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Mixtures of Cholesteryl Myristate (CM) and Cholesteryl Propionate (CP) were studied at four
different concentrations. CM exhibits smectic, cholesteric and blue phases, while CP is a cholcs-
teric liquid crystal. Addition of CP to CM disrupts the smectic phase while it enhances the choles-
teric and blue phases. Ultrasonic velocity (V) was measured in all the mixtures besides the pure
ones using fixed path double crystal interferometer at a frequency of 2 MHz. Specific volume (¢)
was measured using a special dilatometer designed for the study of liquid crystals. The para-
meters. viz., adiabatic compressibility (K,4) and molar sound velocity (R) were also estimated.
Anomalous behaviour was observed in all the parameters, viz., V, v, K4 and R. The results are
interpreted on the basis of McMillan’s and Lee’s theories. The mean interaction parameter
was estimated for different mixtures and found to decrease with increasing concentration of CP in
the mixture. It was observed that the cholesteric-smectic A transition becomes second order
when & = 0.78 which is in agreement with McMillan’s predictions.

INTRODUCTION

Investigation of the physical properties of liquid crystalline mixtures at
mesophase-mesophase and mesophase-isotropic phase transitions is im-
portant as it gives deep insight into the nature of the phase transition.
Accordingly, considerable work has been done in studying the liquid
crystalline mixtures by investigating the optical properties,!? electrical
properties,>* viscous properties®® and ultrasonic velocity and absorp-
tion.”

Cholesteryl myristate (CM) exhibits blue, cholesteric and smectic A
phases.® Demus et al.® have reported density measurements in the smectic,
cholesteric and blue phases of CM and have drawn the conclusion that
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smectic-cholesteric and blue-isotropic transitions are of first order and the
chulesteric-blue transition is of second order. We have focused our attention
to the study of isotropic-blue, blue-cholesteric and cholesteric-smectic
transitions. The object of the present investigation is to study ultrasonic
velocity and related parameters in smectic, cholesteric and especially blue
phase where hardly any ultrasonic studies have been reported. Cholesteryl
propionate (CP) is mixed with CM with a view to disrupt the smectic phase
of CM. Incidentally, when CP is mixed with CM, the blue phase region is
enhanced.

EXPERIMENTAL

The liquid crystals, viz, CM and CP were procured from M/s Aldrich
Chemical Co., U.S.A. and were purified by recrystallization. Ultrasonic ve-
locity was measured at a frequency of 2 MHz using a fixed path doubie
crystal interferometer. Specific volume was measured using a special dilatom-
eter designed for the study of liquid crystals. The details of the set-up used
for velocity and specific volume measurements and the method followed in
preparing the liquid crystalline mixtures are described elsewhere.'® The melt-
ing and transition temperatures were measured using a polarizing micro-
scope equipped with a Mettler FP-2 heating stage. The temperature was
controlled to +0.05°C using a mercury-nitrobenzene thermostat. The
velocity measurements are accurate to 1 m/sec and the specific volume to
0.0001 cc/gm.

RESULTS AND DISCUSSION

Ultrasonic velocity, specific volume and other related parameters were
estimated in CM, CP and their mixtures at four different concentrations.
These parameters were studied throughout the mesomorphic region and
10°C beyond transition in the isotropic region with special attention to the
measurements near the phase transition. The mixtures studied are given in
Table I along with their melting points, transition temperatures and meso-
morphic range. A study of the results in Table I shows that the mesomorphic
ranges of blue and cholesteric phases increased with the addition of CP,
while the range of smectic phase decreased considerably and vanished at
22.3 mole percent of CP. The mesomorphic range of biue phase increased
from 0.3 to 5°C, while that of cholesteric phase increased from 4.9 to 25°C.
Obviously, the large increase in the mesomorphic range of the latter phase
is due to the change of smectic phase to the cholesteric phase, in addition to
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TABLE 1

Melting point, transition temperatures and mesomorphic ranges of CM, CP and their mixtures

Melting and transition Mesomorphic range
Concentration temperatures (in °C) (in °C)
in

Mix. no. mole percent Tw Tg Tc Ts Blue Cholesteric Smectic

100 CM 729 843 840 790 03 59 6.0
Mix. 1 86.97CM + 13.03CP 675 80.3 80.0 700 0.3 10.0 2.5
Mix. 2 74.80CM + 2520CP  63.0 840 80.0 — 4.0 17.0 —
Mix. 3 63.37CM + 36.63CP 585 840 790 — 5.0 21.5 —
Mix. 4 42.64CM + 57.36CP  56.0 86.0 81.0 — 5.0 25.0 —

100 CP 1020 — 1120 — — 10.0 —

Ty—Melting point. Tp—Isotropic-blue transition temperature. T— Blue-cholesteric or
isotropic-cholesteric transition temperature. 7s—Cholesteric-smectic transition temperature,

the already existing cholesteric phase, thus covering the entire region be-
tween melting point and blue-cholesteric transition temperature.

The results of ultrasonic velocity, specific volume and adiabatic com-
pressibility for CM, CP and their mixtures are presented in Figures 1 to 6.
Figure 1 shows the trend of variation of ultrasonic velocity, specific volume
and adiabatic compressibility for CM. The velocities have shown abrupt
dips and specific volumes sudden jumps at the major transitions, viz.,
isotropic-cholesteric and cholesteric-smectic. As the blue phase occurs
only for 0.3°C, neither the velocity dip, nor the specific volume jump could
be observed at the isotropic-blue transition because the temperature control
used has an accuracy of only +0.05°C. Adiabatic compressibility is linear
both in the isotropic and anisotropic regions away from transition, but
exhibited abrupt jumps at both the transitions,

In the case of CP (Figure 2), the ultrasonic velocity is found to show an
abrupt minimum of 25 m/sec at isotropic-cholesteric transition. The specific
volume shows a remarkable linear variation both in the cholesteric and
isotropic phases away from transition, but exhibits a volume jump of 0.0015
cc/gm at the isotropic-cholesteric transition. Adiabatic compressibility
shows an abrupt maximum of 2.8 x 1072 cm?/dyne at the transition.

