Salvent Extraction
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Assist Pro. Dr. Hasanain abdullsamad

2 b _palaa [ 2025 [ Llad) il o)



- Isa Liquid - Liquid technique in which a solution ( usually
aqueous ) is brought into contact with a second solvent ( usual
organic ), essentially immiscible with the first , in order to bring
about a transfer of one or more solutes into second solvent Chro.
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Principles :

Ki=[Ala/[A]b

a & b are two immiscible solvents & Ka is distribution ( or partition ) coeff
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-1 Y el gl -
Xa:a{(Va)/(KdVo+Va)}n ----- (1)

%Xa=100 ( Xa/ a)
%Xa(OI’An):100{Va/(KdVo+Va) }n -------- (2)

Xa:a{ll(Kd+l)}n ------- (3) If Va= Vo
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%E = ( No. moles of sub. In organic phase / Total No. of moles ) x 100
=100 ([A]JoVo)/([A]JoVo+[A]aVa)
e baxiKd=[A]Jo/[A]a o=y [ AlaVo e pliall g ol daniy

%E =100Kd /{Ka+(Va/Vo)}--—--- (4)

If Va=Vo then

%E =100 Kda / ( Kd + 1) --—-- ——-- (5)



If Xa is fraction remaining unextracted

Xa=Va/(Va+KdVo) --—--- (6) for single extraction
Xn={(1+KdVo)/Va}n for miltiextracion
Xn={1+(KdVt/nVa) }-n ----------- ()

Vt is finite volume

When n — o

Xoo = -Vt Kd / Va --------- (8)
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1) For a system with Kd = 2 , compare the fraction of solute remaining unextracted

for the following situation 1) single extraction with an equal volume of organic

solvent
2 ) five extraction of same total amount of organic solvent and 3 ) limiting case of

infinite number extraction with same total amount of solvent

Xa=Va/(Va+DVo)=1/(1+D)=1/3=0.333
Xn={1+(DVt/nVa)}" =X5={1+(DVt/nVa)}_5=(1+2/5)_5
=-(1.4)” =0186

Xoo =e-VtD / Va=e-2=0.135
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3) 100 ml of aqueous solution containing 1 g. of subs. Calculate the amount subs.
remaining in aqueous phase in each of the following cases ( Kd =10 )

a) single extraction by using of 9o ml organic solvent

)= = = = =3= = =

¢) three extractions = = =30 = = =

4) If 50 ml of aqueous solution of comp. X ( Kd = 2.7 ) ,contains 4.5 g . calculate

a) How many ml of ether require for single extraction to get 99% of x

b) How many no. of extraction of 50 ml from ether to get 99 % of x
(theanswera=1.83Lb=4)

5) After single extraction it was fond 90% of comp. A & 5 % of comp. B in organic
phase . Calculate the separation factor , assuming volume ratio of a) 1 & b) = 0.5
(Answera=173 & b=17.3)

6) Comps A & B having Kd of 5 & 0.5 respectively .Calculate
a) volume ratio to get 99% of X ( single extraction )

b) E% of B ( supposing that two comps having same amount at the beginning of
Extraction ) ( Answera) 19 :1b) 9o.5 %)
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~ 7) 50 ml of aqueous solution of M~ (5x10> M), in equilibrium with 20 ml ether
containing excess acetophenon ligand ( M** + 2L === ML2 ) . If 94 % of complex

Extracted in ether layer, calculate K* (where K* = [ ML2 Jo / [ M2*]a

Jall

50X 5Xx1073 = 0.25 m.mole ( total )

0.25 X 0.94 = 0.235 m.mole in org. phase
0.235 / 20 = 0.01175 mM

0.25 — 0.235 = 0.015 m.mole in aqueous phase
0.015 / 50 = 0.0003 mM

K* = 0.01175 / 0.0003 = 39.17

RO
%E =100 Kd / { Ka+ (Va/ Vo) }
94 =100Kd / (Kd + (50/20) )
0.94=Kd/(K+2.5)

=0.94 K + 2.35
0.06 Kd =2.35

Kd =39.17

Sl o slal alasinly 6 Ja
Kd=E / (100-E ) xVa/ Vo
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8) Such solute was removed by percentage of 96% from 100 ml aqueous phase, by

using two parts of 50 ml organic phase . Calculate distribution ratio of solute
(ans= 8)

