
(b) Solvent Ext raction :-

Soivent entraction is a common tech

nique utilized for both industriau applications and

in the laboratory. The bechnique is success fuiry app

lied as a sampie preparation Procedure for chromato

Sraphy. it can be used for separation purposes by

using selective entractions, or for concentration Pur

Poses. The entraction can be applied to lizuds (Uquid

-lieuid extraction, LLE), to solid samples (liznid-sold

entraction LSE), to gas samples, and to semisolid

Samples. The chapter starts with a description of

Pasameters describing the lizuid- lizuid ezuilibrium;

and with a discussion on vasious 
Parometers used for

For the charactesization of solvents. it continues

with the presentation of common LLE procedures,

and then with that of special LLES Such as
 singie

drop microentractio
n, membrane-assisted solvent

exbraction (MASE), micro porous membrane lizuld-

l1zuid entraction, hollow Fiber lizuid - phase micro

entraction, lizuid - lizuid- lizuid microextraction,

disper sive liguid - lleuid microentraction, sating-

out - assisted LLE, cloud, Point entraction, ete,

conventional isE, as well as accererated solvent

extraction, mlero wave -assisted soivent extraction

(MWASE), and supercribicol soivent entraction are

aso presented including Some theorebtical aspeits

and practice of these procedures.

*Principles :-

Solvent entraction is based on the trans

Fer of solutes from one solvent to another immisible

Solvent. when they are brought into contact with each

other during the period of contact the solutes in the

minture are distributed between the Two solvents. The

distribution is equilibrium process.

Account of nernest distribution law the ratio

of the concentration of solutes of equilibrium will be

can at a given tem parature provided its molecular sta!

is same in both phases. it is given by Kd.

Kd =
Concentration of solute in solvent -I

concentration of solute in solvent-Ⅲ

when Kd is a con Khows as distribution coeffici
ent or partition coefficlent.

*Di stribution ratio (0):-

The distribution law in its samplе

Foom does not apply. when the distributiny species
undergoes dissociation / Association in either phase.

In the асtиаl рractice the distribution of



solute in al its chemicau forrms between, thei a

Phases is enpressed in terms of distribution ratio, D.

Total concentration of solute in all its form in solventI-

D=

Total concentration of Solute in all its Formsovent

TT

when the saute is in the same chemical species

in both the Phases that means it there is no associ

ation, dissociation/ Polymerization in the Phases.

D=

Ex: consider the distribution of benzoic acid bet

ween liquid phases benzene E H2o.

In the Ag Phase benzoic aad is Partly ionised

HBZ + H2O Hot+ B2
Benzoate

KJ (HB2)2 = [(HB2)2]0rg

[(HBZ) A2

The benzoate ion (Bz) remain totally in Az Phas

the benzoic acid dimer exists only in org Phase

The distribution of benzoic adid in all ibs

2 Phases is given by 'D!

Total benzoic acd in sovent-I
D

тоtaл нBz in Solvent -T

[HBZ]org + [(HBZ)Jorg

[HB2JA2 + [B2J A2.

Π
AA Aorg Kd = [AJorg

[AJAZ
→ Petrolium purification

*percentage of entraction (%E) :-

terms

In Benzene Phase benzoic acid is partiwiy dim

erized through. H- bonding.

2 HBZ (HBZ)

The Species HBz, Bz and (HBZ)2 will have their

owh particular kd values. The distribution coefficient

of these Species the given by

Ка (нB2) = [HB2]0rg

[HBZ] A2.

Kd (B2) = [BzJorg

[BZJA2.

