res measured at 370 .nm against a b-lank and tne 

~~ount of palladium deduced from a calibrat~cn curve. To study 

the effects of d~verse ions the desired foreign ion was added to 

the system before~adaition o£ the reagents. 

RESULTS AND-DISCUSSION 

From a slightly acidic sc·luticn palladium(J;I} gives a 

brGwn complex with phenylthiohydantoic acid. The COID!')lex is 

extractable .into chlorofcrrn. Addition of traces of pyridine. 

prior to the extraction, enhances the absorbance of the resulting 

compleX. use of "(-picoline/ (b -picoline/i -pi.coline or 2,4,6-

collidine shct-zs similar behaviour. 

'J:he absorption spectrum 'Oi the palladium (II) complex in 

chloroform sh~ved meximum absorbence at 370 r;.m with a shoulc.ie.r 

eround 310 nm, Figtl!' 1. The reagent :blanl~ itself shO:-:ed i.nsigni­

:ficant absorbance beyond 310 nm_. Hence \vava length cf ·370 nm 

t'las selected for all analytical measurernen'ts• some other solvents 

like ethyl acetat~P benzene o~ carbon tetrachloride were also 
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tested .as extracting s::.lvent.s. But the palladium complex in 

chlorofonn gave maximum cl:>sorbance. 

Extraction as. a £unction of PH • 

The e:ttre.ction of palladiu.-n in terms of absorbance vJe.s 

investigated in the pH range 0•12. EXtraction star~s from pH 1, 

the orga~ic ext~a~t .sha~ed steedy max~urn Sbsorba~ce when palladium 

was extracted from aqueous soluticn of pH 3~7. ~he aquecus phases 

were clear and colourless in ·each case. Thi·s indicated complete 

a~d qua~titative extraction of palladiumQ EXtraction ha~ever 

decreases beycnd pli 8 or at. higher ecioit.ies. !'he absorbance of 

the chloroform extract as a functicn of pH is shown in Table l. 

~eagent concentration god aesr•s lew a 

The qptirnum reagent ccncentration was ascertained by 

extracting palladium at different concentrations of PTr!A keeping 

other variables c;:cnstant. It ~las found that l •.. s rnl of O.l% 

acetcnic solution o£ PXiil\ along t•rithin o. 2 ml of pyriaine t>1as 

sufficient to extract. 60p 9 of palladium in a single ·oberation. 

Higher reagent. concentration (upto 4 ml) had no adve~se effects 

en extraction. Results have been sh<:'km in Table 2. 

The absorb~"lce of the organic extract sho:11ed a linear 

response over a concentration of 12 ppm of palladium (Table 3,.. 

Fig. 3 h The molar. absorptivity of the ccil1Plex (based en palladium 
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. 4 •1 •1 
ecntent) t:lSS found to be 1.307 x 10 l mol em anO. Sandell*s 

sensitivitf o •. 008f9/cm2 at 370 nm~ 

stability of Colour : 
-SCI ~ q 

The absorbance of the l?d(II)..,.p'JliA COI!lPlex in chlorofoxm 

t'las measured at e:l·apsed intervals of time of the operation. The 

absorbance remains unchanged at least for 12 hrs. ~he cor{[)lex is 

thus sufficiently stable as sho.m in Table 4. 

Interference .; 

To study the effects c£ diverse ions, pallaaium tfas 

extracted in presence of the respective foreign' ions and 

spec·trophotornetrically detel;inined as above. Pevi ation of not 

more than +. 3% from recovery of palladium vr as taken as the -
tclera~ce limit for the diverse ions. tested~ In the estimation 

' 

of 60~9 of palladium~ the foll~iing ions did not interfere 

v1hen present in ;;mounts (f<g) shewn in Table 5. 

De~ermination of palladium in sxn~hetic ~tures ; 

In absence of real s~~les the proposed method was extended 

to scme synthetic rni..'"'ttures to estimate microgram smcun·ts of 
palladium • .t.verag~ of three determinations was taken in each 

case ('l'a.ble 6). 
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The prOposed method was tested .by analysi-ng soluticns 

containing a kno~·m anount. o£ palladium(II). The results in Table 

6 indicate the method to be f ~ly );'..recise a11d reproducible 

requU"ing only 10 .... 15 min for each ~un (Xable 7)r. 

£omeerison of the Present Method~ 

The pl;'esent rrethod for the spectrophotometric determination 

of palladium is very simple and ra:_')id and cc~arable to some other 

existing methods. The aensitivi.tY. of the rr:ethcO. may not be _as hi9h 

as the other one~ ('l1able Bh but it provides excellent recovery of 

palladium in micro quantities. in presence of almost all the comnon 

ions testec:!~ 
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Table 1~. Variation of absorbance of the CrlCl3 extract t-:rith 

pH (Xbe aqueous phase (10 ml) contains 60;4g of 

Pa, 1• 5 ml of 0.1% P':j;'HA and o. 2 ml pyridine) 

Pl-1 Jl.bsorbmce pH Abs<;>rbence 
at 370 nm at 370 nm 

-
1 0~542 7 o.1os 
2 o.s62 s o •. 6s2 

3 0.704 9 o •. Gso 
4 o.,732 10 . 0~632 

S· 0.754 11 0.552 

6 0_.732 12 0'.520 

Table ;3. E~fect cf PlHA •. The· aqueous phase (10 ml) (p!-l 4) 

contains 60p.g of' .Pd and· 0.2 ml of pyr.iaine. o.l% 
Acetonic solution -of the rec.gent:. t'\J'as usedo 

Reagent added Absorbance 
in ml at 370 nm 

:Reagent ad~ 
in ml •. 

~bsorbance 
at. 370 nm 

-

--------~----------------------------------------------------o.os 
o.1o 
o.1s 
0.20 

.0.30 

o .•. so 
O~J75 

.l.OO 

1.25 

..... 

·0.110 

0.150 

Q •. 2SO 

0.38?· 

o.47S 
Oe56S 

o.69S 

0.740 

1 •. 50 

1 •. 75 

2.0 
2,.25 

2.5 
' . 
3~0 

4 .. 0 

5,.0 

o •. 7SO 

0.748 
o •. 1so 
o •. 74~ 
0.;740 

Qt;.740 
0~740 . 

0,.725 

,,; \ 
~ \, \ 

/1 ;'.\,_· . ) ;\ . '. 
! :1) 

' y~· ; l . 
·I . I\ 

,/ 1'\1 I '.·, )\ '. 

/ \ 

\ 
\ 
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-------------------------------------------------------------------
ccncentrat.iqn qf 
palladium (p.p.m) 

2 

4 

·6 
e 

10 

12 

Absorbance l:lt 
370 mn 

0.222 
o.474 
0.750 
1.020 . 

1 •. ~a..o · 
1.472 

-----------·---------------------~-------------------------~------

:l,lirne in hour meesured 
after extraction. 

0.25 
o.so 
1 

2 

4 

a 
12 

~.bsorbanc~ 
. at 370 nm ........ _ 

0.750 
0.750 

0.746 

0~750 

0.750 
0~744 

0.745 

' ' 

-

\ 
\ 
\ 

\· 
\ 
!­
}. 
I 
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~eble s. Effect of diverse ions en the determination of 
60 /'( g of palladium~ Average of three deterntinaticns 
t.'ias taken 

Ion added 

t~itrate 

Borate 
·oxalate 
Thiocyanate. 

Phthalate 

EMA 

Bromide 
Iodide 

Ascorbate 
Citrate 
Tartrate 

Fluoride 
t~r.senate 

Phosphate 
Thiosulphate 
Rhodium 

1-1 olybeenum 
Thorium. 

ZJ~.rnount 
tolerated 
(ft. g) 

4000' 

4000 

4000 

4000 

2000 

2000 
2000 

2000 

2000 

2000 
2000 

2000 

~000 

2000 

2000 

2000 

600 

600 

J;on added 

Gold 
Iron. 

Calcium 
Barium 
strontium 
Zinc. 

t.Traniu:n : c: 

Ccbalt 
Cac51nium 

Nickel 
Chrom.i.urn 

Vanadium 

Bismutb 
lead, 

Silve~ 

Platinum 

.N:ercu:r.y 

Copper 

--- A.i."UOtmt 
tolerated 
(pg) 

-- )C" 

4000 
4000. 

4000 

4000 

4000 

4000 

4000 

4000 

4000 

4000 

4000 

4000 

4000 . 
2000 

500 

600 

400 

400 

---------.------------------------------------'~---------------
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Table 6• ~~alysis. of Synthetic mixtures 

-----------------·---------·----
\ Conpositicn with amount in ?" g 

-\ 
~. 
I: l. 

', ,· 

Pd(6) + Pt(200) + Rh(200) 

Pd(60) + Fe(200} + Cu(lOO) 

Pd(60) + Ni(200} + Co(200) 

,: )· 2. 
·.\ ·'' I . ,] s. 

4. J?d(60} + Zn(200) + Cd (200). 

5. !?d (60} + t-lo (:tOO) ·+ V(200) 

6. l?d(60} + Hg(lOO) + Cr'(200) 

.Palladium found 
inpg 

61.5. 

60.5 

62.0 

60.0 

"60"'5 

ss.s 

--·----·-~~------·-------·-----------------------------------------
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'l'able 7~ Reproducibility of palladium recovery 

-------------------------------·---=--------------------------a---------

1 

2 

'"'""" 
3 

4 

Pallad.i1.li!l 
taken· 

(pg) 

. 15 

3() 

60 

90 

Palladium fcund 
(_Pg) 

13.0, 14 •. 5, l.7.5 

16.0, 15.5., l3~0 

30. 5, 32.,0, 31.5 

29.0, so.o, 31.0 

60!P01 60.5~ 62,0· 

61~5,. 60e.O, 61.0 

91. 5,. 9o.o, 92~5 

92.0, 91.0, 90.,0 

std. Dev. 
(%) 

14.92 1~77 

30.66 1.07 

60.83 0~92 

-Sl.l6 llill.03 
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Table s. Comparison of the present rrethod 

------~--.U-*_. .... -*~--~----~~-~~-- CD WA B • ~~----.Mn~~----~--~----NM~----a.-..--.~~--.a .. ~~--~------~"-~~._~ ..... 

Ref. Reagent pH A max 1'-Iolar 
absorptivity 

Interference 

-- __ .,.._,_. --••• - f ..-......:..-. .. -CMD....--ap;.. ~~~"-----------

74 

76 

71 

67 

.83 

2•(2-benzothi~olyl~o)-s­
(dimethylemino)benzoic 
acid 

Isonitroso~1iO • 
camphor 

5-(3-5 dibrcmOa2-pyridyl~o} 
~2,4-oiaminotoluena 

Pehnantl"lZ'Gquincne 

mc-no"ime 

Prochlor~r~ine 
maleate 

Present metllod 

-• masking agents usea. 

2•6 

PH 2~0 
to 

St-i HCl 

o.l• 
0.6M HCl 

2.0-
5~4 

0.1 ... 3,0 

3•7 

695 

450 

600 

430 

480 

370 

4 4.96 X 10 

3.,90 X 103 · 

.. 5 
. 1.,05 X 10 

4 
2.01~ X 10 

tl.63 X 103-

13070 

-1t * A9 (I). Co (II) 
* * . Ni. (J!!) ~ Os (VII;!:), . ' . 

Pt (IV} and 
* V .(V). 

·-· 

* cu , ng·, 
* * Co- , Pt. and 

5203 

-(ccrnrnc:..'!l cations 
and anions do not 
interfere) 

-(corr.mcm ions 
do not interfere} 

* Ca · 

... 

~ 
-...I 
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Literature reveals several aximes proposed for 

speetrophot;omet.r.ic dete~mination of various metal ions.. 2<1!10Hydr~y-

1•napbthaldox.:trne develops en inteE~~S"et.. forest-green colour wi.th 

iron: (:tl~) at pH 2~3'-"'2•7 and the reeot.:ion i.s highly sensitive 

and selection39,. Xt. has ~n noted that the analytical potent.:tality 

of tl'te reagent may be extended l;or the spectrophctcmetJ:ic aeter­

mination of niclwl, cobalt and palladium. 
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&xt;Iaction end St>ectrophptometric DeterwJ.nai;icn of Nicltel t-1itb 

2,•f}Ydr9?51',-1-..ng.ehthalaaxime 

cietermin ation of ni.ckel by liqu;i.d-llquid .extraction. cbelate 

systems involve the utilization of reagents l.il-:.e monoximes, 

d1o.3.:irlleS~. (b 4ill!odiketcnes, naphthols. oxine end it$ aerivat.:i.yes. 

OJ.thizone, dith.iocarbamat$S and otoor miscellaneous reagents •. 

~he ion.,;.associetion. SfS'\;.em. cons;lsts Of dietbyl et-!Ler• thiocyanate. 

pbenani;:hroline and other rea9onts. 

~he egtl;acticn o£ n.ickel by ·B•quinol:Lnoll was studi~d 

at pH renge between. 4.5 and 9 ... s. ~he COJiiPlex was extractable into 

chloro~ormq. 

D.imetbylglyoxime2 has been used as a reagent. tor: the 

extrt;lCtion and sepat:ation of ·n.icltel .. ~he !fi 'Vlas adjustod at. 6-.:5 

by using the AC~AeCNe. buffer solution. Xhe conple:t tv~ ex.tractea 

.into chloroform a'ld did show absorbance at 366 nrn. ether well lmown 

trk.lthods involve i:he utili~:H:l.t.ion ~ Fw:oyl tr.:Lflu?roacetone3, 

acet.ylacetone4 
# thiothenoyl trifl.uoroacetcne.5• 6 £or the determina­

tion of nickel. 
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Kam.i.1.. i'• et- a11 determined N!(IJ:) t1ith pbenan~$qUincne 
\ 

monoxit!le'f The complex v.res ext..re.cted .tnto chloroform. ~00 conplex 
\ ' 

W<E!S st~le i.n the p!l rooge 4.9-8.5~ 21'!0 natal I l.igend ~atiO W/3S 

found t.o be 1-:2. 

· Sat.elte Hasatada~ proposed a methoc. :Eor s:rpectrq;,hot.cmetr . .j.c 

determinotic·n of nickel by abscr:.Jtion o£ Ni•D~1G co!TI.Ple:( en 

nsphtbalen(3~, Xhe ccmplex wee extrac·ted .in to chloroform wi~ 

ebsorbooce at. 375 nm. snte pH t-100. ·adjusted at 9. Sit ~he Beer• s 1~ 

t:Yes obeyed for 20..170 p g N.i/10 ml chloroform •. 

spectrophot.orretrici detemination .of nicl~l 't-1SS inve$tigated 

by ~iyazudd:!n ·l?· 
9 

with bisbiacetylmonoxime-ethy~ene~imine ana 

bisbil:1CetylmonoXime•oPphenylene di.imine .in. p.l."'esence of aqueous 

bromine. 'l,'Jle .J!Ietal o3· ligand rat.io t·las f{,..und to be 1:2 and .its 

ab~orbanP.e ues measured at 420 ~ 

3•methaxy-7•methylpenon thi~ine10 .was used to determine 

nicl~el spectrophot.cmatr.icatly •. The ld. c:cnplex is :fonued at 

l:'fi 2~ S..G. o. '.!'he maximum absorb&'1.Ce was obte:J.ned at ~2$ nm. 

I;:!.arishita end Ke.t:ayanagt11 tlevel~ed tl'l$ method based en 

using &-cblorOJi.~-hy<U:azinq:>yr.id.taz!ne as a reagento. The maximum 

absorbence was ootained at 7~$ nm.. with a molar absorptivity 

4 .i.l -1. 
1_• 86 x 1 o , l ml em · • 

Procedures based on the f'orn1at;.1on of Nickel (I:t} conplexes 
' '' ' ' ' 12 

t-lith,. 1•phenyl-3..,methyl•4-p..nit.rooonzoyl->-p.yr~olcne .~ 

Dithizone and methyltr.ioctylSZ'm!on;ium chloriae13, 2~ (>~thyl4-~-
....... --~---- ;;~.:;. .... _~--: .::::..---·-

.· 
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. 14. isoxe2ol"!3•ylezo)-4-chlorophenol , 1 1 3 c:yelohexane dion,e b.isthio 

sernicarbazone monohydroQhlor~ae15, b~acety~ b1s(4•phenyl3-thio) 

semicsrb~one16, 5;7,7,12"14,14-:-hexanethyl-1,4,8,ll~tetraaza­

cyclotetradeca-4,11-diene and~ -bron1ocaproic acid17, 1~hyoroxy~2· 

aeetoncphthone o.x.:tmeae, 3• (O•ac~tophenyll•l-msthyl.tr.iazene 

~N-oxiae19., 7• (4, 5-diinethylthiaaolyl-2.,.azo }•S•hydroxy•quinolir,ie­

>sulphcnic . ac.t.d20, 2•thioorotic acia21 ~ scdi.um · ethylthio.'"'Canthate22, 

5a(3,5-dibrcm~2o.pyridyl~o).2~4-o-diaminotoluene23, 2t2•­

dipyridYl.glyox~ bis · ·(4,4·•-ciiphenyl} semicarbazone24,. 21"2 1..:. 

. . . . 's . 
dipyridy 1ketone-2-pyridylhydr~one2 , xanthatat.es26, 2• ·(2•benzo-

thiezolylazo)•S....dimethylaminopheno127;, 2- (5, S...d.imet.hyl•4, s, 61 7 

-etr ahy~obenzothi~o1yl-~azo)phenol28, 2-mercepto-~t.ert.-
but.yi .... phenol29if' 2- (2~thiazolyiazo)•S.dimethylaminobenzoic acJ.a30 

#' 

' . 

disodium-2•(1 1 41!tH*e;.;~ 1 • 2•, 4' ... tr.1ezoyl~3'•azo)•l•nephthylamine•3• 

&-disulphonate31.• dimeti;ylglyOJP.rre an.d diperaxysebacic ac.id32 .• 

N .. N·•-dipbenyldithi'omalonamiae33 have been suggested by various 
'- ~ . " 

.Lizhem34 oevEflC$)ed a method fo&: the spectrcphotoirst.ric 

deter.roination of nickel by ueing Eriochrcme cyanine R~4, ·4•.,. 
. 

bipyridine and cetyltrimethyl ammonium brcmids in the· pH- range of 

9,.3 to 1o.a. ~he absorbance of the com-plex t-ras constant at 650 nm. 

Li shengy et a135 investigated on the apectrophotcrretric 

aetexmination of nicl<el with O.chlorophenyl•fluorane and 

cetylpyridin.iu.rn bromice... The corqplex ~-1as st<:ble · in th~ pH 11• 6 
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that was . adjusted by using the N~~ 4o,~}1atli bufi:sr ~olut.ion. The 

corrplex did show ·absorbance ~t.. 5~ . nm. Xhe metal ; Ugand ratJ.o 

i-t as :found to . be. 1 a2 .. 

zhung Enmens36 found out a ~thOd £or spe~trophotometrie 
eetemdnation of nicltel by using xylenol orange and cetylpyridiniqjt 

bro.miooe. ~he metaltXOICPB rati(} was found to •$ 1t2a2., ~he abso.tbmce 

o£ the conplex \1100 measured at 614 nm" 

Isb.ii.Hayime et. a137 aete;-wined nicltel(Il) Sl:Jectrophoto­

roatric:ally by us;lng ·5-n.i:t.l:'o-2•pyiidyJ..'hydr~ones and 0\ - (2.benzemtda­

zolyl.)o( .• (5-nitrOI»~pyri.dyl) hydr~on~3•toluene $Ulphonic a:.:Ld. 

The metal I l.igano ratiO t~a$ found to be 1#2~ The complex was 

stable ~n ~he pH ~ange 6• s-s~ 9 and ·showed ahso:rbmce at 498 nm..· 

F~rnandez Liliana e~ & 38 t1ere success:ful in div.ising a 

technique for the ·spectrophotometric determination o:e nickel (Il) 

by using 5-phenyl~~•qu.inolino~ 'lhe cow.plex 't..ras extracted. 

into banzene:.· 

In the present invest!gation 2~hydroxyc.;.1~nephthald~ has 

been used for 'the spec~ophotometric a~terminati~n e~ niel~l-
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EXPERIMENTAL 

•~ ,,_I 

Absorbance measurements were Ca4r.ied out t"lith a Shimadzu 

PR•l model. spectr()photometer. $quipped with stoppered quartz cells 

o:f 10 nm optical. path length. 

80 

A stock ·s.olution· o:t: niclcel (IJ:J~ was pr~pared £rom Niso4.7H20 
and standardized w:ith .dimethylglyox·ime~ A tiTOrking solut.i,.'on · o.£ . . . 

2-hy~oxy'!"l-nap}?.th?-7-dox;i.me .was prepared as repo:r::ted~0~. 

Buffer $Olution (p...~ ·SJ~ prepared_ by _.st~dard method •. ti'as used to 

adjust the acid;Lty 'of the aquequs phase~ 

3~pico1ine~. car):)on. tetracl_lloride and other. O.I;"gan$.,c splvents 

ti~r~a· <:Us tilled before use. 'l'o study i,n:terfere~ce~ __ st~daz:-9. s?lutions . ' . .. . . ... . . 

o¢1 dive.t"se ;i.ons 't'lere . prepared :Erorn th~d:r c~+e9ponding salts. All 

other chemicals used, . were of analytica;t grade~.· 

"Detemination of Nickell' 

To an al.:i-_c;ru~t ~.on.t;;U.n:ing 39 •. 5ft g _of .. n~,c~l (~_:r).~ .. t.-1ere. ad.ded 

2• 5 ml of o~ 04% alcoholic solution o:E 2-hydroxy-l-naphthalpoxime 

and o. 2 ml of .3-picoline £ol.lq.red by a9equate amount of bu££er to 

make the volume of the' .aqueous phase t7!>to 10 _ml and left for 1 min 
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to ens~ complete c:oinlexat.ioxh Finally it was" equilibra~ed td.th_ 

carbcn tetrachloride (10 ml} for 30 sec. !Ihe separated green.i,sh 

organic layer 1.-1as shslten t"lit.ta 'anhyarous sodium sulphate to remove 

any retained t'l7ate.r '<lJ:oplc;:ts. The absorbance of the carbon• 

tetrachloride extrac~ toJas read at 360 nm. against reagent blank. 

1-'..mcunt of nickel mas deduced from a calibration clttVe. To study 

the effects o:f diverse ions •. the desi~d foreign ion tr.7as ad~a -,to 
. . 

the system before addition of the .reagents. 

P~SULTS ~~D DISCUSSION 

' 
Nickel (IJ:) forms a greenish C~"llpl~ with 2-bydro;Xy 

--1-naphthaldox.ime .• extrectable .in to cax:bontetree.hlorice. AC.dit.ion 
~ . . ~ 

of traces of 3•pic:oline ca."'l lead to better sensitivity than the 

binary complex. 

,.i)..bsorction .soectra 3 · _ . 
The absorption spectrum o;E !~i.(Il) complex in, carbon 

tetrachloride exhibits absoz:ption .me."i:ilna at. 360 .nm .. with a shoulder 

at ercund 390 nm Fig. 1. The reagent· blank does not ebsorb in. this 
' region. t-Jave length ·af 380 nm. ~·1as .-selected for all enalytic:al 

measurements. 
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Extreet.ion es a function of nH_ a 

~he eJttracticn of n.iclotel in texm~ o£ absorbance uas 

investigated .in the pH J;ange o-13/;t Although elttrectiol'l: starts 

fran PH-l~r the organic extract shc-IJ'1ed a steady end mexirnum 

sb$orbence v1hen the extractions i.vere carZ'ied cut £rem pH ? ... ~ 
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12a In this ~q renge after a. single ~traction t-.rhen the extract.icn 

precess t·.ras repeated using the sai.1e aquecus phase, th.e organic 

. ~tract vil:tually sha-1ed no abso.tbance,.. l'h.is inoicated a ccmp.lete 

and quent:Ltative recovery oj; nicl~l in· this condition• Abs-orbance 

Effect of solvents· I 

.Aport. from c~..rbonte~echloriC:e,. sane other organic solvents 

.lilte chlorofom, benzene* end ethyl acetate ~Jere tested as extra:ting 

solvents; but those o:ffe~ed no special advantages oV-er ·carbon-

tetrachloride as seen from T~le 2. 

.. ' 

in carbon tetrachloride .. ~1as ~e.sured at elapsed intervals o£. 'titre 

at 380 Ut-n. The colour intensity t·1as. found to be stabJ.e. £or at least 

12 hours as .seen fJ:qn ~ebl.e 3 •. 
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Reagent. ccncentration and Eeer8 s lE!I a 

sroo cptimum reagent ccncent~atioQ in ·the prooedw:e itJSS 

ascertained by e.xtra::ting a !met11n amount. of nickel at v~.tcus 

cc;ncentratioil of 2•hy&-oxy•1-naphthaldoxime·, l~ping t.he other 

vw!ables consten.to :tt t'!SS noted that 4.Q ·ml of 0.04% et.henolic . . 

solution of th~ reagent along t-1.1 tb o. 2 ml of 3-ptcoljn,.e to:as 

suf.ficient t.o e:ttract 39.5 ;«- g of nickel .in a single operation. 

Higher reagent concentration (upt.o 4 ml) h~d no adverse effect~ 

Results are shown i.n Table 4~ 

respcnse over: a concentration of 10 ppm of niclrol. 'l:ne molar 

absorptivity of the complex ·(on the })a.sis of metal. content) was 

4 1 1 evaluated to be 1.,202 & 10 l ·mr" cni• ~1ith senoell*s sensitivity 

0,.04-8 r9/cm2,.. D.aer~s .lew data .are shov1n in Teble 5*, Fig. 3• 

Al~hough the n.iclrel compl.ex t-1ith 2-hyorc~""'"l-naphtl1.eldoxine 

t-1e.s extracted into carbcn tetrachlortde., the, orgcnic extract sha..red 

let-t a:>sorbance. Addition of trace anount of nitreg~,cus bases l.ike 

pyridine or scms other substituted pyr.id.i..nes 'enhances ·tlle ~sor­

b&'"lOO of t...?:e. complex. Addition cf 3-p.icolL'le offered meximum 

absorbance"' 
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Dlter.ferenca t 

~o study tr..e effect c£ diverse ions, nickel. 'nas determined 

as above in presence of the respective foreign ion in a -binary. 

miXture-. Deviation of. not. more then ;t 3% ·from the recovery of 

nickel, t~as tal-can as the tolera.'"lce limit for the diverse ion tested .. 

:rn the estimation of 39.5?9 of nickel,. the follet.zing ions t1id not 

· .interfere when present in amounts (ft g) shc-~m in Tcble 6_. 

Determination of nickel .in sgnthet.ic mi.~tures ' 

In ebsenee of real s~les the proposed method was tested 

to ~stimate microgram amounts of nickel from soma synthe-;;.ic 

mixtures as shown in ·'Xeble 7 •. . . 

·Precision and s:ccuracy ; 

'Xhe prOposed roetpod 111as tested by analys.jng solutions 
-....! -_....._ ' 

containing ~ knCim ainount of;.,ilts:Jrel.(J:l)~ The exPerimental results 

are sha~ in Table 8~ The method is fairly precise and reproducible~ 

requiring h-.?..rdly 10.:1.5 min for each run. · · 

comoariscn of the "Oresent method 

'rhe prq.>osed method .is very Sin'll.')le and rapid and i.s 

conparable v3ell Yt1ith some othe.r existing methods as seen £rom. 

~~le- 9.. 
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'l.'eble 1~> VCJrietion of ebsorbenee with pH of the aqueous pbase 
~Cu:he aqUeous phase U.o ml) dcnt.ains 39.sp 9 0'£ Ni(;tl), 

2. 5 ml ethanolic ~Solu·ticn (0.04%) of the ~eagent and 

o.2 ml Qf 3•picoline o_? 

pH l'.bsorbance at. pH Absorbance 
380 nm at 380 nil'd 

-1 0.406 9 0~91~ 

2 0~609 9 o.sao 
3 o.120 10 Ott:Sl.2 

4 o.720 11 0 .• 812 

5 o.76B 12 o.e~o 

6 o.7e6 
7 Q.SlO 

Weble 2. Effect of solvents on extraction of Nickel 

solvent used 

carbon tetraohloriti$ 

Benzene 

Chlorofol:m 

Ethyl ac:etat;e 

Moler absor,ptivity 
(l mol ... 1om"""1 ) 

1.202 X 104 

1.172 X 104 

0.920 K 104 

o.aes x :r.o4 

·- --
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Variat#.on ~ . al:>sor.bat)oe of the c~on1;$'t;ra¢hior~de · · 
~tJ:'~t cvnt~!ning N~(~:J:).,;;compJ.~ with time• 

l'.tme in hour 
a£ tar extr act.ton 

0~25 

o.s 
'1 
2. 
4 
e 

'12 

A'bsorenc::e 
cs~ 360 run 

Ot~10 

o,a.ao 
o.e12 
o.eaa 
0.810 

0~810 

o~a:i~ 
i . : 

~ebl~· 4,. .E~;e~l't of 2~hyarox1"'1..-naphtnald~ime ooncentratica. 
.C'~he aqUeous phase (10 ml) (pH S) c::onta:tns 39,s~ g 
o1: Ni (IJ;) mel o., 2 ml of 3•p1,c:oline.;'o. 04% etnanolic 
solution o:ll the .-:eagent t'1ee 11sed• 

. . ~~- .. 

.Ree.gent a.doeQ 
ml~ 

o •. os 
.o.1 
0~25 
o.s 
o .. ?s 
+•O 
1.35 

£b.sor:Panc~ 
at 3SO nm, 

• 
0.120 

o.r330 
0.;660 

Ott706 

0•180-

0~610 

aeagent 
a<ldecl. ml• 

~··S 
1.7S 
2,0 
2,S 
s.o 
3,5 
4~0 

1-l>$ox-bence 
· at sao nm •. 

0!l810' 

o,al~ 

o.e141 
0!818. 

0~820 

O~tB16 

o.a2o 
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Table s. Bee~•s ls1 data 

-
Amount of .N.i 

" ppm 

o,49 

o,ee 
1.97 

3,95 

4~,90 

5~90 

7•90 

----------------·~-.---------------~---------

,. 

•, 

Absorbance 
at. 380 tmlo 

* •• OS1 tiadWA J¥1 L 

o.oso 
O.lSO 

0•400 

O!t810 

1~0()2 

1.,:L40 

·. '· 

------~------·-------~-----------~~----------------~----



_s 

,-. f 88 

Table 6 ~ffect of foreign ions on the determination oS 
'· 3 9~ 5? g of n.tckel 

--------------------------------~------------·----------· ·~--A--------------
Foreign :!on .Amour.rt 
added tolerated 

Thiocyanate 
Fluor.tae 
Phosphate 

Phthalate 
Thiosulphate 

Bromide 
Iod:f.de 

~~itrate 

Ascorbate 

Tartr-ate 
Citrate 
OXalate 

EJ:YllA 

Borate 
V(VJ 

sn(~~) 

Ag(~) 

Bi(J:J;I} 

cr(I:t:t) 

(~g) 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

30QO 
3000 

3000 

3000 

200Q 

nil 

2000 

2000 

2000 

1000 

2000 

2000. 

