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FCOREWCRD

Recent s€@vences in analyticel chemistry are characterised by
great progzess towerd moxe powerful methods of separation, cgualling
in signif:!.cénae ‘the development brought sbout in instrumental
rethods of determination. Problems of chemical analysis almost
alwéys involve two steps : Sepasration of the desired constituent
end measurement of the amount or concentration of this constituent.
Much worthy research has been dedicated to the developmeni of more
discriminatory methods of estimation, such as spectrophotometrie,
spectmgraphic etce with a view 1;0 minimizing the need for separation
steps pxeced:}.ng the measurement step. Bubt despite the availabil*ty
of the mcaern, more ﬂiscrimw rzating mathods of measurement, successful
and effective solutions to many enalytical problems depend heavily

on separation processesSs

Solvent extraction claims a significant position among the
separation techniques because ¢f its esase, simplicity, speed and
appliczbility to both trecer and mecre smounts of metal ions. The
chjective of these analytieal liguideliquidé extrasttion procedures
lies in the extrapciation to fullescale cemeécial hydrometallurgi-
cal processes frum the technical noint of viewe The methods are
highly cperative on numerous metallurgical sepcxat ion gystems

involving extxmct'? cn fram mini waste c.nd dump leach liqu@.rs.



(ii)

The present thesis is the cutcome of a series 0f investigatioms
carried ocut to study the separation and spectrophotometric Ceterming-
ticn of cobalt(Il), platinum(iv), palledium(II), copper(il),
Bismuth(III), Iron(2I), Nickel(iX), by using the anlyticel reagents
such as 4enitrosoresorcinol, cetyltrimethylammenivrmbroemide (CTAB).
Pheﬁylthiohydantoic acid (PTHA), 2-hydroxyslensphthaldoxine, |
Cacotheline and Zemercéptobensoic seids. Auxilisry ligénds namoly
iodice, bromide, pyridine and some of its methyl substituted
derivatives and sclvents like chlorcform, kenzene, 'éarbm- tetra=
chloride, ethylacetate were made use of during the ihvastigato:y

operabicnse

The main aim of this thesis involves the development of
enalytical methods for seperation and spectrophotometric determinae
ticn of different heavy metals with the help of vericus organic
reggents, Soane of the methods zre promising L£rom the stend point
of separation of the aforesaid metels fxom each other. References
to the literatures survey have been presented 80 as to indicate,

to gome extent, the subject matter of eache

This thesis is divided into seven chapters. A brief

chapter-wise summary of the work done is given belows

CHAPIER = X

The first chepter deals with the discussion of basie

prineiples of solvent extrection and separstion of metal ims{”}



) (144)

followed by a diséussion of spectrophotometry, the analytical basis
adopted throughout the course of the work, The chapter ends with

d brief ovtlipe of the propesed investigation end Ré’?éa’_‘e@ g:‘e“s e,

CHAPTER = IX

This chapter describes the use of phenylthichydentcic
acid (FTHA) as an analytical reagent for extraction, separ.;tim
ané spec;xéphotcmtric determination of ccBalt end palliadium, Gobalt
forms a complex with PTHA extractable into chloroform. Abscrbence
of the metal complex shows a linear response over a cencentration of

4

10 ppm of cobalt with molar sbhsorptivily 1,123x10° 2 ml’lcm'ii at

480 nm. The system loterates a number of dz‘.véa:se icnse Cobalt has
been estimated in synthetlic mixtures using the proposed method,

The method has been ccmpared with some other existing methods. ThePa-TTua
QOW\‘?\*K Shew s Awax ai BF e mm with molay 0“’$°“‘P+'_V\{'\J 203K ‘09*"“?}:' ¢w! The waetbhod PYovu‘ﬂéS
reellent Yecovery of the Madol (mbresance of ahmost ok ERe Commam oms. The meth

CompoTed Wwikhn svo-m.\ ocvm'rﬁx}snmg methodt. rbhed has beem

CHAPTER ~ IIX -

In this chapter the use of 2-hydroxy=i-nachtholdoxime
as @ simple and seneitive xeagent for the extraction en& spectyo=
photometric determinatica of nickel, cobaljc. and palladium has besn

describeds

 Nickel forms a complex with 2whydroxy=i=naphthaldoxine
V.extrmteble into carbon totrachloride. absorbance of the metal
ccmiezz shows a linsar regponse over a concentration of 10 ppm of
% 1 mor~t

nickel with molar ebsorptivity le202x10 et ot 380 nm,



(iv)

The system tolerates a number of diversdonSe ‘Nickel has been
estimated in gynthetic mixtures using the proposed methods The

method has been compered with seme other existing methods.

2 selective spectrophotometric method for the determination
of ccbalt with 2ehydroxy=lenaphthaldorime has been cevised, Beer's
law is coeyed over 10 ppm of ccbalt with molar absorptivity .

0.826x10% 1 mol™tem

at 400 nm. The methed provides excellent
recovery of the metal in presence of almost all the comwon ions
tested. The method has been compared with some other existing

methods.

Palladium forms a complex with 2-hydroxyel-naphthaldoxime
extraqtable iﬁte chiorofoime. Beer's law is cbeyed over 15 ppm
of palladium with mClar absorptivity 0,865 x 3_.04 1 mo.l_"g‘cmbi
et 400 mme The method provides excellent recovery cof the metal
in presence of a large number of diverse icns tested. The method

‘has been conpared with some other existing methods.

CHAPIER s IV

This chapter describes the use of cétyltr_imethyle.manium
brcemide as an analytical reagent fiocry the extracticn end spectrow

rhotometric determination Of bismuth and coppers
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Bismuth-~CTAB complex shows a linear response oOver a concentra-

4

tion of 25 ppm Of bismuth with molar.sbsorptivity 0.822x10% 1 mol™t

cm Y at 490 mm. The system tolerates a number of diverse ionse
Bismuth has been estimated in synthetlc mixtures using uhe proposed
method. The method has been compared.W1th some other existing
methods.~ | '

For Cu=CTAB complex the Beer's law is obeyed over 10 ppm
of CQpper with molar absorptivity 1.064x104 l mol 1cm = at 360 nm.
The method provides excellent reccvery of the metal in presence of
almost all the common ions testeq. The method.has been compared

with some other existing methodse

CHAPIER =V

This chapter inci udes the uses oz ioolde, bromide and

3

yridine bages as analytlcal reagents for the extraction and

spectrophotometric determination of palladlum, pldtlnum and coppers

Palladium formg a complex uith potassium iodide and pyridine
bases extractable into chloroform. Beex‘s low 1s cbeyed over 110
ppm of palladium with maximum ebsorbance at 354‘365 nm, The method
prov;ces excellent regovery of the metal zn gresence of almost all
the common ions te»teda The method has been co are@ Wita some

‘ . \\
other existing methods.. . . \\

platinum forms complex 'with KI- and p;fidine‘ ases extractsble
\

into chloroform , Beexr's law is obejed over 5-5@ pp ‘of platinum with
. \\\

‘\' | ) (1'/'\ o
:$K<~ (%ﬂﬁéx
L I\
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}\ max at the zregicn 345-485 nm. The system tolerates & nunber of
diverse ionss Platinum hos been estimated in gsynthetic mintures
using the proposed methods The methced has been compered with some

other existing methoda,

A selective spectrophotimetric methed for the determination
of copper with potassium bromide/potassium icdide and pyridine bases
has been devised. Beer®s law is cbeyed over 5«50 ppm of copper
" with >\max ab 320-360 nm. The method provides excellent recovery
of the metal in presence of almost all the common icns testeds, The

methoed has beén copered with some other existing methods.

CHADPTER o VI

This chapter descrikes thé use of 2~mercaptcbenzoic acid
as an analytical reagent for sy«zctrephqtomtric determinaticn of

Qallaﬁim'

The PA(II)=2-mercaptobenzoic acid complex showed >\max at
420 nm. The system conforms to Beer's law ovexr 10 ppm of palladium
Wwith molar sbsorptivity 1,725 x 100 1 mol~len™, Pallagium has
been estimated in synthetic mixtures using the preposed method.
By this methcd,the interferences ©f most of the diverse ions were

overcome and this has been compared with gome cther existing methodoe
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CHAPIER « VII

A spectrophotometric method for the determination of

iren(Ii) with Ccacotheline has been presentede.

The absorbance of the Pe(3IX)= Cacotheline complex was
measured at 530 nme The syster conforms to Beexr's law over 2«50 prm
of iron with molar abscorptivity 1.49 x 103‘ 1 mcl‘lcm”;.' The rrsf:hod
provides excellent recovery of the metal in presence of almost
all the common icns tested., The method has been compared with some

other existing methoeds,

Many obviocusly inferior resgents and methods are included
since the treatment of €he subject is intended to be complete. .
Their inclusion is justified bscause of two considersticns s in
future o time nced be lost in sttenpting analyticel methods that
in the past hayé been demcnstrated as uwnsatisfactory: and further,
. an _inierier method may, witf: suitsble modifications, be meds useful

' othey .
for certain purposes. ’
A .
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INTRODUCTION



Part I

cn Solvent-Extractions

Sclvent or licuidelicuid extracktion is a technigue in which
a selute is zllowed to distribute itself in a certain ratio between
two imniscible solvents, cne of whicn is usually water azné the
other an organic sclvent. It is necessery to clarify the fundamental
principles of extracticns particularly the varicus terms used for

expressing the effectivenesg of a separation, -

bPertition Cocfficient:

an analytical chemist is partiaularl? incerested in the
aguecus«crganic solvent pair since he is ‘ccncerned with the analysis
of the element present in the aguecus phasee. If a solute is allowed
to dissolve with;n two immiscible or sparingly miscible solvents,
the species if.s‘ shared between the twe léyea:s in such & wéy that
the ratio of ccncénaraticn of the solute in the two phases at
equilibrium at a particular temperature remains coanstent, provided
that the species will have the sare molecular weight in both the
phasess This rakio is éalledv the distribution or partition co-

efficient (Kyl)e Thus £or aguecus and organic systems,

K, = Metal ion Concentratlion in Organdc Phese ees (1)
Metal ion Concentration in Acuecus Phase



The law, as stated, is not thermodynamically rigld but is
a useful gpproximaticn (S.g., it takes no asccount of the activities
of the vericus sgpecies, and £or this reascn it would be e:apected
to apply in very dllute soiutiang whéxe- the ratic cf the activities
approzches unity).

when the case is ideal, the species sherxes itself between
the two phases in the ratio of its sclubilities. OFf course, it
alse derends upon other factors like acid concentration wmd extrace

ticn of molecular species.

Distribution ratio or Extraction Coefficient (D)

In the solvent extraction technique the primery intervest
of .analysts lies in the frazction of the total solute in cne or
cther phase, quite regardless of its mode of dissociation, associs=
“tien or fin:texectien: with other dissclved speécies. Hence it is
required to introduce a relisble quantity to describe the extraction,
known as the distribution ratio (D). o

) =,T.otal metal concentration in the organic phasg ees (2)

Total metel ccncentraticn in the agquecus phase.

For a given metal M, present as various species My, Mye Mg ese M
and partiticned between an organic rhase and an aguecus phase,

the extraction can be expressed as



. 4

[Ml ;-a»:?‘«':org * V[Mg?—?@rg + [Ma Jarg + wee '*’ [Mn-?grg .»\.'.(3)
[‘-"1—7&1 ¥ [szaq * [}43-7&«; FTiaee ¥ [Mm?aq _

D=

In case of polynuclear species, their concentrations are multiplied
by the arpropriate staicl:iometric comefficientes D end K, are equal
when there is no res ct:ian between the $5>ecies and other conponents

in either phase.

Percentsge extracticns

?

Foxr analysts, percentage extraction (% E) is more important
than the éistxibuticn ratio, These two f«:ters are related as £ollowss

o*E = 100 D een (4)

Dxr[' /

V aq and V org stand for the volumes of the agueocus and orgenic -
rheses respectively. On simplification this eguaticn becomes,

D= Vag | //. ' B 7 ’ vee (5)
100~=E o

Vorg &




ne 5
Where B is percehtage- extraction. When the velume of the organic

phase is equal t¢ the volume ¢f aguecus rhase

D.e iog- : : | ess (6)
) ; ST

when E spproeches from 92 to 100%, the distribution ratioc varies

from 29 to infinity.
Multiple extraction 3

The main cbject of an analyst in the process of extraﬁtion
is to separate the metal component cuantitatively by a single
extrection from a mixture of sclutione when hundred per cent
extraction is not possible by cne éﬁep single extraction, mualtiple

extraction i‘s' epzs lied,

Thus if a fracktion _I..A ¢f. a substance A left after extraction

& 1 :
of volume Vaq
sclvent having each of volume Vr then

of agueous phase with n successive peortions of organic

-7 | | ' S sew (7)

For rapld and complete extracticn, the Gistribution ratio
(D) must be of very high values, In the sbove system, the partiticn
~ isotherm is essumed to be linear i.e., /A, _7/ [Aaq J=D



neB

which remains ccnstent £or any value of / A_7e To echieve good
results Y, sheuld be low and n should be of hich valuce

¢

Sgparation TFactor 3

The term separation £zctor (B ), is reguired to be introe
duced when the solution contains two ‘species A and B, The separation
facker ( @ ) is related to their individual distribution ratios.

~ It can be shown 28,
- [Ajo //[B_Z
K4 'AJag //[ B/ g

¢ B ess(8)

where [ A7 e LB 7, axe the concentrations of A and B in the
orgenic phase and £ AJaq" ["xs_?ac& are the cencentrations of A

and B in the aqucues phase. .

ccngpleﬁe separaticn can be achleved iﬁ;@a cne of the
distribution ratiocs 3'8}, very swall and the .m:i;er ral aﬁiv&ly largee
12 the separstion fzotor is unity.. 4t will be very @ifficult to
separate as the two distribution rablos are gquel. In such cases,
sepezation i generslly cerxied cut by using counter current

extracticnge
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Classificetion of Bxtraction systems 2

Verious clessification of extraction systems have been
made but are edmittedly sxbikrary, since a perticular system undéer
cerpain conditions may be grouped under more then one ¢lasse. The
best compromise might be to clessify the systems in terms of the
types of chemical compound invelved. Such a classificstion might

bas

Uncharged covalent species
Simple molecules CeTee ;zz;zgclz., céﬁsc@@&
Chelaste conplexes Gegs, aluminium oxinate.

Uncharged electrovalent (ion aﬁs-soéiatien complexes)
Halometallic a0ids, SeGes ﬁFejs‘:; 4
Anine=znionie conplex compounds CeGes 'RBNH*;,E@G&&" ’
tetalmecid ester émplexes Celss LA (BEH@)-B
§olvated acids and s3lts GG, m%ﬂw:
VO, (N0 ), (TER) 0
Nonwsolvated s$alts ©eGae (Caﬁs) 433*,‘3‘961;
(DEHP = di=2Zecthyl hexyil ,phcsyhatéﬁ'
TBP = txiﬁﬁtyi phosghatel.

From the view point of theoretical discussaion éuc:h classi-s*-'
;E.ic:atims are meant convenient. For practical purpose, however,
it will be more useful &0 classify zccording to the type of rsagent
used, so that the possibilities for separsticn, etc., Can be more

easily seene /



Extractior_z Progcess 3
Thus the main aspects of extraction process ares
(1) uncharced complex formaticne

(2) Distribution of such canqaleﬁt between the two liquid phases.

- {3) interaction of the complex in the organic phases
Unchargadeonplex formation depends upon several factors,

The complex may bé- of &ifferent types as (i) simple
coordinaticn complex, chelate complex or (ii) as ion esscoiation
'ccm@lex.

/

(1) ¥ + ™ = MR (cowordinetion) wee (2}
where M2 = nevalent c;at»icn', and R = anion of the suitasble
chelating or ‘coordinating agents

Exanples : Germanium tetvzachloride (simple coeordinaticn

complex),
Gallium Bequinolinate (chelate) -

{(41) 2n ion asscciation complex is £dmmed by comordination in

cither the cation or the anion of the extractszble ion paile
M* abr — nf" {Ion=gssceiation)
&= MRy

-'x"Bjx;* + n¥ =2 @Bﬁ"' . 0X) »ve (10).



snenple v/ Caig) s, aa” 7

L J

-/
M+ @ axX = omx,

Qe S S . ,
Hxh*a + a#*g;z {ay «  M3§4a,) (Ion=assceiation)
A eas {11)

Example ¢ /H, recl; .7

The stability cof a metal coordinstion complex depends on
(2) the acidity of the metal icn (b} basicity of the cocrdination
ligand ané (c) special factors related to the cconfiguration of the
resultant complexs, In the éimpl& co=ordination cocmplex the mono-
functional ligands take part and in the chelate complex poly=
functional ligands are acting that occupy more than one position
in the coordination sphere. The chelate complexes are mostly soluble
in crganic sclvents and hence used in the prcoess of extraétianw
These chelates are either five or sixe-membered rings. They may be

classified as f£ollowss

(1) positively charged chelates having requisite number
of uncharged basic groups of the 1igand GeGes
Tris (ethylenediamine)=Iron {II).

(1i) Chelates having are anicnic and are vncharged
basic group ¢f the ligand ie«ee, neutral chelates

esUse Nickel dimethyl glymimates



{1ii) Negatively charged chelates having negatively
¢harged basic group of the ligand ©«de Ali,iza:in
derivative of Iren (IIXde

Ion~association compleres eeles [ (Qsﬁgié&s.i'v Re@; .,72
are easily extractsble in organic sclveats like chloroform, benzene
etc, The extent of ion-asscciation éepencss ¢n icnic size of the

salt invelved and also on other structural £octorss
/

{2) In the secend stage of extraction, the chelate complex
or icn~association cﬁmpié}i is distrituted uniformly in the sclvent

depending upon thelr sclubilities.

(3 The third stage is the interscticn of the complex in the
crganic phase. The chelates ere not generally interscting with
the solvent, In case ¢of ion-associstion complexes, polymerissticon
{when caﬁcenﬁsatien increases) and 'diséaaiatim {in case of dilute

solution) shouvld be considered..

Hethods of extractions

In the analytical lsboratory the following three methcds
of liquideliquid extractions zre in uvse. They are:

a) Bateh extrection

k) Continucus excraction

¢) Disccontinucus extraction
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a) Batch extraction is the simplest method of extraction
| énd is useful when the distribution ratio is large. In
this method a g‘ivéxa volume of metal salt sclution is
extracted with a given vc‘lum of the organic solvent
in a separating fimnel by .mechanicai' shaking vm:il
equilibriuvm is attained, and the two layers axe then
separated. After separation the metal in esch phase is

' estimateds

b)  This method of extraction is applied iﬁ the case when
distribution ratic is small. Here an immiscible soclvent
£flows continucusly ox both phases are allowed Lo pass
through the soclution in counter=current directione

<) craig! has used this technique for xa@ié seperaticn end

aﬁplied in frscticnstion of organic compounds having

similar distribution ratiocss

Technicu es_in extractions i
(1) grgsnic salvent 3&1

The choice of selvent in t:he extracticon proeedure depends
on many factors, meinly toe Emubility of t.he pazi:iculaz species

to be e.,atracted,
(11) analysig ¢

The amount of solute present in both the phases sftex

extraction can ‘be determined in variocus wayss (ne important method



012
is back extraction of solute £rem crganic phese with water OF 3
acid followed by analysis. Another metheé censists of direct |
evaporation of organic solvent when the selvent is volatile and
then estimaticn of the solute. If the solvent is not very volatile,
it may be remcved by heéting with <ccncentrated nitric and perchloric
acids fallm;eé. by estimation. Most recently the estimatica of the

organic phase may be carried cut by radiometric zaethc':dz,

(11i) selectivity 3

The selectivity of an extraction system increases by using
Ozgi&isling or reducing agentS. For exénple, Chromium (III) is not
extracted with diphexiyl. carbaziaej but chromium (IV) can be extracted
from ks scluticne Ssometimes suitable marsing agents such as
vcyani@, eitrate, tartrate, EDIA etce are also useful to prevent

extracticns of undesired element.

(iv) seltinge-out agent s

Saltingwcout agents may also play an important rolz in
enhanting the extent of extraction, es'pecially in case of icne
asscciaticn complexes, The nost wicdely used saliting out agents
are chlorides and nitrates cof ammonium, sodium, magnesium etc.
This is prebsbly due to high concentration of the complexing ica
supplied iz;y the salti_xﬁg-out agents.
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Scme Practical Considerations 2

solvent extraction is generally employed in analygis to
separate a golute (solutes) of interest from substances which
interfere in the ultimste quantitative aznalysis of the materialg
sometimes thé interfering sclutes arefé%%?éégéﬂ selectively. The

choice of sclvent is governed by the followlng considerationsg

(i) A Bigh aistribution ratio £or the solute and a low
distribution ratioc for undesirable impurities.

{i1) ILow solubility in the aguecus phases

(1i1) sufiiciently low viscosity'andrsuﬁficient density
-differences from the aguecus rhase to aveid the formaticon

cf emulsions
(iv) Low toxicity and inflammability.

{xr) Ease of recovery of solute frem the solvent for subsequent
analytical processings Thus the bepe of the solvent and
the ease of stripping by chemical reagents merits when -

a choice is possible. Scmetimes mixed solvents may be
used to improve the sbove properties, saiﬁing oud agents

may also improve extrastability?

Stripping s

Strip?ing is the removal of the extracted solukte £rom

the oxganic phase for further preperation £or the detalled analysis.
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In many colorimecric procedures involving an extraction process
the concentration of the desired solute is determined directly
in the organic¢ rphase by measuring the sbsorbance of a known volume

of the soluticon of the coloured complexe

Where other methods of analysis are to be empleyéd or
vwhere further separation steps are reguired, the solute must be
removed from the orgénic rhase to a more suitable mediums I£ the
crganlc solvent is volatile the simplest px»oc_eﬁure is to add a
small volume of water and evaporate the solvent on a water bath;
cere should be taken to avoid loss oi‘ a volatile solute during
the evaporaticne Sc:metimeé 'aaj ustment cf ’the rH of the soluticon,
change in valence state, or the use of conpetitive waterescluble
éomplexing reagenﬁs may be employed to prevent loss of the solute.
When thé» extracting solvjenﬁ is ncnqv'olati le the solute is removed
£rom the sclvent by chemical meaﬁs, éo ges by shaking the solvent
with a volume of wai:gr pcntaining acids or other reagents, whejreb;y
the extractable cempiex. is decomposeds The metal icms are then

guantitatively backeextracted intc the aquecus phases

Backewaching

impurities present in the organic phase may sometimes be
removed by backewashinge The orgenic extract when shaken with cne
or more sSmall porticns of a fresh a@eous rhase containing the

optimum reagent concentration and of correct pH will result in the
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redistribution of the impurities in favour of the acmeous phase,
since their distribution ratios are lows most of the desired

elements will femain in the organic layerXe.

cc-mleti_csn of the gnalysisg 3

Having separated a particular element or substance by
solvent extraction, the final step involves the quentitative
determination of the element or substance of intersst. Simple
colorimetric or better, spectrophotometric methods may be applied
directly to the sclvent éx-trac:t utilising the sbsorption bands of
the complex in the ultraviolet or visible regions A typical exarple
is the determinaticn of nickel as dimethylglyoximate in chloroform

by measuring the sbsorbance of the complex abk 366 nm,

with icon=-association coumplexes, improved results can often
be cbtained by developing a chelate complex after extracticn. An
example is the extraction of uﬁ:anyil nitrate from nitric acid into
tributyl phosphate and the subsequent addition oF &ibenzoylmeﬁhame

+0 the solvent tc form a soOluble coloured chelates

Further technigques which may be applied directly to the
solvent ‘ext.rac:t are f£lege spe:gtrcpﬁoi;c:meij—ry end astomic abéo;ptio:i
spectrophotometrys An exemple of the former technique is the deter-
mination of copper &3 the salicylaldoexime complex in chloroform;
the organic extract is sprayed directly into an oxyacetylene f£lame

and the spectral emission of copper at 324.7 nm is moasureds

wF {‘?‘:

ft
o
Cr

(51
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Recent Developments 3

1; Synergism  : The term synergism was £irst coined by Blake
et,ala in 1958 in their report that vhen a dlalkyl hydrogen

phosphate (RO),PO, O, is used in conjunction with certain neutral
crgarzephasphamus reagents, SsGes IBP, the extracting power o

the mixture exceeds the sum 0 the extreacting powers of its
componentse This phenamencn ©f grestly enhanced extraction of
synergism due to a mixture of extractants has attracted considerszble
attention in recent years. The review articles by Hazcusg' snd De,s

are Of interest in this connections

Sgnez:gic systems §

The most intensively studied systems are of the following
types 3 (1) a chelsting agent éuch as HTTA or IPT( wiscpropyle
tropolane) and a sclvating solvent such as TBP, IBMK (iscbutylmethyl
ketone), D850 (dibutyl sulphoxide) end (2) a dialkyl phosphorzic

acid and a neutral organcphosphorous ester(s).

- Chelating agentesclvating solvent system

Considerable work has been done in this areae Izving and
Edgingtone postulated that the conditicns for synergic extraction

ares
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(a) one of the sctive reagents (HX) should be able to
noutralise the charge /c'm the metal ion, prefercbly

by £orming a chelates

(b) the sclvent(s) sheuld display any residual ccordinated
water from the neutral metal écmplex; rendering it less

hydrophilic,

(e¢) the solvent{s) should not itself be hydrcphilic and
coordinated less strongly than HX.

{d) the maximum coocrdination number of the metal and the

gecmetry of the ligends should be favourdble.

These postulestes were valid. for the U(VI)«HITASTEP and
U (VI )wRITATBPO (tributyiphosphine cxide) mixtures, synergic
enhancement factors ¢f bthe order of .1_-.03 and 1,,04' x_espectzively were
chserved. The extracted species were assigned the compesition
UO,KpeTBP end UO,X, (PBRO)g respectively’ >, from isopiestic and
infrared messurements, The studies were extended to plutonium (VI),
emericium (III), eurcpium(IIX) end thorium and the species identified
were PuX,. (TBP)Q, AmX e (TBP)B,- AmX, e TEPO, Thi, ‘(Noa)..mx’ and

i‘hX(NOB )B.Tapog

Healy'? reported en synergic extractiocn of uranium (VI),
thorium, lonthenides(III), actinides(III) =nd alkaline earth metals
with HITA-IBP, HITA-TBEPO and HITATPP; TPP is trxiphenyl pvhosghate.
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Healyil furthser auggeste&Athat‘ﬁhe regction for the system
uranium (VI)=HITA=S can be expressed as ¢
2

Uoy® & 2HTTA + %5 = VO, (ITA),8, + out ees (12)

Sekine and Dyrssenlzgl? h

ave reported extensive- investiga~
ticng on solvent extraction of metal ions with mixed ligend. They
have described the adduct formation of Cu(II), Zn, Eu(IIX) and
Th with HITA and TBP or IBMK and with IPT and TBP cr IBMK in

chloreform and cazboen tetrachloridee.

Lislkyivhosphoric acié {(HX Jmneutral phagg@orous.eater(sjg

Important cases in this category ere : di{2=ethyle=hexyl)

phosphoric escid (HDEEH)=-TBP, which was the first reported case of

. synergic extraction®*i®s19

20

; mono (2ecthylhexyl) phosphoric scid

23

(H@HEHP)-TBP $ dibubtyl phosphoric eeid (HDBP)«TBP © and HDOPe

 2opo2,

Peppard et alga investigated the system lanthanide (111),
¥(3z3), 2m(322), em131), Th, u(VI)-H MEHP=-3-diluent, where the
synergic agent S was ne-decancl, ITBP or TOPO and the diluent was

tolusne, cytlchexene or n-deCancl,



substoichicmetric extracticn 2

23424 ¢ ret proposed this new technique

Ruzicka and Stery
of substoichiometric extrection and determinaticon Gf metals, which

is appliczble to sctivation snalysis and lsctope dilution analysis.

In 2ll conventicnal extractiocn separation prccedures, an
excess of the organie reasgent is usually used to ensure guantitative
separation of the desired metal, In substoichiometric method the
organic reagent is added in less than the stoicheicmetrie amcunt
requiﬁed £or the metal to be determined. By using the same amounts
of organic reagent every time, it is possible to isolate always
the same zmount of the element in gquestion ijrrespective of the
amcunt of it actually present (subject o the conditicn that this
rmust be an extess relative to the amount of extractant)e This
permits highly selective separaticns. The treastment is essentially

that ‘develcped by Ruzicka and stazyza'zéo

Liguid Ion-pxehanoesss

The uvse of ligend icneexchange dates botk o 1848 when smith
end Pagezs“zepaxted that high molecular weicght amines (BHMWA) can
be used for extrescticn of éci&s becaunse theldr acid sealts aze
inscluble in watexr bub reaéily'soluble in orxganic solvents such

as chlorocfomm, bensene or kerosene
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Byl oy *+ H gt ““aq = Rsm-x (extracuon) see £13)
where A" = anion of simple zoid or complex metal 2CiG CeGee

Feci';' ', end RSNH"' - 4+ BT = RSNH"’B" {anion exchange)

+ A
org ag~ " org + aqgq

The amine saltds can underge anicnwcxchance with an snion (B7)
in the aguecus phase. The orxder c¢f preference in the organic amine

golution ig similar to that in anicneexchance resins.

€10, >mo >c1 >HS ,>33"‘

The earlier work for liquid anicne—ex changex:s (tmwa) has

been reviewed by Moore, Green and E‘rcbhu%"?g.,

Reversederhase Partition Chrcomatograchy s

In reversedw~phase partition chg@matograg;hy the organic
extrsctent is immcbilized on some sta‘cicnazy inert support such
as kiegglguhr, styzeneditfinylbenzene copolymer ox simply £ilter
pepers The technicue was introduced by Fidelis end SiekierskiS®
for the separestiocn of the lighter rare earth on colunns of
kieselguhy irtaamgnated with TBP, 15 M nitric acid being used as

the mobile phasse They extended thelr worksl

to the heavier rare
carths, which are usueally difficult toc seperate. Falr separations
were a2chieved with 11,5 M , 12.34 and 13 M nitric acid and concens

trated hydrechloric =2¢cid as the mebile phases.



Cenbined YonwExchangesSolvent Extrection CIESE) 3

K@zkisch32 presented & novel separation technique, ViZes
corbined ionwexchange solventrextraaticﬁ (CizsEle This is based

on simultanecus coperaticn of ionecxchange and solvent gxtractione

Lernory Complexes

Betteridge and Westas described the selective extraction
of microgram amcunts of dibutylamine silver(i) with an ione
assocciabion complex (or ternary complex) with salicylic acide

Dagnall and wast34

described the extrection -0f a blue ternary
ccmpharAgapl,10—phenanthrclinewﬁxﬁmqpy:ogallol Red=as the ‘basis
of en exttremely sensitive specitrophotometric procedure L£Or trace

of silver.
Ternary complexes have been revicwed by Eabkoss.

Extrection from molten saltg

The ocldest examples of extracticns of solutes f£roum molten
salte are the removal of impuritiss by slag formation in metallucgy,
the fircwassay method £or separatiocn of gold. None of thgse is
particulerly useful in sclvent extracticn chemistry, although
a process ekin £C slagging was used to renove £issiovn products
frem rreactor fuel by extrscticn with magnesiuvm chlorid 36,37
accoxding to the resction (For a tetravalent mebal such as a

lanthanide).



Dy + MCly gy == MCLyegy + Mogyy  ees (14)

tthere the subscripts (m) and (s) denote the metal and salt phases,

respactivelys

The use of organic sclvents in conjunction with molten
salt was reported by Gruen and cea‘-:-:orkersaag Marcusag has given an

excellent review of this extraction from molten saltSe

Extractive titrations end indicators

sclvent extracticn can ke used in titrations either isimply
to provide indication of the end point, or for deing the titration
itself, The classic exanple of end=point detecticn is the use of
carvontetrachloride in the andrews t;itraticn to indiccste the

" complete oxidation of iodine to iodine(I).

Programme of work with drom, cobalt, wvlstinum, covoper, palisdium,

nickel and Bismuth

mméreﬁs methods on spec,tro,photcmeiric determination of
izon, <eobalt, .platinum. copper, palladium, nickel and Bismmth
are aveilable in the literatuxe, Further attempt has been made
to apply this technique for the spectroghotometric method of

these elements, where the methods are simples.



(1)

(1)

(1i4)

(iv)

The basic points of the scheme ares
Review of the literature on gpectrophotometxic
‘methods of these metals and on thelr separaticn

from mixturess

Choice of appropriate xeagents £or dbhtaining

suitable complexes znd alsc of solventss

Studies on the behavicur of these complexes towards
different sclvents and an ati:em@t to devise a suitsble

technique £or extraction end separaticm.

potual experiments on extraction end separaticne

2

Throughcut the investigstion effort hes been put £o minimise

the wastage ©f chemicals, time and power and to prevent the loss of

the precicus metalse



Part II

hbsorptiometry snd ggectroghotcmetrz 3 Anals ical Basis

The col@ximetric'anelyéis_is based cn the variation of ﬁhe'
colour of a system with chenge in écnceﬁtratian cf some couponents
The colour displayed is due to the formaticn of a colcured compound
by the addition ©of & suitable zeagenﬁ or it may be inherent in the
desired constituent itself. The intensity of the colcur may then
be compared with that obtained by treating a kaown améunt of the

substance in the sane MEANSr.