Jaldl

X%( remaining unextracted ) = [1oova / ( D vo +va )] %

100 — 96 =4
2
0.04 = [ 100/ 50D +100 |

0.2 =100 / ( 50D +100)

10D + 20 =100

D=8



—

Bala (e LS (DAL

o ( sparation factor ) = Kaq)/ Kde)

LBl iS5 oSy Jumd) Juail) S LS G T (e shal o) 5S) o dadd cuilS LS

dafd ) S5 ) ang (2 oS Bl 1 e S HS)) Jiiadl Juad J sand 4l olial Jsaall (e a3
100000 * o I

gadaiul e SIS 1 o8 aal g el da pd e 138 %2 = %1 5 Y1 = %99 o Jpas
S e 52 e Jaaidll () oS (g 43l

90.9 99 10 10 100

50.0 99 100 1.0 100
9.1 99 1000 0.1 100
1.0 99 10000 0.01 100

0.1 99 100000 0.001 100
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Kaa= 10 & Kd@ = 0.1 il 4l

\..n 3
1%=901% & 2=91% (a=10:1) a5 padaiul die
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-: s* 5 Bush - Densen 4alas alasinl M Vo / Va
Vo/ Va= (1] Kaw K@) )12

OB Gaabad) JUELl dually

Va:Vo(].:Vo/V)

Gladatiul sae ) 5 ja il 1315 sl g padlatiul ) ZUss e 138 3 S K dad (oS5 L



A SR LA e
o o
Chelate effect of the complex formation :
1- The basic strength of chelating group.
( basic strength ) 8aly 3 2la 35 adaall 4 ) 35

2- The nature of the donor atoms in the chelating agent

Ay ,Eay) Gala ) LS il g paKIBU A 6l <ol HAll aae chala )l LS
3- Ring size -

( Five or six membered conjugated chelate rings are most stable caz. Min. strain )

4- Resonance & Strain effects

g il S 8 (5 S

Cupper chelate of salicyadoxime o | _sil JiSI Cupper acetylacetonate laadt Ui
S paall ae dixa o5 Y 2 9-dimethylphenanthroline ¢ a3 steric hindrance ) (=ss Waé g
b= ¢ unsubstituted phenanthroline J ge Jisll (uSe

The influence of pH on the solvent extraction of metal chelate :

+1N

M +nR <===>MRn
s Sl ill o o e 4ild LS Jelail) e ) JaY
skl 38 dunassociated daeaie e S ja g Aages 3 ) gy daall; SN 2925 1
oAy dlee el (6 ) o solvation sl 8l 2
ideality Adlall (e Jasi Cal il (S s Al g 688 ) caan Il 45 galia e il 3l 30 53
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Kd(HR) el g (5 gmnll ) shall o SSH CRASH 2565 g

n
a

Katr)= [HR ] o/ [ HR]

Ka

- Ka Sl skl 8 cadlsh s >
n(HR )a<====>nHa +nRa”

Ka=[H']a [R]a/[HR]S
Kr ol ) shall 8 daa 3 5S5 -3

(M) a+ (nNR-)a<=====>( MRn)a
Ki=[MR ./ [M™.[R ]3
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(MRn )a <======>( MRn )o
Kd(MRn): [ MRn]o/ [ MRn]a
(M ")a+ n( HR)o====== ( MRn)o+ n(H " )a

Kex={ [ MRaJo+ [H' ]2 }/ { [M ™2+ [HR]&}

The dist. Ratio ( D) of the extracted metal as complex into organic phase to that
remaining in all forms in the aqueous

D= [ MRn]o/{ [ MRn]a"‘ [ Mn+]a}

D=[MRn]o/[M™]x

D=Ke«[HR]o /[H]a

CERAT SRR
log D = log Kex+ n log[HR]o+ n pH

all L sll i gyl G e daiad ) il A () iy
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If [ HR Jolis const. so :

D = K+/ [ H" Jmwhere K== Kex[ HR ] &

E/(100-E) =D

log E—log (100 —E ) =log D = log K«+ n pH in case %E = 50%
pHwz2=-(1/n) log K+

log D =npH—-npHw2=n (pH — pH12) If two substances

log a =log Di—log D2=n1(pH-pH 12@)) —n2( pH —pH 12(2) If n1=n2

log o =n A pHure
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The relation between D & Kd :

olid) pase LS Luzaala o Lacld 1S 130 dpcadlall Allal o s

Ka= [HAJo/[HA - (11)