Foreign ion 
edded 

Si:(Il) 

Ba(II) 

Ce(J;:t) 

Cd (;tl} · 

Rh(~IJ:} 

pt.(~V) 

Pb(l~) 

Pd(II) 

Mo(V:t) 

~n(IV} 

CU(.I~)·* 
. ** Fe(Il;tJ 

CO(II) 
U(Vl) 
~.r(IV) 

1-lg(:.ti) 

Zn(Il) 
AU(IIJ:) 

* In presence of citrate 
** In presence of fluoride 

.1\mOtmt 
tolerated <rg) 

2000 

2000 

2000 
2000 
2000 
2000 
2000 

2000 
2000 
500 

2000 

2000 

nil 
500 

500 

soo 
500 

2000 



} 

, .• r 

89 

!1.' able 7 •. , Determination of nickel ,in synthetic miXtures 

composition 
(amount in? g} 

* 1• Ni(39e5f-g) 

'+ CU (100) + Fe (l.OO) 

2~ ,Ni,)39.S,Pg) + Pd(lOO) 

+ Ft(lOO) + ~(100} 

3. Ni(39.~g) + Zr(100} 

+ ':Ch(100) + U(lOO) 

4, Ni(39.5f- g) + Zn(lOO) 

+ Hg(100) + Cd(l.OO) 

s. Ni(39•5f-9) + Mg(lOO) 

+ c.r(lOO) + I>-1o(l00) 

G~ Ni(39~5f g) -

+ A9(100) + Pb(100) 

* plus 2 ml each of citrate and ~luoride~ 

Nickel fo'Ul'ld 
~g) 

36. 5, 36 .• o, 39.0 

•\ 
\ 

i 
' ' 
\ I', 
j \' 

' ' 
39.o, 39.,0, (4 ·~o 
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~able a·. Reptoauctbility of nic:kei recovery 

Nickel Nic.ltel found fleen std. Devo 
taken . C;t g) 0~> % 
. (~g) - - "' J I 

. -•• ·---- .... 
19.77 19.0, 1e.s, 18~5 19,25 o.e2 

20~5· 20.0, 19.0 

39 .. 55 4o.s,· aa.s, 40411 0 39.66 o.aa 
409-5# 39tSf 39,.0 

'· 60 •. 0 S9.i~3 60 •. 0, 61~5, 59.93 1.36 ·:,r 

•\ 
5Bo0~ 'I se.s~ .. 6l•O 

\ \ 
,I 

~I .. 
' 

i, 
' \ 

~--~--------·-------·-··-----------·----·-··-·-··-----------·-·q---·----·-------------1\·. ;I 
1\i) 1, 
\'' 

I, ·.;_' 

t 
\ 
l "'i 
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w abl~' ·o j) ccmparison of the present method 

--
Rsf. Reagen "-max 1\lolar :rn~rfer;ence 

(nm} ebsorptiv:Lty 
(l .mol-lcm-1 } 

41. 2-(5-chloro-2 7.1 530•534 8e95 X lCia, L'e 
•pyrioylezo)-1, 
5-diaminObenzene. 

36. .xylenol orange 10 614 5.6 X l-04 
. .. 

42, 2-C2·(~brcmo- I:OJ.· 655 
. s \\ Pd* 1.47 X 10 cu , 

benzothiazolyl) 
SZQ_7•~dimethyl 
emin6ben2oic 

~- acid . 

26.· Xanthates ~9 415,475 2.s x 103 * Fe(II) , 

-3~2 X 10 3 * Pb (II) , 
'It· 

Co(II) , 

Bi(IIIJ, 

CU(li)r 

Os(Vlii), 
Vanadate; 

molybd~t.e * . 
7. l?henantb.ro- 4. 9-8"5 450 5.95 X 103 +3 

Al *' 
qt.'\inonemonoxime ca.+2* 

p);)+2*' 
cu+2 1 

Ag+,~+2, 
sb+3 . 

43. 2(P-SUlpho- 2.5.;..7.0 575 7.0 X 103 nil 
0 

phenyl-azo) (a large 1,8-dihydraxy number of 
~ 

naphthalene 3, common ions 6-disulphcnic do not, acid in tenere) 

Present method 7•12 3go 1e202 X io4 .. 
111 • • II -- -* masking agents used. 
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§!traction_and sp;;ctrophotometric Determination of Cobalt. ,,...,1~ 

2-hKercex-1-na2thaldaxime 

.~---., 

~-·-,-..:-::::_:::::::.F__j 

A~paratus and Reagents 1 

.absorbence JI'Ieasurements ~1ere made· with a Shimadzu PR•l 

model spectrophotometer equipped t'lith st.op,Pered quartz cell~ of 
~ •' 

10 rmn. cpti'cal path length •. 

A stock solution of cobalt (J:;t} WC!S pr.ep~d ~r<..'rn 

Co(No3 )2.6~0 and standardi~ed. A toJO.rking solut;i.cn of Co(II} 

t>J"as prepared 'by' appropriate c1ilution. 2-hyar·axy~l-naphthaldoxime 

was prepared a:;; reported earlier. Btif£er· 'solution ,, (pH•S) * prepared 
.: ,. . 

by standard methc~,. was used to adjust the acidtty of the aqu~ous 

phase. 

3-picoline, benzene and other organic s.olvents were 

distilled before use. 'standard solutions of diverse ions were 

prepared £ram this corxesponding salts. All other chemicals used, 

were of analytical grade •. 

Deterrrdnation of Cobal.t , 1 

.. 
To an a!icauot ~ontaini.ng 67 p g o~ eo.balt (J:l)., 1. 2 m;L 

o£ o. 0~6. alcoholic solution .of 2-hyaroxy ... l-naphthaldox.ime and 
·; . . . . ,, . . . . ' 

0~1 ml of 3-picoline £o11ovJed ~- 5 ml of,buf£er we~e addeo.-~he 

/ 
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aqueous phase .t,.as then diluted to 10 ml w.i th' .qistilled t-1at:er 
I I 

and left for 1 min ·to ensure complete complexatioxl. Finally, it 

't~Yas equilibrateO. t:7itb benzene (10 ·ml) for ·30 sec. The ·separated 
'· :, ' . '· 

orange-brcwn organic layer t-:as shek§ln t'l:i. th anhydrOus scoium sulphate . ~' . .• . ' , . 

t.o remove E!ll:f retained .water droplets.. The absorbance ·of the 

benzene extract t~as. read at 400 nm against. ·a:~op~J.~~-~ree. ·reagent 
. . 

blanko Amount. of cobalt t".Tas df.lduced. from. a caJ..:!Pration. curve.·. -To. 

study the effects of, diversicns~ the .;respective. foreign .tens. t<~ere 

added to the aqueous . .;~elution hefoJ;e addition of the· reagents. 

RESULTS ANDDISCUSSI~~ 

' : 

~he dlsorption spectrum. of the cobalt complex in ber..zene. 

tsken against tlle reagent .blank. shows maximum absorbance at 400 

nm i'rith shoulder around 380 and 420 nm (F.i~J~ lJ. i'he. reagent 

blank does not absorb in this region, t-J'ave ... length o:f 400 nm ov;as 

selected f.o.r· all ma.t.yt.ical measu~nents. 

,. . 

The. extraction o£ cobal.t in terms of absorbance. tv-as 

investigated in the ~ range 0-12. Extraction. of copalt v:irtuai.ly 
I 

' starts :from pH 1. 'l'he benzene e:ctract. shot•Ied s~ady cmd· m~imum \ 

\ 
) 
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solu.t.ions at pH 8-9~ In this ~ range. after a single q>eration 

when ~e extrection process t..ras repeated using the acme aqueous 

phase* th~ prganic extract virtually shCW'ed no. absorbance. This 

indicated a complete and quantitative recovery of cobalt in this 

condition. ~~traction of the metal h~~ever deereases beyond PH 10. 

This has been sha-m in Table 1 (Fl.g •. 2)~ 

Ef£ect of solvent : 

Apart :from benzene., some o:ther solvents .like c;:hlorof<?rm, 

carbontetJ;aQhloride end ethylacetate T:.Yere tested e.s ext~acting 

s.olvents,. but t.l&ose c£:Ee.re~ ~o speci~l advant_ag~s over .benzene 

as seen from Xabl~ 2. lhe pqtte~ of the abs~rption S1JeCtra of 

tr~ ccmplex J:;:ernains unchanged in ·all cases., 

stabilitv of colour : 

The . absorbance of the co (II ).,.~.,_.~ydro,xy•l<ll!'naphth ald. exine 

complex. in benzene t>JaS meast.tred ·at .elapsed intervals of time at 

400 nffi.o The eolcu.r intensi t.y ·.iS stable at least for 12 hours as 

seen from Table 3o 

Reagent concentration and· Beer's ~m-1 ; .. 

·The cptimum reagent concentra:tion 't-ras ascertained by 

extracting cobalt at various concentrations of 2-hyoroxy•3.­

napht.haldo.xime. :tt t~;as noted that ~.5 rol .of 0.04% ethanolic 

solution of the reagen~ along t-.rith 0.,1 ml of 3-picoli'ne t-ies 
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sufficient to extract 67 ;<--t 9 of cobalt in a sin~le extraction~ 

Highe~ reagent ccncentration (upto 3~ 0 ml o£ tne oxi11,1el had n9 

adverse effect en the extraction, This has been· shqm in Table 4. 

The system ccnforms. t.o Beer's 1~1 over a concentration of 

10 ppm of ~obalt (:L'able s_. Fig. 3}. The molaJ: a:>sorptivity of 

the complex (on the basis of metal ccntent) was .also evaluated 
4 ' • • • • 

(Table 2). The sensit~vity of the method worked cut· to be o.o7,1 

p.g/cm2• 

Altho~gh tbe cobalt .,complex with 2~hydrccty~~~naphthaldoxime 
. :, 

..J 
was extracted into the benzene, ·addition of traces o£ nitrogenous 

' ' ' 

bases lil<e pyridine• 2-picol.ine, 3•p1coline. 4-p.icoline, 2,4,6-

collidine etc. could iead to better sensitivity ~han. the binQry 

conplex. ·Among the bases .. used, addition of 3-picoline or 4-picoli!fe 

gave maximum absorbance .. 

Interference : 

ln order to s·t.udy the effects of diversions on the 

ext~~cticn behaviour~ 67~9' of cobalt ~~re extracted a~d determined 

according to the ~eccmmended procedure in presence of the xes~ective 

foreign ions. Extraction pH was set at s.o •. An ion t11es considered 

to .interfere .if the ·recovery .of cobalt dj.ffe.:red by mo.re then + 3% 
' -

£rom the actual amuunt taken. ~he results 'are $ho~n in ~able 6. 
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~he interferences due to iron and copper were avoided using 

ammoniu~ hydrogen fluoride and citrate xespectively as the. masking 
I . 

agent.s. HO.rJeve.r EllCA interfered seriously. ~~ickel must :be abSODt• 

Presence o£ arsenate sh~'led law recovery of cobalt. 

Determination of cobalt in svntl'\at.tc m.i~.!!!es : 

. In .absence of real samples, the proposed method t·ras tested 

to estimate microgram amounts of cobalt in various synthetic 

mixtures (Table 7) tr. 

Precision and eccura;g a 

The proposed method ."t"ras tested by analysing solution$ 

containing a lmatm a"nount of. cobalt (I:t}. The expe·rirr.ent.al results 

are sha-1n .in Table a. 1he methOd .is· fairly precise and reprcducible 

re~iring 10-15 min f~r each run. 

~be proposed methOd is very simple and rep.id• ~he methoo 

has been COffi.9ared viith some other exist:ing mei:thods as DhOWil ·in 

Table 9~ Microgram amounts of. cob'alt can be O.eternl±.l'led in presence 

of a number of diverse ions althougn SDTA and nickel interfered. 

'· 
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Table 1~ variation_ of. absorbance witQ pH of the aqueous pha$e. 
r~he. a~e_otis phase (10 m:~) contains 6?t<-t9 _of Co(II),. 
Y •. 2 ml o:t: ethanolic solu~:1:on . (O. 04%) or the reagent 
ana Ot l. ml of 3-picoline J. ·. 

----------------~--------------------·-·----~------,--------A------·-----~----
PH 

4 

5 

6 

(?'; 

s 

Absorbance 
at 400nm 

0~490 

o.6oo · 
. o. 760 

o.fsroo · 
-~ \- r 

o.940 

10 

11 

12 

Absorbance 
at 400ma 

0.940 

o.aeo 
0.760 

0~.400 

--------------------------------------------~ ..... ----------~-------
Tsb~e 2. Effects of solvent~ en eArtraction of cooalt ·· 

solvent used 

Benzeme 

carbon tetrachlor.ide 

Chloroform 

~thylacetate 

Molar absorptiv~ty found 
( l m~l-1cm~1 ) 

0.826 lt 104 

o. 782 Jt 104 

0~774 X 104 

o.7o3 x .to4 · 

- ,_ 



~ 

.,, I 

variation of absorbence of the Co(Il)•complex 
\<l.ith ti~ 

~ime .;tn hour 
after ext~·aat:.ton 

.r-.Psorbence 
at 400 mn 

o.2s o.940 

o*s 0~,942 

1~0 0.940 

2 o.94o 
4 0.942 

s 0.,936 

12 0.,.938 

-----~---·-----------... ----·-,,___, _____ 'IW"lF#'?Xli .... ,..,... ... -.u ... J'g~ ..... ~ .»P'ila4. • .... •• 

Reagent 
mi 

o.,2 
o.4 
o.6 
0~8 

1.0 

1 .. 2 

1•4 

Effec;rt of 2"'"'hydroxy~1~naphthalaoxime concentration9 
Z':._'J:he aqu.eous phase (10 ml} (pH e) containf; 67f-t g 
oi; C9(;ti) and 0~1 ml ·of s..;.p~colineJ. 0.,04% ethanolic 
soJ.u·tion of the t;e;agent v;as used. · 

- --added .e.bsorbance -Reagent added Absorbance 
at 400 nm ·ml at. ·400nm' 

o.13o 1.-6 .Q .. 940 

o.332 1.8. ·0-.955. 

0.520 2 •. o 0-.950 

0,.,660 2.5 o.~so 

o.eoo 3.0 0.940 

0.,922 4, •. 0 .of/.910 

o.,922 s.o 0.,_896 

--

-



Amount of co (II) 
ppm 

f.J.:>scrbance 
at 400.nm 

99 

•-WW 

--------~-------------------------------------·--------~--------

3.35 

10.05 

0.220 

o.so2 
0.760 

0~940 

1.220 

1.360 
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Table 6. Effect of diverse .ions for determination .of 
67f-9 of ccbalt 

~~' r - - -.... 

Forei9ti ic.n Amount Foreign .ion Amount 
added:· tolerated addeo tolerated 

(,P-9) ·(ft9) 

Nitrate 3000 Hg(I:tl 1000 

ASCOrbate 3000 Pd(IIl 1000 
' 

Tartrate 3000 Pf:(lV) 1000 
' 

Citrate 3000 Ba(J:I} 3000 

Borate 3000 Cd(J:.I) 1000 

OX ala~ soo Cia(J:IJ 3000 
Fluoride 3000 Th.(ZV) 500 

~ Phthalate 3000 . sr(li.l 3000 

Phosphate 3000 Zn(li) 1000 

Thiooyanate 3000 U(VZ) 1000 

Bromide. 3000 Zr(IV} 750 
IOdide 3000 No(V.Il 1000 
~hiosulphate 3000 S.i(l~J:) 1000 

* 7SO Cr(II:t) · CU(li) ~000 

Pb(II) 750 ~g(:rJ sao 
119 (II) 2000' V(V) 750 

·--L sn (ZI) 1500 
. ~·* Fe(.t:ti) 1000 

............. ..... I ... ..... ""!"' .......... D ............ --
'. 

~{in presence of cj:tr at.e .. 
**in .Presence c£ fluoride 
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' comoosi ti c..n 
: (Amc~un·t~ .in)-< g) 

'· ~ * nmr*C:i"ele, 

Co(67ft.gJ . 
+ cu (lOO.l + Fe ClooJ 

Co(67 r9) + Pd (100) 

+ Ft(lOO) + 2h(l00) 

co(67?-g) + zr(100) · 

+ Th(lOO) + U(lOO) 

Co(67pg) + Zm(iOOl 

+ I-Ig(lOOi + Cd(lOO) 

Co (6'7 p. g) + Cr(lOO) 

+Mo.(lOO} 

. Co(67 p·g) 

+ Ag(lOO) + Pb(lOO) 

101 

Cobalt £cu11d' 
( /-1 g) 

------------------·-·-·-1,--··~-------------------------------------

.,... in presence of ·2 rng each of citrate .and fluoride~ 
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Table e. Reprcduc;lbility of cobalt recoveq 
·~ : :: I ' 

------~--~-----·----;--------------------~--------~~~----D-------cob.alt tar...en 
-~g) 

Cobalt found 
(pg) 
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tehle ~.. COrt\Par1.sCJ.1 of the present method 

.. I 4 u• -·~ ~.-c*".-~--~·~--~~-----.--~.--.-. • .-~~~~-.-.-. ••••• ~.n~~~--~-.~----------~--~---.~----------~~--a..m ... 
:Ref c. Reagent . pH A max Molar 

absa.rpti v.1.t:v 
Interference 

44. t-.Ji~yc;tr.in'. 3•6 330 1.97 lt _104 Rh(III}~ ~itrile " 
~me · 

45 

46 

4'1 

42 

Cetyl:trimet'hyl 
a.mmonium bromiae + 
~hiccyanate 

:r;sonitroso 
thicc amphOJ: 

;. 

'· 
1'h.ioglyaolic 
·acid anili::de 

s-. (3,, 5-d;t·brom6-
2-..pyridylezo)•2 .. 4-
diarnino toluene 

Present method 

"4M:HCl 
to 

pH S.O 

lJ.i HCl 
to 

U-1 NaOH 

s.,~ 

9J~~S 

s.s-. 
7.7 

a .... 9 

625 

240 
295 
325 

480• 
~ss 

580 

400 

1.9 X 103 

1~7 X 104 

la.1.29 X 104 

1.16 X 10$ 

0.826 X 104 

...,....~ 11 ,.,... .•1 r• -11!111' •• ·'-~tO ••• .,.,.. .....,..,~"(<•·~-------~----------
~·· .... , ~·---------

\A. ,~r· ... -:---1 
--- ~=/I 

*masking agents used. 

Cu, zn. Ag. 
. * a.* EDI'A #· C 

* * Pd , cu and 
* Erll:A 

'* ' * Be (li), Fe (III)., 

Al 'It (:t:J:I) I Bi *(II :I}# 

* * i'h (l:V), Pb (II)., 
'it * Cd (II), As {II:t), 
* * . Cr (III), CU. ( IJ:.} • * . 

ED1'A # ascorbic acid 
and thicglyciolic acid~ 
EDl'A •. N03 

* * moTA. l,I.Ji, CU ; Fe 

~ 
·o 
v.,:, 
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· EXtrecticn and ._soect.roehotcmetri.c Determination of_t(alladium witb 

.?-H:gdroxz.-1-naphthetldoxime 

Absorbance measurements \1ere carr;i.ed cut ttith a .Shimadzu 

PRoial model speQtrophotometer equipped ~~ith stoppered quartz 

ceJ.ls of 10 rnm optical path length. 

A stock so~ution of pal~adium. (II} was prepared from 

pa.lJ.adium chlor.ide (Johnson end t-1at·they) end staa"'ldardised t,ith 

dimethylglyc:Xirne~ A la~er. c;cncentration of Pd (II) ~~as prepared 

by appropriate dilution. 

2-.hydr.oxy-l.o.naphthaldoxime t..ras prepared according to the 

procedure described by Vog{al4~:.A o.e;~ ethancl.ic solution Of the 

reagen~ was used for the routine work.: Buffer solution (pH-1) •· 

prepared by standard prOcedure t-Yas used to adjust the acidity 

of the aquec~s pha~e solutione 

were distilled. before use.. ~o study interferences# standard 

solutions Of a~verse ions were prepared £rem their QOrxesponding 

saltsiJ All other chemicals used., t.V'ere of analytical grsc:·ce. 
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DeteJ:tnin ation of palladium ; 

'20 an al;iquot containing (120 ) ? g of palladium (II) t-Jere 

added 2 ml o£ o.OB% ethano1ic solution of 2-hyaroxy~l~naphthaldoxime 

md 0.1 ml of 2,4.6~co1lidine fcllo-.-Ied by adequate amount of buffer 
\ 

to make the volu.'D9 of the aqueous phase upto 10 ml and left for 1 

min to ensure co~lete complexation. Finally it was ·equilibrated 

\'lith chloroform (10 ml) for 30 ·sec. Xhe separated organic layer 

was poured over anhydrous sodium sulphate to remove my retained 

water droplets. The absorbance of· the chlorofor.m extract was 

.reed at 400 nm against a .reagent blanlt• Amount of palladium t·res 

deduced from a cal.ibrat.ion curve. TO study the ef..fects of diverse 

ions the desired foreign ion trras added to the system before addition 

of the reagents. 

RESUDTS ~~JD DISCUSSION 

. 
. Palladium (II) forms yellcw(~~green ccmplex td.th 2-hydroxy-. 

' 
1-naphthaldaxirne, extractable into chloro:Eorm. Addition o£ traces 

of 2,4,6-collidine enhanced the abso.rbao'lce of the complet and thus 

leads to better sensitivity of the syst~rne 

Absorption soectrum J· 

'l'he absorpt:I.on spectrum of the palladium cc1nplex in 

chlorofor.m e~~ibits absorption maximum at 400 nm. The reagent blank 

does not absorb in this region. Hence t-rave length of 400 run was 

selected for all enalyt.ical mae~rements (Fig. 1). 
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Extraction ss a £unction of t*I : 

The extraction of palladium in te.rms of absorbance t~as 

investigated in the pH range 0..12.. Organic exr:.re.cts starn-1ed steady 

and rnaximu.rn absorbance lflhen the extractions were carried out. from 

aqueous solution of pH Oos-3.5 indicating quanti~ative recovery 

of palladium in this range. EXtraction of the metal hO;'lTever de9reases 

at .. higher aciai ties and beyond pH 4. o. This has been shcr,m in 'l'able 

l• Fig. 2. 

Effects of solvents; 

Apart. frcn1 chloroform, some other organic solvents like 

benzene, ethyl acetate and carbon tetrachloride t-1ere te~ted as 

extracting solvents. Palledium(II) ccrnplex in ethyl acetate or 
. ' . cer:bon-tetra chl.ori.ae showed lOt'11 absorbances. use. of benzene 

offered no special advant.ages. O'ller. chloroform., 

Reagent concen·tration and Eeer• s law .: 

The qptimum_reagent concentration was ascertained by 

extracting palladium at various concentrations ·of 2-hydroxy-1..., 

napththaldoxirre. keeping the other variables c~stc;mt. It t-1as 

noted that 2•0 ml of o.OB% ethanolic solution of the reagent along 

with 0.1 ml of 2.,4.,6-collidine t"'es suffic.ient to extract. 120rg 

of palladium in a single opere:t.ion. Higher reagent concentration 

(upto 4 ml) had no adverse effects on extraction. ':rhis has been · 

pre~nted in Table 2• 
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ln trle _ cptimu.rn c:onaitions, the absorbance of the organic 

extract sh~1ed a linear response over a concentration oi 15 ppm 

of palladium (Table 4,, F.i.g.,. 3) ~ The molar absorptivity of the 
~ : I '' 

corr.plex (on the .basi$ of metal content) ~~as evaluated to be 

o.e6S x, ~o4 .1 molJ.em-1 v-1ith sandell'.s sensitivity o.Ol2ftg/cm2 • 

.Althcugh the pi:uladium forried conplex with ~hyQ.r:cxy•l.,. 

naphthaldcx:Lme# extrac:table into ch~orofo.im, acdit.icn of traces 

of 2,4,6•coll.idine could leaato better sensitivity of the system. 

Other nitro9eneous bases like pyriettne, 0( •picoline ~ •picoline or 

'll ~l~.:tcoline could also be used hut 214, &o;;coliiaine Gha1ed maximum 

absorbance in this case.· 

The absorbance of the J?o (~l}•2-.hy&oX¥-1-naphtheldoxime 

canplex in chloroform l-lS.S' mea$~red at. elapsed ;i.nte-~als of tina 

· at 400 nm. NO chang~ ;i.n the colour intensity \'lEJS recorded upto 

12 hours as seea £rom Taple 3-

Interference : 

'.Co study the eftecte o:f diverse ions, p~ladium t1~ 

determined as above in presence .of the resp~ctive foreign ions 

in a binary mixture. Deviation of not more than + 3}~ £rem the 
. -

recovery of palladium "t:ras taken as the tolermce lim~t for the 

diver$S ion testedQ l20~g-of palladium could be de~e~ned.without 
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intet'£erenc:e in presence. of 25-fold excess of berium(J:zt), 

cadmiun(lil, ni.cl'...el(II)# calcium(J:I), cobalt(li),. thorium(;tVJ, 

strontium(I:t)~ zinc(r:r}, uranium(VI), mercuey(:t:J;), plat.inum·(IV), 

rhoditmJ(:t:tl}, gold(III), mo~ybdenl.!ll(VI), vanadium(V}, bisrouth(III), 

lead(ll}, tin(II)., magnesium(J:I.). 15-fold excess of z.irc:cnium(IV). 

chrornium(Il:t <. silver(I)~ b~omide,. iodide and arsenate. 25-fold 

excess of ircn(Xl:t)# and copper (::t:t~. could :Pe tolerated .:L11 

presence of fluoride. end cit.x:ate respectively~ ~he system tolerated 

so-fold e::{cess of nitrate. ascorba~, tartrate, citrete,f borate, 

oxalate, ~luori~. phthalate, phosphate, thtqpyanete and sulphate. 

However thiosulphato ana EUJ:A .tnterfered~ .~he results e.re tabulated 

in !t' abl~ s. 

:en absence of reai samples the propose~ method if1E!S tested 
' . 

to .estimate microgram amounts . of palladium from sc;ma synthetic 

mixtures as shewn in 1'able 6.· 

Precision· .. end .. eecur sCle ~ 

'l'he proposed method was tested by analysing solutions 

ccnteining a kn01tm arr.ount of palladium C;r:[} •. ~he exparimen te.l 
,. 

results are shotm in TSble 6 1 indicating the- method to be fairly 
J ' .... 

run (Table 7 >. 
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conclusion a 

The present rr.ethod ·for the spectrophotometric detexmination 

of palladium is simple and _has ?een compared v1i tl1 some other 

existing methodSo 'l'he s~nsitivity of the methocl is not as high 

as the other one (~~le. B); but the method provide$ ~llent. 

recovery of palladium is microquantities in presence of· almost 

all the ccmnon ions except thiosulpha:te and ED!l:A. :tn'terierence 

of the interfering .ions like .iron a."ld cq:::per can be easily O"\.t'e.t'C~. 
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variation of "absor:booce l'J'ith pH of the aqueous phase 
C_The aqueous phase contains 120 Pg of Pd(II.}, 2 _ml 
Of o.o~~ of the reagent and o.l ml of'colli~e. ' 
1'he volume is maintained at. 10 ml J9 

I I . 

-
Absorbance pH l'J.:>sorbance 
at 400 nm .. . at 400 run 

o.9Se 4.0 0"'922 
o.eaa ·4.;, 0.900 

0.,9Si s.o 0.,.804 

0 998 • 6it0 0.780 

o.9a4 11110 o.742 
·o.oos a-.o o.6o2 
o.970 9 .. 0 0~400 

ao.o o.seo 

Effect. Of . i~hydroxy•l:_.; napht.baldoxime ccnc~ntr ation 
Cthe aqueous phase (10 mlJ (pH•lJ contains 120pg 
of Pd (I:t) end 0.,1 ml of collidi..lle..J~ O"'OS% et.hanolic 
solution of the reagent was used. 

Reagent added 
~n ml 

Abso;J:bance 
at 400 n.m 

.Reagent added 
in ml 

Absorbance 
at 400 nm 

0~25 o.~2o 2.0 1".000 

o.s 0.490 2 •. 25 o.9ae 
o.i~ o.ss2 '2 s . ! 0.,986 

1.0 o.~2 2.75 0.988 

1.25 o.ao4 3,00 0~988 

1.so o.·s7o 3.5 o.9a6 
1 •. 75 0..984 4.0 0.986 

.. 
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----~------------------------------------------------------------'I' ime in hour 
after extracticm 

0.25 

o.s 
1.0 
2 

4 
a 

12 

Amount of Pd, 
in l:PID 

r ·• 

Absorbance 
at 400 nm 

0~988 

o •. 9as 
o.9S6 

0~986 

0 •. 988 

0.986 
0~988 

Absorbance 
at 400 nm 

----~----------------~·-------------------------------------
1•5 
3 

6 

9 
12 
15 

-·· 

0~120 

o.2s2 
0.600 
o •. 120 
0.988 
1.180 
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~able s. Effects of diverse ionE;i on the. deterrninaticu of 
.l20 P. 9 of palladium.· Average of three dete.aninetiqns 
we$ teken in each case • 

.Ion added 

Nitrate 

Ae;corbate 
Tart;rate 
C;itrat.G 

Borate 
OXalate 
Fluoride 
Phthalate 
Phosphate· 
Xhioaymat.e 

sulphate 
B~om.tCiiiJ· 

:tod;lde 

Acetate 
Arsenate 
Ba(J:.I) 

Cd(.I:r) 

N.i(J:J:) 

ca(l:t) 

Co(J:I) 

Amount 
i;olerated 
(~g) 

6000 

600Q 
600Q 

600Q 
600Q 
600Q 

60QQ 
600Q 
6000 

6000 
. 6000 

2000 
2000 

6000 
2000 
3000 

3000 

3000 

3000 

3000. 

*in presence of fluoride 
**in presence o£ c.t~rate~. 

.. 
~~(ltV) 

sr(I:t) 

2n(I~) 

l1 (Vl:J . 
Hg(;fJ;) 

~(.lV); 

Rb(J;;L~.) 

AU(J::t~) 

.t-to(V.I)~ 

V(V) 

2.i(%:t::t) 

.Pl:>(ll:} 

Sn.(IX) 

· ~1g(I:I) 

Z:'(.IV) 

cr(;t;ti) 

Ag(IJ 
* Fe(Il:t) ... ** 

cucnJ 

Amount. 
tolerated 
( ;4 g) 

3000 

,3000 

.. 3000 

3000 

.$000 

.. 3:000 

.. 3000 

.3000 

.3000 

3000 

3000 

3000 
. 3000 

:sooo 
2000 
2000 

2000 
Jooo· 
3000 
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pe~ermiJ;lai;ion of palladium !n synthet.ic miXt.ure;s 
(1\Verage of three detern"~inations) 

Ccmposition 
(amount in f-'-9) 

AlWZIIS baa , 

.Pelladium found 
(jAg) 

., 

----~------------------------------------------·---------
1_. ~0.20) + l?e (250J 

+CU(2SO) 

3• ~d. (120) + Ni (250) + CO (250) 

4. pd.(l20) + zn (2.50). + c~(2SO} 

5.. Pd(120) + ~10(250) + V(2SO) 

6. pd(J.20) .z~ Hg(250} + Cr(250) 

11s.s 

120.0 

ll9.o 



-l: 
J' 

Palladi\ml 
taken (ftg) 

60 

120 

180 

~l •. S, ·oo.o, 58.'0. 59._.42 

s9.o. Go.o, sa.o 

1~2, 12.2~5, 120 •. 5 120.,5 

119, 119, 120 ,· 

l82L 1eo.$. 180 

181f 178~5l 1771!$. 
179~.92 

--- -· "F .... 

114 

std •. Dev. 
·~f' 
1'.0' 

.1~35 

1.20 

1.es 



..... , 
·~ 

) ~~ t' -~ 

Table a. comparison of the Present method 

~-~·------ --
Ref.. Reagent pH A max Ivloler 

abso.r1:)ti vi ty 
:tnterfe:rence .. .......... 

