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INDUCED REENTRFINT SMECTIC A PHASE IN THE BINC)RY 
MIXTURES O F  NEMATIC AND CHOLESTERIC COMPOUNDS. 

NAGAPF'A, JAGFIL)JSH. K.N. , HANUMANTHh NAYCIK. K. AND S I V A  
PKASAD. A. 
Department o f  Physics, U n i v e r s i t y  of Mysore, 
Manasagangotri, Mysore - 570 006, INDIA. 

CIPSlKCICT T h e  o p t i c a l  s tud ies  reveal  t h a t  b ina ry  
mixtures o f  nematic and cho les te r i c  compounds v i z . ,  

4-hydroxy) 4 '-methoxy azobenzol (ACZHM) and Chol e s t e r y l  
e t h y l  carbonate (CEC) e x h i b i t  cho les te r i c ,  smectic end 
cho les te r i c  phases i n  t h e  concentrat ion range  o f  the 
mix tu re  1 to 9% o f  CEC, 10 t o  40% of  CEC and 41 t o  99% 
o f  CEC respec t i  vel  y -  The mixtures w i t h  1 ow percentage 
t3-f CEC e x h i b i t  reentrant-  smectic A - smectic C - 
smectic CI ptiases. W i t h  t h e  he lp  of the  phase diagram of 
b ina ry  mixture,  t h e  phase betiaviocrr is discussed. Ttie 
order parameter o f  t h e  nematic compound ACZHM i s  
estimated. npt.ica1 anisot ropy o f  t he  mixtures is a lso  
est imated trsing dens i ty  arid r e f r a c t i v e  index data. 
Numerocis o p t i c a l  t ex tu res  l i k e  s t r i p e d  pa t te rn ,  f o c a l  
conic,  f a n  shaped and drops are  i l l u s t r a t e d .  P i t c h  
v a r i a t i o n  w i t h  concentrat ion is discussed. 

4 (2-2-ethoxy-ethoxy carbonyl oxy-ci nnamate of  

INTRODUCTInN 

I t  is we l l  known t h a t  when a small  concent ra t ion  o f  

o p t i c a l l y  a c t i v e  mater ia l  i s  mixed i n  nematic compound, t h e  

p i t c h  of t he  c h o l e s t e r i c  increases', Molecular o rder ing  i n  

t h e  cho les te r i c  mesophase may be regarded as equ iva len t  t o  a 

tw is ted  nematic s t ruc tu re .  Therefore, indiiced nematn-chiral 

mix tures are  responding f o r  t h e  s o l u t i o n  o+ var ious 

s c i e n t i f i c  problems and f o r  t h e i r  app l i ca t ions .  
2 

I I I  the present i n v e s t i q a t i o n  we consider t t i r ?  nc-mat I C  

compound 4 (2-2-ethnxy-ethoxy carbonylox y-c i  nnamate ot 

4-hydroxy) 4'-methoey azobenzol (ACZHM)  and cho les te ry l  

547 
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548 NAGAPPA ET AL. 

compound Cholestery l  e t h y l  carbonate ( C E C ) .  The cornpound CEC 

e x h i h i t s  a cho les te r i c  mesophase a t  r o o m  temperature. The 

basic data of CEC is repor ted i n  our e a r l i e r  paper - I n  t h e  

present work, order parameter of  ACZHM and o p t i c a l  tex tu res ,  

o p t i c a l  an isot ropy and temperature dependence of  t h e  p i t c h  

have heen st i rd ied fo r  indticed cho les te r i c  and smectic phases 

L>f i r i i ” t  tir er cif ACZHM and CEC. 

3 

EXPEEIMENTAL 

The chemicals used i n  t h i s  i n v e s t i g a t i o n  are  from M / s .  

