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The Effect of Mutual Solubility on the Distribution of the
Methylene Group between Different Organic Solvents and
Water

S. S. DAVIS

PHARMACEUTICS RESEARCH GROUP
PHARMACY DEPARTMENT

UNIVERSITY OF ASTON IN BIRMINGHAM

GOSTA GREEN, BIRMINGHAM B4 7ET, UNITED KINGDOM

Abstract

The contribution of the methylene group to the distribution coefficient (A log
Kp/CH;) has been obtained for 38 different solvents. For nonpolar solvents
A log Kp/CH, is in the range 0.60 to 0.64, whereas for polar solvents it is in the
range 0.33 to 0.58. Attempts have been made to correlate group values with
solvent polarity, and it is found that the solubility of water in the organic solvent
phase has a profound effect. Equations are derived from the three-suffix Mar-
gules equation for a ternary system that relate A log K»/CH, to mole fraction
solubility of water. The agreement between theoretical and experimental values
is good for the case of alcohol solvents. Correlations with the empirical solvent
polarity parameter of Reichardt are also examined.

INTRODUCTION

The distribution behaviors of various organic functional groups have
been studied in detail recently by Davis and others (I-4). It is now well
established that the free energy of transfer of a solute between water and
organic solvent is an additive function of the contributions from each of
the constituent groups. Consequently, the distribution behavior of solutes
can be predicted in an a priori fashion, and such data can be applied to a
wide variety of studies; for example, solvent extraction (5-8), structure
activity relations of medicinal compounds (9), protein structure (10), ion-

1
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selective electrodes (/1) and physical organic chemistry (/2). A critical
review of the group contribution approach to solution thermodynamics
has been given recently by Davis et al. (13).

The methylene group provides a particularly interesting case since most
investigations on the effect of chemical structure on physicochemical and
biochemical properties, etc., consider a homologous series. Davis et al. (I)
obtained values for the free energy of transfer of the CH, group from water
to various organic solvents. Differences in group contribution were ration-
alized in terms of solvent polarity, and for nonpolar solvents group
values could be predicted using an equation developed from the solubility
parameter concept of Hildebrand and Scott (14, 15). A similar equation
has been presented by Tanaka et al. (7, 16).

This paper considers the methylene group in further detail. Fifty-one
new group contribution values have been abstracted from the literature,
and we can now consider the distribution of the CH, group between water
(or aqueous buffer) and 38 different organic solvents. Many of these
solvents cannot be considered as being truly immiscible with water.
Consequently the derived group contributions are affected by mutual
solubility. It should be possible to determine from activity coefficient
equations for ternary systems the extent to which mutual solubility in-
fluences the group contribution. In addition, correlation between group
values and empirical solvent polarity parameters (77) is investigated.

GROUP CONTRIBUTION VALUES FOR THE DISTRIBUTION
OF THE METHYLENE GROUP (A LOG K,/CH))

Table 1 lists group contribution values (A log K,/CH,) for the CH,
under 38 solvent headings ranging from nonpolar to polar solvents, The
original partition data in the literature were examined critically for con-
sistency and analytical accuracy. Where necessary, the data were corrected
for solute association in the organic phase and ionization in the aqueous
phase (/8). By this procedure a list of preferred group values can be built
up. For each solvent, mutual solubility values for water have been cal-
culated in mole fraction units from literature data (19, 20) or direct
experimental measurement (Karl Fischer method for water in organic
solvents). Solvent polarity has been characterized by the E; parameter
of Reichardt (17, 21, 22).

It is clear from Table 1 that the group contribution for the CH, group
for nonpolar solvents is in the region of 0.60 to 0.64, but as the solvent
becomes more polar the group contribution falls. The distribution co-
efficient K, can be defined in terms of activity coefficients at infinite dilution
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TABLE 1

Log Kp/CH, Values, Mutual Solubility Data (19, 20), and Solvent Polarity

Values (E7) (17, 21, 22)