Colorimetry is concerned with the determinaticn of the
concentration of a substance by measurement ©f the relative
shsorpticn of licht with regpect to a kanown concentraticn of the
substance. In visual colorimesty, natural or artificiel white light
is normelly uvsed as a light scuree, end determinaticns ave carried
ocud with a simple instrument called g cclorimeter or colour
camarator. When the eye is replaced by a photoelectric coell
(thus larcely elimineting the erzors due. to the persommal charzc-
teristics of sach chbsexvar) the instrument is termed a photoelectric
colorimeter. This instrument is also knﬁwn ag filter @hctomaéer
beceause it is employed with light ccntaineé within a comparatively
narrow range of wavelengths furnished by paessing white 1light

'thrOugh filte;s, ieGee materials in the form of plates of coloured

glass, celatin, etc., transmitting only a limited spectral regicm.
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In spectrophotometric amalysis a scurce of radiation is
used that extends in to the ultravioclet regicn ¢ the spectrum.
From this, definite wavelengths of radisticn are chosen possessing
a bandwidth of less than 1 nm. This process necessitates the use
of a more complicated and consequently more expensive instrument.
The instrument employed for this purpese is a spectrophotometer,
and this instrument is really two instzﬁments in cae - cghinste -

a spectrometer and a photometers

Molecules or atums which bosorb rediation charscteristi-
cally may be determined or studied by measurement of light absorked.
Light from a suitable source is allowed to pass via an optical
system, that isoclates a narrow band ¢f wavelengths, through a

homogenscous absoxioing. medinume

The layer is usuvally planer, liguids and vapours being |

A

enclosed in cylindrical or xectanguler cellé. The intensity of

the rediaticn transmitted by the meaium; I is. compared with the’

/

incident intensity, Io, by allowing e~ch ing turn £o pass to a’ X

suitable detector. Since cells anﬁ sc»lvents \may sbsorb rad:.atian,
\

and to ¢ompensate also for reflecticn and s.zmi\lar cptical effects

ly the solvent \
\ 2
medium is interposed in the beam dur.mg t“'se m@asu ‘ement of I0. |

from the cell faces, a matched cell ccntainmg P

The detection is often a photoelectric cell ( hoto cell) sensitive
. / ¥

in the required wave length regien and forms part of the phot:&-v

metric device which measures the intensity. Sii{;_:: the detector
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respense is relasted to the radiant energy falling upon it, the
instrument normelly measures a ratio of the twe intensities,
I/Ips termed the trensmittance, Te The detection signal may be
anplified and presented in varicus forms, such as percentage

trensmittance (1007) or 100 I/Io or absorbance, Al{=log T

Two dimportent properties are concear-ned‘ in sbsorpticn
measurements, wave length and degree of dbscrpticn. The wave length
at which gbsorption oceurs axe 'deﬁermined by the energy difference,
AE, between the upper and lower energy states of each pm:sible

trmsitim of the mc}lecule (or atom) concérneds

The degree of sbsorptich is expressed by moens of an
experimentally measured abscrptivity per unit quantity of substance.
This is termed the extinction comefficient and is defined by means
of BeereLambzsrt law. This law is & curbination of two sbsorpticn

laws, which may be stated in a variety of wagse @ \ T

Lembert's (or Beex's) law deals with optical path length_,;

. The lay states that the intensity of the emitted mcpochrematic:
lighfz decreases exponentlelly es the thickaesa ,Qf the absarbif’i'xg
madiunm increases arithmetically or that any layer of given tﬁic_lgness
of the medium zbsorbs the same f£raction of the light incident ui:cn

it. The law can be expressed as:

I = Tog L




&

where Io = intensity of the incident licht £alling upon &n

sbsorbing mediume

1 = thickness of the dbsorbing mediume
I = intensity of the transmitted light.
'k = a constant for the weve length and the absorbing mediums

e = the natural logarithm base,

 Rearranging the sbove eguation,

InIc/T or 2303 log I0/I = ki1
or log To/I = k1/2,303
or . log Io/I = k1

jhere K = k/2.303 =nd is termed the extinction co-efficient or
cbsorbance index. Its velue is characteristic at a given temperature
for a z_zm:é hompogeneous liquid ox solic, prdvid@d it exhibits no
directional azbsorpticn prcperties, but not for a gas or soclution

in which the number of molecules per unit thickness varies with

pressure oY concentration.

Beerts law deals with concentraticn. It sbates that the
intensity of a beam of mcﬂmhmmatic light éecreasés exponentially
as the concentration of the dbserbing substance increases arithw
metically. The sclvent is assumed to be non absorbing, in the

sirplest-case., This can ke written in the form,

Iz 3’.09""lcc
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For general use the two laws are cormbined and using the
gbove mathematical treatment the Beere-;,,anﬁoe;t lzw may be expressed

in the fﬁm.p_

Leg  Io/I = k'Cl
or A = K*Cl

where e is the concentration ¢f the bsorbing substamce as solute,
1 is the thickness and k*, the extinction cosefficient, is a
combination of constants. The property log 16/ is linearly related
to cancéntrati.@n and path length and is termed the cbsoxrbance 2y

it is alsc known as the optical density (D).

The Béer-Laibert law is the basis of accurste analytical
absorptiometry and spectrophotomstry at all wave lengths. B;.sth
lzws axe held to be generally valid, "mough kertum considered

Beerfs law to be limiting law, valid only at low concentrations.

For matched cells (i.e., 1 constant) the Beer=Lambext
‘law may be written as, '

€ o( og

"z

or cXlog 1 [ vhere T = transmittance _7

or QXA

5
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Hence by plotting A {or log 1) as originate, against concentraticn
ag sbscissa, a straight line will be obtained and this will pass
through the point C = 0, & = 0 (T = 100%). This calibration line

may then be used to determine unkncwn concentraticns of solution

of the same material sfter measurement of zpsorbances.

Extinction coeefficient or sbgorptivities 3
~ Frxom Beer's law we have,
A= K'QL’

The numerical value of k* depénﬁs cn the ugits chc:-s’:an_ £or expressing |
C and 1 in the sbove equatione The intensity ﬁnits ape immaterial
and 1 is always in cm u"nit;s.' If the cczﬁcentratien is expressed in
moles per litre, the constant is known as molar or molecular
extinction coeefficient (European system) or molar ab'sorptiﬁty

 (UsSe system) end is written es £ , giving the £ormm,

As=cCl

Levigtion from Beer's laws

Beex's laxfr will generaslly hold over a wjde range ©f eoncen—

o

tration i1f the structure of the cocloured ion or of the eoloured
none~clegtrolyte in the disscolved state Goes nokt chence with c6n~
é:eutraticn. sSmall amount of electrolytes, which do not resact
chemically with the coloursd components, 4o not usually affect the

light absbr@tion; large amounts of eleétrolytes may result in a
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shift of the maximum sbsorption amnd may also chahge the value of

the extinction coesfficient, Discrepancies are usually found when
the coloured solute ionises, dissociates or assoclatss in solutilon,
since the natﬁre of the species in scluticn will vary with the
concentrations The law does not hold when the coloured sclute f£orms
conplexes, the composition of which depenés upen the éancentraticnu
Alse discrepancies may occur when monochromacic light is not used,
The behaviour of a substance can alwayS‘be tested by plotting

log Io/1 or log'T against tha concentration 3 a straijht line passzng
through the origin indlcatcs the conformity to the lawe

Scre aspects of Colorimetric Determination s

The choice of a eclorimetric pxbceduxe for the detérminaticn

of a substance will depend upen auch'ganszde;aticns‘as the £ollowings

i. A coleorimetric method will often give more atcurate result

_at low concentraticnss

e The method may frequently be applied under conditicns when

no satisfactory gravimetrie or titrimestric procedurs exists.

3s Speed and rapidity,'pfcviéad the experimental conditions
axre rigidly contredled to gvoid any seriocus sacrifice of
CCULaCy e
The cxiteria £or a satisfactoxy colorimetric enalysis ares
{a) specificity of the colcur reacticn

(b) pProportiocnality between colour and ecncentration



| {c) stability of the colour
- {@) Reproducibility
(e) Clarity of the solution
(£) nich sensitivitye

Praaﬁsed invegstigation 3

'Most éf the waiiable extractian spectrophotometric methods
for the determination of cobalt, palladium, nickel, bismuth,
COpPer, platinum' anéd ircn. sre based on colour-forming reactions
with variocus reagents - mostly organice. In majority of cases,

after separstion, determinsticns were carried out by measuring
the sbsorption of the coloured metal complexes in the visible
regicne Methods based on such colour-forming reasctions are always
found to be dependent on vericus factors lecs, the pH of the
medium, the reagent concentraticn, stability and extractability
of the ccloured complex a8 also the absorption of the reagent

ltselis

In the proposed investigaticn the sbove menticned metal
iwns in micge guantities are made to react witkh a sultable lig;‘:n&
or ligends ﬁcr give cmjglexes in the form of coloured pﬁecipii;ates_.
The precipitates are readily soluble (except cases in Chapter
VI and VII where determination procedures are accompli shéd S
using aqueocus solutions) andé extrectable in certain immiscible

organic solventse. The complexes in organic solvents or in agueocus
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medium absorb ccnsidersbly in the visible regicn and conform o
Beer's law. for a feirly wide range of metal ion concentratione

Further, the solubility =nd the intensity of the colour systems
are ésﬁrid satisfactorily high. Measurement aﬁ gbsorbanca eﬁl tﬁa
coloured extract at the wave length recording maxirum ebsorpticn,
has made possible development of new Spectrcphotomtric methods

for determinaticon of the metal ions under investigaticn.
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The compound, @henylthichyaanﬁoic aciéi (PTHA) dabes '

back £o 1908 when Paazil-?asccﬁl £irst suggested its use as a

gualitative reagent for Qolbalts. ~'§utzeit?‘ used this q:éznpcund as
& reagent for nickels Willard and nall® studied the ;eacﬁiﬁn of
pheanylthichydantoic ecid with soluticns of cobalt saltse. But the
analytical potentizlity of the compound has not been distussed
so far. In tur lsboratory it has been noted that PTHA gives I\
coloured complexes with ccbalt and palladium, The msuit-z".ng
cmpiéxes are extractable into organic soclvents under cptimom
cenditionss This properties of the complexcs suggested that further
studies nmight lead to the development of methods for separation

and spectrophotometric determination of the metals.
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Extrsction ond spect
Cobalt with shenyithichvdantoic scid

Ccbalt forms a varlety of mixed conplexes with the ligends

NHgs Py Hy0s halides, Sc,m"":",_, MOz, GOy etc. The most sensitive

- spectrophotometric methods for the determination of c<obalt have
been made by the utilizaticn of its celour reacticn with ﬁhe

' NG '

:e~a§ents containing = f.": - C!: = groups Cobalt (ZI) was extxactedv
as the thiccyanate complex at pH M in presence of citric =cid
with acetyleacetone. The sbscrbence of 4ther crgenic extract was
measured gb 625 nme If manganese and chromium are present tﬁey
5h§ulc‘§ be removed by icn-exchange rfet:hoﬁ firste. The red complex

of cobalt with scdium 4-nitrosce2<hydroxynaphthalenee3, 6=disuls

phenates has been investigated. The complex is stable in =scid

solution. The metal 3 ligend ratio was £found to be 133.

GCobalt £xrom 'c‘oloixred complex with ,,1~nitro§0s.-2€~naphtha16
at pH 3¢5«8,0 which can be extracteé into carbontetrachloride,
2~nitrcscalmnapt‘rwl? also gives colour reaction with cobalt. At
PH 3=4, in the presence of citrste and hydrcgen peroxide the

complex was extractable into chloroform and meassured st 530 nm.
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f{,erenzo.et ala determined ccbalt at 550 nm ofter oxidation
to 60" with alleHy0, @s its 132 complex with 1,6-hexenediomine

tetra acetic acid st PH Debe

Nekasghima et alg preéem:ed a method for the dctowmination
of cobalt vsing Gv»mﬁmquenaylthim&nitro&o#éaec&xc;ua,Q-dihy&r@s-
prrimidines Th,e yellﬂ;v complex Was exéractable into chloforom,
The metal 3 ligand ratic was found to be i:3e The sbsorbance was

measuxed at 410 mms

rodrignes et 21*” selectively determined ¢o'? as its

complexr with chromotropic =cid dioxime in ammoniscal selutions

© specuriphotometrically at 560 nm,

Casgir Laino et aii.m spectrephotometrically deternined
,Gabélt bir using éf;hylene dianine=NeN'=dipropionic acid st the

pH B, 0, The sbsorbance wes measured at 535 nm,

JM15Ca ‘i”‘emyaszhil 2

_ cdavised a spectrophotometric technigue
‘for the determination of cdbalt by using chlorophcsphonazo(III)
. and Zerhlramine at pH 9-:;10.,, 5, The complex was extractéd- into
chlorocform and it showed asbsorbance at 695 nme The mol. ratio

wes found £0 be 15282

Reddy N. Subba Rani et alla developed a method for the ]
spectrophotometric detexminaticn of cobalt (i) with salicylaldehyde
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thiosemicarbazone 8t pH 5,06 The yellow c:orrgolex did show gbsorbamce

at 400 nm, with molar zbsorptivity le¢l % 10 b mol'icm"i

' spectrcphotometric determinaticn of cobalt with

1~nhenyl-3~thicabenzoylthiocarbamiéem, 2---(5—bxamoézapyridylazoga
s—digthy;anﬁnpphenolw, 1,3=cyclchexans dioz;e—di‘thiosemiearbwene

mcnchydxochioridelﬁ, dee (2epyricyl 320)~4~benzylﬁesoxcinef?,
5—chlero-7.io-a-qwinounoll o( emethyle2, 4wdihydroxy

12

benzylidene-Zeamine aniline™ , 2?"~hydrexy~4amethoznyg-5'-g-methyl

chslecone eximeaa. iwmosmethoyy phenyleldwphenyleSe (Gemothylede

hydroxye2epyrinidinyl) formsz an21

thiosemcarbaaenezz

carbc:nahydrazideza

propyl xanth atezs

P 2, 4mwdihydroxy acetophenone

e 1,5=bis (di—z-pyridylmethylene) thio

. aééédinitrogahenylazeéa-iquinolinol%, potassium
, Isophthal dihydroxemic acid®®, e (3'~sulphow
benzoyl) pyridine benzoyl hyﬁrazcnéz'?

axime?®,

. '1, 2, 3eindene=tricentyi=
» CGipicoline éihydroxaﬂic acid , é.—fomyl-l—phenyl-a-

methyl-z-pgrazolin-sqcnem.; Isonitrosothioc emphcre31. ‘Nephenyle~

clanamo hydroxemic scid and &hiccymate32, Le (2—quina1ylezo)-2,
33: 2w [ 2=(3,5=dibromo pyridyl) azo_?-s-

diethyl amin@ penzoic acia ¥ i 4w (Zwthiczolylozo)el,3 diaminos

benZene35. 2.‘-hydroxyaget0pheﬁene~ thiose:ﬁicarbazaneaai end

cithizene®?

4, Sntrihydxcx ;henzen

have been suggested by varicus workerse

Zhang Zhenggl et alss developed a spectrophctometric

methed for the determination of cdbalt by using 4-(2=5S=-bromopyridyl)
azo)el, 3=dihydroxynaphthalenes The complex was stable In Kalats
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HOAC buffer soluticm {pH 5.0)s The metal s ligand ratio was
found to be 132. The sbsorbance of the complex was measured at
547 rmme

Cc"’z was determined as its porphyrin complex by Ji Cuirong
et al®? yith mescstetrasulphoporphyrin(I) in pH 4.3. The buffer
soluticn used was AcCHeAcQia. The complex had an sbsorbence at

426 nm, The metal 3 ligand retic was found te ke lsi.

Paria PK, et a140 yseq ninhydrinoxime and pyxiéine for
the spectrophotcmetric determination of Co(II). The ‘ellowigh
brom complex was extractable into c_kilcroform;. The metal 3 ligand
rat-i'o was determined tc be 1:3. The sbsorbance of the complex was

¢

measured at 330 nm.

It has been found that ctﬂ;balft ‘_for.jms a cheocolate brown
complex with phenylthichydantoic acid. This complex is readily
extractsble into chloroform, which is the basis of cur present

investigatione

?



Appeazatus and Reagents

A shimadzu PRel model gpectrophotomater was used £0r
shsorbance measurcements. A palr of matched gquartz cells of 10 mm

cptical path length was used for the purpose.

A stock golution of cobalt(II) was prepared £xom
Co(ﬁcs)z.enzo angd sﬁandardiseﬂ. A working éoluticn of lower cone
centraticn of cobalt was prepared by appropriste dilution with

digtilled water.

Chloroform and othexr solutiocns were distilleé before use,v
Buffer soluticns of different pH-values, prepared by standard
procedure, were used to adjust the scidity of the acuecus phase.'
To study the interferences, stendard solutions of diverse ions
were prepared from their corresponding saltse All other chemicals
used were of aznalytical grade. |

Preperatica of PTHA%I 3

Monochlorozecetic acid (189 gm) and ammeonium thiocyanate
6@52 ) were mixed and to this were added 186 g of aniline and
230 ml of ethyl adcohol, The mixture was heated under reflux on a-
water bath for six hours, and the mixture was allowed to stand
until the uvndissclved material settled. The.cléar brownish licuid

roured into a large evaporating dish and allowed to cools The



jellw crystals which fommed, was £iltered ané washed with water.
The product was purified by rocrystallisation :Ercfn alcohol
(e Do 156~157°C). 2 0.2% scetonic golution of the reagent was

used to estimate ccbalt,

Deteminatfi on_Of Cchzlt

7o an alicuobt containing 4447 M g of ccbalt(il) was added
2 ml of PTHA and adequate amount of buffer (Bova-hydrochloric acid
buffer) (pH 8) to make the volume of the aguecus phase to 10 ml
and left £or 1 minute Lo ensure complete complexaticn. Ia‘iﬁally,.
it was equilibrated with chlorcform (10 ml) Zor 30 sec. The
. separated chocolate bravn organic J.aycj;r was shai:en with anhydrous
scdium sulphate to remove any retaixzed_water droplets. The absorbence
o the chloroform extract' was read at 4?0 nm. against a coball free
reagent blank, amcunt of ccbalt extracted was deduced £rom a |
calibration curvaes To study the effects of diverse icns the
respective foreign ions were added to the agueocus solution before

addition of the reagent.

RESULTS AND DISCUSSICH

abgorption speetrum s

- The ebsc.rptvc.n spectrum of the ccbalt complex in chloroform
~was ta,.en aga:ms.. a biank, ‘l‘he c:om.;lex exxhibits ansorption naximun
at 490 nm (Fige 1), The reagenu blank did not ebsozb in this reg*ien

and the wave length of 490 nm was selected zmx all analytical

masurements. Some other solvents like benzene, ethylacetate and
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cagbon. tetrachloride were also tested as extracting solvenitS.
Benzene and ethyl ctetate did not extract the compleX. The conplex

in cthyl acetate gave low sbsorbance compared to chlgxpfcrm.

Extraction ss a function of DM @

. The extraction of cokalt in terms of sbscrbance was
investigated in the pH range of 0=~12, Extracticn of ccbalt virtually
starts £rom pH 0,5,'The'chlor@form'extxacts showed meximum hSore
bance when ihe extractions were caxried out £rom aguecug solutions
‘off pH 7+5=8.5, Ir the pH range, after. @ single operaticn, when the
extraction process wés repeated using the same agquecus phase,

. the organic extract virtually showed no sbsorbsnce, This indicated
a complete and quentitative recovery cf cobalt in this condition,

The results have been shown in Table 1 and Fige. 2.

Reagent concentraticn ond Beer's laus

The cptimum reasgent concentrstion was ascerteined by
extracting cebélt at differxent ccncentrations ¢f PTHA. It was
noted that 2 ml cf 0,1% acetone SOiuti@n of the resgent was
sufflcient to extract 44.7u ¢ of ccbalt in a single operatiocne
The aguecus phaée was clear and coclourless after extraction znd
. was £ree from cobalt as tested independentlye. Higher PTHA concentrae
ticn (upto 5 ml) had no adverse effecks (Teble 2)s The system -

.conforms ¢ Beer®s law over e concentraticn of 10 pom of cobalt
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(Teble 3, Fige 3). The molar sbsorptivity cf the complex (on the
basis of cobalt content) was evaluated to be 12123 x 104 3 moi”lcm'i

and Sandell's sensitivity 0,005 M g/bm? at 490 nm.

Stébilitx of eolour 2

The &osorbances of the Co(lI)«PTHA complex in chioroform
were measured at elapsed intervals of time after the extraction
precesge The complex is steble for at least 12 hrs as seen £rom

Table 4.

Interferences ¢

In crder to study the effects of diverse icné on the.
extrection behavicur, 44.7u9 of cobalt was extractsed and detexmined
according to the recarrended procedure in presence. of ‘the respective
foreign icns. An ion was conulcered to interﬁere if the rocovery
of ccbalt differed by more then 3 3A.from the sctual amcunt taken.

The results ere shown in Tcble 5.

Determination of gebalt in synthetic mixtures s
In absence of real sanples the proposed method wes extended
to some synthetic mixtures to estimete microgram amcunts cgaggg@ax.

Average of these determinaticans weas taken in each case (Teble 6).



Precision ond securscy 3

The proposed method was tested by enalysing solutions
containing 2 kncwn amcunt of ccbalt(II)e The results in Teble 7
show that the methed is Leirly precise end reproducible requiring

\

cnly 19-15 min for sach runs

comparigson of thz Present Mekthod g

The nx:cmosea method is very simple and repid end is conparsble

z:ell w:lth some other existing mcthc&s as seen from xable Be
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Teble 1. Variation of abscrbance of the chloroform exirsct
"~ gontaining the Co(1l)=PTHA complex. (The agquecus
vhase (10 ml) containg 44,7 » ¢ Of ccbalt and 2 ml
cf D.1% acetcnic soluticn of PTHA),

PH Absorbance pH hbsorbance
| at 490 nm at 490 nm

i 0.260 7 " De642

2 0,315 8 0.840
-3 0,362 9 0. GBS

4 0, 410 10 e 610

5 0.502 1 : 0, B42

5] 0,560 _ i2 . Oe 240

Teble 2. Effect of pheaylthichydantodc acid concentratione
- The aquecus ghese (10 mi) (pH 8) contains 444.7M g
of ctbalts 0,15 Acetonic solution of FTHA was used

Rezgent added abgorbane Reagent acdded Abscrbance

in ml ‘ at 450 nm in ml at 420 nm
0,05 - 1475 0e 840
0,30 - 200 0,840
0e25 0,06 2425 0,822
. ) 0e50 - 0,182 2.5 0,835
0.75 04315 2,75 0,840
1.0 0,450 ‘3.0 0,835
1425 © D.502 - 2,0 0.835

i.5 0,788 . 5.0 0,830




Tebhile e Beer's law data

Soncentration of AhsorbanCe
cobalt (ppm) &t 490 nm
1.12 0.180
2423 0,400
4,47 0.845
Ge70 1220
8,94 1.760
Tekle 4. Variation of cbscrbance with tine
Time in'hr. maasured Absorhance
after ekxtraction at 490 mnm.
0,25 0,840
0,50 C (0,840
1 0,842
2 0,838
4 0.840
8 0,840

12 -

0,840
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Tzble 5, Effect of diverse icns cn the determination of
. 4447 M g of cobalt, Average Of three determination
was takene _

Ion added - Amcund Ion added Amount
tolerated ' o tolerated-
(M)
Tartrate. 4000 - Calcium 4000
Arscnate - 4000 Barium 40090
Nitrate 4000 stroatium 4000
Thiccyznate 4000 © Catmium 4000
Thicsulphate 4000 Urandum 1000
ascorbate 4000 iront . 3000
Phosphate 2000 zr{Iv) 200
Borate 2000 zn(xx) 200
Bromice 2000 PG{31) , 4000
Todide . 2000 P (Iv) 4000
Fluoride . 2000 an(Iir) 4000
Fhthalate 2000 - Bi(III) - 4000
Citrate 2000 cu(zz)” 1000
cxalate .~ 2000 ob (zz)* " 4000
Mg (1T) 4000 2glz) : 1000
sn(Ii) 200 - Thiv) 200
viv) 200 cx(1I1) 200
Hg (11) 20 Mo (VI) 4000
ELTA nil ' )

+* In presence of F
* - in presence of &Scorbate:
#%  azbsorbance measured after two hours of exntraction



Table 6, Determination of ccbalt in synthetic mixtures

Composition with~am0unts : Cobalt fcund
in g -

+ Fe(100)

2« Co(44,7) + PA(100) + Pt{i00) _ 24,0
e
+ Fh(100) - |
3. Co(4407) + 2g(100) + Pb(100) s
4e  Cola4,7) + BL(100) + Fe(100)" e
. 43.5
S5« GO (44.7) + Mo(i00) + v(100) 45,0

*in presence ©f citrate, ascorbste and B




Table 7e

Reproducibility of ccobalt recovery

Cobalt taken

Cobalt £cund

Mean Stds Dev.
MG Mg Mg %
| 1045, S5, 9.0 -
l. 11,18 10,33 l.08
11.0, 10,0, 12,0
211-00' 23. Oo 2205
2160, 2240, 2345
4545, 4345, 44.0
3 44,70 R 44442 .18
46,10' 43‘ 0" 44.5
4e 67,0 65, 92 0, 97
656 0, 6445, 6640




Rable Be

Comparisen of the Present Method

oy

Molax

Reke » Reagent mast Intexference
] gkoorptivity -
42, Cetyltrimethyl 4 HEl 625 149 % 10° Cu, Zn, Hge
anmonium to pH 8 S,
bromide EDTA
4. simhyaris 36 330 1.97% 10% Bn(III) end NOj
< 2 s e . .o
43, 242%edipyridyl 8,5=11s1 580 4,42 = 10t 2" (zx), eu” ()
ketonewdepicolyl- :
imine |
44,  Isonitroso M HCL 240 1,7 x 10% 2, Cu . EDTAT
thiocamphor to 2985 L
| 14 NaoH 325 . ,
a4 : . p ] w®
15 Thioglycolic ¢ Gom 285 1,128 z10% Be’ (11), Fe' (111), AL (111),
| 9.8 | Bl (ITI), Th (IV), Pb (II).
* e w* )
cd (1), Cr, (TIT), U, (VI),
c“*(n:). Hg (1I), sh (1X),
* .
EDTA : .
o *®
490 1,123 x 120° Ni, EDTA, Cu¥, IO and Fe

Present method

7 SuBe 5

* M\MK\'“} aguwde wWied.

g



Extrsction ond Spectrophotometric Determinstion of Pallzdium(Iz)

with FPhony 1i;hiah A _~ tolie Acid

Inkracuctl on

Literature ghows that palladium has an effinity to fomm
complexes with the ligands containing H,S.P, AS, See The most

widely used reagents are, penitroso aniline de-rivatiVesé‘G, in

the detecticn and estimation of the metal.
. , 47
Palladivm(Il) forms complex with scdiumdiethylthiocarbamate
at pH 1i. The complex is extractable into carbon tetrachloride

48

and agbsorbs maximum af 305 nm, BenZoylmethyl glyoxime™ is also

a good reagent for palladium(XII)e

Znother important reagent for the determinaticn of
palladium is 2enitzosomle-naphthcl?’, pallsdium wes extracted at
PH 1e5=3¢5 into toluene in presence of EDTA and measured at 370 \\
o 550 nmy 1w (2.—-pyx:i.dy1azc)-za-naphthclso forms a green chelate
with pallsdivm(Iz) which can be extracted into chlorcform at

e -

PH 25, The dbsorbance was measured at 678 nm,

Gowda He Sanke et 3151- presented a photometric method fax‘! ’K{\
the determination of PA(IX) by using triflupromszine hydroahlcriéie.
The zed coloured complex is formed in the pH 1.4-2,7. The metall, 3
ligand ratio is 1:1. The s=bscrbence ©f the complex was measureé;\

at 480 nms




Gowda He Sanke et 615,2 developed a method for the

spectrophotemetric determingtion of palladium by using
prochlc::pexez;ina maleste. The red coloured 132 (metal : ligand)
complex that formed in the pH . range 0,1 to 34,0 had an absorbance
at 480 nme

Po, Weihung Ha et al?s determined palladium spectrophoto=
metricaliy by using 4w/ (S=chloro=2 pyridyl)ezo_/=1,3=diaminc
benzens, The complex has e purple red colour and extractable into
n=pentanol, 1t is stsble in the strong acié medium. The complex

showed sbsorbance at 524 nm,

Procedures based on the formsticn of pallsdium(II)

corplexes with thiocaprolactmnsg,- 2epyridine carboxaldchylwls
) / 7=

. pyriéyl hydr azone~> ¢ Nephenyles (A =pyridyl) thiauxeasﬁ. MESOm

57

tetrakis (4esulfophenyl) porphyrin’ ', 3-Dromow2ehylrxXyeS=methyl

acetorhenone hydrazones’s ’ N,N-kéimethylwﬂ-‘(éfphenﬁlﬁz-thi&vlyl)

thicureas’y 2+furaldshydem2wpyridylehydrezone®’, lepyrrolidine

carbc«dithiéatamg 3 5~dichloyom2=hydrcxye acetOphenmecxﬁmee 2,

2=methylsl,4=naptheguincne thidsemic azbaz.cnega.. 2-- thiopyrogaliol

4

and [’7 'mmercapto:asominele "_,;_, Ericchrome Azurcl B and CetylirimethylX

65

ammenivm bromide —, 2=(2* ,-.4'nf-dihyéz:wy-"-:%'»nitro;;henyl)aza-B-cyenc—

4epathyleS«cthory carbonyl thin:vpheneaﬁ, phenanthrcquinene

monoxim67, 1= (2 =aninoed Y emethylechenyl)ed, 4, 6=trimethyl
1, H, 4H=pyrimidine-2«thiol®®, 3-rcetomye7emethyl phenothiszine®®,
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benzyl dimethyliphenylammonium chloride 79, Se {3 , S=dlbrCmow2=
pyridylazo)=2, 4=dianine toluene ethanoln, arylazcs2ehydroxynaphe
thalenee3, 6edisulphonic acidn. thiolactams and Rose Benga;73.

2 (2wbenzothd ezolylazo)eS=dinethylamino benzoic acid’ s, 2=(3,5,

c}ibscﬁon-z—myridyl ezc)-f:-d:met ylamincanilme7_5, 15onitroso-

76, tin(xz) chler;ﬂe and Rhodamine 6877. 2wallyl

thiourea and thiocyanate.m

79

thioccamphor
¢ S=chloros2,4=dihycrcxy proplophencnes

oxime’~ have beAe:n_v suggested by variocus workers,

Ha. Shcaulmn et also have ﬁeveloped a spectroyhotmnetne
methed for the cetcmnaticn ef pallad:.um ?:ay using p—aminophenyl
fluorcne and cetylt.rw nethyl anmonium bmmmg. The complex is
stahle in the pH renge 6,9=7.8 w.lt:h an wscrbence abt 583 nme The
xretal ¢ ligand ratio was 1:.1.

. Zhang Guaﬁg et alal'

devised a technique for the spectroe
phs’:etcmetric' determinaticn of palladium with 4~'(2ét§\4e201ylezo)-
1,3=diamino benzene)s The purple complex was steble inm §érchla§:ic
scid medium. The metal s ligand ratioc was £ound to be 1:ls it
showed sbsorbance ot 584 nm. -

The extraction of palladium(II), 2 red complex with
4= (Zothiazolylazo) resorcinel by tetraphenyl phosphonium chloride
1‘82

. in chlorcform was studied by Siroki M. et al™ . Quantitative

extrection was achieved in the pH renge between 2 and 10e The



absorbance of the complex was measured at 525 nm.

In the present inirestigation phenylthichydenteic acid
hes been used for the extrection, separétioq and spectrophotometric

Getermination of palladium.
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EXPER IMENTAL

2 aratus and Ree; enks s

Absorption messurements were carried ocut with a Shimadzu
PRe3 model spectrophotometer equipped with a pair of matched

quartz cells of 10 mm optical path lengths

Pacl, (ochnson and Matthey) (1 gm) was dissclved in HCl
(1 ml) and diluted to 250 ml with distilled watere. This was
standardised with dimethylglyoximre, A working scluticn cof

palladivm(II) (60 prm) was prepared by appropriate diluticne.

Pyridine, chlorc;fo:m and@ cother solvents were distilled
before use. Buffer sclution (pH 4) prepared by standard rethod,
was used to adjust the acidity c£ the agqueous phase. To study the
interferences, standard solutions of c'iiversé icns were prepared
from this eo.rz.;eSponcEing salts. All other chemicals used were of

snalytical grade.

Phenylthiochydantoic acid (PTHA) was prepared by the

method as de,scri_bed carlicr..