Eastman organic chemicals, USCI and Riedal - Dehaenag Seelze 

- Hiannover, Germany and used a f t e r  p u r l t i c a t i o n  by 

r e c r y s t a l l i z a t i o n  us ing  Benzene a5 solvent  . The t r a n s i t i o n  

temperature T f o r  ACZHM (237 .1OC)  and Tch--L f o r  CEC 

(103.2OC) were determined us ing  t h e  p o l a r i z i n g  microscope 

and hot stage. The phase t r a n s i t i o n  temperatures of  OCZHM $ 5  

compared w i t h  t h e  values obtained from DSC. The s t r u c t u r a l  

formula and t r a n s i t i o n  temperatures are  shown i n  F iq.  1. 

The d i f f e r e n t i a l  Scanning Calor imeter (DSC) s tud ies  were 

c a r r i e d  out on Dupont 7000 thermal analyzer w i t h  910 DSC 

model. The endothermic DSC t r a c e  s h o w s  two peaks a t  84.22OC 

and 237.’72OC which respec t i ve l y  corresponds t o  sol id-nematic 

N - X  

and nematic- i s o t r o p i c  t r a n s i t i o n .  The e5timated values 

enthalp ies are 289.25 Kcal/mol and 1c3.235 Kcal / m o l  

84 I 22”r.: and 23 7 .  7 2 * ~  r-esperr t. i ve 1 y. 

The dens i ty  and r e f r a c t i v e  i n d i c e s  (n  .n ) f o r  58938 
e o  

ACZHM are determined us ing  t h e  technique descr ibed i n  one 

our e a r l i e r  papers . 4 

ORDER PARAMETE& O F  NEMATIC COMPOUND 

of  

a t  

o f  

o f  

Using measured values of  dens i ty  and r e f r a c t i v e  index f o r  

5893 8 a t  var ious  temperatures, t h e  p o l a r i z a b i l i t i e s  a and 
0 
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INDUCED REENTRANT SMECTIC A PHASE.. 549 

12.5 8:. 2052 57.4601 85.59Iz)Y 53.384 0 

22.5 85.0416 56.5584 87.6696 a>. 078 9 

32.5 87.3966 55.5.806 88.2631 52.193 6 

42.5 91.1132 54.2509 9 1.0973 51.875 1 

57.5 91.0684 -7 cl1. 5448 93.3873 51.494 0 

87.5 93.075 52.5415 99.6246 49.649 9 

102.5 94.6426 51.7576 101.9767 48.879 7 

127.5 96.48613 50.8358 104.3140 47.767 8 

c7 

147.5 97.4171 50.3700 104.9659 47.004 5 

Table 1. Effective polarizabilities a and a for  ACZHM 

compound usi ng Neugebauer and Vuks re1 ati ons. 
0 0 

The orientational order parameter S in the case of  

nematic liquid crystals is defined through the equation ’ 

where 8 is the angle between the director and the axis of  

the rod like molecule. The orientational order parameter may 

,3150 be expressed in terms of optical anisotropy of the 

molecule and the effective polarizabilities a and a of 

nematic phase as 
e 0 

a,,and aAbeing the polarizabilities of the molecule along the 

long axis and transverse to it respectively. 
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550 NAGAPPA ET AL. 

The o p t i c a l  an isot ropy (a,l- al ) of t he  molecule i s  

est imated us ing bond p o l a r i z a b i l i t y  data and H a l l e r  p l o t  

method'. In  t h i s  method log  (a - a ) i s  p l o t t e d  against  l og  

(Tc- T ) .  This  y i e l d s  a s t r a i g h t  l i n e  which is ext rapo la ted  

upto l o g  T .The l i m i t i n g  value o f  (a - a 1 i 5  assumed t o  

be the  value o+ (al,- M 1 o f  t h e  molecule. The experimental 

valites are i n  good agreement w i t h  t h e  values ca l cu la ted  I - r o m  

t h e  bond p o l a r i z a b i l i t y  data. The order parameter S is 

ca lcu la ted  a t  d i f f e r e n t  temperatures us ing  equat ion 2 and 

compared with t h e  Maier- Saupe'O t h e o r e t i c a l  values i n  F ig .  

