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INTRODUCTION

- methods. In
ecause of the
given tempera-

. in common with

Extraction methods have - ,
) of components is j

fractional dlstlllatlon a separat]
difference in‘vapor pressure or vo; /

stem, K is greater
erefore. in the

mixture. Rl

Extraction is an analogous separation process in w:
between two immiscible solvents. A similar law defin S
tions of the solute in the two solvents, 1 and 2:

C,
Kp =— / -2
D C\2 (3 )
where Kp is the distribution coefficient or partition coej cial type of
equilibrium constant which is related to the relative solul the solute in the
two solvents. Often one solvent is water and the oth 1 solvent, so
that inorganic ionic species as well as polar organic co und largely

in the aqueous phase while nonpolar organic compound ar
phase. This is another way of saying “like dlssolves il In d Qlfutlon to a
first approximation, the distribution coefficient is indep T
More precisely, activities should be used in Equation 3

Example. Suppose that we wish to separate the ‘ ds from a
sample of toilet soap. A pair of solvents such as ether v v kﬂbe very
effective because fatty acids are far more soluble in eth
opposite is true for soap. If ether is arbitrarily defined as
3-2, then Ky is very large for fatty acids and very s

In Equation 3-2, phase 1| app?ars in the numerat
denominator. Often the orgamc phase 1s placed in. the nu
the lighter phase (which may or may
Thus, the assignmcnl of phase nhmbg




$ ‘e . Y . R
- y ' d’ 4 ‘O” L
32 DISTRIBUTION LAW [ 2N ' : . . S
b v 29
3-2 ~ DISTRIBUTION LAW  « . b,

. The dlstrlt?ution coefficient pertains only to a single Spccieg' 2\4 Zoes not
,_mc,;lude' possible progucts of side reactions: For example, et us -':onsi:ier the
;}i(sgz:la?inono‘f)flzizzbom a::id, HB from -\v'vate.r (acidified with, i1 to suppress
: s .en201c acid) into an organic solvent such z¢ ';lher. Figure 3-1a
illustrates the equilibgiudy situation, fos which

b8 ———

p o ' HB]..
¥ el Kpaiae ’ i
: & [HB ‘ (3-3)

gl . 3 - .
CQmPI_lcatIO_ns ansg’:h)wever, if the aqueous layer is not acidigied and the benzoic
acid dissociates ) ~ 4!

HB=H"+B"
_[H7[B]]
p Ke =5 (3-4)

4 4
Now thc.ar.e areélw'oindepcndent equilit{ﬁas illustrated in Figure 3—1b. Note that
fhe partition 2 guitbrium pertains only 412 ohe undissociated benzoic acid molecules
n th_e two phth and that the diss‘g\ciation equilibrium?perlains only to the
species in the aqueous phase (benypic acid does not dissociate in an ether
solution). A sgcond complication ariges if benzene is used as the organic solvent in

‘place of ether, as shown in Figare 3-1c. Benzoic acid is partially dimerized in
benzene '

2HB=HB'HB
[HB-HB] ’
—-_— = 3=
K. (HBT (3-5)

In extracting .benzoic acid, we may want to know how much benzoic acid.
regardless of its form, is in each phase. The expression which takes all forms into
account is called the distribution ratio, D

_ total concentration of benzoic acid in organic phase

B total concentration of benzoic acid in aqueous phase (3-6)
or oL (HBJore + 2[HB-HB e (327
[HB]HQ+[B']uq a8
Banzer:
h =
Eirr

Water
Layer

(a) )

Figure 3-1 Distribution of benzoic acid. HB, between ether and water (a and E
benzene and water (¢) in an extraction.
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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 |
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