The distribution is auso expressed
in

Percentage of entraction, E This is related to distri

bution ratio D, by the eeh

100 D
%E=

(D+ Vilv2)

where Vi&v₂ are the volumes of solvent 1£2 in

quantitative entractions one solvent is useualry wa

and the other is organic solvent

100 D
E

D+ (Vw/vo)



C

when Vw = Vo

%E= 10OD

D+

DE+ E= 100D

1000-DE=E

D[100-E] = E

D= E

concentration of solute in organic layer = n-w

Vo
concentration of solute in Aqueous layer=K'

V
Dist ibution ratio

= (n-nw/vo)/ (xw'/v₂)
n-xw

こ

X V
Vo

χω

100-E

IF E= 100

then D= 100
.= 1000 :

100-10o

When E approaches lo0, D tends, towards infinity,

*completeness of extraction :-

The completeness of extraction depen

ds upon tão factors, they are

Distribution ratio

NO.of entractions

Best results are obtained with large no-of

Entractions with small amount of solvents. This can

be Prooved mothematicouly in the following way.

let us consider that Vw ml Of an az4eous

Solution contain ngm of solute is entracted with Vo ml

of an immiscible organic solvent. After equiliboium

in the first entraction, Xo gm of solute is left in

A2 solution, Then.

DV XW' =
XVw- Yw' Vw

DVoMw't rw! + νω = χνω

) Yw! [DvotVw]=xvw
3 nω= χνω

DVo +Vw

In another extraction of the Azueous layer is made

wlth Vo ml of savent, will be the weight of solute remain

ing in the Aqueous layer therefore after 2nd entraction.

Xw" = Xw' Vw

DVo+ Vw

By Substituting egho in ez
we get нт" =и-Vw

DVo+V

similaaly the weight of solute in aqueous layer

after in extraction is given by

Vw ר

..complete entraction is Acompinated by keeping

Vo small, perterming propeated entractions. In other

words extraction with small volumes of solvent provide



move complete entraction with a large volume of solvent

(P) Soml of water containing 0.1g of I₂ is shaken

with 2s mu of clu. The distribution ratio of I, between

caly & water 85 calcwate the weight of I₂ remaining

Aq. Layer After I entraction with 25 ml and also after

enbraction with 8.33 ml of solvent.

Vw= soml Vo=25 ml

610-

'D= 8S

0.02299

0.0023

0.0000o1

Amount left after one entraction

Vw

50

= 2.3 X10g

Amount left after 3 entraction

=0.1 50

85X8.33+50

= 2.79x1

* Processes of solvent ext
raction:

Essentially, sojvent extraction consists of

two circuits of non- miscibie liruids put in contact,

where a vouable metar in an aqueous solution is captu

red by an enbractant in the organic Phase.

Solvent entraction (sx) is a mass transfer

operation and the technique used in metalurgical

industry for selective extraction of mebal ions fro

an azueous solution. Dusing the Process, the desired metal

ion is both purified and concentrated. An extractant

capable of binding metol ions is dissolved in an orga

nic kerosene typé diluent. The entractant has an active

hydrophilic group bound to alon
g chain hydrocarbon

molecue in order to deduc
e solubility in the organic

Phase. The organic Phase is th
en intensively mined with

the metal-bearing azueous solation (Feed) allowing the

metal ions to bind to the entractant. The azueous 
and

organic Phases are 
then arowed to separate

 and the

wanted metal ion is now transferred to the organic

Phase. The enbracted metal ion is then back-
 engraaed

(stripped) into a new aqueo
us phase in a pure and

concentrated form. ideally, only the desired metal brans

fers selectivery from the arueous Phase to the organi

Phase.

* Distribution law:-

when a saute distributes it sef betwe

two non-miscible phase in contact and in asain with

each other ratio of the concentrations of the sub in

the two phases E constant at constant temperature pro

vided molecwar state of the distaibuted solute & same

in both Phase

Aag Aorg



* Partition coefficient:-

For ideal Ssolutions, the partibion coefficient

of a substance 'A' between two Phases & related 6o

the free energy reeired to bransport one mole of

'A' From one phase to anothes. .