D=Ki [l (G HTL) e (12)

opua 055 Ka/ [Hla oladl gl dlle oS5 [ H4] O (( oaals Japna ) 43kl 5 pH 4e ic

D = Kd b oS85 Jegas

OY ety 83l Sl i ddle DocilS Ll 4l Gy yeall (Y ) ot 3oy (adlaiul) ¢ Sy
pH < 4 2eD = Ka 43 Baa3h dus &l 5l (aslad olia) JSE (e dal s WS (308 ¢S5 [ HA Jo
Sall e @ D Jaby wS oS Ka /[ Ht Ja el oY (80 3 deasy Y (g2e ) o) 8 L
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Extraction equilibrium for chelates :

G ol patall J8 Saal) (e Jiag 138 5 el A (g gaaall shall UL ST a5l el
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Al o) gall o i) Jasd o8 MLn O -Y

Bac ) gala) ga Al Jaladl oY
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M"™* (aq) + n HL(org) <======> MLn(org) + n H+(aq)

Ke 1s extraction const.

Suppose that () & [ | represent organic & aqueous phases respectively

Ke=(MLn)[H Jn/[M™](HL)" —oeeeev (1)
DM=(MLn)/[M¥]=Ke{(HL)/[H"]}" -------m-- (2)
log DM = log Ke + nlog ( HL ) + n pH ---------- (3)
(HL) = Chv / Ol ~—---------—- (4)

where : log ( HL ) = log CHr - log QHL(aq)
O(HL(aq)=1+{[H+]K2+1/([H+]K1) }¥1/duL (Va/ Vo) ————--- (5)

log DM = log Ke + n ( log CHt - log OtHi(aq) ) + n pH ---------- (6)
sodHL = ( HL )n / [ HL ]n (dHL ( is same Kd(HR) ) is distribution coeff. of ligand )

K1 & K2 are protonation constants of ligand
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Kre= Ke/ amx) -----==------- (7) (K~ Is conditional extraction const. )

Aaleall Cun X aaae Jule 8 masking agent Aalaay Wy ohai caa g agle 5 (A 2K dga g Jiny)

D 3 ) ¢haall
log D-w = log Ke—log Om+ n [ log Chi - log Olrieg ] + n pH ------ (8)
Fromeq.(7)
log D-m = log K=+ n [ log Ch-log OlHLeg ] + n pH ------- (9)
s

* 0.05M =S 54 Oxine ( 8- hydroxylquinoling ) dsall JaldLA] padainy el pH sl
Os  2.6=(doxr ) el dalall &) 58 Jalza oy e ol Ol sVo/ Va=1/5 Ols as8 558
Lle dsll e (5,9.9) Lalog K2 slog Ki (daall Jalall 4355 5 <l 635 Jog Ke= -5.22

Al A s Jeldidga g alls 4 ot daill o328 (log aaion)= 0.1)
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) 5 Sl aladiu) die Jiad) agil LaligpH =4, 5 & 10 s

aoxey =1+ {[H 1K+ 1/ ([H 1K)} 1/ dr(Val Vo)

=1+ (10%x10° + 10*x 10°°) x10™°x 5 = 1.126 log 0toxe = 0.05

log Dm = log Ke +n [ log ChL-log Olhiag ] + N pH
log D:ai=-5.22-0.1+3(-1.3-0.05) +3 x4 =2.63
D+ai= 427

X% a(or An) =100 { Va/ (KaVo+ Va) I
A1=100{1/[1+Kda(Vo/Va)]} (bydivide on Va)

Av=100 {1/[1+427 x (1/5)]} = 1.16%

PH=4: qs
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0.0016 % =A1 0588 pH = 5 i 44y jhall udiy
0.33% =A1 ¢sSépH =10 e
pH =5 Jad¥l 53
Distribution ratio of complexes :
For a single chelate complex

n+ K ex +
Ma + nHL o<======> MLn()+ N Ha
[MLao[H+]5
Kigpavamm s

[ Mn+Ja[ HL J8

[H:]a

AR e
[HL o
D=(EVa)/(100-E) Vo------mmmmmm- (22)