2 AS '!II ·go 3 * * 1L- ~ 49. Ison'.'!.trosc-, pH •. o.,- .. 0 .;,1• x 10 cu , Hg, Co , P""""' an'"' 

so. 

51. 

52. 

sa. 

thiOC?fC!Phor SM HCl s 0 2 3 

2•(2-benzothiezo­
lylaZo)•S.dimethyl• 
emino).benzo.:t.c acid. 

Benzyl dimathyl-. 
phenylemmonium­
chloride 
3-Acetoxy-7-
methyl phenothiazine 

o-.Mercapt~ .: · -. --> 

·;S,d'etoade£~j]~i¢l.e. , 
- '--··----- ~ ...... : -- ;_;__ ·. 

Present method 

2·6. 

s •. 4 to 
s .. s 
o. s-. 
4•0 

695 

450 

5SO 

lower pH 516 
in HCl 
medium 

0~5-3~5 400 

* ·masld.ng agents used. 

. 4 
4.96 X 10 

0~534-x 104 

- . 3 
7"4 2t l.O · 

7,57 X 103 

9.6$ X 103 

* * * Ag (I), CO (II), Ni (II), 
os* (VIIJ:). pt* (IV) at.'ld 

v*·(VJ ' ... .. 
(common fens do not interfere) 

. ... 
(conmon cations end anions do 
aot interfere) 

nil 
(for noble and base metals) 

*< ) * ' Fe III ,, CU , s 2o3, EDTA 

, f"'GG4o·f-- L --Q ........... ._. r-.: --- L 

I-' 
~ 
c:n 
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Quate.rnexy arrimonium salts ere very popular analytical 

reagents for the spectrOphotometric d~termination and detection 
r< " , ' • ' • ' 

of a gocid.number of .. rnetals •. ouarte~~ anmonium salts with long 

car:bon chain have, an af~inity t<=! form ton-pairs with .. large anions 

and these ion-pairs are'solUble in organic solvents. ~his prcperty 

has been applied to 'the separation of number of metal. ions. cetyl ... 
. ' ' ' ' ' ' 

trimethyl anmoniurn brorn3.de · (C'rN3) belongs to this catego3;Jio 
' . 

A• x. K.triav et . al :a;. deter~ned ur~ium (VI) by using 

bromopyroga~lol r~d end a:IlAB at pH ~79 ~he CO!!!Plex absorb$ maximum 

at 635 run. .·Njobi-~ (V) t'llas ~etel:'mi!led2 spectrophotometric~ly by 
' , , ' I ! ' ' • • I · ", f •' ' • ' l ' > 

using various organic dye:;; in presence ()f CJlAB~- ,A sens.:Ltive metllod 
' ,' • • . ' • I 

was suggested by Jadav and. venkateSt-rarlu3 for ·too d~terminat.ion of 

n.tobium.- · ~he molar a:bsox:-pt.:tv.ity. of the niobium-~:romopyrogallol 

red-W£A system \'t.ith CTAB was ·1 •. ss ·x .105 at 620 nm, This method was 

applied to tne·analysis o£ steei~ 

T)le 112 ion ... ass~iation c:cnu;)lex of rare earth mstal 

•m-cresolphthe~exon corqplex td~~h Sl'PJ3. has been investigated by 

shanlina and . l<!ri~~4• chrome AZ~ al and ~~5 ~tere u~ed for .the 

photcmetric determination of ~utheni~m at pH 4•6""'5•6• '.t'he ccmplex 
•.1 , • r • . ... ,. 

8bsorbe.d me:draum at .610 nmf;!· Tellurium ('I.V) w·a$ deteimined6 

spectrcphotometrically t-lith the help of iod:lc:te end crR.B. ~he complex., 

extractal;:>le in to CH.Cl3 . sb~orbea at 630 nm ~1.ith molar ebsorptivity 

s. 9 ~ 104 l mo:t.,.·1cm~~ • A spectrophotometric rrethod l'\Tas devised by 
.. 7 . ' . .. 

Gordeva et al for vanadium~<·v).· 1'he reagents used \'l1ere pyrocatechol 
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v.:Lolet and CT~. The complex· ~hewed maximum absorbance at. 670 nm 

with pH at s. o_.. 

·s . 
shen. Hanxi determined zirconium ~ectrophoeomet~ically 

with .!;lalicylfluoJ;o~e ana .c;TAB~ The c.:omplex absorbed at 512 nm 

with molar s,bsorptivity 1 .• 36 x a.o5 (in 0!)3 M HCll~ 

Guanghuj. e.t al9 de~e.tTflined tin spec.traphotometrically with 

salicylfluorone and CTAB. in metallic m~terials. Tl)e\~:;complex exhibits 

maximum absorbance at 510 nrn (in o. 5<i!-7~P l'l H:aso4J. 

HanXi10 determined tungsten by dibromo alizarin violet 
> • I • "1. ' ' .' • • ~ • • • • • r • ' ' • • '0 < • • • ' ' • 

. and C'l'AB. In ll"l HCl rreOium the wsDEAaCTAB ratio was found to be 
• ,- ~ r' • • • ' .- . • • • • : • • • " • . ...... - • ' .. • -· - • • • • • • • ' • • • • 

2;~.;,6 •. .'J:'h~ l?~~e co~i~ ~~orbed .maximum at 6?0 nm. The molar 

absorpt.:l.vi~y wa.s 841 ~ x 104• 

Or (VI)•bromopyrogaJ_l.ol i:ed~C':f.'AE i;;ystem has been investigated 

by H~t:dgeng. ~d .Guoquan~~ • C;' (V~) .fo~s. a 1 ~3 complex with 

Bromopyrogailo; red i~ p~esence . 9f g.cAB·, The abf,3orbance Ylas measured 

at 635 I'.!I!l with molar ab::;orptiv.ity 3.64 X ;1.~4 l .. mol""1cm•J., 

weiwa et al1? p~oposed a photomet.l:-ic ·method for the . 
' ' . 

determination of t~tani~ using o-nitrqphenyl f:luorone anq CTAB. 
I 

The absorbance of the complex was measured at 5.35 nm (pH l~ 5 ... 2. 0) 

·+ . with molar absorptivii;.y 1.·3 x lOS i m~l~~cm-1 .' 

: ' 
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Daopei13 determined Vanadium w~th Erichrcme cyanine R end 

CTAf?, at ~ 5-6. l\}::)sorbance i't1as measured at 595 nm td. th molar 

absorptivity 6• 63 x 104 l mol•1cm--:L_. Oihe~gl4 determined Hf 

spectrophoto.metrically with bromopyrogallol red and CTAS or 

cetyJ..pyridi~ium b~omide. in 0• 2 l-1 HCl m~dium• The absorbence Of the 

complex v-tas fo:una at 670 nr£l with ,molar .absorptivity 6,.3 x 104 1(~71 
crn~1 ., 

lS · · · xue Guang studied the colour. ~act~on of thorium with 

sem~ylenol orange 'in presence of C~~D. At pH 1~5-4.0 the ccmp!ex 

thoriUJnto.foierniXyl~nol orange ratio 'lrtas found to be 1c.2 ~'t1i·th molar 

ab-sorptivity s" s x '104 l. rnp_l .. 1 c~·1 a;t ·sso nm9 

Bismuth in ·tin t'las det.ern:ined spectrOphotom.strieally by 

A.T. Pilipenko et al16 using poiysulphice ion and ~AB. ~he com,plex 
' . 

absorbed maximum au 440. nm. ~·pe _solvept. used ~'las CHCl3111 

. . 
Alum;.tnium tve.s dete;onin~d spec:trophotometrically by Zhe 

and Shuisheng17 using_ saJ.icyl fl.uo?"ope .anc:S €1'1\E• 'l'he complex 

exhibits maximum abs.orbance at 559 nm ~1ith molar absorptivity 

1,4-x 105 i mol•1cm•l at P» 5•7·6~5• 

The reaction of 1-\l (I_:t:t)18 with sodium 2-bromo-4., .5 dihydroxy 

benzene•4• -sulphonate in the presence of C~P..B has been studied 

spectrophotometrically. Ma."i:imum ·absorbance \'leis found et S27 nm in 

the pi-1 range of 6.7 .... s.·o_. 

Li Shaoqing et ~l19 .have made en investigation on the · 

spectrqphotometric-deter.mination of Vanadium (~V) with 04phenyl-
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~he molar absorptivity o£ the complex was calculated to he S x 104 

l rnol•l cm•1,. ';ehe method t-1as applied in the determination of V(lV') 

in minerals-, rocl"~ end coal •. 

.Rhodium t-ta.s determined spectrophotorretr!eally by the H\1 

Sholmm et al20 using sali~ylfluorone end CTAS. l'he c:omple.x has 

,me.~imum absorbence . at 595 nm. . 

Jiang Shuf a ert al21 determined scandium using 7-.iodo.-S• 

hydrc,xy~inol.ine•S•sUlphonio acid . and CTI!.S·~ ~he ccmplex exh.ibi t.s 
' . ' 

. clun z±ruo22 described e spect~ophotometriQ method for the 

determination of tin with ~chlo~oph~nylfluoron~ a~d C~~~. The 
l • ~ • . • ' . 

comple:t has ·an absorption ·pealt at 520 nm t-rith molar absorption 

coefficient o,., .. 97 x 105 • 

Zinc -vre.s Q6te:r:minea23 ·with chrc.'lne zyral~s-.eemi'-xylenol. 

orenge ... c~P.B spectrophotometric ally,_ . ~he absorbance was measured 

at. 525 nme~ ~e molar absorptivity t-:.as l•la x 102 1 mot""~cnt1 ~· 
0 . 

Yang suqing .et aJ. 24 ~~ermined micro arnot.m ts of Qu t-1itb 
. . 

4t S...dibromopheny l . f luorone in pl!~sence c:>f CTAB ~ The oanpl~ 

absorbed max:I.mum et;, 590 nm (pU 5\110)• 'l'he molet ebsorptivity 'l'l~S 

~.~ x 105 ~ mol-1qm-1~ 
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Hu Shoukun, et a125 carried out the speci:,ropnotornetric 

determinai;ion. of l?d(:tl) t..rith .P-aminophenyl fluorene and CTAB. ~he 
' . 

~d (l.t) :PAPF t-.Tas :found to be 1 ;3. The absorbance v1as measured at 

593 nm (pH 6 •. 9;,.7.8) with moler absorptivity 6,56 iK 104 1 mol•3·c::m·1 • 

26 . . 
cao-Shiti et. al used S...ni trosa.J.icyl f luorone in presence 

of_~~P~ to determine spectrqphotow~trically Ga~ The complex showed 

rnaJd.mum ebsorbance· at 555 nm with molar absorp-tiv.tty 1. 91 x 105 

•l C:>l l mol em • 

. Ren Xing et a127 have suggested a metnod for photometr.i},~ 
. . . . ·- .' ll' 

determination of. Zr t-t.:l.th chlorophosph9nS.Zo.ioD~C ~d C,',I'AB~ The c~lex 

absorbed. tV"elJ. at 650 nm tvith ·mol~ absorptiv:i:t.y 6~3 x lQ4 1 rnol~fcrct1• 
' \ 

. . . . ; \\'\ 
. 9•(p•fluoropbenyl) f1uorcne28 and GTAE.were used as reag~ts 

:for . the deterrninat1on o:E Ge at S~S ":' The mol eE ebsorpti Vi ty , .. .~_ ;;\~S 
calculated to be 1.5 .x 105 l mol 1cm- 1

o . . ,. / 

. . . . . . . ·. . ' . . .· .; ; ~ \ 

' 29 . . \ 
Mo ... ~'Jetming et al spectrophotcmetrice.J.ly determined,~· , .I ·~~ . ·:.' ~\ 

molybdenum using G-hydroxynaphthylfluorone end CT.AE• The ccmple~\ . \i i\\ 
. I ·,' . \~ . ~ 5 ~~~ 

absorbs at 514 nm and has molar . . .. absorptivity of 111!.11 x 10 /~~~··) ~\ 
I \ \ 

:eeer• s lE;~\1 is obeyed in the range 0 to· 10 h g M0/25 ml. .. ; \ 
/- :\ 

I ' \ 

'l'~"lg. ~angqiang~0 devi~ed a methoo for determination of Ge_ \ 
\ 

trrith vanillyl i:luoron~ and C'r.t'.B in 0.4:8-1 •. 92 mol I-!Cl/L• 'rhe ccmp'le~}\ 

The molar absorptivity was )~0; sna.red maximum ebsorbence at. 510 nm. 

s •1 -1 found to be ~.24 x 10 J. mol ·em · • 
.(\ I \, 

~ 1\ 

\ 
~\ 

- \ 

\ 

\ 
j 
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Here C~AB f.:?.nd$ applications in the e~traQtion ano 
spectrophotomet~ic deter~~nntion of bisrr~th and copper in qptimum 

conditions. 



127 

Extraction~and sp~~oQhoto.m~tric Deter~nation o£ Bis~~ with 

,£etx1-tz~methy~arm;oniwn !?.FJ?mide jC'l'I\BJ 

Introduction 

~rom the literature $urvey it has been Observed that ~i6~uth 

has en affinity to form complexes with different orgapic reagents 

lilte d1 th.izone~ dithiocarbarnate$.. S•qUinolinol~ bromopyrog al~ol 

red etc. In most of the cases, the efter-extre.ction organic phases 

have been used for the colour.imetr.ic determination of the metal. 

some of the methods are mentioned here • 

. D1thizone3~·has been used as a reagent for the spectre• 

photometric determination o£ bis.muth._Xhe bismuth•dith1zone complex 

t1as extractable into chloroform sha-ring i~ absorbance at. 500 n:-n. 

e-quinol,i.nol;32 is another reagent that tiTas utilised for the 

determination of bismuth at a pH of 4e0• Xhe ocmplex tiTas extracted 

• into chloroform and absorbed tiell at 395 nm, 

Diethyldithioca.r~emata3a forms a compleJC with bismuth which 

is extractebJ.e into car.bontetrachlor.ide!J 'I'he cunplex sb"-'1ed strong 

absorbence at 370 nm ana 400 nm. 

2•mercapt.c-4,.4,6 .... tr.i.methyl-lH, ·4H-pyrimidine has been chosen 

c+ as a spectrophotometric reagent. for Bi(J:Il) by Singh Aja.i I<. et e134• 

'l'he orange red complex tv as extr ~ctable into chloroform from lw s-

3.0N perchlol:ic acid.o 'l'he complex absorbea v1ell at 500 nm •. 
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KotC?lyanskaya X. :,t() et al$S c~r!ed out the solvent e~tra.cticn 
~ of aisrouth using lurnogallion and diphenylguanidine. ihe metela 

ligandsligan.d ratio t-tas zound to be 1e18l- Xhe pli t'las adjusted 
I 

between 1•8 end 2. o,. The complex absorbed t1ell at 490 nrn •. 

Gorene D. et e136 prepared a method for the spectrqphotometric 

aetennination of bismuth using ammonium tetJ:"amethylene ditb.'J.oearbe­

mate in excess. The spectrophotometric determination of bismuth with 

diacety i monoxime•4-phenylw3..-th.iosemicarbazone t1os carried out by 

Cano Pavao Jc.M. et aJ.31 •. 'l'l'ie matal a ligano ratio was :found to he 

la2 and the c::olilplex t'fas extracted into srayl alcohol t'ITith an absor­

bance ·at 385 !lm• 2'111!3 Beet's leTJo.f was obeyed upto. lolO p,t;m· Eismut;b. 

Nenova P9 et ~38 investig·ated the spectrophotometric 

determination of bismuth with diethylene triamine pent.sacet.tc acid. 

~he complex was stable in 1 .. 6 M aqu~ous HClo4~ The comPlex absorbed 

well at 210 mn. l3eer1 s !at~ -vtas obeyed over the range 1•40 ~ g/ml. 

Bismuth (Ill) was extracted by coprecip!tation of its 

2-mercaptobenzothiazole ccmpl~ with naphthalene by satake 

t1osatada et a139• 'I'he absorbance of the complex was measured at 

394 nm at the pH 4.,5 • .Geer' s law t-ras obeyed over the range .from 

10 to 100,?-9 B~/10 ml~ 

l?rooedures based on the fo.tmation of aismuth (~:txt) complexes 

t>1ith chlorophosphonazo IU. and cetylpyridinium ch1oride40.., 

bromopyrogallol red41, d!pyrazolon~lhexyl methanol42, ,dietbyl 
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di tbiocarbemate 43
1 3•met.hyl•11 2-cyclcpentanedione c1i thiosemi• 

carb~cne44, iodide &,d rnoda~ine e45• pyrocatechol violet and 
47 

tridodecyl ethyl ammonium brcrnide46* N•benzoyl•N•phenyl hydroxyl amine, 

have been suggested by various ·workers. 

Vakhsyshiva ~ ~ et aJ. 49 photometr.:l.cally deteri'fl.ined bismuth 

in nonferrous metallu~ products. serrol F, Bosch et a149 

determ:l.ned bismuth by using o.s~ Sn(I;J:)4' O.,lM Sn(IV); lr1 H(:l; 2 ml. 

polyvinylalcohol end 2 ml se (IV)' sc?lutions at pH o.s-1~3· The 

absorbance was measur~P.- at 38'0 nm. L':!.grawal ,et a150 
USE;)d N .. m­

tclyl~p•chlorob~n~ohydroxamic acid and xylenol orange for B~(III) 

determination at pH 4,5 t>lith (\,m~ S3Q nm for the spectrophotometric 

determination of bismuth in the pH range 2,2..,6• 6 t"tith absorbence 

at 362 nm. Salim Rodi et a151 carried out the photornetr~c determina-. 
. ' 

with its absorbance at 583 nm, ~he spectrophotometric determination 

of Bi(III} with pyr6carechol derivatives was invescisated py 

_.. Guseinov J.-1'~ et al52 at. pH 2~ shci1ing .the absorbance at 540 nm. 
' 

Bismuth t-1es deterr:.ined spectz;ophotornetrically by shcherneleva G.G, 

'et a153 tr;.ith the phenyl hyarazones o£ l 1 3,3-trimethyl-2...,formylindoli­

niumperchlorate. Zh~g Rende et -a154 proviced a method for deter­

minati.on of bismuth ~1ith alizerine violet in presence of N-cetyJ.-· 

py.r:Ldin:l\lm chlQride. in the pii range s-s.a. The ab$ork>ance was found 

~- -at 620 nm. N·n~cetyl aniline was used for spectr~hotornetr:lc 

determination of Bi (Ill) from HCl media in benzene solvent by 

~-'lulilt G• No e~ al 55 
• 
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E)ttraQt.:Lon pl'lotomet:ric determination oli Bismuth t'1$S t..ro~ked 

out by Presnyak I,s. et a156 with tetramethylen~ thiourea and 

.iodide from-~ mol~ 1f1.2so/L solution into dlloroform e.t 495 nm. 

Beer• s lalt was obeyed for 2•50 P- g Bi• 

.. 

Burns D-. ~horburn et e157 determined bismuth spectrophotO!oo 

rnetr~cally using hexadryl tributyl phosphonium tetr~oQLde end 

. microcrystalline benz~henone• The ccnplex e~tractable i..11to 

cerbontetr'e.ch.loride, Xhe absorbance of the complex t-'las measured 

at 495 run. 

Rakhamai;.ullaev I<. ~t a158 used 2""'(~-pyridylazo};.S;-diethyl ... 
~aminophenol, .Singh I shit& ~t. al SS) used 2~ 4#. 6•t.t"is (2 ... byaroxy-4 ... 

· · ~ulpho-1 naph:thylczo)•l.f3·;..~•tr!ezine trisodium salt and Honova 

Dagmar et a160 utilised pyrocatechol violet and s~ptonex for the 

spectrophotometric determination of Bi(IJ:l)• ~he absoJ:bence:;~ of 

'the cornple&eS were ~asured at 560 nm, 530 nm and 6!2 nm respec• 

tiveiy. 

Spect~ephotanetric aeterminQtion of bismuth 'L17i th Q.wni tr~ 

phenyl~~uorone wes.invest4gated by zuosh!yu et a161 • ~he pH range 

was. chosen bet"t..reen 3.•84.,..2.34 end the absorbance vJes found at 53~ 
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determination of Ei (III) t-tith 2· (3. 5-dichlo~o-2-pyridyl~o)-s-

(diethyl amino >-poenol-, in the pH range oi e. s ·to 9• s and sh~ing 

the ebsorbance at 580 nm. The netal a ligand ratio t'17as found to be 

1;4 and the molar absorptivity was calculated to be 1•32 x 10~. 

Zhou Nan et a163 investig~ted a s~udy on the spectrcphoto­

rnet.ric determination of Pismuth l?Y \!Sing .semixyleno.l orangEh ~t:. 

formed a 1 a2 complex at 1, S M. HC1()4 with absorbance at 540 nm. 'l'he 

molar absorptivity was calculated to be .4!2 x 104 l mol•lcm~a. 

I-\Jonova .o. et a164 suggested a $~Ctrephotornetr.:tc procedure 

for the determination of bismuth 1i1ith phenyl fluorescene end quater• 

nary snmon'ium salts. It i·ras a r~d colocire·d ia1a2 complex (BiJPF·f 

GAS) t-1ith absorbence in the region 550•560 nm. '!'he molar ebsorpti•· 

V'ity value ~1as 411!67 x 104 em3mol-l.c:m ... l. 

In the. present investigation bismuth has been extracted 

~. a.r.td detemined spectrophotome·t.rically wi1:h C:r'AB• 

l : ·-
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AB:!2fUZ',etus and Rea.~en't$~ .. . . 

Absorbance .msasu:rementa were carried out ttith a Shinr-adZu 

PRiiio'1 model spectrophotometer equ,ipped t'/i.tb stoppered qUa..ri!Z 

cells of 10 mmQ optic~ path length• 

A stock solution of bismuth was prepareci frcm bisznV.th 

trichlqride end standarW.sed. z~ wcrr..ing solution of Bi (:tZI.) 

(14~ .. :24 ppm) .was prep€;!red by appropriate dilution. AqUeous solutions 

of cetyl· tr.imethyl ammonium b.t'C,!!!ide (CTJ.\13) (04!.:J.%) and potassium 

iodide (~ ~ t<1ere used. 

Chlorofol.'ln end ot.hel::' ·solve11~ tveJ;e di~.ftilled· before us·e• 

Buffer solution (pH· 5h prepared ~Y the standard zrethOd,. t-r~ 

used to adjust the acidity of the aqueous phase101 'Xo .study the 

inteferences; standard solu·cions o£. dive.rse ions tt.Tere prepared 

from their corresponding salts. All ~ther Chemicals used~ were, 

of analytical grade, 

' r-··.:n...-'·7-.... -~:-o;,..:?:c·'<.,- ~,-:;.-'".,i· ' .•• ..t 

::~~~~~~if .o£ b.ismutht 
' ::.::-::~~ ~..;.~-- :::: :; ,.; . -..;; 

To an aliquqt containing la0.2 p, g of bi.smuth(XII) '<vere 

added 2.s ml cf pota$sium iodide# 0~2 ml of c.etyl t,r.ir08tbyl. ammonium 

bromide follo;.~ed by adequate an·.cunt of buffer to maJte the volume 

of the aqueous phase up to 10 ml and left for 1 mdn to ensure 
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CCIDJ.'Jlete corrplexation~ Finally it. \'las equilibrated lltith chlo~ofo.xm 

(10 ml) for 30 sec0 !.Lhe orenge organic iayer was shalten with 

anhyarcus sodium sulph,ate to rernove any .ret¥ned ~11~ter droplets. 

The ebsorbance of the c~loro£orm extract \'las reed at 490 nm~ 

against a blenlt. Amount of bj,srnuth lt.ras deduced freta ~previously 

prepared calibration curveo To s~udy the effects Qf <iivers(:;l .;t.ons 

the desired foreign ion was added to the s:v,stem be£ore eCidition 

of the reagents. 

RESULTS AND DISCUSSICN 

tVhen potassium icC!.iae in excess is added to an acid f3olution 

of bisnruth(Il'I}# a yellOi:J to orenge ~oloure.tion ·due to the formation 

of tetraiodobisrnuthate(III)~ £Bi';f.4 J-is produced. 'rhis complex 

:L$ not cxtract~le into chlo:coform. ·en additig to it an aqueous 

solution of cetyl t.;'imethyl errmonium bromide (CT.~), a..Tl. oral'lge 

preCipitate completely soluble ~n chlorofo~ is obtained~ ~hs 
. + 

precipitate is an ion-assoCiation complex of the type c~~J' -
Ca.:t;~;4 J «~ 

~he absorption spectrum of the b.ismuth (J:J::X) complex .in 

chlo.'i:'oforin against a blank w·as tal~n. M~mum ebsorptior~ of the 

cozr-f)le~, as seen ·f::om the spect.t1Jljl1 takes plece at 490 nm ;fig~ 1. 
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' 
The .reagent blank preper:Gd unaer sirrdlsr c:onaition does not have 

· /~ any e.QsoJ:ption at t.."lis "t~ave len~'th• 

The ext.re.Ct:lon of biemuth in te.rms of absorbance 1rtas 

investigated in the .r.fi renge Q•12., Although extraction starte frcm 

pH 1~ the orgal"lic extracts shot-red maximum e.bso~t:lcn irlllen the extrac­

tions t-rere ~arried out. from aqueous solution end adjusted to pH 4-5. 

~be a~eous phases, after e~tractioni were free from bismuth. ~his 

,;_._ indicated a complete md qua'lt.itative recovery o£ bismuth in this 

condition. EXtraction of. the metal hov-tever cecreases beyond PH 5~ s. 
':Chis has been sho .. m in T~le 1~ Fig. 2,. 

Effects of solventsa ........ 

Ap~t fr<-'m .chloroform~ sorre ether organic sol•J"ents like carbon 

~etrachloride~ benzene aQd ethylacetate were tested as.extracting 
' 

solvents. The· bismuth (XIl;) conplex t-then extracted into ~hloroform 

shC'\'led maximum absorbance. The. comple..<tt lrTas not e~tract.able into 

carbcn tetrachloride,. Hence chloroform t-ras used for ~l').e pu:t:pose.t 

'l'he eff'ect of •eagent concentration on. t.he ext.ractj.on 

behaviour of bisrrtUth -vras stu~ed by using different conc:entr ations 
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of Q$tyl t~.imethyl e.mmonium bromide (C~AB) o~ potassium iod~de• 

One veriable was varied, while keeping others constant• :ct. t'laa 

note<i that lt~S ml of cetyl tr.:tmethyl ernroonium brorn:Lde (0.1%) along 

t..rith 2 ml of potassium iooide (2%) toJes sufficient to extlt"act; 160 

ft g ot: bismuth in a single operation. Use of leas then 1. ml of 

cetyl trimethyl arnmonium bromide showed lot-J aklsc~bance of the 

corni>lex; although .increased C1iJOC~ntration of cetyl trimet.hyl 

ammonium bromide (ur,to 5 ml) produced no signi,ficant. effect C(l 

maximum colour develOpment. Results are. ~hot-m an ~able 2 end 3, 

The absorbence of the chloroform extrec:t showe<l a l;Lnear ~sponse 

over a c:cncentration o;f 25 ;ppm of bismuth. 'J:he molar absorptivity 

of the c;omplex (on the basis of metal C:Olltent.) ~1as c:elciuleted t:.o 

be 0,..922 x 104 l mol•1cm•1 with ssnd~ll;' s aensitivit:-.i o. 025 ,P-gi 

cm2• Beer•.~ ~a'{fJ' data are til'bulated in Table 4, F:l.g~ 3• 

'l:he absorbance of Bi (,;:tl)""C'l'l~ complex ill chloroform was 

mea:?ured at elapsed interval-s of tine and the colour intensity 

we$ found to.be stable fQr et least 6 hours. ~his hna been showrn 

J:nterfe.rencer 

The effect o£ foreign .ions was studied by adding <l!ffer~"lt 

amounts o£ foreign ic.ns to. 3,60 ,P- g bismuth (;!:II) and d~termining 

the bismuth :Eollet:Iing the recommencled procedure/it It t-tas fc~d that. 

the foll~ting ions did not inter~ere when present ±n m9 mention~ 



\ 

' f;J/IJ> 

136 

in tl'le parenthesis. i'G(::tiJ:) (2), I3a(IJ:) (~'~ CU(Z.X) U .• O), Cd(I:t) 

(1~2),. Ni(II} (2~ 0), .Ca(II) (2 •. 0), Co(Il) (2~ O), Th(J:V) (2ii0) 1 

sr(:t;J:) (2* 0), zn (II) (2.0), U (Vl) (2~0), Hg(II) (2• 0), Pd (·II) (l.o),. 

Pt(zy) (l~O), Rh(I;t:t) U .• o),. Z::(IV'} (2.0)# Mo(V:t) (2.0), AU(I;t~) U •• s), 
' . - . - ·, 

V (V) (1,$) # ~9 (Z) (~~ 0), $n (IJ;) (2• 0), Mg (Il} (2. O)t Pb (11)(2-.0)., 

C:~ (~I) (2. o )., NitJ; ate (4• o) f fluoride (4• o), ars~nete (3• 0), 

aecorbate (3 .. 0), tart~ate (3.0). ~itl:ate (3.0i.t borate (s.o}, 
thiocyanate (3~ O), .b.~ornice (1, 5) and phosphate (;t.S). Howeve;­

oxalate and :ED~A .interfered• Whis has been shet'ln .in ~ablEl 6t 

In absence o;~:· real samples the propose<,l met..llod was tested 

to estimate microgram amcunts of bismuth f~om scme syn~hetic 

miXtures, as shottm in Table 7., 

Precision and aecurac;g : 

The p.;-cposed mathod t\fas ·tested by analysing solutions 

conta.tntng a lmotm amount of bismuth (.IIi)t from the J:e:;iults shewn 

in Table a, the rnethoo seems to be fa;J.rly p~ecise and reprOducible, 

requiri!19 l?-ardllf 10..1$ min. for @aeh ;J:un• 'l:be me1;'.hod has ~so been 

,conpar~d t,ri th acme other existing met.hod$o 

comparison of the method 
>I 

The proposed method is simple« rapid ~-~ conparable t-Iell 
"-At{ 

vii th acme other exis~.ing methods as shCMn in 9?al;>le 9• 
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Variation of absorbance with PH of th$ a.Cj\leoua phase· 
C_rxbe aqueous phase (10 ml) contains 160•2P. 9 ~ · 
13i(lllh 2•5 ml aqueous s9lution (2%) of l<l end 0 .• 2 ml 
C'l'AB (0 •. 1%) J' . " 

- -
Absor:bancei pH Absorbance 
at 490 nra . ~X~ 490 nm 

-
liD 4•5 0.,632 

o,1oa s.o o,632 
o.2s2 s.s o.sgs 
0.322 6.0 o.S3G 
o.442 7.0 0~472" 

0-504 8!0 0,346 
o.sQa 9.0 0.252 

0~630 

Ef~ect of cetyl trimethyl ~amonium bromide 
concentra~ion. ~The aqueous phase (10 ml) 
(pH•5) contains 160.2?.9 o:i; Si (Ill) end 2, 5 ml 
aqueous K:t (~J7A.queous solution of C.TAB (0,1%} 
was used.; 

- -
C'l'AB added Absorbence W,CAB addec1 .Absorbance 

(ml.) at 490 nm (ml.) at ll90 nm 
~ 

o,.:t ... 1.8 '0.632 

o.2 0.108 2-.0 o.tSao 
0!3 0.150 2~2$ 0,632 

o.,4 ~~,: 0,250 2-S o.632 

0.6 o.s6o 3.0 0._630 

· o,e o.460 3,·5 0~632 

a,,o 0~504 4.0 o.630 I 

1.2, 0.600 4~5 0.632 

1,4 0~630 s,o Oe.630 

:h6 o.634 

-

-
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Effe~t Of(!j~'t;-essium iodide concentration c~U'A$ 
aqueou~ phase' (10 mll (pH•S) contains 16Q•,2rr9 
of Bi (!II} and 2 ml of ~Al3 (O.l%)..]Aquecue' 
tq (2%}. was 1Ule4. 

