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ABSTRACT

The estimation of the solubility parameter (4§) values for
pure liquids and binary mixtures of pharmaceutical interest are
considered. 1t is initially assumed that a previously reported
relationship between solubility parameter and dielectric constant
for pure polar solvents can be extended to liquid mixtures. If
this expression is operative for pure liquids and binary blends,
there remains a need to correlate derived values from an independent
theoretical or experimantal approach. Thus, it is submitted that
the molal boiling point elevation as a colligative property might be
useful in this regard. 1t is seen that a good correlation exists
for the estimation of solubility parameters from both methods.
Several simplifying and limiting assumptions are made for the second

method and are considered.
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INTRODUCTION

The Hildebrand solubility theory has proved to be quite

usaful as an aid in predicting and interpreting solubility pheno-
mena (1, 2), heats of mixing (3) and particioning processes (4).

The solubility purumetar is a significaac quantity aince it directly
reflects the intermolecular interactions involved for a pure solvent,
pura solute or solvent-solute system. Although the theoretical jus-
tification of solubility theory rests upon dispersion forces and
hence non-polur molecules (3), ita use has been extended tc semi-

polar and polar systems (2).

PAST WORK

The extension of solubility parameters to liquids where hyd-
rogen bonding or dipole—dipole forces prevail does not, however,
lessen their importance with regard to understanding and inter-
pruting intarmolecular interactions. Often, the most difficulc
problea encountered when using solubility parameters is the calcula-
tion of the quantity itself because of the lack of necessary litera-
ture values or experimental data. The purpose of this paper is to
presant methods which allow for the estimation of solubility para-
maters for pure solvents or aiscible solvent blenda.

The solubilicy paramecer (3) is defined ss the square root

of the cohesive energy densities and may be quantitatively stated as

£ .1
§ = (g Eq. 1
1
where -E ii the cohesive energy of the liquid,V. 1is the molal vol-

1

ume and ¢ 1s the solubility parameter which has the units of (cal./
nl.)%. A widely used mathod of evaluating-E is by the relationship

= Ev = AHV - RT Eq. 2

where Auvtu the heat of vaporizatioan (calories/mole), R is 1.987
calories/mole and T is degree Kelvin and Ev is the energy of

vaporization.
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Means of estimating Auv include Trouton's and Rildebrand's rules
(5), both of which rely on the boiling point of the liquid and are
generally applicable only to non-polar solvents.

Other methods of evaluating the solubility parsmeter have
been discussed (52 and include estimation from internal pressures,
from equations of state and critical constants, and from surface
tensions, optical and solubility data. A system proposed by Small
(6) and recently evaluated (7) involves molar attraction constants
vhich are said to:be additive. A general criticism of each of the
above methods would be that they are usually inappropriate for
relatively polar liquids.

For binary solvent blends, Hildebrand (3) has proposed the
equation:

baw 81 4 t59

¢ te,
wvhere ’l and ¢2 are the respective volume fractions for the pure
liquids and it is assumed that 61 and 62 are known. Equation 3
embodies the geometric mean assumption which strictly speaking is

Eq. 3

only valid for systems where association or svlvation are not an-
ticipated and as such does not apply to polar liquids. Further, it
is difficult to estimate reasonable values for the volume fraction
terms vhen solution expansion or contraction occurs subsequent to
mixing of the pure solvent species.

A reported empirical relationship (8) between the solubility
paraweter and dielectric constant (€) {s:

§=0.2 + 7.5 Eq. &

This expression is useful for semi-polar and polar liquids or
1iquid blends, but. deviates at the nonpolar end of the polarity
spectrum. Values of £ for pure solvents and many binary systems
are currently available in the literature (9-11), which makes

equation 4 useful from a practical standpoint.
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PROPOSED METHOL
The proposud method luvolves the molal boiling point equa-

tioa (12) which may be stated quancitatively as:

RTH2 Eq. S

kb = Wlw

wiwre Kb = molal boiling point elevation value, R iz 1.987 cal./
male, T is bolling pointuK and h 14 the heat of vaporization
(cal./ym.)