From (21) & (22)
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E Va [ H+]a
K ex= --mmm-mmmmm- X ------ X mmmmmmmmmmmn oo (23)
(100-E) Vo [HL o
odhe | Aaladll 51l
Ex: T

A metal ion M *"is 33 % extracted as ML from 100 ml of 10 M solution metal ion
of pH = 5,with 20 ml of lO_BI\/I solution of a chelating agent HL in an organic solvent .
Calculate the percentage extraction expected for the same metal ion of pH = 6 using
50 ml of 5x 10" M reagent .
fromeq. (23)

I o= (33167 X100/ 20) x (102 P10 ) = 25% 10"

25%104= { E/(100—E)}x(100/50)x (10 /5x 10} E = 96.9 %
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(33%)z ) s Y sa01X107

el Jalall 3€ 53¢ 6 = duzmdall Al ¢ 20 = (g sunall shall aan 100 = Slall | shall aas -
(98%)z ) s Y sal11X107

il Jelall 5855 ¢ 5 = dpzadall Alall ¢ 20 = (s sunall shall ana (100 = Sl shall ans oY
(99.98%) ¢z ) ¥ 5a11X10™

el Jalal) 5€ 550 5 = Lpmaall Alal) ¢ 50 = 5 gumall shall paan <100 = el skl aaa -
(55.56%\z ) Y 5l11X107

(50% = ) 5 ¥ 5d11X107
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The relation of pH1/2 with( KD,r , KD,¢, fn and Ka ):

Kbo,r |Og Kb,c Bn
pH12 = log e -log[HL]e e (24)
n

a

Kbor& Kbcare distribution constants for chelate & complex respectively K & fBn are
dissoc. const. of reagent & overall stability const. of complex respectively n & [ HL Joare
charge of metal ion ( No. moles of reagent ) & concn. of reagent in the organic phase
pPHu2is the pH when D = 1 (when Vo =Va.& 50% of substant extracted in org. phase)

n (pHwz—pH ) = log { (100- E )/ E X (Vo/ Va) } ~-mremmmm- (25)

100 — E is unextracted sub. So
% unextracted =(100-E)/E

1+ {[H T Kos/pKa[HLTo }



Ex;

Geiger & Sandell reported for the extraction of Cu2+ with dithizone from water
intoCCly , the following values Ka = 3 x107, KD,r =1.1x10*, Kn,c=7x10%and fn = 5
x 10 >, If 100 ml of an aqueous solution containing 10”7 M Cu*ina) 1 M HCI & b)

0.1 M HCl is extracted with 10 ml of ( 0.01 % dithizone in CCl4 ) 4 x10* M HL.
Calculate pHi1/2 and the percentage of Cu?* remaining unextracted in each case.

AtitMHClI(pH=0):
Fromeq. (24 )

1.1x10 *log 7x10%( 5 x 10 ** ;
PHI/Z = log ----------------- g——7 —————— ( ——5—————————)—— - log 4 X 104 =-1.81

3X107 2

alrs a2 daliie pe salall 4 giall duill dad 2 Al Ja¥

2(-1.8-0)=log(10/100) +1log{ (100-E)/E}
log{(100-E)/E}=-2.62
(100-E)/E=2.4x1073

(100 -E ) =0.24%
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(E —100) U opiaal) &5 jlie A e Y ) a0l

lilea onaiy Jogy Aalaad) alia 31 ) Glaadle 5 1 (e LS 81 (26 ) Aalaad) alial A aal) IS 13
*(26)

Ka[ HL Jo
R CICES SN
{Ko:[H]1}
[H+] Ko,r (1)2 1.1X 10
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1.168 <1
D=Koo/(16.8)=7x10/16.8=4.1x 10 Sae Aslaall 3 Jealall oy il 43l iay 138
Aalaall alasinly
BBy ilgn om0 (28)

10E/(100-E)=4.1x10°(100-E)=0.243 %
GA2e YAl (0.24 % ) sVl eda o8
Incaseof[H+]:O.1(pH:1):
1>0.168 Jlé 4le 50.168 ¢ 5S8 (23 ) Aabaall alaad SUI 2l Gl

D=Kp./1.168=7x10"/1.168=6x 10"
43lé (128 ) Anlas alasiuly
(100- E) =0.017 %
O (25 ) Alaladl el Alls 8 L)
(100- E) = 0.0024 %
o) A G a5l sy

