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Studies on the Occurrence of
Cholesterol in Water-Containing
Liquid-Crystalline Form

V. Equilibria between Isotropic Ca-
prylate Solutions and Cholesterol-
Containing Mesophases
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A brief summary of data collected hitherto
in our investigations of the phase equili-
bria of the three-component system chole-
sterol-sodium caprylate-water is presented
below. These data are limited to those
relating to the equilibria between iso-
tropic aqueous caprylate solutions con-
taining cholesterol in solubilised form and
mesomorphous cholesterol-caprylate-water
phases.

Equilibrium is attained in the heteroge-
neous cholesterol-caprylate-water system
more rapidly at higher temperatures than
at room temperature; but the attainment of

1407

the final equilibrium state at 20°C takes a
very long time. We have nevertheless pre-
ferred to carry out the experiments at room
temperature only, and to promote the inter-
action by prolonged vigorous magnetic
stirring. The cholesterol c.ystals are loos-
ened up by the penetrating caprylate solu-
tion and are then readily split by the me-
chanical action into thin flakes which rapid-
ly react fur.her. The disappearance of the
strongly doubly-refracting cholesterol crys-
tals can be followed in the microscope.
After all traces of solid crystals had com-
pletely disappeared, the reaction was al-
lowed to continue for a shorter or longer
period (up to 30 days). Parallel experiments
carried out with different periods of reac-
tion revealed that the true equilibrium
state had been reached in each case. The
equilibrated system was then centrifuged
(at about 25 000 g) to separate the meso-
morphous phase from the isotropic solu-
tion, and the cholesterol, caprylate and
water contents of both phases were ana-
lysed. The cholesterol content was deter-
mined spectrophotometrically by the meth-
od of Zlatkis, Zak and Boyle!. The so-
dium caprylate contents were determined
after drying the isolated phases over phos-
phorus pentoxide to a constant weight (the
loss in weight gave an approximate value
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Fig. 2B.

for the water content) by dissolving the
residue in glacial acetic acid and titrating
it with perchloric acid employing crystal
violet as indicator, and the water content
either by evaporating the sample to dryness
or by the Karl Fischer method. The meso-
morphous phases were in addition exam-
ined with the microscope and with a
X.-ray diffraction camera. The X-ray phcto-
graphs were taken with a Philips Norelco
unit employing a copper target and Ni-fil-
tered radiation. A small angle vacuum
camera with pinhole collimators (Kiessig)
and a sample to film distance of 212 mm
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were employed. The X-ray room was main-
tained at a temperature of 20°C.

Fig. 1 shows a part of the triangular
diagram for the investigated three-com-
ponent sys*em. The region of homogeneous,
1sotropic aqueous solutions containing cap-
rylate and solubilised cholesterol is marked
I. This region naturally starts at zero
caprylate concentration, but up to & capry-
late concentration of about 16 9 the solu-
bility of cholesterol is so low that the iso-
tropic region can be indicated only by a
thick line lying against the caprylate axis.
When the concentration of a pure sodium
caprylate solution rises to 40.5 9% (the
“middle soap separation concentration”,
MSSC) the system becomes heterogeneous
owing to the separation of mesomorphous
middle soap. This mesophase can take up
small amounts of cholesterol. The homoge-
neous middle soap range is marked II. The
region ABCD between the homogeneous
phases I and II ropresents a two-phase
region in which the system is divided into
an isotropic caprylate solution with the
composition indicated by line AB and a
middle soap with the composition indicated
by line CD. The division is indicated by the
tie lines. The appearance (focal conic tex-
ture) of the cholesterol-containing meso-
morphous phase II in & microscepe in ordi-
nary light and between crossed nicols is
seen in Fig. 2A. Fig. 2B shows the X-ray
diagram for the same phase. The region
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Fig. 3A. Ordinary light. 200 x.

Fig. 3B.

BEFG represents another two-phase region
in which the system is divided into an
isotropic caprylate solution (I) with the
composition given by the line BG and a me-
somorphous phase with the composition
given by line EF. Line EF thus represents
the lower limit of the region where the
homogeneous mesophase III of high choles-
terol content exists. At point E this phase
is composed of 30 9% cholesterol, 36 %
sodium caprylate, and 34 % water and at
point F of 38 9, cholesterol, 27 % sodium
caprylate and 35 % water. The appearance
(mosaic texture) of this mesomorphous
phase in a microscope is shown in Fig. 3A
and its X.ray diagram in Fig. 3B. In the
region GHJK there is a third two-phase
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region in which the system is divided into
an isotropic caprylate solution (I) with the
composition given by line GK and a meso-
morphous phase with the composition given
by line HJ. The latter line represents the
lower boundary of the region where & homo-
geneous mesophase IV of relatively high
cholesterol content exists. The composition
of this phase at point H is 17 9, cholesterol,
28 9% sodium caprylate and 556 9, water,
and at point I 23.5 % cholesterol, 8 %
sodium caprylate and 68.5 % water. In &
microscope this mesomorphous phase has
the appearance shown in Fig. 4A. This
phase exists as spool-shaped liquid crystals.
This is the phase described previously
(part ITI of this series; Fig. 2) which is
stable only up to 34—38°C. Fig. 4B shows
the X-ray diagram for this phase. A further
two-phase region lies to the left of the line
KM. The two phases are a dilute, isotropic
sodium caprylate solution or water satu-
rated with cholesterol and solid, crystalline
cholesterol.

The triangles, a,8,y, drawn with broken
lines represent regions where three differ-
ent phases coexist; their compositions are
given by the points at the corners of the
triangles. In the three-phase triangle a a 6 %
(0.38 M) sodium caprylate solution, solid
cholesterol and the mesomorphous phase
IV are in equilibrium; in the triangle f an
about 32 9% sodium caprylate solution con-
taining 1.7% cholesterol and the meso-



Fig. 44. Ordinary light. 200 x.

Fig. 4B.

phases IV and III are in equilibrium, and in
triangle y an about 45 %, sodium caprylate
solution containing about 6 %, cholesterol
and the mesophases III and II are in
equilibrium,

Our studies thus reveal that there exists
at 20°C three different mesomorphous
phases composed of water, cholesterol and
sodium caprylate which differ in composi-
tion and properties and in the conditions
under which they are formed. It is of parti-
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cular interest that each phase is in equi-
librium with only a limited range of cap-
rylate solutions and that there hence
exists a relationship between the structures
of the caprylate solutions and those of the
mesomorphous phases. We have previosuly
established that a similar relationship
exists also between the structures of iso-
tropic association colloid solutions and tbe
water-containing mesomorphous phases
that these solutions form by interaction
with paraffin-chain alcohols or fatty acids 2.
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