Equation 5 is derived from a Raoult's law consideration
which staces that the vapor pressure lovering of a pure solvent by
the addition of a nonvolitile solute is related to the mole fraction
of solute concentration. A consequence of the vapor pressure lower-
iag is an increase in the boiling point temperature. The change in
temperature, AT  is alao related to tha ¥b value by

Kb = AT/X, Eq 6

where xzia the wole fraction of solute present.

The limiting assumptions governing both equations 5 and 6, are
thac Kb will only remain constaat for dilute solutions and for ideal
solution behavior.

0f inceresc with respect to equation 5 is the method offered
for the calculation of the heat of vaporization which was previous-
iy shown o be related to the solubility paramater. IfKb and Tb
are koown or experimentally dltétllnﬁd,hv may be calculated. Mulcti-
plication ufhv (calories/gm.) by the density (gm./ml.) yields
calories/ml. The uquare root of this quantity then becomes the
then bucomus the solubilicy paramecter.

The uodurlying aussumption involving thia calculation is b, or

v
Au“ at the bolling point is approximataely equal to (AHV-RT) at rocoa
temperacure. This relationship holds quite well for many liquida of
pharmaceutical importance. The solubility parameter equation now

becomes:

ar l’
8 (AHv (boiling point)/Vl) Eq. 7
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or
1
§ = (h, (botling point)(p) Eq. 7A

wvhere P 1is the density.

To test the validity of the relationship shown in equation 7,
the solubility parameters for several polar and non-polar liquids
wvere calculated using heat of vaporization (boiling point) values.
The calculated values, as shown in Table 1, compare very favorably
with literature values as well as the solubility parametera genera-
ted using equation 4. Butanol and pentancl values calculated from
equation 7 deviate wmost from the literature solubllity parameters
which suggests that the assumptions underlying equations 7 and 7a are
not universally applicable.

Also shown in Table I are solubility parameters calculated
from the dielectric constant relationship. These calculated values
appear to correlate very well in most cases with those taken from
the literature.

The usefulness of equations 5-7A may be extended to include

binary solvent mixtures where

R .
] 1009 b Eq. 8
and 1t is assumed that Eq. O

Eva (room temperature) = Al (boiling temperature)
The quantities Kb-' Tbu’ zvu'l‘wn have been previously defined
except that they now are the values for the mixture rather than
the pure solvent. Equation 9 is assumed valid i{f expressions 5 and
7, 7A hold for each pure solvent species. The solubility parameter

expression for the mixture now becomes:
6p = th, om) Eq. 10

where wm is the density of the mixture am‘ihwl is calculated from
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equation 8 given the values of Tbm and Kba. Although gpLe might
be experimentally evaluated, it should be useful to attempt its
approximation by

| S  {
b Kb X, + Kb, T, ta. 11

wvhere xl and Xzare the mole fractions of the pure solvents. Be-
cause Kb is a colligative property, it would seem that the addi-
tive nature is a reasonable assumption. The Thmand density N n
values may also be experimentally determined, but fortunately are
usually svailable in the literature. Chu (13) has documented Tbm
values for many nolvcng blends and Nagata (14) has discussed equa-
tions which allov the calculation of Tbm with a very high degree
of accuracy.

Therefore, 1f Kbm 1s approximated and Thm is knowa, then
the hvm value may be calculated. Knowledge of hvm and the density
of the mixture shows the calculation of ém from equatiom 10,

Equation (4) may be rewritten to inciude its use for a mix-
ture also, and as such is expressed by om = 0.2 em + 7.5 gq. 12
As a test situations, equations 3, 10 and 12 vere used to generate
Sm  values for an ethanol-water system. The calculated values
are shown in Table II and a high degree of correlation is evident
for each method with all mixtures tested.

