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We have measured the pitch of cholesteryl propionate-nonanoate mixture at different weight
ratio for various temperature. The pitch of ternary mixture, cholesteryl propionate, nonanoate
and myristate, was also measured as a function of temperature and concentration of cholesteryl
myristate when the weight ratio of propionate and nonanoate is kept equal. The molar twisting
power (B) was calculated by employing Bak and Labes’ equation and the relation between
twisting power and temperatures is found to be linear for cholesteryl propionate, nonanoate and
myristate in the temperature range away from transitions.

For the mixture with smectic mesophase the temperature coefficient of the pitch is anomalous.
The v (critical exponent describing the divergence of the smectic correlation length) for cholesteryl
nonanoate is found to be 0.611 which is in excellent agreement with de Gennes’ prediction.

INTRODUCTION

It is well known that the pitch of cholesterics can be changed by pressure,
temperature and concentration. In the binary mixture of the cholesteric
liquid crystal, the relation between pitch, temperature and concentration has
been investigated by many authors.'~” Chen and Chou?® also had calculated
the molar twisting power of cholesteryl propionate and acetate by using the
equation derived by Bak and Labes. They found that the molar twisting
power is linear in temperature for the temperature range which is away from
the transitions. The dependence of pitch on concentration had been studied
theoretically by many people.’!® Bak and Labes, by extending the concept

Presented at the 8th International Liquid Crystal Conference, Kyoto, Japan, June 30-July
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of the long range distortion induced by chiral molecules in a nematic matrix,
have obtained an equation governing the pitch—concentration relation for
multicomponent liquid crystal mixtures. It is a phenomenological equation
and seems that it can explain the experimental data quite successfully.

In this paper, we report the data on composition and temperature depen-
dence of the pitch in the cholesteryl propionate-nonanoate mixture and
cholesteryl propionate (CP), nonanoate (CN) and myristate (CMy) mixture.
Bak and Labes’ equation was used to compute the molecular twisting power
for those samples. The relation between the molecular twisting power and
temperature is discussed. Because of the presence of cholesteryl nonanoate
and cholesteryl myristate, in which they have a smectic-A phase at lower
temperature, the mixture shows smectic-A mesophase when the weight ratio
of CN and CMy is large. The influence of smectic phase on the pitch is also
discussed.

EXPERIMENTAL

A Schimadzu double beam spectrophotometer was employed to measure
the reflected peak of the sample when it was arranged perpendicular to the
light beam.'* The sample was sandwiched between slide glass and cover
glass and heated by a block heater. The temperature was controlled within
0.1°C and the reflected wavelength was measured with an accuracy of +£5A.®
The cholesteric compounds were purchased from Merck and used without
further purification. Their transition temperatures were determined by
Reichert Thermovar. Cholesteryl propionate (CP) shows a melting point at
T = 96°C and a clear point at T = 114°C. Cholesteryl nonanoate (CN)
melts at T = 80°C to cholesteric mesophase and becomes normal liquid at
T = 91°C when heating. Upon cooling, CN changes to cholesteric phase at
T = 91°Cand transfers to smectic phaseat T = 74°C, then solidifies by super-
cooling. By heating, cholesteryl myristate (CMy) melts to smectic phase at
T = 70°C, becomes cholesteric phase at T = 80°C and shows a clearing
point at T = 85°C. During the cooling from normal liquid, the sample
shows no cholesteric phase and changes to smectic phase directlyat T = 80°C.
The solidified temperature can not be determined due to the supercooling.
In the cholesteric phase of CMy, the reflected peak can not be detected in the
visible and ultraviolet range. The mixture was obtained by mixing the
cholesteric compounds in chloroform solution. In order to obtain a uniform
color display, the glasses were cleaned by cleaning solution and rubbed. The
sample was touched to make sure that the planar texture was formed before
the data were taken. Masubuchi et al.'® reported that there is a linear
dependence of index of refraction or density on temperature for cholesteric
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mixture and the influence on the pitch due to the temperature dependence of
refractive index and density is quite small when compared with the twisting
angle change caused by temperature itself. The value of 7 = 1.5 and d = 1
g/cm?, which was used in calculating the twisting power, seems to be a
reasonable one. The accuracy for the twisting power of cholesteric component
should be within 109/,

