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carbon chain. At high temperatures (greater than
270°), however, the saturated solution is con-
centrated and the environment of a given soap
molecule is not so ‘“‘unfriendly.” Here the order
of solubility seems to be related to the strength of
the neat soap ‘‘structure’” and is the same as the
order of melting points.? Consequently, an iso-
tropic solution of sodium myristate in which
neat soap just forms is more concentrated than
is the corresponding solution of sodium laurate,
the effect of increasing chain length here being
just opposite to that at lower temperatures.

Summary

A large portion of the phase diagram of the
system sodium myristate-water has been con-
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structed from data obtained by visual and micro-
scopic observations of the temperatures at which
phase changes occur, supplemented by a few
dilatometric determinations and by viewing ex-
periments at selected temperatures. The phase
behavior of this system is qualitatively similar
to that of systems of the other saturated soaps
and of sodium oleate with water.

The effect of the chain length of the soap mole-
cule on the phase diagram involves at least two
opposing factors, the longer chain soaps being
less soluble at low temperatures and low con-
centrations of soap while at higher temperatures
and high concentrations of soap the shorter chain
soaps are the less soluble.
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The Solubility Curve of Sodium Deoxycholate in Water

By Rosert D. VOLD AND JAMES W. McBAIN

Determinations of the solubility of sodium de-
oxycholate in water at different temperatures
have been made and used to establish the type
of interaction of this substance with water.

An important physiological function ascribed
to the bile acids—a generic term which also in-
cludes their sodium salts—is to promote transfer
of water-insoluble materials.! In addition to
emulsification, two other mechanisms have been
suggested for this process. One? (p. 110) is the
formation of addition compounds between the
bile salt and the water-insoluble substance, the
so-called choleic acids. Recently®=7 it has been
recognized that the action may be much less
specific, the bile salts simply acting like soap solu-
tions which can solubilize water-insoluble ma-
terials by retention on or in the colloidal micelles.
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The present work was undertaken to determine
whether a representative bile salt would form
addition complexes with water and whether it
would give a phase rule diagram similar to that of
the soaps, since both these substances have the
same solubilizing action in dilute aqueous solu-
tion.*~” Sodium deoxycholate was chosen for
this study since physico-chemical measurements
have been made on its solutions® and since it,
together with sodium apocholate, has the greatest
tendency to form cotrdination compounds (ref.
2, p. 122) in the solid state.

Experimental

Material.—Sodium deoxycholate purchased from Riedel-
de Haen in 1939 was used without purification. It con-
tained 10.5%, water!?® as judged by the loss of weight at
105°. The specific rotation, {«]*%n, of a 2.57%, solution
was 39.40° comparing with Josephson’s value of 45.70°
for a 2.5% solution.!* The pH of a 2.57%, solution was
9.63 while that of a 26.5%, solution was 10.04. The melt-
ing point of the anhydrous material was 357-365° (cor.).
The failure to melt sharply may be due to impurities or to
decomposition during melting, since repeated melting of
the same sample resulted in progressive lowering of the
melting point with eventual formation of a non-crystalliz-
able glass.

Although the sodium deoxycholate was a white powder,
the solutions were yellowish in color. Solutions prepared

(10) All concentrations are given in terms of weight per cent.;
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at room temperature were fully as colored as those prepared
by heating to high temperatures. All samples contained
small amounts of a very faintly anisotropic, insoluble
sludge, increasing in amount with the concentration of
sodium deoxycholate, but not sufficient to interfere with
determination of the temperatures at which solution oc-
curred. Although the solutions foamed readily, they felt
“sticky’’ rather than soapy.

Methods.—The technique used was the same as that
previously employed with systems of soap and water. #1314
1., the temperature at which the last trace of crystal dis-
appears, was determined on slow heating. All tempera-
tures recorded are corrected and were determined with
thermometers which had been calibrated under conditions
of use.1$

No liquid crystalline phases were detected, . ¢., statesin
which the material though non-rigid is still spontaneously
doubly refracting.

The melting point of the anhydrous salt was determined
by visual observation of a 4-g. sample heated in a sealed
tube in the electric oven. This visual value, 356-364 ° and
359366 ° on two separate samples, is reasonably confirmed
by the value 352° for the temperature of initial melting
obtained by a differential calorimetric method. The
calorimetric results, details of which will be described else-
where,1¢ also showed that sodium deoxycholate apparently
undergoes no transitions accompanied by an appreciable
heat effect between room temperature and the melting
point.