From the data in Table 11, thers is no evidence to suggesat
that one method is most recommended for e binary mixture of poler
components. It would seem that wheu applying a method, the limit-
int factor becomes the availability of the necessary data. The
method chosen must also be consistent with the governing limita-
tions regarding its use. For the molal boiling point equation,
thnlyv values at the boiling point must be approximately equal to
the values at room temperature. The dielectric constant - solu-
bility parameter relationship should be limited to solvent blends
in the dielectric range of about .10-78. As mentioned previously,
equation (3) suffers from the fact that the calculation of the

volume fractions does not include the effect of solution expan-
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N

—

>

g TABLE IT - CALCULATION OF SOLUBILITY PARAMETERS FOR ETHANOL -

= WATER MIXTURES

&

2 Z Ethasol .

o (w/w) Equacion 10 Equatioa 12 Equation 3

o

g 3 22.5 22.6 22.7

! 10 21.8 22.1 22.1

B

5 15 21.3 21.5 21.4

2 20 20.8 21.0 20.8

o]

£ 25 20.3 20.4 20.2

o

g 30 19.9 19.8 19.6

%_S 15 19.4 19.2 19.1
c

§§ 40 18.9 18.6 18.5

So 45 18.4 17.9 18.0

Ec

£5 50 17.9 17.3 17.4

S8

85 55 17.4 16.6 16.9

g 60 16.9 16.1 16.4

c

E 65 16.4 15.5 15.9

[a)

5 70 15.9 15.0 15.4

E 75 15.4 14.4 14.9

§ 80 14.8 14.0 14.5

'§ 85 14.3 11.6 14.0

2 90 13.7 13.3 13.6

he)

& 95 13.2 12.8 13.1

5]

1S "

§' Tba values taken from reference 13.

o *

g’ Kb values for wuter and ethanol taken from refarence 12.

=)

= 2

o Dengity values taken from The United States Pharmacopeia,

Seventeenth Revisioa.
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sion on contraction. Solution contraction may become a very sjig-
nificant factor for alcohol-vater systems where hydrogen bonding
occurs.

From equation 10, it is seen that any error or variation
that is introduced into the solubility parameter of the mixture
is due to the heat of vaporization valuve. Therefore, it should
be of interest to test the scnsitivity of 6m with respect to

changes in hv- Equation 10 may be rewritten in general form as:

bm = (X)lﬁ Eq. 13
where X = hvm. = The ratio of d&m/dx then becomes

dm - 1 - 1

dx HO% " Tem Eq. 14

If the quantity X is allowed to assume a variation of 5%, then

dx = .05.X = .05 ém’ Eq. 15
and
- 1 ce 2 Eq. 16.
d§- T (.05 ° m")
The 6 valuea calculated from equation 10 for the ethanol-
water mixtures were used to generate values of dgm. These data

are presented in Table 11I which shows that ddm decreases with de-
creasing values of dw. As expected, the percent error, in this
case defined as¢iin/3m) ° 10D, is constant for each solvent blend.
Given the conditions of equativn 16, it would seem that a varia-
tion in ém of 2.51 is acceptable.

The data in Tables 1 and Il suggests that both the molal
bolling point and dielectric constant cq;uuons may be used to
reasonably estimate the solubiliry parameters of pure solveuts
and miscible solvent blends. Neither equation is proposed as an
absolute method, but each may be very useful depending upon the

literature values and/or laboratory equipment available.
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TABLE [I1 - VALUES OF ¢ ®m GENERATED FROM EQUATION (16) FOR THE

ETHANOL-WATER MIXTURES

X Echanol
(wiw)

10
15
20
25
30
35
40
45
50
35
60
65
0
15
8o
85
90
95

(equacion 10)
Sm

22.3
21.8
21.3
20.8
20.3
19.9
19.4
18.9
18.4
17.9
17.4
16.9
16.4
15.9
15.4
14.8
14.3
13.7
13.2
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.56
.54
.53
.52
.51
.49
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A7
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.34
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déa/Sa * 100
2.5
2.5
2.5
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