... .;; 

Table 4. :SeeJ:l S laT:1 data 

Amount of Absorl:>ance at 
Bi ppnt v 490 nm. 
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-------------------------------------------------~------
2 
4 

a 
12 

16 

20 

24 

o.o5s 

o.1as 
0~345 

0~495 

0~630 

o,7o5 
o.96S 

------~--·---------------------------·----------------------------

·. 
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Time in 

V~iation of absorbance of the Bi (l:I:X)<i!-~~AB 
conplex t·J-i th time 

hcurs .1\bsorbance a~ 
after e~tractio.n 490 nm 

o.:as O(t630 

o.s Owj630 

1 0,632. 

2 o.630 

4 0.628 

6 o,62e 
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TCJ.bla 6 w •. I::ftect. ot:; diverse:ions· for the dei;e~ination of 

160 r ~ of bismuth (~II} 

140 

--------------------------------------------------------

' 
Arsenate 

Ascorbate 

~artrate 

citra.te 

sorate 

Thiocyanate 

Brom:i .. de 

:Phosr.hate . 

Fe(:tl;) 

Ba(J;I) 

Cd(Ill 

Ni(IX} 

ca.(~:t) 

Cu(II) 

Ag(l) 

Amount. 
to1ere~c1 
(fc- g) 

4000 

4000 

4000 

4000 

4000 

4000 

4000 

3500 

3000 

3000 

3000 

3000 

~500 

30()0 

3000 

1500 

1500 

J?oretgri ion 
.. added, 

,.,h (l.V) . 

Sr(Il) · 

Zn(IX) 

U(V~) 

Hg(:tJ:) , 

Pd(J:ll 

l?t (:tV) 

Rh(J:IiJ 

Z~(l:V) 

Ho(Vi) 

AU(IIZ) 

V(V) 

~(X1_) 

I•lg ( ::ti_) 

l?b(II} 

Gl:(l~:t) 

CO(I:t) 
( 

Amount 
tolerated 
(pg} 

30QO 

3000 

3000 

300.0 

3000 

1500 

lSOO 

1500 

300Q 

3000 

2000 

2000 

seo.o 
3000 

3000 

3000 

3000 



Pet.e.rmination of bismuth in $ynthet.tc miXt;uJ:es 
(average of three aei;eJ;minat:.ionsJ 

Composition with 
amounts in ( ?- g) 

a. BJ. (123 • 2) , l?e (2 oo}; N i (2 oo l. 

3. B1(123+2), Zn(200)t Mn(?OO) 

4. Bi (3.23~2)• Co(200)• Pb(200) 

S. Ei(123.2), Pd(200), P~(200) 

Bisrm.tth i:ound in 
. (pg) 

120.5 

l24.s 

122.5 

•• T.! T P i-*1-

141 
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Table e~. Rep:a:oducib.:Lllty of bismuth reeove~ 

:_f .. - --
Bismuth t~en Bismuth found Me en Std• Dev. 

(f. g) (,?-g) t"'g) (%) 

--- 1P 
p -

60.5, 6o.s. 62.-0 
61~62 61.,66 1.oa 

61.51 Q2. $ii 63.0 

12o.s. 12241Sf 124.0 
12~~24 1 . ' 122.11$ 1.29 

122.0, 121.0 123oO· 

161.5t 1ss.s, 160S'5 

-~ l,6Q,-2 
'' 160.15 1.33 

161.o.~ 162.5,. aeo.s 

22e.s, 22~410~ 223.0 
221.e 221~42 1.11 

221~0~ 222~0 220.0 

-
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:. ·B.i C:t~l}. 
«.rable 9., _ Corrparison of the present method 

J( ·f: 
' 

-~----------------- -~----- -~-~ ~--~~----

Ref. Reagent 

34. 

61. 

63-. 

65. 

66. 

2-mercapto-4~. 4j 6 
-trimethyl•UI, · 
~""'pyrimi&ne 

O.nitrophenyl 
'fluorene· 

semixylenol 
orenge 

-rribromo-
ehlorophosphonazo 

n-sen~Ot!-PEC 

Present method 

* masking agents used 

pH 

1.s-a •. ON 
perchlo.ric 
acid 

lo84-2.-.34 

1.8M . 
HCl04 

2Q4 

1.2N 
HCl04 

4,..S 

'A max 
(nm) 

500-

532 

540 

640 

6$2 

490 

Molar Interference 
absorptiv.ity 
(l mol-.1cni~1 l --· -
12700 

1~os x rio4 

4 
4~-2 X 10 

l.OS X lo5 

g._o-.~ 104 

8220 

Nil 

Ni.l­
'(interference of 
most of the cases 
·of metal ions 
bas been elimi­
nated} 

-N~~+2 

.,~1, 

Nil 

('l'he common ions 
do ·not interfere) 

OXalate'" EDWA 

I-A 
~ 
c,., 
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-_&ttraction and spectrffihotorr.etric Determinat;.:t~n o£ Cqeper 

~ip~ £ety~~E~metqyla~cnium Brc~. 

.Introduction 
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'J:here are nurr-I'S!rcus met.hot~s which h~ve be:-en su·ggested for 

.the separation ana c~terminat;!c-n of copper by 'liquid-liquid 

extraction~ ~he prillCipal rnethod used· for such extraction 

p.roce<.mres involved the utilization: ct; V''€ll::.icus organic res.gents 

like J3 =dilt~·tone •. mcnox:tme. diox.ilre. nitrosophenolq clithizcne,. 

di.thiocar.ba;·nate and other miscellaneous .reagents as _·the chelating 

cgen·ts., follo~ved by phot.c:met.r.ic determination of t:;."le metal. '!he 

j_cn asscc.iation system involved the utillzcrt.ion 6£ thiocyanate,. 

halide., phen.enthroline end othe.r organic reagentso 

at 560 nm .in butyl acetate. Other t~ll.:..lm~·Jn methods involved 
GB the utilization of neo-cuproin ~ta his cyclohexane cx~l-· 

dihydrazcne69 for the determination of copper .. 

The reaction of CGppe.r trl'i th pyridine and· thiccyenate has 

been investigated., 'I'h,e .. greenish-white precipitate, soluble i? 

chloroform, cerbontetrachloxide and ether,. gives m~ intense blue 

colmu:70• 



Arora HoCo et. ai and 'l'a.lra R.,K,. 71 have performed the 

solvent e~traction of CU(II) by using 4-Isonitrcso-3•methyl-l-
. ' 

phenyl-5-pyre~lolone.., 'l'he complex t..ras extractable into benzene. 

Gonzaley et a172 determined copper (II) spectrophct.ometrically 

at 680 nm as its 132 (metal;ligsnd) ccmplelt it.7ith nucic ac.id et 

pH lO.,Oe 

Reddy et. a173 dete~uined copper (II} by making·. use of 

2-hydroxy acetophenone oxime~ The c~lex t-Jas ~tr~ctable into 

iso-Bu CCMe, at pH 5o5o ~he sb:Scrba.l'lc:e of the organic layer i.~as 
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rr~asured at. 355 mn. Copper (Il) t-Jas oetermined spectrophot.ornetri­

cally using monoethyl ester of n-:but::rl•amino-c>-hycroxy benzyl 

phcsphonic acid 74.. ~·he 1 :1· green complex was soluble in methyl· 

a.lcchol end the absorbance of· the complex t...ras measured at 400 nm. 

More.recent.ly~ procedu~es basad on the fo~ation o£ ccpper 

complexes t'l1ith bis (4-hycro.xypent-2-ylidene) dianinoethane75, 

2-(5615-dimethyl-.4 41 5*6.,7 tet.rahydrobenzthiszolyJ. .... 2.-ezo)-4 .... ethyl 

phenol76, s ... rnethylco>1,10-phenantbroline end Erioot.u:c.me ClNmdns 

~?1 $ 1-phenyl-3 thi~-enzoylt.hiocarbamide78 ~ anmonituti (2-cmino-3-

hydr~y~4~pyridy-l~o} benzene.:-..4-ersonate 79 ~ ci'tric acid or 

ErirA80; biacet.yl monoquinolyl hydrszone81 
o substituted pyridines 

a11d thiccyanat.e82, 4-methyl · tet.rahydrcbenzofurano (6, 7,/5) 
63 . . ' . 84 

~cumarin , 5- (3,. 5-d.tbromo-2opyr.idy.lazo}-2..,4 &amino tolune , 
' . '65 

meso-tetraltis (p.=.sulfonyl-phenyl) porphyrin # 4c:-methyl-2• (2-

hydt"~y-l:..naphthyl.CJZo) thiazole and 4-odara&"ltyl .... 2- (2=hydrC~Xy-1c. 

naphthylezo) thiazole66, 2- (S,. 5-aimethylj' 4, s,. 6, 7-tetr$$~ydro-



\ 1..\ .l 

146 

henzothiazolyl .... 2=a~o)-4=-chloxc-S....methyl phenol?;? • 2•(5,.5• 

dimethyloa41 5, 6, 7-tetrooyor~2 ... bei'I..zoth~EIZoly!azo)•4 bromophenol sa# 

2-hydroxy-l•e.cetonaphthoneoxiroe89~ bis (acetyl e.cetone). · 

ethyleneoia"nine90, 2, 2° .a.biquinolyl and tetrabromophenolphth~loin 

ethyl e.ster91, 1,3..:.b.is f d.i (2 ... pyr;iayl) methylene amino J urea98 
11 

2 .... (2•be..!1Zothi~olyla2o)-S..dimet.hyl amino~enzoie acia93• cetylt:d .... 

methyl a..'mlonium chloricie-chromal blue o94, 2- (5-.bromo-2-pyridylezo) 

-s~&ethyleminophenol95, N- (ol -~y~iayl}~2•t.hioquina.ldin~iee96, 
cu~.r:Lzcne91• N-· (4 ... hyaroxy..:.3-metheoty benzylidene) hyeriiZine 

. ~a 
oarbcthioamide , have been investigated for the spectrcph.otometric 

determination cf c~per. 
: .: 

Alonso Rodriguez Elia et al99 have developed a meth<Xl 

for the· sr;ectrophotometric (Iete:Onination of Cu(J::t) .by uidng 

· triethylene tetrarrdne hex~m;!thyle'le phosphonic acitl<Q 'I'he aJosorb~ee 

of the corqplex t..ras measured at 680 nm. 

technique to determine ccppe.r v..11ith 1, 2-cyclch~:.anedi.arr,;ine tetra 

acetic ac.id .tn the ];H. 2~5. J?htha1ate .... HC1 bu£fe.r tvas used. :¥he 

·absorbance o.f the complex t'J'as measu.red at 700 nm. 

Bajkin Dubr®ka P et al101 made an investigation. 

spectrcphoi:ometx.icelly for the determination· cf co_ppertt.I) 'by 
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In the present investigation CTAB has been used for the 

extre.ction and spec~ophotometr.ic determination of ccpper. 
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Apparatus and ~eagents & 

Absorbance measuratents were carried out with a $himadzu 

PR~1 mocel spectrophotometer fitted with stqppered quartz cells 

of 10 mm cptical path lengthC) 

A stoclc solution of copper(II) t'las prepared :frcm CU$o4• 

5~0 and standardised. A tr.ro.rking solution o:E copper(IJ:) t'las 

prepared by appropriate dilution. Aqueous solution of cetyl 

trimethyl smmoriium bromide ·(CTAB) (SISCO} (0 •. 2%.) and po·t.assium 

iOdide (EDH) (2%) t~re used for the purpose. 

Chloroform and ether solvents t~ere distilled .before use. 

Buffer solution (pH ~.0)# prepared by the standard method was used 

to adjust the acidity of the aqueous phase. To study the .inter­

ferences, standard solutions of respective diverse ~ons were 

prepared from their corresponding salts. All other cherrJ.cals 

use~# were of analytical grade. 

Determination of COPE~ : 

To an aliquot containing 52.5 /lA 9 of copper(;:t:rJ, i'!Tere added 

2 ml of potassium icdice, 2 ml of cetyl trirrei:l1yl an:rnonium brom.i,de 

:eollo;11ed b;r adequate amount of buf:fer (KCloH.C~ buffer) to make the 

volume of the aqueous solution to 10 ml and left for 1 min to 



149 

ensure complete ccmplexation" Finally it. \-las equi1ib3:'ated with 

chloroform (10 ml) for 30 seco The o.rganic layer tiM se;parated 

ana poured over anhydrcus scQiurn sulphate to remove any tr1ater 

droplets. 'I'he absorbence of the chloroform extract We$ read 

at 360 nm against a blank and ·the amount of copper was deduced 

from a cal.ibrat.ton curve. To study the effect of ~"lterference# 

the desired diverse ion \fas added to the system ba.fore addition 

o£ the reagents. 

RESULTS AND DISCUSSJ:GN 

In, presence of potassium iod1de end cetyltrimethyl ammonium 

bromide copper forms a yellet11ish complex extr acteble into chlorofo:ano 

But separately e.ither in presence of potassium iodide or cetyl 

tr.imethyl ammonium bromide the method does not form any extractable 

complex., 

Absorption spectra a 

':rhe absorption spectrum of the copper (J:I) complex in 

qhlorMom against. a blank sh0\'1ed absorption maximum at 360 nm 

(Fig. 1) o 'l'he reagent blenk prep·ared under identical ccnd!.t:ton 

did not absorb in·tne region. Hence the wave-length of 360 ~ 

t"las selected for all analytic:;al measurements .• 
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Extraction as s function o£ pH • 

EXtraction of cqpper in terms of sbsor:bsnce was investigated 

in the pH range o-10. iJ.'he conplex exhibited constant and maximum 

~:;;orbanc:::e in the pH range o. 5-3. S which indicated a complete 

and. quantitative recovery of. the metal •. Absorbance cecreoses 

t·rhen the extractions w·ere carried cut beyond pH. 4. 0 or at higher 

acidities$ For our purpose, aci<li:t"~J of the aqueous phase was ·· 

ma,intained at pH 2 .. 0 :ti'ith the buffer~ IJ:'he var.iaticn of· c:.bso.tbance 

wi~1 pH of the aqueous phase hes·been sh~~ in ~able 1-

Ef~ect of solvent ; - . 

Apart from chloroform, scrr~ other organic .solvents like 

carbon tetrachlor:l..de,. be~zene or ethyle.cetate were tested as 

extracting ~olvents~ It was found that the. complex in chlorofo~ 

gives the maximum absorbance and hence this-solvent was used 

for our purpose. 

i'he absorbance of the cu (li)•CTAB complex in chlorofo.rm 

.is stable for at least 12 hours as· measured at elapsed intervals · 

of time shown in i,L'able 4. 
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Reasent concentration agg Beer• s l~t .~ 

In the· prQQesa, the concentrations of potasss1um .i.oaide 

and cetyl trimethy~ ammonium brcm.ioe were varied in order to 

ascertain the optimum condition for quantit.ati.ve extractio~ of 

the xr&etal. It was noted that. 2 ml p~assium iodide aJ.cng \<lith 2 rnl . . ' 

of cetyl trimsthyl arnmon.i.um bromide was suf£icient to extract 

52.5}11 g o£ ccpper(II) in a simple operationv use of excess 

potassium iodide (over 4 ml} has a tendency to lor.11er the absorbance 

of the chloroform sctrsct., ~11hile higher concentration o:f cetyl 

trimethyl ammonium bromide (upto 4 ml) had no adverse effects 

(Fig. 2 ). ~he results ·have been sha·.m in '.I' able 2 end s. 

Different amounts o£ copper wer~· ·extracted by the recoiOO'lenaed 

proceclure ana absorbance:s of· the chloroform extracts meastired. i'he 

system obeyed Seer•s 1~ over a concentrat~on of 10 ppm of cqpper • 
. ~ . 

The molar absorptivity o£ (~~-~~o~lex (based on c~per content) was 

evaluated to :be 1. 064 x 104 lit mol"~1c:m-1 and Sandell's sensitivity 

o. 059 .)A g/cm2 
o Eee.r•· s la-1 data have been tabulated in Table 5 

(Fig •. 3). 

To study the effects .of diverse ions on the extraction 

behavicu.t:* copper t-1SS determined as above .i..11 px:esence of the 

respective foreign .tons. Devj.ation of not more· than + 3% :from the - . 

recovery of copper was t~n as the tolerance limit for the diverse 
., 

i.ons tested. Copper (S2.S)A g) could be determined without 



152 

interference in presence of the folla--Y.ing ions shown in ~able 6. 

. . 
In absence of real sanrples the proposed method t-Jas 

extended to various .synthetic mixtures to estimate microgram 

amounts o-~ copper as sham in X able 7. 

Precis.ion end Acc:uracz a 

.. 
·Precision and eccuracy of the methoo was teste1d by 

analysing solutions .containing a l"nown amount of copper. ~he 

results in Teble S show that. ·the net.hoo is fairly precise and 

reproouc:ible requiring hardly .10-.15 min for each mn~ 

conclusion : 

The present met;f!cd for the spectrcphoto~t.r.ic detemnineticn 

~f copper •is sin"ple and rapid. Copper can be determined t~ithout 

interference in presence. of ell the common ions tested except 

' thiosulphate. The methoo .is t..rell. cc.1llJ.?arable tiith some other 

existing uathods as shewn· in ~able s •. 
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• VsriatiOQ of absorbence t'J'i. th pH of the aqueous phase 
C_'J:he aque~us phase ~10 ml} eontaJ.ning 52~$ ~ g 
of CU (I:.tJ, 2 ml oj; ·I<~ (2%). and 2. ml of CTJi.:S (0•2%) 

1\bsol;:bance pH Absorbance 

o.a7s '·5 o.aoo 
o.sso s.o o •. 792 
o.aa2 6.0 o •. 6so 
o.sao 7"0 O.a.52S 

o.aa2 e.o 0.440 
o •. ss2 s.o o.3s:a 
o.s6o 
0~676 

' 

Effect: of potassiwn iodide ccncentration rThe aqueous 
phase (1 0 ml) jpH 2) contains 52.5 fo g O£""cu (II) • 2 ml 
of Cl'l'.E co. 2'o)7 2% I<I solution ~-ras added for the 

. purpGse. 

KI solution· 
added, ml 

A,bsorbmce 
. at 360 mn 

.i:~:t ~olution 
added, rnl 

P.bsorbance 
at 360 nm 

o.1 
o.2s 
o·~s 

o.7s· 
1.0 

1.25 

1.75 

-· 
:0,140 

0.262 
o.Goo 
0.650 

0.710 

0.780 

.,.._..,..,, 

2·•o 
2fil25 

2.5 

2.75 

3.0 

3.5 

4.0 

s.o 

0,.882 

o.aao 
o.sa2 
o.seo 
o.a7a 
o •. B7S 

o.a6s 
0.860 

QW ....... o#W&1bCJ=-::t . 
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Table 3. Effect of cetyltrirnethyl ammonium bromide 
concentration rThe aqueous phase (pH 2) cc-n taining 
52. 5 }A g cu (IIJ and 2 ml of KX (2%J was mainta.inea 
at 10 ml in volurreJ o. 2% of cetyl trimethyl allllO!lium 
bromide t'l7as used. · · 

CTAE added Absorbance f.:I:AB added, 
ml at 360 nm ml 

0.25 0.150 1~75 

o.s o.3S2 2a0 

o.7s 0.515 2.s 
1.0 0.616 s.o 
1•25 o.Gso s.s 
1.5 o~eoo 4.0 

Table 4. variation of absorbance tilith ti~ 

Time in hcurs 
after ext;raction 

0.2~ 

o.s .. 
1 

4 

e 
12 
,16 

24 

Absorbance 
at 360 nm 

0.840 

o.ea2 
o.aao 
o.ss2 
o~aao 

o.sso 

Absoxbance 
at 360 nm 

o.aa2 
o.aao 
o.eao· 
o.sso 
o.sso 
O.BS2 

o.sso 
0.870 

o!.eso 

!• 
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'l' able. 5~ Beer• s laar data 

WI N*; 

J\mount of copper" 
ppm 

1.3 

2.6 

3~9 

s.2 

6~5 

7 •. 8 

Absorbance 
at 360 nm 

' 0.,692 

o.e~o 

1.120 

1.260 

1.672 
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Table 1. Determinat~on o£ copper i..Yl synthetic mixtures 

Composition with amcunts 
- in (J'Ag} . 

1. CU(52.,S) .. Fe(~OO) 

. Ni (2QO) + F (2000) 

2~ CU(52~5) 1 Pb(200j 

B.i. {200) 

~. cu<S2.s)_. Ni(200) 

Co(200) 

4. Cu(52~S) •. zn(200) 

Pll (200) 

s. c;u(S2,.5)1 l?b(200) 

J?t(200.) 

Copr~r found 
in (.Mg) 

so.s 

52.0 

52.0 

53.0 

53.5 

157 

I 

'~~ l'K 
',\ ;\\1.\ 

.I ) ' '~ 
, I ·, 

I ' 
I ~· . ' 
' .- 1 \ 

. • ; I '\ 

II. , ' , I 
I I : 

·· : I ·I'-" ; I ~ r. \ .... 
' \ 

\ 



158 

~ 
'rable a. Reproducib.ility of copper recove.1;l( 

-
/ 

Copper taken Copper found 11ean std. Dev. 
(fog) - Lt~.gl (f"9l % 

12.0, lS,S, 12.5 
1,., 13.12 13,33 1.-25 

13.0, 13to0, 14 .. 0 

25.-0, 26.5,. 29.5 
2. 26~25 26.66 1.72-

29.0, 25~0, 26.0 

~ 
so.s, 52._5, 53.~ 

3. 52.50 52.16 -1.32 
53\1115, so.s, 53.5 

so.o, ?s.o,_ 11.s 
4., 78.74 79..0 1.70 

77.0, 81 •. 0, ao.s 
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'l'elJle 9. Cornperiecn of the Present;. Method 

Re£. Reagent pH >. 
max 

~ 

~-~olar 
e})sorptivity 

Interference· 

_J 
\ ~· 

- - --------·----------------~------------------------------------------------------------
102. 

103. 

104. 

Diphenylthio-
carbazide 

4-nitroso-
resorc111al and 
pyridines 
booes 

Pyridine bases 
end bromide/ 
Iodide 

4-a 

1.s-
2.5 

1.5-
a.s 

and 
0.1?-
1 •. 5 

540 

365-
375 

320.355 
and 

350 ... 360 

s.o4 x 104 

o.71 x 104 

o.4s x 104 

o.s9 x 104 
4 1.06 X 10 

0.21 X 104 

2.17 X 103 

3.07 X 103 

3~23 X l·OS 
3 2.33 X 103 5.13 X 10 

and 
2.3e x 103 

2.6s·x 103 
. 3 

4.28 X 103 4.76 X 10 

6.77 X 103 

* * * Pd , Pb , ili , Borate· and 
nitrite 

Hg, Co(II), Pd(II),. Fe(llll, 
~ ~ " • ~ ,), J 

.. Zr(IV). SCN, s2o
3

, c
2
o4 , J~r!I!A, 

tertrate4! citJ:ate, ~ and 
.. ascorbateo · 

:Pd (I~), Pt. (:tV:) • ~2 03
, · ED'rA, F, 

c2o4, tartrate, citrate,. ascorbate 
andSCN 

conta •• 
~ 
CJ1 
~ 



0 

~ ~ ~ .,-J._ 
1 

'. 

~able 9 (Cont.d.,.) 