RESULTS AND DISCUSSION

A Binary mixture of cholesteric liquid crystal

Figure 1 shows the temperature dependence of the pitch for the binary
mixture at different weight ratios. The pitch was obtained by p = 4/, where
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FIGURE 1 Temperature dependence of pitch in cholesteryl nonanoate—propionate mixture
at different weight ratios.
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A is the wavelength of the reflected peak and 7 is the average index of refrac-
tion of cholesteric mixture. The value of 7 is chosen to be 1.5 and it scarcely
varies with temperature.!®~'8 [t is obvious that curves A and B have extremely
high temperature coefficient and the mixture for those two curves with a large
proportion of CN shows a smectic phase at lower temperature. This indicates
clearly that the anomalous temperature dependence of pitch is linked with
the pretransitional effect at the cholesteric-smectic phase transition.

The molar twisting power was computed by using the precise pitch—con-
centration relation which was derived by Bak and Labes. The equation for
binary mixture can be written as:

MCP + (MCN B MCP)WCP
2pd

- NA.BCN,CP(1 - ch)

M M M
= NﬂCN(M—QE> + N(M‘C—N Ber — M’C’E CN> Wep (1)
CN cp CN

where Wipn, = weight fraction of the cholesteryl propionate (nonanoate)
and N is Avogadro’s number

dCN

d=—
1 4 (denfdep — DWep

is the density (g/cm?) of the mixture and dcpcy, is the density of the cholesteryl
propionate (nonanoate). The parameter Afcp ¢y is defined as:

AﬁCP,CN = 2BCP,CN - [(%2) Bee + <%)z:> ﬂCN:‘

where fepcn, Is the effective (or mean) molecular twisting power between
CP(CN) molecules only. When g is positive (negative), the helical structure is
right (left) handed. In equation (1), the left-hand side is linear in W, and the
plot is shown in Figure 2. Figure 2 is obtained by the least square fitting of
three typical different temperatures at various weight fraction of CP.
M, = 443 gand My = 527 g were used. By letting W = 0, the values of
the line intersecting at the vertical coordinate is equal to Mcp/2pd, which is
just NBcn(Mcp/Mcy) by Eq. (1). In this way, we calculated the values for
Np at different temperature and Figure 3 gives the results. From the slope
of straight line and using the value of Nfy, we can compute Nf, as a
function of temperature and Figure 4 shows the value of Nf,. Figure 3 and
4 imply that the data for the twisting power of CP and CN can be fitted in a
linear relation with temperature for the temperature range away from the
transition. The result is consistent with what Chen and Chou reported before.
In other words, the relation between pitch of CP or CN and temperature is
hyperbolic that was predicted by Keating.'”
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FIGURE 2 Plot of [Mcp + (Mey — Mcp)Wepl/2pd — nBBcp onWepll — Wep) vs weight
ratio (Wgp) of cholesteryl propionate at different temperatures.
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FIGURE 3 Dependence of molar twisting power of cholesteryl nonanoate on temperature.



Downloaded by [Tomsk State University of Control Systems and Radio] at 03:13 23 February 2013

226/[882] S-H. CHEN AND L. S. CHOU

TEMPERATURE (°C)

68 72 76 80 84
-5.00 T T T T T
-6.00f
o
3
o
o
(el
a
o
<
z
-7.00f
-8.00

FIGURE 4 Dependence of molar twisting power of cholesteryl propionate on temperature.

We have used Eq. (1) to compute the values of NABp -y and it is found
that their values are in the order of 10° cm? which is quite small (~10%)
when it is compared with Nfcpcn, -

It means that the deviation of molar twisting power (Nfp ) between
CP and CN from the average value of NS and Nfy is small. This can be
accounted for the reason of the success of linear additive law. The dependence
of NAScp. cn On temperature is shown in Figure 5.