2. It is seen t h a t  t h e  experimental values of  S aqree w i t h  

the  M a i e r  - Sainpe t h e o r e t i c a l  values except i n  the  v i c i n i t y  

0-C t h e  nematic - i s o t r o p i c  t r a n s i t i o n  temperature where t h e  

experimental S f ac to rs  are s i g n i f i c a n t l y  lower than t h e  

t h e o r e t i c a l  values .) Th is  discrepancy may be a t t r i b u t e d  t o  

the  enhanced v i b r a t i o n s  of t h e  a l i p h a t i c  chain of t h e  

molecule and m o r e  pronounced f l u c t u a t i o n s  of  t h e  d i r e c t o r  i n  

t h e  v i c i n i t y  o f  nematic - i s o t r o p i c  t r a n s i t i o n .  Therefore, 

the  mean f i e l d  theory i s  expected t o  underestimate t h e  

temperature v a r i a t i o n  o f  S near nematic - i s o t r o p i c  

t r ansi t i on - 

6 

e 0 

C 0 0 

I 

11 

F I N A R Y  MIXTURE STUDIES (Resul t  and d iscuss ion)  

Mixtures of  about t e n  d i f f e r e n t  concentrat ions of  FICZHM and 

CEC were prepared b y  mixing t h e  samples a t  molten s ta te .  I n  

t he  fo l l ow ing  t h e  concentrat ions a re  def ined as the  weight 

percent of CEC i n  t h e  t o t a l  weight o f  t h e  mix tu re  of  FICZHM 

and CEC. I t  is found t h a t  t he  mixtures of  concent ra t ion  

between 1 t o  10% CEC, 11 t o  55% CEC and 56 t o  99% of CEC 

e x h i b i t  cho les te r i c ,  induced smectic and c h o l e s t e r i c  phases 

respec t ive ly .  The phase t r a n s i t i o n  temperatures of  these 

mixtures were measured us ing  p o l a r i z i n g  microscope i n  
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INDUCED REENTRANT SMECTIC A PHASE ... 551  

Fig.1. Structural formula of ACLHM 

Fig-2. Temperature dependence of S for ACZHM. The solid 
curve  is from Maier-Saupe theoritfcal values. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
18

 1
8 

Fe
br

ua
ry

 2
01

3 



5 5 2  NAGAPPA ET AL. 

CI,.'O' 

c, > 20 4 0  6 0  do I 
:.i LHY C O N C E N T R  147 I O N  c LC 

~ i g . 3 .  Phase  d i a g r a m  of bfnary mixture of CEC and ACZHM. 

1 0 1  '"1 

Fig.4. Temperature variation of density of the mixture w i t h  
70% concentration of CEC. 
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INDUCED REENTRANT SMECTIC A PHASE ... 553 

conjunct  i t w t  w i t h  the h o t  staqe. I he  samples were sandwitched 

betweerr s l i d e  and cover g l a s s  i n  t h e  fo rm o f  t h l n  f i l m .  

PHASE D I AGRAM 

1 2  lhe phase diagram shown i n  F i y  3 obta ined fr-om phase 

t r a n s i t i o n  temperatures drawn w i t h  r espec t  t o  d i f f e r e n t  

concen t ra t i ons  r e v e a l s  t h a t  t h e  c o n c e n t r a t i o n  range f rom 1 

t o  10% o f  CEC, 11 t o  55% o f  CEC and 56 t o  99% o f  CEC e x h i b i t  

c h o l e s t e r i c  smect ic  and c h o l e s t e r i c  phases r e s p e c t i v e l y .  If 

we cool f rom i s o t r o p i c  phase, t h e  specimen i n  t h e  

c o n c e n t r a t i o n  range between 1 1  t o  25% of  CEC, e x h i b i t s  a 

smect ic  A phase LIP t o  room temperature. I n  t h e  c o n c e n t r a t i o n  

