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The isotropic-cholesteric and cholesteric-smectic-A phase transitions in cholesteryl
oleyl carbonate have been studied for pressures up to 7 kbar, The latter transition pos-
sesses a tricritical point at 2.66 kbar and 60.3 C, where the behavior changes from first
to second order.

Recently, there has been considerable interest
in the study of the tricritical point, where a line
of phase transitions changes from first to second
order. This interest is largely motivated by the
fact that the conventional scaling approach, which
has been so highly successful in describing sec-
ond-order transitions, breaks down near a tri-
critical point. '

Examples of systems having tricritical points
include the metamagnetic-antiferromagnetic tran-
sitions in dysprosium aluminum garnet, 2 FeC12,3

and ¹(Nos)2~ 2H20, ' the A. transition in Hes-He'
mixtures, ' and the orientational order-disorder
transitions in NH4CI ' and ND4CI crystals. It is
the primary purpose of this Letter to report the
discovery of a new type of tricritical point which
occurs at higher pressures for the transition be-
tween the smectic-A and cholesteric liquid-crys-
talline phases of cholesteryl oleyl carbonate
(coc).

Until recently, all liquid-crystal transitions
were believed to be first order. It was originally
suggested by McMillan, ' based upon mean-fieM
calculations for a specific interaction model,
that the transition between the smectic-A and the
nematic or cholesteric phases might be second
order under certain conditions. In particular, he
predicted that for a homologous series of liquid
crystals, the discontinuity in the order parame-
ter at the transition should decrease with chain
length and eventually vanish for sufficiently short

molecules, thus rendering the transition second
order. This trend was subsequently verified ex-
perimentally by Doane et a/. ,

' who found one in-
stance of a nematic-smectic-A transition which
was second order or at least very nearly second
order.

It seemed quite plausible that the behavior ob-
served by varying chain length could also be in-
duced for molecules of a given size through
changes in the density. Therefore, we began an
investigation of the phase transitions of the liq-
uid crystal COC at elevated pressures. This sub-
stance was chosen primarily because of its ready
availability and convenient temperature ranges
for the smeetic-A and cholesteric phases. To
the best of our knowledge, the only other liquid
crystal which has been investigated at high pres-
sures is P-azoxyanisoie, '0 which exhibits only
the nematic mesophase.

The CQC used in this study was obtained from
Eastman Organic Chemicals and was not further
purified. A sample of approximately —,

' mm thick-
ness was sandwiched between two cylindrical
glass windows and contained at the perimeter by
a tightly stretched piece of fluran tubing. This
arrangement was placed in a high-pressure opti-
cal cell filled with Octoil 8, which was used as
the pressurizing fluid. High pressures were gen-
erated by means of a reciprocating hand pump
and measured with a Bourdon gauge having an ac-
curacy of 100 lb/in. ' The temperature of the cell
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was controlled to better than 0.01'C. The beam
from a Spectra- Physics model 165 argon- ion la-
ser tuned to the 4545-A wavelength was passed
through the windows of the high-pressure cell and
the sample holder.

The location of a phase transition was observed
by slowly varying either the pressure or the tem-
perature until there occurred a sudden change in
the intensity of the transmitted light as measured
by a photocell. In this manner the phase diagram
shown in Fig. 1 was constructed. The melting
and vaporization curves were not investigated in
this study.

Particular attention was focused on the choles-
teric- smectic-A transition where a tricritical
point was anticipated. At a given pressure the
smectic phase was approached from the choles-
teric by slowly lowering the temperature in equal
steps of approximately 0.3'C. The transmitted
intensity decreased as the transition was ap-
proached, reaching a minimum just above the
transition temperature. This behavior is very
much like that found in systems having critical
points.

Below the transition two quite different types
of behavior were found. At higher pressures,

the intensity increased smoothly as the sample
was lowered further below the transition temper-
ature, signifying a continuous variation of the or-
der parameter and, hence, a second-order tran-
sition. The equilibration times after each tem-
perature change were comparable to those found
above the transition and of the order of 5-10 min.

At lower pressures the intensity was not a con-
tinuous function of temperature, indicating first-
order behavior. Immediately after the sample
crossed through the transition, the transmitted
intensity began to rise steadily and continued to
do so for several hours with no sign of saturating.
As a practical matter, then, it was difficult to
obtain a full measure of the discontinuity since
the sample was never observed to reach equilib-
rium. It was decided that by adopting a standard
waiting period of four hours, the resulting dis-
continuities would be large enough to differenti-
ate clearly bebveen the regions of first- and sec-
ond-order transitions, while, at the same time,
the constancy of the temperature and pressure of
the sample could be guaranteed.

The discontinuities in the transmitted intensity
measured in this manner have an estimated re-
producibility of 20% and are shown in Fig. 2 as a
function of the transition pressure. The straight
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FIG. 1. The &-P phase diagram for cholesteryl oleyl

carbonate. "TCP" denotes the tricritical point.

FIG. ... The discontinuity in the transmitted light in-
tensity as a function of transition pressure. Ic& and

Is~ denote the intensity on the bvo sides of the choles-
teric-s'~etic phase boundary.
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line segments are linear least-squares fits to the
two distinct portions of the data. The tricritical
point is identified by the intersection of these two
lines at a pressure of 2.66+0.12 kbar, corre-
sponding to a tricritical transition temperature
of 60.3+ 1.5'C. The apparent discontinuity for
the region above the tricritical point reflects the
fact that, even though the transition here is con-
tinuous, the intensity one step below the transi-
tion temperature is higher than at the transition
itself, where it is a minimum.

Ideally, the pretransitional intensity data could
also be used to calculate the excess turbidity near
the transition and, therefore, certain critical and
tricritical exponents. While this should be rela-
tively straightforward for a nematic-smectic
transition, it is a complicated proposition for a
cholesteric-smectic transition, at least when vis-
ible light is used. This is because the ordering
of the molecules into the planar arrangement of
the smectic phase is accompanied by the untwist-
ing Of the cholesteric helix, thereby leading to
interference effects which are responsible for
the well-known pretransitional color bands.
These bands are superimposed on the critical
scattering behavior and, unfortunately, there is
no known way of accurately assessing the individ-
ual contributions of these two effects. As we have

0
determined through the use of a 6328-A helium-
neon laser, the interference effects seem to be
greater for longer wavelengths, suggesting that
these problems could be surmounted by probing
this transition with x rays. Alternatively, one
could discover and study the analogous tricritical
phenomena for a nematic-smectic-A transition,
where such interference effects would be absent.

We wish to thank Nancy Miff lin for drawing the
figures.
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