Group value

2

Solvent® Solute A log Kp/CH,® Refs.
1. Hexane
xz=1.000 Alkylaminobenzoates 0.66%*¢ 23
xp:=0.0053 Alky! compounds 0.62
Er=309 0.64¢ 24
2. Heptane
xp=1.000 Organophosphorous 0.66° 25
xp.=0,002 compounds
Alkanols and alkylamines 0.64¢ 25a
Alkanoic acid salts 0.62 26
Alkanoic acid salts 0.62°¢ 27
Alkanoic acid salts 0.59¢ 20
0.63
3. Octane
xp=1,000 Alkyl pyridines 0.67 28
xp=0.004 Alkyl compounds 0.62 24
E;=30.5 Alkanoic acids and alkanols 0.57* 29, 30
0.62
4. Dodecane
x5=1.000 Alkanoic acids and alkanols 0.57* 29, 30
xg.=0.000
5. Hexadecane
xp=1.000 Alkylpyridines 0.64 28
xg:=0.000 Alkanoic acids and alkanols 0.57* 29, 30
0.61
6. Cyclohexane
xp=1.000 Organophosphorous compounds 0.66° 25
xg-=0.000 Conjugated heterenoids and 0.65 31, 32
Er=31.2 n-alkyl compounds
Alkyl phenols and alkyl esters  0.64 33
Dialkyl phenols 0.63° 34
Alkyl amines 0.63° 12
Alkanols 0.62¢ 20
0.64
7. Benzene
xp=0.9981 Alkanoic acids 0.64 1
x5 ==0.0028 Alkanoic acids 0.64¢ 20
Er=34.5 Alkanols 0.60 35
Alkanoic acids 0.60¢ 7
Alkanols 0.58¢ 20
0.61

(continued)
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TABLE 1 (continued)

Group value

Solvent® Solute A log Kp/CH,® Refs,
8. Toluene
xp=1.000 Organosphosphorous
xp: =0.00168 compounds 0.66° 25
Er=339 Alkanoic acids 0.60 1
0.63
9. Xylene
xp=1.000 Alkanoic acids 0.55 1
x5, =0.0024 Alkyl amines 0.54 36
Er=33.2 Alkanoic acids 0.54° 20
0.54
10. Methylene dichloride
x5=0.9972 Primary alkyl amines 0.63 37
x5, =0.0093 Secondary alkyl amines 0.61 37
Er=41.1 Alkylamines 0.58 38
0.60
11. Chloroform
x5=0.9987 Alkyl pyridines 0.66 39
xg:=0.0048 Alkanoic acids 0.64 40
Er=39.1 Alkyl sulfates 0.64 41
Alkanoic acids 0.63¢ 20
Alkanoic acids 0.62 1
Alkyl sulfates 0.61 42
Barbituric acids 0.61 43
Organophosphorous 0.60°¢ 25
compounds
Dialkyl phosphates 0.60° 44
Alkyl amines 0.60 38
0.62
12. Carbon tetrachloride
xp=1.000 Organophosphorous
xg.=0.0084 compounds 0.66¢ 25
Er=325 Alkyl pyridines 0.65 28
Alkanols 0.65°¢ 20
Alkanoic acids 0.62 1
Alkanoic acids _0.57¢ 20
0.63
13. 1, 2-Dichloroethane
xp=0.9985 Alkanoic acids 0.60° 7
Xy =0,008
Er=423
14. Diethyl ether
xp=0.9846 Alkanols 0.60° 20
xg =0.0579 Alkanols 0.57¢ 45
E;=344 Alkanoic acids 0.57 1

