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" 30.10 Extraction Methods

1. Introduction

Although solvent extraction method is known for a long time to the chemists, it has received th
recognition of chemists as a method of separation recently. This method has much in common wit}el
fractional distillation.

Solvent extraction inyolves the partition or distribution of a solute between two immiscible liquid
in contact with each other.) The process has become increasingly important in the analysis of meta[:
because it furnishes clean separations in a short span of time and has the further advantages of simplicity

of technique and equipment.
The distribution of a solute between two immiscible phases is an equilibrium process that can be

n. Equilibrium constants for this process vary enormously among solutes
ful separations based on extraction. The extraction technique has beer
f organic systems. For example, carboxylic acids are readily

treated by the law of mass actio

thus making possible many usec

. widely used to separate the components o
separated from phenolic compounds by extracting a nonaqueous solution of the sample with dilute aqueous

. sodium bicarbonate. The carboxylic acids are almost completely transferred to the aqueous phase, while

the phenolic constituents remain in the organic phase. ,
. The process of solvent extraction with solvents is generally employed either for the isolation of
. dissolved substances from solutions or from solid mixtures or for the removal of undesired soluble

* mmpurities from mixtures. The latter process is known as washing.

2 2 Theory :
- as-srhe partlth;ti(:g of al solute between two immiscible solvents is governed by the distribution law. If
3 ssume t the solute species A distributes itself between an agqueou d ic phase, the
s fesulting equilibrium may be written as = = q AN S, SRR PSS
_ Aaq = Aor'g 7
 of tl:z :;:i‘s,iuﬁb scripts .aq and org refer the. aqueous and organic phases, respectively. Ideally the rations
: es of A in the two phases will be constant and independent of the total quantity of A. That

B :
» 2l any given temperature

[4..
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i Where the cyer - . E
E brackeys ar:ilzl!n:]nur? constant X is the partition coefficient or distribution coefficient. The terms
. Substityeg wm:::mysérl.z activities of A m the two solvents, but molar concentrations can fmq‘-‘ef‘dy o
 tolven, lous errar. Ofien, X is approximately equal to the ratio of the solubility of A In &ac
1 The solute ist i i z

- becomes ay exist in different states of aggregation in the two solvents. Then, the equilibriu™

3 and ¢} o I(A)‘)aq = )'(A-i)ws
: 1€ partition coefficient takes the form

4
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K= [( S ]x

titiom coefficients make it possible to establish the SxXperimental
P;om one solvent to another. For example comnsider a simple Symte 1::t
solutfion 30.1. Suppose<, furtl:ler, flxat we have Vaq e Sl i m
Equa ropose to extract this with ¥_ __mL of an i

that we PX . in the agqueous layer, and we ma i
A will remain imn q > Y wwWrite

[A’q ]1 = [ %8

It follows, themn, that

< 5
£

a

(ao — ali)
[ ]=""—"" =

org =

Substitution of these quantities into Equation 30.1 gives upon rearrangement
= |7 3
a; = = ix
= (VorgK—i—Vaq ] G :

The number of millimoles, a,.,

reil’laining: into Equation 30.1 gives upon rearramngement

- 23 a, =
VorsK—;—Vaq :

When this exXpression

is substituted into Equation 30.2, we -obtain

2

) 176
L= 5% =[ aq ao
VO"BK,—'_ V-aq

After . : -
€Xtractions, the number of millimoles remaining is given by the expression

a, = Faa a.(;
Focpe K + Faa

Equayj
: o
sub“ttuting tlr:e30'3 ’y

i of A
= = 1 ueous c_oncentranon ]
= L €ErIMmMS Of tl 1< lI‘_l.lt‘lal and ‘.I.nal aq n
EIathnships
1'elel - [ ] ]n' aq and g = I 4 I | 74 - ;
bstituifiton of these relauorﬁ] ¥

. 4 = S ) - Su
E ons.
Mo g ‘q_]" IS the concentration in the aqueous phase after 2 extracti
t]()n 30 =
, -3 gives

o

5 - -
[VorgKaz— Fag ) [A=lq ]o
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As shown in the example that follows, the exponential
c{ﬁcicnt extraction is achieved with several small volumes ©

nature of Equation 30.4 indicates that a morcge
f solvent than a single large one.