range between 25 t o  55% o f  CEC t h e  thanqe of phases 

s e q u e n t i a l l y  f o l l o w s  I -  S - S - S - SE ( f o r  40% CEC) i n  t h e  

temperature r-anqe shown i n  f i g  3- 7he r e e n t r a r l t  i r ,  jectPcI 

smect ic  FI phase e x i s t s  between 40 C t o  45 OC w h i l e  c o o l i n q  

t h e  specimen. The D S C  thermogram i n d i c a t e s  t h a t  t h e  phase 

chanye f rom S t o  S is second order .  

A C A  

0 

A C 

The samples i n  the c o n c e n t r a t i o n  range between 56 t o  99% 

of CEC, when coo led  -from i s o t r o p i c  phase, e x h i b i t  p l a n a r  

t e x t u r e  down t o  50 C and on f u r t h e r  c o o l i n q  t h e  sample 

c r y s t a l  1 i ses a t  r o o m  temperature. 

0 

OPTICAL ANISOTHQPL O_J T_HL MIXTURES 

The d e n s i t y  and r e f r a c t i v e  i n d i c e s  n and n fo r  5893 8 i n  

t h e  c h o l e s t e r i c  phase of m i x t u r e s  were measured u s i n g  Abbe 

r e f r a c t o m e t e r  and p r e c i s s i o n  Goniometer r e f r a c t o m e t e r  f o r  

d i  f f e r e n t  temperatures. The two i n d i  ces measured h e r e  f o r  

55% CEC and above correspond t o  c h o l e s t e r i c  phase. The index 

n corresponding t o  t h e  o r d i n a r y  r a y  i s  g r e a t e r  t han  t h e  

r e f r a c t i v e  index n n n ) corresponding t o  the 

1 2 

I 

2 i 2 
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554 NAGAPPA ET AL. 

Fig.5. Temperature v a r i a t i o n  of r e f r a c t i v e  indices of the  
m i x t u r e  w i t h  70% concentration of CEC. 

Pic.6. Mean polarizability amix <in units of ems> as a 
at a typical t e m p e r a t u r e  of 90.2OC. function of N /N,+N 

a b 
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INDUCED REENTRANT SMECTIC A PHASE ... 555 

extraordinary ray indicating that the material is uniaxial 

negative being the characteristic of the cholesteric 

mesophase. It is also possible t o  measure only one index n 

in the case o f  smectic phase exhibited by the concentration 

between 1 1  t o  55% CEC, n identifiable with ordinary r a y  in 

smectic phase. r h i s  indicates that the material is uniaxial 

positive. Iempe'rature variation of density and refractive 

indices of the mixture with 70% concentration of  CEC 1 %  

shown in fig 4 and 5. - 
The inpan polarizabilities a . of  cholesteric phase f.or 

mLx 
different concentrations were calculated using Lorentz 

.-l-orentz re1 ation 
- - -- 2 (n -l)/(n '+ 2) = C 4 n / 3 1  Nla ( 3 )  

m i x  

- 
where n = Cn '+ 2 n2 1,. 3 

2 

bl (& , ) =  N a +Nbab and N= N a b  + N 
m t x  a a  

Na and Nb are number of 
ACZHM respectively and a1 50 

molecules per unit volume of CEC and 

where M is the molecular weight of CEC and N A  is the 

Avogadro number. Similarly N b  also can b e  calculated taking 

Mb a5 molecular- weight of CICZHM, 

a 

i 5 densi ty o f  mixture. 
P r n L X  

The effective polarizabilities a and a of cholesteric 

1 

I 2 
phase of the mixtures were calculated f o r  ordinary ray n 

using the relation 

it is 

for the extraordinary ray. The 
2' Ry using correspondingly si mi 1 ar equation for n 

possible t o  calculate 

m e a n  polarizability n , 

( a 2 ) m i x  
is dl50 calculated, by 

m u  
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556 NAGAPPA ET AL. 