(continued)
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TABLE 1 (continued)
Group value A log
Solvent® Solute Kp/CH,? Refs.
Alkyl amines 0.56 46
Alkanoic acids 0.55 47
0.57
15. Isopropyl ether
x5=0.9978 Alkanoic acids 0.64° 45
xp,=0.0315 Alkanoic acids 0.62 48
Er=34.0 Alkanoic acids 0.60 47
Dialkyl phosphates 0.57¢ 44
Alkanoic acids 0.56 7
Alkanoic acids 0.53 20
0.59
16. Dibutyl ether
xp=1.000 Alkylpyridines 0.64 28
xp' =0.0129 Organophosphorous 0.56° 25
Er=334 compounds o
0.60
17. 1-Butanol
xp=0.9808 Alkanoic acids 0.44 1
x5, =0.5128 Alkanoic acids 0.44 47
E;=50.2 Alkanoic acids _0.44° 20
0.44
18. 2-Butanol
x5=0.9664 Alkanoic acids 0.44 1
xgr=0.7647 Alkanoic acids 0.35 47
Ep=48.5 Alkanoic acids 0.33¢ 20
0.37
19. Isobutanol
x3=0.9737 Alkanoic acids 0.47¢ 20
xpr=0.4558 Alkanoic acids and esters 0.45 49
E;=49.0 Alkanoic acids 0.44 1
Sulfonamides 0.41¢ 50
0.44
20. 1-Pentanol
x5=0.9954 Alkanoic acids 0.52° 20
xp.=0.2831 Alkanoic acids 0.50 47
Er=46.5 0.51
21. 2-Pentanol
xp=0.9905 Alkanoic acids 0.43¢ 20
xp.=0.3957 Dialkyl phosphates 0.47° 44
0.45
22. 2-Methyl-2-butanol
xp=0.9753 Alkanoic acids 0.43 47
xg+=0.6004

(continued)
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TABLE 1 (continued)

DAVIS

Group value

Solvent? Solute A log Kp/CH,? Refs.,
23, 4-Methyl-2-pentanol
xp=0.9970 Alkanoic acids 0.54 51
xp.=0.2779 Dialkyl phosphates 0.47¢ 44
0.50
24, 1-Octanol
xp=0.9994 Alkyl pyridines 0.59 39
xy-=0.2680 Alkanols 0.57¢ 20
Epr=43.5 Alkanoic acids 0.54¢ 20
Alkanoic acids 0.50 52
Alkyl compounds 0.50 53
Alky! esters 0.50 54
Alkanols, alkanones, and
alkyl esters 0.50 55
0.53
25. 2-Ethyl hexyl alcohol
xp=0.9992 Alkanoic acids 0.56° 7
Xp+ =0.16
26. 6-Methyl heptanol Alkanoic acids 0.61°¢ 56
27, Oleyl alcohol
xp=1.000 Alkanoic acids 0.58¢ 52
xgr=0.2218 Tetracaine homologs 0.51¢ 57
0.55
28. FEthyl acetate
x5=0.9823 Alkanoic acids 0.48 47
xg, =0.1307 Alkanoic acids 0.45¢ 20
Fr=379 Alkanoic acids 0.43¢ 48
0.45
29. Pentyl acetate
x5=0.9997 Aminobenzoate esters 0.62°¢ 58
x5 =0.0776
30. 2-Butanone
xp=0.9269 Alkanoic acids 0.33 47
Xge =(0.3080
Er=41.3
31. 3-Pentanone
x5=0.9920 Alkanoic acids 0.33 47
xg:=0.1130
32. 4-Methyl-2-pentanone
x5=0.9969 Alkanoic acids 0.54 SI¢
xp.=0.0973 Dialkyl phosphates 0.51 44
Organophosphorous
compounds 0.50 25
0.52

(continued)
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TABLE 1 (continued)

Group value

Solvent? Solute A log K,/CH,? Refs.
33, Methyl cyclohexanone
x5=0.999 Alkanoic acids 0.55 48
XBr =0.16
Er=40.8
34. Nitrobenzene
xp=0.9998 Alkanoic acids 0.54¢ 7
xg,=0.0121 Alkanoic acids 0.51¢ 20
Er=42.0 Dialkyl phosphates 0.50°¢ 44
Alkanoic acids 0.48 1
0.51
35. Nitrotoluene
xp=1.000 Alkanoic acids 0.52¢ 20
xp:=0.007 Alkanoic acids 0.47¢ 1
Er=42.0 0.50
36. Silicone oil
xp=1.000 Alkylamino benzoates 0.54** ¢ 23
Xp =0.0047
37. Olive oil
x5 =011 Alkanols 0.53 59
38. Triolein
xp=0.19 Alkanols 0.55¢ 60

“xp is the quantity (mole fraction) of water in the aqueous phase, and xp. is the
quantity (mole fraction) of water in the organic phase.

bAll group values refer to 25°C except those marked *, which are for 20°C, and those
marked **, which are for 37°C.