0

°
A

e
[

N\

o
N

0
-

Fraction remaining, [Aad)/[Aaq]

5 2 =4 6 B 10

- = : Number of extractions, n ;

Fg. 30.1 = Plot of Equation 27.4 assuming K = 2 and V_, = 100. The total volume of the organic solvent —
s also umed to be 100, so that V., = Too/mn. :

nstrates that ‘t'he improved cfficiency brought about by mu]tiplcr extractions falls off
gained by dividing the extracting solvent

3 Figure 30.1 demo 7 3
mpidly as the number of subdivisions increases. Clearly, little is

» timto more_than five or six portions.
3 mple 1. Calculate the mg of iron (IIT) left unextracted fro}'n 100 ml of a solution having 200 mg of Fe3™
Fand is 6 .M in EHCI1 after three extractions with 25 ml of ethyl “ether. The value of D for this extraction is-

=100 - = =

ESol. On substituting the given data in Eq: 30.4 we get - ; ===

- = 3 A= = 3o 2
[4..]1, = 200( 309 - ="200[——] OO = -
: Lt 150 < 25+ 100 3850 e >
" - =200 x (0.026)> = 3.5 < 10> mg. = Amns.s oo :
Lxample 2. Calculate the amount of iron left in the irbﬁ:nj:tl:ier system of example 1 if only one extraction
f¥ith a 75 ml portion of ether had been used. =~ 2 = : - = : -

: & -~ 100 " 100
E8q In : A = 20(:{ = = 200(———
o Bl ["‘]n 150x< 75+ 100 11350 :

1 —200 %88 x 103 =18 mg Ans. - =

3 Thus, it is evident that three extraction with 25 mil portions are approximately S00 times more effective

£ 0 one extraction with 75 ml of ether. ' Ese = =

hn:p!e 3. The d.i.stribut_ion coefficient of I, between CCl, and H,O is 85. Calculate the concentration of
)'Etwtnalmng afier extracting 50.0 mL of an agucous.1.00 > 10— M solutions of I, with (a) 50.0 ml, CCl,,

= - 0 25.0 mL portions of CCl, and (c) five 10.0 mI. portions.

Substituting into equation (30.4) )

.50.0 2
. = —— e -3 = —
[ ..‘.]1 (50 s sg) <'10°0ox10 1.16 %< 10

50.0 2
T = SR i e L B -3 __ -7
[72.a1. (25x85+50 2300 JOT, =3 2810
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5
[7220]. = 50“’0] % 1.00x% 10> =529 %10"'°
==2a ls 10 <x 85+ 50

\,39711/S'equence of the Extraction Process

Although the actual reactions may vary from system to systemrn, all extraction processes may involve

the following three basic steps :
- 1. Formation of a distributable species : In the first step, there occurs the reaction of the metal ion
in the water phase with the complexing agent to form either a neutral molecular species or an extractabl

ion pair. If a neutral molecular species is assumed to be formed, the reaction may be represented as follows

™M + nL. — MLn )

C.

) (305)

where M is a mectal ion and L is ligand. In reaction (), charges have been omitted for simplicity. If more
than one ligand is involved, complexes will be formed in steps and there may be apprecxable. quantities of
intermediate species present. Further, the metal may undergo reactions with other comple‘xmg‘agentsptol
form other complexes like MAnNn and may also undergo hydrolysis to forrm M(OH)n. Each of these interfering 3

reactions may also occur in steps.
Suppose an ion pair is formed by incorporating the metal into a larger positive organic ion. These:
reactions may be represented as follows - "
M”T + xL —> ML 7" (30.6)
ML " nA — [ML “". nA™) 3
It is also possible to write similar equations  for the formation of a negative metal complex ion anc?
ion pair. Also, intermediates may be formed and the metal ion may undergo reaction with other complexﬁ:l%’f: 3
agents to undergo hydrolysis. =

2. Distillation of the distributable species : After the formation, the distribution species moves acn_::ss -
the boundary until an equilibrium is established and the equilibrium concentrations satisfy the distnbunop =
lavw. This may be represented as follows : B e

(Min), = (MLn),,

In the above reaction, the parentheses represent active concentrations while
the superscripts o and w refer to the organic and water phase:s respectively. The
usual practice is to substitute molar concentrations by activities in most extraction
calculations. ] -

3. Interactions in the organic phase : A fter moving across the phase boundary,
the extractable complex may undergo polymerisation or dissociation or may undergo
interaction with other components in the organic phase. All these possible
interferences will affect the distribution and may result significant differences between

D and K.

