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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
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[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 &
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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
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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
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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
€
R




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



‘ 28

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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