Figure 3 shows the variation of ultrasonic velocity, specific volume and
adiabatic compressibility for mixture-1. The mixture exhibits blue, choles-
teric and smectic phases. Anomalies were observed in all the above param-
eters at the major phase transitions. No anomally could be observed at
the blue-cholesteric transition as it occurs over a narrow range of 0.3°C
as in the case of CM.

Figure 4 gives the temperature variation of ultrasonic velocity, specific
volume and adiabatic compressibility for mixture-2. The mixture exhibits
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FIGURE 1| Ultrasonic velocity (V), specific volume (v) and adiabatic compressibility (K,4)
against temperature (T) for CM.
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FIGURE 2 Ultrasonic velocity (V'), specific volume (v) and adiabatic compressibility (X,4)
against temperature (7°) for CP.
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FIGURE 3 Variation of the same parameters as in Figure 1 for Mix. 1.
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FIGURE 4 Variation of the same parameters as in Figure 1 for Mix. 2.
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FIGURE 5 Variation of the same parameters as in Figure 1 for Mix. 3.

cholesteric and blue phases. Ultrasonic velocity has shown a dip of 16 m/sec
at isotropic-blue transition, while at the blue-cholesteric transition, the
velocity remained stationary over a range of 2°C and then increased sharply.
The specific volume has shown a jump of 0.0007 cc/gm at the isotropic-blue
transition and a change of slope at the blue-cholesteric transition. Adiabatic
compressibility has shown a jump of 2.3 x 10~ !? cm?/dyne at the isotropic-
blue transition. No remarkable change at the blue-cholesteric transition
was observed and it remained constant over a range of 2°C in the vicinity of
the transition.

Figures 5 and 6 show the temperature variation of ultrasonic velocity,
specific volume and adiabatic compressibility for mixtures 3 and 4. For
mixture-3, ultrasonic velocity has shown a dip of 30 m/sec and 14 m/sec at
isotropic-blue and blue-cholesteric transitions, respectively. Specific volume
exhibits a jump of 0.0008 cc/gm at the isotropic-blue transition and a
change of slope at the blue-cholesteric transition. Adiabatic compressibility
has shown jumps of 2.5 x 1072 cm?/dyne and 0.8 x 10~!? cm?/dyne at
the isotropic-blue and blue-cholesteric transitions, respectively. For mixture-
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FIGURE 6 Variation of the same parameters as in Figure 1 for Mix. 4,

4, uitrasonic velocity has shown a dip of 49 m/sec at the isotropic blue transi-
tion, but remained constant over a range of 1.5°C in the blue-cholesteric
transition region. Specific volume showed a jump of 0.0008 cc/gm at the
isotropic-blue transition and a change of slope at blue-cholestric transition.
Adiabatic compressibility has shown a jump of 4.5 x 10~!2 cm?/dyne at
isotropic-blue transition. No considerable change was observed at the blue-
cholesteric transition.

Figures 7 and 8 give the variation of molar sound velocity with tempera-
ture for CM, CP and their mixtures. A glance at the figures reveal that
molar sound velocity remains constant away from the phase transition
and show anomalies at the phase transitions.

We have examined the results on specific volume of CM and CM + CP
mixture on the light of McMillan’s'! and Lee’s!? theories following Muller
and Stegemeyer.'® The change in specific volume Av at the cholesteric-
smectic A transition is estimated in CM and those mixtures in which smectic
phase is present by extrapolating the linear portion of v against T curve in
the smectic phase to the transition temperature T, and measuring v, cor-
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responding to T, and v, is measured at the transition temperature T, directly.
The mean value of v, and v, are taken as v and the difference as Av and the
ratio of Av/v is plotted versus mole percent of CM in the mixture. To get
more points in the plot, specific volume is measured at four more concentra-
tions other than mentioned in Table I in which smectic phase exists and the
values of v, and v, are estimated as mentioned above. It is seen from Figure 9
that the plot is remarkably linear and when extrapolated, An/v becomes
zero at 78.5 mole percent of CM. Possibly, at this concentration of the
mixture, the second order transition might have occurred.

According to McMillan.'! the nature of cholesteric-smectic A transition
is expected to depend merely on the interaction parameter « given by

ol
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describing the anisotropic interaction of the rigid central section of the
molecule (rq) resulting in a layer arrangement of distance “a.” The flexible
end groups of the molecules represented by alkyl chain in the case of CM
only determine the interplanar distance. As McMillan'? states that this
function could be performed also by other molecules, it can be assumed that
the interaction parameter in the mixture can be described by a mean inter-
action parameter &(x) depending on the mole fraction which can be estimated
from the ratio of transition temperatures, Tog/Try. The value of & was es-
timated for different mixtures and found to decrease with increasing con-
centration of CP. When & was plotted against Av/v (Figure 9) for CM and
different mixtures it was found to be remarkably linear. When it was extra-
polated, for Ap/v = 0, & is equal to 0.78. McMillan'! has predicted that
cholesteric-smectic A transition becomes second order when & < 0.88. The
value (0.78) obtained here is in agreement with McMillan’s theory.!! From
the above results, it is interesting to conclude that addition of CP to CM
have affected cholesteric-smectic A transition and changed it from first order
to second order at a particular concentration.
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