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INDUCED SMECTIC AND CEIRAL SMECTIC PEASE I N  
RACEHIC MIXTURE OF CBOLESTERYL COMPOUNDS 

NACAPPA, K N JACADISB, A SEIVAPRASAD, 
J MABADEVA A N D  R -1 ¶ 

Department of Studies in PhYBiCB. University of 
Mysore, Manasagangotri, Mysore - 570 006, INDIA. 
'Department of Chemistry, University of Southaapton, 
S017,IBJ,UK. 

-: The racemic mixture of cholesteryl 
chloride(ChC1) and cholesteryl myristate(ChMy) 
exhibit a compensated nematic phase at critical 
concentration and temperature. The mixtures of 
concentration from 1 to 10% ChCl and 88% to 100% of 
ChCl exhibit smectic phase and cholesteric phase 
respectively. The middle concentrations are 
exhibiting SA-SC'-SC phases. Typically the mixture 
with 72.3% cholesteryl chloride exhibit I-SA-SC'- 
S c  phases sequentially. X-ray diffraction, DSC 
and optical texture studies have been carried out 
for five concentrations. The pitch and t i l t  angle of 
the chiral saectic phase is measured. Interesting 
optical textures are also illustrated. 

I" 

Optical properties of racemic mixture of liquid 
crystalline compounds are well investigated by earlier 
authorsf1*. It is well known that raceaic mixture of 
cholesteryl compounds exhibit induced smectic A. C, C', 
A '  phases. The smectic liquid crystal phase(ex, I* and 
F*) which has infinite pitch length obtained from 
material with opposite helical twist sense is determined 
by their helical twisting power*. These phases possess 
spontaneous polarization and be ferroelectricz. In 
racemic mixtures the optical activities of each 
individual component will not in general be compensated 
at some point and temperature. Goodby et.al3.4 
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investigated the racemic modification by mixing the R and 
1. enantiomorphs. A racemic modification appears at this 
junction of the two materialss. The compensatable systems 
are also exhibit blue phase. In the present investigation 
the mixture of two L and R enantiomorphic liquid crystals 
are fitudied and the mixture exhibit I-Ch-SA-Sc'-Sc-Ss 
phases sequentially when the specimen is cooled from 
isotropic phase. 

EXPERIMENTAL 

The liquid crystalline compound used in the present 
experimental investigations are cholesteryl chloride(1eft 
handed) and cholesteryl myristate(right handed). The 
specimens are recrystallized twice using benzene as a 
solvent. Ten mixtures with different concentrations of 
cholesteryl chloride in cholesteryl myristate were 
prepared. The phase transition temperatures of the 
mixtures were determined using Lit2 polarizing microscope 
and hot stage. The DSC traces of all the concentrations 
were obtained at Raaan Research Institute, Bangalore 
using Perkin-Elmer DSC 2 Instrument. In the case of 6 5 % .  

72% and 74% of ChCI, DSC thermograrn shows three peaks and 
which are corresponds to Iso-SA-SC'-SC. The phase 
transition temperatures ,as a function of concentrations 
are shown in the phase diagram Ifig(l11. 

The phase diagram illustrates that the mixtures of 
concentration from 1 to 10% of ChCl and 88 to 100% ChCl 
exhibits smectic phase and cholesteric phase 
respectively. The intermediate concentrations exhibit SA, 
ferroelectric Sc' and Sc phases. It is interesting to 
note that an island of ferroelectric phase is formed 
between the concentration 20 to 88% ChCl. Frequently one 
may encounter the compensated nematic phase in racemic 
mixtures at critical concentration and temperature. 
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INDUCED SMECTIC AND CHIRAL SMECTIC PHASE is43113 

- STUD- 

To understand the var ia t ion  of the layer spacings i n  S A  

and Scm phases X-ray dif fractometer traces were taken. 

The traces obtained fo r  the m i x t u r e  of 60% of  ChCl a t  

d i f fe ren t  temperature corresponds t o  S A  and S c '  phases. 

I t  i s  observed that as temperature increases the layer 

spacing also increases i n  Sc' phase but i n  S A  phase the 

layer spacings are almost constantlo. The var ia t ion  i s  

shown i n  the f i g ( 2 ) .  The t i l t  angle i s  calculated using 

the equation B=cos-l d/L" where d i s  the molecular 

spacing and L i s  the length of the molecule. 

The op t ica l  microscopy suggest that when the mixture of 
concentration between 1 t o  20% ChCl cooled from isot rop ic  

s ta te only a S A  phase i s  observed upto room temperature. 

The concentration between 88 t o  100% ChCl exh ib i t  a 

t e x t u r e  of f inger p r i n t  pat tern which i s  character is t ic  

o f  cholester ic phase. The intermediate concentration 

between 21 to  88% o f  ChCl exhib i t  Iso-SA-SC'-SC phases 

sequential ly when the specimen cooled from isot rop ic  

phase. Typical ly 72% ChCl exhib i t  a focal conic texture 

between 69 t o  52 'C  which i s  the character ist ic of snectic 

A phase shown i n  f i g  3(a).  This phase i s  metastable and 

at 5 2 ' C ,  the fringes developes on the fans o f  the focal 

conic texture. This phase i s  correspond to  c h i r a l  smectic 

phase. The bands observed on fans may be corresponds t o  

in tegra l  mult ip les o f  the p i t ch  of the he l i x  o f  the 

phase, which are shown i n  f ig3(b) .  The s t r i a t i ons  are due 

t o  he l i ca l  p i t c h  bands and dechiral izat ion l ines .  

Obviously the axis o f  the he l i x  of the focal conic 

domains of the S c 8  phase i s  approximately pa ra l l e l  t o  the 

glass plate'.  To confirm the pos i t ion of the he l i ca l  ax is  

we carry out the experiment i n  which the material i s  

taken i n  t i n  oxide coated glass p la te  and homogeneous 
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FIGURE 1 Phase diagram of binary mixture of ChCI 
and ChUy 
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FIGURE 2 Variation of layer spacing with temperature 
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INDUCED SMECTIC AND CHIRAL SMECTIC PHASE [545]/5 

FIGURE 3 Microphotographs of a) SA phase (150x1 

growth of liquid crystals is achieved. Rotation between 
crossed polarizers produced no extinction, indicating 

that the molecules were symmetrically disposed to the 
viewing direction". 

b) S c +  phase (185 X I  c) Sc phase (180 X )  

When the electric field is applied to the specimen 
which is exhibiting chiral saectic phase, the de 
chiralization lines were oriented approximately to the 
t i l t  angle of the SC' phase to the buffing directionll. 
The helical axis is in the plane of the cell and 

perpendicular to the layers. 
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At the interface, the racemic mixture exhibit compensated 
nematic phase. There is continuous miscibility of the SA 
and chiral emectic phase'@- If we further cool the 
specimen the Sc* pha'se change over to Sc phase. The 
optical schlieren texture of SC phase is as shown in 
f ig.3(c). 

The density and refractive indices ne and no of the 
different phases were measured and the optical anisotropy 
of the different phases were estimated. It is also 
observed that wherever the change in phases there is a 
drastic change in the values of ne, no and optical 
anisotropy. 

The authors thanks to Prof. N V Madhusudan of Raran 
Research Institute, Bangalore for his valuable discussion 
and help. One of us Hr J Hahadeva is thankful to 
University of Hysore for giving permission to do research 
and Prof Nagappa thanks to DST, Govt. of India lor 
financial support. 
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