When the cholesteric sample with a smectic phase at lower temperature,
an equation similar to the elastic constant was proposed by de Gennes*® as
follows,

P=P,+D(T— Ty

where v = critical exponent describing the divergence of the smectic correla-
tion length; P = the pitch of CN; and P, = the intrinsic pitch of CN or
the pitch for temperature away from the cholesteric-smectic transition
temperature (T), namely, the pitch containing no smectic phase influence.
We use the value of curve A in Figure 1 for P and P, = My/2Nf\d, in
which the value of Ny in Figure 3 was employed. The plot of log(P — P,)
vs log(T — T) is shown by Figure 6. It is a straight line and its slope gives
the value of —v and T, = 74°C is used. The value of v is found to be 0.611
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FIGURE 5 Temperature dependence of the molar twisting power deviation (NAficn, cp) for
cholesteryl nonanoate and propionate.
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FIGURE 6 Plot oflog (p — P,) vs (T = Tc) for cholesteryl nonanoate when Te = 74°C.
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which is in good agreement with the values obtained by elastic constant
measurements** 23 and de Gennes’ predication. Pindak et al2*2% also
reported the similar value of v for CN. It is worthy to notice that the value of
v is quite sensitive to the choice of T, which is hard to measure accurately.

B Ternary mixture of cholesteric liquid crystal

The equation governing the relation between pitch and weight fraction of
the components can be written as:

1 _ NM—ll:ﬁCP o+ ﬂCN (1 _ o():lgl__ WCMy)
2pdM WCMy Mep My CMy
N PBeron Al = i = Wen)?
MepMey VVCMy

—1 Bem [ OBep, cm
= NM 2% o N __;.X_a(l__w_h )
My MepMeyy o

OB My :‘
b Penews vy . 2)
]\4CN MCMy ( CMy (
Where ) OPcp.en = 2Bce.on — Bep + Ben)s Bce.emy = 2Bep,emy — (Bep +
ﬁCMy); (}ﬂ(?N,CMy = 2ﬁCN,CMy = (Ben + ﬂCMy) and

M‘l _ [d(] - I/VCM>'7\ + (] — O()(] - VVCMy) + WCMy}
MCP MCN MCMy

o = the weight fraction of CP component in the mixture of CP and CN only.
Wemy, = the weight fraction of CMy component in the total mixture of CP,
CN and CMy compounds.

The right-hand side of Eq. (2) is linear in W, . Thus a plot of the left-hand
side of Eq. (2) vs W, for a fixed a value should yield linear behavior over the
composition range of Wey,.

For the ternary mixture of CP, CN and CMy, Figure 7 shows the tempera-
ture dependence of pitch at different weight fraction of CMy when o = 0.5.
The figure also indicates the pretransitional smectic effect in curve G, H and
I. The left-hand side of Eq. (2) is plotted for o = 0.5 vs weight fraction of CMy
(Wewy) at different temperature and the least square method is used. Because
that the molar twisting power is related to the intrinsic pitch of the cholesteric
component by N = M/2pd, we have avoided the data of curve G, Hand I of
Figure 7 in the least square fitting process. By extrapolating the straight line
in Figure 8 to Wy, = 1, the value of Nf., at different temperature is



Downloaded by [Tomsk State University of Control Systems and Radio] at 03:13 23 February 2013

MOLECULAR TWISTING POWER [885]/229

WT, RATIO
CN : CP : CMy
A S5: 5:0
40001 B 4.5:4.5 1
C 4t 412
D 35:35: 3
£ 3 3 4
F 25:25°' 5
G 2: 28
H 1.5:1,5 : 7
1 11 1 : 8
3500+
o
T
[}
—
&
3000
8
C
2500
L L
30 100 110

TEMPERATURE T(°C)

FIGURE 7 Temperature dependence of pitch in the cholesteryl nonanoate, propionate and
myristate ternary mixture at different weight ratios of cholesteryl myristate when the weight
ratio of cholesteryl nonanoate and propionate is equal.

obtained. Figure 9 shows the variation of molar twisting power for CMy
with temperature obtained in this manner.

CONCLUSION

We have used the Bak and Labes’ equation to calculate the molar twisting
power for CP, CN and CMy and found that the twisting power is linear in
temperature for the temperature range away from the transition. In other
words, the pitch of cholesteric component is hyperbolically dependent on
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myristate at different temperatures.
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FIGURE 9 Dependence of molar twisting power of cholesteryl myristate on temperature.
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temperature. For the component (mixture) with smectic phase at lower
temperature, the pitch is greatly influenced by the pretransitional smectic
cffect. This phenomenon is clear indicated in Figure 1 and 7. The critical
exponent for the smectic correlation length (v) was computed and is equal
to 0.611 that 1s agreed with the values obtained by the elastic constant
measurements and de Gennes’ prediction.
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