‘New value, not included in compilation of Davis et al. (1)

“Mean group value

(pure solute as standard state)
K, = y® water/y*® oil (1a)
and
A log K,/CH, = A log y*/CH,/water — A log y*/CH,/oil (1b)

Davis et al. (I) have studied the methylene group contributions to the
activity coefficient of solutes in water. They found that for 28 solutes

A log y®/CH,/water = 0.62 +0.03 (2a)
Thus for inert solvents we have
A log y*°/CH,/oil = 0 (2b)
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and
A log K,/CH, = A log y°/CH,/water (2¢)

The driving force for the transfer of the CH, group from water to nonpolar
solvents can be attributed entirely to the interaction of the group with
water (5). For polar-associated solvents such as the alkanols, we would
expect that A log y°/CH,/oil > 0 and A log K,/CH, will fall. Unfortu-
nately, the available data on the activity coefficients of homologous solutes
in the organic solvents listed in Table 1 are almost nonexistant and no
reliable A log y*/CH,/oil values can be calculated.

Not only will the group contribution be affected by the nonideality of
the CH, group in the oil, but also for many of the solvents the Nernst
condition of solvent immiscibility is far from met. In a number of cases
the organic solvent contains more water than oil when mutual solubility
values are calculated on a mole fraction basis!

THE EFFECT OF SOLVENT MISCIBILITY ON GROUP
CONTRIBUTIONS TO THE DISTRIBUTION COEFFICIENT

When the two solvents are miscible, one with the other, Eq. (1) is no
longer valid. Instead, we must consider the ratio of the activity coefficients
of the solute in the two phases as modified by the presence of the other
phase. That is, we must consider ‘“‘solvent rich” phases and activity co-
efficients at infinite dilution for ternary mixtures. A number of different
equations are available whereby such activity coefficients can be calculated,
but not all are suitable for the present purpose (6/-64). We will employ
the three-suffix Margules equation.

Let the solute to be distributed = A, and the two solvents B and C.
x is the mole fraction solubility.

Three different cases will be considered.

1. The General Case

The activity coefficient of Solute A in the ternary system A, B, and C
can be written as (61, 63)

log y2 = x7 [log y3s + 2x,(log yia — log y35)]
+ xillog y3c + 2xalog y&x — log yio)]
+ xpxcllog yga + log yic — log y&s]
+ 2xa(log y&s — log y2c)
+ 2xc(log & — log ygo) — T(1 — 2x,) 3)
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where T is a ternary constant. At low dilution x, — 0. Then
log y2 = xj(log y3p) + x&(log y50)
+ xpxc[(log yRa + log yic — log ys)
+ 2xc(log y&p — log yie) — T Q)

Consider two separate cases: (a) B-rich phase and (b) C-rich phase.
Let xg, x¢, be the mole fraction of the two solvents for (@) and xg., xc the
mole fractions for (5).

The distribution coefficient K}, can be defined as

K = yas/7ac &)
Then
log Kp = log yia(xg ~ x5 + log yfc(xd — x2)
+ (log yga + log yic — log y&s)(XgXc — Xp-Xcr)
+ (log y& — log yRo)(2xéxg — 2x¢-xp)
+ T(xg-xc — XpXc) (6)
The group contribution for a functional group X is defined as
A log Kpix = log KD/RX — log KD/RH U]

Then if the presence of Solute A does not affect x, x¢; xp:, X¢3 OF PR
and yZs, we can write

A log Kpx = (A log vi3)(xs — x&) + (A log yRo)(x¢ — x&)
+ (xpxc — xp-xc)(A log v — A log y5c)
+ AT(xpxc: — XpXc) (3

The ternary constant 7 can be written as (63, 65)
Lo oo o o
T= 5 (log yga — log yis + log yic
— log y& + log y¢s — log v5c) ©
Therefore
l 00 o0 o0
AT = E(A log yga — Alog 755 + Alog yac — A log y&)) (10)

The true distribution coefficient in the absence of solvent miscibility is

log Kp rye = log yip — log vic (11)
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Hence we can substitute for log yi¢ in Egs. (8) and (10) and solve for log
Kp trues knowing that x = (1 — xp)