Fig.7.  Variation of optical  anisotropy of t h e  mixture with 
concentration. A11 calculations are made usinc 
equation 9 at  a typical temperature 90.2OC. The 
values of are  in un i t s  of I O - ' ~  cm'. 

9 h 
Fig.8.  Microphoto'raphs of focal conic textures exhibited by 

mixtures with crossed polars SOOX. a> 35% of CEC 
b> 40% of CEC. 
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INDUCED REENTRANT SMECTIC A PHASE ... 557 

== (a + Zc( )/3------------- ( 6 )  1 2 (a , ) 
m i x  c x p t  

(a ) v a l u e s  a r e  compared  w i t h  t h e  v a l u e s  o b t a i n e d  
m i x  oxpt 

f r o m  a d d i t i v i t y  r e l a t i o n  

The e x p e r i m e n t a l  and c a l c u l a t e d  v a l u e s  of a a re  
mt. x 

p l o t t e d  a g a i n s t  N / ( N  +N ) f o r  90.2OC. E x p e r i m e n t a l  values of 

a a re  i n  gnod a g r e e m e n t  w i t h  t h e  t h e o r e t i c a l  v a l u e s  shown 

i n  Fig .  6. 

a a b  - 
m t x  

F u r t h e r  t h e  o p t i r a l  a n i s o t r o p y  of p o l a r i z a b i l i t i ~ s  (a -- 
1 

a ) = (Ca) 15 g i v e n  by t h e  a d d i t i v i t y  r e l a t i o n .  2 mLx mLx 

and ( A u ) ~  are t h e  a n i s o t r o p y  p o l a r i z a b i l i t i e s  of CEC 

and  FICZHM r e s p e c t i v e l y .  is e q u a l  to (a - a / 2 a t  

c o r r e s p o n d i n g  t e m p e r a t u r e  of t h e  n e m a t i c  p h a s e  a n d  ( A u ) ~  is 

e q u a l  t o  ( a --a ) o f  CEC. l h e  f a c t o r  h a l f  i n v o l v e d  i n  t h e  

e x p r e s s i o n  for  ( A a ) b  arise5 b e c a u s e  t h e  m o l e c u l e s  of ACZHM 

are a r r a n q e d  irr t h e  l a y e r s  o f  t h e  h e l i c o i d a l  s t r u c t u r e  of  

t h e  c h o l e s t e r i c  mesophase .  

e o  

1 2  

The  e q u a t i o n  9 c a n  b e  w r i t t e n  a s  

[(ha) - N (Au) 7 / ( N  + N ) = Nb(Aa) / ( N  + N ) ------- ( Y )  m i x  a a a b  b a b  

The  l e f t  hand  s i d e  of t h e  a b o v e  e q u a t i o n  is p l o t t e d  a g a i n s t  

N,, / (N + N ) in Fig. 7. The  s l o p e  of t h e  s t r a i g h t  l i n e  

e q u a l  t o  20 x ~ R J - * ~  c m 3  is e q u a l  t o  a n i s o t r o p y  of CEC, t h i s  

b e i n g  h a l f  of t.he v a l u e  o f  (a - u ) 40 x c m  for 

ACZHM a t  90.2OC. 

a b  

3 
e o  
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558 NAGAPPA ET AL 

Fig-9.  Microphotograph of mosaic t e x t u r e  with 35% of CEC_ 
Crossed polars 185X. 