If an ideal pains of solutions E considered,

the,chemical. Potantial of the partioning solute in the

two phase are represented, by,

S.PUs = Ms +RT lnNG -)

M.P→Mm= Mi+RT ln Nm -(2)
át equilibrium

Us = Hm

Ms+RTilu NS = Yr +RT ln Nim

In (Nm) = (M5-Mm)
Ns AM

RT RT

Nm Kd = e - AN°

RT

→ The difference in standard chemical potential

to bransport a mole ofexpress, the concent reqired

Solute. From one phase to the other phase.

In case of dilute Solutions, the mole fractions of

the solute may be replaced by the concentration in

relative Phase

→Kd is Partition coefficient

*Distribution Ratio:-

The distribution of the solute between

two Phases for ezual Phase volume E given by the

distribution ratio. 'D.

Aorg]D [A

LAaz] [A

Ao Total concentration of solute 'A' in all chemical

Forms in the organic Phase.

[A) Totai concentration of solute 'A in all chemical

Forms in the aqueous phase.

* Nature of partition forces :-

The Physical interaction that are present

in the Partition are.

ODispersion interactlón.

DiPole - DiPole interaction.

Induced dipole interaction.

④ Hydrogen bond interaction.

* Dispersion interaction

These are inter molecwar, forces whi

ch hold neubral molecles together a lizuid in liquid

or solid. These forces are puray Physical in natore.

They donate involve the formation of any chemical bonds
They are very weak forces,

The electrons of a neutral molecuwe,s oscillate

W.r.t. The nucei of the atoms because of this at a



given instant, the charge may fre concentrated fn

one reglon and -ve charge In another region of the

same volume. Hence, a non polar molecle may be self

Polarized. This Polarized molecwe may induce a diPole-

moment in a neighbouring mlecwе..

originat,

molecwe

キー

ogisinu dipole

due to eoscinaton

Induced dipole.

when similar type of molecwes approach each

other closery, their e. sheuls begin to overlap then

weak attractions changes to repusion. Then the

maеcwes enist in a disordered manned. Then a

non Polar solvent mines in all proportions with

organic solvent.

*Dipole- Dipole interaction:-

Althrough polar molecwes are neubra,

yet they have parment dipoles. The forces are mainy

due to electrical interaction between the tve pole

of the one molecule and -ve Pole of the other mdle

awe This type of interaction is known as dipole difole

interaction. The magnitude of interaction is dependent

upon the dipole moment of the molecue of the

attraction between the sovent molecwe and solute moleс

we is more than the attraction between two olvent mas

cwes then the solute mintures in all proportions with

the solvent.

*Induced dipole interaction:-

some bimes a polar molecule may Palarize

a neutral neighbouring molecwe. It induces dipolarity

in that molecue then the induced dipole undergoes

interaction with the dipole moment of Polar molecle

and there by the mol
ecwes are attraced together.

The magnitude of this intesqdion depends upon the

magnitude of the dipole moment of the polar 
moleca

and Polarisability of the neutral molecale.

+ S
A-B+c::D→

StA BS-

* Hydrogen bond interactions:-
3

Althrough hydrogen conform only one covavèru

bond, the very small size of the hydrogen atom and i

lak of innes closed e shells makes it Possible to

an additional bond with e rich atoms out side [Inter m

cwes] or inside [Intra molecwlan the molecшe, hydroge

bond is formed belween a molecwe with hydrosen att

hed to F,O2, or N₂ Or In certain cases carbon on a

moleсwe with an shared es

RNH-
R

R

H3C-H-O=CR



Flurine forms very strong H bonds orygen

and nitrogen stiln weaker.

weaker

The compounds participating H-bonding can be

classified as follocos.

compounds contaning acive Hydrosen but no donar atom

EX CHUз.

compounds, which contain adonor-atom but no active

hüdrögen..

En:. ethers, Ketones, Aldehydes, esters etc.

compound's containing both the donar atom and an

active hydrosen atom.

En:- Akohols, Fatty acids, Phenols, 1°£ 2 amines ete.