Caday g | juria priay (26 ) Ualae aldal JEN aal) 8 (2ol daina ) Zallad) pH Al b @lld (e it

. Qe 4a 1l a8 WSD = KD, C el



e

/

LA

(26 ) dilae 313D, KD,r, KD,c, B & Ka iy jlai Leadis

D=CmMmo)/Cm(@)=[MLnJo/[MLn]Ja+[M"]a --------- (1)

KD,c=[MLn]o/[MLn |a

1+[M Ja/[Mln]a
M +nL <=£> MLn

Bn=[MLnla/[M™]a[L ]a
[M™]a/[MLnla=1/Bn[L ]a
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5 into 4 we get
M a i fMIn o[ HiJa/BnKa [HLn fad - (6)
K Dr o (6 3taddl ) ¥l Gl i s dasy 1 puiay
[M™]a/[MLnJa=[H']3 K D,r/Bn K3 K"D,r [ HLn ]a -----cmemme- ()
KD,r=[HL]o /[ HL]a
el il b (8)

8 into 7 we get
[M™a /[ MInla KCpr[H: &/ B0KE [HinJoo (9)
(10 ) Wlaall e duani (3) A (9) cas
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Determination of overall stability const. by solvent extraction method :
The distribution law ( the ratio of activities or concentrations ) of subs. in the

two phases ( immiscible liquids usually water & organic solvent ).

DM & Kd(MLn) are distrib. ratio of metal in complex & distrib. Coeff. of
complex respectively
L_i\JAM u\ 8= th \JA} UJJAJ\ u.uéﬁj’édw\ UNSJMB@(;‘;Kd(MLn)MQQ alids ..LAJJDM 4.&.13

LagalS 1 coapshall anl a2 5m (5 5A) i s e AilpasS Apils lelis Jay

If () & [ ] represent concn. in organic & aqueous phases respectively
DM=(MLn)/CM e (1) (where CM is total concn. of metal )
Kd(MLn) =(MLn) /[ MLn | --——--- (2)

From eq. 2 into 1
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DM =Kd(MLn) [MLn]/([M]+[ML] +[ML2] + -—-- ) ——mmm- (3)
B1
M+L===ML([ML]=p1[M
B2
M +2L=====ML2 ([ML2]=B2[M][L]"
Eq. 3 be;

DM = Kavio) Bn [M][L] " /([IM]+PB1[M][L]+B2[M][L] + -

n

pn[M][L])
S Kinm B[ L G Bl Bl Bn[L]")
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=Kd(MLn)Bn[LIn/(1+B1[L]+B2[L]2+
= Kd(MLn) - o (4)
3 BilL
Compeer eq. 4 with eq. 5

®i is mole fraction of the metal complexes
So
DM =KdMin) Pi = e 8

By plotting curve between log [ L | & DM

/

pn[LIn)pn[L|n

B o b (S Eua Lulidl Jog [ L] 4 ae (0-1) Pi (0 pdf o Joans
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SIS aany s pae Hshs Ja100 paa Pl b (e paldin 4 m) 5 dalee QDA il Ll (2 i)
J« 100

((3a)g edlAdin) ) Baalgdady o oS gf Y

Kd=[AlJo/[A]Ja=(w1/100) /(W2 /100) =4
W1/ W2 = 4 (where w1 & w2 are no . m moles of A in org. 7 aqu. Phase resvct.
(i.e:wi=4&w2=1)

E=wi1/(wi1+w2)=4/5(E%=400/5=80%)



g and) Hshll (e Jago = dada JS ( Cmadiiu) ) adally (s gluda (pindy Gl o Y
D oY) dadal)
Ki=[AlJo/[Ala=(w1/50)/(w2/100) =4
(2w1/W2)=4; w1/w2=2
E=w1/(wi+w2)=2/3(E%=200/3=66.7%)
(Plall Jshll 8 Gl g (5 puzanll shall & (pils (aBladn) o5 ) Jiea)

+ Al dadall

c;—“LA\ O shall A.u.d“ ) GBI e il adlatiu) &3 SIS

2/3x 1 3=2lo (E% =222 %)

(66.7% + 22.2% = 88.9% ) cuixdall KU ¢ sanall ) & adle