Determination of palledium s

To an aliguot containing 60 /ug cf palliadivm was added
1,5 ml of PTHA (0,1%) =nd 0,2 ml of pyridine f£followed by adecuate
amount of buffer (pH 4) (potassium hydrcgenphthalate~hydrochloric
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acid buffer) to make the volume of the scquecus phase upi:p 10 mi
and left for 1 min to ensure complete complexation, The solution
was then equilibrated.with chlorcform (10 ml) £or 30 sec. The
separated organic -layer was poured over amhydrous scdium sudphate
to remove any retained water droplets. The dbsorpticn of the
chloroform extract wes measured at 370 nm against a blank and the
amount of palladium deduced f£rom a calibraticn curve, To study |
the effects of diverse icns the desired foreign icn was added to
the system béfore ‘addition of the resgentse

SULTS AND DISCUSSICN

[

From a slightly acidic sclutien palladium{II) gives a
brown complex with phenirlthiohydantoic acide The complex ids
.extractable into chlorcfcrme Ik.ddiﬁicr’z of traces of pyridine,
priocr to the extraction, enhances the akscrbance of the resulting
compleXe Use of of¢picoline/ (% —pidoline/ ¥ =picoline or 2,A4.6-.-

collidine shows similar behaviour.

Absorption Spectras

The abscrption spectrum of the palledium(II) complex in
chioroform showed meximum sbsorbeance at 370 nm with a shoulder
" eround 310 am, Fige 1. | The reacent blank itseldf shoved insigni=
ficant abscorbance beyond 310 nm, Hence wave leagth of 370 nm
was selected £foxr all analytical measurements. Some other solvents

like ethyl zcctate, benzene or carbuin tetrachloride were also
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tested as extracting svlvents. But the palladium complex in

chlorofomm gave maximum gosorbance.

Extraction ac a funckicn of pH 3

The extrecticon of palladium in termms of abéorbanne was
investigated .in the pH range =12 ExXtractica starts Zxom pH i,
the organic extract showed stezdy maximum sbsorbence when palladium
was extracted from agueocus soluticn of pH 3«7, The agquecus rhases
were clear and colourless in each casee. This indicated complete
and quantitative extraction of paliéﬂiuma éxtraction hovever
decreases beycnd pH 8 or-at higher scidities, :he cbsorbance of
the chloroform extract as a fﬁncticn of pH is shown in Table 1

' and #Figs 26

Resgent Concentration and Beer's lsw

The cptimum resgent ccncentration was ascertained by
extrecting pallédium at different concentrations of PTHA keeping
other varizbles ccnstant. Iﬁ‘was Zound that 1.5 ml of 0,1%
écéténmc solutiocn of PTHA alcné within 0,2 mi of pyriéine was
sufficient to extract 60ug of palladium in & single operaticn.
Higher reagent concentraticn (upté 4 ml) had no adverse effects

cn extractione Results have been shawn in Table 2.

The sbsorbance of the organic extract showed a linear
response over a concentration of 12 ppm of palladium (Table 3,

Pige 3)o The molar absorptivity of the conplex (based on palladium
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content) was found to be 14307 x 20° 1 mol —om - and sandgg;l‘s

sensitivity 0.008fg/cm® at 370 nm.

Staebility of Colour 3

The absorbence of the PA(II)=PTHA complex in chlorofomm
was measured at elapsed intervals of time Of the operaw‘;ian. The
absc:bance remains unchenged at leest for 12 hrs. The ccr@lex is

thus sufficz.ently stable as shown in .L:Jole 4a

Interfrerenc:e‘ F 1

To study the effects c¢f diverse ions, palladium was
extracted ih presence of the respective ﬁoreign; ions and
spec‘umhotametkically determined as 2bove, Deviation of nct
more than # 3% from recovery of palledium was taken as the
tolerance limit for the diverse icms, tested. In the estimation
of 60"/ug of palladium, the f-bllowingicns did not interfere
when hpresent in emounts ( Ag) shown in Table 5.

[}

Determination of palladivm in synthetic mixtures 3

In gbsence of recal samples the proposed methoed was extended
to scme synthetic mixtures to estimate microgram amcunts of
palladiums Average of three determinations was tdken in esch

case (Table 6
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Precigiocn gnd sccuratys

The proposed xriethod was tested by analysing soluticns
containing @ known amount of palladium(II)s The results in Table
6 indicate the method to be faiyly precise and reproducible
requiring only 10=15 min for each run (Teble 7).

comperison of the Present vethods

The present method for the spectrophotometric deberminstion
of pallzdium is very simpie and rapid end comparable o some other
éxisting methods. The sensitivity, of the method mey not be as high
as the otﬁe.r ocnes (Teble 8);, }aut it provides excellent récovery of
palladiur in miero guentities in presence of almost all the common

icns tested,
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Table 1., Variation of sbsorbance of the CHclé exntract with
pi (The aguecus phase (10 ml) contains 604g of
Pd, 15 ml Of 0,1% PTHA and 0.2 ml pyridine)

PH - hbsorbance pH Abscrbance
‘ ' et 370 nm ' at 370 nm

i 0, 542 7 0,705

2 0,562 - 8 0,682

3 s 704 2 ‘ 0,630

4 0,732 , i¢ -0.632

S- 0s754 ) il 0.552

6

0. 732 4 12 0,520

Table 3. Effect of PTHA. The aquecus phase (10 ml) (pH 4)

centains 60,49 of PA and 0,2 ml of pyridine. 0,1%
. Aceteonic solution of the resgent was useds

Reagenk asidea Absorbancé | 'Re'agent added bbscrbance
in mi at 370 nm in ml,. at 370 am
0. 05 - 1450 . 04750
0o 10 0,110 ; 1275 * 0,748
0420 0,250 2425 0,745
10,30 0,382 25 S 0.TA0
050 | 0.475 3.0 0,740 -
0e 75 0,565 440 | 0,740 i\
1.00 0,695 5,0 0,725 /i}
1425 04740 : \<
. / b.\
L
N X\«\
ﬁ



Table 3, Beer's law data

Concentraticn of . . absorbance at

palladium (Pepem) 370 nm
2 0222
4 0u 474
6 0750
8 1,020 *
10 . . _. 1.280
12 o .  1.472

Tzhle 4, Variakicn of zbgsorbance with time

Time in hour measured

after extraction. ' Absorbance
. — . gt 370 nm
0, 25 - ' 0,750
0e 50 ‘ ‘ . 0,750
1 - C D.748
2 : 8 0,750
4 : , ' 0,750
8 : . 0, 744

12 _ - B ‘ 04745




Table 5. Effect of diverse ions cn the determination ¢f
. 60 Ky of palladiums Average ¢f three determinations

was caken
Ion added amcunt Ion added Amcunt
~ tolerated tolerated
(Lg) (20)

Witrate 4000 Gold 4000
Berate 4000 Iron . 4000
Oxalate . 4000 Calcium 4000
Thiccyanate - 4000 Barium 4000
Phthalste 2000 Strontiuvm 4000
EDTA 2000 Zinc 4000
Bromide . 2000 Uraniwm 4000
Ioaide 2000 Ccbalt - 4000
Ascorbate 2000 Cadmium - 4000
Citrate 2000 Nickel 4000
Tartrate 2000 Chromivm 4000
Fluoride 2000 Venadium 4000
hrsencke 2000 Bismuth 4000
Phosphate 2000 tead 2000
Thiosuliphate 2000 Silver 500
Rhoddum 2000 Platinum 600
Molybdenum 600 Mercury 400

600 ' 400

Thoriuom -

Copper




Table 6, . Analysis of Synthetic mixtures

I
'

|

\, Compositicn with amount in 4+ g ' ' Palladium £ound
inug
\\ ‘
‘5 1. Pa(6) + PE(200) + Rh(200) ' 6145 .
b2, Pa(60) + Fe(200) + cul100) 6045
i
! 3. DPa(60) + Ni(200) + Co(200) | ‘ 6240
|\ 4. Pa(60) + zn(200) + Cd(200) ' 60.0
' 5. PA{60) + Mo(100) + V(200) . 60, 5

6« PA(60) + Hg(200) + Cr(200) . 58,5




Table 7« Reproducibility of palladium reccvery

66

Palladiuin Ecund

Palladium Mesn Stds Deve
taken ( «9) (gl )
(4a)
1340, 1445, 17.5
1 15 14,92 1.77
1640, 15.5, 13,0 -
3045, 32.0, 31.5
2 30 . 30,66 1.07
29.0, 30.0, 31,0
et 6060, 60,5, 6240 :
3 60 60,83 0,82
6195‘ » 60‘ 0' 61.0
93405, 900, 02,5
4 20 Si.16 1.03
92.0, 910, 20,0




Table B Comparison of the present methcd

Interference

370

13070

Ref. Resgent PH mese Molar
abscrptivity
_ S . - - -
74 %—(2-benzothia?01ylazo)—5~ Zwb 695 4,96 x 10% Ag&(IJ, Co (1II)
dimethylanino)benzolic : S : L PRSI _
acid R Niﬁclg)._ os (ViII).
. Pt (IV) a=nd
v ).
76  Isonitrosothio = PH 2.0 450 3490 3t 10° cn”, Ha,
: * *

camphoy Sﬁt§01 ‘ ’ : ) Co , Pt and
78 S5e(3e5 dibromoe2epyridylazo) O 1= 600 1,05 x 10° -

«2, 4=di aminotoluene 0.61 HCl (commen cations

interfere)
67 bPehnanthraguinwmme 200m 430 2,072 % 104 , ( -
- ‘ 504 comnon iong

MCACK NS do not interfere)
.83 prochlorperazine Op 1=34 0 480 4063 x 10° -

maleate ‘

Present method | 37 CG*-

* masking agents used.

L9
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Literature reveals several aimes proposed fox |
spectrophotometric detexmination of various metal ionSs 2eHydronyw
i=nzphthaldomime develops an intemsd forestwgreen ceimr with
iron“ {IIT) at DH 243=2,7 end the reection is highly sencicive
end selection® s It hes been noted thet the smelytical potentiality
of the reagent may ke extended for the spectrophotometric detere

mination of nickel, ccbalt and palladium.



Intraﬁucum

A good number ©f methods asre known for the sepsration and
determination of nickel by liguidelicuid extractiocnes Chelate
systems involve the utilization of reasgents like m&noﬁzimes,
dicximes, 3 w@iketones, naphthols, oxine and its derivetives,
dithizcne, dithiocarbamates and other misc:ellaneéus reagents.

'Tlie. icneassociation system consists of diethyl ether, thiocyeanate,

rhenanthroline and cther reagents.

The extrecticn of nickel by '&-quinolmoll was studied
st pH renge between 4.5 and 9.5 The complex wes extractszble into

chlorcforme

Dimethylglyoximaz hag been used as & reagent for the

extraction and separation of nickel, The plH was adjusted ak 6,5
by using the acUli=ncia buifer soluticn. The complen was extracted

inte chloroform smd did show sbsorbance ab 366 nm, Cther well known

methods invelve the utilisation of Furoyl triflue_:roaaet@nes P

5,6

acetylacetene?, thiothenoyl triflucrcacetene®® for the determinae

tion of nickel,



77

Kamild Py et -a17 determined NA(I1I) with phenanthracuincne
monoximse Tho complex was extracted into chicroforms The eomplex
was gtable in the PH rance 4.9=8.5. The metal @ ligend ratic was

f;:unﬁ %0 be 1s2¢ -

- Satake r:zasaﬁada@ proposed a method fox .smctrqahﬁﬁcmetric
determinaticn @E fsickel by zbscrption of Ni-DMS complex o
nsphthalence The complex was extracted in to chloroform with\
gbsorbance at 375 nms The pH was_ﬁéjustea.at 9.5 The Beer's law
wes cheyed £or 20-17049g 1i/10 ml chloroforms

spectrophotonetric determinaticn of nickel was investigated
by Riyszuddin -:9.? with bigbiscetyluonoxime=~athylenediinine and
bishiacetylmoncximewcephenylene dilmine in presence of agueocus
brcemines The metal 3 ligand ratio was £ound to be 132 and its

abgorbamoce was measureéd abt 420 nm.

1o

Jemethoxy=J=methylpencn thizzine'” was used to determine

nickel spectrophotometricallys The 131 complex is fommed abt

T 245x64 0, The maxinmum zbscrbance was obtained at 425 nm.

b

Merishita ond Ketayanagi™™ developed the method based on

using &chlenm%hyﬁxéﬁiné@yti@iaﬂiue as a reagent. The maximum

abgorkeance was cbtained at 715 nme with a molar absamivity

4 <1

1,86 % 10% 1 mi"tcm™,

’

Progedures based on the formaticn of Nickel(II) complexes
- ‘ 12

2

with, 1aphenyl—3ema%yi-Q-p«nitrcbenzaylms-»pyr@oiene

Dithizone =nd methyltrioctylamzonium chlorid&ls, Ze (Swriothiylw2e

L e e T
- = —_ -
- -
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isoxezol-ﬁ-ylazo)»é—chlcroghenellg'. 1,3 cyclohestane dione bisthio
gemicexbazona monohgdrochlcriﬂeis biacetyl bis (dwphenyl3-thio)
semicerbezene®, 5,7,7,12,14, l4-hexemethylel, 4,8, 11-totrassan

cyclotetradecamd,li=dicne and K -brmccaproic acid”., A7 Cr ORYw D

ig

acetongphthone oxime ¢ 3= {C=acetophenyl)e=lismethyltriszene

wNeoxidel?, 7=(4, 5edirethylthicBolyle2eazo Jmb=hyar cxymquinoline=
S-sulphcnic acid®?, 2ethiccrotic acid®l, scdium ethylthioxanthate®?,
5w (34 S QAL LOMORZ+PYT LAY 120 w2, dmdlaminotoluens™, 2,2%

dipyridylgljexal bis- (4.4‘-&1phmyl} senacwwmeg4, 242

25 26

dinyridyll:eton@»znpvridjlhyﬁr@one + xanthatates®, 2 (Q-bemo-

thiszolylazo)wSedimethylaninophenol??, 2= (5, S~dimethyled, S, 6,7
‘ 28

wotrahydrobenzothilazolyle2=azo )phenol
329

P Z-mercapto—dmtertn

butylephenrcl®’, 2e (2~Lhiazolylazo)~5—dmethyla:nmcbemoic c.cici3°

disodiume2e (1"‘-‘1’5-1 v, 2%, 4V »triazoqus ?-wezo}-l-maphthylamineu?; .

31

Gedisulphonate™ ™, dimethylglyoxige and éipexcs:ysebacie e.cidsz,

33

NeN*=dirhenyldithiomelonamide™ have been suggested by varicus

WOLKEESe

Lizhem 3¢

developed a method for the spectrephotometric
determination of nickel by using Ericchrome cyanine Reid, 4'e
bipyridine and cetyltrimethyl ammcnium bx:cmide in the PH range of

9.3 +o 10.8. The zbsorbance of the complex was cangtant at 650 nm.

i shengy et a139

investigated cn the spectrophotometric
determination of nickel with Owchlorophenylefluecrane and

éetylpyridiaium bromice. The complex was steble in thef PH 11,6
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that wes  adjusted by using ths Na,B 4074-3&&1 buffer scluticnes The
compler 4@ show sbsorbance ab. 598 nm. The metal 2 llgand ratio

was found o be. 112,

g Enmeng36‘ found out a method for spectroghohbometric

cetermination of nickel by using xylenol orange and cetylpyridiniun
bromides The metalsXOrCBB ratio was found to ke 18232, The =bsorbance

of the complex was measured st 614 nm,

Ishil Hayime et -a137 éete#mined nickel (II) spectroyhéto—-
metrically by using j5--1’5:1%:1:«:3«@-,‘2-'-13,3,’.3;‘.‘3.d}gvli'sy«ﬂraz<més and K = (Zebenzamidae~
zOlyl)o( w (S=nitron2epyridyl) hydrszono=3wtolucne sulphonic acilde
Ths metal 2 ligand ratlo was found to ke 132, The cumplex was
steble in the pH renge 6, 5+84,2 and showed abaerbmcé at. 498 nm.

Fernandez Lilisna ab a1®® yore successful in divising a
technigue for the spectrephotometric determination of nickel (IX)
by using Sephezaylazog&-quinaiinol, The complex was extracted

into kenzenes

In the present investigstion Zehydrexye=lensphthaldaxime has

| been used for the spectrophotometric determination of nickels



. EXPERIMENTAL |

Apparatus and Reagents:

Absorbance neasurements were carried ocut with a Shimadzu
PRl moael sPectrophotometer equipped w::.th stoppes:ed quartz cells

of 10 mm 0ptlcal path length-

A stock solu\,:;.on of nickel (II) was prepared from Niso4.7H20
and standardized w:.th d.z.methylglyoxime. A working solution oE

Ni{II) was w_prepared by appropriate diluticn.

2~hyd:oxyq-1ﬁnaphthaldoxime was prepared as repo;j;edgo,,
Buifer ;oluticn {pH ~8)., prepared by standard method; was used to

adjust the acidity of t’he sicuecus phase,.

3=picoline, carbon tetrachloride and other organic solvents
wvere dist‘illed before use. To study interference, standard solutions
od _dive:::se ions were prepared from their corresponding salts. All

other chemicals used, were of analytical grade.

‘Determination of Nickels

To an aliquot containing 39. 5/49 of nickel (II)* were. added
2.5 ml of (68 04/, alcoholic solutlon o:: 2-hydroxy-1»naphthaldox1m

and 0.2 ml of 3w=picoline followed by adeguate amount.of buffer to

make the volume of the agueous phase upto 10 ml and left for 1 min
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to ensure complete comlexation. Finally it was equilibrated with
carbon tetrachlorice (10 ml) £for 30 séc. The separated greenish
rgande layer was sheken with anhydrous scaium sulphate to remove
any retained water droplcets. The sbsorbance of the carbone
tetrachloride extract was read at 380 nme against resgent blank,
amcunt of nickel was deduced £rom a calibration cuxve, To study
the effects of diverse ions, ﬁhe desired fcreign.ion was addsd to

the system before addition of the reagents.
RESULIS AND DISCUSSIGN
Nickel {1I) forms a greenish complex with 2-hydroxy
-=lenaphthaldoxine, extraqtab;e in to carbontetrachlorice. Addition
of traces of 3spicoline can lead to better sensitivity then the

binary complexe.

Absorrtion spectra - |

The\absorpticn'spectxum of Ni{1iX) camplex‘in¢canbwﬁ
tetrachloride exhibits absorption matima at 380 nme. With z shoulder
atlarcund 390 om Figell; The reagent blank does ﬁot sbsorb in this
regicne wavé length of 380 nmuwas:selectéd for all analytical

measurenentse



Extrection es a function of pH &

The extrecticn of nickel in termg of absorbance uaS
investigated in the pﬁ x:angé 0-;130 Althouéh extracﬁion st:arﬁs
from Piel, the crganic extract éhcwed a steady end maximum
absorbance when the es:tréctions were caré:iéd cut £rom pH 740
12¢ In this pH renge after a. s:.f.ngle.extxacticn when the extracticn
proeess was repested using the same aguecus phase, thg crganic

exuz‘act virtually showed no abs_érbapceu This indicagted a complete
end cuentitative recovery of 'nickel in this conditicne Absorbance

as a function of pH iz showm in Teble 1, Pige 2

E:Efect of .sclvenﬁs- m‘z'_

apert from carbontetrechlorice, some other organic solvents
like chloroform, benzeme, and ethyl acetate were tested as extracting
solvents; but those offered no special advantages over carbci=

tetrachloride as ssen £xom Table 2

Stgbility of colouxr &

The zbsorbance of Mi( II)@znhyc?rf:}xy-ilwnaphéhalﬁmzme conplex
in ‘cariﬁe-a tetrachloride ..:as measured at ele séd intervals of time
ot 380 nm. The colour intensiby was found to be stdble for st least

‘12, hours a5 seen £xun Table 3.



geagentccncentratioxa and Beer's 1=y s

The optimum reagent concentration in the procedure was
ascertained by eﬁ:tracting a meown asmount of nickel st vazicus
cocncentration of Zehvdroxmysienaphthaldoxime, keeping the other
variagbles constant. It was noted thabt 2,0 ml of 0,043 ethenollc
solution of the reagent along with 02 ml of J=picoline was
' sui‘ﬁicienﬁ to extract 39,5 (g of nickel in a single cperaticn.
Hicher reagent concentration (upto 4' ml) .h_ac'l no adverse effect.

Results are ghown in Table 4,

The zbscrbance of the crgenic excract shoved a linesr
reSpanse over a cencentraticm' cf 10 pem of nickel. The molarx
abgorptivicy of the‘ complex (on the basis of metal content) was

4 -l

evalusted to be 1,202 & 10° 1 nl™ten™ vith sencellts sensitivity

0s048 /a-g/cmz;.’ Deerts . law dokta are shown in Teble 5, Fige. Je

Al\_fv:hough the nickel complex with 2«hyéx:cc&yp1nnaphﬁmldcaim
waﬁ extracted into carben tetiachloride, the orgenic extrect showed
low dosorbance, Addition of trace amcunt of nitregencus bases like
pyridine or scme other .subst-iﬁuted ryidines enhances the absopw-
bance of the complex, Addition of 3~p;l&:01.ine offered meaximum

absorbance.



nterference 3

To study the effect of diverse ions, nickel wes determined
as @bove in presence of the reépeétiwze foreign icn in @ binary.
ms.xture. _ﬁeviation of not more than & 3% from the recovery of
. nickel, was taken as the tolerance limit for the diverse im“testeéa
Iri‘the estimation of 39, S,ag‘ of nickel, the following ions Gid not

- interfere when present in amcunts ( /u g) shoim in Table 6_._'

Ceterminaticn Of nickel in synthetic mittureg 2

In zbsence of real samples the proposed method was tested
to estimate microgram amocunts of nickel from some synthetice

mixtures as shown in Tchle 7.

-Precision and sccursCy s

——

The proposed method was tested by analysing soluticns
centaining a kaown amount Of ifx;if;l\:él(n), The exﬁSrimental results
are showm in Table 8, The method is falrly pﬁeciée and repreoducible,

reguiring herdly 10«15 min £or cach rune.

Conmariscn of the present method

The proposad methed is very simple and xacid and is
conparable well with some other existing methods as seen f£rom

Tdole « Do
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FIG + 1. ABSORPTION SPECTRUM OF Ni(Il)-2-HYDROXY-1-NAPHTHALDOXIME
COMPLEX (Ni- 395 ppm )
A- In carbonietrachloride , B— In Benzene ,
C- In chloroform , D— In Ethylacetale , E—- Reagent Blank
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Tebld 1, Variation of gbhsorbance with pH of the gguecus phase
,[The aqueous phase (10 ml) centains 3950 g of NilIX),
2¢5 ml &thanolic solution (0404%) of the peagent snd
0s2 Ml OF 3wpicoling ._7

PH 2bsorkbance at pH rbsorbance

380 nm at 380 nm
1 0s 406 8 0,813
2 0,608 ' 9 06810
3 0,720 10 0812
4 0.720 (R 0w812
5 0.7668 w2 0+810
6 0766

? 0.810

Table 2, Effect of solvents on extraction of Nickel

solvent used | | - Molar abso;*gtivity
(2 mol™er™t)

carben tetrachloride ' | 1.202 x 10%
Benzene ' 1,172 x 104
Chloreform 0,920 x 10°%

Ethyl acei;até , : 0+683 x 104




Tsble 3, Varistion of sbsorbance of the carbontetrachioride -
extract containing Ni(II)=complex with times

Time in hour o _ o Absorance
after extracts.on o at 380 am -

0425 0,810

Qa5 : 0.81@

3 0,812

€. o 0,812

4 04810

8 | 0,810

Gy

Teble 4, Efﬁect of 2+hydrcxyslisnaphthaldoxime cmcentration
. [’ The aquecus rhase (10 ml) (pH 8) contains 39,5 g

of Ni(II) @ 0,2 ml of 3w=picoline_70,04% ethanolic

solution ©f the reagent was useds ,

kéafééﬁt | 'agéeé” ~ 2bsorbance Resgent ~ absorbence

. ml, . . . gt 380 nm, added mls =t 380 nm,
0605 o= 1.8 0,810
[ 7 04120 L 1,75 0,812
0,25 04330 2,0 0s814
0.5 = . 0,660 25 0.818
0475 0,706 | 340 04820
120 0,780 345 0816
1425 0.810 440 - 0.820
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Teble 5« Beer's lar data
amcunt of Ni Nosorb ance
pem at 380 nm»
0.88 0. 180
3495 0;81@
44,90 1. 002
50 90 1q 3.40
7490 14520




Table 6 Effect of foreign iins on the determinatim of

3955/ug of nickel

Foreign don Amount

Foreign ion

- Amount

added tolerated - aGded tolerated
(ugl (Mgl
' Thiocyeshate 3000 se(11) 2000
Fluoride 3000 Ba(11) 2000
Phosphate 3000 ca(11) 2000
Phthalate 3000 cd(Iz) 2000
thiosulphate 3000 Rh({111) 2000
Bromide 3000 pe(Iv) 2000
Icdide 3000 P (IX) 2000
Nitrate 3000 ra(I1) 2090
ascorbate 3000 Mo(VE) 2000
Tartrete 3000 Tn(iv) 500
Citrate 3000 cu(zz)® 2000
oxalete 2000 re(zzzi™” 2000
EDTA nil Co(1x) nii
Borsate 2000 ulvz) 500
v(v) 2000 2e(Iv) 500
sn(11) 2000 Hg(I1) 5090
ag(z) 1000 zZn (1) 500
Bi(1I1) 2000 A (IXIT) 2000
cr(III) 2000.

* In pregence of c¢itrate
- %% In presence of £lucride



Table 7{\

Determination of nickel in synthetic mixtures

Gomposition'
(emount in v gl

Nickel £ound

()

1e *Ni(39.5/ag)
+ cu(100) + Fe(100)

20 Ni)39.5 4g) + PA(100)
+ PE(100) + RFh(100)

3. Ni(39-5/0-g) + 2r(100)
+ Th(100) + U(100)

4y Ni(39.%p_g) + 2n(100)
+ Hg(100) + CA(100)

S5e Nicse.s/ag) + Ma(100)
+ Cr(i00) + Mo(100)

+ Ag(100) + Fb(100)

3865, 3840, 390

40-.05 38.5: 38.65

A
[

3840, 3845, \46‘;&0
SR

(."

39,0, 39,0, 40,0

\
3845, 38,0, 38u5
sl(

e
\
H
Dt

38'@5;' '.38', 5, 4\0.‘;&3
. b

i\

|!\\ \
A
' I
* plus 2 ml each of citrate and fluorice. T
. I I\ N\
; lf“s J:\"
Fax N
,'é““ \ .{\'1“\,\‘
%\l_ \\ g
o -1 o K



Table 8,

Reproducibility of nickel recovery

30

nickel

taken
L9

Nickel £ound

(/ag}

Mean

us)

SEde Deve
%

19,77
\ |
| 39455

1940,

20, 5,

40’ 5’

40,5,

60‘_.’, Qs

58, 0,

1845,
204 0,

3845,
39. 5,

6le5,

584 5¢

18,5

19,0

40,0
390

60,0

61,0

19,25

39,66

59,83

0.82

0,82

1436




Table 9. Comparison of the present method

Ref. Reagen PR Mpex Molar - Interference
' (nm) ebsorptivity

| | (1 mol'lcmal) _

41, 2=(Sechlorow2 Tel 530334 8,95 x 10° re
wpyridylazo)=1i,

S5«dianincbenzene.

36. Xylenol orange 10 614 s.6x 10%. 0 -

42, 2=/ 2= (Swbromom = 655 1447 x 10° cu', pa"
benzothiazolyl) . ' '
azo_JwSedinethyl
eminohenzole
acid

26, Xanthates 5m0 415,475 . 28 x 10° re(r1)",

~3,2 x 10° b (11)%,
®
co(zx) .
Bl (z1I),
Ccu(1l)e .

0 (VIIX),

Vanatlate,

, molybdate
LI

7. Phenanthro=  4,9=8.5 450 5,95 x 203 ar*e , |

quinonemonoxime Cﬁ+_2*
pb"’zw'
c“+2 ‘
+ +2
AG 43,
apt3
4. 2(p=culphos 2 57,0 575 7.0 x 10° nil
" phenyle=azo ' - ' Co
1,8-dihydrouy (iné-argef
naphthalene 3, ' n ex g'
6-disulphcnic C , g‘m’m"n ons
2cid A © not |
. : \ interfere)
“ Present method w12 330 " 1.202 x 10° -

* masking agents used,
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Extraction and sgctr@hotanetric Deteminat;ion of C-qu,glt with
2=hycroxy=le-napthaldoxime '

i,\___-'—‘\)

ey S

EXPERIMENTAL

A;gnaratus and P.eag ents 3

absorbance measurements were made with a Shimadzu PRed
. model spectrophctometer equipped with stoppered cuartz cells of
10 gym, cptical path lengthe.

A stock sclution of ccbalt (II) was br.epared Erom
c:a(z\xos)z.ex-:zo and standardized. A working solution of Co(II)
was prepared by appropri abe dilutione. 2~hydrcxyelenaghthaldcxime
was prepaz:ea as reg aﬁ:ea earlier. Buffer soluta.on (pH=8), prepared
by standard rzethcd, was used to adgusw; the acidity 0L the aqueous

rhases

3epiceoline, benzene and othexr crganic solvents were
distilled before use. Standard solutions of diverse icns were
prepared from this corresponding salts. hll other chemicals used,

were of snalytical grades.

Determination of ggbalt 3

. To am ala.qu@t ccntaim.ng 67,ag o:: cdoalt (IIJ. le2 m1
of 0,043 alco"zolic solutaon of 2«-hyaroxy—1~naphthaldcx1me and
Oel m} of S=picecline follcwed by. 5 ml of. buffer were addeg,- The
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agueocus phase was *chen diluted to 10 ml with distilled water

d left fm: 1 n.m tcz ensure complete complexat:z.m. Pinally, it
was equilibrated w..th benzene (10 ml) £or 30 S&Ce Tha separated
oéange-brawﬁ~org§ni& 1@&@: wasthak@n?with anhydroﬁs;écdium sulrhete
to xremove any retainéd watex ért::miets. The cbgorbance of the
benzene extract was read at 400 nm against a: ceb alt-free. reagent
blenk. Amount of cobalt was deduced. £rom. a calibraticn. curve, Lo
study the efifects oﬁ,ﬂiversicns; the respective foreign ions were

added to the aguecus. solution before addition of the reasgants.

RESULTS AND DISCUSEICN

zbsorption Spectra g

The gbsorption spectm= of the ccbalt complex in benzene,
teken against the resgent blank, shows meximum sbsorbance at 400
nm with shoulder arcund 380 snd 420 mm (Fige 1)e The resgent
blank does not zbscrb in this region. Wave=lencth of 400 nm was
selected for all anaiytical measurementSe
Bxtraction ag a funfct:ion-oﬁﬂ i o3

The. extraction of ceobalt in terms 'c:::E absorbance was
investigated in the rH range Oél 2« Bxutraction of cobalt vi:_:tuai,ly
starts f£rom pH 1, The behzen@ extract showed steady and’ ma};imum\

absorbance whan the extrecticns were carried cut irom aguecus
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solutions at pH 8¢9, In this pHl range, after a single operatiocn
wheﬁ’the extraction process was reﬁeated using the game aﬁueous
phase, the organie extract virtually showed no absorbance. This
indicated a complete and quantitative recovery of cecbalt in this
conditicn. Extraction of the metal however Gecreases beyond pH 10,

This has been shown in Table 1 (Fige 2)e

Effect of solvent 3

Apsrt from benzene, some other solvents like chlorof¢rm,\
carbontetrachloride and ethylacetate were tested as extracting
solvents, but those cffered no special a&vantgggs over benzene
as seen from Table 2s The patte;n,éf thevangrﬁtiqn spectra of

the complex yemains unchanged .in -all cases.

Stability of colour

The abscrbance of the co(II);aéhydraxyblnnaphﬁhalﬂoxima
complex in benzene was measured at elapsed intervalg of timé at
400 nme The colour intensiﬁy-is stzble at léast for i2 hours =s
seen from Table 3e

I

Reagent congentration end Beer's law s

The cptimum reagent concentrahiun wag ascertained by
extrmctang ecbalt at varicus concentraticns oOf 2ehydriftyele
narhthaldoxine« It was noted that 1,5 ml of 0.04% ethanolic

salutmon of the xeagent alcng with 0l mi of 3=picoline was
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sufficient to extract 67 g of ccbalt in a single extraction.
Hicher reagent ccncenératicn (uptsc 340 mi of the oxine ) had no

adverse effect cn the extracticn, This has been shcwn in Tsble 4.