@compounds capable of forming multiple H-bonds.

E water, glycol, Amino alcohols.

*different вуpеs of Solvent extraction systems

on the basis of methods of conducting

extractions, the Solvent extraction systems can be

cassified intointo з types. They are

distribution Coefficient, Kd of the compound to be

isolated is very large, In this process, the solvent

is added to the solution containing the compound in

a Separating funnel. Ib is shaken throughly and alowed

60 ezuilibrate the two Phases are alowed
 to separate

and the lower layer is drained,, off through a
 stor

CoK This, Process may
 be repeated 2003 

times with

faesh solvent, sin
ce the entracion is done in 2083

batches of atraction opsrations. it is colled batch att

raction.

*continuous extraction:-

solvent

condense
r

Agueous

SolutiOD

AHeating

condenser

Batch extraction

continuous extraction

counter current extraction.

* Batch entraction :-

This method, is ased when the

Sintered glass discAqueous
Solvent

Solution
For sovents lighler
than watеr

HeatingThis method is used when the distribution coerficie
nt, Kd of the compound is very small. Asmal volume of

the entracting agent is needed. In conbinous exbraction,

the entraction is passed Lontinousry through the Stationary



leuid containing the sampleuntill aul the derived com

Ponents is used Por subsequent operactlons. In cource

of time, extdacting salvents. becomes rich in the comPo

und 'even though its Kd value is less.

In conbinous extraction it is not necessary

to réach ezüillbrium. Two bypes of exbraction appar

atus are used depending an. weather the entratting

solvent is lighter od heavied than the solution.

when the extracting savent is lighter then it

moves upwards through the solution, then this tech

nique is called upward displacement.

ib

when the extracting soivent is heavier the solubion,

moves downwards through the solution. It is known

as extraction by downward displocement.

In both these techniques. The entracting solvent

dissolves entracs the solute. The salution of the enьra

cbing Solvent and solute is continously separated into
a boiling flask. The Solution is sujected to continous

distillation. Thus solvent returns as extrating Solvent.

In both these techniques the concentration of the

Solute in boiling Flask increases,

*Countes current entraction (ccE):-
The c.c.E is a very usefi technique

in the separation of complex minbures, Particwar bin

bgica molecwes such as peptides and other natural

Producer. In case of mintures containing substance with

close distribution datios, a sinale separation stage does

not give aean separation.

In such cases the separation is carried out

by perterming more than a singie separation sser.

This mwti stage separation proess is couled

Cc. E. In this technique, The Immiscible lizids mole in

Opposite, directions in contact with each other. The device

used for this purpose was developped by "craig zt

consists of the series of glas tubes mounted an о

rack. In such a maner that a whole of entractions car

be carried out of the same time. when sovent 1ayers

are separated the rack can belso that the upper layer

of each tube is transferred to the nent tube in

nert series.

consider 1000 mg, of solute dissolved in l0oml of

water this is taken in a serarating funnei designated

with a number zero to this 10o mt of an immiscible

odganic solvent, lighter than water is added. Assume

that the Kd distribution coefficient of the solute is unity.

