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solvent. it is more &ff

. EXTRACTION

ituti s follows.
In this particular case, we can make substitutions a

i : (328)
From Equation 3-4: s [HB] (
[B"1= Ka _—_[H+]

From Equation 3-5: 2 i
[HB-HB] = Ka[HB] i
3 i 7, we obtain
Substituting from Equations 3-8 and 3-9 into Equatlon 3= b
[HBJo + 2Ka[HBJo _ [HBurs(1 +2Ka[HBl Kn( L*K{If[}gq (3-10)
Ly (HBl. ~ (HBlo(+ KeJIED) 1, 1
[HBJuq + Ko _[I?I .
- - [h - ]
Equation 3-10 shows that the distribution ratio can be cb:ngoigti?:x (h?g }fl[r?-lp’ ]e
expedient of changing the pH of the aqueous SO]Utlon:‘:’Iljl act s o anic,
low pH), D will be large and benzoic acid will be fotind larﬁe Yd benzoicgacid
layer. In alkaline solution (low [H'], high pH), D will > sma an b
will be found in the aqueous layer (almost entirely as benzoate 10ns).

ge

Example [Problem 3-1. One gram of benzoic acid ori'g.ina.lly c!lsso]ved in 100 ml
of water is to be equilibrated with 100 ml of ether. The distribution coeﬂ.imgnt, .K b
is 100 and the dissociation constant, K., is 6.5 x 10~%. Calculate the distribution
ratio, D, if the aquedus layer is at pH 3. pH 5 and pH 7. Calculate D at several
other pH values and plot D versus pH for this system.

i K»p
D—1+K,/[H‘]
100 100 :
t 3 = = o
ALpH 3 DSiesxoic o
100 100
At H o = =
bR % 1+65% 105100 75 133
At pH 7: 100 100

DS Tress 10710 g51 %15

Expressions similar to Equation 3-10 can be derived for other types of side

reactions, for example, formation of ion pairs or metai complexes in either or both
phases. If the side reactions involve jonic (char i

lons exist only in the aqueous layer, or jr a very polar organic solvent (high
diclectric constant). The chardcteristics of seful solvents are listeq ; Tabl
5-1. ( isted 1in Table

SUCCESSIV:E“E),(TRACTIONS

If the distributig ik« :

LY ery lar : { ;
simple separatory f:&% “HA Sl Y large (>1000), a single extraction in a
phase to 2nother. Ho,w‘, yej-‘ it can be s

Ve 1o divide it into seve

portion successively rqth%; than to make
at one time. W |

PR
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Table 3-1 Some Useful Solvents '
|
wl : Dielectric
Solvent Boiling Freezing Constant,
Point, °C Point, °C Debye units
Diethyl ether
Carbon disulfide 35 - 116 43
Acetone 52 — 111 2.6
Chloroform 61 =93 207
Methanol 65 o 4.8
Tetrahydrofuran 66 b 22 g
Di-isopropyl ether 68 B ;g
Carbon tetrachloride 76 —n3 2'2
Ethyl acetate 77 — 84 60 {
- |
E‘Ef“°' 78 “hi7 243
C° fi:e 80 5.5 23
: yclohexane 81 6.5 2.0
vf,opropanol 82 -89 18.3 |
ater j 100 0 78.5 ]l
Dioxane 102 12 2.2 q
Tolugne . 111 —95 2.4 . ’
Acetic acid (glacial) 118 e 6.2 ;’
N:N-Dlmelhylformamide : 154 61 348 ;
Diethylene glycol 245 -10 37.7
{
|
125°C. If the ether is used in a single batch:
a _ 3L @105 i
KD S5 Cel/cuq o 30 i ",/0'5 !
bl
where x is the weight of butyric acid remaining in the water layer. Thus x = 1, and «
3 g is extracted into the ether layer, as shown in Figure 3-2. However, if the i
ether is used in two successive 250-ml portions, for the first extraction: {1
’
5 __g4"‘Xl)/025 .'
Ko =3.0=""70.50 q
In this case, x; = 1.608 remains in the water layer, and 2.40 g is found in the ether |
laver, which is then removed. In the second extraction with the remaining 250-ml : i

~ portion of ether: o i
_ g2 16-X2/0.25 '
Ko =3 = TeIn50

After the second extraction, x2=0.64¢g remains in the water layer, and an
additional 0.96 g is extracted by the ether. Thus a total of 2.40 +0.96 =3.36 g has
been extracted, a significant improvement. . :
A similar calculation shows that had the e.ther.been dwndeo.m.to five LOO‘!QII
portions. only 0.23 8 of the original 4 g of butyric acid would remain in thg aqueous
phase after the fifth extraction, and the combined other extracts would contain

3.77 g. v Ve
For the general case, assume that Wo g of a solute originally prese

solvent A is to be extracted with successive portions of Ve
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DOU_BLE EXT_E‘EACTION )
Figure 32 Comparison of fyurac'lion‘ prd;cq,giigk;fo ’bu’lyr“i
of water extracted with one 500-ml portion of cther (xbp)./g"
(bottom). . : 1 ! i

pf

shown in Figure 3-3




PARATION OF MIXTURES BY EXTRACTION y e

34 SE 33
ORIGINAL FIRST SECOND 267 win
B W1 =Cp1Va Wp,2=Cs,2Vs Wa, n=Ca a8
A M.1=C‘;;-1V4 V WA.2=‘CA.1¥\ o VWA.n-= Ca.nVa
Total = W, Total = W, Total = W, Toral s W, q:

=C40%

Figure 3-3 Successive extractions of sample of Weg originally in V.-ml of water with Vi-ml

portions of ether.

first, except that Wa. 8 of solute is

1] :
The second extraction is the same as the
(repeating the steps above):

present instead of W,g. Thus, by analogy

% % 2
Waz=W (___"___) &t (_____i___>
* ANV KoV Wo\ Vi Ko Vs

Repeating the procedure through n equilibrations (collecting and combining the B

layers) gives: v L

Wan = -———"———) 3-11
-l (v,\ + Ko Ve Gl

on of the solute remaining in the A layer after n
f solvent B. As n increases, Wan decreases,
minishing returns soon set in, as shown in

where Wa./W, is the fracti
extractions with n equal portions 0O
but the relationship is exponential and di
Figure 3-4.

More than five successive ex
has not resulted in an adequate ¢
extractant (more favorable 'Kb). It should be noted tha
it was tacitly assumed that the two phases are comp
equilibration. In practice, this is not always easy to do.

tractions are seldom worthwhile. If this number
xtraction, it is more practical to look for a better
t in deriving Equation 311,
letely separated after each

Figure 3—4 Fraction of solute remaining in

0 /J_’————————’J"_ !
0 10 water layer after a number of successive

5
Number of Extractions, 1 extractions with fresh portions of ether.

3-4 SEPARATION OF MIXTURES BY EXTRACTION

t to anocher is of little
arating two or more
ts. if one solute

tion of a single substance from one soiven
of extraction is the possibility of scp
difference in their distribution coefficien

The extrac
interest. The great value
substances based upon a

P2 = I