-12 Extraction Technigue

1. Batch extraction : This is the most common type of extraction technique in
which the organic liquid is added to the solution to be exwracted in a separating funnel
(Fig. 30.2). Afier agitation for sufficient length of time, the layers are allowed to
separate. Now the top is opened and the lower heavier layer is allowed to drain
through the stop—cock. If more extractions ‘are required and the lower layer is the
organic layer, a second portian of the organic liquid is added and the process is made
1o repeat. If the organic layer is present in the upper layer, the aqueous layer is
transferred 1o a secand scparating funnel and a second portion of the orgamc hiquid
is added. The process is made o repeal as many (ues as required O ensure
sausfacliory separation. T'he method for calculatng the cificicncy of bartch separations
has been illustrated in examples 1 and 2.
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2 = .d into organic layer, the usual practj
- terial is extracte S - x
:on = After the Tma . to be used in the determination.

2. Stripping or b;‘:.:afexrti:?‘t:::(:va:er for the ana;lytlcalséi::ﬁffcul;i pH, the usual practice is to agitat
return the extracte - inge. For the systems - a pH wvalue which is below
ot is kmo 2 s:‘:;};ﬁrs folution which has been ad%;ls;icrlntcocaslzzs The orpamic liquid havﬁ
e organic solution with an] = extracted into the organic phasc: o which’ reacts with metals (570
pH,range in WhiCh(;he '$eanta alcslucous solution having a complexing age ;

5 - g wi
he solute is agitate

i i iqui usc in the extraction.
that e more soluble in water than In the organic liq .
ar d d
= etal complexes a

3 i is to have a large numb:

. ration, the usual practice 1s 1 r
: = i : For satisfactory sepa i extraction procedure.
3 3. Continwons cx':r'act:;o:fhif:h are made possible by th_e .y ‘Of Contnl'uosl::)slvents whichpare | hl:e
-of multiple ba,tCh ex“i‘;ggzeen devised for continuous c:-\:tr:;a,r::t.‘lc:url}I usmgnOIi;giamgo 3 oy amd (B ght
pEsaEos equfrgi?etts- than water. Such equipments have been showit 1 = ’

than water or hea !

a a B To reservoir
Jo reservoir_ for extractant
for extractant

1

Extractant

B
)
4

4

5 (a)
fis 30.3 -

% :
Continuous—flow solvent extractors (a) for extractants lighter than water and (b) for extractants
heavier than water.

'.h 1':K:The apparatus shown in Fig. 30.3 (a) is used when the organic solvent is lighter than the soluticl
3 . €xtracted while the apparatus shown in Fig.
*olution to be extracted.

30.3 (&) is used for organic liquids heavier than th

'lolvcr;fhe usual practice is to agitate the solutions during extraction. Altermatively,
may be rotated to have more uniform distribution and more e

> e a fficient extraction.
. r::y to produce emulsions, the agitation should be minimal |
3 -~ - Counter—current i o = i ible solvents
~CoR extraction : In a true counter—cur i wo immiscible -
- V:‘_a{::.t €ach other as they flow through Tent extraction, the t edures |
& Of 50

:u: in either,phase afier any numb
: SOI Carrying oul counter—
 Portiop; Extraction of Solids.

current extractions, various devices have been proposcd.
g process,

. : id
- = id—liqu?
of _Even though the extraction or leaching of solids is not a rue vas
it 1s comnsidered to be an

menon. In thes
important example of an extraction pheno




separated by decantation, Cenu—iﬁ&;e 119
bser\’ﬁd for long tirme and save analyst lerl Fig. 30.4