.... "*l:J,...._........, .... 
~~~~.0--~--~----~--a.~~--~--a.=-~~ 

Reagent pH ~ max tJ!ol:sr 
• ek>sorptivity 

Interference Hef. 

·---------------~ • • ::AA!..,._ za - ~·-=----"""""" ____ ,_,_...._, ____ _ 
105, N-(4.-hyO.r~y-3- 11~2 410 1.?3 X 104 

~~thoxybenzyliaene) 
hydrezine carbo-
thioamiae 

106. ~3-t.h.:l.obenzoyl-· . 
l•p.tolyl 
thiooarb~ 

' Present mathod o.s-, 
.a.s 

520 

360 

1•0 X 104 

. 4 
1.064 X 10 

~· 

Co,. ,ND. 

Fa*, S203 

-----.;..--=--------------------------------------=---~==-'""'~'f"C' .. :a: -..- 1 CXJl ·mwer ~ 1 a ,..... 71 

*masking agents used 

,.._. 
en 
0 
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CHAP.l'ER- V 

J:OD.IDE, BRCi1J:DE Ai\J"U J?Y.RID.INE BASES 

AS A.l'\iAL:tl'ICAL REAGENT.S 

168 
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The use of iodide, broroice and pyridine as auxiliary 

ligands is lmov.mo AmOng the eleoonts that are extracted as iodide 

and bromide complexes ~e gold (I.I:I}, marcury(J:I), lead(lJ:), 

cadmium, antimony(Xll), and AU(Ili), Co(.Ill), OU(II), Fe(II), 

Fe(:t.II), platinum, zinc4P l·'ln(~J;), etc. resp~-<:.ti.vely. The solvents 

that. have been used .include ethyl ether, methyl isobutyl ltetcne, 

methyl isopropylltetone, methyl ethyl ketone, isoprcpyl ether 1 

carbontetrachloriae, ethylacetate,.. diethyl ether etc. 

The nitrogenecus base like pyriOine acts like a neutral 

·ligand coordinated to the metal. Copper, nickel and cobalt in 

presence of pyridine form water-insoluble complexes that dissolve 

in chloroform to give rise to green, blue and pink colouration 

of which the first containing CU(P,y)~(SQ~)2 has been utilised in 

colorimetry1• Similar CClf!Plexes are fom~ed by zinc~ c:adrnium and 

many other metals which can serve as the basis for thier solvent 

extracti.on2• 

un-.ezake.3 ·extracted i~on into isobutyl Irethy~ ketene from 

acid me9ie with a solution o£ o •. ~~ dibenzoylrnetbme in mixture 

of pyridine and methanol. '.rhe absorbence t'las measured at 410 nm. 

During the extraction of uranium \>fitll 8•hydroquinoline 

Koppiker and Ganjanlmsh4 observed that the addition o£ pyridine 
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and acetone enhances the colour intensit.Y of the uranium oxinate 

couplex •. 

pyridine bases ccmplex of cobalt for the spect.rophotcmatric 

determination of cobalt., The. solvent employed t-Jas be~ene and the 

absorbance t·.ras measured at 430 :nm(J 

Kuroda et al0 studied t~ formation of cobalt complex tdth 

pyridine and azide whiQh 1i1SS used· for the colorimetric determination 

of cobaltiJ 

Extraction behaviour.of some bivalent metals with methyl 

substituted pyridine:;; has .been .stud.tea7•8•9• 

1'he c:cmplex formation o;f .ruthen.ium(;ti:t) t-100 based on its 

r~action with 6-aminc-5-nitroso-2.4-pyrirnidinediol and. l:Jy.r.idtne10 

in ecetate buffer ai;. pii 3.0 by he"ating on a stean bath. Its 

absorbence. t-1as measured at 530 nm~ 
.. :" ~ "' . . .. 

... l .•• 
J,· • • 

. , . 

.'JExtractive sr:ectrophot.ometi:ic determination of' vanadium 
'. 

as vanadium (:IJ::t) -pyridine dibenzoyl methane complex .is prcposed 

by Ar'J! and ~stiranjan11• 

sharmab Kabi ta et a11~ stuaied spectrcphotomet:r.io deter-

mination of zinc w~th diphenylcarbezone in· presence o£ pyridine. 

'.rhe pH z:oange was 9-10 and the absorbance was measured at 5.20 nm., 
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Izq1.1:lerdo A. et a113 ~nvestigated tne formation of Mo (Vl:) 

complex t1.ith 3-phenyl.3-methyl..,.2-mercaptopropenoic acid in the 

pre$ence of pyr.idineo The solvent used was chloroform end the 
, . 4 -1 -1 

molar absorptivity t'ias found to be l~ii14 x 10 l mol ·em · • 

'Iodide ccmplexes are more coloured -c;ompared ~o the chloro 

and bromo conple.l,es. In presence of .eu~cess iodide .Pl~um(IV). 

palladi~. tellurium etco yield strcngly coloured soluble co.mp~exe~ 

in ec4d solutions. 

sudo -used14 potassium iodided in presence of antipyrine 

solution to cleterrr..:Lne mercury.. The absorbance of the chloroform 

. ~tract tfas measured at 330 nm. Yanama;to end. I<otsuji15 extracted 
. 2-
. Hgi4i complex ~1ith Fe (dipy)+ . 

3 
.. and rooasured its sbsorbance at. :52~ nm. 

Rao s.P. et a116 extracted Cd (Il:.} ts.Yith N•buty:L aniline 

in ~hlorofor.m from a mixture of potassium iodide and sulphuric 
" 

eci~~ ~he pH 't'ISS adjusted at 10 •. Harc2enko et a.117 deterrnineci 

tellUriUm epectrophotan~trically USing .iOOi.deS and cetyltrirnethyl 

~umo.nium ion. The ion-association complex was soluble in chlorofo~. 

Another .spect.ro-photcmetr.ic me~hod for. the determination of lead 

with iodide and l.4-dinethyl4:0·1.2#4-trizol:1nium (3-azo-4)-~l·N­

diethyl-ani.line t-.ras investigated by Kish et. a116 •. 

.In a t1eakly ·e.c.ioJ~c solution (O.Ol6-0.06.4N HCl) lead(IJ:J 

end potassium .iodide fo.z:m (Ph~4 >2- t'lhich in turn reacts t"lith 

crystal vi~let19 to give a stable comple:{ he.vJ.ng the maximum 
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absorption at 540 nm~ Jays Sambarnoorthy et e120 detennined 

platirium spectrophot.cmetr:i..cally t1ith .ioaide and pyronine G. 

Marczenko Zygmunt et al21 used dithizone.. to determine E\l(II.) and 

platinum spectrophotometrically in an iOdide meaium. 

Bismuth could 16e detern;ined22 photcmetrically by using 

potassium iodide and Rhodarr;ine 6 G. Lopez Erroz et <:U23 

spectrophotometrically deter,mined bismuth using !odicle and rivanol. 

It formad an ion-as~cciat.ion COfll?lex tlfith absorbance at 375 nm. 

.. 24 
Deb Men:asKenti ·and l-1isbra R.Ke. stud3,ed spectrophotcmetric 

determination of Bi(~) in soil· and ore using iodide and amid.ines. 

The solvent used ~rre.s chlorofor.mg, 

> 

Brom.iee complexes impart bett~er colou.ration the."'! the 
' · . ' I ,• . I 

chloride c;:oinplexes but lesser than ·the .id'd.ioe corrple:-tes. Elements 

like, mercury, arsenic,. antimony, platinum etc .. form· soluble 

complexes in presence of bro~~de in 'acid solution. A numDe~ of 

studies on tho separation of speci£±c elements by b~omide extraction 

ha"ve been performed by various investi'gators. 

x,. .. iiohler ma A. Spengel25- ce:r:ried. out -the extracti..on of 

platinum into ethyl ether using bromide solutions fol!et-:Ied by 

adoition o£ snc12~ 
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·· · ~cBcyde and Yoe~6 ·found that .Au (III) .is completely extracted 

into isopropy~ ether using 2,. 5 to 3M HB.r solution. under these 

conoi tions sma.li amounts of Fe· ·and os can also be extracted. 

Bo6k R• et a127 were ·successful in extracting 58% ·Of 

mercury (II) into diethyl ·ether from· 1M HB·r. ·solution,. i-vhile ·the. 

per cent extraction reo.uces t.o L 4% on using >2M' HBr solution. 

~6c:k R.. et. a127' inve~tigated that moly}?denum is e;xtracted 

(990~) , futo diethy.l .ether from 6~1 HBr· solut;ion. They also could 

extract Sb (III} (3&~) £rom 2M HB.r solution" 

The ext1;ac:tabil~ty .of th~ b~omide~ a; CU(~}, .cu(IIJ,. 

Zn"'. ~.i, co (l~h .Fe (II h. ;E,'e (I}::i),. ;A! (~II},. Mn.(IIJ, .sn (I~) and 

sn (~),, us~g .methy~. ethyl ketone and methyl isobutyJ.. ketone as 

solVE?At~, .. l:l.as b~~n. studied .. usin~ aqueous solutio:Qs containing· 

HBr and/or lUI4B:r
28 ~ 
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Poluelttov NG>S• et al~9 suggested that InEr: , .is ext~a.ct.ed 

with Rhoaam.ine c into benzene using 2. 5 M HBr containing acetone • 

... ,' 

cu (II) is (S0Jb) extracted into. J:Bl.u< fz:cm S.GI-i HS~ solution 
' 

1:.rhi~ cu (Z) is (6()%). extr~.re~ into. ~yl methyl ketone using 
31 1•41-1 HB:r solution .• , · · 

Zn (ZJ:) .is . St>;G eAtracteble into .lBMK tfit.h the help of 5M 

liBr .solut.ion3l~ 

st.udler· K. 31 mace an investigation that· As(V) is extracted . 

int.o c_arbon :tetrachloric~ usizl:g' 7•8• SM f12S04 c.::onta.ining potassium 

brcwJ.ee (Sg/llt< 

, '32 
Nikatul-c:ova ·V.- and I<hl·icek J•Z•. used rhoda111.i.ne B. or 

cou.'"lter-ion in, eztrac:.t.icn. t?f ~la~;· 'into, beMene~.-The absorb.ence 

of the b~pmide· ctprtiple.~ ~'17aS mea$ured et $60 nm~ 

In the present investigations.,. iodiae/brornide end pyridir,le 

or acme of .its methyl substitutes have been used fo;r extracticn 
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EXtractive spactro:phgt.ome~ic_Determinatiqn ~:5 Pall_adium (l:t} 
~ . ~ . . ' 

using Maxeg &ig~d como lex l!'OJ:mation with Pyridine/ o( -l?jlcoline/ 

~ ~oicoline/ ~ •Qicol.ine/2•it 6-Coll:idin! an9_IOdi~. 

Apparatus: aqd Reaqents a 

spectrophotometer equipped with stoppered quartz cells of 10 .rrm 

optice,l path l,engtb. An ECL. 5651 dlg:tt.al pH meter 't1as used to 

measure the acidities of the aqueous solutions. 

' . 
PallaQiurn (.II) chloride (Johnson and Hatthey) (lg) was 

dissolved .in 1 rnl' hot cone. HCl and diluted to ,250 ml with 

disti~~ed tv-ater follet-red by stanoardisstion by dinethyl­

glyo::~~3~ •. A i.~~rl-'...tng so!uti'O!l · (41. 75 ppm pa.,l t.;as prepared bJr 

dilution. 

Chloroform (ll:., Merclt)# pyr.io.tne. (B.D.H), ~-p.tcoline 

1Reiael),. ~ -!'icoline·. (Bb.Hl~· -6 ~:pJ.col.i.ne (Flu~) end 2,4,G• 

collidine (BDii) t119re d.is·tilled .before -use. Potass;:Lum iOdide (SDJ-2) 
. . ' 

and all the other J:eagents used ·t-.rere. of analyticS:l reagent grade. 

S'f:('!Ol" solutions of desired diverse .ions -vrere prepared frcn1 their . . 

nitrates, chlorides or sulphetes by dissolving pu.re samples in 

dilute ac~d or pure water~ sodium/ammonium salts '~re used in the 

case of a"'lions. The metal contents we:re determined by· a standard 

methods33~.· wo adjust pH of the Squecus phase I<Cl.-HCl buffe.r; was 

used unless othe~~ise mantionedo 
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Determination of paJ.ladium J 

To an e.¥quot. containing 10-lOOpg of palladium llTSS added 

1 ~l of o. 015 l\1 aqueous_ ?i'otaesium :Lodi~ and Oq0.2 ml o:e pyridine/ 

o<_-picol.tne/l•picoline/1? ""!'picolin~/ :2,4.,6-collidine foll~Jed by 

addition of adequatr-; amount of buffer to mal~e up t.~e volum-.:3 upto 
. ' 

l ~ ml. ~h~ ac_tUecus phase t>Iaa· then allov1ed ·to stana for 1 «'in to 

ensure complete c~lexat2on.· ~ne miKture thus obtained was 

equi1U.bl:ated t..r.ith lO ml of cblorofonn fior 30 sec. :!:ne :t"..r10 layers 

were SlllO.rJed to settle for 1 -~"l. The separ at.ed org&"lic layer wes 

Shaken "td:t.h anhydrc,us sodium sulphate .to remove any retained water 

droplets. pH of the S.'.l\ltBOUS $Clution_.. after extraction,., t·las measured. 

FinSlly the absorbance~ of the chloroform e.xtracts· t'le~e measured 

at i;he resp$ctive al;>soJ:pt;icn maxima against palladium :free reagen~ 

bla.'¥•s• .runount of palledium(Izt) ~.;as ~terrnined_ from a pri;lviously 

prepared ·'Calibration ctu:.ve. To. s.tudy the effect of fo;re1gn ions. 

the respective diverse· ions t-rer~ added to the system prior to the 

RESUilrS AND DISCUSSICN 

lt. has been noted that iooo-r,;alladiutn(II) forms complexes 

with pyrid;i,ne or its rnethy-1 substi.tuted derJ.ve:tives .in· aqueous 

solution. These mixed ligand complexes are :found to be ·ex_traoted 

into chloroform. 



177 

~he .absorption sp~ctra . of palladium (:tl )•ccn-ple;tes in 

cnlorOfo.rrn. e:ttracted as above4 sho.-t sbsorpt.i.cn maxima at around 

355 nm.. The absorbance ste·adily decreases· and .beccmes negl.tg.;1~le 

beyond 500 :run~ ,The reagent bl·anks .sha.v. ins±gnifica"lt absorbances 

in soo ... soo run t--save length regiono !?or simplicity all t:.~e el'>sorpt.icn 

measurements trJere carried out against ch.lo.roxom as l:teference~ cne 

of the spectra has been sh~m. in Fgfl... 1.,. 

'l'he liquid-liquid extr~ction behaviour o:f palladium(U)• 

. complexes tu>as .investigated ·ip. the ~ ·ran~e o-.:t.t.t.,,o. Extractien 

of palle.dium virtually starts from pH 1~0· The chloJ;ofcrm extracts 

shaied steady and ma:d.mum absorbances when the extractions -v1ere 
. ' 

carried .out in presenc~ of pyridine bases :from aqueous solution 
. F\Cr> .. .:~. ' . 

in tbe pH r~ge_ 3.5-G·;tO. o." I,n this pl-t range~ after single operaticn 

when the extraction processes were rep~ated using the·$ams aqueous 

phase., the orga'l'lic eXtracts Shc..-rod no rosorbances.- · Tn.is indicated 
' I • ' I - , -

'a ccrrplete and qua..i.t:Ltative recG-very · c=e palladtum in this eond.i.tion. 

Fran the graph p~ valt...'es wex;e evaluated to be 1.6 and 10. "/., a . . 

E:ffect of solvents: 

·Apart from chloroform, o·th~r comrr,on ~rganic: solvents such 

~s ca:rbcn tet:r.aehloride~ benzene a1d etn~-.:~ acetate -.re:re tested 

e.s extracting S;0lvents; but those offered no &pecial advantages 
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ove_r Chloroform as seen from S:C,_able 1. The pattern of the absorption 

The absorbance~ of the palladium complexes in chloroform 

were ~asured at. elapsed intervals of time after e....""ttract.ton. ~J:he 

col~r m·tensity ltras stable for _at least 4B hours, as seen from 

Table 2. 

The optimum reagent concentrations. i:iere fc~"ld by extracting 

pa.lloo.ium at. v..arioua· concentrat..icns of. potassium iodide and 

pyridine/ o(..:p!coline/ (.3 -picoline/ ~ -picoiine/2t 4• Q..collidine• 
. -

:tt ~~as noteu that .1 ml of o~o:;.$ No pOtassium iodide solution end 

o .. 02 ml of PYt"idi.ne/ o(_-picoline/ (3 ..,.picoline/ l-p.tcollne/2~ 4,. 6 ... 

collic1ine were su££.1cient to extract. 41.7S;U g of palladium in .a 

single extre.cticn.Uigher concen.trati.on~ ?f ~~ reagents: (upto 4 ·ml 

of o.tit Ol.S r"iY...X cma .o_, 1 ml cf pyriQ.ine bases l had no &'lve:t:se e£:fects 

on too extrecti•:::m behaviour .• Different amctt.m·ts of palladium ~~ere 

chlo.rofonn ex'!:rf,:tcts t1as measured a.t the respective ebsorption 

maxima. In sll cases11 Beer 0 s l&n •.1as found to be valid over the 
. . - . q....,_clF(Cn.-3. 

concentr~tion range of l-10;-<9 J?d/ml (~able 3 )?\ ~he molar absorpti-

v1ties of the pa:!ladium(I:tl ccmple:-:es (on the basis of J?d content) 

e.t the respective absorption maxima vsere evaluated (Tsble -1). 
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. Interference .t 

:tn o.rder to £?tudy . the effect. of diverse ions on the extr~tion 

behaviour,. a. definite amount of palJ.adi.um(.:tJJ trJas e~tracted end 

determined accorOing to the general· procedure .:!.n presence of the 

res.r:ective .foreign .ions. All the bases .:t..e. py.r.id.i.ne,. o\ ..,.picol.tne, 

~ wpicol.ine, i -pico.line and 2, 4, 6-collioine sho~Jed ~r~·:'~: '• 

behavi.cur tcwards the extrac;t1on of palladium., In each case en 

average· of three determinations was taken. 1\n ion 'i.·Ies co~sideJ:ed 

to interfere .:l.f the recovery of P.d(:ti) differed by more ·than .;t.· 3" 

from the actual amount taken. 

It. t·Tas found tha~ 41!it75p g cf pellad.ium could easily be 

determined ~.Tithcut ·any interference in 1,.resence of the follo .. .ring 

cations end a'1icns·, the -anounts (mg) taJI;.en being men·t.ioned in 

{parent,"leses : Co(II)# (5~1), Ni(I.!)(So-3).,: Cd(:Il)(4~9}, zn(.U).(6.7}, 

V (V) (S., 2)" Rh (III) (2 •. 4)• z,:.(lV) (1. 2),. U (\ti) (5.1 )., !·1.'1 (IZ) (3. 9) .v 

Cr(III) (4aS)_. ~(III) (4~2), Al(III} (3~9), Th(ZV) (4.1), Ee(Il:} 

(6v9}. l?b (J:J:) (3..,3 )" and Bi (Il:t) (l~l )~ Iron (III) (1.2) anti _CU'(IZ} 

(0 •. 2) 't'J'ere kept in' too aqUeous phase by masking them with e.mnle>nian 

byarogen fluoride end ci.trate respectively .. All attefiiP'tS to .remove 

the intereference. clue to Hg (I.:t). failed, Pt. (l.V) interfered in all 

cases ex,gept in the 2,.4,6-collidine system t'lhere the inter£erenee 

t<-las· avoided by C?Xtracting palladium at p:a 10.0 • .Among the anicns 

tested the follOW'in9 (3.0 mg. each) did ,not interfere 1 ED'l'A, borate,. 

phosphate, tartrate, c.i t.rate~ fluo.r.ide, brot."i<1e1 ascorbate¢ 

phthalate. Hct-Jever., thiocyanate and thiosulphateg even in trace 

amounts mterfered seriouslya- :.Che results ere shown in 'I'eble 4. 
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In absence of ·real samples# the proposed methOd wes tested 

to est.:Lrnate :microgra'il a-nounts of pallaciium in various synthetic 

mixtures (Table 5). 

l7ll1ong ·the bases used. 2., 4., 6-collid.ine is £cu..'ld to be 

most sensitiv~. Wi~~ this ~eagent the precision a~d accuracy.of 

the ~ethod 't'ITas tested by analysing solutions containing a known 

emcunt of palladium follot-Iing the recozmnended procedure. The 

experimental results are shewn .in ~able 6 .• The nethod is fairly 

precise and reprcductble requiring lCl-15 min for each run •. 

conc:lusion; 

'rhe present method for .tme spectrophotometric detezmination 

or palladium is si_rnple and has been compared with some ether e,.ueting 

methods. Xhe se,nsit;iv.ity of . tbl? method is not as ,high a$ ~e other 

cnes (Table' 6); but t.he method provides excellent .recevery of 
' ~ • ' • • ' ' ! 

p~lcnC:tium in mi'}ro _quanti.t.i~s. ¥1 presenc~ o~ almost all the common 

ions excePt thiocyanate, tbiosulchate. mfluence of the interfering 
• - ,' ~ - _,1 • • .... J • • • l ' 

ions l:.U~e .iron and copper can easily be overc9:ma. The method is 

comparable t1Ye1l t-Ti.th some other existing methods (Table 7). 
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Wsbl.e 1 • ·Details of. Extractive t-1ethoda 
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\' 

a-~=-~~~--~~.a~-=~--~~~----~~~--~----~~~~~·~•·~·~~-~~~--.-.-~.-~--------~~~WE·-~~--~~u=~o•.C~~~~~~--~~~--~------~~~---.--~.aWM-.~~~--~~Maa¥U&• 

Parameter = .. Ba~~ employ,e.S: .......,; ____________________ !'i-

. ;wyridine o{..apicoline· (3 -Picoline "11 -Picoline 2,4,G""'Collid~e 
_...,.. _______ ,_,..._.~...... tw ....... tt•• u:• .... =:.-.u•v- ...... ,~-a-nt" a ......... _. .......... ;. ,....,; 

:::lS~a assa 356a · 356b 3 Slta.. 

A 'nm) 366b 360'D 3651>, 363 1 r; o" 
m~~ -,.. - ,.. .... 3 6~ c / c 

-
Molar * 
sbaorptiv.it.y 
(mol-1cm .. 1 ) 

365"" 360..... 362.... 4 ]CJ 0 

355Ci 3:SSa JS6d 359d 3 5" JJ.. 

. - .. 4a 
:t.Ge x1o· b 

4 
.1~63 X.l.O c 
. 4 ' 
1.78 X l04d 
1.16 X 10 

a 
l.79~10:b 
1 •. 94x10 _ ,.. 

4 ... 
2.19x10 d 

' 4 
2.04?t10 ' 

4a 
l.70x10 -r... 

4~ 
1 •. 7a_x10 

0 
> A 

1e73x10'"d 
. . . 4 
2~.08~10• 

-a 
1~7Sx104b 

4 1.BEm10 c 
4 :t.·9emo d 

1.sax1o4 · 

4a 
1.9Sxl0 ?.... 4., 
1..-7Sx10.0 4 
1·•S3x10 -~ 

4v. 
l.S3x10 

Extracting solvents.a a-· Chlorofcirmt. 1?- carb-on tetlraehloride., c•benzene and d~ethylacetate · 
* r11easured at corre$pon.ding absorption maximso 

~~-~--~---- -..--. ,. • i ~ .... .-neo·1 It -, # • • ·-. =m• 

.... 
cc -.-
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variation of absorbance t-ri th time 
(l?d taken 4~. 75 ft g) 

' 

'I' .irne in hour 
af·te,r extraetJ.on 

o,2s 
o.s 
1 
4 

6 

12 
24 

o .. 67o 
0,.670 

0.612 
0,670 
0.670 

o.672. 
0.668 
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J 
' ' 

'I l . 

----------------------------------~-------------------------
Amcunt o:f · Pd 

in (ppm) 

l-.04 
2.08 

4 • .17 
6.26 
6.,.35 

10.44 

.... a 1 'il -

. ' 

·aw 

. \ 
I 

. \ 

0~118 

0.304 

0,.670 

1~032 

3..350 

1..,6:\.0 

I I . 
! . \ \ 

' I , 
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Ef£ect of diverse :tons en the dete.rm:Lnation of 
41.:-?sp-g of palladium, (Average of three 
daterminat.i.ons \<tfas taken) 
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------·--•.,...,...·-• -=-•--•llll....,,.._,. __ .,_,,. --Ill ---• •-·---------------· --•mt t a -

Ion added 

ED~ A 
Eo.re:te 

Phosphate 
Tartrate 
Citrate 
Fluoride 

arcmide 
Ascorbate 
Phthalate 
co(J:lt) 

Ni (II) 

Cd(I:t} 

zn (J:J:.) 
V(V) 

Amount. 
tolerated 

(mgl 

10 

10 
10 
10 

3.0 

•o 
10 

1Q 
10 
51' ··-5.3 

4,9 
6.7 
5.2 

Rh{IIJ:J 
Zr(:tV}, 

u (V',I.} 

illln (ll) -

cr· (III) 

La(l:ll·) 

Al(l~I) 

'l'~(l:vl 
~e(XI) 

7?b(Il) 

Bi(~J;l) 

Fe(ll:I) 

cu(.Il} 

r?t.\ivi 

Amount 
t.ole.rated 

(mg) 

2.4 
1,..2 

. ·.s.1 
3.9 
.4.8 

4.2 
3.9 

4.1 
6 .• 9 

1 •. 3 
l.l ' * 
1.2 . -** 
o.2 
, .• o+ 

I~-- -=--------------~--------------·~·-----------m•-·•~·-----------------
* in presence of fluoride 

** in presence of c~trate 
+ with 2t4#6•collidine. 
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------------------------------------------·----------------------CO!nposition vli th a"nounts in 
p.g 

1.. Pd(41.75)# Pt.(200).- Rh(200.) 
.~ I . 

2• J?d(41•75) , Fe(200), CUU.OO) 

S. Pd (41~ 75}• Ni (200J,. Co(2:0Q). 

4. Pd(4l.75). Al(200),. cr(200) 
S. Pd(41.7S), Zn(200)• Cd(200) 
6. Pd(41.75).- U(200)., V(200) 

i?alladium found 
in,-49 

42t!i25 

42.0 
41.5 
41.5 
42.,0 

41.5 

--------------------------y-~-~-·---=--,·---··--~· ~~~-·-·-----~~----"-~~-~·-·------·-g-·-·-s-. 
~ *pl_us fluoride £!tld c_itrate• 

+ 

-
Table • Reproducibility of ;palladium recovezry using collidine _.____________________________________________ _______________ __ 

10o44 1o.s 
20¥.86 20.7 

4le75 41.9 

62 •. 62 . 62.1 

83!_50 · a:s .• 3 

.. ~- -~-
.. 

Relative. mean 
deviation(%) 

s.a 
1.7 
1 , . ..... 
0,.77 

' 0~91 

... ..a-. «t • -
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~ C"Jljle 7. .: CO!l[:).&ison after the Present ~1ethod 

Ref. Reagen pH >--max 
-

34~ Ison.itroso 
th.iocamphor 

,J·-:-··----) .. a.~o . 
·to 

450 

5}1 HCl 

zs. sodium ethyl 1.0- 370 end 
trithiocor:bcnate 10.9 448 

36. Promethazine 1~3~ 470 
hydr9Chlor.ide 4~0 

31• 2'-hydroxy-4- o.s .. 380 
nethoxy-s •-methyl., 2.5. 
challtcne oxime· 

.... ... . ·. 
36. Prochlorpenazine o ... 1 .... 480 

s.o 
3~. Present method (Viae Table • l} 

Molar . Interference 
elosorptivity 

---------~-- ,.....~ ..... ...,. . .... 
~ 3 

. 3 .. 9x10 

l.277x10 4 

3.86xl03 

3.3Bxlo3 

"" 4.63x10""' 

* . * * ·CU ; Hg~ Co ., s
2
o3, .Pt 

* * * * ' ~..n (l:t)., Zn (Il:)6 Cd (I:tl, Fe (lii}i 
* * Ni (II). Co (II) and Pt~ 

Ru(Ill) ,!\·then> 0~6 p.g/mlJ 
.and z-c t·rhen /O~S?g/mll 

Fe(III)* Ru(III), Zro(II),. citl:-ate, 
t&t.rate enc1 ED'rA 

I~g(I).,.Au(lii) end s
2
o

3 

* 1.r * Fe , CU (II) end ~t (XVJ 

-------------·---~------··---------·---.. ---.,·-·-----.-···--~~ I .. .,._.,. --· ....... -~~ - lW ••1111111 ~ 

* masking agents used. 

~ 
cc 
c.n 
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Extraction and spectrophotometric Determination of Platinum using 

MiXed ligan£_Complex Formation v1ith l?yr,!d.ine, c;1-Picoline~ 

!} -Picoline, "ll-Picoline or 2, 4, 6 ... Collidine anUodide •. 

Introduction 

The prime methods used f,or the liquid-liquid extraction 

of plati~um involyed thE? q.tilisation_of different organic reagents 

such as dithiZOI;le, tributylphosphate,. dithiocarb~ates, dithi~ 

phosphoric acid, hig~ molecular weight amines etC~ In most of the 

procedures the ~tar-extraction-organic-phases have been2,used for 

the colourimetric determination oi: the metal4!' some of the methods 

are cited be low: 

I<hopkar s.a40 utilised molecular and ion-association 

conpounds for the speci;rophotometric_determination of platinum 
-....... <;~.;--:. . . 

froin·~~'lli.C:l me~um into rnesityloxide~ .In presence of iodide or 

thicx;!yanate platinum gets- extracted into tributyl pho~phate41 ., ln 

the process t.he metal has. been separated from rhocli.um and ir:i.dium. 

In HCl-ACOiila buffer, Pt(IVl forms a blue green cat:i.onic 

coii!J?lex r;ri th. trifluoperazine hydrochloride where Gu +2 acted as 

catalyst~ This 1:1 (meta.l:ligand) complex can be used for the 

determination-42 of 1$e metal. The absorbance was measured at 504 run., · 

43 ' . 
Gowda H., san~ et al · , determined platiQum spectrophoto-

meti.cally using profenamine hydrochloride •. The yellCM~gre~n 1:1 
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(metal 3 .ligand) corrplex sbsorbed maximum at 400 nm. Beer:• s law 

t'las obeyed from o •. s-9 p g Pt;/ml. 

xva'lOV v.r~<) et. al'~4 suggested method for the aete.rmination 

of ple:tinum(ZV) using 4-(2~pyridylezo) resorcinol as a selective 

reagent. 

Sabartova J, et a145 proposed ~ spectrophotometric techniqUe 

for determination of pletinum(XV) 't'llith chrom~urol(S) tn p.resence 

of Qetyl pyr.i.dinium or 1- (ethoxyc:~bonyl) pentadecyl trimethyl 

emmollium bromideo 'l'he ·absorbance cf the COf%'lex was. determined at 

Gorhunova G.l'J-. et a146' ut.tlised thic;azolyl~o compounds 

as reagente for determination of .platinum (Il:lci 

Got.zda ii. sa.11r..e et a147 determined platinum by using 

promethazine hydrochloride~ 'lbe metsl : li.gand ratio t'las found to 

be 1:1 and the pH t-.i'es adjustea to be at 2.3-. The absorbance of 

the COIVlex t<Jas measured at 406 nm. 

same other ~thods invo~ve the.utiltzation of N-phenyl• · 

N''*' (2..-py~i4yl) thiotu:ea.'~8:, P""Pimethyl QJ.ilino.benzy]J.dene rhodam.tne4~ ~ 
50 ' 51 . :, \! 

methyl green · • pz:optony!promaZine phosphate. , i · O.n-.ercaptoacota+· 

niliae 5~ • 2•fur sncarbothJ.o.ic acid hydrazide 53,. methoxypromazine \·\ 
, . I_(, 

54 . 55 
mal$ ate • di thiozone and stannous chloride .• hexachloroir.ida~ 

$ :I I 

(IV) 56, fer rim 57~ &tbiZon(:) end !f.odiae56, et.hyllscbutJ~:"ezine · / : · .. 
59 ' l1 

' 

hydroehlor.tde · ~· 1,3-cyalohexanecuone b~s tl'liosemicarbazone ; 1 · 

'I 

r 
'\\ 
I\ 
! \ 
i \ I . 
I 
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monobyarochlo.riae60 .• thiocyanate and malachite green61• 2• (5-

.br~mo-2-~f~idylezo)•~diethylaminophenol62, pot.essiumbutylxantbaw$31 

1. 5-d~phenylc~bazi~e64, t-ic;ndelazol65 
f 4- (31 5•dibromo-2~pyridy~~o)-

2-roethyl 1 •. >aiamin6ben~ene6~. Nile blu~ a67., for the spectrephot.o-
. • ' ' I ' 

Isonitroso thiocemphor ll,as l.";een used es a J..'e69ent. for the 

spec:trcphot.t.:,~mstric aetermi~atio~ of P't by Pari a P.K. et. & 69• ~he 
comp,\e'' attained stability at the pH .rang~ 6 .. 9. 'l:he absorbanc:e 

. ~ 

. _Nit"osulfonazo. :tl:t was utilised by Li Ycufur. et a169 :fo_r -~ 
det~~.inat.ion Qf ~, The .metal i ligand ratJ.o w~ found to be a. a2. 

'!'he pH was adjusted. at $•,6• by l.\Sing the buf:fer NH,a~w4el!t Wbe 

complex· shwed -en abSO.l:.bance at. 579 mn •. 

:tn our l.a'bo~atory j.t ha$ be~n observed that icdoo-plat.inum 

· (:tV) ·t'1.ith pyridine· or. its me~yl sub;rt.:Lt.uted del:'.:lvativem. J;onns. rJ.ng.;. 

ligana c~lexe$..,. extr:actable il:ito chlorofo~· Whese prc:.pert:.ies of 

· · .Pt-ccmple.xes · led to .further. studie$· of t.l1e syst.e.'lfl.s for ~'le develOP­

ment of a sitnple spectrq)hotometric method for the det.ermi..Y.tat.ton 

o£ platintlllY as de.scril~d bela\?. 
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APpal: at.us and Reagent.?! ' 

spectral curves end analytical meesu.remen:ts wer¢ made with 