The system conforms to Beer's law over a concentraticn of
10 pom of cdbalt (Table 5, Fige 3)e The molar ebsorptiv;ty of
the complex (cn the basis of metal ccntent) Awas.,alsc'v evaluated
(zable 2)s The sensitivity of the method worked cut to be 0,072

4

pua/ents

‘although the cobalt c:cmplex with zahyﬁrcn{ygi;naphthaldoxim
was extractea intm the benzene, adcii:icn of traces ef nitregenous
bases like pyridine, waz.ccline, 3mpicoline, 4wpicoline, 2,4,6=
collidine etc. could 3.ead to better sensitivity than the binary
complex, amcng the bases. used, additicn of 3epiccline or 4mpleoline

gave maximum sbsorbances

Interference s

in order to study the effects of diversions on the
extracticn behaviour, 67/u g 'of‘ cobalt were extracted and determined
according to the recomrended procedure in presence of the xéaéective
foreign ions. Extraction pH wes seb abt 8.0. An ion was considered
to interfere if the recovery of cobalt differed by more than + 3%

f£rom the actual anount taken. The refzsults ‘axe shown in Table Be



36

The intexfeienées due to iron and copper were avoided wsing
armonium hydregen £luoride and citrate respectively as the masking
agenté. However EDTA interfered sexicusly.'ﬂickel mest be sbsente.

Presence of arsenate showed low recovery of cobalt.

Determination of ccbalt in synthetic mixtures s

. In cbsence of real samples, the proposed method was tested
to estimate microgram amcunts of ccbalt in various synthetic

mixtures (T=ble 7)s

Precision and sccuraty s

The proposed methcd was tested by analysing~solnti0ns
containing a known ancunt of cobalt (IX). The experimental results
are shoun in Table 8, ihe method is falrly precise ané reproGucible

requiring 10=15 min for each run.

Comparigcon Of the_present methoé 3

The proposed@ method is very simple and rapid, The method
has been compared with sume other existing methods as shown in
Table 9, Microgram amcunts of cobalt can be determined in presence

cE a number of diverse ions althougn EDTA and nickel interfered.

7. .
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Fig: 1. Absorption spectrum of Co(il)-2-Hydroxy-1-

Naphthaldoxime complex .

A - Inpresence of 3 picoline. B-In absence of 3

picoline . C- Reagent Blank
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Tsble 1. Variation of abscrbance with pH of the aguecus phases
o “The aguecus phase (10 ml) contains 67,09 of ¢o(Il),

1.2 ml of ethanolic solution (0.04%) of the xeagent

and 0.1 ml of 3=picoline _7.

PH absorbance

P Absorbance
at 400nm gt 400nm
4 0,490 o 0,940
5 0,600 ° 20 0, 880
6 0,760 11 05760
[T 0a900° 1z "5 0.400
8 0,940

Table 2, Effects of solvents c¢n extrection of ccbalt -

Solvent used

halar abserptivity f£ound

(1 mol~dem™t

3

Benzene

Carxbon tetrachloride
Chlozroform |
Ei:hyl acetate“

0,826 3 19

0,782 = 10
0,774 = 10
0,703 %

esbsss.ws




Tabla 3, Variaticn of sbsorbance of the Co(Ii)=complex

with time

Ahsorbeance

Time in hour
after extraction gt 400 am
0,25 0,940
0u5 0,942
1.0 04 940
2 0, 240
4 0, 242
8 0 928
12 0,238

Table 4s Effect of 2-hydroxy=lengphthaldoxime concentration.
' The aguecus rhase (10 ml) (pH 8) contains 674 g

of Co(I1) end 01 ml of 3epicoline

solution of the reagent was usede -

o 0,04% ethanolic

~ Reagent added absorbance ‘Reagent added Absorbsnce
ml at 400 nm ‘md at 400nm -

02 0,130 1.6 -0 8940
Cad : 0,332 1.8. 0e 955
0,6 . T 0,520 2.2 0, 950
0.8 0,660 25 04 950
1.0 0860 3¢0 0,940

- 0,922 4,0 0,910
14 0,922 5. 0 0896




T=ble 5, Beer's law dzta

39

Amount of Cof{II)

Absorbance

ppm st 400 mm
1.67 0s 220
3.35 0,502
5402 0,760
607 00 940
8,37 1,220
10,05 1,360
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Table S Eﬁfeci cf diverse ions for determination of
6?/&g of ccbalt

-

cheié@’icn Amount Fozéign iocn Amount

added’ - tolerated adéed tolerated
(p9) o ug)
\ . f
Nitrate 3000 Hg(1z) 1000
ascorbate 3000 Pa(11) 1000
Tertrate 3000 PE(IV) 1000
Citrate 3000 Ba(11) 3000
Borate 3000 catzn) 2000
Cxalate 500 ca(i1) 3000
rluoride 3000 Th(IV) "~ 500
phthalate 3000 sr(11) 3000
Phosphate 3000 zn(11) 1000
Thiocyanate 3000 wugvzy 1000
Bromide. - 3000 _ 2z(Iv) 750
Iodide 3000 | mMo(vi) 1000
Thiosulphate 3000 Bi(I1I) 1000
cu(zx)” - 750 | @r(zzz). 1000
Pb (11) 750 ag (1) 500
Mg (3T) 2000 V(V) 750
sn (21) 1500 ‘
Fe(zzz) - 2000

“in vresence ©f citrate
*tin presence cf f£lucride
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Tzble 7. Determination of cdbalt in synthetic mixtures

Sle ) Compasiticn Ccbalt focund

Nos  : (Amounts in ug) (p g

1o - Gol6749) . 69,0, 6745, 6745
+ cu({i00) + rFe (100) ‘

2, co(6749) + P& (100) 6740, 6745, 6745

- + PE(100) + Rh(100)

cye Co(67Leg) + 2r{100) GBe0y 6840, 67,0
+ Th{100) + 1u{i00)

de co(67ug) + 2m(L00) 67005 6745, 6845

' + Hg{a00) + (100}

Se Co(67 ug) + Cx(100) 6845, GBa5S, 67,0
+210(100) ' \

6.  CO(67u0) 6740, 6705,

+ Ag({i00) + Pb{3100)

G940

* in presence of 2 myg each of citra’*te and £ivorids.



Table 8. Repzoducgbility of cchalt tecm:ezy ,

102

Cobalt taken  Cobalt found . mean
YRl L (ugd Y713

) StCe DGYQ

'e/)'
]

3240, 32,75, 33.5

3345 R | 33,16
3340, 5440, 33,75 |
o
T 6545, 6945, 6840
6740 | | 67,75

68,0, 6840, 67475

101.5, 100.5; 9845 .
: 100,58

100,5 98,5, 102, 102

0,618

329

1,64




. Deble 9,

Conpariscn of the present method

Refe

reagent

Present method

pH A . molar Interference
- ‘ ‘ o absorptivity '
44  Nichyarin. 3ub 330 1,97 x 109 Rh(ITI), nitrile
‘ oxime .
45 Cetyltrimethyl " 4M HGL 625 1,9 % 10° Cu, Zne Ads
- ammonium bgomide + - to - ora¥, ca®
Thiccyanate pH 8,0 EDIR 4 C
o N . . : 4 * %
46 Isonitrosd i HeL 240 i,7 % 10 rd , Cu and
. thiccamphor to 295 . EDTA*
S 1M NaoH 325 ‘
4% Thioglycolic 5o 6 480 1,128 x 109 Be" (x1), re*(:c.a),
| act 48 o
§ Thﬁ (Iv), Pb (n),
' ca (I1), as” (zzz).
D\'
(111), \cu (z1),
EDTA ¢ a@scorbic ascid
| . and thioglycolic acj.do
48 5e(3,Sedibromom By S 580 le16 x 10° EDTA, NOF
: 2=V ridylazo)el , de 77 :
diamino toluens
B9 400 0.826 = 10% - ooTa, Ni, cu”, Fe

~f

*masking ac_faents used,.

£0T
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‘Extrseticn_snd Spectrophotometric Determinstion of palladdum with

2-Hydroxy=l=navhth aldoxime
EXPERIMENTAL

Apparatus and Reggents:

Absorbance measurements were carried cut with a Shimadzu
PR=i mccel spectrophctometer equipped with stoppered guarts
cells of 10 mm optical path length,.

A stock solution of palledium (II) was prepared from
palladium chloride (Johnson and Matthey) and standardised with
dimethylglycxime. A lower concentration of PA(II) was prepared

by sppropriate dilutione

- 2ehydroxyelenaphthaldoxime was prepared according to the
procedure described by Vogelé’e,;zs,, QeB3: ethanclic solution of the
reagent was used for the routine worke Buffer golution (pHel).
prapared by standard procedurs was used to aﬁjusi: the sclaity

of the agquecus phase soluticn,

24446-collidine, chloroform, and other organic solvents
were distilled before use. To study interferences, standard
sclutions of diverse ions were prepsared from thelr corresponding

saltse All other chemicals used, were ©f analytical gracce
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Detextzz;'_n ation of palladium s

To an aliquot centaining (120 )4 g of palladium(II) were
added 2 ml ©f 0,085 ethanolic golution 0f 2ehydroxyeisnaphthaldoxime
and 0,1 ml of 2,4,6=collidine fcllowed by adequate amount of buffer
to make the voiuwe of the aquecus phase upto 10 ml and left for 1
min to ensure complete complexaticn, Finally it was -equilibrateé
with chloroform (10 ml) £or 30 sec. The separated organic layer
was poured over anhydrous scdium sulphete to remove amny retained
water droplets. The absorbance of the chloroform extract was
read at 400 nm against a reagent blanke Amourt of palladium was
deduced from & calibration curve. To study the effects of diverse
ions the desired foreign ion wes added to the system before addition

of the reagents.

RESULTS AND DISCUSSION

l=nazphthaldoxime, extrecteble into chloroform, Adéition of traces
Of 2,4,6-collidine enhenced the absorbance of the complex and thus

leads to better sensitivity of the system.

Absecrption spectrum s

The absorpticn spectrum of the palladium conplex in
chloroform exhibdits absorption maximum at 400 nme The reagent blank
dees not abgorb in this regi'on. Hence wave length of 400 nm was

selected for all analyticeal mzasurements (Fids .'1-).
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Extraction ag ariuncticn o pH 3

The extraction of ?alladium in terms of cbsorbance was
investigated in the pH range Gel2, Organic extrects showed steady
and maximunm abscorbance when the extractions were Carried cut f£rom
aquecus solution of pH 0.5=345 indicating quantigative recovery
of palladium in this range. Extracticn of the metal however decreases
at higher scidities and beyond pH 4.0. This has been shoawm in‘Table

pffects of solvents:

Apart from chloxrcform, some other 6rgan1c solvents like
benzene, ethyl acetate and carben tetrschleride were tested as
extracting solvents.vPalladium(II) coemplex in ethyl acetate or
cerbon=tetra chloride showed low gbsorbances. Use of béﬁzéne

of fered no special advantages. ovar. chloroform,

Reagent concentratiocn end Beer's law 3

The cptim 5reégent cohcentration was ascertained by
extrecting palladium at variuﬁs concentrations of 2=hydroxy=liw
napththaldoxime keeping the other verisbles constant. It was
noted that 2,0 ml of 0, 08% ethanoclic solution of the reagent along

with 0,1 ml of 2.4,6«collidiﬁe was sufficient to extrect 120 u9
of palladium in a single operaticn. Higher reagent ccncentration
(upto 4 ml) had no adverse effects on extracticne This has been

presented in Table 2,
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In the cptimum conditions, the ‘zbscrbance of the crganic
extract showed a linear respchse éver a cencemtratién 'G:S K:LS,. bpm
of palladium (’éablc? 4, Fige 3)e. The mclar absergti{riéy of the
complex {(on é;he k;as:;s of metal centgnt) was gvaluated to be

4

0.865  10% 1 moTlem™ with sandell's semsitivity 0.0124g/en?,

although the pallsdium formed complex with 2-hydrcxyeie
naphthaldoxime, extractable into chloroform, additicn of traces
of 2,4,6ecollidine could lead to better sensitivity of the system.
Other nitrogenecus bases like pyridine, o n-picblineﬁ ~picoline or
Y wpicoline could also be used but 2,4,6=collidine showed maximum

absorbance in this cases

-gtebility Of colour s

The zbsorbance of the Pd(IX)=2ehydroxy=lenaphthaldoxime
complex in chlorcform was measured abt elagpsed intervals of time
.al 400 nm. NO changs in the colour intensity was recorded upto

i2 hours as seen £rom Table 3,

Interference 3

!

To study the effects of diverse ions, palladium was
determined as gbove in presence -e.%f the respective foreign ions
in a binary mixturs, Deviation ¢f not more than + 3 from the
recovery of palladium was taken as the tolerance limit for the

diverse ion testeds 120/4g-of palladium could be determined without
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interference in presence of 25»-fcld excess of barium(Iz),

- cadmium{Iz), nickel(II). calciuﬁa(x:‘c}, cobalt(I1), thorivm(IV),
strontium(iI), zinc(II), uwranium(Vi), mercury(IZ), platinum(iv),
rhedium(IIX), gold(IIiX), molybdenum{VI), vanadium(V), bisputh(IIl),
lead(1X), tin(II). magnesium(II). 15=fcld excess of zirccenium{IV).
chromium (IIT (.. silver(1):; bromide, icdide and arsenata, 25«fold
excess of iron(Iiz), and copper (II). could be tolersted in
presence of fluoride and citzate respectively. The system tolerated
50=fold excess ¢©f nitrate, ascorbste, tartrate, citrate, borate,
oxalate, £luoride, phthalate, phosphate, thiogyanste and sulphate.
However thiosulrhalte and BDIA interfereds. The results sre tobulated

iﬁ- Table 5.

Detemrinatimm of paliadium in synthetic mixtures i

' In zbsence of real samples the proposed methed was tested
to estimate microgram amcunts cf palladium £roem scme synthetie

mixtures as shown in Teble 6,

Precision snd efcuraCye |

Thé proposed methed was tested by analysing solutions
conteaining a known amz;unﬁ of pallaéiwrf (II)e The exparimental
results are shewn in Tégbl,e 6, indicating the method to be fairly
precise and re,prcducﬂ:b]:e requ’iiiné hardly 1015 min for each
rn (@eble 7)e o
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conclusions

The present method for the spectrophotometric determination
of palladium is simple ond has been comparxed with scme other
existing methods. The sensitivity of the method is not as hich
as the other cne (Table 8); but the method provides excallent
recovery of palladiuxﬁ is microcuantities in presence of almost
all the cosmon ions except thiosulphate and EDTA. Interference

of the interfering ions like iron and copper can be easily overcome.
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Table 1. variabtion of abscrbance with pH of the aquecus phase
' Z/ The aguecus phase containg 120 Ag of pa(II), 2 ml
of 0, 08% of the reagent and 0.1 ml of collidine.
The volume is maintained gt 10 ml _Zo |

pH | - Absorbance PR Absorbance
¥ gt 400 nm _— ~at 400 mm
0.5 ’ 0,088 ' 4,0 0,922
140 - 0e8BB  4e5 : 0.200
1.5 0,988 . 5,0 . 0.804
2.0 0, 988 . 640 _ . 0780
25 0,088 = 7.0 O 742
3.0 : 10,988 : 840 : 0,602
3,5 0,970 : 9.0 0. 400
| 10,0 0,380

Teble 24 Effect of 2«hydroxy=i- nsphthaldoxime concentration
/ the acuecus phase (10 ml) (pHe1) contains 12049
Of PA(II) ond 0,1 ml of collidine /s 0,08% ethanclic
solution of the reagent was usced.

Resgent added 2bsoybance  Reagent added 2bsorbance

in ml at 400 om - in ml at 400 nm
0425 - 00420 - 2.0 1,000
0u5 0. 420 2,25 0,988
0,75 0,582 245 0,986
140 0, 652 2,75 0,988
1,25 0,804 3,00 0, 988
1450 0,870 305 04986

1,75 0, 984 4.0 | 0,986
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Table 3, Variaztion of bsoxbance of the pd(II) complex with time.

Dime in hour R ' | Absorbance

after extraction at 400
025 . | 0. 988
0ab ~ 0,988
140 | ‘ 0,986
2 ' 0, 988
4 ' 0,.988
8 : '00 286

i2 0, 988

Table 4, Beexr's law data

amount of pd, Absorbance

in pm ‘ ; S at 400 nm -
1s5 o 0,120
3 _ . _ 0,282
6 S : 0.600
- o o , 0,720
i2 0.988

a5 ! 1,180
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Table S, Bffects of diverse icns on the determinaticn of

120 4+ g of palladium. Average of three determinaticns
was taken in each Cases

Ion added@ @ Amount . . Ion a@éed © . Armount
' tolerated ' tolerated
N ZY-V - - bag)

Nitrate 6000 “Th(zv) | 3000
Ascorbate " 6000 ' sr{ix) . 3000
Tartrate 6000 ' Zn{z1) | 32000
citrste 8000 . vl ‘ 3000
Borate 6000 Hg{(31) 3000

- Oxalate 6009  Pe(Iv) | 3000
Fluoride 6000 . RBAIIT) : 3000
fhthalate 6000 - AwlIIz) . 3000
phosphate 6000 Molvi) 3000
Thiccyenate 6000 V) ‘ ‘ 3000
Sulphate . 6000 BitTIT) 3000
Bromida- . 2000 Mm{iz) 30060
Iodide . 2000 - sn(z1) | - 3000
hcetate . 6000 : " Mg{II) 3000
Arsenate = . 2000 o zmp(v) 2000
Ba{z1) . 3000 Cr(I1ix) 2000
cafiz} 3000 - agfz) 2000
Ni€II) 3000 - petzzz)t 3000
ca(zI) 3000 culzz)™™ - 3000
co{Ii) 3000 ‘

*in presence of fluoride
**%in rresence of citrate,
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Teble 6. Determinetion of palladium in synthetic mixtures
(rverage of three determinations)

COmpoéitiz;n | | Ealiaéium £ound
(amm;m': in /«g) ' { /ag; |
1. Pa(120) 4 Fe(250) ' 118.5
+Cu(250) .
2. PA(120) + PE(250) + Sh(280) 120,5
3. Ppd tiéoé + N4 (250) + Co(250) 3.’121;0
4. pAa(i20) + 2n(250) + cd(250) . 120.0
5. PA(120) + MO(250) + V(250) 139, 0
6o PA(120) + Hg(250) + Cx(250) o 119,0
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Teble 7. Reproducibility of pallsdium Recovery

Palladium Palladium | v Mean  Std. Devs
tcken (p1g) - found (@) {pgd %

4

61e5, 6000, 5840

_ 50,42 " 1435
50,0, 60,0, 58,0

60

122, 12255 12045

_ 120,5 1420
119, 119, 120

1206

182, 180,5, 180 o
180 . | 179,92 1,65
' 181, 178.5, 17745




Tabie 8. Compariscn of the Present method

Refs. | Reagent pH A mex Molagp Interference
. absorptivity

49,  ISONAtrosce. PH 240 450 3,90 x 10° cu', Hg, Co", P and

' thiccamphor 54 HCL s 0

' : , 2v3
. ' 4 * ) ®

50 §ﬁ§2~be§ng'ogi;;§zo-l 2m6 - 695 4,96 % 10 A9 (), co (x:). Ni (11),
LYLEZO0)e ethyde |
amino)=benzoic =cid. Os (VIII) ¢ pt’ (v ) and

| ‘ | V)

5l  Benzyl dimethyle 3.4 to 450 0,534x 10% - ‘ -
phenylammoniume 5,8 {commen icns do not interfexe)
chloride - _ _ ' i -

52,  3epcetomy=Te Op 5= 550 7.4 x 10° - ~

: methyl phenothiazine 4.0 {common caticns end anions do
» , not interfere)

53,  O-Mercaptoe .- lower pH 518 7057 = 10° nil

mcetmacetanil‘ide ' in HG1 {for ncble and base metals)
R medium
Present method 0o5«3.5 400  B8.65 x 10° . Fe" (111),

", 5,05, ELTA

~* mesking agents useds

aTT
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CHAPTER = IV

CETYLIRIMETHYLAMMGNIUM BRCMIDE AS AN
ANALYTICAL REAGENT

»
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Quatemazy c_mcmium salts are very pcpulas: anaiytical
re;agents for ;hg /spec:trophot..am z.,ric dgtem,ngticnu anqdeh_tec:ticn
of a gcéd.number of .metals, .Guartemérf ammonium salts with long
cérben chéiri. 'have.fan affinity to form don=palrs with.lerge anions
aﬁd these :i.én-.-paix:s are soluble in orxganic solventss This prcperty
has been applied to the separation of number of metal lons. Cétyle
'trimethyi énmoniizm bxcsrh;_?_.de '(GTAB ) béiéngs to this categorys

AsIs Rirlov et alt deternﬁned ux*anium (VI) by using
brc:mc)pyrcgallol rea and C'I’AB at 217 6«»‘79 The complex absorbs maximum
st 635 nm, Nicbium (V) was detemined® spectrephotometrically by
using various organic dyes in presence of CDAB, A sensitive method

3

was suggasted by Jedav and.Venkateswarlu® for the determination of

nicbium,  The molar sbsorptivity of the nicbium-Bromopyrogallol

5

red-IpTaA system with CIAB was 1. 55 % 20° at 620 nm. This method was

applied to the ana.'.ys:}.s of st.eel.,

The 132 icneassociation complex of rare garth metal
-»m-cxesolphthalexm conplex witn CITAB has been investigated by

Shenlina and z«:uilov"‘. Chrome Azurel ond GTABD

ware used foxr the
photmnetxic detemination of Ruthenium at pH 4,6=5,64 The canplex
sbgorbed maximum at 610 nm, Tellurium (IV) wag determmedﬁ
spectchhotozfxetrically n:.rith the help bf iodide and CIAB,. 'fhe complex,
extractable in to CHGJ.B sbsorbed at 630 nm with mcolar cbsorptivity
569 % 104 i mol*lcm“ ‘1. A spu..ctrophotmmetric methc.d was devised by

Goxdeva et a3.7 £cr vanadimn,(v). The reagents used were pyrocatechol
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violet znd GTAB. The complex showed maximum absorbance at 670 nm

with pH at 5,0,

sheng Hanxie detefmined zirconium spectrophotometrically
with salicylfluorone and.CTAB: The complex absorbed at 512 nm

5

with molar sbsorptivity 1,38 x 10 (in 0.3 M HEl).

Guanghui et alg determined tin spectrophotometrically with
salicylfluorone and CTAB in metallic materials, Thefpomplex exhibits

maximum absorbance at 510 nm (in 0, 5«7,5 W H2804).

o \Hankilo determined tungsten by dibromo alizarin vielet
.and CTAB, In iM HCL medium the WiDBAICTAR ratlo was found to be
23336. The blue complcx absorbed maximum at 620 nm. The molar

absorptivipy was 8s2 X 10 K

?,

Cr(VI)mbxomqpyrogallol red~CTAB system has been investigated

5

by Huaigang and Guoqpan . cr(VI) :orms a 1:3 complex with

Brchpyrogallel red in presence of CTAB. The absofbance was measured

at 635 nm with molax absorptivity 3,64 x 104 l mol”-cm“l,

iz

Weiwa et al proposed a photomeuric method for the

detexmination of titanium usmng O—nitrophenyl £luoxone and CTAB.~

The absorbance of the comnlex was meesured at 535 nm (pH 1.5-2.0)

5 -1

.with molar absorptiv1ty 1,3 = 10 l mol cm 4;'
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Daqpeia3<detexmined Vanadium with‘Erichrome cyanine R and

CTAB, at PH Sw6e Abéoﬁbance‘Was measured at 585 nm with molsr

1. Oihengl4 jetermined HE

absorptivity 663 X 19 3 mol
Spectxonhotnmetricallj with bromopyraggllol red and CTAB or
cetylpyridinium brcemide in 0?2 1 HCl mediume The absorbsnce of the
complex was found st 670 nm with molar gbsorptivity 6.3 & 104 l@%@@d
ok, |

Xue Gv.mr.\g:"5 studied the colour reaction of thorium with

semixylenql crange in presence of CTAB, At pH 145«4.0 the complex
thorimm=senixylenol orange ratio was found to be 1:2 with mclar

absorptivity 5¢5 x 107 1 mo1™? en™d at 550 nm,

Bismuth in tin was dete;gined spectrophotometrically by
24 Te Pilipenkc et allé using polysulphice icn end CILAB, The complex

gbsorbed meximum 2t 440 nm, The solvent used was CHCL 0

Aluﬁgniﬁm Was detemined spectrophotometrically by Zhe

i7

and Shuisheng™’ nsing salicyl £luorcne snd €TAB, the complex

exhibits maximum sbscrbance st 559 nm with molar sbsorptivity

5 -l

1,4 % 10° 1 mol‘lcm at PH 547G.5.

The reaction of Al(III)lB with sodiitm zuoramo-é, S dlhydrqu
benzenew4' »sulphcnate in the presence of CTAB has been studied

gpecterhctemet:ically. Maxlmum sbsorbance was found et 527 rm in
the PH range of 6.7~8.0.

1i Shaoging et allg

-have made an investigation ocn the
spectrophotometric determination of Venadium (IV) with diphenyle

corbazide and CTAB, The met 3§ DPCICIAB ratio was found to be 1:1232.
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The molar obsorptivity of the complex was calculsted Lo be 5 x 194
1 mai*i cm?lg The method was appiied in the determination of V{IV)}

in minerals, xocks ond coals

Rhodium was determined spectrophcotometrically by the Hu

20

Shokum et al usihg saiicyiﬁluércne and CTAB. Thé ¢cemplex has

mexivum ebsorbance at 595 nme

Jisng shufa et 21! determined scandlum using Telodosbe
hyﬂrcxyqﬁinwlinenﬁnsulphcnic aCid’aﬂd‘GTﬁég‘The complex exhibits
its meximum sbsorbance at 505 rm in the pH range 4.5~6,0,

l Clun zqruazz

deseribed & spectrophotometric method £or the
detérmina@ion of tin with c»@hloéopheﬂYlﬁluozenerané CIx8, The
complex has en gbsorption peak at 520 nm with molar asbsorwtion

coefficient 0,97 x 10°,

623 with chrome zyrales<esemie=xylencl

Zinc was determine
orange=CTAB spectrophotometricallys The sbsorbance was measured

at 525 nme The molar ebsorptivity was 1418 x 102 1 moX~ten™l,

chg Suqing at 5124 detexminad micro amounts of Gu Wzth
4,5ndibromqphﬂn11 zluoxcna in presence of CTAB. The complex |
abgorbed meximom at 520 nm (pH 5.0)s The molar abserptlvity was

145 x 10° 1 mol™‘cu2,
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Hu Shoukun et 3125 carried ocut the spectrophotometric
determination of FA(II) with peaminophenyl fivorcne and CTAB, The
PA(II)3PAPF was found to be 1:3. The sbsorbance was measured at

583 nm (OH 69=7.8) with molaxr absorptivity S.56 % 104 i le"J‘cm"i.

Cao=Shitl et a used Sumtroaa..icjl £luorone in presence

Cf CIAB to determine sﬁectrcphommtrically Gas The complex showed

meximum sbsorbance st 555 nm with molar sbsorptivity 1,94 x 10°

1 mol™em™l, | . | _ B

(RN

‘Ren Xing et 2127 nave suggested a method for pho’comatri%
determination of Zr with chlorophogphonazosDEC and CTAB. The complex

4

, _ . sl e
abgorbed well at 650 nm with molar sbsorptivity 5,3 ® 107 3 mol?%cm 1,

, S ;! :
AN
%a (pwf lucrophenyl) ﬁlu@rcnage and CTAB wers used as re age ts

for t:he detemination of Ga at 505 nme The molaor abscrptivity J

calculated to be 1.5 105 1 mol™ cm 3‘ ‘ _ ' ;o

]

MO, Wedming et alzg spectrophotometrically determined ;.

AN N
molybdenun usi ng &hydzoxynaphthylflumrcnu end ¢TAB; The cgmp..e \? “}‘\\

e
aosorbs at 514 nm and has meolaxy .. absorntivity of 117 % A0 ,«‘{ N
Beerts lew is obeyed in the range 0 £0 10 U g Mo/25 mle ' ‘\

/ " \
Tangs ¥ "angcriangs-ﬂ devised a method for Qeter:rinaticn of Ge '\

\
with Vc.nllljl z;!.uoxrone and CIAB in 0.48=1,92 mol HC1/L. The ccsmlex‘
showed ma&irrmm sbsorbance at 510 nm. The molar absorptivity was \‘{

found to be 1,24 % 105 J. mol 1cm 1 | R
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Here CTAB finds spplications in the extraction and
apectrophotometric determinoation of bismuth end copper in optimum

conditions,
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 Extrection anﬁ Spectro hotcmetric Determination of Bigmuth with

Cetyltrimethylamronium bromide (CTAB)

Intxgﬁuction

From the llterature survey it has been cbserved that Bismuth
has an affinity to foxm complexes with dlfferent organic reagents
like dlthizone, dithicgarbamates, Bequinclinel, bromopyrogallold
red etces In most of the cases, the zfter-extracticn crganic phases
have been used for the colourimetric d@terﬁination of the metale

Some of the nethods are mentioned hereg.

'Dithizona31-has been used as a reagent for the spectro=
photometric determinstion of blsmuths The bismuth-dithizone complex

was extractable into chloroform showing its absorbance at 500 nm,

e-quinolinolaz is another reagent that was utilised for the
determination of bismuth at a pH of 4,0. The coumplex was extracted

inte chloroform and sbsorbed well at 325 nm,

Diethyldithiocas@ematesa forms a complex with bismuth which

is extracteble into carbontetrachloride. The cupplex showved strong

absarbance at 370 nm ané 400 Nins

2emercaptomd,4,6=trinethyle=lH, 4H-pyrimidine has been chosen
as a gpectrophotometric reagent for Bi(IIX) by Singh Ajsi XK, et a134.
The orenge red complex was extractsble into chloroform £rom 1, 5=

340N perchloric acids The complex absorbed well ab 500 nm.
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Kotaelyanskaya I, I et 33.35 carried out the solvent extracticn
of Bismuth using lumcgellion and diphenylguanidine. The metals
ligandgligand ratio was found to be 13lel. The pH was adjusted

between 148 and 240, The complex sbsorbed well at 490 nme

Gorene Le et alaé prepéxed a method for the specticphotometric
Getermination of bismuth using ammonium tetramethylene éiths.écarba-
mate in excess. The spectrophotometric determination of bdsmuth with
diacetyl monoxime=dwphenyleldethiocsemicarbazone was cerried Gu‘i:. i::y
Cano Paven JoMe et 33,37,' The metal 3 ligand xatio was found to ke
132 and the complex was extracted into amyli alechol with an dbosore

bancz at 385 ums The Beei's lew was cheyed upto 110 prm Bismuth.

Nencova Pe. et a;l,aa investigated the gpectrophotometyric
determination of bismuth with diethylene triamine pentaacetic scid,
- The complex was stable in 1,6 M aguecus HCLO0,e The complex sbsorbed
well at 270 nm. Beex's law was obeyed cver the range 1=40 & g/ml.

| Bismuth (IIX) was extrected by coprecipitation of its
o=mercaptobenzothiazole comples with naphthalc—ane by Satake
fosatada et 6139. The abscrbance of the complex was measured at
394 nm at the pH 445, Beer's law was cbeyed over the range fxom

10 to 10049 Bi/10 ml,

Procedures based on the formaticn of Bismuth(III) complexes
with chlorophosphonazo III and cetyl pyridinium chlori&ech
bromopyrogallol z:edﬁ. dipyrazolenylhenyl mathano&éag diethyl

’
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dithiocarbamat943, Semaethylel, 2ecyclopentancdione dithiosemls-
ca:f:bazone44. iodide and rhodamine 545-._ pyrocatechcl violet snd

. 47
tridodecyl ethyl ammonium bromideésa NebenzoylwN=phenyl hydroxyl amine,

have been suggested by various workers.

Vakhsyshiva Ls: BEs et 314‘8 photometrically determined bismuth
in nonferrous metallury products. Serxrol Fe Bosch et a1%
Getermined bismuth by using 0.5M SalZZ), 0elM Sn(IV), IM HCl, 2 ml
polyvinylalcohol and 2 ml Se(IV) solutions at pH OuBele3s The
~ ebsorbance was meas.uréd-at 380 nm. Agrawzl et alao used Nemw
tolyl=pmchlorcbenzchydroxamic acid and xylenol orange for Bi(III)
determination at pH 4,5 with A mEx 530 nm for the gpectrophotometric
‘determinaticn of bdsmuth in the pH renge 242«6,6 with absorbence
at 362 nms Salim Rodi et alsl carried cut the photometric determina-
tion of BA(IIX) with 2~ (S~bromo=2e~pyridylazo)«Sedicthylamincphenol
with its sbsorbance at 583 nm, The spectrophotometric deaterminaﬁion
of Bi(IIZ) with pyrocatechol derivetives was invescigated by
Cuseinov G‘. Ke ©F al'sz at pH 2, showing the abgorbance at 540 nm,

Bismuth was deterndned syectrophotometxrié ally by sShchemeleva G«G.

3et 53 with the phenyl hydrazones of 1,3, 3-trimethyle~2«formylindcli~

1% provided a method for deter-

nium perchlorate. Zhang Rende et a
mination of bismuth with alizarine viclet in presence of N-cetyle
pyridinium chloride in the pH range 5+5,8, The @bsorbance was found
.at 620 nme Nenecetyl aniline was used fer spectrophotometric

. determination of Bi (i:ci) £rom Hci média in benzene solvent by

mlik G.Ne et al”>,
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Extraction photometric determinaticn of Bismuth was worked

out by Presnyak IS8 &t a156 with: tetramethylene thiouxea and
dodide fxrom 3 mal, gQEGQ/L sclﬁtion into chloroform abt 435 Ma.