4 b 

Fig;.lO.Microphoto~raphs of free cholesteric drop obtained 
with a specimen having 2% of CEC. a> Using plane 
polarized w h i t e  light. Crossed polarsl2Ox. b) U s i -  
sodium yellow light. Crossed polars 110x. 

b A 

Fig.11 a > . D a r k  bands of extension in  t h e  spectrum of white 
light t ransmit ted through t h e  drop  i n  fig.10 <a>. The 
photograph is obtained with t h e  speclrnen between the  
crossed polars. The l e f t  hand side of t h e  spectrum 
corresponds to yel low region i n  t h e  dark band. T h e  
discontinuities occur at t h e  s t e p s .  b). With analyser 
and polarizer in ver t ical  direction. 
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f fFT IC&L  TEXTURE STUDIES 

559 

The chol  e s t e r i  c mesophase frequent 1 y encountered w i t h  t h e  

m ix tu re  ot low concen t ra t i on  below 10% of CEC and h ighe r  

concentrat ion between 5'5 t o  99% of CEC e x h i b i t s  s t r i p e d  

p a t t e r n  arrcl p lanar t ex t t i r e  respect i VPI y - The 

concentrat ions i n  t h e  range 11 t o  55% of  CEC d i s p l a y  a r i c h  

smectic polymorphism due t o  t h e  t rans fo rma t ion  of  bo th  t h e  

h igher  temperature smectic t e x t u r e s  i n t o  lower temperature 

smectic t e x t u r e  fo l l owed  by r e e n t r a n t  smectic phase when 

t h e  sample i s  cooled from i t s  i s o t r o p i c  melt.  he t y p i c a l  

f oca l  conic e l l i p s e s  arp shown i n  Fig. R (a) and H (b ) .  The 

X - ray d i f f r a c t i o n  p a t t e r n  obtained is character  s t i c  of t h e  

smectic f i  phase. When t h e  m ix tu re  of concentrat ions between 

30 t o  45% CEC cools from i s o t r o p i c  phase, they s t r a i g h t  a w a y  

e x h i b i t  smectic CI phase up to  60OC and smectic C phase 

between t h e  temperature range 45'jC t o  60%. I n  t h e  smectic C 

Phase t h e  molecules have a t i l t e d  arrangement w i t h  respect  

t o  t h e  smectic: layers.  l h e  m i x t u r e  e x h i b i t s  broken foca l  

conic  t e x t u r e  which is t h e  c h a r a c t e r i s t i c  of  smectic C 

phase. O n  f u r t h e r  cool ing,  t h e  specimen e x h i b i t s  r e e n t r a n t  

smectic R phase between 45OC t o  40OC and then changes t o  

smectic B phase e x h i b i t i n g  mosaic t e x t u r e  shown i n  F ig .  9. 

13 

FI simple methnd f o r  o b t a i n i n g  t h e  convent ional  r e e n t r a n t  

smectic phases from s t r o n g l y  deformed convent ional  or  

r e e n t r a n t  nematics was i n v e s t i g a t e d  by Cladis fa and 

o the r  5. There a r e  number uf pu re  l i q u i d  c r y s t a l s  and 

1 iqc i id  c r y s t a l  1 i ne mixtures e x h i b i t i n g  r i c h  smecti c 

Demcis i n v e s t i q a t e d  t h e  pol  ymorphi sm. Sackman and 

navel smectic phases fo l lowed by polymorphism. 

15.16. 

I 9  17.18. 
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560 NAGAPPA ET AL. 

l n  most c ~ t  t t b r .  c.iise5 ttie cnrbverit l o n a l  and r e e r i t r r 7 r i t  

smectirr phases a r e  obtaxnpd f rom s t r o n g l y  deformed nematic 

r e e n t r a n t  phase . I r i  p a r t i c u l a r  f o r  4V)X o f  (3FC t h e  phase 

changes s e q u e n t i a l l y  a5 I - S --S --S - S  - usua l  1 y t h e  

r e e n t r a n t  smect ic  FI phase f o l l o w s  r e e n t r a n t  nematic phase. 

P u t  urif r x t u n a t e l  y h e r e  t h e  r e e n t r a n t  srnect i c  A p h a s e  1 5  

t a k i n g  t r a n s i t i o n  +r-orn smect ic  1: phase. l h i : 5  m a y  be 

presumably due t o  t h e  f a c t  t h a t  t h e  m i x t u r e s  w i t h  h ighe r  

c o n c e n t r a t i o n  o f  nematic deforms t h e  sequence o f  phases . 