a Shimad.Zu PR~Pl model spectrophotometer. and a ECL SGSl &git.al 

pH meter ·t>Yas used for the measurement of acidities of aqueous 

solutj,cns. 

Chloroplati:n.ic acid (Johnson and t·lattheyJ (ltd t~as 

dissolved in distilled wat~r (100 ml) follaved by stendeDI.tsaticn 

as elemental platinum70• A wo.rld.ng solution (392pg Pt/ml) ~vas 
prepared by appropriate dilution. Chlorofo.xm (E~; MerQk)• pyridine 

' 
(B:Ol·U.. o( -picoline (Riedel) •. (S •picoline (BDH) • -i. •pic:oline (Fl~a) 

and 2, 41.6-collidine (BDH) t11ere dis~lled bef·ore use. Potassium 

iodtde (BDH) and all _othet: reagents usea vJere o£ e.naly'tioal grade-. 
" . , I 

Diffea=ent buffer solutions uere prepared by st.cndara procedures. 

standard soluticna. of diverse· ions :;.-:ere prepal;'ed from the.ir cor;r;es• 

pending salts•· 

Determination of Pl~inumt 

An aliquot containing 100•500;-<9 of platinum t..ras mixed 

td.th o. 05M aqueous potassi-um ipdiee (2 ml) an¢! pyridine/ o( "'"'Picoline/ 
• • • I ~ 

~-p:J.coline/'i -picoline/2,41 6-eollidine (0.05 ml). volume of the 

£inerL aqueous phase t'ias made upt.o 10 ml t11i.th buf:fer solution o:f 

desired pH and it was left. for 1 m.in to ensure complete co.-m,.?lexation• 
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The miXture 1.11as then equilibrated t-l.ith chloroform (10 ml) for 30 
f l ~ . ' . 

SE:::C• The separated orga"lic layer was poured over anhyclJ:ctis sodium· 

sulphate to rernova ... any retained ~:1ater droplets. pH of the aqueous 

solution, after e.xtract.ionoi t-1as m~asure~ 'Ibe absorbance of the 

chlorofor.m extracts were read at respective abso~tions maxima 

against chloroform. AmOur.rc of platinum (IV) l·:as c.1eterrnined~g_lf]m·; a 

previously prepared calibration curve. To test the effect of ~verse 

ions., the respective foreign ions 'fi'Iel:e added to t..te~ system before 

aoditicn of the reagentso 

RESULTS AND DIS~uSSI~~ 

' ' 

. 
The platinum complexes in chloroform taken against the 

reogent blanks, shctrled chsorl;)tion rnexi~a at 345-360 run (Table 1). 

The reage.nt .blanks shot'l7 insignificant ebsorbances in the aforesaid 

t'11ave length region (Figo 1 }o wave-length region 345oa360 nm t-ras 

selected for all analytical measurements. 

~~traction as a function ~ 2 

The extrectic.n of platinum in terw.s a.E absorbance 'r;JeS 

investigated .in the pH range 0-12. EXtraction of platinum v.irtual~y 
,, 

starts from pH 19 :L'he chloroform e..~tracts .shov-Jed steady and maximum 

absorbances when the extracticns were carr~ed out frcm a~~eous 

solut..i.cn at pH 2-e. 2-9, s-9. 2•9 a1d 3-4 :for pyri.cttne1 o( -picol.ine, 
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(6 -picoline, ~ -picoline and 21 4# 6c:ocollidineil respectively. In 

tb~se pH ranges~ after single operation t-:rhen the e:.rtraction processes 

were repeated using the. same aqueous phases, thcr;. organic extracts 
virtually shO'it.red no absorba.'l'lce,g '!'his indicated a complete and 

qua.'1ti·tat..ive recovery cf platinum .in ·this condition. Extraction o£ 

the metal as. a function of pH has .been ·.shoti1n .tn Zi\i~ • .:t .o 

Effects 6£ solvents 1 

. ) 

Apart £1=om chloroform, some other solven'CS llke benzene, 

carbontetrachloride and ethylacet.c:rte t-.Tere tested as ext.!:acting 

solvents; but those offered no special advantages over 'chloroform. 

~he pattern of the absorption spectra of the cOmplexes remain 

unchanged in all cases. 

'Xhe absorbances of the platinum complexes in chloroform 

were 'measure~ at elapoed intervals .of time at 345-360 nmo ·:rhe 

colour intensity tvas stable for at least 24 hours. 

The optirnum reagent concent.rat.ions tvel'e ascc.=rtained by 

extracting plat:i.nura at var.ious concent.rat.icne of @ass.ium .ioo.ide 

along toJi th pyridine/~ -p;tcoline/ ~ -p.icol:lne/ tJ tlJO'picol.ine/2, 41 6-
collid.:tne. It tc:ras noted that 2 ml of o. OS Z:.1 aqueous potassium :Lod:Lde 

solution together w.ith o. 5 m~ of pyrid2ne/ o('...,.picol:I.ne/[i ~picoline/ 

..; -picoline/2" 4 1 6-collidine waa sufficient to extract 100 ... 500 f.19 . 
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of platinum in a s~1gle extractiono 

.In all casesQ Beer• s law was found to '.be valid over the 

concentration range .5-50 ·ppm of platinum. 'Xhe molar absorptivities 

of the complexes (on the basis o~ metal conten·t) 1:vere also 

evaluated (Xable '1). ·The sensitivities of the methods with 

~yria~e/ o<·•picoline/ts" -picoline/i -i:>icoline/21 4, 6-collidine 'i:11orked 

c.ut: to be o.1o P- g/cm2, o •. llfA-.g/cm2.• o.10F9/Clft2,,. o. OSpg/cm2 and 

o •. Ol8pg/cm2 respectively. 

·' 

In order to study the effects of diverse ions on ti~ extrac-

tion-behaviou.r, 392fA-9 of platinum (l.l7.6p..g for collidine) liJere 

extracted and determined qccording to the recorr~ended proceeure 

.in presence of ·~'I.e respective foreign ions .. M ion was considered 

to interfere if the J;eccvez:y of platinum differed by mora than 

+ 3% from the ect.ual amount taken. 'Xhe results are shCA..rn in Table~. 
~ . . . 

A 2!3-fold excess 0£ Co(J:;t}, Ni(I:t), Zn(l:I},. Mo(Vl),. U(VJ:) 111 Pb{II)., 

R-'ln(l;I) 4 Ca(l:t), V(VJ,. Ba(II), Sr(.IIl, Cr(.IIJ:}" La(I:t;r;,l, Ee(l:t) 

and Al (III) OJ.d not interfere~. A 10-fold excess of Cd(Il), Zr(IV), 

Th (IV) ;and a 5-fold excess of Rh (III) t-1ere tolerable .•. ·A 5-fold 

excess of Fe (III) end cu (II) could be kept in the aouecus phase 
. c ~ • . 

with ammonium hydrogenfluoride·and citrate respectively. Hg(II~ 

and Pd(.II) interfe~edo P..mong ·the anions te~ted, the foll<A"ling , 

(SQ.=a.fold excess) did not interfere : ~alate# borate,. _phosphate, 
. . ' 

t-artrate, citrate, fluoride, b;?."cmiae, phthalate, acetate, Ha~ever, 

thiocyanate~ thiosulpbate end ascorbate .interfered ser.iously 4>; The 

;\\' ~ ... 
i ~ ' 
I 
! 
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Determination of Platinum in SYqthetic mix~~ s 

In absence of real samples, the prqposea method was tested 

t,o estimate microgram amounts of platinum ~n various synthetic 

.. 2,4,6-collidine t-1as found to be most sensitive amc·ng the 

pyridine bases used. with ~~is r~agent the precision and ~ccuracy 

of the prQposed methcd t'l7as. tested by analysing solutions containing 

a lmqtm amount. o£ _platinum :follOt..ring the recorm1ended procedure. 

The. exoeri-mental results ar~ shor.,yn in ~able 4• The ll'ethcd .is 
- ' - I , ~ • , . • I • -

fairly prec~se _and Ieproducible requiring 10-15 min for each runQ 
r . ' . . . . 

pompa;.i.son of ~he )'Jresent meth25} : 

The prq,osedmetnod is very simple a~d rapid. The method 

has been compared with some other existing Ir.ethoc~s as shovrn in 
" 

'l'a)Jle s • .i.:•licrograrn arr.ounts vi platinum can be determined in prese11Ce 

of a number of d~verse ions althougn thiocyanate. thicsulphatew 

ascorbate~ rnercur,v snd pallad~um interfered. 
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'l?able 1. Details of Extraction fvlethods 

+-
'Parameter Base 

Pyridine o('"!"Picoline~ -Picoline ..;·-Picoline 21 4,6- . 
coll;tame 

pH 2-S 2-9 .8•9 2-9 3•4 

Amax(nm} 345 310 495 365 360 

r:lo!ar l.9Sxl03 1e7Sxlo3 l.9Sxlo3 3.70xlo3 1.09x104 
absorptivity 
(Clm3mol-1cm-3.l 

~ ·- ..... 

Sandell's 0.10· 0.11 o.1o o.os o.oae 
sensitivity ' 

(f-9 cm•2} 

' ' 

---~-
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Ion added 

Oxalate 
:eorate 
Phosphate 

"i:er:trate 

Citrate 
Fluoride . 

Bromide 
Phthalate .. 

Acetate 
m::mA 
Co(Zl) 
N:i. (.J:.IJ 
Zn(.II) 

toto (VI} 

U (VJ:) 

Pb(:ti) 
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Effect of: diverse ions on the determination of 392fig 
of plat.inum (ll7.6pg for col.lidine}. Average of three 
determinations ~1as tal~ 

Amount ·:ron adcleo Amount 
tolerated tolerated 

( mg) (mg) 

20(6) r--..n ( Il) 10(3) 

20(6} V(V) 10(3) 

20(6) ca(II) l0(3) 

20(6) Ba(J:I) 10(3) 
' 

20(6) sr(I,I) 10(3). 

20(6) Cr(liJ:) 10(3) 

20(6} Be(J:J:) 10(3) 

20(6) -~ .. 1 (III) 10(3) 

20(6) Cd(II) 4(1) 

2 co •. s> Zr(.IV) 4(1) 

10(3) Th(IV) 4(1) 
10 (3) . .Rh (III) 2 (0~ 5) 

. .. 
10 (3) Fe(II:.t) 2 (O. 5) 

10(3) cu(:tl) **' 2 (o. 5} 

10(3) 

10(3) 

~ 

(Z, 
:' ) *in presence of flu9ride 
~~ .tr _, 

**in presence of cit~ate 
( J for.coll2dine system 
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' 'r®lle 3. Dete~ination o:f platinum .:Ln synthetic mixtures 
(with co.:U.ioine) · 

Platinum found 
pg ______________________________________________________ $ ________ _ 

1. Pt(l17.6)• .Rh (200), Co (200_) 

2. J?t(J.l7G6J., Co(200). Ni(200). 

. . * 
Fe (200_). cu (200) 3. ~c(117.6) , 

4,. l>t (117 •. 6)., .t-?.0(200). V(200) · 

SG Pt(117.6)1_ zn (200},. Pb (20oi) 

6• l?t (1~ 7. 6·),. u (200 ),.. Cr(200J 

---------------~·~·------------------------------·--~----~~ 
~~JPlus 2 mg each of fluoride ana citrate. 



r1 

197 

'lable 4. Reproducibility of Platinum Recovery (v1ith coJ..lidina) 

Platinum teJ'ten 
in~ 

Platinum :f cund' 
p.g 

st.d. Dev. 
% 

~------~~--------~----~----------------------------------

176~4' 

235.2 

s7 •. s. 57, ~ .. s 
sa, sa,. 56 

114~ s,. 111, 11s.s . . . 

175.5, 175 ... 5,. 177~5 

115.5 1.05 

175.9 ·o.a6 

-------------------------Q--~----·-·---·-~----·~-----~Q~~------~-----
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'l'eble 5.,. Conparison of the present methoa 

Ref. Reagent pH >-max 
(nm). 

·~ 

NOlar 
absorptivity 
(l mol-1 cm•1 } 

·"' ·i 

Interference 

----------,.........- I :atsa& eri-•- a::;ao~ £LA:;* .....-c..z ~ ---.· ......... I 

71.s · Thioridezine 1 •. 6-4.()}1 .640-664 3e41Xi0~ l?d (II), RU (II:t) 

72. 

73. 

74. 

75. 

76. 

77. 

78c 

hyor®hlorioe· ~Po4 (om3mollb».lcm-l J 

~·1ep~ine 
hyc1rochloride 

aenzin~o(­
monox.ime 

l?ropionyl 
prc;mszine 
·phosphate· 

2-cximinc-l• 
.inder,lcne 

o-mercaptc­
acetoaceta~il!de 

Phenothiazine · 

Pres~nt methCd 
(Coll.idine) 

l.s-4.1 512-516 

3.,o 440 

1-3M. S12-S16 
phosphoric· 
a~id · 

s~ 4-e·, o 342 

At. lot1er 593 
Pii in HCl 

- 660 

3-4 . 360 

l •. tJ-4~104 

6•67xlo3 

5.95&103 . 

l~06x104 

9 •. 56:~103 
(drn3mol-1em-1 J 

l.~S3x104 

. 4 
1 .. 09xlO 

* • . 
Fe (IIIJ. Ru (III) 

Co(IZ)~. Ni(II)~W, ~h, zr, ~A, 
- - . 8il· .. B.r , 11 ,.. SCN ,. s

2
o

3 
, I 

nil 

-· 
Nil 
·(free fzQll· the interference of 
noble ana base 111etals) 

Pd (II) ,Au (IIJ:), RU (III) • Fe (III,), 
Gu (II), Ag (Il~ Hg (II) 

. Hg"' Pd, thiocyanate, t.hiosulphate, 
ascorbate ·------ -- - ---

*masking agents t'lere used. 

~ 
co 
00 
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.Sol"Vent EXtraction and Spectrophotometri.c Det.e%'mina£!on of Comer 

using. !·1ixed Ligmd Comple?i.~ation t-Ji th Plr.idine, OS ...,picoline1 _ 

S•l)icoline, i -R.icoli!le or 2,4,6-Collidine and Bi'omide/.Iodide 

spectral curves and analytical measurements were made with 

a Sbima<S.zu•PR•l mooel s,pectrcphotcmater. stoppered quartz cells 

of 10 mm optical path length t-rere used for ebso.rbance measurements. 

A stock solution o£ cqpper(II} was prepared by dissolving 

cuso4. sa2o in distilled ltJater :follOwed by it.s standardisation 

as benzoin- o( -~ •• d.mate79., A. 'V!Orlung solution ·of 
1 

CU (:U) (120 ;4 9 mt•l} 

trrae prepared by aPPropriate Oilution,. Chloroform (E4i' r.;zerclt), 

pyridine (BDH),o(•p.icol:lne (Riedel) 1(5 ... picoline (BDH) 1-picoline 

(Fluk.a) and 2, 4, 6-colliCline (BDH) were distilled before use. All 

other chemicals t·1ere of analytical 94edeo stock solutions of 

desired diverse ions were preparc;;d :f.}rom their corresponding ~alts •. 

Potas£?ium chloride•hydrochloric aciid buffer vias used to adjust J;H 

of the aqueous solution. 

Detez:mination of. . COPper t! Bromide SYstem: 

ll.n aliquot containing 50.300p. g of copper t:Tas miXed l'rith 8M 

a~eous potassium bro~de (1 ml) fallowed by the addition ~ o.s ml 
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of pyridine/ o( -p.icoline/ f -picoline/~ --picoline/2, 4, 6t&>Colla.dine. 

Buffer solution (5 ml) of pH 2. 0 \'las then adaed to it and the 

volume of the aqueous phase Wa$ maae upt.o 10 mJ. t-.7.ith distilled t~Tater 

and left. for 1 min to ensure ccrnplete ccnrplexation. 1'he mixture t-;as 

then equilibrated td.th c:hlorofoma (10 ml) for 30 sec. The separated 

organic layer was poured over anhydrous sodium sulphate to remove 

any retained "tater droplets~ The absorbance of the organic extract. 

was measured at corresponding absorption maxima against a blan~. 

The anount of ·Copper(II) was determined from a calibratioo cuJ:Ve~ 
' ·, 

~o test the effect of foreign ions, the respective icos "t-.rere added 

to the system before ad&tion of th6' reagents·. 

Jm aqueous solution containing SQ-30~9 ccpper t1as mixed 

1r1ith o. OS~l potassium iodide . (3 ml) and o. S ml of pyridine/ o( -picoline/ 

(6 ~p.:tcoline/ i _-picol.ine/2•4•6.:,_c:o1lid.ine. Bu.ffe~ solution (S ml) of 

pH 1 .. 0 li'TSS then added follet.ged by distilled water to make the 

volu.tne of the aqueous phase up to 10 ml •. The aqueous phase was 
'I • { ' . ·-

left for 1 min, t.o ensure complete cornplexaticnca 'l'h.s miJ~ure was 

then equilibrated \·d.th chloroform (10 ml} for 30 sec:e 'I'he separated 

·organic layer was shaken &t.ith anhydrous sodium sulphate to remove 

any retained t'lYater Q.roplets. The absorbance of the chloro£oxm 

-extract t.,yas me.asuJred at corresponding absorption maxima against 

capper f~e reagent blanl~. Amount of copper (II) ir.Tas deduced. from 
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a previously pxoepared calibrat.ion curve.. To stuey the . effect. of 

diverse :Lens, the res~ctive fore.:J.gn :i.ons \-Jere adaed to the system 

prior to the addition of the reagents,. 

RES~S AND.PISCUSSION 

:tn presence of pyridine and alkal.i thiocyanate·, c:o~per 

forma an .insoluble c:ouple-~80 of formula CUPlf2 (SCN)2• t-J'here 

thiocyanate behaves as a pseudo-halogen. ~ presence of bromide/ 

·IOdide end pyx-idine .bases copper tCI) probably fa~ns ccmplexes of 

the type cup2X2 (P = ~yridine .base; x· :Z Br/Z). ~hese complexes are 

extractable intO chlOrOform~ 

The sbsor,9t.ion spectra o£ the. ecpper(J:I)•brow.ide-pyr.idme/ 

o( -p.icoline/ ~ ~picolinel ~ •picQline./2, 4, 6-collieine complt:::Xes tn 

chloroform. shotted ma.umum absor.bances at 320.355 nm with. a shoulder 

:tn the capper (I~ ) ... iodide-pyridine/~ ·-pi co line/~ -~icoline/ 
2,4,6<ollidine systems~ the absorption maxima were at 350•360 rs.(FI~.~) 

The ccpper(:,[;t),_.iodid~o(-picol.ine complex exhibited no <Jbsco:1:>t.ion 

maxima in the region 300...600 nm; in this. case the cnalytical 
" 

measurements wer~ parried out. at 350. om. The reagent blanks did 

not. absorb· in the e:foresaid .t>Jave•len.gt.h regions. Hence £OK' sinpliczl:t.y 
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all analytical. ~~asurements were carried out at respective absorptioo 

maxima against chloroform. 

Effeet of pH on the ext.r€J,Qtebilit.y of CU(J::t) ~to chloroform 

was axair.inea in terms of ab~o.rbence of the mixed-ligand ccmplex. In 

the bromide system, .tn presence o:f pyridine base$; ~naximum ebso.tbanc:e 

was obtained in the pH range l._.s-2.5. In a second ccnsec::utive 

operation the chloroform extract virtually sh01:~ed no absorbance. 

~h1s .indicated a carpJ.ete ana qt.lan~ta:f;ive extrac-tion of cepper(II) 

into chlorofo~ in this c;ondittcn. Hot..rever in ~-ase of iodf.ce system, 

in presence of pyridine bases, ~antitative extraction of eopper(liJ 

"'as accomplished frcm .PH o. s-1. s •. 

Effect of solvents : 

Apart from ehlorofom, sone ether solvents l~ke benzene, . 
ethylecetate, csrbontetrachloride t~ez:e tested as extracting .solvents; 

but· those offered no special ·advantage over .chloroform.. The pattern 
~ .i 

The absorbances of the copper .{I~} complexes in ebloroform 

t-Iere measured at elapsed inteJ:Vals of timeo The colour intensity 

was stable for at. leas~ 24 hours. 
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The optimum ~agent concentrations were escerteinea by 

extracting cqpper at various concentration$ of potassium bromide 

or potassium iodtde along t-Jith pyridine l:>eses.. It was fcund that 

for brOlll.ide conplexes., 1 ml of Sl-1 aqueous solution of potassium 

bromide along l:J'ith 0~5 ml Of pyridine bases Wa.$ Suf:ficient to 
' 

extract 240ft9 of copper(Il} at pH 2.0. For .todi.de complexes, the 

emounts of reagents required 1m~r~ 3 ml o~ Ot~·OSM aquecus solution 

of potassiUJD ioctice end 0~ 5 ml of PY-7.1dine .D ases to extract the 

same· anount of ccppel:; (I:t); the ·extraction t1as ·carried out at. . . 

pH 1,.o~ Highe~ reagent ~oncentration (otz the bromide or of the 

iodide) had no adverse ef feet on extraction,. 

In ~e optimum conditions, the absorbance o£ the or~~'l.ic 

e.xtract shOt..rad a lineaz· ~sponse over· a concentr~tion r~ge· of 

s-s~ ppm of c~+~r. ~he cqr~esponoing molar absorp~vities ~ 

the corrplexes (en the basis of copper cvntent)_ and Sandell's 

sensitivities were calculated as sham in Table ~. 

Interference a 

In o~der to stu~y ~he effects of d.iver$e tens on the3 

extra:tion behaviour. 240ft 9 of. cop,Pei• (IJ:) t-IElS extJ:acted and 

' dete.r:rnined according to the general procedl,lre .in. presence of i;he 

respective ;foreign ions. l)evi.ation oi: not more than t 31' f:tcm 

the recovery of ~opper -v1as taken as the tole.rance limit :for the 



204 

diverse ions testedo For bromide complexes the system tolerates 

1~25 fold excess of the foll~'lin9 ions~ Fe (l:l:tl4i. Co(Il), Pb(I_Ih· 

Ni (Ill Q Z!! (II), V (V), .Rh (l::tl) • Ca (I~), Sa (I:t)" Sr (I:t), :Se (IX) Q 

~l (I.), U(V%). Zr(IV), La(:fl:I),. Al(III), ~h(XV).- Mg(IJ;), Cd(J:I), 

Mo(.IV), Pt(J:V) md Hg(I:t) are· permi.ssible at l<»rer concentrations. 

pd (l~) h~11ever shQ:lS strong inter£erence even at trace level.. 2\mong 

the an!~s tested, most of them. ar~ susceptible to the procedure, 

although phthalate,. borate ood phosphate do not interfere •. In case 

of iodo-complexes, 10....25 fold excess .. of the folla.;ing ions are· 

permissible .: Co(IJ:}~ Ni(IIJ, Pb(:t:t); Zn(:tl), l\1o(:tV), V(V),Rh(l:ti.l. 

Cs(II), :aa(.tiJ, sr(J:I),_ Zr(J:V), V(VJ;), Al(IJ:Il, :Be(II}, :ta(~J:l.}, 

T 1 (I.). The system tolerates lcx..rer ccm.cen ti:: ation of Cd (J:I), Hg (IlJ, 

end Fe (J:Il )., Het-1ever:,. l?d (II) ar.ao Pt (IV): roust. be absent.. Among the 

aniC«ls tested borate~ brorr.ide,.._ phthalate.. phosphate do not inter~ 

fere. The presence of t.hiosulphate, EDI'J\, tartrate. CJXalate~ citrate,. 

fluoriee,. ascorbate ~estricts ~~ extraction of ccppe~. High Eesults 

are obtained :in presence of thiocyanate~ Xhe results· are presented 

In a.osence of real san;ples" the preposed method t'l1a$ tested 

to estimate microgr~ amounts of · eoppe.r in various synthetic mixtures 

('I' able 3). 
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Among the bases used ·2~4*6-collidine was fcund to be most 

sensitive J.n both the bromide ana iodide systems~ ~1ith this ~agent. 

the precision md accuracy of the rrethcd was tested by OO¢!ly~ing solu-, 

tion containing s 2mQ)7n amount o£ coppeJ:(.I:C) :folle»1ing 'the reccmmen .... 

ded procefure"'. The average of six ae.::te:rruinat.ic.ns 1ndicetsd the 

proposed meth.ocl to be £air ly p.r:ec~se and reproduCible in e.:t tner of 

tha systems., l?be results are shetm. in Table 4. 

~he proposed method is ver,V simple and rapid. ~he method . 

·has been compared l'ii t.h scme othea:- existing methods as sham in 

Table s.! r-11-crcgram. amounts of copper .csn be determined in presence 

()f a number o:f diverse ions although pa.lladium(II} and plat:J,num(IV) 

.1nter.fered., 
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·' ' . :. ' . : 

Paraneter 
.. ! ' ' • 

pH 

san.dall•s 
sensitivity 
(,Mg cm·2} 

' 

pH 

>-max<nm> 

Sandell's 
sensitivity 
( ;«g em *"'2 ). 

Pyridine o(•Pic:ol!ne ~ -Picoline {-pteolina 2.4.6-
. · c:oll:idi.ne 

' 340 320 340 340 
'; 

5.13 

o.o29 ()~ 021 o.OlS 0~027 o.o12 

J:odide. sxstem 

o.s-1.s o •. s-1 .• s o.s-1 .• s o.s-1.s 0~>1.5 

35$ 350 350 360 360 
r 

2 •. 65'' 

o.o21 o.o24 0.013 o •. oog 

------~--------------~----~-----------------------------------
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Table 2. Effect of diverse ions on the determination of 240_,...tc.9 
of copper. .AVerage of th:cee determinations t-ras taken 

Ion added ttmount tolerated (pg) 

Brcmiee Iodide 
system syst.em 

.....,~ ..... ......... 

Fe(UI) 5000 2000 

Co (IX) 6000 6000 

Pb(II) 6000 6000 

N;i.(J:Il 6000 6000 

zn(l:f) .3000 3000 

V(V) . 6000 6000 

Rh(;t:II) 4000 ~ooo· 

Ca(J:I) 6000 6000 

Ba(J:I) 6000 6000 

sr(:ti) 6000 6000 

Be(;ti) . 4000 4000 

'l'l(I) 4000 4000 

U (VI). .. 3000 3000 

Zr(.IV) 2000 2000 

La(Ili) 4000 4000 

Al(Ili) 4000 <-1000 

Th(IV) 4000 4000 

l~g (II) 60000 6000 

Cd(ll) 3000 1000 

!,1o (IV.) 3000 3000 

Pt(IV) 500 -
Hg(ll) 500 500 



Dete~ination of copper in synthetic rnixtureso 
(Average. of three determinations) 

composition with emounts 
' (J-t9) ' ' 

----~----Q------~----~~----~-------------------
3.. Cu(l~O)q Fe(300). N.i(300) 

2. CU (120) •. tU. (300 (., Co(300). . 

Sa, ~ (l20),t Pb (300),. :2:n(300l 

4e- CU{120), Hg(200),. Rh(200) 

S. Qu(120l, M0(200)~ V(200) 

121.5 

1.19.5. 

120 

122 

121 

208 
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Table 4~ ~eprooucibility of copper recovexy. 

~ Copper t.alten Copper found !-lean .sta. Dev:. ·/ 

(f<g) ' . (ftg') ( f'- g) .% 
\-.~-, 

---~-~~·-
Bromice - s;zst§f!! 

58-f 60 •. 5, 61 
60 60.33 1.24 

61,. 61.5, 60 

120 120,.$~ ,122, 121 1209:9 0~22. 
120, 121, 120.5 

181, 1B2eS, 181 
160· 181 0.94 

1801 181 •. 5, 180 

~-
242.5, 12~-::::-, 

.240 240 •. 5, 241.5 o.11 '• . 

241, 242,- 241 

lioCJ.ide SJ[St~ 

58.5, 60, 61,.5 
60 59.9 1.39' 

60.5, 61, se 

121.5t- 120, 119 

-¥ 120 119..8 1.-21 
12o.s,. 120, 118 

160,.5, 181~5· _lSO 
180 181.16 o.a1 

182, 192, 161 

242.,5, 2,41 239 
240 241 1.36 

240, 242,' 242 

-+---
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Table s. conpar.ison of the Present Method 

--~--------------~~----------~~ .. --~----a.--------~--------------.a----~~----.a~--~--~--~~----------~------~.a-a ______ ___ Ref. Reagent 

91. Diphenyl 
thiocarbazide 

82. 4-ni troso­
resorcinal end 
pyridine bases 

pH A max 

~e s4o 

1.0-11.0 365•375 

83. N,.. ( o( -pyridyl}a 1 o. Sc.ll• 0 520 
2-thioquinalcltna• 
mide 

84. 10.(2-benzoxa­
zolylazo)-9-
pehmt.hrol 

ss. 9• (nonyJbenzene) 
sulfonylarnineo:­
qu!noline 

96• Diphenyl""' 
carbazide 

87. Present me~ocl 

5.1 + 
~- ~ 

0.-1 

t<Jeakly 
acidic 
(~ 5) 

a.4 

542 

315 

540 

(Video'rable 1) 

Moles.­
ebsorptivity 

S~04x104 
~~; 

. 4 o,?axao 
4 o.4Sx10 

0~89x104 
4 l.06xlO 
4 0'!21xl0 

s.2x103 

5 4 ,lxlO 

6.7Sx103 

1.5x10$ 

Dltsrference 

* - .. * * Fe (IJ:l), Sn (II), Pd (II), Hg· (:U::.)q 
* •. I=b· (II), a1 (II:t;), borate anel nitrite 

Co(II), Pd(II), .Hg(II). Fe(II:t), 

Zr(IV), SQ~, s2o,a, EDTA, F-, c
2
o
4

, 

tart~ate, citrate enc ascorbate 

.,. 

* * * * * Al (Ill), Fe ~ P.b # C~ (III). Zn , 
* * * * Co • N1 , Cd and Hg (II) 

lig(II) 

.. 
Pa(Iz). Pt.(:tV) and SCN• 

~------~----------------------------------------~------~--------~~----------~~~--------~--~~ *masking agents useCio 

N 
~ 
0 
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Lit.era:t.ure reveals a number o:: compleld.ng agents ,£or 

sp€.-ctror..hotometrtc: determ.L"lation of palladiwn. Zn ou,1; labc.;-ato.;y 

~-mercaptoben~o.tc acid is uncer investigation t.o study its 

analytical potentiality. A method h~ been reported to determine 

palladium spe<;:trophotometrically in miercg.ram levels 

t..lle reagent. 

with. 
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P.bsor.banee measurements t·zere carried out with a Shimaozu 

PR-!t1 rnod.el spectror.Jlotometer fitted td.th a pai~ of ·rnatchea quartz 

cells of 10 nm optical path length~ 

Palladium chlor!de (Johnson and .Ha.ttl'lay) (1 g) was· 

dis$olved J.n ccnc. HCl (l; ml) and dilu.teQ. to 250 ml vlith distilled 

\'later~ This was standardised with ciimethyl glyoxime1~ A t'lo~king 
solution of palladi1lm(I:t) '\11cas,·· pr.epar€..~ l>y approximate d;tlution 

of f;he stoclt solution. 

A 0•1% ethanolic solution of 2•merca.pto benzoic aoid 

(E• t-ierek) ttas used l!or the· puxpose .. p,dju~tment oi pU in t.he 

aqueous phase w~ done by using o. 2 N . acetic: acid end o. 2 .M 

.sodimu ac;etate solut~i'on~ 

stand.ard solutions of diverse ions were prepared from 

chlor.tdes nitrates as sulphates o£ metals (in case o£ cations); 

and £rom sodium, p<>tass.ium or ammonium salts of. the species 

concerned (in case of anion:;:) t.o study this interfering el;:feQt~ •. 
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Determinagon of. :palladiUtR ; 

An apprcpriat:.e amount of palladium solution (20.,..100ft g) 

was ter...en in ~· 10 ml volumetric flaslt. To this was adaed 0.1% 

ethanolic solution (1 ml) of 2-::ne~captobenzoic ac:ld followed by 

the acetate buffer (5 ·ma.J (pH 3.5). ~he volume tfas made up with 

disi;illea ;;~ater end left. for 1 min to ensure complete complexation 

and maximum colour d9veloprnent. ~.bsomance of the solution t>Ias 

_measured at. 420 nm against. a reagent blank. Amount of palladium 

present t'IS.S co:·uputed £1;:om a o:al:J.:b.J:ation curve. 'To study the 

inte.tference;~ the respective .io.re.ign .tens were added I.,:.:>rior to . 

tlle addition of xeagent and volwne make up. 

RESULTS AND DISCUSSION 

/_--_ 

~ne absorption spec::trum_ of the ~l~d (-~~)•2•mercapt.o~nzoic 

eo.td complex in a.qUec•us solution. against the re-agent blank taken 

as reference is sho-vm in F-i!;lo 1,. ~!axinn.tm absorbance as seen :fran 

the spe:otrum~ occurs at. 440 nm. 'lhe :reagent blar.'"lk p.reJ.~ared under 
- . -

conditions of the ~perill'Snt absorbs considerably bel¢W 3_80 nm, 

_but the ~sorbar.""lce becane ina.ignif.ican.t. fJ;"om 400 nm Dnt>?~d$~ Hence 

the t-1ave length of 420 run was selected for aU analytical measure-



-~ 

Ef:fect o£ l.?!!.rrr. , '* • J ILL , , 

~he ei:fect of pH en colou;- development was e~amined by 

measuring at; 420 nmj~~~~~bance of t.~e, palladium .;oraplex ov~ 

the pH range 0.12. Various ~uf:fe.rs were\enployed for the purpose. 

~he cow.plex exh.ihits conGtent and m~ <:tPsorbance t11hen. too acidity 

of tlle aqueous phase tvas mej,nt.a!Qed a~ .pli 3•4~ $hOt~ing a gradual 

decrease in value with in~rease Ol:' decrease in pH. The variation 