Results.—The experimental data are tabu-
lated in Table I and plotted in Fig. 1. It is at
once clear that the solubility curve is divided into
three segments. Up to 489, sodium deoxycholate,
ice is the solid phase which separates. In accord
with the colloidal nature of the solution the lower-
ing of the freezing point is far less than would be
calculated from the composition on the basis of
a perfect solution. Between 48 and 719, the
solid phase appears to be a hydrate of sodium
deoxycholate, commonly occurring as a spheru-
litic, cottony-looking crystalline mass. Between
71 and 1009% the separating phase is presumed
to be anhydrous sodium deoxycholate.

All the solutions undercooled markedly, sev-
eral days sometimes being required before crys-
tals formed.

Systems containing from 74.9 to 89.5% deoxy-
cholate on cooling from the melt commonly
formed an isotropic transparent glass, a property
not possessed by either more or less concentrated
systems. On chilling, they frequently cracked
with a typical conchoidal fracture, but neither
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TABLE I
TEMPERATURES OF FORMATION OF IsOTROPIC LIQUID
Conen., Conen.,
wt. % NaD T, °C. wt. % NaD T, °C.
0 0 69.8 63.8

16.0 -0.1 74.9° 114
29.6 —-0.9 76.7°
38.3 -1.5 81.4° 183
47.8 -2.9 89.5 271
49.9 +35.6 96.0 338
53.0 42.9 100.0 356-364
56.2 47.2 100.0 359-366
63.2 60.2

¢ Glasses of these compositions melted at about 70, 80
and 113°, respectively.

prolonged nor sudden exposure to low tempera-
tures (dry-ice) induced crystallization. The com-
position for maximum stability of the glass ap-
pears to be around 779, this system having never
been obtained with more than a trace of crystal,
and apparently remaining indefinitely as a glass
at room temperature (observed over three
months). Approximate softening temperatures
of these glasses, determined by visual observa-
tion, are lower than 7, and are given in Table I.
Sufficient crystallization to permit determination
of T, was achieved by maintaining the glass for
a day or longer at higher temperatures somewhat
under the softening point.
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Fig. 1.—The solubility of sodium deoxycholate in water:
O, temperatures of formation of isotropic liquid.
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The solubility of sodium deoxycholate in water
was found to be about 519, at 37° and 49.59, at
25°,

Discussion

Phase rule diagrams have been used before!”1
to investigate the nature of the interaction be-
tween anhydrous bile salts and various solvent
media. The general conclusion that crystalline
addition compounds, choleic acids, are frequently
formed seems probably justified within the error
of the determinations, in spite of thermodynamic
impossibilities in some of the published diagrams.
1t was assumed that the solubilizing effect of the
bile salts is due to their ability to enter into such
codrdination complexes with water-insoluble sub-
stances. However, even though such compounds
may exist in the crystalline state they can scarcely
be responsible for solubilizing action if they are
completely dissociated in solution.®

Apparently, sodium deoxycholate can crys-
tallize from solutions in a certain concentration
range in the form of an octahydrate, as judged
from the extrapolated maximum in the solubility
curve at about 74.5%,. This hydrate melts in-
congruently, 4. e., the compound decomposes on
formation of the solution.

Solutions of sodium deoxycholate closely re-
semble soap solutions in their colloidal properties
and in their ability to solubilize water-insoluble
substances. In the case of soaps the mechanism
involves incorporation in or on a micelle which
itself is probably liquid crystalline in nature.2?
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At higher concentrations of soap a liquid crys-
talline solution phase separates at saturation
rather than an ordinary crystalline phase. In
view of the similarity of the two solutions, it was
thought that liquid crystalline phases might also
be encountered in the case of sodium deoxycholate
and water, particularly since cholesterol caprate,
a compound with a rather similar structure, is
known to have a liquid crystalline form. How-
ever, no such phases were found in the present
instance.

The structural requirement for the existence of
a liquid crystalline form seems to be that the
molecule should be anisometric and have neither
too many nor too strong polar groups??; prefer-
ably it should have a long-chain or long-ring
non-polar portion with a terminal polar group.
Sodium deoxycholate has three polar groups,
two hydroxyls and a carboxylate, located rather
symmetrically along the molecule. It is easy to
imagine that these hold the crystal lattice to-
gether very uniformly and tightly, thus account-
ing for the very high melting point and for the
apparent absence of mesomorphic phases.

Summary

The temperatures of complete solution of so-
dium deoxycholate in water have been deter-
mined over the whole range of composition. The
solubility curve obtained in this manner shows
that an octahydrate exists which, however, is
completely dissociated in the dissolved state.

No liquid crystalline phases were found in this

system.
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