Beer's law was cbeyed for 2=50/4( g Bie

57 determined bismuth spectrophotos

Burns De Thorburn et al
metrically using hexadryl tributyl phosphonium tetrajodide and
.microcrystalline benzophenocnes The gémpl@x extracteble into
carbonteﬁrachleride, The sbsorbance of the complex waS‘meaéuxeé

at 495 nm,

Rakhamatullasyv Ke ét, 218 usea 2e (2=pyridyl 820 )wS=dicthyle
m~aminophenol, Singh Ishirat et al®® used 2,4,6=tris (2-hydraxyeds
sulphoel naphthylézo)ﬁl,Bﬁsatriezine triscdium salt and Honova
2280 yrilisea pyrocatechol viclet and septonex £or the
spectrophotometric determination of Bi(IIX)s The sbsorbances of .
"the complexes were moasured at S80 am, 530 nm and 612 nm respece

tively.

spectrephotometric determination of bismuth with Oenitros
phenylflucrone wes. investigated by Zuoshiyvu et alsl. The pH range
- was. chosen bebween 1,84=~2:34 #nd the sbsorbance wes fownd at 532

nimy.
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Zhang Guané et 8162 deﬁised a method for spectrephotometric

determination of Bi(I1T) with 2-(3,S-éichloro»2~pyridylaza).ﬁ-
(diethyl =mino)-ghenol, in the pH range of 8,5 to 9.5 and showing

the absorbance at SB0O nm. The metal s ligand ratio was found to be

134 and the molar absorptivity was calculated to be 1432 x 105.

Znou Nan et 8163 investigéted a study on the spectgophoiow
retric determinaticn of bismuﬁh by using.sémixylenol crance. It
formed a 152 complex st 1,8 M HCLO, with absorbance at 540 nm. The

molar ebsorptivity was calculated to be 4,2 x 104 1l moi‘lcﬁgl-

Honova De et 8164 suggested a séecterhotametric procedure
£or the cetermination of bismuth with pheayl fluorescene and éuatara
nary anmonium salts. It was a red coloured 13132 complex (BisFrs
GAS) with cbsorbence in the region 550560 nm, The molar absorpti—
vity value was 4,67 x 104 dmsmol“lcm*lq

In the present investigaticn bismuth has been extracted

and determined spectrophotometrically with CTAB,
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EXPERIMENTAL

ppparatus =nd ReagentBs

aAbsorbance measurements werxe carxied out with a Shimadzu
PRel model spectrophotometer eguipped with stoppered quarts
cells of 10 mm, cptical path lengbhe

A stock solution of bismuth wes prepared from bismyth
trichloride and standardiseds A working solution of Bi(IZI)
(123,24 ppm) was prepared by appropriate diluticn. Aqueous solutions
of cotyl trimethyl ammonium byomide (0TAB) (Dei%) and potassium

iodice (&%) weze useds

Chloroform and other 'sOIVexlﬁs were distilled before used
puffer soluticn {pH 5), prepared by the standard nethod, was
used to adjust the acidity of the aguecus phaée» To stucdy the
inteferences, standard ‘sc»lutions of diverse ions were prepared
£rom their corrés_ncﬁding salts, 2ll other chemicals used, wereg

' of anelytical grades

To an aliquat containing 160s2 (e g of bismuth(III) were
added 245 ml of potassium icdide, 0.2 mi of cetyl tximethyl ammonium
bromide followed by adeguate arcunt of buffer t0 make the volums

of the aqueous phase up to 10 ml and left for 1 min to ensure
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complete coﬁplexaﬁiono Finally it was equilibrated with chlox@ﬁo:m
(20 ml) for 30 sec. The orange crganic layer was shaken with
anhydrcus scdium sulphate to remove any retalned waler drqplets.
The dbsorbance of the chloroform extract was read at 490 nms
against a blank. Ameunt of bismuth was deduced frxom a previously

| prepered calibration curve. To etudy the effects of diverse dions
the desired f£orelgn ion was added to the smwtem beioré addition

of the reagentss

RESULTS AND DISCUSSICN

when potassium dodide in excess is added €0 an acid solution
of bismuth{ZII), a yellow to orange colourstion cue to the Lormaticn
of tetraiocdcbismuthate(IIT). szizé.;7—is produced. This complex
is not extrectable into chlcxoﬁo:m,‘cd éddiﬂg to 4t an aguecus
solution of cetyl trimethyl ammonium bromide (CTaB), an crange
pzecipitate completely scluble zn chlcrofomm is cbtained. Tbe

precipitaue is an ioanSSOC1ation complex of the type gfkﬂugj7

Arhilq.J7 o

absorpticn spectras
The absorption spectrum of the bismuth(IIX) complex in
chloroform against a blank was taken. Meximum shsorption of the

complex, as seen from the spectrufh, takes place ab 450 nm Fige 1.
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The xségent blank prepared under similar conditicn does not have

any =bscrption &b this wave lengthe
Extyection as a ﬁéncticn of pH 3

The extraction of bismuth in terms of cbsorbance was
investigated in the i range O=12. Although extraction starts f£xom
pH 1, the organic extracts showed maxirum sbsorpticn when the extrace
tions were carried out £rom aQﬁeous sclution and afjusted o pH 4w=5,
Thia aqueous phases, éfter extraction, were f£xee from bismuthe This
indicated a complete and quantiéétive recovery of bismuth in this
condéitione Bxtracticn af‘the'matal however cecreszses beyond pH 5«5

This has been shown in Teble 1, Fige 24

Effects oFf solventsy

\ - Apart from chloroform, some other organic solvents 1like carbon
tetrachloride, bhenzene and ethylécetaté were tested as. extracting
solventsa. The:bismuthfle) complex»éhen extrected into chloroform
shocwed maximum absorbance. The complex was not extrzctzble into

carbon tetrachloride. Henee chloroform was used for the purpose,

Reagent concentration and Beer's laws

The effect of reagent ccncentration on the extraction

behaviour of kismath was studied by using different concentratione
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of gotyl trimethyl armonium bromide (CTAB) or potassium lcdidee

. tne varigble was varied, wnile keeping others constent, It was
noted that 1+5 ml of cetyl trimethyvl smmonium bromide (0s15%) along
with 2 ml of potassium lodide (2%) was sufficient to extract 160
M8 of bismuth in a single cperacion, Use of less than 1 ml of -
cetyl trimethyl ammonium bromide showed low abscrbanca of the
complex, although increesed concentration of 6etyl trimethyl |
ammonium bromide (upte 5 ml) produced no significant effect wm
maximum cclour develc:pmehto Results are showm in Table 2 and 3,
The sbsorbence of the chloreform extract showed a linesr kespmse
over a ccncentration of 25 ppm CF i:»ismuth. The molar dosorptivity
of the complex (on the basis of metal éonte_nt) was calculsted to

4 i

be 0,822 x 10% 1 mol™len™ with sandell's sensitivity 0,025 g/

cma» Beer's law data are . .tﬂ;ulated in Table 4, Fig. 3.

Stebility of colours

The abscrbance of Bi(III)=CIAaB complex in chloroform was
measured at elapsed intervals cf time and the colour intensity
was found to be steable for at least 6 hours. Thic hes been shown

in Table 5,

interferences

The effeét o ﬁor’eﬁ,g_n dons was studied by adding different
amcunts of foreign icns to 160 (g bismuth(IXI) and determining
the bismuth £ollowing the recommended procedure, it was found that

the £ollowing ions €id not interfere when present in my mentioned
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in the parenthesis. Fe(IIT)(2), Ba(xI)(2), cu(1z)(1.0), ca(1x)
(1¢2)y Ni(ZI)(240), Ca(IX)(2.0), Co(11)(2:0), Th(IV)(2:0),
8r(11)(240), 2n(IT)(240)s U(VI)(2.0), HY(II)(240), PA(II) (140),
Pt(IV) (140)¢ Rh(III)(140), 22(IV)(2.0), Mo (VL) (240), au(III) (16 5),
V(V)(1e5). 2o(Z)(140), 5n(IZ)(2:0), MG (II)(2.0), PR(IX)(2+0),
cr(z11) (2.0), Nitrate (4.0), fluorids (4.,0), arsecnate (3.0),
ascorbate (3,0), tartrate (340), citrate (3.0)4 borate (3.,0),
thiccyenate ‘(39 0), bromic¢e (1.,5) and phosphate (15)s However
cxalate and EDTA interfereds. This has been shown in Table 66

- Determination of bismubth in synthetic mixtures

In absence of real samples the proposed method was tested
to estimate microgram amcunts of bismuth £rom scme synthetic

mixtures, as shown in Table 7.

Pregision and sccuraCy 3

The proposed method was tested by snalysing solutions
coentaining @ known amcunt of bismuth (IIX). 3}'{"1?01!}.. the yesults shown
in Teble 8, the method seems t0 be fairly precise and reproducible,
requiring hardly 1015 min. for eacﬁ rune The methoc"i;‘ﬁas aleo been

compared with gcme other existing methods,

Compariscn of the method

‘ . .« I/; |.l'/} ° .
The proposed method is simple, rapidgnd comparsble well

with some other existing methods as shown in Table S,
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Table 1, Variatiocn of zbsorbance with pi of t:he aquecus phase-
The aquecus phase (10 ml) contains 160,24 ¢ of
Bi(IIZ)s 245 ml aquecus solution (2%) of KI end 0,2 m.‘i.
cIaB (0,31%)

PH B . dbsorbance PH Absorbance

at 490 nm - ' “at 490 nm
05 "  a 45 04632
1,0 - 0,108 540 0,632
145 0,252 5¢5 0y 508
2,0 0,322 6o 0 04536
245 : 0s442 7¢O 0,472
3,0 . 0,504 8.0 0, 346
Be5 0o 508 . 9.0 0,252
44Q O¢639 '

Table 2o Effect of cetyl trimethyl ammonium bromide
‘ concentraticns / The agueous phase (10 mil)
(PH=5) coitalns _160.24cg of BL(IIX) and 2,5 ml
aquecus KI (2% ﬂhqueous solution of cram (0p256)

T was useds

CTAB added Absorbance CTAB added  absorbance

(mls ) ab 490 nm (mle) . at 490 mm
04 - 146 ' 0g 632
04 2 0,108 . 240 0.630
0, 3 0,150 2,25 0, 632
0s 4 - 0,250 2.5 04632
0,6 _ 0.360 3.0 0,630
] ' 0,460 . 345 0, 632
1.0 0. 504 4,0 ' 04630 '
12 | 0,600 | 445 D, 632

1e4 | 0,630 5,0 04630
146 o 3 0,634 -
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0,265

Teble 3. Effect of Potassium iodide concentration / the
. agquecus phese (10 ml) (pHw-5) contains 160429
of BLi(I1I) and 2 ml of CI2B (O.LélJ?Aqueous
KY{2%) wes pled . . .
KI c=dded absorbance KI added ,. bh»sarbance
(ml) at 490 am (ml) - a2k 4920 nm
Ol 04105 1075 04632
0425 04250 2¢0 0:632 .
0.5 0. 400 2¢25 - 0,632
0,75 0+450 245 09639
140 . 0,500 3.0 " 06632
1a25 04566 345 04632
1.5 0e 600 440 05630
- Teble 4e Beex's law deta
Amouht>pf absorbance at
Bi prm 490 nm,
2 Qe 055
4 0,135
8 z 0,345
1e | 04495 |
16 0, 630
20 0,765
24
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Table Se Variation of absorbance of the Bi(III)-vTAB
cmplex with time

Time in hours | hsbsorbance ab

after extraction . 490 nm
0425 - 06630
0s5 : | | 04630
i ‘ o 0,632
2 o 04630
4 |  0.628
6 ) 0,628
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Table é;‘, Effect of diverse jlons f£or the detemination of
- 160 /6'- g of bismut:h (J:IM ,

roreignion ~ amcunt Foreigh icn Amount
addad” . telerated | .added, | | . tolerated
(£q) ’ (w9l
Nitrate 4000 .. Thzv) 3000
Fluoride 4000 a sr{11) - - 3000
arsenate 4000 . zngzm) 3000
Ascorbate 4000 . uvI) . 3000
Tartrate 4000 : Ho(IT) 3060
citrate 4000 pa (11) | 1500
" Borate 4000 | PE (V) 1500
Thiocysnete 3500 Rh(I1T) 1500
Bromide 3000 ; 2 (1v) 3000
Phosphate 3000 Mo(vi) . 3000
Fe(II) 3000 A (IIz) 2000
Ba(iI) 3000 (V) 2000
cd(z1) 1500 sg(x) ‘ | 5609
Ni(zI) ~ 3000 | Mg {zxl : 3000
ca(zz) 3000 Pb(_:nz}a 3000
Cu(1r) 1500 cr(IIz) . 3000

~Ag(l) 1500 co(x1) 3000
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Teble 74 Determination of bismuth in synthetic mixtuires
" (average of three determinations) :

C&@ositien x;aitsh | Bismt%: Egound in
amounts in (4 g) : (gl

1e 81(123,2);‘Fé(200)¢'Ni(zabé S : 1éz,§

2; Bi(iéBaé)g cu(200), PleOOQ‘ o 12065

3. BA(123,2), 2n(200), Mn(200) 2210

4. B1(123.2), €o(200), POY200) 124,58

5. B1(123.2), PA(200), Pt(200)  122.5
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Table 8., Reproducibiliby of bismuth recovezy

Bismuth t.eke;ﬁ Bismuth found Mesn Stds Dove
(4 9) (Lg) (ag) 68

G0, 5, 60s5, 62,0

61462 . . 6166 1,03
61s5, 62¢5s 6340
4 120658, 122454 124.0 '
123424 . P A 122416 1,29
122,0, 121.0 123.0
| 161s5, 158,5, 160,85
16062 : : 160,75 1433

22D,5, 222,0 223.0
2238 ' 223442 .11

221,0, 222,0 220,0




. Table 9, Conparison of

. Bi{ITI)

the present method

" Ref. Resgent H A mex Molar Interference
: sbsorptivity
(an) =1 =l
{1 mol “cm)
34,  2-mercaptoe4,4,6 145=3¢0N 500 . 12700 Nil
' wtrimethyls1H, perchloric 4 , . . -
dHepyrimidine acid :
6l  Cenitrophenyl 1,84-2,34 532 7,08 x 10°  nmi1
£luorcne e {interference of
’ most ¢f the cases
of metal ions
has been elimi-
A nated)
e | - 4 a2
63w Semixylencl 1.8M . 540 4,2 % 10 Ni ©
- orenge HG104 .
G5« Tribromo= : 5
' chlorcphosphenszo 2,4 640 1.05 x 10 -
6E6a ﬁrsenaz{;“nac ;E%Ncé 632 9.QX 134 Nil
{The common ions
do not interfere)
Present method 4e 420 8220

Oxalate, ELTA

* masking agents used

=
o
o
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Extraction =nd gpectrochobtometric Determinaztion of Copper

with cetyltrimethylammonivm Bromidea

Entrcdnctién

There zre numerous methaéé widch have beesn smggested for
the sepavation and determinaticn of copper by'liqﬁidwliquié
axtreetione. The priﬁcipél rethod ﬁsedifer sueh extraction
procedures involved the utiliéatieﬂjeé vericus organic reagents
like pindikgteae,>mmn@ximea dioximé; ﬁitzasaphegolg githizcne,
dithicearbamate and cther miscellanecus reagents as the chelating
agenis, follﬁwed by photometrice détexminatia& cE the metale The
icn amsscoietion system involved the utilizaticn of thiccysonats,

halide, phenanthroline and other organic reagents.

The extracticn of cepper by dlethyl ﬂithiecaxbamateﬁT was

investigated at pH 8.5. The sSbsorbance of the complex was measured
at 560 nm in butyl sCetate. Obher welleslknown methods involved

. . ]
the utilizstion of negwcuyr@iné a@@ bis cycichexane oxaligle

69

dihydrazone £or the determination of copper.

The reascticn Of Copper with pyridine and thiocyanate hag
been investicated. The. greenishewhite pzeciyiﬁate,_éelub1e4ip
chloroform, cerbontetrachloride and ether, gives an intense blue

celaur79'
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Arcra HoCs eb ai end Talra RaK.71 have performed the

sclvent extraction of Cu(IIl) by using 4eIisonitroso=3emethyl=l=
?henylmsupyraéoloneo The aom#lex was extracteble into benzenes
Gonzaley et al72 determined copper(Il) spectrophctometrically
at 680 nm as its 1:2 (metals:ligand) complex with nucic acid st

BH 10, 0e

73

Reddy et al’” determined copper(IX) by making use of

2mhyér§xy scetophenone oxime. The complex was extractable into
iso=-pu CQMe-at pH 565 Thé sbsorbance of the crganic layer was
measured at 355 mm, Copper{II) was 6e§@rmined'spectrcphatomeﬁéia
cally using moncethyl egtex of nabunylmaminenc&hydr&xﬁ benzyld

74

phosphonic acid’~e The 131 green complex was soluble in methyl

alechol and the abgorbance of the complesx was measured at 400 Nme

ﬁozélrecentlyg procedures based on the foxmation of copper
complexes with bis (d=hvdroxvpente2eylidenc) diamineethane75,
2@(505aﬁimeéhylc495.6.7 tetxahydxcbenzthiazolyluzaazm)wéaethyl

phenol76, Semethylsl,10-phenanthroline andé Eriochrome cyamine
R'7, i-phenyle3 thicbenzoylthiocerbamide’®, smmonium (Zeeminoe3—
hydrary=4=pyridylazo) benzeneedwarscnate

EDT&@Q; biacetyl monoquinalyllhyérazmﬂeal

s Citric zcid or
» substituted pyridines

and thiocyanategg. énmethyl'tetrahydrebenzofuran@ (607,6)

ecumaxinss. 5-(3,Swdibromcozépyriéyiazo}mza4 diamino tolunesé,

85

meso=tetrakis (pmsulﬁenylnphenyl} porphyziﬁ‘ s Gemethyienle (2=

hydraxywi;naphthylﬁzo) thiazole and éwedamantleZw(zohydr@xywlm

86

na@hthylazo) thizzole , 2=(5,5«dimethyly 4,5,6,7=tetraliyvirCe
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benzothiazolyle2=s20)=dochlorc=S-nethyl phenol®’, 2m(5,5=

dimethyl=4, 5, 6, 7=tetrahydiro=2=benz @tzfm‘,a'z Olylazoded bxcmcphenelsg,

2»%1ydrexy—1«acetcnaghthwne@ximeeaa bis (scetyl acetme-) ‘

ethyleneéiamine%, 2427=bigquinelyl and tetrabromovhenciphthaloin
23,

ethyl ester™ , 1, 3~bﬁ.5 [ di (2-pyridyvl) methylene amino _7 uz:eagzg

2- (2-Benzothizzolylazo)=Smaimethyl anincienzosc scid o, cetyltri

94

me*&;hyl emmenium cnleriaanchxamal nlue Gy 2= (Se=bromow2epyridyleno)

=Swdicthyl amd no_nhenol , N {oc wp inéy‘* )-.a-thi aqu«nalainﬁmuegs
CLprmme97, Ne (&whyarcxgms-nzmthcazy bzsna jl:meneJ h;cz:e&ine
cagbcthioanide 8. n e been z.nvesb;y.gat:ed Zor the spbctrcmmamtuc
uetermznatian of ccpgexe

8199

Alouse Rodriguez Elia et have Geveloped a method

for the srect zeﬁhow’n«.trlc é‘etemninata.cq of cu(il) by using
triethylene t.etraminc. hexamethylene pbosphonic acidle The absorbanee

of the complex was measured at 680 IiMe

?

va ang Yezf*hu‘l 00

presented an extrsctive photometric
technigue to detezmine copper with 1,2«-cyclichexanedianine tebra
acetic acid in the i Z.5. Fathalate=HCl buffer was useds The

ahsorbance ©f the complex was measured at 700 nm.

Ea;j kin pubravka P eb aiim' nade an ianvestigation

spectchhatcmemz,cal ly for the determination cf copper{li) by
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uging 4, 4'oéimethéxy-benzilmonoximeu

In the present investigaticn CTAB hes been used fox the

extrection and spectrophotometric determination Of copper.
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EXPERIMEINAL

Apparstus and Reagents s

dbsorbance measurenents were carried eut with a shimadzu
PRe1l mocel spectrophotometer fitied with stoppered guartz cells
of 10 me cptical path length.

A stock solution of copper(1I) was prepa_x:ed £rcm CuSoé.;
5H,0 and standardised. A working solution of copper (II) was
prepered by approprizte dilution. Acueous solution of cetyl
trimethyl ammonium bromide (CTAB) (SISCO) (0.2%) and potassium

iodide (BDH) (2%) wexre used for the purposes

Chleoroform and other solvents were distilled before use.
Buffexr solution (pH 2.0), prepaxed by the stendard method was used
to adjust the acidity of the sguecus phase. Te study the intege
ferences, standard sclut:icns of respective diverse ions were
prepared f£rom their corras;:onﬂihg saltse. All other chemicals

used, were ¢f analytical gradee.

Determination of copper ¢

| To an aliquot ccntaining 52,5 M g of copper(ll), were added
2 ml of potassium icdide, 2 ml of cetyl trimethyl anmoniuvm broumnide
folicowed by adequate amount of buffex (KC1-HCL buifer) to maske the

volume of the agquecus solution to 10 ml and left for 1 min to
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ensure complete complexation. Finally it was ecquilibrated with
chloroform (10 ml) £or 30 sec. The organic layer was separated
ané poured over amhydrcus scéium sulphate & remove any water
droplets. The sbsorbence of the chleoroform extract wés reé&

at 360 nm against a blank and the amount of coprer was deduced
from a'calibzaticn curvae. TO study the effect of éd’;terference,
the desired cilverse icn was added to the system before addition

of the rezgcnts.

RESULTS AND DISCUSSICN
In presence cf potassium icdlide and cetyltrimethyl ammonium
bromide copper forms a yellowish complex extractable inte chloroform.
But separately either in presence of potassium icdide or cetyl
trimethyl ammonium brumide the method does not fonmm any extroctable

compleX. : ' ‘

Absorption spectra s ¢

The absorption spectrum of the qepger(lz) compler in
chlordform zgainst a blankh showed sbsorption maximum ab 360 m
(Fige 1) The reagent blank prepared under identical condition
did not cbsorb in the regiocn. Hence the wave-~liength of 360 nm

was selected £or all analytical measurements.
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Extraection as o function of cH s

Extraction of copper in terms of ebsoﬁbance wag investigated
in the pH range O=10. The complex exhibited constant and meximum
dosorbance in the pH range 0,5=3.5 which indicated a complete
end quantitative recovery of the metal. Absorbance decreases
when the extractions were carriced ocut bayond pH 4.0 or at higher
acidities, For our purpose, acidity of the aguecus rhagge was -
maintained at pH 2.0 with the buffer. The varlaticn of absorbence

with pH of the aguecus phase has been shown in Table i

Effect of solvent s

Apart from chloroform, some other organic solvm;xts Like
carbon tetrachloride, bepzene or ethylecetate were tested a8
extrecting solvents. It was found that the complex in chloxoform
. gives the meximum sbsorbance and hence this- Solvent was used

£or our PuUrpPOSSe

Stebillity of colour 3

The gbsorbance of the Cu(II)=CIaB complex in chloroform
is stable for at lezast 12 hours as measured at slapsed intervals

cf time shown in Table 4.
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Reagent ccncentrabion snd Beer's lsw 3

In the process.' the concentrations of potasssium iodide
and ‘cet':y; trimethyl azmonium bremide were veried in ozrder to
ascertain the optimum conditicn £or quentitetive extraction of
the metals It wes noted that 2 ml potassium dodide slong with 2 ml
of cetyl trimethyl smmonium bromide was sufficient to extract
52.5M g of copper(Il) in a simple operation. Use of excess
pctasgium icdide (over 4 ml) has a tendency to lower the @bscrbance
of the- chloroform extract, while hidher cencentration 0f cetyl
trimethyl smmonium bromide (upto 4 ml) had no adverse effects

(Pige 2)e The results have been shown in Table 2 =nd 3.

Different amounts of copper %-xere' extracted by the recommended
ptecéc’iub:e and abscrbances of the'. chloroform extracts measureds The
system obeyed Beer's ‘law over a concentratién of 10 ppm of copper.
The moler ebscrptivity of (Eh?cez{pl% (baséd on copper content) was

evaluated to be 1.064 % 10% 1it mef""cm‘“"

and Sandell's sensitivity
0o 052 m g/cmze Beer's law data have been tebulated in Table 5

(Fige 3o

Interference s

To study the effects of diverse ions o the extracticn
behavicur, copper was determined as above .in‘piéseme of the
respective foreign ions. Deviation of not more than 4 3% f£rom the
recevexy"@ﬁ copper was taken as the tolerance limit for the diverse

ions tested. Copper (52.5 M g) could be determined without



152

interference in presence of the £ollowing ioms shown in Teble 6.

Determination of coprer in synthetic mixtures 3

- In ebsence Of real sawples the propossd methed was
extended €O variocus synthetic mixtures to estimste microgram

amcunts of copper as Shown in Table 7.

Precision end Accuracy s

" Preeision and sccurxacy of the methed was tested by
analysing sclutions containiﬁg a known amount of coppers The
results in Teble 8 show that the method is £airly precise and

repreducible requiring hazd.lir 10=15 min for eaéh rune

Conclugicn 3

The present methcd for the specém@hdéamtﬁc determinstion
of copper is sinple and rapici. Copper c¢an be d@termin@d without
interference in presence 'ef all the common ions tested escept
thicsulphate. The method is well ccma:_:eble with some othez

existing methods as shown in Table 9.
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Teble 1 » Voriation of absorbence with pH of the aguecus phase
The acuescus phase {10 ml) containing S2.5 4 g
of Cu(il), 2z ml of KI(2%) and 2 ml of CTAB (0s2%)

P Abscrbance opH Abscrbance
0.5 , 0s878 4e5 0.800
1.0 . 0,880 5.0 OQ? o2
145 04582 6o 0 0u650
2,0 ' 0,880 7.0 | 04528
2.5 0.882 840 0,440
3.0 0,882 9.0 0.352
3.5 04800

4.0 0.878

Tsble 2, EBffect of potassium lodide concentration / The agquecus
phase (10 ml) {pH 2) contains 52,5 m g of Cu(II), 2 ml
Of CT2B (0, 24)7 2% KI solution was added for the

. PUZLOSts

XT solution 2bsogbance ' RI s_glutim Absorbance
added, ml . ab 360 nm adéedy; md ak 360 nm
Oel B %0 0,882
0.25 0,240 2,25 0,880
0,5 ’ 0,262 2458 - 0,882
0,75 0, 600 2075 0,860
1.0 0. 650 3.0 0. 878
125 ] 0,710 ’ 3e5 - 2.878

1.75 ‘ 0. 7680 . 440 0,865
- 540 ; 0.B60




Table 3, Effect of cetyltrimethyl ammeniuvm bromide

concentration
52,5 M g Cu{IX
at 10 ml in volume_

bromide was used.

154

The aquecus phase (pH 2) containing
and_2 ml of KI (2%) was maintained

0.2% cf cetyl trimethyl emmonium

CTAB added absorbance CIAB atGded, absorbance
nl at 360 nm wml at 360 nm
0425 0,150 1,75 0.840
Oe5 0,352 240 0.882
0,75 0s515 2,5 0,880
160 0.616 3e0 0,882
1425 0,680 3.5 0,880
1.5 0.800 4.0 0,880
Table 4, Variation of ‘sbsorbance with timé
Time in hours Abscrbances
after extraction at 360 mm
Da 25 0,862
05 . \ 0880
i 0,880
2 0880
4 0,880
8 0.882
.12 0.880
16 0.870
24 0850
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Table 5, Beer's lay data

Amount of copper, Absorbance

Fpm ' at 360 nm
143 . . 0,180
2.6 : : 0,422
3,9 ' o 0,682
5e2 j ‘: a.eéo
645 | - S 14120
7.8 ) ~ 14260

10.5 1.672




156

Table 6 « Effect oi diverse icns on d@terrwinaticn GE
32.5 Mg caf coppeg' .

Foxelgn Amncunt Foreign Amount
ion addead teolerated ien =dded telerabed
(rgd - | (rgd
Thiocyanate 3000 Calcium 2000
Fluoride 3000 . Cobalt 2000
Nitypate 3000 - Thoxium 2000
nAscoxbate 3000 Strontium 2000
Tartrate 3000 Pglladium 500
Citrate 3000 Platinum 500
Phthalate 3000 Rhedium 1060
FPhosphate 300C . Zirconium 2000
Bromide 3600 . Molybdenum 2000
Borate : - 60 Golé - 2000
Oxalate 60 : Vanadiuvm 2000
Thiosulphate nil Bismuth : 2000
Berium 2000 Iron 1000
Cadmium 2000 Mercury 500
Nickel ‘ 2000 Uranium 2000
Lesd ™ o 2600 Tin <000
Chromiuma - . 2000 Magnesium 2000
silver 500
- &ine 14000

¥ Morkinmg &W usd ..
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Teble 7. Detormination Of copper in synthetic mixtures

Composition with amcunts
in (ma)l

Coprer £ound
in {(mgd

e Cu(52.5), Fe(200)
‘:91(200) + F(2000)

2 Cu(52,5), Fb(200)
‘B1(200) |

3. Cu(52,5), Ni(200)
co(200)

d4e Cu(52,3), zn(200)
b (200)

5« Cu(52,5), Fo(200)
Pe(200)

50.5
éfz..o
52{9
5340

53,5




?

Tabie 8« Reproducibllity of copper recovery

‘. 158

Copper taken Copper £ound Mean Stds Dev,
(rg)d ' (gl (el %
12,0, 15,5, 12,5
i. 13.12 13,33 1.25
13h Oo 13‘6 00 140. (¢ :
) 25-0. 26. 5-’ 28. 5 )
2e 2625 : 26466 1.72
' 29,0, 25,0, 2640
. 5045, 5245, 5345
3. 52450 52416 -1e32
5305, 505, 5345
_ 80,0, 7840, 77.5
4o 78,74 790 1,70
77’ O' 81 QO‘ .

8045




Teble 9. Comparison of the Present Method
Refs Reagant PH A mas Molax xntexfetence-
: gosorptivity
. . 4 * % ¥
102, Diphenylthio- 4=8 540 5.04 x 10 rd , ¥b , Bi , Borate and
cazrbazide nitrite
i03, %ni&osoz 4 1-.,?- 3??’- O0u71 x mj Hg, Co(I1), P@(IZQ’J., re{1iz),
resoxeinal an 2e 3 ' -
pyridines “oc 0.45 x 104 2r(IV). SCN, S50, C,0,, EDTA,
bases 0,89 x 10 tar‘cratm citta‘te, P and
C.21 x 10 ‘
and bromide 2. an - 908 ‘
Todide nd 350~360 3,07 % 1‘03 c:2 4° tartra‘te, citrate. agcorbate
0-5" 3023 x 10 and SCN
ie5 2,33 % 103
S5¢13 x 10
and 3
238 % 10
2465 x 10°
4,28 x 103
4,76 % 10
6e77 3t 10°

CcontCes

6GT-



Table 9 (Contdes)

Ref. Reagent pH P e Moleax Interference
_ > cosorptivity

methoxybenzylidene) ;
hydrezing carbo-
thicanide

106s ‘3ethicbenzoyl= . B 520 1.0 x 10% co, Ni
lepwtolyl
thiccarbamide
Present method  Oa = 360 1,064 % 109 re", 5,0

*maask.mg agents used

0S1
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CHAPTER -~ V

ICDIDE, BRQMIDE AND PYRIDINE BASES
- AS ANALYTICAL REAGENTS
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The use Of iocdicde, browmide and pyridine as auxiliary
ligands is kncwn. among the elements that are extracted @8 iodide
and bromicde ceznple:::es are gold (1I1Z), mercury(ii), lead(IiI),
cedmium, antimony(IiI), end aul{Iiz), Co(1Ix), Cu(Ii), Fe(II).
Fe(II1), platinum, zinc, Mn(Iil), etc. respectively. The sclvents
that have been used include ethyl ether, methyl isdbutyl ketone,
methyl iscpropylketone, methyl ethyl ketone, iscpropyl ether,
cérbontetrachloride, ethylacetate, dicthyl ether etec.

The nitrogenecus base like pyridine azcis like a neutral
‘ligand coordinated te the metal, CGpé@r._ nicksel and ccbalt in
presence of pyridine form water-inscluble complexes that disgolve
in chloroform to give rise to green, blue and pink colouraticn
of which the f£irst cocntaining cu(Py)z (SC‘N)z hes been utilised in
colorimetryl. Similer ccmplexes are f£ommed by zinc, cadmium and
many other metals which can serve as the basis for thier solvent
extracticnz.

umez ake_s extrected iron into iéobutyl methyl kotone £rom
acid medie with a sclution of 0.5% dibenzoylmethene in mixture

of pyridine and methanol, The csbsorbence was measured at 410 nme

During the extraction of uranium with 8«hydroguinoline

Koppiker and Ganj anlmsh4 cbserved tnat the addition of pyridine -
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and acetone enhances the colour intensity of the uranium cxinzte
compleXe.