o:E absorbance witb cba."lge in pli of the aqueous phase· is shewn in 

'J?he. e~fect of; 2..,:teP:::aJ.:rto benzo.tc acid on the colour aevelop .. 

rnent of the P-d(I:I) COlllJ?lex in the aqueous phase vJaa studied by 
' ' 

adding dd.fferent amounts of the :;eagents~ use of o.4 ·ml of o.l% 
ethenolie $Olutj.on of. the reagent was suff1o.i.ent £or maxiinum colour 

development. Of the e~eous phase (10 · ml) oontei.ning: 4:3 ?- 9 of 

palladium• use of less tlaan o.zs ml of the reagent probably render 

so~ution ere. obtained~ In.<;reased ccncentreti.ons., on tbe other hand". 

do not bring abcut any Si9nificent- chenge in the meximtUn value of 

aPsOJZbance., ucwever., use of J; ml o:f .O.l-7& ethanolic solution of the 

reagent ie preferred J.n the proposed n:.ethod as a part Of the a.aeed 

1:eagent may be consumed ..... 4-f .foreign i.cns ere present. Results 

obtained in respect of reagent c.oncentr at.ton ere presented in ~able 

2. 
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Stability o£ COlOU.£0 

The absorbence c£. the palladi.um complex in the aqueou$ phase 

was measured at elapsed intervals of ,...25,. 0 41 5., 1. 2. 4f. a. 12 and 

24 hcurs after t}'l..e colour developm~nt at 420 run against the reagent 

blank t~zas measured. No change .in the colour intsnsi ty \'las l':ecorded 

upto 24 hours (Table 3).. The c:omple::x :i.s thus, ·sUfficiently $t.able.. 

Calibration curve 't>lSS prepared by standard p.rcce4W;a. 

Different amounts of palladil.un were allo;...red.to inter·act. w.ith 

2-mercapto benzoic acid maintaining all conditions o£ the given 

e.gsinst a blen~ A standard calibration curve t-Ias ol:>tatned by 

plotting Sb~orbaqce values against corresponding palladium concentra­

tions (Table 4, F.tg. 3 )., 

:!:'he system conforms to ~eer•s la-r over concentrations o;e 

10 ppm of palladium ('l'able 4~ Fi~.g a.). •. Sandell's sensitivity and 

molar absorptj.vity of the complex. (on the basis 0£ palladium content) 

are 'o.006?91c~2 end 1·~725 x 104 . l rool'"'*1cm-1 respacUvely at. 420 nm. 

This clessi~ies the eolcur reaction as one of the most sensitive 

for palladium C:O!l1Pa!:'ed wit~ some other existing method$ ('Xable S). 
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The precis.ion end acc~rooy ol: tbe preposed method was 

tested by anall(sing solutions ccn·tain1ng a kn~m amount of pal.laotum 

(J:I.l. 'lb~ re.sulta 1n i'eble 6 inOicated the methOd to be ~aia:-ly 

precise and ::eproauc;ible.o ~e "total eperation time :for eaeh .run 

..tnterferenes t 

J:n e separate ~t of ~erirr.ents a $tanderd palle.diu.rn (:tZ-) 

solution containing 43 p- 9 of palladium in each case w~ rrJ.xed t'J'ith 

an ~queous soluticin of . one of the foreign species. Deterw.ination 

of. pall,ad.ium was then computaa £ollcw.tng the .recomu::nded procetiu.+e. 

~he t.oleranGe limit t11as set at that amount of the foreign materiel 

for :rtlhiCh apprcximtl.t$ly + 3 par ·Cent error WOUld be ach.ieve(l. The .. ~-· . 

upper limit of eoncentration investigated t-1as" however.~: restr.i.eted 

to the &1':6\lnt e.rou1;2d 100 :fold ~.:.:cess (w/ti) <;Jf the palladium ecnc;en­

trat:ion., The_l:'esult;s shewing ~olerance lim.its of tbe fo~e.ign mater.ials 

inveat.igated~: .are given in T Sble 1. 

~oler ance limits o;!f some .it'ns having serious inte.x:.ferenc:e . 

were improved by using masking ··agents., e.g.,. 1;l:'qn(I~) \"ISS masked 

with fluoride_. lead(I:t) v1.ith excess e.cai:ate •. ~.mong the. ions tested 

meJ:cury(ii} has very lctw tolerance limi~ . 
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:en ebeence .of .real samples the. proposed met!lo6 was extenCI.ed 

to some synt.l&et:lc mixtures to ~stimate rilJ..crcg.rani enicurits .. of palla­

dium. Five different synthet.tc ~ixi;UJ:es \-Jere P,.repared by mixing 

solutions of palledium(I:.t) t"lith those of p~at.inum(XJ;.h. Rhodium 

(J::tl},. i.ron(.l::t~)-, ccp~r (J:l), a:lickelJI;t), c6balt(ll:), zinc (:tl), 

caan.:ium(~):\0. rnolybdenum(VJ:} and vanOOimn(V) in the manner as given 
? 

in Tsble S... 'l'he &"TTOUnt Oi: pal,ladiurn present in each sanple t'lfa~ then 

dt=te~!ned bJ( foll0t-1ing the recommended procedure,. r.lasking ag-ent 

Conclusion : 

f,tlhe present method for the spectrophotornetric ueterrnination 

of palladium .is simple~ rapic ana sensitive •. The net.al in micro 

quiE!ntities can be estimated :in pr~sence of most ax' the ccnmori ions~ 

It"Af luence of sone inte.r:fer ing iO&lS can be ove.rccrne. 1hsi method is, 

' -· 
application f. 0~ ootel:minaticn . cf palladium tt~henver h.igil oeg.ree ot 

precision and sonsitiv~ty i$ aesir~~ 
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':Cable 1 ; Variation of absorbance with pH of the aqueous phase 
('l'he aqueou$ phase (10 ml) Qonta.ins 43,Ag of Pd(II) 
and 2 m1 of 0•1% et.hanclic solution of ~-mercepto­
benzoic acid 

pii ~Gtb~ce pH Abso~bwce 

- --
o.,s :0.,140 4.J~ O!t660 

1.0 o.~22 s.o 0;,650 

l.S 0.410 s.s 0.600 

2.0 o.soo 6;,d) 0.600 

2.5 ,0,_.6~0 64f5 0~550 
-3.0 0~699 7.0 0.510 

3.5 0~695 81110 0~470 

4.0 0.695 9.0 0-,410 
10 •. 0 o.3lO 

E~fE;;ce of :i*'"I!lercaptobenzoic acid. ~·he aquecU.s phas~ 
(10 ml) (pa s.s> contain~. 43 pg of J?d .. o.l% ethatl()~ie 
solution of the .reagent tt1as used 

--------------·~-:t .... rv. ---- -
Addition of 
reagent added 
in ml 

1bsorbance Addition oi 
' reagent ec;i<led 
in ml. 

---------------=-----------------------------------------------o.os 
0.10 
o.1.s 
o.2 
o •. :as 

.0.;3 

0•3'5 

.0 •. 40 

0.,340 

.0-.395. 

0~430 

o.48o 
o.S32 
~.430 

o.oao 
o.o90 

o.s 0.695 
04[i.6· .· o.692 
o.,.a o-.692 

1~0 o.ES9S 
l~S 0 .. 69$ 

2 ... 0 O~t695 

4 .. 0 0~695 

6.0 o.G92 

- ·-



' . 

'1' .:liDO' in hour 

o.,:as 
o.s 
1 
2 
4 

s 
'l2 
24 

concentration of 
palls~um (ppm) 

.. lll 

1.07 

2 •. 1!> 
.., l')f')' 
.:..-~ 

4.,30 
5.,38 

6_,45 
·a.GO 

• 

o.a95· 
0..695 
0••692 
o._69S 

0~695 

0~69$ 

o.69S 
0~695 

Absorbsnc\il 
at 420 n;~ 

o.a4o 
q,.322 
o.sso 
o.G·9s·· 
·o.a~o 

o.oo2 
1~380 

226 
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ileble s. C<xnperisQn of the .t<~'£lthod 

{ )( l,)"--· 

• ~=-- ~ ---~··-..-.~·cuo-.~~--w•~t__.•·~,_.~ .. ~~-.~~~~--~~--~~~~~~~~~.w_.~~~~-.~--~--~.-.-~.a.-=s-=-* .. c.~**--~~~~~~~.-.-.. -=.e=-~=-
Ref. Re&gent 

"-• 

j. 

4-

~~ 

s. 

Isonit.roso 
thioca:mphor 

Phenotl1i~ine and 
~romez:J.ne· 

Sc:>dium· Ethyl•· 
trithiocerbcna~ 

xanthate$ 

2• -Hyc.~cxy-~ 
merthw.y~5 ,_ 
methylchalltone­
ox.ime 

~reser.\u methCJCl 

·lfi . A IDS:{ ; 

5M HCl 450 
to 

. pH 2.,0 

Ethanol 5$1 ana 
meaiwn 450 

1• 0•10. 0 310 

1 O'i·S HCl t.o 4:60 
PH 2.t0; m~. 
pH 1~,7 · and 465 
2J'1 HCl to 
:Pl'l 7.0 •' 

. 0.,5 to 3SO . 
2~5. 

3·4 420 

11olsr 
'ebsorptivl.:~y 

3. 90 :t 103 

~ •. s4a x aoi end. 
9,.213 )t 10 

' ' 

1~277~, 104 

a.,9 xl~ 
1 •. 9 X 102 

1 .•. 76 X 102 

1.92 X 102 

-l.,eo :c 1o2 

· s.3e ~ l-03 

1.72S .X 104 

~--------------~~~~~~~~~~~~~--·--------------------..---~W4LA-k - --* masking eg~nts used 

Interference 

- * * * CU , Co , l?t , Hg 

end s2o3 

'pt.'(IV·\. AU(l:tX). ., .. _ . - . 
!i'0(lll), CU(J:I):, 

A9 (X) tmd Hg ttl) 

*c -·> *c ' :r~ I:t .. zn . nl'., * - * . 
Q4 (Ill)., Fe (III), 

Nt* (IX)., co* (;I) end 

l(t~ 

* • ( ') Fe ., !Pb ., .Di :Cl;l , 

AU~ Pt.(lV)# Os(VllJ:)M 

~2 <>s., v anadat:,. 
molybdste,. Ni (IJ:), 

* Co (II) • CU (I%) 

~e.(il'X)(! .Rta (-II:tl. ZrO(lJ:l, 
citrate, tartre1te and 
J.m'..fA 

11e* cx:n:J, Pb*<xz), 
-~ 

~ 
l\J 
....:! 
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Table 6. Rep.roducibil.it.y of thenethod 

-~ Palladium· Palladium ~~ean Std~ Dev. 
t.alten Cpg) :found c ft9l f't9' % 

21.5 19.5 21.5 .2"1.0 .20.25 ~96 

2o.o 2o.s 19.0 

41··5 43.0 42.5 
43·0 42.25 o.Ge 

41.~ 42~0 43e0 

64.5 66.0 65 •. 0 
64.,5 65.25 0.52 

65.S 65.0 65.5 
).( 

ss~s 84.,.5 86_.5 
eo.o 

ae •. o 
66.33 1.63 

aa.s e.s.o 

..........,..-. w• ._,0_....... ili$'Ji - "!' ....,. ... .,_-RI ..... Ill • . 



Table ?9c Effects of ttiverse ,ions on tbe dete:t'lf!J.nation of 43 A g 
of palladium. Average of thJree detegminat.ions was 
taken .in each casE;~ 

Ion added MOU~i; 
tolerated 
p.~ 

,.,. llf a_:- ...._ *' .•'lQ. ·mlli:.'O 

Citrate . 
Borate 
Fluoriee 
Or alate 
EmA · 
ThiosuUate 
~hioeyanat.e 

Iodide: 

J?hthala~ 

l'4:Setlat~ 

E~omide 

Phosphate 
Nitrate 
zn(X:,t) 

Be1(li} 

N'(I:t) 

4000 
4000 
4000 

•ooo 
4000 
4000. 

2000 

200 
2000 

400 

2000 
. 4000 

4000 
4000 
4000 

4000 

4000 

4000 

lfe.(X:t::t)• 

CU(II) . . 

Q:(I~;!:) 

'Jm(J:V) 

Z.r(:tv} 

~lo(V!tJ . * 
l?b(.Il'l 

Hg(ll) 
sn(;ti~ 

V(V) 

AU(IIX) 

Mg(Il} 
Ag.(Z} 

OO(li) 
CQ(I:J;) 

sr(lti) 

U(V4;) 

:Si(XUl 
pt(~j 

~(Zl::t) 

~ount 
tolerated 
?-9 

400 

200 

4000 
1000 
1000 

2000 
400 

100 
4000 

4000 

4000 

·4000 

1000 

4000 

4000 
. 4000 

4000 

4WOO 

·4000 

4000 
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--~,---------.---------,----------------------------~-------* in presence of £lutPri6:.! 

• .In presence of excess acetate. 



comoosition witn amount 
(in- p..g) of each ccnstit.ueil~;·-' 

l?al.ladium £ounC: 
·Crg> 

230 

------~~--------------------------------·~~~----;m----~ 
1 Pd(43) .• Pt(200), l(h(200) 4a.s. 44.o,, 43·5 

' . ' 
~(43)~ " *' c:U(lOO) a Fe(lOO) 1. 43· S· 44.,o. 44.0 ••• 

3 Pd(43)~ Ni(2QO), co(200} 43.5, 43,.5, 43.0 

4 l?d(43l, zn<2ool~ Cd(~OO} 42·5~ 44 •. 0~ 43.0 

5 Pd(43)jf l·!o (200).-: V(200} 43.,.0, 4s.,o. 43 •. 5 

------------~------~-----~~------------------------------* itQ. presence of flu.oriae. 
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cacotheline :1.,~ to be the nitrate of the bisclimethylrnon0-­

ni¢obrucine hy~atJ,~ and have.~~· f~rmula,.. c20a20 (OH)2 <No2 )N2o3 •. 

}mo3• Aqueo~s sPlution o£ cacotheline gives a violet colou~ with 

s-t;annous :tons due to the £ormation 9f a reduction. product of 
5b ~7 ' 

cacothel.ine' of unkne»m comp~s!tion~,_~ Potlur.i.'-· used cacctheline 

as· an indicator in estimating· Pb(,;tr) &"ld Cr(Vl~ t..rith ~i.(J:.IZ). The­

present autho•s noted that Fe(:tl:) gives a v4olet colour td.t.h 

aqilecus solution of ·cacotheline in presence' of phosphoric acid# 

and which lead to the c..evelopment of a s,i~le spectrOphotometric 

methcd for :llt'on(J:I) determination~ 
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Literature survey shot•lf.i that use of t.h.iocyanate# · as a, " 

COlf'IJ?lexing. agent for golorimetr.ic determination of.·iron· .is: ver;y 

pop~iar. The xed colour of· Fe~ca+21 has ~ong_been ~mployed £~the 
colorimstri~ Gst~aticn of i~or~(~Il) and in presen~ ef exces$ 

thi~yanate. the extraction -of iron is possible in to oxygen l>eat:ing 

solvents. ~he metal can ~- aetermined specttophot;o~t~.ieally by 

using chromeazural:$ and hexe.decyl trimethyl ammonium bronu.ee2 • 

Gonzalea Portal et~ a13 dete:.mi.\"led :1.~on (Il:t) epeetrophotQ-­

met,rical.ly by using music aQ.id ·at pH 8.,6 •. Tbe absorbence was measured 

at 290 run. Mathur S4P4 determ.f,~~ iron.(~IJ:) spectrophctcmet.rieally 

by measw:.ing the e.bsorb~ce of its conplex with N~inoJ,.yl•N•phenyl 

. thiourea at. 41$ n.TCI• other reported n:ethods for the deteJ:mination 

'-t- o1: .iron involve· tl1e appli.cat.ion · o£· aecorbic acid5,. 3-hyd.r~ 
flFNcne6~ ·N.,..benzyl~N~phenyl !lJrdr-::>x.Yl•amine and naphtllalene7-.- 2,2•­

dipyridy .l lcetone•2•pyrJ.midyl 1;i.yarazon~6-.. 4~c::apr.fl•3•methyl•li~io>P...~enyl4!1" 
S-.pyrazoline9, 2~theonyltrifluoroacetvne10 *' 4-hydl:cxy~l# 10.. 

. ' '· ' . . . . ~ 

phenanthrolin~11, N"!'"hydro~~"-"phenyl•N*···<2..;;., methylphenyl) 

.benz,emioirle hyarocblox~a.e· and thiocyanate and ~iae12.... 2. 2•·· 

dipyr~yl.•2.;_quinoiyi hyoraZone13•· biacetyl rnonox.:ime
14 ~ 2- (2• · 

thiozolyl..::aao)-4-methylphenoll..S •· 2, 6 diacet.yl pyr~dine ana ethylene 
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_: ~i~dn~~6~ ~ .. 2~•dipy.r.i.dyl ·keto.xime17
1' s.alicyloyJ..b~~.t<:teJ8, 

pYJ;:idine-2•ae$tale-ehyce salicyloylbyarazone19 
f 3~~ahydrctKy ... 2 .... methyl• 

' . . 

1,4-.napthoquinone mone>xime20 ~ 1- (~~thiezoly~azo). reso~e.;t.nol2-1• 
isophthaloQhydrox-amic ac.te22; 5 or 4•nitro-2~nzyJ.•l, 3-t · 

in(ienoicne ~3 ,. 4# s,.·7.;.1!.,d.hydroxy ... s .. (p-n-~thoxy ,Ijhen:yl ) .... £:oumar:.tn24• 

s.imonenl~o V•J:.- et al2~ proposed a .metboa for phctometric . 

aete:rminativn cf_ ironC~U.) using methyl lf3•indmo..dicne 2- . 

carbOXt.[late. ·It· W·'ZiS a '1.;3 ~on~~;x- ·e~tractabl.e in to chlorQfo.on ... 

The ·,pH· was ·a0justed
1 
at 3 ... 4 .. ;I:b~ conplex al:Jsol:bed t-rell ·at; 490 nm.· 

. ·$ome other reagent,s whi<::h h-ave also been .$t.udied ;J:or .the 

sp~:trophotometr.ic detepntriatioll _of iron incluoo 2-ny~oxy.;.3~:methyl ... 

. 2-cyclopenten·1~on~26~ quinoline-?,•alaehyde thiosemic~bazone27 • 
crys.tal. violet -snd rna~achite. gree!l28,1 Sci- (2 .. thiazolylezo)-sal.icy.1J.c 

ao:::!.d29,. bromopyrogatlol red30 
1 an'tipyr.in~. and cnloro l!l.Cetio aeid31.,. 

S•quinol!J."1.0l and monionic surf act~nt. end sodium thiosulphate32 .. 

3~(2-_pyr.tdyl) .... s-~dipli.~yl•l•2.,~tri•ine and ~etrap1lenyl borate33, 

5#:>-dtmethy.b-11: 2*'3~eyclche:gane· trl.cn~ l.·2tiolodi~m~311i>thl.osemicarba-

34 . . 35 . 
zone .•. silicates ISild a,~o ph~naothroline , mothylethylene diamine 

. tetra aQetic- acid3~,; amines and thi.ooyanete37 ~ 2-be.nzyliden.imino­

:benzohyeroxa:r.ic: ac;to38" bipyridyl· glyoxal .bts. (4•phenyl•3• 

thi.oserr.icarbEZone ; 39, 3-.hydroxyp,i.colinal.deh~azine 40~. sulfochrome 

and cetylpy.ridinium ~hlorttie41 •. N- (<'li-methylphenyl)•3•oxobut.S'larnide42, 

tn.icc,Venate eno cblorq)romazine43 .. 
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,. 

~ dete~.ination o~ J.rcn(IIX) using oxytetracyline. The complex ttJS$ 

stable at the pH range 3•5 and ~bot,-red an absorbance at 420 nm. 

spectrcphotometrie deteiCrninaticn of iron by us.ing 

2-C2-(5-bromober.®o thi~olyl)azo_7.;..5.c.Um~t.hyl arrd.no benzo.ic 

t,Yas carried out by Zhang Gueng et at45 .• The 1t2 ccmple.x had a 

at 846 nm tt1ith molar ebsorptiviey of 8"0 x 1·04 3. mol•1 em .. ~_., 

Zhang znenya et al46 have 'deter.IDined iron(Xl) using . 

lf 10 phensnthrol.ine and picrate in pi-1 2•9 u:edium .in presence of 

)i NH2 CH.HCl and ACCNa. !I'be complex t,.1as eJttracted t-.r.i,;t;h CHaCl~., l.tS 

absorbance '-las measured at 510:.-

salinas F. et a14'i vras successf~l in dete.rmi!'..ing .ion (Ill 

t"t-ith thiosalic-xlic acid wJ.th )._max at 658 llmtii. Beer• a lat was· obeyed 

betv-reen o.s and 2.·9 PPm of Fe(J:I).· 

48 P.mbhore D~t-1. et al suggested a met.a'"!oa for the spectro-, . .. . 

~ photonetric determination of .iron using .3-th.iobenzoyl t•p;­

tolylt~ocarbarnide,- The complex absorbed at 52() nm.t _Tlte sensJ.tiv.tty 

of the method was detel'."fl1.ined. to be o •. 014. a.rad Eeer•s lat was obeyed 

in the range of 1•0..7•5 p g of irono-

xn the present invest~gation ap~cgra~ has been unaertaken 

£or the soectronhotometric deterrr::i.nation of iron t..rith c:e.co~~elJ.ne. . - . . -
-~-
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.EXPERIMENTAL 

.Absorbance measurements t-Iere carried out t-1.ith a Shima~u 
. . . 

PR•l model spectrophotometer fitted v.rith a pair of matched quartz 

cells of 10 mm optical path length. 

stool~ solution of iron (II) irlSS prepared from :Feso4 , 
s~ <6 

(NH
4

)2so
4 

cmd standardised'"'Y<~'· A r.r1crldng solution of iron (IX) was 

prepared by apprOpriate dilution of the sto.J:k solution. 

A o~~~ aqueous solution of cacotheline was used for colour 

c~evelopment. Adjustment of molarity in the aqueous phase ~ras done 

by using phosphoric acid. 

standard.solutions of diverse tens were prepared from 

chlorides,. nitrates or sulphat.es of metals (in case of cations}; 

and from sodium, potassium or arnm~,ium salts of the spec~es con• 

ce.rned {m case of anions) to study the interfering effects •. All 

other reagents wGJ.re of anlytical reagent grace .. 

An appropriate amount qf iron (II) . solution (lOO•SOOft g) 

was tal<en .in e 10 ml volumetric flas]4 cr>o this t<Jas added phosphoric 

acid (5 ml) e.,."ld the aqueous solution o;f cacotnel.ine (o. 5 mlJtt volume 

0: the mixture tvas made up to 10 ml with d;l.$tilled v1ater and left. 
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for 1 min to ensure . complete complexation and maximum colour 

developmento ~.bsorbance of the solution t-1as measured at 53() nm 

aga~nst a reagent blanlt. P.mount of .iron(~J:} was computed frcm a 

calibrat.ion eurve(J To tent the interferencet the l;'espective foreign 

ionf! v1ere added to the system before addition of the reagents ana 
volume make up., 

RESULT AND DISCUSSIO~ 

' ' 
~11 presenc~,.of :fluor.j.de .or phosphate. iron (:t:tl give.s a 

violet colour<> ln t~ form~# .the colour is very unstable and fades 

&t1ay ~ritl'lin 5 mine, Bui;. in pres~ce of phosphoric acid the system 

gives a stable colOUJ:• ~he abso~tion spectrum of the I:ron (II.) 

caootheline conplex in aqueous solution against the reagent blank 

talten as refe+ence.is sha~m in F.tg:. 1 .., Maximum absorbance as seen 

from the spectrum, occurs at 530 mn. The reagent blmlt px:epered 

·und~r the experimental ccnd.ttiori~ did ·not 'shOk-7 any absorbance in 

the aforesaid region of 'l':raveCIII>length~ Hence the t~ave length o£ 

530 nm t-1as selected for all analytical measurements •. 

4. Effect p~._molaritx: 

The effect of molarity- on colour; devell"Rment 'tjas e.xanined 

by measuring at 530 nm the absorbance of" the iron (I.J:Y conplex 
. . i l' -

1 {' . \ 

\ 

I: 
' \ 



239 

and ma1t.imum absorba.rAt.:e along w.i 1;11 maximum colour devel opmsnt t-Then 

tr.e :~i&ty oi; the aqueou~ ,j>ha~ ·FJas maintained at &.10 M with 
\ . ~' ... <-.. l -- ':-

respect to pho~horic ac~d, showing a ~adual decre~se in value 

t'1.ith decrease in molarity• i'be vat:iation of absorb6,\"lc;e w=tth change 

in moJ:~%-J,ty of the aqueous phase is shot'.ln in Table 1~. 

s. ~feet of re_ggent concentration: 

Tbe effect of cecotheltne on tbe· colour developn:;ent ot:· 

the ~ron (ZI) .complex, in ·the ag.ueous phBse "t'las stu\Jied' by add~ng 

different amounts of the reagen~. Use of o •. s ml of 0•4~ aqueous 

solution of. cacothe!.ine was sufficient for maximum colour develc-a-- - .. -- . . . - -
xrent of the aqueous phase (10 ml) containing upt.o soop-9 o£ 4r._ott 

(II)• use of less than ~:3ml of the reagent probably render the 

COIT!Pl~tatioq inecmplete and low absorbence values of the aqu.eous 

solution are obtained. Highe.~ ~cncentr.ations of the reag~nt# en 

the other hana~ 'do not b~in9 about any signiftcmt. c;:Qange in the 

max~m value of absorba!lce-., Hot·I@ver, use o:f ~ •. ,o ml of 0-.2%· 

~eous solution of tbe ~ea~nt was p~eferred in the prOposed 

method a:;; a p~t of the adde(}. reagel'lt may .be ccns~ed ,._ if fo~eign 

ions are P.te:?ent. f{esults ·obtained i,n respect of reagent. concen~a­

tion .are presented .in ~able 2~· 

6~ s~sbil.itz of colour: 

The absorbance of t~ iron CCffil.:Jlex in the aqueous phase 

vlOO·•measured at elapse~ intervals Of 0t.25, 0.5, 1,2,4,, B., 12 hours 
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after the colour development at 530 nm againsi; the reagent blank 

t'lSB ·n1easu.r:edo NO chmge in the colour in-tensity toras recorded l.lP to 

12 hours (Table 3). Tbe ~cmplex is thus sufficiently stable. 

Calibration cu.we l-Ias prepared by st!l!lQ&d procedure. 

Diffe~ent arncunts o£ ,tron t-.Tere · ello~.reel to interact. t-1.ith cac;:otheline 

maintaining ell conditions of the given procedure. Absorption o£ the 

J:ron..complex was m~esUred at 530 nm against a blanl~. A standard 

calibration curve was Obtained by plotting absorbance values a~a±nst 

cori:espcnding li.ron ccncen tration ('l'eble - 4, F if.;L . )., 

The eystem conforms to l3eer•·s law over dcncentrat;.ion range 

of 2-so ppm of iron(IIl ('r'able 4 • .Fig •. .t. ) .•. SenQeU•s sensitivity 

and molar· absorptivity of the com!>lex (en the basis of J.ron content) 

were found to be o. 0Spg/cm2 an~. 1•49 ~ 103 l mol•1cm•l .respectively 

at S30 nm. 

. ' 

In a separate .set of experiment$ a :standard iron (Il:.} 

solutic..l'l containing 300p g of ·iron id each case t-1as l'l'.ixed wi tb an 

~gueous solution of one of the foreigri s~cies. DeterrrJ.na:Uon o£ 

iron has been co~uted foilovrtn~ the reccmmertded procedure. The 
. . ' 

. tolerance limit ~loS set a1;. that ercOUD•t ·tSf i:.~ foreign materi.al. for 
. '' 

t-lhich ®P.t.'O~imately + 3% errqr t'Jbuld be ach.ieved., .It t17as :found 
«;;I \, ' .. 

... 

' \ 
' ' 
' ' '· 
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tma~ 30~.9 of iron(:U} could easily be determined without any 
interferepce in presence of 5 mg of each of the foll01-1ing cations: 

Mn-(II), Co(:I~lt Ni(I;t), l·10(VX)~ Pd(J:I), l't(IV}, Rh(.II~), Cd(Il), 
. ' ' 

Ca(II), ~a(_;z), Sr(II),. Zr(II), Tb(IV); Be(IIl-:t Zn(:CI), Hg(IJ:), 

Mg(;n), Pb(I::C), ~l(X), lJ.(VJ:), .. La(Ili) and Al(III). C\t(ZI} ana 

V(V) must be abse."'lt. as the- system gives no colour in presence of 

the said cat.ionso Presence of less than 2 mg of cr (IXX} is harmless. 

In presence of Fe(III) low absorbance is obtained. The system 

tolerates so mg of each of the folla>Jing anions ;Em:A, th.iosul.phate, 

iodic:e, bromiae, fluoride, c:.itrate,. tartrate, SJ;icorbate,. oxalate, 

acetatef. phthalate, borate. There· is no colour development if 

nitrate is pzesent. The results s~;oing tolerance limits of the 

foreign mater±als investigated, are given in Table ~~ 

9~ correar!son of the present metho_s: 

The preft;ent nethod :Sior spectrephotornetric determination 

of iron is very sirrple and ~apic an~ comparable with so~ other 

exieting rnetbC!ds ('l'able r:; l.,. 

In absence of real sar.-fp·les the proposed rneti1od t-ras extended 

to scme sy.nthetic mixtures to estimate microgram amounts of ~ron. . . ,. .~ -. 

Ii'OUJ; different synthetic mixtures t-1ere . prepared by mixing solution 



+ 

242 

<'>f tron(;t:Il ~Jlth soop.g each of plat.inum(:t:tl~ Rhod,turn(IIIh 

palladium (J::t)., nickel (:tll.~ Cobalt (:ti} 1 Zinc (J:I), cad-n.ium (I ;I) and 

molybdeoum(VlJ. in the manner as given in Table 6. The .amount of 

iron pr~sent in each sample was then determined by £o~lov;ing the 

recommended procedure. 

~he precision and· accuracy o£ the proposed method was 

tested by analysing solutions co..lltaining a known amount o:f iron (ll) .. 

~he resuJ.ts indicated the method to be f_airly precise .~d repro­

ducible. The total operation time £or each run required 10.,.15 min~ 

12. conclusion· a 

'.¥he present method for t;he spectrophotcrnetric determination 

of iroo i$ simple and r~)id~ ~J;~be metal in 'mieroqumltit.ies can be 

estimate~ in pres~~ce of most of the.cciw~on ions. The .method is~ 

precise and reprOducible, 
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Table i!-· 1~ ·V~i~tion of absorbance· with acid concentration o:fi 

. ' ' 
tne aqUeous phe.$.~C'The aqueous ·ph as(;! (10 ml). conta.i.na 

.300?9 of iron(Il). and 0"5 ml of ¢acotheline o.~roJ 

-- .__ __ ___......;......, 

H :t?Q. 3·· ·4 concen. .Ab$orbanc~ lial?04 GOUC$0" Absorbance 

in M 
:i.n r-1 530 nm. 

- -
1· 

·-:.---"---
~- ._:_..::-- .~ 

... ./ 

1~5 0~105 5 0,795 

2· o.ssq 6 o.aoo 
2.5 0.650 7 Oiit802 

3· o~voo e o.79S 
3.,s o.7SO 9 o.soo 
4 0.790 10 o~soo 

Table 2• Eiffect. of cact;~theline. ooricentrat~on·. The aqueous 

phase (10 ml) contains 300ft- g _of .i..l:'on (I;£)_- and 5 m.;L 

- of Hj.I?O~ co'!! 2'/Q AqUeous solution of cacotheline 'Ql:)ed, 

for· variation. · 

Vol of aq~ 
cs.coth«?l.:i.ne 

o.oE? 
-o.,1 ---

-- 0~2 

0.3 

Oe4 

o.s 
0,6 

0;,/1 
_...._ v-

Absorbance-
\ -

o.2so 
o.6so 
o.-n~o 

0~795 

o.aoo 
Ot.SOO 

0•798 

0~79S 

Vol of aq._ Absorbances 
('"·, . 

cacotheline at 530 nm 

o.s o.,.aoo 
l,.O d--802 

' 1'2 0•79S 

1~4 o.aoo 
3..6 o.aoo 
:i.~S o., 7'98 

2.0 o.soo 

at 

---



+ 
'!'able - 3 · Variation of "absorbance t-tith time 

~irne .tn hour lbsorbances at 
530 nm 

-------------~-·~-4----·---------~--·--·------~~--~ 9 ~-~------------------o.2s 
o.s 
1 

~ 

4 
8 
12~ 

o.soo 
o.79B 
o.eoo 
o.soo 
o.soo 
o., 800 

OoSOO 

---------------·c-~-------------·----~~~~~~----------------------~--.... ' . 

'1 ,. 

: ' 

~!'able • 4 Beer's J.r.;,w Data 

----~-----------------------------------------------------------Amount of 
i,ron (ppm) 

- . 
Absorbances 
at 530 nm 

--------·-------------------~-----·u-•·--~-----------------------·---
10 
20 

30 

40 

so 

0-.240 

0.490 

0~798. 

la030 

1.370 

--------------- ----------.·--------------·~·--·~-~~~~~~~-~·--------~--1, 

-. .. -

· .. \. 
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'I'able ... 5 E~fect· of diverse ions on the determination oil 94-.7ft9 

of Cdbalt. Ave~age of them determinations was taken 

~-... T L 

Ion added liroount. _(rng). :ten added . 1tmount 
tolerated tolerated (mg) 

> - """'..,_...., ... .,..w, .. ~.-. .......... 
Hn(Il} s Zn(II) 5 

co <;u:> 5 Hg(J:l) 5 

Ni(I~) 5 Mg(IIL · s. 
p;:,():i) _·_-._.· ' 

!>lO (Vl} 5 ·s 
. ""'~---

l?d(IJ:) 5 IJ:'l(.I) 5 

l?t(:W) s U(Vl:) 5 
... 

Rh(lli) 5 .La(II~) 5 
Cd(ll) 5 . - ' Al(lii} 5 
Ca.(II) 'S c;:u(II) 5 
n'a(II) '5 V(V) ·s 
sr(II) 5· cr(;ti~) '2 

z'rCr:r> 5· Etil'A so 
'i'h (IV} 5• 'l'hiosulphate 50 
Be(Il) s IOdide 50 

:aroro1de 50 
Fluoride so 

-----------·-------~-· ____ .,_a _______ ~~qe_ •• LW 

:rool~·g Mel.ysis of synthetic mixtures 
' ,! 

---------------------------.-----------~--------------------Corrq;>osit.ion with amounts tal<.en inf-',·9 Iron found 
inp.·g 

---' • • • .. 'li: .. ~ -I . I-:'...---· ----... --·----·------
Fe(300), J?d(SOO}. Pt:.(SOO}• .Rh(SOO) $0J..,s· 

Fe(300), CU(SOO), Ni(500), Co(SOO) 302 

Fe(300)~ Zn(SOO), Cd(500) 301 
Fe(300)t N.i(500),. l'-10(500) 300.5 

------------------~--~ rt...a•··'"• ._ IIi: J-RI -
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Table - · ·7 CclT!Per;i.scn .of the present method 

~--~---.------~----·-------------------------------------------

so~ 

a._, 

53 .•.. 

pH 

ic-Acety~ 2t5 and 550 and 
pyr.ta:!ne- s.s 610 
th~sem!ea.rba-
zone 

5-bromo.-2• 
(2 ... pyri•· 
dyl~o) ... s­
(diethyl .... 
eminoJ•phenol 

sse 

a.;.hydrcxy•7• , 3~.S·6•o · .. 70.5 
n.itz:csoquinolin$.: 

·· -.. s..sulpbcnic · 
l\cid 

.! 

1•10Wphena'l- .:t.o-1~5 515,;. 
throline &'"'ld: 516 
2,2'-bipyridine 

2f2 ··-dipyr.i.dyl. l, 5-2.,.·5 540,., 
ketone .... ?-pyrj,~ end. 59Q 
midylhydrazone s~.Oiii-13 