Siphon, B = boiling vapours and F = fiasi:

- Precipitation, fi i -
led. Finalle » a::::lraitxon, and washing. In addition, problems of coprecipitatién
Solatiounl of" n con.trast to the precipitation process, extraction procedurss. =3
trace guantities of a species. ; =

ntial number

S—
[ 2'ad Separafio’,s
chlorides. The data in Table 30.3 indicate that a substa ‘
equally important, a largSies

£

cs
Z: me'ia(l:airc;r?se atracted. in
a : re 3

Tations are pos:;::}:r 5na ffected or extracted only slightly under thes
by exer 2 host of othe;‘ - ne of the most important of these is the sceparation o
ies ex(:Ctlc:-n Prior to analatl(?ns' The greater part of iron from steel or iron ore sampl
e of ;. oted has bee vsis for such trace elements as chromium, aluminium, titanium ©
Ton transfery dn shown to be the ion pair H;O" FeCl, . it has also been found

< to the organic phase is dependent upon the hydrochloric ac
bove 9 M HCI) and,’

Du
€ is removed fr 3
om solutions that are below 3 M and a

to ether from 6 M hydrochloric acid solution; ;
e conditions. Thus, maliyes

£ iron (III) (997

es can

I uiCk'-fl
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§ extent, upon the iron content. Unless special precautions are taken, extraction of the last traces of iron is
incomplete. ) ) -

; Extraction of nitrates. Certain nitrate salts are selectively extracted by ether as well as other organic
solvents. For example, uranium is conveniently separated from such elements as lead and throium by ether
extraction of an agueous solution that is saturated with amumonium nitrate and has a nitric acid concentration
of about 1.5 M; the uranium must be in the +6 oxidation state. Bismuth and iron(IIl) nitrates are also
extracted to some extent under these conditions.

Table 30.3 : Ethyl Ether Extractions of Various Chlurides fromm 6 M Hydrochloric Acid

- Percent Extracted Elements and Oxidarion Srare
90—100 Fe(III), 99%; Sb(V)., 29%%:; Ga(lll), 97%; Ti(lll), 95%: Au [IIl] 95%%6
5090 Mo(VI), B0—90%; As(Iil), 80%:; Ge(IV), 40—-G0%
1-50 Te(IV), 349; Sn(1I), 15—-30; Sn(IV), 1726, . Ir(IV), 5%9%6; Sb(III), 25%%
<1 =0 5 As(V), Cu(ID, In(III), Hg(I), Pr(IV), Se(IV)., V(V), VIV, Zn(II)
AICLID, Bi(IIl), Cd(IL), Co(Il), Be(II), Fe(Il), Pb(IT), Mn(Il), Ni(TI), Os(VIII), Pd(ID),
Rh(IIT)., Ag(I), Th(IV), Ti(IV), W{(WVI), Zr(IV)

= Extraction of chelate compounds. Many of organic reagents form chelates with various metals ions;
E these chelates are frequently soluble in such solvents as chloroform, carbon tetrachloride benzense, and
E cther. Thus, quanrtitative transfer of the metals ions to the original phase is possible.

2 A reagent that has widespread application for extractive separation is 8, hydroxyquionoline. Most
E of its metal chelates are soluble in several organic solvents. The reaction which occurs when an aqueocus
& solution of a divalent metals ion M?2* is extracted with an organic solvent containing 8—-hydroxyquinoline
(symbolized as HQ) can be formulated as

2(HQ),,, + (M2Y), = (MQ,),,, + 2(H) _

Ewhere the subscript indicates the phase. The equilibrium is clearly pH dependent thus, separations among
Emetals having different formation constant with the ligand are possible through control of the pPH of the
gE2queous phase. The latter has proved particularly useful for separation of traces of metals.

k- Another useful reagent for separating minute quantities of metal ions is dithiozone (diphenylthio—
f-“'Pazone). Its reaction with a divalent metallic ion can be written as ;

B i
N—IN—H
P s

M +2S =C =
NN

C.H, dithizone

. Both dithizone and its metal chelates are soluble in a variety of organic solvents. As with S8—hydroxy-
L rnoline, the equilibrium between the metal ion and the reagent is pH dependent; thus, by controlling the
H of the agueous phase, various separations of metallic ions are possible.
s The dithizone complexes of many metal ions are intensely colored. Spectrophotometric measurement
?fthe Oorganic extract often serves to complete the analysis after the separation has been performed.

