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Abstract : In order to investigate the phase transition behaviour of cholesteryl propionate,
cholesteryl benzoate and thefr mixtures with change in temperatre, measurement of
dielectric anisotropy (A€) and density have been made in solid (crystalline), cholesteric
and isotropic phase in the temperature range of 80°C to 180°C. Percentage optical
transmittance has also been measured to examine the transitions observed by other
techniques. The observed parameters clearly indicate sharp discontinuities  at
solid-cholesteric, cholesteric isotropic transition points suggesting first order phase
transition.

Introduction

The dielectric anisotrpy (Ag) in liquid crystals resulting from the angular
correlations between the moleculs not only throws light on the individual molecular
structure but also on their ordering in the mesophasel’w. The knowledge of Ae and its
temperature dependence are also important from the technological point of view! . In
uniaxial liquid crystals, the dielectric permittivity is a second rank tensor; its diagonal
elements are & and €, the parallel and perpendicular permittivity values, as referred to
the average direction of the long axis”.

The dielectric anisotropy (Ag) is given by

AEZSH—S_L

It is a function of molecular polarizability and depends on the magnitude and orientation
of the permanent dipolar electric moment.

It is widely known that the molecular structure of liquid crystals is dependent on the
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temperat..:. There are certain ranges of temperature in which a particular molecular
arrangement (or phase) exists and on heating or cooling it, the structure changes. Some
structures lend themselves to practical applications, some do not; hence, it is important to
know the working temperature range of any liquid crystal based device.

The usual methods of determining phase transition temperatures involve recognition
of changes of appearance of the sample using hot stage optical microscopy or detection
of enthalpy changes using differential scanning calorimetry(DSC), etc. Due to the nature
of liquid crystal molecules the dielectric constant parallel to the long molecular axis (g))
and perpendicular to it (g, ) are different, giving rise to the dielectric anisotropy. It may

change sign or vary discontinuously when phase transition takes place™ &

There have been several studies on the dielectric anisotropy (Ae) of nematic and
smectic liquid crystals7’8. However, only few such studies on cholesteric liquid crystals
are available in literature®”. Therefore. in the present paper study of dielectric anisotropy
of cholesteryl propionate, cholesteryl benzoate and their three mixtures of weight
fractions 0.25 [75% cholesteryl propionate and 25% cholesteryl benzoate}, 0.50 [5G%
Cholesteryl propionate and 50% cholesteryl benzoate] and 0.75 [25% cholestery!
propionate and 75% Cholesteryl benzoate] have been reported. The measurement of phase
transition temperature and their change with the mixing is also given.

The phase transition temperatures of all the samples are further supported by the
data obtained using optical transmittance measurement and density measurement
techniques. The results of phase transition temperatures observed from the above three
techniques have also been compared in the present paper.

2. Experimental Details

The dielectric data have been obtained using HP Impedance/gain phase analyser
{No. HP 4194A) in the temperature range of 80°C to 180°C, at the frequency of 20 kHz.
The dielectric permittivity (g") for unaligned sample was determined by measuring the
capacitance of the sample holder with and without sample.

For measuring €;, standard sandwich cells with transparent and conductive
electrodes, purchased from Linkam Scientific Co. Ltd. England, have been used. For
calibrating the cell, it is filled with pure grade standard liquids like toluence and
cyclohexane. The capacitance of the cell filled with liquid and empty cell, having air as
dielectric are measured at same temperature and frequency. These two data sets yield the
live capacitance (CL) of the cell, -

[Cst) - C,]
¢y CL= e Z 1

where C_ is the capacitance of empty cell, C(s7) is the capacitance of the cell filled with
standard liquid and €'(s?) is the dielectric constant of standard liquid.

After calibrating the cell it was filled with the sample by capillary action. For this
purpose, the samples are filled at about 10°C above the transition temperature to isotropic
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phase. The dielectric constant in perpendicular direction (L), has been determined using
the following equation
c, -C

2 £ — m a
@ y =

where C, is the capacitance of the cell with sample, C,, is the capacitance with air and C;
is the live capacitance of the sample holder. Dielectric anisotropy has been determined by
measuring £.L and ¢ of the aligned and unaligned samples and calculating g with the help
of isotropic averagesm. '

For measuring percentage optical transmittance, a capillary tube of 1 mm diameter
was filled with sample in isotropic phase. After removing air bubbles from it, the tube is
sealed and cooled down. The optical transmittance was measured in the temperature range
of 80°C to 180°C.

The density was measured using a precise dialatometer and traveling microscope of
least count 0.001 cm in the above mentioned temperature range.

3. Results

The variation of dielectric constant in parallel (g)) and perpendicular (g ) direction
and dielectric anisotropy (Ag), with temperature for pure samples are shown in Fig. 1.
Variations of these parameters for mixtures are shown in Fig. 2. The plot of optical
transmittance versus temperature for different samples is given in Fig. 3. The graphical
presentation of density (p) versus temperature is given in Fig. 4. The values of transition
temperatures are given in Table 1 for all the samples. The variation of the S-Ch and the
Ch-1 transition temperature with concentration of cholesteryl benzoate have been shown
in Fig. 5 and 6, respectively.

4. Discussion

4.1 Dielectric Anisotropy Measurement

The dielectric anisotropy (Ag) and components of dielectric constants €, and g, for
pure samples are shown in Fig. 1 with increasing temperature. For both the samples g
decreases and ¢, increases and hence Ae decreases with the increasing temperature. The
samples, i.e.. cholesteryl propionate and cholesteryl benzoate go into isotropic phase at
95°C and 175°C, respectively, as is evident from the disappearance of dielectric
anisotropy at these temperatures.