A lOg KD true

- [2Alog K o, +(A log yZs + A log yg, — 6A log Yap) (X3 — X3, — Xg+ Xa/)]
(Txg — Txg: — 5x5 + Sx3)

(12)

where Kp,,, is the observed distribution coefficient. Note for immiscible
solvents

xg =1, xg =0
and
Alog Kj rye = Alog Kp app (13)
Consider the methylene group. Davis et al. (/) have shown that
A log y*/CH,/water (= A log yap) = 0.62

Values for A log yga (A log y*/water/CH,) and A log &, (A log y®/
0il/CH,) have not been reported. Approximate estimates of these con-
tributions can be made from published activity coefficient data (24, 66)
(Table 2). We find that A log y5a = 0.11 and A log y&, ranges from
+0.12 to —0.15. It is not possible to find values for all the solvents in
Table 1 and, consequently, we have calculated a weighted mean of —0.05
for A log y&,. This indicates that the activity coefficients for the solvents
in Table 1, when present as solutes at infinite dilution in homolosous
solvents, are almost unaffected by an increase in the chain length of the
solvent.

From Eq. (12) we can write:

2A log Kp,pp — 3.66(xf — X3, — X5 + Xp)
(Txg — Txg. — S5x§ + 5x37)

A log KD true = (14)
2. The Symmetrical Case

If the system is symmetrical in terms of the activity coefficients con-
tributions for both phases, i.e.,

Alog ygx = Alog y3s
Alog yic = Alog vy
or that the sum of the A log y® values in Eq. (10) is zero, then AT = 0,
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TABLE 2

11

Group Contributions to Activity Coefficients for the Methylene Group (y®/water/

CH,; and y*/oil/CH,)*

Solute Solvent log y*
A log y*/water/CH,

Water Alkanols (C,-Cy) 0.11
Water Alkanones (Cs-C-) 0.11
A log y*/oil/CH,

Hexane Alkanes (C;,-Cy7) -0.02
Heptane Alkanes (Cy6-Ci3g) —0.03
Octane Alkanes (C;5-C,4) —0.04
Hexadecane Alkanes (C4-C-) +0.02
Cyclohexane Alkanes (C-C+) 0.00
Benzene Alkanes (Cs—Ce) —0.01

Alkanols (C;-C,) —0.03
Alkanones (C3-Cs) —0.15
Toluene Alkanes (C—Cg) 0.00
Alkanones (C,-C3) 0.00
Xylene Alkyl esters (C14-Cy¢) 0.00
Chloroform Alkanols (C~-Cy) —0.05
Carbon tetrachloride Alkanes +0.03
Alkanols +0.04
Alkanones +0.12
1-Butanol Alkanes (C;—Cy4) +4-0.001
Isobutanol Alkanes (C,—C;7) —0.023
Ethyl acetate Alkanols (C;-Cs) +0.02
2-Butanone Alkanols (C;-Csg) 0.00
Alkanes (Cs-Ci6) 0.00
3-Pentanone Alkanols (C;-Cs) —0.003
Alkanes (C;—Cy6) —0.005
4-Methyl-2-pentanone Alkanols (C{-C,) —0.05

“Temperature range, 20 to 30°C.

and we can write

A 10g KDtrue

= A lOg KDapp + (A IOg ylf;oA - 3A lOg ’ny)(X% - xlzi' — Xp + xB’)]

(Bxg — 3xg. — 2xf + 2x4.)