Inforrnation concerning the use of other organic chelating agents for separations by extraction can

found in several reference works. )
Al Determination of iron as 8 —hydroxy quinolate : It is possible to extract ferric ion from aqueous
%0lutiong with a 1% solution of 8—hydroxy—quinoline in chloroform by double extraction. The optical

=




2.562

\
]

Analytical Separations Involving Solvent Extraction‘i4

ensity Of. chloroform layer is determined the using a spectrometer, This process tay be repeated ik
eI oxmne solutions and the optical density is again measured. :

It is important to remember that the pH of the aqueous solution should Lie between 2 and 10, “1

Determination of uranium as 8-hydroxy quinolate : 1 is possible to determine uraniu a 8
hydroxquinolate in the presence of some EDTA at pH 8.8, The EDTA masks the interfering 1onS ]1kg,l§g!§g§§;
Al etc. Now the optical density is determined as usual. | . }-.;.-:1.;

Similarly it is possible to estimate other cations by using suitable organic reagents For example

(i) Determination of nickel as dimethyl-glyoximate complex ' o

- (i) Determunation of molybdenum by thiocyante methods.
(iif) Determination of lead by dithizone method.

(iv) Determination of copper as diethyldithiocarbamate, gtc.

s 'n'\
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A generalised formula can be easily suggested for the amount remaining unextracted affer a given
number of operations, Let V¢.c. of a solution containing x, gms of substance be extracted with L c.c. of
a solvent, Let x, gms of substance remain unextracted in water layer. Then

X X
conc. of the substance in solvent = T’ and in water —71

Distribution coefficient, k= Xp =X
L
] _KV(xo—x,)_x KV
A A PR & Y

If second extraction again with L c.c. solvent is made, the quantity unextracted would be

Xy =X

KV Ky kv [KV T

=x0— 7 ? =x0 _,-——_'
"KV+L " KV+L KV+L KV +L




NV.4-5] HETEROGENEOUS EQUILIBRIA 1

Similarly after »#-th extraction, the quantity left behind would be

- n
e [ KV
KV + L

If the entire quantity of the extracting solvent be used in one lot, then unextracted,

x [ KV )
KV + nlL

. Since the quantity within the parantheses is less than unity, (A) is smaller than (B) and x, will be

smaller the greater the value of ; Hence it is more economical to use the solvent in portions.

ProPlem : The partition cocfﬁcicnt.ot‘ an alkaloid between chloroform and water is 20, the alkaloid being more
soluble in chloroform. Compare the weights of the alkaloid remaining in aquecous solution after 100 c.c. containing 1

gram has been shaken (a) with 100 c.c. chloroform and (b) with two successive quantities of 50 c.c. chloroform.
- C .
Distribution coefficient K= EHE N Aty = 2
Cone.in chloraform 20

(a) When 100 c.c. chloroform is used in one lot, the amount unextracted,

1 .
B KV _ 20 <190 5
x, =1Ix _— = —— =0.0476 gm.

KV+L ;_oxmo+mo 105

(b) When 50 c.c. chloroform is used in each of two stages, the amount unextracted,

2
kv Y 20’ 5
x =1 x (—) = 1 = — = 0.0083 gm
KV + L Ex100+50 55

Problerm : An organic compound is extracted from aqueous solution with successive quantities of 25 c.c. chloro-
form. The original volume of solution is 500 c.c. and the distribution coefficient of the compound is 20 between
chloroform/water. Calculate the number of extractions needed for at least 95% recovery of the compound.

conc. in water 1
K =

conc.in chloroform = 20
The amount left behind (i.e., 5%) after n-th extraction required for separating the required 95% is given by

n
kv Y 20 X > (1)"
(Kv+25) ! < s500+25 2
20

/10
n=fog5 100

=4.3
el Iogz

Hence to obtain a minimum of 95%

separation we need at least 5 successive extractions.
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