Further. dielectric anisotropy is higher in solid phase than in cholesteric phase
indicating increased order in solid phase. For cholesteryl propionate the dielectric
anisotropy shows a sharp decrease at 90.5°C as the sample goes into cholesteric phase.
Cholesteryl benzoate shows such a change for the S-Ch transition at 149°C. It is seen that
the temperature dependence of Ag is nearly linear with a slight deviation at transition
points &, has been found to vary more rapidly with temperature, exhibiting both the phase
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transitions more distinctly. The transitions are easily observed by the discontinuities in
these curves, which suggest that they are of the first order. The nature of such transitions
could be ascertained by specific heat measurements!!.
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Fig. 2~ €,€,0nd A€ vs temperatue for mixture.

Fig. 2 shows variations of Ae, g and €. for the three homogeneous mixtures of the
samples. It may be observed from these plots that the variation of all these parameters
with temperature is similar to that of pure samples as explained above. The two transition
temperatures, i.e., solid-cholesteric and tholesteric-isotropic, shift on the higher side with
the increasing concentration of cholesteryl benzoate as shown in Table 1.

The dielectric losses (€”) for all the samples at 20 kHz were quite small, lying
within the range of error of measurements and hence not reported. Also no dielectric
dispersion has been observed. :



Study of Dielectric Anisotropy, Density & Transmittance 15
4.2 Optical Transmittance Measurement

The percentage optical transmittance for each samnle was plotted against
temperature during heating cycle. From Fig. 3 it may be seen that cholestery] propionate
shows a transition to cholesteric phase at 90°C. The percentage optical transmittance is
higher in cholesteric phase than in the solid phase and it reaches 81% at 94.8°C. At this
temperature it goes into isotropic phase and transmittance in this phase is quite high, i.e.,
nearly 94%. The transition temperatures are in good agreement with the values obtained
using dielectric anisotropy study.
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However, in the present study we are not able to detect the blue phase12 as it
appears for a very narrow range of temperature and very near to the Ch-I transition.
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For cholesteryl benzoate, the S-Ch transition is observed at 149°C. Beyond this
temperature the value of optical transmittance increases in cholesteric phase as has been
observed for cholesteryl propionate. The transmittance attains a constant value of 93%
once it goes into isotropic phase at 174°C.

The transmittance curve for mixture | (weight fraction 0.25) shows a sharp change
at 104°C in optical transmittance indicating the S-Ch phase transition and the percentage
optical transmittance at this temperature is 64%.
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Fig. 6- Ch-1 transition temperature vs concentration
of cholesteryl benzoate.

During cholesteric phase it increases and shows a jump at 115°C, indicating the
Ch-1 transition. For mixture 2 (weight fraction 0.50), the transition is at 121°C and
transmittance at this temperature increases to 66% which is slightly larger than that for
mixture 1. As the temperature is increased, the transmittance value registers a sudden rise
at 136°C indicating the Ch-I phase transition. Mixture 3 (weight fraction 0.75), gives the
S-Ch and the Ch-I phase transition at 132°C and 155°C, respectively, showing a further
shifting of transition temperatures on the higher side for both the S-Ch and the Ch-I phase
transitions. The transition temperature values obtained from optical transmittance study
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agree fairly well with those obtained by dielectric anisotropy study and density study
given in Table 1.

Table 1 : Transition temperatures of pure samples and mixtures
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4.3 Density Measurement

Density study has been used by
mesogens. The variation of density
cholesteric and the cholesteric-isotropic ph
4. The density changes are almost linear for all the samples under invest
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changes at both these phase trans

some workers
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of these liquid crystals and their mixtures with
ase is shown in Fig.
igation except in
density value shows abrupt

At solid to cholesteric (ransition, the density changes from 0.994 to 0.982 for

cholesteryl

propionate and from 1.1

60 to 1.151 for cholestery

| benzoate. The density
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value changes from 1.089 to 1.078 for mixture 1, from 1.106 to 1.092 for mixture 2 and
from 1.120 to 1.115 for mixture 3 at S-Ch transition.

The change in the density at the Ch-I transition for cholesteryl propionate and
cholesteryl benzoate are from 0.979 to 0.967 and from 1.130 to 1.119, respectively. For
mixture 1, 2 and 3, the density changes from 1.060 to 1.044, from 1.080 to 1.065 and from
1.110 to 1.083, respectively. The observed transitions are indicated by discontinuities
which suggest that these are first order transitions.

The variation of the S-Ch and Ch-I transition temperatures with concentration of
cholesteryl benzoate in cholesteryl propionate are shown in Figs. 5 and 6, respectively.
The variation of transition temperature with cencentration are found to be linear. Similar

linear variation of transition temperature with concentration were reported earlier
teny 10,17
aiso’

3. Conclusion

The measurement of dielectric anisotropy (Ag), optical transmittance and density of
cholesteryl benzoate and their three homogencous mixtures show the S-Ch and the Ch-I
phase transitions. The value of transition temperatures obtained by different techniques
are in good agreement. The effect of mixing is also found as expected for the binary
mixtures, i.e., the values of transition temperatures for both the S-Ch and the Ch-I
transitions have been found to shift towards the transition temperature of cholesteryl
benzoate with increasing concentration,
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