S•C3.s-Cibromo 4-6.5 
"!'"'2•Pzrid,yla::Zo} ·· 
•2-..4-diam.iJlo. 
toluene 

Present 
method 

6--lO.M 
· I-LPO­

-""3 . 4 

556 

530 

---------------- --- ---------------

Molar 
absorptiv$.:J:.y 
(1 mol•1cm•~l 

·4 
7~64 X 10 

22500, 
2!/700' 

11500. 
12500 

* co(;r;z.) · 

-ED';eA, CN • 
persul.phate. 
Pd(J:I) 

qo(Ul· 
(t'lhen>o. 01 mg l 
cu (Z:t ). (t'lhen, > o.os mg) 

cu·cz:r>• vcv> 
nitrate· 
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Palladium(II) forms complexes with pyridine/a-picoline/~­
picoline/y-pic9line/2",4,6-collidine in presence of potassium io­
dide. These are extractable into chloroform and absorb at 354-
360 nm. The molar absorptivities of the complexes are in the range 
1.6-1.9 x 104 1 mol- 1cm -I. The formation ofthese complexes has 
been utilized to propose an extractive spectrophotometric meth­
od of determination of palladium. The notable metal interference 
is due to mercury. Use of other common organic solvents provides 
no special advantages. 

There are reports on extraction of iodide complexes 
of platinum metals with tributylphosphate in hexane 
as the coordinating solvent, and using this method the 
platinum metals have been separated from each 
other1.2. It has beennoted that palladium(II) iodide 
forms complexes with pyridine or its methyl substitut­
ed derivatives in aqueous solution. These mixed li­
gand complexes are extractable into chloroform. 
These systems have been studied now to develop a 
simple spectrophotometric method for the determi­
nation of palladium. Apart from pyridine, other bases 
used are a-picoline, B-picoline, y-picoline and 2, 4, 
6-collidine. 

Absorbance measurements were made with a Shi­
madzu PR1 model spectrophotometer with stop-· 
pered quartz cells of 10 mm optical path length. An 
ECL 56 51 digital pH meter was used to measure the 
acidities of the aqueous solutions. 

Palladium(II) chloride (Johm.on & Matthey) (lg) 
was dissolved in 1 ml hot cone. HCl and diluted to 250 
rnl with distilled water followed by standardisation by 
dimethylglyoxime3. A working solution (41.75 ppm 
Pd) was prepared by dilution. 

Chloroform (E. Merck), pyridine (BDH), a­
picoline (Reidel), B-picoline (BDH), y-picoline (Flu­
ka) and 2, 4, 6-collidine (BDH) were distilled before 
use. Potassium iodide (BDH) and all the other rea­
gents used were of analytical reagent grade. StocK so­
lutions of desired diverse ions were prepared from 

their nitrates, chlorides or sulphates by dissolving 
pure samples in dilute acid or pure water. Sodium/ 
ammonium salts were used in the case of anions. The 
metal contents were determined by standard meth­
ods3. 

General procedure 
To an aliquot containing 10-100 f.tg of palladium 

was added 1 rnl of 0.015 M aqueous potassium iodide 
and 0.02 ml of pyridine/ a-picoline/B-picoline/ 
y-picoline/2, 4, 6-collidine followed by addition of 
adequate amount of distilled water to make up the vo­
lume upto 10 ml. The mixture thus obtained was 
equilibrated with 10 ml of chloroform for 30 sec. The 
two layers were allowed to settle for 1 min. The sepa­
rated organic layer .vas shaken with anhydrous sodi­
um sulphate to remove any retained water droplets. 
pH of the aqueous solution, after extraction, was mea­
sured. Finally the absorbance of the chloroform ex­
tract was measured at the "-max of the complex against a 
reagent blank. Amount of palladium(II) was deter­
mined from a pre.:viously prepared calibration curve. 

The absorption spectra of palladium( II) complexes 
in chloroform, extracted as above, exhibit maxima as 
indicated in Table 1. The reagent blanks show insigni­
ficant absorbances from 300 nm onwards. Beer's law 
is obeyed at the respective absorption maxima. All the 
absorption measurements were carried out against 
respective reagent blanks. The systems are stable for 
at least 48 hr. 

The liquid-liquid extraction behaviour of Pd(II)­
complelles was investigated in the pH range 0-14.0. 
After extraction, pH of the aqueous solution was mea­
sured in each case. In presence of pyridine bases, 
quantitative extraction of palladium( II) was found to 
be achieved in the pH nmge 3.5-10.0. From the graph 
pH 112 values were evaluated to be 1.6 & 10.7. 
· The optimum reagent concentrations were found 
to be 1 ml of 0.015 MKI and 0.02 ml of pyridine/a­
picoline/B-picoline/y-picoline/2, 4, 6-collidine for 
quantitative extraction of 41.75 f.tg of palladium. 
Higher concentrations of the reagents (upto 4 ml of 
0.015 MKI and 0.1 ml of pyridine bases) had no ad­
verse effects on the extraction behaviour. 

Apart from chloroform,· other common organic 
solvents such as carbon tetrachloride, benzene and 
ethyl acetate were tested as extracting solvents. The 
molar absorptivities of the palladium(II) complexes 
(on the basis of Pd content) at the respective absorp­
tion maxima in various solvents are shown in Table 1. 
It has been found that use of other organic solvents of-
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Parameter 

Table 1-Details of Extractive Methods 
Base employed · 

Pyridine a-Picoline 

359" 3558 

A.u..(nm) 366b 360b 
365° 360° 
355d 355d 

~-Picoline 

3568 

365b 
362° 
356d 

}-Picoline 

356• 
363b 
361° 
356d 

2,4,6-Collidine 

354• 
360b 
360° 
359d 

1.68 X 104" . 1.79 X 104" 1.70 X 1048 1.75 X 104• 1.98 x 1o4• 
1.78 X 104b 
1.83 X 104• 
1.83 X 104d 

Molar 1.63 X 104b 1.94 X 104b 1.78 X 104b 1.88 x 104b 
·-absorptivity* 1.78 X 104• 2.19 X 104• 1.73 X 104•. 1.98 X 104• 

(mol- 1cm- 1) 1.78X104d 2.04x1Q4d . 2.08xl04d i.88X104d 

;xtracting solvents: a:-chl~roforin, b-carbon tetrachloride, c-benzene & d-ethyl acetate. 
Measured at corresponding absorption maxima . 

. fers no speciatadvantages. Chloroform was used as 
the ~xtracting solvent ill the present investigation. 

. Different amounts· of palladium were extracted by 
.the general procedure and the absorbance of the 
chlorof~im extracts was measured ·at the respective 
absorption maxima. In all the cases Beer's law was 
found to be valid over the concentration range 1-10 
Jtg Pd/ml. _ ·. · . · 

. Effect df diverse.lo~-In order to study. the effect of 
diverse ions on the extraction behaviour a definite 

. . ' 
amount of palladium(II) was extracted and deter-
mined according ~o the general procedure in pres­
~nce of the respective foreign ions. All the bases i.e., 
pyrid~~· a-picoline; ~-picoline, y-picoline and 2, 4, 

.:6-collidine showed similar behaviour towards the ex­
Jraction of palbidium .. In each case an average of three 

-... ·tJ~terminati'?n.S w~ taken. An ion was considered to 
--~--,·~terfere. _if"the recov~ey of Pd(p:) .differed by. more 

. . . \than ± 3% f_ron'i the actual aniount takelf. ' 

.,,,,_ ~ . ' ·- . " . 
: _ _ ::_ Jtwasfo~nd1hat4~.75J.Lg'¥palla~~mcould'easily 

-be detertnm,ed without any interference in presence 
.·of the follo"'1ng cations and .anions, the amounts (mg) 
taken -being mentioned in parentheses: Co(II) ( 5.1 ), 
Ni(Il) (5.3),, Cd(II) (4.9), Zn(II) _(6.7), V(V) (5.2), 
Rh(ID) (2.4), Zr(IV) (1.2), U(VI) (5.1), Mn(II) (3.9), 
Cr(ID) (4.8), La(ID) (4.2}, Al(ID) (3.9}, Th(IV) (4.1), 
Be(II) ( 6.9}, Pb(Il) ( 1.3) and Bi(ID) ( 1.1 ). Iron(ID) ( 1.2) 
and Cu(II) (0.2) were kept in the aquoous phase by 

: masking them with ammonium hydrogen fluoride. 

182 

Table 2-Reproducibility ofthe Method Using 2,4,6-
. Collidine 

Palladium taken 
(!lg). 

10.44 
20.88 
41.75 
62.62 
83.50 

Palladium found 
(!J.g) 

10.5 
20.7 

. 41.9 
62.1 
83.3 

Relative mean 
· deviation(%) 

3.8 
1.7 
1.2 
0.77 
0.91 

~d citrate respectively. All attempts to remove the. 
mterference due to Hg(II) failed. Pt(IV) interfered in 
all c_ases except in the_2, 4, 6-collidine.system where 
the mterference was avoided by extracting Pd at pH 
10.0. Among the anions tested the following (10 mg 

. each) did_ not interf~re: EDTA, borate, phosphate, 
tartrate, cttrate, fluoilde, bromide, ascorbate, phthal­

_ate. However, thiocyanate and thiosulphate, even in· 
. trace amounts interfered seriously. · ·~ 

Among the based used, 2,:4, 6-collidirie is fourid to. 
be most sensitive. With this reagent the precision and 
ac~uracy of the method were tested (Table 2) by anal­
ysmg solutions containing a kriown amount of Pd fol­
lowing the recommended procedure. Average of six' 
determinations was taken in each case. . 

References 
1 FayeG H&lnman WR,AnalytChem, 35 (1963) 985. 
2 BergE W & LauE Y, Analyt chimActa, 27 (1962) 248. 
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T liEREare-reports1.•_9 onthe extraction ·and sepa­
tation: of iodic;le COinJ)lexes of platiiJ,utn- metals 
using tr'ibuty1p'llosp1iiite. tn our laboratory~ it 

has been noted that iodop1atinum(rv) with pyridine 
•or its ~ethyl·su'bstituted derivatives, forms mixed~ 
'ligand complexes which are exiractable into chloro­
form. These properties of the Pt-complexes 
suggested fhat further studies of the systems ·might 
lead to the development of simple spectrophoto· 
metric method for platinum. Apart from pyridine, 
other bases used are c(-picoline, p-pico'line, ·;--picoline 
·and 2,4,6,-collidine. -

Experimental ·-
Spectral curves and analytical measurements 

were·made with aShimadzu PRI spectrophotometer, 
:and a ECL 565·1 digital pH meter·was used for the 
measurement ofacidities of aqueous solutions. 

Chloroplatinic acid (Johnson & Matthey) (1 g) 
was dissolved in disti11ed water (100 ml) followed by 
standardisation as elemental platinum 8 • A working 
·solution (392 pg Pt/ml) was prepared bv appropriate 
dilution. Chloroform (E. Merck). pyridine (B.D.H.), 
·"'·picoline . (Riedel). IJ-picoline (B.D.H.), v-picotine 
(Fluka) and 2,4,6-collidine (B.D.H.) were distilled 
before use. Potassium iodide (B.D.H.) and all 
other reagents used were. of A.R. grade. Different 
·buffer ~olutions were prepared by standard pro .. 
cedures.- · 

c j'\ - \ 

~ • ' ·.,• • . ' • •.: ' r • ( '\ ': -

General proceiJUt;e .! A~ a1~quot-o_ontaini-ng to·o "";' 
so(),pg of platip.um. was ~ixed.w_ttb:~O!OS M· aqu~_ous 

· pot~ssi~Iil io~i_d~ .~(~_ ~9 .. and_ , __ pytidi~ef"<--P.toeline/ 
p-plcohne/}'~ptcqhnefcQ'lhdme.. (Q,5· ml). Vo'lume 
of the. final aqueous phase was made upto ~0 nil 

:··with· buffer !1?1-~tioll of ~~~~r~d- .'~H. T·~e ·:mi![·ture 
·was the~ equ1hbrated. wtth clitoroform '(1'0 1ll'l) for 
·30_ S·• _-.The separated organic 1ayer was poured .over 

. J~.nbydrqus_s_odium_sulp.hate t~.rcniove any i'¢tain~d 

.. water~ ·droplets~ Finally, the absor-bance of the 
organic e~tract ~as ~~asured -at res.pecHve a'bso-q,­
tion· illaxim~ agai~st cli1orof?rin, · -:anc;l · pi~!hiun~'(rv) 
was determm~d fro~~~ prevJo_usly _pr~p~·red ca1ibra-

. tion cqrve. To te~t the e'ffectAf:~liverse ions, t~c 
tespec::tive foreign Jons were adde~ to the system 
before addition of the _reagents. · · · · · 

· 'Resu1ts·afid Di~cossion 
The platinum complexes absorb ma~imum at 

345-360 nm. The reagent blanks show insignificant 
absorbances in the aforesaid wavelength region. 
The systems show steady absorbances for at least 
24 b. Maximum absorbances were found to be 
achieved when the edractions were carried out at 
pH2-11,2-9,8-9, 2-9 and 3-4 for pyridine, 
at-picoline. tJ-picoline. y-picoline and 2,4.6-collidine, 
-respectively. (:hloroform extracts obtained in tho 
second consecutive operations in the respective -.PH 
range virtually showed no absorbance. This indi· 
cate · a complete and quantitative extraction or 
platinum. . 

··The ontimum reagent concentrations were 2 mt 
of 0.05 M aqueous potassium iodide . along with 
0.~ ml of pyridine/c(-picolinef£1-picoline/Y-picolinef · 
'2,4,6-colli<1ine to extract 100-500 pg of platinum.· 
In all cases. Beer's law was found to be valid over 
the concentration range 5- 50 ppm of Pt. · Ttie 
Ringbom's optimu·m concentration range for the 
measurf'ment was found to be from 8- 50 ·ppm of 
ptrr. The molar absorptivities of t)le ·complexes 
(on the basis_ of· Pt content) and the respective 
Sandell's sensitivities were· ·calculated as shown in 
·Table 1!. · 

TABLB 1-Dl!TAILS OP'EXTRACTI()N Ml!THODS 

Parameter 'Base 
Pyridine 11\•Pico'line ,B-Picollne -y-Picoline 2,4,6-Collidino 

pH 2-8 2-'9 '8-9 2-9 '3-4 

~: .. a.~ (nm) 34'S 370 48S 36S 360 

Moiar absorptivity (dm·~ mot-• em-•) t.9S ·x to• 1.7Sx10• l:SS·x to• 3.70.x to• t.o9 x to~ 

:sandel'rs sensitivity (~o~g·cm-•) 0.!1.0. . 0.11 0.10 o.os 0.018 

--------------------------------------------------~~--------------------------------------------------------------------------------
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Platinum(iv) was- determined in presence of 
other diverse ions. In fact all _ the bases, . i.e. 
pyridine, ot-picoline, tl-.picoJine, ,~picoline and 2,4,6-
collidine ··showed similar - behaviour 'towards the 
extraction; of~ ;platinum:· 'An·\.ion W!iS considered to 
intetfe're if'the'recov~ry of platinum(iv) differed by 
:mo.re'than -f-3% from' the actual amount taken. 

- J • :r - , - . , . . ·.- . 

·'For tb~ deterniina:tion of '392 pg of Pt1 ~" (117:6 
'p.g for' cbliidine) a· 21-fold e~cess of Co1 i',,Ni11, 

, . znzz, Mo"'z~ uvz, pl)u, 'Mnzz, V'", cazz, Baz~. 
Sru, Crl'I 1, L'iJ.llz; Be11 and Al1 u did not inter­

- fere., A 10-foid excess of Cd11, ZrKY, Th1 ~" and·a 
· :S~told· .excess of Rh1 u were· tolerable. A 5-fold 
excess -of ·Fe11:z and Cu11 could be kept in the 
aqueous phase with ammonium hydrogenfluoride and 

- citrate, respectively. Hgzz and Pdll' interfered. 
Amo'ng the anions tested, the followings (50-fold 
excess) did not interfere : oxalate, borate, phos­
phatQ, tartrate, citrate, fluoride, bromide, phthalate, 
ace~ate. Lower_ concentra,ion of EDTA_is permissi" 

ble. However, thiocyanate, thiosulphate and ascor· 
bate interfered seriously~ - - - - · 

~ -2,4,6-Collidine w~s fo:und: -to be most sensitive . 
among the pyridine J:)ases used. With this reagent 
the precision and accuracy of the proposed method 
were tested- by analysing solutions containing a 
known amount of platinum following the recomm· 
ended' procedure. The average of six determina­
tions containing 117.6 pg of Pt1 ~" gives a value of 
115.5 pg, which varies between 114.52 to 116.44 at 
95% confidence limit. The standard deviation is 
0.92 p.g .. ·. 

~eferences . _ _ 
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985. 
2. B. W. Bi!RO and B. Y. LAu, Anal. Chim. Acta,l962, 27, 
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3, A. I • .Vooai.,.'·~A Textbook ofQuantitative Inorganic 

. ~ualysis"', BJ;.BS, Loudon, 1962 • 

. _, 



},_ . , 

J, INDIAN CHEM. SOC,, ·VOL. LXV, MAY 1988 

· J. Indian Chern. Soc., 
Vol. LXV, May 1988, pp. 386-388 · 

Solv.ent Extraction· and Spectrophotometric 
Determination of Copper u~ing Mixed 
Ligand Complex Formation with Pyri­
dine, c<.-Picoline, P-Picoline, ,..Picoline 
or 1,4,6-Collidine and Bromideflodide 

T.K.THOKDAR,A.SARKAR,P.K.PARIA* 

and 
S. K. MAJUMDAR 

Department of Chemistry, North Bengal University, 
Darjeel~ng-734 430 

Manuscript received 30 July 1987, r"vised 8 February 1988, 
accepted 16 March 1988 

REFERENCE to pyridine as an auxiliary ligand in 
the solvent extraction of metals is not new in 
the literature. Use of pyridine- thiocyanate for 

extractive-photometric determination of . various 
metals is well known 1 - 6 • It has been noted that 
copper(n) forms complexes with pyridine bases in 
presence of potassium bromide or potassium iodide. 
The _mixed lig~_n_d, _CQI1lpleJieS are extractable into 
chloroform.- These properties of the copper com­
plexes suggested that further studies of the systems 
might lead to the development of a simple spectro­
photometric method for the determination of 
copper. Apart from pyridine, some of its methyl­
substituted derivatives used are c(-picoline, P-pico­
line, 'l'-picoline and 2,4,6-collidine. 

Experimental 

Spectral curves and analytical measurements 
were made with a Shimadzu PR1 spectrophoto­
meter. Stoppered quartz cells of 10· mm optical 
path length were used for absorbance measurements . 

A stock solution of copper(n) was. prepared by 
dissolving' CuS0~.5HaO in distilled water followed 
by its standardisation as benzoin-c<.-oximate7 • A 
working solution of cun (120 pg ml-1 ) was prepared 
by dilution. Chloroform (B. Merck), pyridine, 
(B.D.H), oe:-picoline (Riedel), P~picoline (B.D.H), 
Y-picoline (Fluka) and 2,4,6-collidine (B.D.H.) were 
distilled before use. All other chemicals were of 
A.R. grade. Stoc~ solutions of desired div~rse 
ions were prepared from their corresponding salts. 
Potassium chloride- hydrochloric acid buffer was 
used to adjust pH of the aqueous solution. 

General procedure : 

Bromide system .' An aliquot containing 50-300 
pg of copper was mixed with 8 M aqueous potassium 
bromide (1 ml) followed by the addition of 0 5 ml 
of pyridinefa(-picoline, {J-picoline/'Y-picoline/2,4,6-
collidine. Buffer solution (5 ml) of pH 2.0 was 
then added to it and- the volume of the aqueous 
phase was made upto 10 ml with distilled 
water. The mixture was then equilibrated with 
chloroform (10 ml) for 1 min. The separated 
organic layer was poured over anhydrous sodium 
sulphate to remove any retaine9 water droplets. 
Finally the absorbance of the organic extract was. 
measured ·at corresponqing absorption maxima 
against chloroform. The amount of copper(n) was 
determined from a calibration curve. To test the 
e;j'fect of foreign ions, the respec.tive ions were added. 
to the system before addition of the reagents. 

Iodide system .' An aqueous so-lution containing 
50- 300 p,g · Cu was mixed with 0.05 M potassium 
iodide. ,(3 ml) and 0.5 ml of pyridinejc<.-picolinef 
P-picolinef Y-picoline/2,4,6-collidine. Buffer solution 
(5 ml) of pH 1.0 was then added· followed by 
distilled water to make the volume of the aqueous 
phase upto 10 mi. The other part of the procedure 
was the same as for the bromide system . 

Results and Discussion 

In presence of pyridine and alkali thiocyanate 
copper form_s an insoluble complex' of formul~ 

. TABLE 1-PARAM~'rERS oF Ex'rRAcnvE Ms:rBons 

Parameter Base emploved 
Pyridine ct-Picoline f.I-Piooline 'Y-Picoline 2,4,6-0ollidine 

Btomide system 

pH l.IJ-2.5 1.5-2.5 l.IJ-2.5 1.5-2.5 1.5-2.5 
Amax (nm) 340 320 340 340 355 
Mola:r absorptivity 2.17 3.07 3.23 2.33 5.13 
(X 101 dm' mol-1 om-•) 

0.021 Sandell's sensitivity 0.029 0.018 0.027 0.012 
(f.'g om-•) 

Iodide system 

pH 0.5-1.5 0.5-1.5 0.5-1.5 O.IJ-1.5 0.5-1.5 
Amax (nm) 355 * 350 360 360 

Mola.r absorptivity 2.38 2.65 4.28 4.76 6.77 
{Xl08 am• mol-• em-•) 

0.024 Sandell's sensitivity 0.027 O.Ql5 0.013 0.009 
(f.'g em-•) 

•Absorba.nce measured at 350 nm. 
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NOTBS 

CuPy9 .(SCN) 9 , where thiocyanate behaves as a 
pseudo-halogen. In presence of bromide{ iodide and 
pyridine bases copper(u) probably forms complexes 
ofthe type CuP9 X9 (P=pyridine base; X=Br{I). 
These complexes are extractabl~ into chloroform. 

The effect of pH on the extractibility of 
copper(n) into chloroform was examined in terms 
of absorbance of the mixed ligand complex. The 
optimum pH of extraction for bromide system was 

. 1.5-2.5 and for iodide system, o.S -1.5. In both 
the cases, after a second consecutive operation, the 
chloroform extract showed virtually no 'absorbance. 
This indicated a complete and quantitative extrac­
tion of copper in these conditions .. 

The spectra were scanned in the region 300- 600 
nm against chloroform. The copper(II)-bromide­
PY ridine/ot-picoline{ P-picoline/Y-picoline/2,4,6- calli­
dine complexes in chloroform showed absorption 
maxima at 320-355 nm (Table 1) with a shoulder at 
around 380 nm in each case. 

In the copper(n)-iodide-pyridine/P-picoline/Y­
picoline/2,4,6-collidine systems, the absorption 
maxima were at 350- 360 nm (Table 1). The 
copper(I~)-iodide-ot-picoline complex exhibited no 
absorption maxima in the region 300- 600 nm ; in 
this case the analytical measurements were carried 
out at 350 nm. The reagent blanks did not absorb 
in the aforesaid wavelength region. Hence for 
simplicity all the absorbance measurements were · 
carried out at respective absorption maxima against 
chloroform. 

The systems conformed to Beer's law over a 
concentration .range of 5-50 ppm of copper. The 
corresponding molar absorptivities of the complexes 
(on the basis of copper content) and Sandell's 
sensitivities were calculated (Table 1). 

For bromide complexes, 1 ml of 8 M aqueous 
solution of potassium bromide along with 0.5 ml of 
pyridine bases was sufficient to extract 240 p,g of 
copper(n) at pH 2.0. For iodide complexes the 
amounts of reagents required were 3 ml of 0.05 M 
potassium iodide along with 0.5 ml of pyridine bases 
to extract the same amount of copper ; in this case 
the extraction was carried out at pH 1.0. · In all 
cases the organic extracts produced a steady absor­
bance for at least 24 h. 

In order to study the. effects of diverse ions on 
the extraction behaviour, 240 p,g of copper(n) was 
extracted and determined according to the general 
procedure in presence of the respective foreign ions. 
For bromide complexes the system tolerates 10-25-
fold excess of the following ions : Fem, Coil, Pbii, 
Niii, znn, vv, Rhm, Call, Ba11, Srii, Bell, T11, uvr, 
Zr1v, Lam, Aliii, Th1v, Mgii, Cdii, MolV•, PtiV and 
Hgii are permissible at lower concentrations. Pdii 
however shows strong interference even at trace 
level. Among the anions tested, most of them are 
susceptible to the procedure, although phthalate, 
borate and phosphate do not interfere. In case of 
iodo complexes, 10- 25-fold excess of the following 
ions are permissible : Con, Niii, Pbii, znn, MoiV, 
vv, Rbiii, can, Barr, Srii, Zr1v, uvr, Aliii, Beii, Lalli, 
TJI. The system toleratevlower concentration of 
Cd11, Hgll and. Fem. However, Pdii and Pt1V must 
be absent. Among the anions tested borate, 
bromide, phthalate, phosphate do not interfere. The 
presence of thiosulphate, EDTA, tartrate, oxalate, 
citrate, fluoride, ascorbate restricts the extraction of 
copper. High results are obtained in presence of 
thiocyanate. 

Among the bases used 2,4,6-collidine was found 
to be most sensitive in both the bromide and iodide 
systems. With this reagent the precision and 
accu~acy of t~e. ~ethod was !es.ted }?y __ aE_ll;ly_sing __ 
solutiOns contammg a known amount- of copper(u) 
following the recommended procedure. The average 
of six determinations indicated the proposed method 
to be fairely precise and reproducible in either of 
the systems. 
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CACOTHELINE is to be the nitrate of the bisdime­
thylmononitrobrucine hydrate1 and have the for­
mula, C20H90 (0H) 9 (N09 )N9 0 8 .HN08 • Aqueous 

solution of cacotheline gives a violet colour with 
stannous ions due to the formation of a reduction 
product of cacotheline of unknown composition 9 • 

Potluri 8 used cacotheline as an indicator in estima­
ting PbiV and crvr with Tim. The present authors 
noted that Fell gives a violet colour with aqueous 
solution of cacotheline in presence of phosphoric 
acid, and which lead to the development of a simple 
spectrophotometric method for iron(n) determina­
tion. 

Ex:perimental 

Spectcal curves. and analytical measurements 
were made with a Shimadzu PRl spectrophotometer 
fitted with qua~tz cells of 10 mm optical path­
length. 

Stock solution of iron(n) was prepared from 
FeS04 .(NH4 ) 9 SO.t and standardised6 

; a working 
solution was prepared by appropriate dilution. 
Aqueous solution of cacotheline (0.2%) was used 
for colour development. All other reagents were 
of analytical grade. Stock solutions of diverse 
ions were prepared from their corresponding salts. 

General procedure : To an aliquot containing· 
100- 500 pg iron(n), was added phosphoric acid 
(5 ml) and the aqueous solution of cacotheline 
(0.5 ml). Volume of the mixture was made up to 
10 ml with distilled water and the absorbance of 
the solution was measured at 530 nm against pure 
water as blank. Amount of iron(n) was computed 
from a calibration curve. To test the interference, 
. the respective foreign ions were added to the system 
before addition of the reagents. 

Results and Discuss.on 

In presence of fluoride or phosphate, iron(n) 
gives a violet colour with cacotheline. In the 
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former, the colour is very unstable and fades awa.Y 
within 5 min. But in presence of phosphoric acid 
the system gives a stable colour for at least 12 h 
showing a broad band of absorption maxima around 
530 nm. The reagent blank does not absorb in 
this region. 

It has been noted that 0.5 ml of 0.2% cacothe­
Iine is sufficient for maximum colour development 
of the sample solution containing upto 500 pg of 
iron(n) provided the aqueous solution be made 
6-10 M with respect to phosphoric acid. Lower 
values in absorbance were obtained when the 
aqueous phase was less than 5 M with respect to 
phosphoric acid. Higher concentration of the 
reagent or the acidity of the aqueous phase were 
devoid of any significant change in the maximum 
value of absorbance. The system conforms to 
Beer's law over the concentration range 2-50 ppm 
of Fell with Sandell's sensitivity of 0.05 pg cm-9 at 
530 nm. 

To test the interferences, iron(n) was determined 
·in presence of the respective foreign ions. Deviation 
of not more than ±3% from the expected absor­
bance was taken as the standard tolerance limit for 
the system. It was found that 300 J'g of Fe11 could 
easily be determined without any interference in 
presence of 5 rug of each of the following cations : 
Mnii, Coli, Niii, MoV1, Pdn, Pt1V, Rhlll, Cdu, Can, 
Ban, Srii, Zr11, Th1v, Bell, Zn11, Hgn, Mgn, Pb11, TI1, 

uvr, Laiii and Aim. Cull and vv must be absent 
as the system gives no colour in presence of the said 
cations. Presence of less than 2 rug of Crill is 
harmless. In presence of Felli low absorbance is 
obtained. The system tolerates 50 mg of each of 
the following anions : EDT A, thiosulphate, iodide, 
bromide, fluoride, citrate, tartrate, ascorbate, 
oxalate, acetate, phthalate, borate. There is no 
colour development if nitrate is present. 

The method is very simple and rapid. Precision 
and accuracy of the proposed method were tested 
by analysing solutions containing a known amount 
of iron(n). The average of six determimations of 
300 pg Fe was found to be 300.5 1-'g with the rela~ 
tive mean deviation of 1.27%. 
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