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TWISTED GRAIN BOUNDARY PHASE IN THE BINARY MIXTURE OF 
NEUATIC AND CEOLESTERYL COMPOUNDS. 

NAGAPPA. J UAHADEVA, R H NAYAK AND P R ALAPATI* 
Department of Studies in Physics, University of 
Uysore, Manasagangotri, Mysore - 570 006, INDIA. 
*Department of Chemistry, University of Southampton, 
S017.1BJ.UK. 

-:The binary mixture of cholesteryl 
nonanoate(CN1 and 4,4’-hexyloxy azoxy benzene 
(HOB) exhibit a very interesting sesophases like 
blue phase, twisted grain boundary (TGB) phase, 
induced smectic A, smectic C and smectic B phases 
at different temperatures when the mixture is 
cooled from isotropic phase. The existence of TGB 
phase is confirmed by DSC and optical microscopic 
studies. The mixtures with concentration 30 to 
45% of CN exhibit TGB phase at higher temperature. 
The optical anisotropy of cholesteric phase is 
estimated. Numerous interesting optical textures 
are also illustrated. 

The novel new liquid crystalline twisted grain 
boundary(TGB1 phase was first theoritically predicted by 
Renn and Lubensky’ which is analog of the Abrikosov phase 
in superconductors2. This phase is a helical smectic A 
(SA) or TCB which intervene between the low temperature 
SA phase and high temperature cholesteric phase. This -new 
phase is recognised by a rotated blocks of a Sa layers, 
in which long molecular axes are arranged normally to the 
layer planes. The twist in the molecular axes are 
expected in the direction of the layer planes. Hence the 
helical axes of a TGB phase is perpendicular to the 
molecular axes and parallel to the smectic planes. The 
relative rotations of the individual srectic blocks are 
considered as the net work of screw dislocation. The 
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existence of TGB phase in the mixtures of nematic and 
cholesteric compounds was studied by an earlier 
authors3-'. Renn and Lubensky' theoritical prediction of 
TCB-SA phase, is always appear if the molecular chirality 
is introduced near the nematic-Sa-Sc (NAC) multicritical 
point in the phase dingrase. In the case of TGB-SI phase 
the temperature span of it should increase with increase 
in chirality of the system. The TGB-Sc' phase close to 
NAC point composed of twisted stacks of helical Sc* phase 
is also predicted's'. 

In the light of the above facts we consider the 
mixture of two component system exhibiting Ch-Sa-Sc point 
which is shown in phase diagram. The liquid crystals used 
in this investigation are nematic compound HOB and 
cholesteryl compound CN. The mixture exhibit a blue phase 
TII, IT and I-cI-TGB-SA-SC-SB phases sequentially, While 
cooling the specimen from isotropic phase. DSC, Optical 
and X-ray studies have been carried out at different 
temperatures. 

Mixtures of ten different concentrations were prepared 
and the phase transitions of the mixtures were determined 
using Leitz polarizing microscope and hot stage. The DSC 
theraograms were taken for all the concentrations using 
the Perkin-Elmer DSC I1 instrument facility available at 
Ftaman Reaearch Institute. The DSC theraogram which is 
obtained for the 40% of CN exhibits, Is0 t21'C-BP118'C - 
Ch1116'C - Chz 110.C - TGBI D 3 . C  - TGBz 7L'c -SA C C  - 
Sc 25'c - SB. The DSC curve is shown in fig(2). 

The phase diagram shown in the fig<l) illustrates 
that the concentration from 1 to 30% of CN in HOB and 
from 46 to 100% of CN exhibit cholesteric, SA and SB 
phases respectively. The concentrations between 31 to 45% 
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TWISTED GRAIN BOUNDARY PHASE [2289]/4 I 1 

o f  CN exh ib i  t s  Iso-BP-Ch-TGB-SA-Se phases sequent ia l ly  

when t h e  specimen i s  cooled f r o m  i s o t r o p i c  phase. 