S studied the Z2etheonyltriflucro acebincw

dkaiwa end Kawamoko
pyridine bases counplex of ¢dbalt for the spectrophotimetric
determination of cckalt. The solvent employed was benzene and the

absorbance was measuxed at 430 nme

Xurode et a1® studicd the formetion of cobalt complex with
pyridine ang agide %micn was used for the colorimetric debermination

of coba!.tu

Extraction behaviocur of scme bivalent metals with methyl

subgtituted pyridines has been studieﬁ7’ 8, 9-,

The complex formaticn of ruthenlum(IXl) was based om its
réécti@n with 6w aninCeSenltroscs2, d~pyrinidinediol aznd zaj,’ridinew
in scetate buifer at pﬁ 3.0 by heating on a steam bath. Its

absorbance was measured @t 530 nm.

o ( -
IS “

| E¥tractive spectrophotometric determination of vanadium
as vanadium(ixz) =pyridine dibenzoyl methane complex is proposed

by Ary and Yatiranjen®l,

2 studied spectrcphotometric detere

Sharmzh Kabita et all
mination of zinc with diphenylcarbezone in presence of pyricdine.

The pi range was S=10 and the absorbance was measured at 520 nme
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Izqguierdo Ae et alls investigated the formation of Mo (VI)
complex witn 3—mhenyl~3—wethyl»2—mercantqprqpenoic acid in the
presence of pyricineo The solvent used was ¢hloreform & end the
mclar cbgorptivity was found to be 1,14 ® 10 1l mol 1cm 1.

‘Icdide complexes are more coloured ccmpared to the chloro
and bromo complexes. In presence of excess icdide platinum(IV),
palladivpm, tellurium etce yield-sﬁxcngly colouraed soliuble comp;exes

in acid solutionse

dl&

sudo use potassium iodided in presence o£ antipyrine

selution to determine mercurye The abscrbance of the chioroform
' 15

. extract was measured at 330 nm. Yamamato =nd Kotsujl™~ extracted

1 Hglz“ complex with Fe(dipy); e pH 6.5 into 1,2~dichloromethane

and measured its bsorbence ot 526 e

Rao S.p. et a1l extractédlcd(llj with Nebutyl aniline
in chloroform frem a mixture of potassium iodide snd sulphuric

acide The pH was adjusted st 10, Marcsenko et a1’

determined
tellurivm spectrophotometrically using iodides and cetyltrimethyl
amgrenium ion; The icn=associaticn complex was solvble in chloroforme.
Another spectrephotometric method for the determination of leed
with jcdide and 1,4=dimethylel,2,4«trizolinium (Seazowsd )=llaNe

Ciethyleaniline wag investigated by Kish et a118, 0

In a weakly -acidic solution (0,016-0,064N HCL) le=d(II)

e

end potassium icdide form (PbI,)" which in turn rescts with

erystal violetig to give a stable complex having the maximum
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gbsorpticn at 540 nm, Jaya Sambamcorthy et «3120

determined
platinum spectrophctometrically with iodide and pyroning Ge
Marczenko Zycrunt et 3121 used dithizone to determine PA(II) and

platinum spectrophotometrically in an icdide mediums

22

Bismuth cculd be determined”™ photometrically by using

potassium iocdide and Rhodarmine 6 G, Lopes Exrez et a123
spectrophotometrically detexmined bismuth using icdide and rivanol,

It formed an icme-assceiation complex with ebsorbance at 375 nm,

e MonasKanti and Mishra R.Ka,24

studied spectrophotometric
determination of BA(I) in soil and ore using iodice and amidines.

© The sclvent used weas chlorofoxm,

Bromice complexes impart better colouratiocn then the
chloriée complestes but lesser than the icdide complexes. Elements
like, mexzcury, =rsenic, antimony, platinum ete. fomm soluble
complexes in presence of bromide in acid scluticn, A numoer of
studies ocn the separaticn of specific elements by bromide extraction

have been performed by variocus iavestigators.

125- carried out the exntraction of

L. Wohler and A. Spenge
platinum into ethyl ether using bromide solutions followed by

addition of Snclzo
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26

' McBryde and Yoe“  found that Au(II) is completely extracted

into isopropyl ether using 245 to 3M HBr solution. Under these
conditions small amounts Of Fe and Os can also be extracted.

,éoc’:k Re et a127 were -successful in extracting 58% of
mercury(II) into diethyl ether from 1M HBx -solution,.l while the,

per cent extraction reduces to /4% on using >2M HBr solution.

~ Bock R, et 2127 investigated that molybdenum is extracted
(99%) . into diethyl ether £rom 61 HBr solution. They also could

extract Sb(Iii) (38%) from 2M HBr solution,

. The extractability .of the bromides of cu(I), .cu(il),.
zn, N1, Co(II), Fe(iI), Fe (i), AL(IIi), Ma(II), Sn(II) and
sn(Iv), using methyl ethyl ketone and methyl isobutyl ketone as
solvents, has been studied using aqueous solutions containing -

| HBr and/or NH,Br o,
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3129

Poluektov NeSe et suggested that :mBr'; .48 extracted

with Rhodamine € into benzene using 245 M HBr containing scotone.

Lensagro mRé an@ Cecleshay VgJoaa* £oundé that IBMK extracts
sn{Ix) (92%) fzom Buél § HBEr selut;cm and Sn (.I’V) (39%3 Erim
4.5 M }XB.E'

Cu(II) is (80%) extracted into IBMK frcm Se6M HBr soluticn
while cu(z) 4s (8@%} extracred into ethyl mefﬁ;xyl ketone using

i-4M HBr camtiens 3’ .

zn{IX) is - 80% extractable into IBMK with the help of 51

HBZ ,selution3 3’.;.

studlar Kv31 made an investigation that as(V) is extracted
into carbon tetr‘_chlaricze using 7-8. &M 1-1250 conta_nmg potassiunm

br@mide (89!/ l)a

Mikstukova V. end Khlicek JeZe-o

used rhedamine B oF
counteg~ion im extragticn of TJ,B:E in%;a benzenes The. _ahs@rhance

of the bromide complex was measured ot 560 nm.

In the present investigations, icdide/bromice en@ pyridine |
or scme ©f its methjl substitutes hwe been u;sed fox éxtf&—tlm
and spect:mphotcmtrzc aeteminati@n OF palladim. platinum ana

COppETe
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Extrective Spectrophotometri¢ Determinstion of Pallsdium(TI)

using Mixed Ligsnd Complex Foxmation with Pyridines/ A -=Picoline/
£ =picoline/ 8 mpicoline/2,4,6=Collidine and Iodide.

EXPERIMENTAL

hpparatus. and Reagents s

Absorbance measurements wexél made witn a Shimadzu PRel
spectrophotometer equipped with stoppered quartz cells of 10 me
optical path length. An ECL 5651 digital pH meter was used to

measure the acidities of the aqueocus solutions.

~ Pallas@ium (xx) chloride (Johmsen and Matthey) {ig) wes
disgolved in 1 ml hoﬁ concs HCL and diluted to 250 ml with
distilled watex followea by standardz@atian by &xrethyl—-
glycaximesa. .& working sczlut1 on (41.?5 gpm Pd) was prepared by
dilumcn.

Chlomfom, (1}. Merck), pyridine (B.D.H) ¢ o< ;-pic:oline
{Reidel), ;3 =picoline (BDH), ¥ =picoline (Fluka) end 2,4,6=
collidine (BDH) were distilled before use. Potassium icdice (BDH)
and all the cther reagents used were of analytical reagent grade.
St‘.@ck solut;ons of desired diverse ions were pz:epar«.d £rem their
nitrates, chlorlc.es or ..aulphates by ﬁa.sssalvmg pure samples in
dilute azcid o;' pure water. Sodiuvm/ammonium salts wers used in the

cage of anions. The metal écntente were determined by a standerd
nethads33. 7o adjust pH of the aque%s phase KCleHCL buifer was

used unless otherwise mentioncc‘ia
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Detgsmination of nalladiurp 8

To an -al;iquét) containing io-iaé/,ag of paliadium was addsd
1 ml of 0.015 M aquecus potassium iodide and 0,02 mi of pyridine/
X ~picoline/f =picoline/ ¥ =picoline/ 2,4,6=collidine £ollewed by
addition of adequate amount of buffer to make up the volume upto
10 ml. The aguecus phese was then allowed to stané for 1 min to
ensure complete complexat:on. The mixture thus chbtained was
equilibrated with 10 ml oz‘:" ch-léxaﬁom' fior 30 sec. The two layers
were allowed to setile for 1 mis '. The separated organic layer wes
shaken with anhyfroug sodium sulphate to remove any rotzined water
droplets. pH ©f the asquecus solution, after extraction, was measured.
Finelly the sbsorbznces of the chloroform extracts were meésure&
- at the respécﬁive abse.rp-ti'en raxima ageainst palladium f£ree zezgent
blankse. dmount of palléﬁium ézi) was determined from a previously
prepared -fcfalibrati@n curve. To study the effect of foreion ions,
the respective diverse iocns were ac‘iéed to the system prior to the

addition of rezgenitse

RESUITES AKD DISCUSSION

It has been noted that iodo~palladium(Ii) forms complexes
with pyridine or its methyl \aubstitutad derivetives in asguecus
soluticn. These mixed ligend complexes are founé to be extracted

into chlorcforme.
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abserption spectra cf palladivm compiexes 2

The 'absorpi;iénf spectia of palla@imﬁ {II)~complexnes in
chloroform, extracted as above, show ébsorptim manima at around
355 nme The zbsorbance stealily decreases ané becomes negliclble
beywmnd ,50A0 nme The reagent kblanks show insignificant abscrbances
in 300=500 nm wave len'gth regions For simplicity all the absorption
measurements were carried ocut against chloroform as references e

cof the spectza hes been shown in Fgls. 1,

Extraction as a funct,icn of. PH 3

The liquid=licuid extraction behavicur of palladium(II)-
conplexes was investigated in the pH renge O-14.0s Extracticn
of palledium virtually starts f£rom pH 1.0+ The chlorcform extracts
showed steady and maximum abs@rbazwea when the extractions were
corried out in presencg of pyric}:.ne bases from acuecus solution
in the pH renge 3.5-10, Of/i&ii thig pH renge, after single operaticn
when the extrsotion processes were repeated using the same agquecus
- phage, the orgenic extracts showed no esorbancess. This indicated
‘a complete and quantitative x:e.é'méry ‘o palladinm in this condlition.

From the graph pﬂ_% values were evaluated to be 1.6 and 10,7.

Biffect of solvents:

“Apart from chloroform, cther comon organde solvents such
as carben tetrathlorice, benzene send ethyl ecetate were tested

&S extracting solvents; but those offered no special advantages
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over chloroform as seen £rom Table l. The pattern of the sbsogption

spectra of the complexes remained uvnchznged in all cases,

Stebility of colour s

The sbsorbances of the palladium complexes in chleroform
were measured at elgpsed intervals of time after extraction., The
colour intensity was stable for st least 48 houis, as seen fxrem

Teble 2.

Reazgent concentration end Beexls law %

The optinum resgent ccmcentra;‘:iens. were ﬁ&uné by extxacﬂ;jag
pallisGium at various concentraticns of potassium iodide ond
pyridine/o( -Qpico line/(3 -picoline/ § wpiecling/2, 4, 6-c01lidines
it was noted that 1 ml of 09015 M potassium icticde sclution and
0. 02 .ml of pyxiéime/o(wpicblim) 4 ﬁﬁicaline/ 4 =plcoline/2,4, 6~
. coliidine were suf;fieient to e}:t:raét éi.fis/'ug cf palladium in a
single extracticn,Bigher ccncéntxati,oxas of thf;» reagenks {(upto 4 ml
of 0,015 MEI and 0,1 ml of pyridine bases) had no cdverse sffects

on the extrazction behavicure Diffcrent amownts of palladium were
extracted by the general procedure and the bsorbance of the
chloroform extrects was measured at the respective shsorption
makima, In all cases, Besr's lay was; £ound to be Fvalie:i cvaer the
cmcéntxation renge of 1=10u9 Pa/ml {(Teble 3 ;;;df.z'kfz; ?zmlar absorpti-
vities of the palladium{II) eumplexés (on the besis cf pd content)

et the respective dosorption maxima wers evaluated (Table 1).
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,Inte:ferar_xc’e‘ 3

In order ko study the cffect of diverse ions on the extraction
behaviour, a definite amcunt Of palladium(iI) was extracted and
determined sceoxding to the general procedure :I.n presence o the
respeative .fcre}lgz; ionsSe »ll thé bases l.es pyridine, L =picoline,

A =picoling, ¥ =picoline and 2,4,6~collidine showed @fér“ :
behavicnr towards the extraction of palledium, In esch case an
average of three determinaticns was takens. An ion was considered
to interfe‘re if the recovery of PA(II) differed by more than & 3%

£rom the actual amount takene.

It was £ound thag 41,75/,(9 of palliadium could eesily be
determined without any intezference in presence ©of the following
cations =nd anicns, the amcunts (mg) taken being menticned im
sparentheses 3 Co(Il}, (S.1), Ni(ITI(5.3), €A(IT){4.9), 20n(IX)(6,7),
VI{v) (5.2), Fh(I1I1)(2.4), 22 (1IV){1.2), U(VI)}(51), Mn(IX) (3.9},
Cr(IxI)(4.8), La(IIz)(4s2), AL(III)(343), Th{iv) (4.1}, Be(iX)
(6.9}, Po(II1)(1.3):; and Bi{I11)(le1), Ircon(IIT)(l.2) and Cul(il)
{0,2) v.;ez:e kept in the acguecus phese by masking them with smmonium
hydrogen flucride and citrate resgéctively. all attempts to remove
the intereference due to HG{II) f£failed, Pt(IV) interfered in all
cases ex_;gept in the 2,4,6=co0llidine system where the interference
wasg avoided by extracting palladiuvm at pH 10,0. among the anidns
teéted the following (10 mg each) did not interferer ELTA, borate,
phesphate, tartrate, eitreste, Lluoride, brémicl_e, ascorbate,
phthalate, However, thicCyanate and thiosulphate, even in trace

amcunts interfered sericusiye The resulits are shown in Teble 4,
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Determination of palladium in svathetic mixtures ¢

In zbscnce of real samples, the proposed methed was tesked
e estimate microgyam amounts of palladium in varicus synthetic

mivtures (Tebie 5).

Preecision and gocurasy 3

among the basgs used, 2,4,06-collidine is found to be
mo,,t; sensitive. With this reagent the precision angé a»cusacy Of
the methed was tmstea by analysing .;Qlutiens &cntc_ining a known
amcuat of malla&iun allom.ng the xecamended ps:c:ceuure. The
, expcari'nental results are snmm in J.able s Tha methed is Eairiy

precise and mpreducible recuiring 10-15 min for each rune

conclusicns

The present methcd for the spegtrophotometric detenuination
or pallsdiuvm is sizzple and has been compared with some cther existing
methods. The sensitivity of the method is not as h...glfs as the other
cneg (Table 6)7 but the method provides sxcellent rececvery of
paliadium in micro quantities in presence of almeost all the commonp
ions eaécep‘.;. thiocyanate, thilosulphate., Influence of the intex;'fering
iens like iron and copper can @asily be overccome, The method 4is

comparable well with some other existing methods (Tcble 7).
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Table 1 ,» Detalls of Extractive Methods

Paremeter Base employed

Pyridine ~ <wpicoline @ ~bPicoline ¥ =Picoline 2,4,6=Collidine
359° 355° 356~ ' 35% 3542
PN Y 366° 360° 365° 363 360°
365 360 362° 0
356% 355° 3567 3508 359%
. - <8 v a ) a ’ .8 a
2068 x10% ) 1.79x20% 1.70810%, 175308 1,38x10%
Molar 163 % 20%,  1.04x10% 1.78;«:104 t.8ex10%,  1.78m10%,
abserptﬁ.vity i.78 x 1058 2.19%10% 1.73x10°%, 1.98x10% 1.83x10%,
ol ten"t) 1,78 x 10"' ‘ &8 a9 44 42
' * 29 04x10 2e 088.10 ' 1,83x10

Extrzeting solventss ae Chloroform, b= carbon ﬁeﬁ:fachloxideg cebenzene ond decthylacetate
* Measursed st corresponcing sebsorption maxima. '

18T
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- 7able 2, Veriation of dbsorbance with time
- (Fd teken 41,75 Ag)

Pime in houy ' o pbsorbancs
after exbtrachicon

0025 . S - 0s 670

0e5 : T . 0+ 670

4 L ' 0,670

8 | o : 0670
2 SRR : 00 672 |
24 S .j . 0.668 |

94

Table 3, Beer's law cdata
L \l .
[

in (opm) S , )&.
1,04 o 0,118 h

\
2408 | o 0.304 '\\
4.17 _ o 0.670 o
6e26 - L 14032 \
835 L 1350 %
10,44 . - L ,fif
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Tebie 4, Effect of diverse ions on the Cetermination of
41,750 of palledium, (Average of three
ceterminations was taken)

ien ahded amoundt , Ion added &maﬁﬁt

tolexrated tolerated

(ng ) _ _ (g
EDT2 : 10 " Rh(IIT) . . Red
Borate - 10 - zZp{IV): . 2e2
Pnosphate 10 uivii . Beld
Tartrate 10 vn(IZ) . 3.9
citrake 10 Cr (EZX) | . A8
Fluoride 0 - La(xIxd : . 442
Bromide 10 AL(III) . 3.9
Ascorbate 10 Th(Iv) 4a1
Phithalate 0 Be(1I) . 6eS
co(Iz) 5.1 o (11} ' 1.3
Nilxz) 5a 3 Bi(111) _ lel
ca(iz) 449 re(Izzl) | 1,2
zn (1) - 6e7 Ccufzzy 0e2""
vV} 5e2  pelIv) . 1.0°

% in presence of fluoride
#%  in presence OFf cjtyate
+ with 2,4,6=collidine.
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Teble 5« analysis of synthetic énix‘mzes {with collidine)

cgmpositim with amocunts in : ' pPalladium £ound

P | in 4@
i. Pa{41.75), Pt(200), Rn(200) 42425
2. Pa(41.75)", re(200), Culi00) - 42,0
3. P&(41.75), Hi(200), Co(200) | 4345
4. TFa(41.75), Al(200), cr(200) : 4345
Se PA(41.75), zal200), C&(200) | 4240

Ge PA(41.75), U(200), V{(200) 41,5

*plus fluericde and citrate,

Tehie » Re@mduéibility of pallatium récwexy using cellidine

Pé taken PO Eound Relative maan

pox- ' g deviation (%)
l 90;4‘?‘& 10(5 3,:8
20,88 207 1.7
4175 4349 : 1.2
62,62 . 6264 Qa7

63,50 - |  B3¢3 o 0491




Present method

(vide Table 1)

Table 7; . Comparlscn after the Present Method
Ref, Reagen pH N mes Molay . . Interference
' absorptivity ©

‘ ey N Cw % ' *
34q Isonitroso JEQ_.G g 450 - 349310 QU , T CO o 82030 Ft

thiccarghor o _

SM HCL
' : ' 4 % ® * * .
35, sSodium ethyl 120 370 and 12772310 Mn (3II), zn (1), ¢& (11), Fo (IIX),
- ) &

trithiccarbomate 10,0 448 | v1*(z1), Co (1I) =né Pt,
3G, Promethazine 1,3 470 3.86%10° . Ru(III) STihen> 0406 ua/ml 7

hydrochlorice 40 o ond I7( when > 0.8 4g/ml)
37 2'ehydro¥y=de Qg S 380 3.38::10,3 . Pel(11T), Rul(Iiiz), 2ro(iil. c:‘itlcztc—:a.

methoxyeblemethyle 245° . tartrate and ELThA

chal}cone oxime-
38, Prochlorpenszine  Owl= 420 4,63x10° Ag(1),Au(III) end 5,0,

340 |
v

39, re*, Cu (ZI) end Pt" (IV)

* masking

agents useds

G8T
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Extraction and Spectrophotometric Determination of Platinum using

Mixed ligand Complex Formation with Pyridine, oS =Picoline,

2 =Picoline, ¥ =Picoline or 2,4,6=Collidine and Iodide.

Introduction

The prime methods used £or the liquid-liquid extraction
of platinum involved the utilisation,of different organic reagents
such as dithizone, tributylphosphate, dithioccarbamates, dithiow
. phosphoric acid, high molecular weight amines eté, In most of the
procedures the after-extraction~organic=phases have beenzpsed for
the colourimetric determination of the meﬁal, some Of-the‘methods

are cited belows

Khopkar’S.EAO utilised molecular and ion~associaticon
compounds for the spectrophotometric determination of platinum

fromﬁ§§§§b1 medium into mesityloxide. In presence of iodide or

thiocyanate platinum gets extracted into tributyl phcéphateélg In

the process the metal has,beén separated from rhodium and iridiume.

In HCl-ACGMa buffer, Pt{IV) forms a blue green cationic

complex with triflucoperazine hydrochloride where Cufz acted as

catalyst, This 121 (metal:ligand) complex can be used for the
42

determination of the metal. The absbrbance was measured at 504 nm,

Gowda He Sanke et al43, determined plétinum spectrophoﬁa-

metically using profenamine hydrochloride. The yellowegreen 133
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(motal 3 ligend) complex sbsorbed maximum at 400 nme Beert's law
was cbeyed £zom 0.5=9 « g Pt/ml,

Ivancy Vo, et a144

suggested method foxr the determination
of platinum(IV) using 4=(2epyridylezo) rescrcinel as a selective

reagenis

Szhartova Js & a3.45

proposed a spectyophotometric technicue
for determination of platinum (IV)- with chromsmurol(sS) in presence
of getyl pyridinium or le(ethoxycarbonyl) pentadecyl trimethyl
ammonium bromide. The sbscrbence ¢ the conplex was ﬁatexmined. at

64050 Ny

196

Gorbuncva Gs.N. et a utilised thiszolylszo compounds

as reazgents £or Getermination of platinum (IX)e

47

Gowda He Sanke et determined platinum by using
premethazine hydrochloride. The metal 3 ligend ratio was found to
be 131 and the pH was adjusted to be at 2,3, The dbosorbance of

the complex was measured at 406 nme

some other methods involve the utilization of Hwpheoyle
N®= (2epyridyi) thic%uzea%f,f p=dimethyl anmincbenzylidene rhodamin%aég' °

methyl gxeenﬁo,_ propicnylpromasine ghc:spham‘s%,; : Qémercaptaaceta%i
nilia '52,, 2=furancarbothioic acid hydrazides’?‘, methoxrypremazine “\
. : : [

54 58

maleate™ , dithiozone amd stannous chlozide™ , haxachlqreis:icmy,é
X i H }
(1v)°%, ferriin®?, Githizcone snd sodide™®, ethyliscbutrszing ||

hydxodhlér.masg) 1,3=cycichexanedione bis thicsemicarbazcne
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60

monchydrechloride™ ¢ thiccysnate and malachita gx:een&g 2o (S

bxqmq..z—@yzgdylszc)gagdiethy;mn@henolea, pmtassimr&auty&xanthatesa.

1, 5=dirhenylearbazice®®, Mandelazo1®®

66

¢ 4=(3, Swdibromom2epyridyleno)-

67

2-methyl 1,5-diamincbenzene . Nile blue B™', for the gpectrephoto=

metric determinaticn of platinume

. Ismitrese t:hiacemphex has been used es a resgent £or the
spectmphetomtric detemmoticn of Pt by ‘Daria PosKe 2t &68 The
complex attained stability at the pH range 6-2» The sbscrbance

of tlic complex was measured st 369 nm.

- Nitrosulfonszo III was utilised by Li ¥Youlur et alég for the
determination of Pt The metal & ligend ratio wags found to be 112,
The pi was adjusted at 846, by using the buffer m3~M4Cl- The

complen showed an absorkbance at 579 nm.

in cur lsboraztory it has besn cbserved that icdowplatinum
- {IV) with pyridine or its methyl substituted deriveatives. foxmsj ringe
ligané complexaes, extractsble intc chloroforme These preperties of
- Pt-cc;rzgplexes lzd to £prther sm‘éies of the systems Loz the developw
ment of & simple sg:@c:tmphowmetria methed for the determination

of platinum, as described beloy.
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EXPERIMENTAL

Apparaztus and Reagents s

Spectral curves and énalytical measurements were made with
a Shimadzsu PRel model gpectrophoteomester, and a ECL 5651 &igital
pH meter was used for the measurement of acidities of aquecus

soluticng..

v

Chilorcplatinic acid (Jchnson and Maktthey) (1lg) was
éisscslveé im' distilled water (100 ml) followed by stenderdissticn
as elemental platinum7§. A working solutiocn (392 /Qg pPt/ml) was
prepared by appropr iste ailution. Chlorofomm (S, Merck), pyridine
(BDH), -apiaaline (riecel), B =picoline (BDH), Y =picoline (Fluke)
é.nﬁ 2¢ é.ﬁ-collidiﬁé {BDH) were distilled before use. Potassium
ieciide (BDH) and all other reagents uged were of enalytical grades |
Different buffer soluticns were prepared by standard procedures.

. standard soluticns of diverse ions were prepared £rom thell Coryase

ponding saltss o _ S

Determinaticn cf platinums

an aliquot cmtaining 100-300mg of platinum was mixed
with O. 05M BqUEeous motassim iodaidge (2 ml) and pyridine/ -picoline/
ﬂumicaline/ 4 wipicoline/2,4, Gmccllidme (0.05 mll)e Volume ©of the
.finaz't agrecus phase was made upto 10 ml with buffer sclution of

desired pH and it wes left for 1 min to ensure complete complexations
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The mixture was then equilibrated with chloroform (10 ml) £or 30
secs The separasted corganic layer was poured over anhyércus sodium

sulpﬁéﬁé to remGVQ"éhy retalned water dxo@lets; pil Qf the équéous
solution, after extraction, was measured., The sbsorbance of the
chloroform extrscts were read at respective absorptions maxime
against chloroform. amouni of platinum (IV) was determined frem a
pravicusly prepered calibraticn curva. To test the‘effect of diverse
ions, the respective foreign icns were added to the system before

additicn cf the reagentse

RESULTS ANE DISCUSSION

rbscepticn Spectra s

' The platinum complexes in chloroform taken agednst the
reagent blanks, showed ebsorption maxima at 345~360 nm (Table 1).
The reoagent blanks show insignificant cbscerbances in the aforesald
wave length region (Fige 1). Wave-length regicn 345~360 am was

selected for all analytical measursrentse

Extraction as a Luncticn ©f pH 3

The extracticn ¢f platinum in terms of ebscrbance was
investigsted in the pH range O=12, Extraction of platinum virtually
starts from pH le The chloxoform extracts showed steedy and maximum
sbgorbances when the extracticns were carried cut frzom aguecus

soluticn @b DH 2e8, 2=9, 8=9, 2=9 and 3=4 for pyridine, o(=piG¢oline,
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p =piccline, ﬁ-apicoline and 2,4,6-collidine, respectively. In
these pH ranges, =2£ter single operation when the extrackion processes

were repeated using the same aguecus phases, the orgenic extracts
virtually showed no absorbance. Thisg indicated a complete and

guantitative reccvery of platinum in this conditicn. Extraction of
the metal as @ functicn of pH has been shown in Fige X o

+

Bffects of golvents s

Apart from chlaxcﬁem, scme cthex solvents like bumene,
ca;bc»n tetrachloride and ethylauatate uerc u@ﬂt\‘.d as extracting
solvents; but those m‘ife:cad no special advantages over chloroform.
The Qattern of the hsorption spectra of the cémplexes remain

unchancged in all cases.

Stability of golour 3

The =bgorbancas of «.hez rlatinum complexes in chloroform
were measured ab elapsad intervals of time at 345=-360 nm., The

colour :.v.ntensity was stable for at least 22 hourse

Reasgent concentration and Beex's law s

The optinum xeageni concentrations were ascez:te;ined by
extrsCting platinum abt various concentratiocns of potassium iodic?;e
along with pyridins/ szﬁiaoline/ p =zicoline/ ¥ mpicoline/z. 4,
collidine, It was noted that 2 nl cf D.05 ¥ agueocus potassium dodide
sclution together with 0.5 ml of pyriciina/ ompicoline/(? eplcoline/
’h}-m.cal ine/2,4,6=collidine wag suff icient to extract 100-500 yi3n
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of zalatinum in a single extrsction.

In all cases, Beer's law f#as found to be valid over the
concentraticon range 5=50 'ppm of platinum. The meolar absoxptivities
of the complexes (ou the basis of metal content) were élsc:»
evaluated (Table 1)e The seusitivities of the methcods with
éyfidine/o(\nmicoline/ﬂ «picoline/ ] -'picéline/z, 4,6=collidine worked
cul to be 0,10 ,ug/cm v 0.11/Ag/cm " 0.10,ug/cm e O Gsﬂg/cm and
O 018 /ag/cm respectively. '

Interference 3

Ia oxder to study the effects 0f diverse ions on the extrsce

'tiehbehavicur, 392 ug of platinum (117.6umg £or collidine) were
extracted and detemined' according to the recommended procadure

in presence of the respective f;':reign icnss An ion was c¢onsidered
to intexfexe if the x:ec:c:ve_-zi.ry of platinum differed by mora than

+ 3% frcm the ectual amount taken. The results are shown in Table Je
A 25efold exéess of Co(1z), Ni(xI), 2n(lI), Mol{vi), U{VI), Po(II),
Mn(IT), caizz), v{v), Balix), sx(11), Cr(Z13), La(IiId, Be(II)

and Al(1II) &id not interfere. A 10=£old excé;é_s of ca(zI), 2x (IV),
Th{IVv) and a S-£fold excess of Rh(III} were tolerable, 2 5«fold
excess of Fe(III) zad Cu(I) could be kept in the aguecus phase
with ammonium hydrogenfluoride and citrate respectivaly. Hg(lit)\:

and PA(II) interfered. 2mong the anicns tested, the follcwing '
{(50=£01d excess)» aid not im;erfere : oxalate, boreste, ,phospha;ée.
tartrate, citrate, r‘;‘luéric‘ie , bgcemide, phthalate, ascetates ch&evez,

thiocyanate, thiosulphate znd ascorbate interfered sericuslye.: The
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lower ccncehtxation of LEDTA is'pérmissible. ihis has been éhown in

’

Table 26

Detegmination of platinum in svnthetic mixtures 3

In absence of real samples, the proeposed method was tested
to estimate micregrem amcunts of platinum in variocus synthetic

mixtures (Table 3)e

Drecision and accouracy &

244%,6=collidine was found to be most sensitive aﬁeng the
pyxidine bases used. With this reagent thelprecis;cn and accuracy
of the proposed methcd was tested by analysing solutiocns containing
a known amount of platinum folloging the recommended procedurcs
The. experimental results are showp‘in Table 4¢ The methéﬁ is
fairly precise and reproducible zeqy;xing 10=15 min far\éach Iuno.