Substitution for A log y* values for the methylene group gives

A 1og KD true =

A log KDapp - 1.75(.x123 —_ x%’ — X + xB:)

(3xp — 3xp — 2x5 + 2x3)

(15)

(16)
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3. Modified General Case

Wohl (62) has considered equations of the Margules type for ternary
systems which are symmetrical and unambiguous with respect to the
definition of the ternary constant. Then instead of Eq. (3) we can write
(62, 64)

log y4 = xallog 7%s + 2xa(log yga — log yw)]
+ x¢llog y%c + 2x,(log yZs — log vl
+ xpxcl[0.5(log ygx + log vi + log v&,
+ log y{c — log ygc — log ycp)
+ xa(log yix — log yZs + log véx — log i)
+ (xg — xo)(log yEc — log v&y) — (1 —2x,)E] W)

where E is a ternary constant. For low dilution of Solute A in both
phases, x, —» 0 and E = 0 (64), and

log 78 = xi(log yan) + x(log yic)
+ xpxcl0.5(log yga + log y3s + log véa
+ log y3c — log yic — log y&)
+ (xg — xc)(log ygc — log ycu)] (18)

In a manner similar to the general case, we can consider solvent-rich phases
and the group contribution to the distribution coefficient. We then obtain

A 10g KD true

_[2A Tog Kp,p,— (A log ys3 + A log y& — 2A log yRa)(xg — X5 + Xp — Xp")]
(3xg — 3xp — X3 + Xp)

(19)
and for the methylene group

2A log Kp ypp — 1.15 (X2 — x5 — x5 + xg)

Alog K =
& 8o e (3xg — 3xp — xj + x3)

20

Attempts have been made to calculate A log K,/CH,,,,. values from Eqs.
(15), (16), and (20). However, the results have been disappointing. In some
cases the values exceed 0.65 for highly polar solvents, indicating incor-
rectly that the methylene group deviates from Raoults law in a negative
way (i.e., solute-solvent interaction). The reasons for such anomolous
results can be traced to the assumptions regarding symmetry, the difficulties
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in calculating A log y® values from literature compilations, and the
uncertainty in some of the reported mutual solubility data. In addition,
the derived equations all contain subtraction terms that may result in a
negative denominator. For example, considering a hypothetical case where
A log K,/CH, apparent = 0.40, x; = 1.00, and xg. is changed from 0.0
to 0.9, we find that for Egs. (15) and (16) the denominator has negative
values at higher values of xy. (Fig. 1). It is concluded that before Egs. (15),
(16), and (20) can be applied to distribution data, considerable work has
to be undertaken to obtain reliable activity coefficient and mutual solubility
data. Moreover, it has been assumed that the presence of very small
quantities of solute will not affect the mutual solubility of the solvents.

“This assumption may be unjustified (67). Equations (15), (16), and (20)

can be utilized for examining the data in Table 1 if we make two approxi-
mations.
Ist Approximation

Examination of the solubility data in Table 1 suggests that x5 ~ 1 and
therefore x§ ~ 1.

-

Denominator

15

-1 1 ] ] |
o] 0-2 04 / 0-6 0-8 10
Xg

FiG. 1. The relation between the denominator in Egs. (15), (16), and (20) and
Xpr. A lOg KD/CHZ ap,,=0.40. XB=1.00.
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2nd Approximation

The limited activity coefficient data available in the literature (24, 66)
suggests that A log y*°/CH,/oil =~ 0.0 for most solvents. Rytting et al.
have reached the same conclusion by examining distribution coefficient
and solubility data (68). Thus we can substitute for xz = x% = 1 and
A log Kj,/CH,,,,. = 0.62 in Eqs. (15), (16), and (20).

The resultant expressions are:

Case 1

A log Kp/CH, ,,, = 0.62 — 0.34x5, — 0.28x3 21
Case 2

A log Kp/CH, ,,, = 0.62 — 0.11xg. — 0.51x3, (22)
Case 3

A log Kp/CH, oy = 0.62 — 0.36x5. — 0.27x3, (23)

1t is interesting to note that Cases 1 and 3 give almost identical results
whereas Case 2 is rather different. In the limit of x5. = 0, Alog K,/CH, =
0.62, whereas when xg. = 1, A log Kp/CH, = 0.0.

For the majority of solvents we would expect a reasonably simple
relation between the group contribution for the methylene group and the
solubility of water in the organic solvent phase (expressed in mole fraction
units).

Figure 2 shows the experimental A log K,/CH, values plotted against
xg- together with the theoretical relations defined by Egs. (21) and (23)
and Eq. (22). One group of solvents, consisting mainly of the alcohols
follows the theoretical line quite well until x5. exceeds 0.4. Another group
of solvents comprising the ethers, ketones, and esters follows a totally
different relation.