9 

A C A B  

1 6  

1-his def o rmat i  on phase may be r e s p o n s i b l e  f o r  .the 

ex i s tance  o f  t h e  r e e n t r a n t  smect ic  phase. Pesidps t h i s  t h e  

o ther  p robab le  reascms f o r  t h i  5 may be due t o  i n t e r m o l e c u l  a r  

f o rces ,  l e n g t h  o f  t h e  molecule, r a t e  of c o o l i n g ,  i m p u r i t y  

conten t ,  super c o o l i n g  heat  f l o w  and tempera ture  

d i s t r i b u t i o n ,  i n t e r f  a c i  a1 t e n s i o n  between t h e  1 ow 

temperature phase sites and the rest of t h e  h i g h  tempera ture  

phase, surf ace a1 i gnrnerit p r o p e r t i e s ,  e l  a s t i c  d i s t o r t i o n s ,  

energy and p ressu re  changes. 
2 0  

CHOLESTENIC DROPS 

Occas iona l l y  t h e  c h o l e s t e r i c  mesophases e x h i b i t  stepped 

drops w i t h  f r e e  sur face .  I n  these  s p h e r i c a l  drops a r a d i a l  

molecular  arrangement i s  expected. The t y p i c a l  stepped drop 

i n  t h e  c h o l e s t e r i c  mesophase i s  shown i n  F ig .  1 0  ( a )  and 1cd 

(b). F i g u r e  10taf  is ob ta ined  u s i n g  p l a n e  p o l a r i z e d  l i q h t  

whereas F ig .  10 ( b )  i s  photographed w i t h  t h e  sample between 

t h e  crossed p o l a r 5  and yellow l i g h t  i s  used i n  t h i s  case. 

Obvious ly  t h e  drop =::hibits dark r i n g s  as shown i n  F ig .  

10Cb) .  Each d r a k  r i r i q  correspond t o  a change i n  o p t i c a l  

r o t a t i o n  by an ang le  n. The t e x t u r e s  observed i n  F ig .  11 (a) 

and 11 ( b )  may be exp la ined  as f o l l o w s .  When the image o f  

the drop i s  focussed on t h e  s l i t  o f  t h e  spec t rograph by 

keeping t h e  drop between t h e  crossed p o l a r 5  and viewed 
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INDUCED REENTRANT SMECTIC A PHASE ... 

L z .- 
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4 .  

V 

t 
4 .  
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561 

0 

0 

0 

0 

Fig.12. Variation of pitch of the cholester ic  mixture w i t h  
concentration of CEC in t h e  rapfie 0 t o  10%. The 
values of Na are in the u d t s  of 10 / CC. 
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562 NAGAPPA ET AL. 

through white l i g h t  t he  o p t i c a l  r o t a t i o n  can be observed. I n  

the  thinner p o r t i o n  of the  drop the  e x t i n c t i o n  a t  lower 

wavelength are  observed. The r o t a t i o n  is l a rge r  f o r  the  

lower wavelengths wttereas the e x t i n c t i o n  s h i f t s  t o  

r e l a t i v e l y  longer wavelengths a t  the  centre o f  the  drop 

berattse here thr i t t i rkness ol t t w  drop is larqe and the same 

r o t a t i o n  i s  achieved a t  the  longer wavelengths. 

TEMPEHAT!IHE DEPENDENCE Dx SPIHC\L PITCH CIND HELICAL TWISTIND 
POWER 

Binary mixtures of  low concentrat ion of cho les ter ic  i n  

nematic e x h i b i t  s t r i p e d  pa t te rn  w i t h  large p i t ch .  I n f a c t  i f  

the p i t c h  i s  s u f f i c i e n t l y  large, i t  i s  poss ib le  t o  observe 

under p o l a r i z i n g  microscope the  s t r i p e s  associated w i t h  

hel iccl idal  s t ructure.  It i s  confirmed t h a t  there i s  a 

per iod ic  v a r i a t i o n  of  t he  r e f r a c t i v e  index f o r  the  l i g h t  

po lar ized along the  d i r e c t i o n  of t he  s t r ipes .  Obviously the  

v i s i b i l i t y  of t he  s t r i p e s  i s  poor when the  inc ident  l i g h t  i s  

po lar ized along the  d i r e c t i o n  transverse t o  the  lenqh of  

the  s t r ipes.  