Then the contents of the flask are shaken and alowed

to settle, After ezulibrium, there wil be soo mg of

the solwte in Azueous layer and soo mg in the
organic Phase



Funnel 'o

soo .mg.02B

500 mg'A2

no.of bransfers =0

Next take a 2hd separating funnel designated as

humber-1, bransfer the upper organic lazer Prom First

Fummel into the 2nd funnel then add fresh orsanic.solvent

into first Funnél $ fresh Arueous laver into the 2nd

Runnel NOw shake Fannels untili ezuilibrióm is obtalned

There will be 250 mg of the solute in each layer in

each Funnel. This operation is designated as First

transfer

Funnel

Funnei'2 Funnel

250mg 0rg

At

25omB A

25omgoRБ

レ

250mg A2

125 mg org

41

125 mg A2

Funnel

250 m9 oYg

71

250mg AL

Fannel

125 m9org

71

125mg AR

NO. Of transfers n=1

No.of bransfe&s, n= 2

Now take a zrd separating funnel desisnated as

"no-2' then bransper upper orsanic layer from 2nd

Funnel into ard funnel and from first - Funnel into the

2nd funnel then add fresh organic layer into the first

Funnel and fresh Azueous (ayer into the rd funnel,

Now shake the 3 funnels to ezuilibrium this operation

is designated as the 2na transfer and the amount of

the solvent in the 3 separating Funnes is shown below.

It may be noted that, the no.of funnels'is 'ane'

more than the no.of transfers. for this deason the first

furmel is labaed as 'zero!

lly for the fourth step n=3

Funnel 'ở

62.5 mg org

41

62.5 mg A2

ly For

Funne o

31.25 orB

44

31.25-A

1

187.5 mg org

44

187.5 mg

the sth

125 mg org

los

76

125 mg A2

A2

step

9

187.5 mg оrg

44

187.5 mg A2

2

n=4

187.5 mg org

4

187.5 mg Az

3

3

62-5 mg org

44

62.5 mg Ae

125 mB org

46

125mg AZ

もた

31.25 org

4

31.25 Ae

As the no.of bransfers in creases the solwte sprea

ds out through more and more funnels but it banches up

towards the centre. The fracional saute in the 'enteame

funnes decreases. Thus for an Aqueous solution containing

several compounds with lose Kd values, after seve ral bra

nsfers, the campounds are coneentrated [lefo, middie &

right depending upon ther kd values.

*
Solvent extraction systems :- [depending upon

nature of species].

Hydrated inorganic sats are more soluble in wate

than in organic solvents. where as organic substances are



more soluble in organic solvents than in water.

an the basis of nature of extractable species,
solvent entraction systems can be cdassified into 6wo

types they are.

chelate systems

②Ion Association systems.

*chelateelate systems:

In the chelate systems, chelates solublе
in organic sd

Solvents are formed between metal ions

and ligands that are neutrol in charge. B- hyртоку 24

teihe. forms neural, wales insouble of chiss

Form Soluble complen with a no.of metau lons.

* Ton

For en, Entraction of mg' with hydrony quinoline

Mgt2 Mg++ 2 нохMg (OH)₂ +2H+

Association s'ystem (IAS):-

M9-8 hydrony quinolate

In the IAS2, the inorganic ion associates

with OPpositely charged ions to form a neubral сиьоа

Ctable species. These are classified into з bуpes

These are formed from a reagent yieding a largé

organic ion.

for en Phenyl Arsonium ion while forms large

ion with suitable opposit charged ions shel as mnoy, R

The species which Passes into the organic, Phase is an ion

४

Pair.

CGHs)u ASt Mпой (0r) (соно)y AS* Reou

Those involving an Arsenic or cationic complex of a

chelate complex of metal ion.

For en, Formation and extracion of a blue complex

AS(7) - lo Phen

Ib involves a cationic, complen of, a metal in [Ag ASS

ocloted with, an anionic counter ion derived from Bromру

rоg91 red.

Ion association systems in which there solvent molecale

are divedty invaved in the formation of ion Association co

Plex.

imost of the solivents [ethers, esters, ketones, Alcoho

which Participate in this wary contain' donar oxygen aloms

and the co-ordinating ablity of the solvert 18 significance

contain donad onygen atoms and the co-ordinating ablity

of thesolvent is, significance.

ieve Fos en, ether. entraction of Iron (l11) from sbsa

Ha salution. The Az Phase chloride ions replace wat

maecwes co- ordinated to the rезt ion to give tet

Conad
hedrau Fecy. The hydrated Hzot ion,Hot (H₂0)] mi

with the compien anlon. But in presence of orsanic

Solvent, the solvent molecwes enter the Az Phase an