\

Comparison cf the present method s

The perosedﬂmethed is vexy simple and rapid, The method
has been compared with scme othex exiéting metnods as shown in
Table 5S¢ Microgram amdﬁnts CE platinum can be éetermia@d in presence
of a pumber of diverse ions althcucn thiocyanate, thicsulphate,

\

ascorbate, mercury and palladiuvm interfered.
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Table 1, Details of Extracticn Methods

Paraneter Base
Pyridine o -.-Picolineﬁ ?-Picoline ‘;-e-PicGline 20%e6m
collidine
DH 2«8 p- 2 Bwd 2-9 34
N maze ) 345 370 .485 365 360
Molag \ 1,96x10°  1,75%x10°  1.85x20°  3,70:10° 1.09x10%
absorptivity
3 el =l
(Gm™“mol —cm )
Sandell’s 0410 0.1l 0,10 0, 05 0,018
- sensitivity ’

(/Lg Cm“zﬁ




199

Teble 2 Effect of diverse ions on the determinstion of 3924y
of platinum (117,64 for collidinele Average of three
determinakions was taken

Ion added  aAmount ‘Ion aGded Amncunt
: tolerated tolerated
{ mg) (mg)

Oxalate 20(6) Mn{II) 10(3)
Borate 20(6) V) 10(3)
phosphate 20(6) ca(iz) 10(3)
Tertrate 20(6) , Ba(1I) 10(3)
Citrate 20(6)  sx(1I) | 103}
Fluoride | 20(6) cr{zI) 10(3)
Bromide 20(6) Be(Ii) : 10(3)
Phthalate . 20(6) -AL(IIX) 10032
Acetate - 20(6) . ca(zz) 4(1)
47198 2(0,5) Zr (IV) 4(1)
co(z1) 10(3) Th(IV) 4(1)
ni{Iz) 10(3) - Rn(I1x) _ - 2(0,5)
zn (I1) 10(3) Fe (z11)" 2(045)
MO(VE) 10(3) cuzn™ 2(0, 5)
U (vi) 10(3) ‘

Pb(II) 10(3)

£

}  *in presence of fluoride
%% 1in presence of citrate
{ ) for coliidine system
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(m.th collidine)
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Determinagtion of platinum in synthetic mixtures

composition with amcunts in ug

Platinum ffound
pa32]

le

Ze

3a
e
Se

G,

PE(127.6), Rh(200), Co(200)
PE(117.6), Co(200), N4(200)
Pe(117,6)", Fe(200), Cu(200)
P& (117, 6), 1M0(200), V(200) -
PL(117,6), 2n(200), Bb(200)

115, 11645, 115
116, 5, 116, 116
115.0, 1140, 115.5
116, 116, 115.5
117.5, 116, 115

11645, 117, 115

“plus 2 my each of flucride end citrate.
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" ?able 4, Reprcducibility 'c‘aﬁ Platinum Recovery (with c¢ollidine)

Platinum tékezn Platinum found - Mesn Stds Deve

in g pme Lg %
. 579—50 57' 58‘5 . .
58.8. . o , 575 . 089

58, 58, 56 .
114,5, 117, 115,5 _

1176 . . S ‘ 115,5 ¢ 1405
115, 115.5, 1i4.5
17565, 175.5, 177.5

176e4 " ‘ o 175,9 " 0,86
176, 176, 175
234.5, 235,5, 233 |

23502 : 234,44 ‘ 1,16

234, 23345, 236




Table Se

Compariscn of the present method

PH

(Collidine)

Ref. Reagent A s Molax Interference
o (ﬁ y gbsorptivity
* (1 mol™tem™t)
71 Thioridazine 1y GodeOl  640-064  3.41%10° pa" (11), Rw (ITI)
hye)x:aahlorice 1-1390‘5 | | (dm3mcl’“"l cm ) ,, | o
. [ ; ® ;
72y  Mepazine 4o Swdel 512516  1.24%10% Fe" (IIX), Fu (III)
hydrochloyxide ‘
L monokims ‘ BE, F . so™, 8,0, o I
74,  Drepionyl 13l 512-516  5,95210° nil
prUmesing phasphozic .
‘phosphate acid - : :
75,  2woximinoele 54 4ol O 342 1.06220°% -
o indanone S .
76 O=mercaptce At lower 593 9.,56:*;3.93 Nil
acetozcetanilide pH in ECl (cﬁmsmolmlcmwl ) (Sree £rxon the interference of
. ncble and base motals)
77 Phenothiszine - 660 1,353}:10% pd(IXx),Au(1II),Ru(III), Fe(III),
- - - cu(z1), ag(z), Hyg(iz)
78 Present method 3=d " F 360 1-0'923.04 HGe Pci. thioccyanate, thiosulphate

ascorbate

*masking egents were used.

861
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Solvent Extraction snd Spectrophotometric Detezminztion oF Cagge::
using Mixed Iigend Complex Formation with Pyridine,o(«picoline,

B=picoline, J wpicoline ox 2,4

,6=Collidine end Bromide/Iodide

EXPERIMENTAL

Apparaztus and Reagents 3

Spectral curves and snalytical measurcewents were made with
a Shimadzu«PRel model spectrophotometer. Stoppered quartz cells

of 10 mm cptical path length were used foxr sbsorbance measurements.

A stock solution of ccpper‘(n} was prepared by dissolving
CuS04e5H,0 in Qistilled water followed by its stenderdisation
as benZoine o(-o:;imate79. A working sclution ’OfICu (1x) (120/4g ml“l)
was prepered by appropriste dilution. Chloroform (B Merck),
pyridine (BDH),c(=picoline (Riedei)oﬂ =picoline (EDH) Y wpicoline
(Fivka) and 2,4,6ecellicdine (BDH) were distilled befcre use. aAll
othey chemicals were of analytical grede. Stock solutions of
desized diverse ions were prepared f£rom their corresponding saltse
Potassium chlorideshydrochloric acid kuffer was ussd to adjust H

of the agueocus solution.

Determination of copper $ Bromide Systems

2n aliguot containing 50=300u g of copper was mixed with 8M
agueous potassium bromide (1 ml) followed by the a28iticn of 0,5 ml
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of pyridine/ x;giccl.ine/ I ~picoline/ 3 ~picoline/2,4,6-collidineg,
Buffer solubticn (5 ml) of pH 2,0 was theh added to it and the

volume of the aquecus phase was made upto 10 ml with distilled water
and left for 1 min to ensure complets complexation. The mixture was
then equilibrated with chloroferm (10 ml) £or 30 sec. The separated
orcganic layer was peoured over anhydrous sodium sulphete to remove
any reteined water droplets. The sbseorbance of the organic extract
was measured at corresponding absm:pticn maxima against a blank.
The amount of coppexr(il) was determined £rom a calibration curve.
To ﬁést the effect of foreign ions, the i:espactivé icns were added

to the system before addition of the zeagentse

Icdide system s

An agueous selution containing 59—30//.9 cpper was mixed

with 0,05M potassium icdide €3 ml) and 0.5 ml of pyridine/o =piccline/
A «pmeline/ ] apicolune/z. 4.,6~celliéine. Buﬁxex sclution (5 wml) of
ja)x! 100 was then added f£oll Owed by distilled water to meke the

oclume of the agqueous phasey up to 1‘0 mle The aguecus vhase was
lef‘i: fc}: i min, to ensure complete can@lexatiéno The mixture was
the;:z equiliﬁratea with chlé:xoferm (10 ml) for 30 sec. The separated
‘organic layer was shaken with anhydrous sodivm sulphate to remove
any retained water droplets. The sbsorbance of the chloroform

extract was measured at corresponding =bscrpticn maxima against

copper £ree reagent blank. Amount of copper(ll) was deduced. from
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a previcusly prepared calibyxastion curve. 7o study the effect of
diverse ions, the zespectivé foreign ions were alded o the system

prior to the asddition of the reagents.
RESULTS AND DISCUSSICH

Iin prgsence of pyridine and alkali thilcocyanate, copper

forms sn insoluble complex®?

of formula CuPy, (SCN)Z-.- where
thiccyanate behaves as a pseudcshalogen. In presence of bromide/
‘Todide and pyridine bases copper(Il) probably forms complexes of
the type CuP, X, (P = Pyridine base; X = Br/1)e These complexes are

extractsble into chloroforme

absorption Spectra s

The sbsorption spectra Of the ecpper(ii)=bromide~pyridine/
 =picoline/ =vicoling/ 3wpicolineyz,,4.,.6ucolliéizze cémple_xes in
chlorcfoxm showed meximum sbsorbances at 320355 nm with a shouldex

at arcwnd 380 nm in each case (Fige 1.

In the copper(Il)eiodidew-pyridine//3 «picolines/d =picoline/
24 4y6=c0llidine sysw‘:e::fr;ég the sbsorption maxima were aﬁ 350360 nme(Fi6. )
The copper(Ii)-iodide=o(=picoline complex exhibited no sbsorption
maxima in the region 300-600 nm? in this case the snalytical
measurements were carried ocut at 350 nm. The reagent bl anke aiad

nct sbsgerb in the aforesaid wavéa-length regicns. Hence for simplicity

i
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all analytical measurements were carried out at reSpeative abso:ptim

naxima against ehlores orm.

E£fect of pH §

~ Bffe6t of pH on the extractability of Cu(Ii) into chloroform
was examined in terms of abgorbance ci:"l the mixedeligené complex. In
the bromide system, in presence of pyridine bases, marimum =bsorbance
was cbtained in the pH range 1.5+2.5. In a second cngsecutive
cpexration the chloroform extract virtually showed no gbgorbances
This indicated a conplete aﬂﬁ quantiﬁa‘g,ive extrection of copper(Il)
intcs chl orofom :I.n this conditicn. However in ¢ase eof iodide system,
.i.n presence of .pyrid..ne bases, guantitat.we_ extracticn of copper(II)
was accemplished Erem p¥ Do 57»1.. Se "

‘ E;ffeét c:.:'- asolvents §

Apart r.z:cm chlm:of oxm, some cther selven‘cs Like benzane,
e\.hy? acebtate, cerbmtetrachlariae were tested as extracting solventsy
but those of’ﬁered nﬁ °pec"7al advam:.age over chloroform. The pati:em
of the ebsoxptifm gpectra of the complexes mma.in unchanged in all

CaBE8e

Stsbility of coléurs

The abscrbances cf the copper (II) complexes in chlorofcorm
were meassured st elapsed intervals of time. The colour intensity

was steble for at least 24 hourse
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Reageat gmcentraticn and Beer's lav g

Th_e cptimur reagent concentrations were a&aceftéined by
extracting copper at various concentrations of potassium bromide
or potagsium iocdide along with pyridine bases. It waes found that
for bromide cumlexes, 1 zﬁl of 8M aqueéus soluticn' of potassium
bromide along with 0.5 ml of pyridine bases was sufficient to
extr’avct 240 g of | copper(Ii) at pH 2,0« For icdide complexes, the
amounts of reagents required were 3 ml of 0,051 aquecus golution
of potassium iodice and 0.5 ml of pyridine bases to extract the
same amount of copper(Il): the extraction was carried cut at
P 1le0e Higher reagent concentration (of the bromide or ‘Qi; the

iodide) had no adverse effect on extraction.

In the optimum conditions, the absorbance of the organic
extrect showed a linear respomse over a coneentraticn range of
5=50 ppm of .cbp;;erg The corresponding molar sbsorptivities of
the complexes {on the basis of copper cmﬁent)_ angd Sandellts

sensitivities were calcuiated as shown in Table 1.

Intezference g

In order to _s,tu_c‘;y the effects of diverse icns on the
extraction behavicur, 240‘/4 g cf'géiapeé‘ (1X) was extrac:w& and
determined according to the gemeral procedure in presence of the
respective foreign ions. Deviation of not more then 3 3% £rom

the recovery of copper was tiéken as the tolexance limit for the
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diverse ions tesﬁede For bromide eomplexes the system tolerates
10=-25 fold excess of the f&l@wing‘ ionss Fe(XIi)s Colixl), Pb{1Z),
Ni(1X)e 2n(iI), V{V), Rh(III), Ca(Il), Ba(il), sr(iI), B=(II),

T éiz). u(vi), zz(iv), La(IIi), AL(IIX}), Th(IV), Mg(IT), CA(IT),

Mo (iv), PE(IV) and Ho(II) are permissible .a’t lower concentrations,
pa(1I,) however shows strong interference even at trece levels Among
the anions tested, most of them are susceptible Lo the m_-emdure,
élthough phthalate, borate ané rhosphate Ao not inkerfere. In case

of icdo=complexes, 1025 £old excess of the following ions sre
permissible s €o(II), Ni(II), Pb(IT), 2n(T3), Mo(IV), V(V),Rh(IIZ),
ca(z1), Ba(iz), srlir), zz(zv), UWI), Al(I1II), Be(1I), LalIIIi),
T1(%)e The éﬁrstem tolerates lower cc«ncen&atim of cafzz), Hol(iz).

- ané Pe(Iil)e Howevery | Pd*(IIJ ané pt(IV) must be sbsents Among the
anioms tested borate, bromide,. ph?:halaté,, phbsphate do not intere
feres The presence of thiosulphate, Em&, iar%:xate, cxalate, citrate,
£luorice, ascorbate restricts the extraction of ccpper. High zesults
are cbtained in presénce of thioéyanatea The results are presented
in Table 24 '
peterminstion OFf copper in

3

DTy

synthetic mixtu

In cbsence ©f real sarpless 'éhe proposed method was tested
to estimate microgram amounts OF ‘eopper in varicus synthetic mixtuzes

(zeble 3},
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Precision and accuragy 3

Among the bases used 2,8,6~collidine was found to be wost
sensitive in both the bromide end iodide systemss wWith this reagent
the precisicn and sccurscy of the method was tested by analysing solu=
tion containing a known amount of copper(IL) £ollowing the recommens
@ed procefures The aversge of six determinaticns indicated the
proposed methed to be fairly precise and xé;:z'aéucéble in either of

the systems, The results are showm in Table 4.

cop arisori of the gxesent methods

The proposed method is very simplé end rapid. The method
‘has been ¢ompared with scme other existing methods as shown in
Teble 5, Micrcgram amounts of copper can bz determmined in presence
of a number of diverse icns although palladium(II) and platinum(iv)

intexfered,
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Table i¢ Pa'rametex‘s of BExtrective Methods
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Parméetet Basea employed

Eyridine o(opicoline ) -nz?:z,celine K SRPICCLING 24%eOm

collidine
oH 1450265  1e5w2e5  lo5wZe5
max‘“‘“’ 340 329 ! 3@ 340 355 o
Molar, 2el17 3407 Je23 233 Sed3
«,baexptz.vity ‘ :
(m03um mi:l"'l
Sandells 0.029 0,021 0,016 0,027 0,032
sensitivity : ,
(g om 2)
Zodide system -
PH Dy5eleS 0OoSeieB  OeS=le5  0uSwleS  OfSoled
A B3 355 350 350 360 360
ggfggmmity 2438 265 ' 4e23 4,76 6477
(xmadms ol |
=i es )

Sandellts ' . _ _ o
sensitivity o go7 0. 024 00 015 0,013 04009

( feg em™2

)
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Table 2 Effect of diverse ions on the determination of 240 «g
o of copper. Average ©f three determinaticns was taken

Icn =Gded o . amount tolersted ( gl
Bromide Iodide
system system

Pe (III) - | 5000 2000

coliz) | 60060 6000

Pb (11) 6000 6000

Ni{II) | 6000 6000

zn(I1) : 3000 3000

V) - - . ... 8000 . 6000

Ra(izz) - 4000 4000

calzz) - 6000 - 6000

Ba(Ix) 6000 6000

se(ri) . | T . enos 8000

2e (I1) - 4000 4009

T1(x) . 4000 400D

Uvz)- co S L. 3000 . 3000

2z (V) | 2000 2000

ra(zIz) | | 4000 4000

AL{I1I) 4500 4000

Th{iv) S . .. 4000 . 4000

1g (1) 60000 6000

ca(zI) 3000 1000

Mo (Iv) | - 3000 3000

Pt (Iv) - s -

Hg (I1) : | 560 | 500
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Table 3. Loetermination of copper In synthetic mixtures.
(average of three determinations)

Composition with smcunts | o Coppexr found

( peg) - o (pg)
1. cu(120), Fe(300), Mi(300) . . 1235
2. cu(120), w3(300(, co(300) - - - = . 11945,
3.  ©u(120), Pb{300), zn(300) 120
4.  cu(120), Hg(200), Eh(200} 122

5, Cu(i20), Mo(200), V{200) - 121
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Table 4, Reprcducibllity of copper recovery.
Copper taken Copper £cund Mean . &tde Deve
{ug) (ug) - (Logd %
. . Lo
Bromide system
58,  G0e5, 61 | )
50 ' o 50,323 l1.24
61, 6l.8, GO ‘
. e . - N
120 120.3, 122, 121 | 120,8 0e 22
' 120, 121, 120,5
181,  1B2.5, 181
180 | 181 Os 94
180, 181,5, 180
240 2£0,5, 24245, 242 " 261.5 0477
241, 242, . 241
Licdide system
58. 5,’ 60' 61.5
60 R 5940 1,39
60.5, 61, 58
‘ 121.5, 120, 139 -
120 115,8 1,21
120,5, 120, 118
180,53, 181,5, 180
- 180 | 181,16 0,81
i82, 182, asl
24245, 241 - 239
240 : 242 1.36
240, 242, 242




Table S Comparison of the Present Method

Molar

Ref, Reagent pH A
* : | max absoxptivity mterﬁe.f:ence
61,  Diphenyl 48 540 54 qg,xw“ m: (1xx), sn"(11), Pa”(21), He (xI).
o~ ’ N .2
thiocarbazice B (11), B4"(2II), borate and nitrite
82 4-ni'tr§so-iv 5 1,0=11,0 365=375 o.?zxw: co(Ir), PA(II), Hy(II), Fe(III),
resorcinal an ' - -
pyridine bases | 0..4,5::104 zZr(Iiv), SCN, 5,0, EDTA, 7, Cy0ye
0,89x10" tartrate, citrate and agcorbate
1.06x10%
0.21x10%
83, Ne(of=pyridylle  10,5¢11,0 520 5, 2510° -
2ethiogquinaldinaw
mide .
4 * d % d *
84, 10=(2=kenzoia~ 541 ¢ 542 5 ix%10 Al (.’EIIz. Fe , B, ¢r (1I1), 28 .
20lylazo)mde= ' s ¥ . ® ol S
pohanbhrol Ol Co, Ni, ¢& and Hg (II)
85, B=«(nonylkbenzene) Weakly 3758 6.78:;103 Hg(II)
sulfonylaminoe geidie .
quinoline (<L 5)
86, Diphenyl= 8.4 540 14 5%10° -
carbazide
87a (Vvide«Table 1)

Present method

PA(1I), PE(IV) and scn™

*magking egents useds

01¢
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. CHAPTER # VX

2+MERGAPTOBENZOIC ACID AS AN ANALYPICAL RERGENT
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Literature reveals a number qﬁ -ce&pl&xing agents for
spectrophotometric determination of 'palladium Ia ocuxr lcboratory
Zemercaptobenzolc acid is under investigation to study its
analytical potentisiity. A method has been reported t6 determine
palladium spectrcphotometrically in microgram levels  with . |
the reagents
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IS eci;r hotomnetric meteminatﬁcn of Pal;adim

EXPERTMENTAL

Apparatus and Reacents 's

rbsorbance messuremesnts were carried cud 'wii:h a Shimadzu
PRe] model spectrophotometer fitted with a pelr of mabched guariz
cells of 10 nm optical path lengthe

Palladium chloride (Johason and matthey) (1 g) was
aissolved in conce HCL (1 ml) end czilutéd to 250 ml with distilled
waters This was standardised with dimethyl glyaxzmig A working
sclution of palladium(IX) wéf&“prezbamé by approximate dilution

of the stock socluticn.

A Oei% ethanolic sclution of 2emercaptc benzZoic acid
{Es Merck) was used for the purposes Adjustrent of pH in the
acueous rhase was done by using 0,2 N acetic acid and 0,2 M

sodium zcetate solutich.

Standard sclutions of diverse icns were prepared from
chlorides nitrates as sulphates of metals (in case of caticns)s
end £rom sodium, potassium or ammopium Sslts of the species

concerned (in case of aniong) to study this interfering effects.

All other chemicals used were ©f analytical grade.
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An sppropricte amcunt of palladium solution (20=100g)
was taken in a 10 ml volumestric f£laske To thls was added 0.1%
ethanol:lc sclution (1 ml) of znme_rcaptcbenzoié seid followed by
the atetate buffer (5 ml) (v} 3.5). The volume wes made up with
digtilled water and lzft for 1 min to ensure complete ceag;lexa‘tie;;z
and meximum cclour developments Absoxrbance cof the soluticn :was.
moasured at 420 nm sgainst a reagent blanke mcz;nt of palladium
present was computed from a calibration curve. To study the
interference, the respective foreigm iéns‘ were added prior to

the aédition of reagent znd v@&um‘ make BDe

RESULTS AND DISCUSSICH

absorption snd spectra |

‘.Thg absorption sgact;rum of the /}?xﬁ (11)wZemercaptobenzcig
acid cemplex in aguecus soluticn ageinst the reagent blank taken
28 veference is shown in Fige Le Heximum absm:bsnceﬁ as seen from
the spectyum, cccurs at 420 nme The reagent blank prepared undexr

conditions of the ewperiment absorbs considerably below 380 nm

but the cbsorbance becare insignificent £rom 400 nm auwards. Hence

the wave lencgth of 420 nm was selected for 2ll asnalytical measure=

enNtSe



Effect of pH 3

The effect of cfn colour develcopment was examined by
measuring at 420 nm@ﬁ%%i%ﬁééﬁbaﬁce.mﬁ the palladium complex over
the pi range O=12. Varicus buffers wefei‘aﬁplaye& for the purpose.
The complex exhibits censtent and maximum cbsorbance when the acidity
of the aguecsus phase wes maintained &t pH 3«4, shosing a gradual
decrease in value with increase or decrease in pHe The variastion
of sbsorbance with change in pH the aguecus phase is shown in

Teble 1 end 4 in Fige 2.

Effect of reagent concentrabticn 2

The effect of 2-mexcapto benzoic acid on the colour develop-
rent of the PA(II) complex in the agquecus rhase was studied by
adding different emounts of the reagents, Use of Oed mi of Ouly
ethanolic solution of the reaggent was sufiicdent for maximum golour
development of the aguecus phase (10 ml) containing 43 Kg of
palladiums Use Gf 1@53 than 0,25 ml ¢f the reagent ;_bmbanly rendex
the cumplexasticn incomplete and low sbsorbance velues of the agueous
solution are cbtained. Incressed concentrations, on t;he other hand,
éo not bring sbout any significent chenge in the maximum value of
absorbances However, use Of 1 nl of O.3% ethanolic solutiocn of the
reagent is Qz:eﬁe:}re;d in the proposed method @8 a paré Gi the added
reagent tbay be consumed - 3£ ,ﬁéreign icns are present. Results
cbtained in respect ©f reagent concentraticn are presented in Teble
20 |
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Stability of colours
The ebsorbance of the palladium complex in the aguecus phase
was measured at elepsed intervals of .-,"25, 05, 1, 24 4, 8, 12 and
24 hcurs after the celour deveiopmant at 420 nm egainst the reagent
blank was measured, No change in the eclour intensity was recorded

upto 24 hours (Table 3). The complex is thus, sufficiently stable.

Calibration curves sengitivity and precisicn @

Calibration curve was prepared by standard precedurc.
Different amcunts of palladium were allowed.to intersct with
2emercapto benzoic =cid maintaining all conditions of the given
. progedure. Absorption of the pPdecorplex was measured ab 420 nm
egainst a blénk, A stondaré calibration curve was cbtained by
pl@ﬁting abgorbance vaiues against corrzesponding palla@iizm coneentra-

tions (Table 4, Fide 3)e

The system conforms to Beer*s law over concentrations of
10 ppm of pa:!.?adwm {Table 4,, Pleg 3})e Sandell's sensitivity and
molar absoxptivity of the complex (on the basis of palladium content)
are ‘0._005 /Ag/e%nz ond 1,725 = 3.04- 1 mnlﬁlcmf'z respectively st 420 nm.
This clessif:iés the colcur reactiocn as cne of the most sensitive

for palladium compared with some other existing methods (Table 5).
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Precigion and accursey 3
- The precision and securscy of the proposed method was
tested by snalysing solutions containing a known amcunt of palladium
(II)e The results in Table 6 indicabed the method to be fairly
precise and reprcducibies The total operstion time for each run |

required 1015 min.

Interferenca 4

In & segparate set of experiments a stenderd pallaedium(II)
solution centaining 43 P9 of palladivm in cach case wes mixed with
an scuecus aolyvtion of ope of the foreign specles. Determination
" of palladium was then computed following the reconmended procedure.
The tolerance limit was set-_.. at that smount ©f the foreion material
for which agzyxm;imate;y 3;3 per -cent error would be achieved, The
upper limit of concentration investigsted was, hwévexg restricted
‘f;r;}jt‘;_ha améunt arcund 100 fold excess {(w/w) of the pelladium concenw
trationes The results showing tolermﬁe l,imi-ts' of the forelgn materials

invaatigéteﬁ, are given in Table s

Tolerence limits of some ions heving serdiouzs interference
were improved by using masking agents, Ge«Jes iron({IiI} was masked
with fluoride, lead{Il) with excess eccetate, 2Among the ions tested

rmercuxy (1) has vexy low tolerance limibe
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applicstion to the anelysis of synthetic mixtures 3

In cbsence of xreal samples the proposed method was extended
to some synthetic mixtures to estimete micregram amcunts of pallaw
diume Five different synthetic mixtures were prepored by mixing
solutions of pallsdium(II) with those of platimum(IZl). Rhodium
(IXI), iron(IIx), copper(II), nickel(Ii), cdbolt(II), zinc(Il).
cadnium(Ile m@lybgenwn (V) and veanadium(Vv} :i._n the manner as given
in Teble 8, The amcunt c£ palladivm present in esch sample was then
determined by follawing the recommended procodure. Masking agent

was used wherever necessarVe

- Conclusion s

The present methed foy the spegctrophotometric determination
of palladium is simple, rapid and sensitive. The metal in micreo
guantities can be estimated 'in presence of most of the common ionse
- Influence of gore interfering ions ¢an be overgome. The method is,
therefore, a selective ones Furthermore, the method i precise and
repreducible. The preposed xethod ds tims worthy of finding
epplicaticn for determination of palladium whenver high degree of

precisicn and sensitivity is desired.
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Ta)}le 13 Variatim of .«.bsorbapce with pH of the acuecus rhase
(the aqueous phase (10 ml) contains 43 4g of PA(II)
ané 2 ml of 0.1% ethanolic soluticn of 2=mercsctos

benzoic acid
pH . abmsrbance PH  Absorbance
0,5 . | 0,140 445 0p 660
i.0 0322 5«0 0 650
1.5 0,420 | - 545 0600
240 0.500 640 0,600
2.5 0,510 6e5 0, S50
340 0,668 Y De510
3.5 0,695 8,0 Ca 470

“3.-;1 6 @¢595 ) 91 G oc 4’10
' 10,0 0320

Table 2, Effect of Zemercsptobenzoic acide The aquewu thase
€10 m1) {(pH 3.5) contains 43 Ug of P&. 0,1% ai:hamﬁ:ic
solution of the reagen& was used

aAddition of rbscrbance addition of Abgorbance

reagent added ‘reagent added

in mi : , in mle

0a05 0,340 . 0B ’ 0e695
0410 0e395. . . 0g6 v . 0692
0,15 , . 0,430 DeB ' 0,692
002 Cs 480 1.0 0. 6395
0.25 0,532 145 De 655
0e3 0ed30 : 240 0695
0435 ' 0,680 440 0. 698

0,40 . 'Og 690 Ge O 0; 292
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Teble 3. vea.*:iatim o dhsorbantce with tims

Time in hour , Posorbance

025 _ . 0,695
Ve B ~ 0595
1 0. 692
2 B 04695
4 ‘ | 0s 695
8 : _ - Ds 695
12 | | | Ou 695
24 ~ - . 0.605

PTeble 4, Beerts lag dsta

cén:;entraticm of | | absoxbance
palladium(y_pm) o | | A at 420 mp

1007 ~ | 04240
2015 0,222
322" ¢ 3 S 04 550
4.30 . " - 04695
5,38 Ca890
LS 0e 982
Be60 | : 1,380




Tabla 5

Corperisen of the Method

Reﬁo

Reagent

Iﬁ - A

Molar

Iintexf erence |

absorptiviby

ds Igonitrose X4 HCL 450 3490 3 10° ce', cof, pt", Hg
thioceanphor to : and 5.0

2 Phenothizzine and Ethsnol 3551 and .3,. 542 x w§ end . Pe(IV), aa(IIX),
Promszine medium 450 9. 213 x 10 Fe(11i), cu(Ii),

| m(ﬁ end Hy (11)

Lo  Sodium Ethyle 1,010,0 370 102772 0% xan , (1), zn” (13),
trithiccarbonata ed’ (111), re (z12)8

ns. .(Iz_). co” (1) =nd

. oo

5. Xanthates 10 HGL B0 60 1.9 x10° re', Pb", Bi(II1),

I?H 1‘7' and 465 i»9 = 10 o Xy P (IVJQ Cs (VIII)g
?J‘i Hﬂl ‘Eﬁ 1;76 i 19 @203 Vm&&a‘ﬁ.@,
Bi a9 1.82 x 10% molybdate, N1 (11,

| 1,80 x 10° co” (1), cu(zr)

G. ¥y Cronyede 0sB &0 380 . 3438 ‘-"?15;3 Bel{r11), Ru(IiIl, 2r0{11),
FEEheymS = Ze5 . R citrate, tartrate and
methylchalkonee BDTA
oXIME | .

Prosent method 3ed 1,725 = 10% re" (131), o (n),

420

= magking agents used

L.CG



Tzble Ge Reproducikbility of the method
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palladium -

Mean

Stde Doave

palladium
taken (Gg) Zound ( 4g) V2 S %

2060 2045 15,0
41.5 43,0 42,5 _ .

4340 ~ . 42,25 0,68
41.5 42,0 43,0
64,5 6Ge 0 65,0

C 64,5 65, 25 0, 52

6565 65, 0 65, 5
85.5 84,5 BG5S

86,0 o 86433 1.63
88,5 6840

85,0
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Table 7, EBffects of divexse ions on the detemmination of 434y
of palladium. Avarasge of thrse determinations was
teken in eech cese

Iion added arpcunt ion zGded Awwrant
: tolerated ' tolerated
Llg ‘ | g

Ascoybate 4000 'Fe.gz;zn* 400
Tartrate . 4000 cuf{ix) 200
Citrate . 4000 e of Spe 4000
Borate 4000 Tu{Iv) 1000
Fluoride 4000 2e(Iv) 1000
Uralate 4000 Mo {VI) - 2000
FOEA 2000 Pofzr)” 400
Thiosulfate 296G Ho{1xd 100
Thiscyaneate 2000 sni{ixd : 4000
Todide 490 viv) . 4000
Phthalate 2000 © AanfIIX) 4000
Arsenste . . 40020 0 mglazy 4000
Bromide 4000 ag{z) 1000
Phosphate ‘ 4000 ca{zzl 4000
Hitrate 4000 Co(Ixl 4900
Zn{3x) 4000 se{11) 4000
Ba(ii) 4300 y{vz) 4000
wi{zx) 4000 Bi(11x) 4000
' o - Pe{avi 4000

Rh{zIz) © 4000

* in presence of £luoride
*In presence Of excess zeetobes



Teble Bs Analysis of Synthetic Mixbures
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HCs Copposition with amount

Palladium found

(in (rg) of esch censtituent)” { L)
1 ‘pd(43), P&(200), Rh(200) 4345, 4440, 4345
2 pa(4s), re(100)", cuf100) | 43.5, 4440, 44.0
3 p3(43), mifzee)g éo(zéos “ - 4345, 4365, 4340
4  Ppa(43), zn(200}, ca(200) '43,9-_5@ 4440e 4340
5 P& (43), Mo(200), V(200) 4340, 4350, 43.5

* in presence of Lluorlde.
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CHAFTER = VII

CACOTHELINE AS A SPECTROPHOTCMETRIC REAGENT
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Cacctheline ig to be the nitrate of the bisdimethylmono=
nitrcbrucine hydrateé?? and have the formula, CyH,, (GH»)Z_»(SOQJNZO .

1-11\703.- Aquecus soOluticn of cacctheline gives a viclet colour with
stannous iocns due to the formaticn of a feﬂuct-im product of
cecotheline: of unknown comp@sitier?‘i Pctluréff? uéed cacotheline

as an indicator in estimating Pb{IV) and Cr(vﬁ with T4 (iI‘I)_. The
present suthors noted that Fe{II) gives a violet colour with
aguecus solution of @acotheline in pé:ésenée' éf phosphoric acid,
and which lead to the égvelpémght of a .s;l.rrp'le'-spectrdphotcmetﬁc

methed £or iren(II) determination.
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A f.f‘aCC‘fl‘.h&lin& ', n ; -, A | N |

| Litersture survey shows that use of thiotyenate, as & °
cermwlexing agani: £or colorimetric deteéermination of irem is very
populszs The red colour of Fescm*‘?'z has long be-:en employed £or the
colorimetric estimaticn of ivon(III) and in presence of excess
thiccyanate, the extrsction of iron is possible in to oxygen bearing
soclvents. The metal can be determined s;:ectz;fephcrt;cmtriéally by
using chromeazurals and hexéﬁecy:t. t:x:iﬁlethyl ammonium bromd 2@

Gonzaleg Portal et 313 determined iron {IXI) spectrophoto-
raetricallj by using music acid st pH 8406s The ebsorbance was measured
at 280 nm, Matimr :.%,,Pﬁ deternined im-_(xlﬁ Spectmphetometrmamy
by measuring the sbscrbance ‘czi its complex with NequineolyleNephenyl
thiocurea at 475 nw. Gther reported methods for the determinaticn
of izonm involve the spplication of ascorbic acids, 3=hydroxy
ﬁlévcﬁéﬁ; .Ne-benaylaamephenyl hydrouyleanine and nephthalene?. 292V
émgriéyl hetongeZepyrimidyl Hy'c"s‘ré»z@nes_‘,, 45-caip‘ryl'-_’sﬁmethyla»:i;i;-_-z;ahenyl-

?, 2wutheonyltrifivoroscetone®®, 4whyarcuyei,10-

ii

Sepyrazolineg
éhenanﬂxta&ine P m-hyarcwgy-n-zmenyl«'i‘- (2 methylphenyl)
benzamidine hydrochlorige and tvhiocyanate and aziﬁalz, 2¢2Vm

1%

dipyridyle2equinoiyi hyarazene?, biacetyl monoxime®®, 2-(2« -

thiozclylmazo)—é—mathylphenél‘?’ ¢ 246 dizcetyl i:»yz:i&ine &nd ethylene
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16

~ aiaming®®, 24 2%=dipyridyl zcetoxme”

aliCY1leﬁhyﬁxégiﬁ618'

pyridine-zuacetaldehyde salicyloylhyﬂrazcnalj, Jehydr CRyw2emnathy e

20

1ls4=-ngpthoguinone monoxime™ ¢ 7~(2—thaazolylazo) resmcinalz1

isaph;ha;oéihyaraxamic asidzgi S or 4enitro=2ebenzylel,3,
= . .
imdandicne“B; 4y B¢ Trtrihydrosywdm (penethaxy phanyi)wcoumaxin34§

Simonenko v;u. et al prqrosea a method for photometric -
determinstion of dren(IXI) usang methyl i,3-indan=dicne 2= .
carb@xylateulzt>was a 333 guﬁgléxQSxtxactable in to chlorqﬁcxmg

?he“yﬂ?waé»aﬂjustEﬁlat Dowlry ?héAGGQplex ebséxbed.weli at 490 nm.