Thus for some solvents the change in group contribution to the distribu-
tion coefficients with solvent polarity can be accounted for simply by the
presence of dissolved water in the solvent. This is not the case with other
solvents, and the experimental points lie well below the predicted line.
For such systems the value of A log y°/CH,/oil may be very much greater
than zero.

The alcohol solvents in particular provide an interesting linear relation
between A log K,/CH, and xy. (Fig. 3). The equation of the line is

A log Kp/CH, = 0.62 — 0.35x (24)

for xg. values up to 0.8
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FiG. 2. The relation between A log Kp/CH,ap, and xz.. Numbers refer to
solvents listed in Table 1. Theoretical lines: ( ) Eqs. (21) and (23); (- -) Eq.
(22).

Many attempts have been made in the past to correlate distribution data
with some physicochemical property of the organic phase. Dielectric
constant, solubility parameter, and even interfacial tension data have
been used; however, none has been particularly successful (4). The best
correlations have usually been obtained between the distribution co-
efficient and the solubility of water in the solvent (20, 69, 70). It has been
suggested that the ability of a solvent to accommodate water is a good
measure of its polarity or acceptor tendency for hydrogen bonds. Polarity
notwithstanding, the presence of water in the organic phase will result in
the formation of a ternary system, and we would expect the distribution
coefficient to change for this reason alone and not necessarily through
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Xg

F1G. 3. The relation between A log Kp/CH, .,p and xg. for alcohol solvents.

any specific solute-solvent interactions or preferred solute-solute interac-
tions.

CORRELATION OF GROUP CONTRIBUTION VALUES
WITH SOLVENT PARAMETERS

Davis and others (J, 15) and Tanaka and others (7, 16) have attempted
to predict group contribution values for the methylene group distributed
between two solvents, using the solubility parameter concept of
Hildebrand and Scott (I4). This approach was successful only for non-
polar solvents. Other correlations with dipole moment and dielectric
constant have been investigated by Davis (4).

The polarity of a solvent will be the result of a composite of factors
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that can include dispersion forces, dipole forces, and specific interactions
such as hydrogen bonding. It is therefore perhaps asking too much to
find a single physicochemical parameter that will describe polarity. For
example, Marcus (71) considers that many solvents will probably need
more than one parameter to describe the distribution equilibrium.

An alternative approach is to determine solvent polarity by experimental
measurement, working backwards from the effect of solvent on a solvent-
dependent standard process (21). In the field of gas-liquid chromatog-
raphy, Novak (72, 73) has suggested that a universal criterion of the

30 40 50

F1G. 4. The relation between A log Kp/CH; app and Er.



14:19 25 January 2011

Downl oaded At:

18 DAVIS

polarity of sorbents is the partial excess Gibbs free energy of mixing per
mole of CH, groups of solute. A similar polarity scale for distribution
studies would therefore be the A log K,/CH, values in Table 1! Alter-
natively, A log Kp/CH, values corrected for solvent immiscibility or
A log y*/CH,/oil values would be suitable provided that the necessary
experimental data were available.

We are thus faced with the dilemma that the best parameters for solvent
polarity in distribution are probably the experimental values for
A log K;,/CH, that we wish to correlate with solvent polarity!

Frolov et al. (22) have drawn attention to the correlation of distribu-
tion coefficients and the empirical parameters for the polarity of solvents
(E7) of Reichardt (17, 21). This parameter is based on the absorption
spectrum of pyridinium AN-phenol betaine. The position of the charge
transfer band (kcal/mole) is used to characterize the solvent. Such values
can be used to correlate A log K,/CH, values (Fig. 4). There is reasonably
good agreement for different solvent groups. As expected from the work
of Frolov et al. (22), the data for solvents that are strongly hydrogen
bonded, the alcohols, fall on one line and, interestingly, data for the
chlorinated compounds fall on another line.

It must be concluded that as yet there is no suitable single parameter to
correlate and predict A log Kp/CH, values save for the A log K;,/CH,
values themselves. Detailed studies on the activity coefficients of homol-
ogous solutes in various solvents should rectify the position.
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