The p i t c h  of the  cho les ter ic  phase i s  determined by 

measuring the  spacings of t h e  s t r i p e s  and the  angle o f  

d i f f r a c t i o n  of  monochromatic l i g h t  by the  s t r i p e d  tex tu re  - 
It i s  observed t h a t  there  i s  a monotonic increase of p i t c h  

w i t h  increasing temperature . 

2' 

15 

Fig. 12 i l l u s t r a t e s  the  ' va r ia t i on  of  inverse p i t c h  P-' 

w i t h  t he  concentrat ion of  CEC. Thus a l i n e a r  dependence of 

P-'on concentrat ion (C) I P-' = 2CIC is observed on ly  f o r  

small concentrat ion of  cholester ic .  The CI parameter 

character izes the  h e l i c a l  t w i s t i n g  power value f o r  t he  

mixture f o r  induced cho les ter ic  phase as given i n  t a b l e  2. 

T h i s  r e s u l t  is i n  con f i rm i t y  w i t h  the  r u l e  tha t  f o r  smell 

Concentration of cho les tery l  compounds i n  nematics, the 
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INDUCED REENTRANT SMECTIC A PHASE ... 563 

p i t c h  s h o u l d  b e  i n v e r s e l y  p r o p o r t i o n a l  t o  the  c o n c e n t r a t i o n  

of t h e  c h o l e s t e r y l  compound 
13 

- ------_- - -- - 

p i t c h  in p N x i d p  A 1a3 
a 

C o n c e n t r a t i o n  

1 

1.5 

2.5 

5 

6.9 

9 

9.8 

6.0 

-1.6 

I . ?  

1.4 

0.8 

1-36 52.02 

2.0445 JJ. 56 

3.4075, .JL) - 56 
6.8175 52.6:. 

9.5463 5 1 . 7 6  

12.2762 69.44 

L- c 

cc 

T a b l e . 2 .  V a r i a t i o n  of p i t c h  w i t h  c o n c e n t r a t i o n  

O r i e n t a t i o n d l  o r d e r  p a r a m e t e r  of ACZHM 15 e s t i m a t e d  u s i n g  

optical ani s c . i t r ' o p y .  F!irtary t n i : : . t r r r P s  of rwinat i r .  ;rr\ri  

c h o i e s t e r y l  compounds  e x h i  b i  t i n d u c e d  s m e c t i  c p h a s e  i n 

a d d i t i o n  t o  c h o l e s t e r i c  p h a s e .  L o w e r ,  h i g h e r  a n d  

i n t e r m e d i a t e  c o n c e n t r a t i o n s  of c h o l e s t e r y l  m a t e r i a l  e x h i h i  ts 

c h o l e s t e r i c  a n d  s m e c t i c  phases. The  p o l y m o r p h i c  s m e c t i c  A ,  

smect ic  C a n d  smec t i c  B phases ;  are a150 o b s e r v e d  i n  a d d i t i o n  

to r e ~ r ) t r a n i :  s m e c t i . c  R phase. 13ptic-al a n i s o t r o p y  in t h e  

c h o l e s t e r i c  phase of  t h e  mir:t.ure is a l so  c a l c u l a t e d .  

B e a u t  i f u l  a p t  i cal t e x t u r e s  1 i ke f a n  s h a p e d ,  d r o p s  a n d  

stri Fed p a t t e r n  are  i 1 l u s t r a t e d .  
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