Bore other resgents which have alsc been stu died for the

spﬁct:@phatame tric metexmmnut;cg<of‘ircn include z-hyuroxyns—methyl-

2—3§c1qgenten~&gcneza, qpin@linse?aaléehyée»thiosemieazbazaneQV,
crystal. violet =nd malachite. grwenza; S (2=thiazolyleao)=-salicylic

dag, bronopyrogallel xeé39¢ antipyrine and chloro acetic acidBl

B=quinclinel and menicnic surfectant and sodivm thl@Sﬂlgh&t@Bgl

3-(2ﬁpyridyl)~5-6~uap§enylwigz,&-triﬁaine and tetraphenyl borataas

8, Sedimetiylei, 2, 3scyclchexane trione 1,2+dicnime=3sthiosemicarbam

zone®?, silicetes end 1,10 phenanthroline®>, mothylethylene diamine
37

36

-tetra acetic acid™”, amines and thiacyanate ¢+ 2=benzylidenimince

benzchydroxanic acid' * bi@yriﬁyllglyuxal bizs {4=phenylele

thiesemicaxbezanelsa; S—hyﬁraxypicalinalﬁehyééazinegq* sulfochrome

and cetylpyridinium chloride™, we- (‘EPmaﬁhylyh@nyl)hswmqbutaﬂms,,ﬁe42'

thiccyenate and éhlﬁmgprgmazinegz.
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Xieng Yuan et 314@ developed a method for the photametric

det.eminéti@n of Arem(IIZ) using oxyitetracyline. The é@m};lex was
stable at the pH ranoe 3=5 and showed an absorbance at 420 nme

spectrophotometric detegmination of iron by using

2o/ 2= (S=bromobenzo thiszolyl)eso J-Smaimethyl amino benzoic aeid

was carried out by Zhang Guang &% algg; The 132 complex had a

at 846 nm with mclaf absorptivity of 8,0 x 1‘0& i mol"l em"'?.;

max

1%% nave Geterimined ircn(II) using

Zhang Zhenya ek a
1,10 phensnthroline and picrate in pH 2«5 medium in presence of
NHQGH,HGZ. and acliia. The complex was entracted with cﬁzcz,-g.. Its

absorbance was messured at 510 nm.

salinas Fe b e-l&? wag successiul in éetermiviﬂé dcnd{1z)
with thiosslicylic acid with A .. &t 658 nm. Beer's las was cbeyed
between 0,3 and 2,9 ppm of Fe(II)e
Arlhore Delle et a1%® guggesteﬂ a method for the spectro=
photometric determination of iron using 3ethicbenzoyl jepe-
tolylthiocarbamides. The complex sbsorbed ot 520 mme. The scnsitivity
of the methed was determined Lo be 0,014 and Seer®s law was cheyad

in the renge of 1.0+7.5 4 g of izrcn.

in the present investigation a programme has been undertaken

for the spectrophotometric deternmdnation of iyxon with cecoctheline,
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EXPERIMENTAL

1. 2pparatus and Reagentss

Absorbance measurements were carried out with a Shimadzsu
PRel model spectrophotcmeter fitted with a pair of matched quartz
cells of 10 mm cptical path lengbh.

stock soluticn of iren (II) was p&:epare& £rom FeS0,,
: 5%
(NH4}3504 and standardised™,. 4 working soluticn of irom (II) was
prepared by appropriate dilution of the stogk solutions

A Q0«2 acuecus solutivn of cacotheline was used £oxr colour
cevelopments Acjustment of molarity in the aquecus phase was done

by using phasphoric‘ acid.

standé:cd, solutions of diverse ions were prepared from
chlorides, nitrates or sulphates of metals (in case of cations);
and f£rom scdium, pctassium or anmonium salts of the species cone
cerned (in csse of anioms) to study the interfering effects. all

cther reagents were of anlytical reagent grades

2w Determinastion of irons

2n sppropriate amcunt of iren(II) solution (100=5004g)
was taken in a 10 mi volumetric £lagk, To this was added phogpheric
acid (5 ml) and the aguecus sclution of cacctheline (0,5 ml), Volume

of the mixture was made up to 10 ml with distilied water and left
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for 1 min to ensure ,compléte complexation and maximum eolour
development. Absorbance of the solution was measured ab 530 nm
against a reagent blanke Zmcunt of iron(I1l) was computed from a
calibration curve. To tent the interference, the respective foreign
jons were addéed to the system before addition of the ;r::aagents and
volume meke ups ' ﬂ

RESULT AND DISCUSS NKE

3« Absorption and Spectras

In presence, of fluoride or phosphate, irom (II) gives a
viclet colours In the former, the colour is very unsteble mnd £edes
away within 5 mine But in presence of phosphoric acid the system
gives a stcble colours The absorption spectrum of the Iren(II)
cacotheline complex .in aguecus so.lutic‘*ri against the reagent blmk
taken ag reference is shown in Fige '1 o Maximum sbsorbance as seen
£rom the Spectrum. ogcurs at 530 nme The reagem. bJ.ank prepared
unéev the experimental condi ticns did not ‘show any sbsorbance in
the afcresaid region of uavemlengtm Hence the wwe leragth of

530 nm was selected for =211 analytical maasurenents.

4. Effect of molarity:
The effect ©f molarity on coleour development was examined
by measuring ek 530 nm the zbsorbance of the ixan (TI) complex

over the range of molarity 0=i2« The 'GOW1§$ exhibits const@t,
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a,né maximum absorbanée slong with maximum colour developmant when
the acidity of the aguecus @hése was maintained at 6~10 M with
respect to ph@sph@iic acid; shewing a gradual decrease in value
with decrease in molati«tf-. The varistion of sbsorbance with change

:i.n”xriafa”i'iﬁy ¢ the ac;ﬁecus rhase is shown in Table 1.

5, Effect of reagent concentrations

—

The effect of cacotheline on the colour development of
the Jron(Zl) complex, in the aguecus phase was studied by add;mé
different amcunts of the reagentsSe. Use of 0.5 ml of 0,2% aqueous
solution Of cacotheline was sufficient for maximum colour develcpe
ment of the aquecus phase (10 xhl.) contaiﬁing_ upto '580/a-g of irom
(1I)s Use of less than eaml ﬁf:‘ the reesgent ‘prcab'ebly render the
conplexation ineccmplete and low sbscrbance values of the agueous
solution are obtained. Higher écnce{ntz;at,ions of the resgent, m
‘the cther hand, @o not bring sbout eny significent chenge in the
maximum value of cbsorbances However, use Of 1,0 ml OFf 0.2%
aquecus soluticon of the reagent was preferred in the proposed
method a8 a part of the adfed resgent may be consumed w 1€ foreiom
ions are pmsénti Results cbtained in respect of reagent concentra=

ticn are presented in Table 2

6¢ Stebility of colours
The absorbance of the iron coumplexz in the aguecus phase

wes measured at elepsed intervals of 0s25, Ds5, 1,244, 8, 12 hicurs
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after the colour development at 530 nm against the resgent blank
was measureds. No change in the colcur intensity was recorded up to

12 hours (Table 3). The complex is thus sufficiently stzble,

T celibratim'x curve, sensitivity and precigions

Calivration curve was prepared by standard proecedure,
Diffezent é.maunts cf iron were allowed to interact with cacotheline
maintaining all cconditions of the gliven procedure, Absbrption 65 the
Ircn-complex was meesured at 530 nm against a blank. A standard
calibration curve was ocbtained by plotting sbsorbance values against

correspending iron concentration (Table e 4, Fiﬁ:ﬂ_ N

The system:ccsnfoims to :B,eexf"'s law over'ccncentraticn rance
of 250 ppm of iron(II) (Table 4, Fige 1. ). Séndell's sensitivity
and moclar sbsorptivity of the ccr@l&: (cn the bkasis of iron content)

3 -l =k

were found to be 0. Os/ug/cm and 1,49 x 10° 1 mol cm - respectively

at 530 nm.

8., Interferences

In a separate set of experiments a standerd iron (1)
soluticn containing 300w g of irom in each case was mixed with an
aquecus solution of cne cf the fbreigri spéciés‘ Determination of
ircn has been computed follcm,ng the reccmmen&ed prcceduxe. The
‘tolersnce limit was Set at that. swcunt Gf the foreign material for

which approximately + 3% exrér’ would be :aeh:z"_‘.ev‘eé.; It was found
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that 300/a_g cof iron.(;::l: ) could easily be determined withcut any
interference in presence of 5 mg of e=ch 6£ the fal"owing cationss
Mn({IiI), Co(1x), Ni(zI), rzo(v:t). pd(n). pt(zv), Rh(zIx), cAa(I1),
Ca(zz), Ba(iZls Srliil, z:c(n). Th(::v). Be (II), 2n(x1), Hg(II),
Mg(Iz), Pb(iz), T1(I), u(vz). La(n:) and AL(III)e Cu{Ii) and

v({V) must be asbsent as the system gives no colcur :i.n presence of
the said caticns. Presence of leﬂ-‘s than 2 mg of Cr(IXI) is harmless.
In presence oOf Fe (ZI1) low absorbance is obtained. The system
tolerates 50 mg of each of the f£ollowing anions sEDTA, thiosulphate,
ioéic‘:e, brcn&dé, fluoride, citrate, tartraté, ascorbate, oxalzte,
acetate, phthalate, borate. There is no colour develcpment if
nitxa;te is present. The results shwoing tolerance limits of the

foreign materials investigated, are given in Teble 5,

9. Comarison of the present method:

The present method for spectriphctometric determinaticn
of iron is very simple and rgpic and comparsble with some other
existing methods (Teble 7 ).

10, applicsticn to the analysis of Synthetic Mixturess

in absence of i:eal sar.{p'les the proposed retiicd was extended
to scme synthetic mixtures to estimate microgram amcunts Of irom.

rour different synthetic mixtures wexe ' prepared by mixing solution
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of iron(II) with 5004g each of platinum(II), Rhodium(III),

pallaﬁiumai)o nickel(I1), Cobalt-(II), 2ine(11), cadmium(II) and
molybdenumi{VI), m the manner as given in Table 6. The amcunt of .
iren preseht.‘ in esech sanple was then determined by following the

recommended procedurcs

11. Precision and accuracy 3

. The precision and accuracy O£ thé proposed methoed was
tested by analysing soluticons containing a known amcunt of iron(II).
The results indicated the method to be fairly precise and repro-

ducible. The total cperaticn time for each run reguired 1015 mine

12, Conclusion s

The present method for the spectrophotcmetrice determination
of iron is simple znd rapid. The 'rhetal in lmié:rcquar'ztities. can be
estimated in presence of most of the ccmmon ioms, The method is,

precise and reproducible, |



10
4 0'5
o
fomd
[=8
= <
o
[p]

[e3]
<€
0]

{
400 . 500 ‘ - 600
WAVELENGTH ,nm

F1G.1. ABSORPTION SPECTRUM OF Fe(li)- Cacolheline system .

242A



ABSORBANCE

16
Iz
08

04

1 i 1 i

0 10 20 30 A0

"AMOUNT OF (RGN ( BPbw),
FIG.2. CALIBRATION CURVE FOR DETERMINAT!ON OF JRON

50

2428



2438

Table = 1y Variation of dosorbance with acid concentration of
the aqueous phase/ The aqueous phase (10 ml) contains
3004g Of iron(II) and 05 ml of cacotheline 0.2%.7

Absorbance at

3P® concen. absorbance HBPO4 concen,

in M in M 530 nm,
145 0,105 5 0,795
2: 0,350 6 0,800
3 0,700 8 0,798
345 0,750 9 . 0.800
4 0. 790 10 0,800

Table 2« Effect of Cacotheline concentrataon. The agueous
' phase (10 ml) contains 3004 g of iron (II) and 5 ml

for variation

- oF H3PO4_£rb.2% Aqueous solution of cacotheline used

Vol of ads

Absorbances

0u7

: Absorbance: Vol of ade
cacotheline ' Cacothe71ne at 330 nm
0095 09256- QqB 0,800
0017 04650 140 0,802
. 0»2 0,750 12 0,798
0.3 0,795 le4 0.800
0u4 0.800 1.6 0,800
0.5 0.800 - 1.8 0,798
0.6 04798 2.0 0,800
04798 T
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Table = 3 Variation of -abscrbance with time

Tire in hour . , zbsorbances at

530 nm

0e 25 04800
05 - 04798
1 . 0,800
2 , e 800
4 o 0,800
8 | ’ . 0.800
12 ’ : 04800

~

Table » 4 Bee¥'s law Data

Amount GOf . Absorbances

ircen (ppm) ' - &k 530 nm
i0 ' _ . 0,240
20 . ' : 0,490
30 T 0a.798
40 ~ . ' 1,030
50 . . . 16370
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Teble » 5 Effect of diverse iocns cn the detexminaticn of 94,74 g
of ccbalt. Aversge of them determinations was taken

Ion added mmount (mg)  Ion added

. ' Amcunt

Fe(300), ni(500), Mo(500)

tolerated tolerated (mg)

vn (11) 5 Zn(II) 5
cof1z) 5 Hg(I1) 5
Ni(z%) 5 Mg(II). 5.
Mo (VL) 5 Bo{zz) - 5
pa{xII) 5 23(x) 5
PE(IV) 5 u(vi) 5
Rh(III) 5 Lal1xz) 5
ca(zz), 5 al(1Ir) 5
ca(zz) B cu(ixn) 5
Ba(li) 5 v(v) 5
sr{II) & Cr(I1I1) 2
Z¥(11) 5 EDTA - 50
Th (Iv) 5 Thiosulphate 50
Be (11) ] Todide 50

Bromide 50

Fluoride 50
Teblewd analysis of synthetic mixtures
NOe ccz}@osition with amcunts tsken in /ag iren found

| | in feg

1. Fe(300), pa(500), Pt(500), Rh(500) 30145
20 re(300), cu(500), Ni{500), Co(500) 302
3. Fe(300), 2za(500), €d(500) 301
b 300,5
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Teble -7 Conperiscn of the present method

Ref; Reaéénﬁ | ,- DH A ma# Molar Intezfes:enée
3 absemtivity
(1 mol™" cm -1 b,

49, oehostyl 2.5 wd S50 md 5,32 % 10° o, ag’,
pyridine= Es 610 an -
thbosemicarbas 740 x 10° EDTAs QU 45Q0
zone *

50s SwbrOmomZem 3,5=10 558 - 7,64 x 0% i, We GO
(2wpyrie . « .

Qylaz 0 )mSm
(diethyle
" amino)wphenol
51, BehydrcxyeTe . 3,5-6,0 705 1.8%x10% oz’
nitrcsowmoline o ; . oo
Sesulphcnie
' Acid
! - , » . =
52¢ 1 lo-phena -  140=l,5 515, 22500, Fo, et
throline and . 818 21700 ‘
2, 2~bipyridine ‘

Ee 2,2'”@1_@}?1'.1&}71 1, 5"2'5 S4Q¢ 3.1500‘ EDT%' CN P
ketone=2epyrie and 580 12500 persulphate,
m*ayuhym:@ane 54 0w13 3 PdCII)

535  Se(345=aibromo 4e6e5 556 ax20% . cotzm)

. w=2wpyridylazo) : o (wvhen>0s01 mg)
w2aded] amino | A o cu(zrz) (when
toluene > 005 mg)

54 Present GmlOM 530 - 1.49 X -10; , cu{zx), VIV)
method H,PO, . : nitrate’

‘* mesking agents useds
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Palladium(II) forms complexes with pyridine/a-picoline/f-
picoline/y-picoline/2,4,6-collidine in presence of potassium io-
dide. These are extractable into chloroform and absorb at 354~
360nm. The molarabsorptivities of the complexes areinthe range
1.6-1.9 x 10*1mol -~ 'cm ™. The formation of these 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
other'?2. It has been noted that palladium(II) iodide
forms complexes with pyridine orits 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, 3-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 5651 digital pH meter was used to measure the
acidities of the aqueous solutions.

Palladium(Il) chloride (Johnson & Matthey) (1g)
wasdissolvedin 1 mlhotconc. HCland diluted to 250
ml with distilled water followed by standardisation by
dimethylglyoxime?. A working solution (41.75 ppm
Pd) was prepared by dilution.

Chloroform (E. Merck), pyridine (BDH), o-
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-
ods?.

General procedure

To an aliquot containing 10-100 ug of palladium
was added 1 ml of 0.015 Maqueous potassium jodide
and 0.02 ml of pyridine/a-picoline/pB-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 ~as 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 atthe A, of thecomplex againsta
reagent blank. Amount of palladium(II) was deter-
mined from a previously 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 attherespectiveabsorptionmaxima. 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)-
complexes 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 range 3.5-10.0. From the graph
PH, ,, values were evaluated to be 1.6 & 10.7.

The optimum reagent concentrations were found
to be 1 ml of 0.015 M KI and 0.02 ml of pyridine/a-
picoline/f-picoline/y-picoline/2, 4, 6-collidine for
quantitative extraction of 41.75 ug 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(Il) complexes
(on the basis of Pd content) at the respective absorp-
tion maxima in various solvents are shown in Table 1.
It has beenfound that use of other organic solvents of-
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Table 1—Details of Extfacﬁve Methods

Parameter Base employed
Pyridine a-Picoline B-Picoline y-Picoline 2,4,6-Collidine
359 3552 356° 356° 3542
" Apy(nm) 366° 360° 365° 363b 3600
_ 365¢ 360° 362¢ 361¢ 360¢
3554 355¢ 356¢ 356¢ 3594
. - 1.68% 104: “1.79% 104: 170x10*  175x10*  1.98x10%
Molar 1.63x10* 1.94 x 10* 1.78x10°°  1.88x10*  1.78x10%
. -absorptivity* 178x104  219x10¢  173x10*  1.98x10* - 1.83x10*
(mol~lcm ™) 1.78 x 10* 2.04x10* . 2.08x104 1.88x10¢  1.83x10*

Extracting solvents: a-chloroform, b-carbon tetrachloride, c-benzene & d-ethyl acetate.

* Measured at correspondmg absorption maxima

fers no special,advantages. Chloroform was used as
‘the extracting solvent in the present investigation.

Different amounts of palladium were extracted by
the general procedure and the absorbance of the
chloroform 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
‘ug Pd/ml

Effect ofdi verse ions—In order to study the effect of
diverse ions on the extraction behaviour, a definite
amount of palladium(I) was extracted and deter-
mined according to the general procedure in pres-
ence of the respective foreign ions. All the bases i.e.,
pyridine, a-picoline; B-picoline, y-picoline and 2, 4,

6-collidine showed similar behaviour towards the ex- -

jltraction of palladium.In each case an average of three
"determinations was taken. An ion was considered to

-than * 3% from the actual aniount takerr. :
¥ jtwasfound that41.75 ugofpalladium couldeasily
" “be determined without any interference in presence
‘of the followmg cations and anions, the amounts (mg)
taken being mentioned in parentheses: Co(II) (5.1),
‘Ni(II) (5.3), Cd(H) (4.9), Zn(IN) (6.7), V) (5.2),
R(IT) (2.4, Z+(IV) (1.2), U(VI) (5.1), Mn(II) (3.9),
Cr(IIl) (4.8), La(III) (4.2), Al(III) (3.9), Th(IV) (4.1),
Be(II){6. 9) Pb(II)(1.3)and Bi(II)(1.1). I_ron(III)(l 2)
and Cu(II) (0.2) were kept in the aqueous phase by

-masking them with ammonium hydrogen fluoride
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- -interfere if the recovery of Pd(II) differed by more -

Table 2—Reproduc1b1hty of the Method Using 2,4,6-

Collidine

Palladium taken Palladium found Relative mean
(ug)- (ug) . deviation (%)
10.44 10.5 ' 3.8
20.88 - 207 1.7
41.75 - 419 12
62.62 T 621 0.77
83.50 091

83.3

and citrate respectively. All attempts to remove the-

interference due to Hg(1I) failed. Pt(IV ) interfered in

all cases except in the 2, 4, 6-collidine.system where
the interference was avoided by extracting Pd at pH
10.0. Among the anions tested the following (10 mg
each) did not interfere: EDTA, borate, phosphate,
tartrate, citrate, fluoride, bromide, ascorbate, phthal-

_ate. However, thiocyanate and thiosulphate, even in-

trace amounts interfered seriously.

Among the based used, 2, 4, 6-collidine is found to.
be most sensitive. With this reagent the precision and
accuracy of the method were tested (Table 2)by anal-
ysing solutions containing a known amount of Pd fol-
lowing the recommended procedure. Average of six’
determinations was taken in each case.
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THERE are reports'l'” on the extraction and sepa—
ration' of iodide complexes of platinum- metals

using tnbuty]p‘hosphate If our laboratory, it
‘has been noted that iodoplatinum(iv) with pyridine
‘or its methyl substituted derivatives, forms mixed-
ligand complexes which are extractable into chloro-
form. These properties of the Pt-complexes
suggested that further studies of the systems -might
1ead to the development of simple spectrophoto-
metric method for platinum. Apart from pyridine,
other bases used are a(-plcOll“ne, B-picoline, y-picoline
and 2,4,6:-collidine.

_ .JNoTE§ | -

_tion curve.

VT

! ettt

General procedune # An a‘hquot oontammg 100

- 500.¢g of platinum was mixed. with:'0.05 M- aqueous
- potassium iodide 42 ml) and pyrldlne/=(~proollne/

8- -picoline/y-picoline]/collidine .. (0.5 ml). Volume
of the final aqueous phase was made upto 10 ml

~with buffer solution of desired pH. The mixture

was then equilibrated with chioroform (10 ml) for
30 s: -The separated organic ‘layer was peured ovér

. anhydrous sodium sulphate to remove any rétained
_ water. droplets:

Fmally, the’ absorbance of the
-organic extracf was measured-at respective absotp-
tion maxima against chloroform, and platinum(iv)
was determined froma prevnousiy prcpared calibra-
To test the effect of diverse i ions, the.
respective foreign jons were added to the system
before addition of the reagents.

" Resolts-aiid Discassion

The platinum complexes -absorb maximum at
345 -360 nm. The reagent blanks show insignificang
absorbances in the aforesaid wavelength region.
The systems show steady absorbances for atleast
24 h. Maximum absorbances were found to be
achleved when the extractions were carried out at

H2-%,2-9,8-9, 2—9 and 3-4 for pyridine,
o(-ptcolme. 5-plcohne, y-picoline and 2,4 6-colhdme.

- - respectively. Chloroform extracts obtained in the

Experimental

Spectral curves and analytical measurements
were-made with a Shimadzu PRI spectrophotometer,
:and a BECL 5651 digital pH meter'was used for the
measurement of acidities of aqueous solutions.

Chloroplatinic acid (Johnson & Matthey) (1 g)
'was dissolved in distilled water (100 ml) followed by
standardisationas elemental platinum®. A working
solution (392 ug Pt/ml) was prepared by appropriate
dilution. Chloroform (E. Merck), pyridine (B.D.H.),
-«-picoline (Riedel), g-picoline (B.D.H.), y-picoline
(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 solutions were prepared by standard pro-
cedures

second consecutive operations in. the respective .pH
range virtually showed no absorbance. This indi-
cate” a complete and quantitative extractlon of
platinum.

“The ontimum reagent concentrations were 2 ml
of 0.05 M aqueous potassium iodide along with
0.5 ml of pyridine/<-picoline/f-picoline/y-picolinef-
2,4,6-collidine to extract 100—500 ug of platinum.
In all cases, Beer’s law was found to be valid over
the concentration range 5—50 ppm of Pt. The
Ringbom’s optimum concenfration range for the
measurement was found to be from 8- 350 ppm of
Pt/7, The molar absorptivities- of the complexes
(on the basis of - Pt content) and the respectwe
Sandell’s sensitivities were calculated as shownin
Table 1.

TasLE 1 -Dn'mr.s OF EXTRACTION Me’mo::»s

Parameter “Base ,
Pyridine -tfPico‘liqe B-Picoline y-Picoline ‘2,4,6-Collidine
pH 2-8 2-9 8-9 2-9 3-4
Angz (nM) 145 370 485 365 360 -
Molar absorptivity (dm® mol=* em-)  1.95x10°  175%10*  1.85x10* 370x10*  1.09x10*
‘Sandell’s sensitivity iug-cm-") 0.10 - - 041 0.10 0.05 0.018

- 743
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Platinum(iv) was- determined in presence of
- other diverse ions. In fact all the bases, .i.e.
pyridine, «-picoline, g-picoline, y-plcolme and 2 4,6-
collidine showed ‘similaf - behaviour towards the
extraction’ of platmum ‘An-ion was considered to
intetfere if ‘the recovery of platinum(iv) differed by
more than +3% from the actual amount taken,

For the determmatlon of 392 ug of Pt¥” (117.6
'yg for collidine) a 25-fold excess of Co’¥, NifZ,
Mo™I, Urr, Pblr, ‘MnlZ, V7, Calft, Ba”
Sr¥?, ‘Crri, La_’” Be? and Alf7Z did not inter-
A 10-fold excess of Cd*, Zrf¥, Th*7 and'a
'5fold .excéss of RhZIT were' tolerable. A 5-fold
excess of -Fe’r7 and Cu’f could be kept in the
aqueous phase with ammonium hydrogenfluoride and
" citrate, respectivel'y. Hg*? and Pd!T interfered.
Among the anions tested, 'the followings (50-fold

excess) did not interfere : oxalate, borate, phos- .
3, AL VoGeL, “A Textbook of Quantxtanve Iuorgamc

phate, tartrate, citrate, fluoride, bromide, phthalate,
acetate.

" B4

Lower concentration of EDTA i is permissi=

ble. However, thiocyanate, thxosulphatc and ascor-
bate interfered seriously. .

'2,4,6-Collidine was found -to be most sensmve _
among the pyridine bases 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 ug of Pt¥¥ gives a value of
115.5 pg, which varies between 114.52 to 116.44 at
959% confidence limit. The standard deviation is
0.92 jg. - ‘ -
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EFERENCE 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?-®. It has been noted that
copper(n) forms complexes with pyridine bases in
presence of potassium bromide or potassium iodide.-
The mixed ligand complexes are extractable irto
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 «-picoline, f-pico-
line, 7-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(l1) was prepared by
dissolving' CuSO,.5H,O in distilled water followed
by its standardisation as benzoin-«-oximate?. A
working solution of Cu'l (120 pgml~1) was prépared
by dilution. Chloroform (BE. Merck), pyridine
(B.D.H), «-picoline (Riedel), B-picoline (B.D.H),
r-picoline (Fluka) and 2,4,6-collidine (B.D.H.) were
distilled before use. All other chemicals were of
AR. grade. Stock solutions of desired diverse
ions were prepared from their corresponding salts.
Potassium chloride —hydrochloric acid buffer was
used to adjust pH of the aqueous solution.

Geeneral procedure :

Bromide system ; An aliquot containing 50 — 300
sg of copper was mixed with 8 M aqueous potassium
bromide (1 ml) followed by the addition of 0 5 ml
of pyridinej«-picoline, p-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 retained water droplets.
Finally the absorbance of the organic extract was,
measured -at corresponding absorption maxima
against chloroform. ‘The amount of copper(11) was
determined from a calibration curve. To test the
effect of foreign ions, the respective ions were added,
to the system before addition of the reagents.

Iodide system ; An aqueous solution containing
50~-300 ug*Cu was mixed with 0.05 4 potassium
iodide (3 ml) and 0.5 ml of pyridine/«-picoline/
B-picoline|y-picoline/2,4,6-collidine. Buffer solution
(5ml) of pH 1.0 was then added  followed by
distilled water to make the volume of the aqueous
phase upto 10 ml. 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 forms an insoluble complex” of formula

~

TABLE 1~PARAMETERS OF EXTRACTIVE METHODS

Parameter v . Base emploved
Pyridine «-Picoline B-Picoline 7-Picoline 2,4,6-Collidine
Bromide system
pH ’ 1.5—-2.5 1.5-2,5 1.5-25 1.6—-9.5 1.5—-25
Amax (nm) . 340 820 340 840 355
Molar absorptivity 217 8.07 3.28 2.83 5,18
{x10®* dm® mol~* om™?)
Sandell’s sensitivity 0.029 0.021 0.018 0.027 0.012
(pg om™?)
Todide system
pH ’ 0.5—-1.5 0.5—1.5 0.5-1.5 0.56—1.5 0.5—1.5
Amax (nm) 355 * 850 360 360
Molar absorptivity 2.38 2.65 4,98 4,76 6.77
(%10® dm® mol~* em™?)
Sandell’s sensitivity 0.027 0,024 0.015 0.013 0.009

(kg cm™?)
*Abgorbance measured at 350 nm,
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NOTES

CuPy,.(SCN),, where thiocyanate behaves as a
pseudo-halogen. In presence of bromide/iodide and
pyridine bases copper(il) probably forms complexes
of the type CuP,X, (P=pyridine base ; X=DBr/I).
These complexes are extractable into chloroform.

The effect of pH on the extractibility of
copper(i1) 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, 0.5—~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(n)-bromide-
pyridine/«-picoline/g-picoline/y-picoline/2,4,6 - colli-
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(u)-iodide-pyridine/p-picoline/y-
picoline/2,4,6-collidine  systems, the absorption
maxima were at 350—360 nm (Table 1). The
copper(11)-iodide-«-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 ug of
copper(u) 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 ug of copper(l) 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: Fe™, Co®, Pbl,
Nill, ZnY, VV, RhI, Call, Ball, SrlI, Bell, TII, UVI,
ZrV, Lalll, A ThIV, Mg, CdlL, Mo, PtV and
Hg™™ are permissible at lower concentrations. Pd!!
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: Col, Nill, Pb!, Zn!, MoV,
VY, RhH, Call, Ball, Sr, ZrlV, UVI, AT, Bell, LallI,
TI!. The system tolerates--lower concentration of

Cdl, Hg!! and Fe. However, PdT and PtV 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 tlie precision and

accuracy of the method was tested by analysing

solutions containing a known amount™ of copper (1)
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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ACOTHELINE is to be the nitrate of the bisdime-
thylmononitrobrucine hydrate® and have the for-
mula, CgoHgzo(OH),(NO2)N,0;. HNO;. Aqueous

solution of cacotheline gives a violet colour with
stannous ions due to the formation of a reduction
product of cacotheline of unknown composition®.
Potluri® used cacotheline as an indicator in estima-
ting Pb and CiV! with Ti™., The present authors
noted that Fe!l 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(rr) determina-
tion.

Experimental

Spectral curves, and analytical measurements
were made with a Shimadzu PR1 spectrophotometer
fitted with quartz cells of 10 mm optical path-
length.

Stock solution of iron(u) was prepared from
FeSO,.(NH,),SO, and standardised* ; 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
- jons were prepared from their corresponding salts.

General procedure :
100 - 500 ug iron(1), 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 distilléd water and the absorbance of
the solution was measured at 530 nm against pure
water as blank. Amount of iron(1) 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 Discussion

In presence of fluoride or phosphate, iron(m)
gives a violet colour with cacotheline. In the
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To an aliquot containing”

former, the colour is very unstable and fades away
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 0.29% cacothe-
line is sufficient for maximum colour development
of the sample solution containing upto 500 ug of
iron(11) 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 ug cm™*2 at
530 nm. .

To test the interferences, iron{n) was determined

in presence of the respective foreign ions. Deviation

of not more than 43% from the expected absor-
bance was taken as the standard tolerance limit for
the system. It was found that 300 ug of Fe!! could
easily be determined without any interference in
presence of 5 mg of each of the following cations :
Mn!L, Co'l, Nil, MoVI, Pdl, Ptlv, RhII Cdl, Call,
Ball, Srif, Zrll, Th1V, Bell, Znll, Hglt, Mgll, Pbl, TIE,
UV, Lalf and AIML Cull and VV must be absent
as the system gives no colour in presence of the said
cations. Presence of less than 2 mg of CrlI is
harmless. In presence of Fel Jow absorbance is
obtained. The system tolerates 50 mg of each of
the following anions : EDTA, 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(11). The average of six determimations of
300 u#g Fe was found to be 300.5 xg with the rela-
tive mean deviation of 1.27%.
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