The tex tu res  obtained i n  the  present study were s i m i l a r  

t o  t h a t  observed i n  the l i t e r a t u r e 9 ~ l o ~ l 1 .  When the 

specimen i s  cooled from i s o t r o p i c  s ta te,  i t  e x h i b i t  b lue 

phase and then non r inged s p h u r u l i t i c  textures a t  118°C 

which i s  the c h a r a c t e r j s t i c s  o f  cho les te r i c  phase as 
shown i n  f i g .3 (a ) .  A t  116°C r inged sphuru l i tes were 
developed and which are shown i n  f i g . 3 ( b ) .  Further when 

the t r a n s i t i o n  takes place from cho les te r i c  t o  TGB phase, 

r i nged  sphuru l i tes grow i n  s i z e  and r ings develop i n  the 

form o f  s p i r a l  f i lament  a t  110°C which i s  shown i n  

f i g . 3 ( c ) .  This tex tu re  i s  the cha rac te r i s t i cs  o f  TGB 

phase. These s p i r a l s  slowly unwinding a t  103°C and the 

f i l amen t  texture i s  appeared as shown i n  f i g .3 (d ) .  This 

f i l amen t  texture o f  the TGB phase remains f o r  long range 

o f  temperature f r o m  103 t o  71°C. The h e l i c a l  s t ruc tu re  o f  

the TGB phase which i s  e x h i b i t i n g  plane texture has a 
h e l i c a l  a x i s  l i e  In a d i r e c t i o n  p a r a l l e l  t o  the layer  o f  

the phase*.12. On f u r t h e r  c o o l i n g  the specimen i t  

e x h i b i t s  f o c a l  conic tex tu re  upto 54°C which i s  

c h a r a c t e r i s t i c  o f  SA phase as shown i n  f ig.3(e). This S A  

phase i s  unstable and on f u r t h e r  coolSng the SA phase i s  

transformed t o  Sc phase and then to Se phase at room 
temperature. 

For the  est imat ion o f  the o p t i c a l  anisotropy, the densi ty 

and r e f r a c t i v e  indices nl and n2 f o r  5893A" i n  

c h o l e s t e r i c  phase o f  mixtures were measured using Abbe 

refractometer and Goniometer spectrometer f o r  d i f f e r e n t  
temperaturela. n l  and nz correspond t o  the r e f r a c t i v e  
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indices for ordinary and extraordinary ray respectively 
have ni>nz. The mean polarizabilities Qm i r  of cholesteric 
phase for different concentrations were calculated using 
Lorentz-Lorenz relation, 

i i z - l / i i z + 2  =4a/3 N amrx ( 1 )  

where n = (ntz + 2nza)/3 
N(Qmix)=NaQa + Nbar and N= Na+Nb ( 2 )  

N a  and Nb are number of molecules per unit volume of CN 
and HOB respectively. The optical anisotropy of 
polarisabilities 

o 1 0  20 50 40 eo 60 7 0  

C O N C E N T R I T I O N  O F  C N + W O B  4Wt.A) 

3(@) (4) 

FIGURE 1 Partial phase diagram of CN + HOB 
FIGURE 2 DSC Thermogram of 40 X of CN 
FIGURE 4 Variation of anisotropic polarisability 

with mole fraction 
(See Color Plate XVI). 
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TWISTED GRAIN BOUNDARY PHASE [2291]/4 13 

FIGURE 3 Microphotographs of a) Cholesteric phase 
at 118'C (185x1 b) Cholesteric phase at 
116'C (185x1 c) TGB Phase at llO'C (185x1 
d )  TGB Phase at 103'C (185x1 el Smectic 
Phase at 59 C ( 160X (See Color Plate XVII). 
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(at-az).~~ = (na)Br~ is given by additivity relation" 
(~)~ix="a(Aa).+Nb(aa)rl/<N.+Nb) (3) 

(a). and (aa)b are the anieotropy polarizabilities of CN 
and HOB respectively. <Aa)b iS equal to (ae-a0)/2 at 
correeponding temperatures of nematic phase and ( a a ) a  is 
equal to (ao-ao) of CN. The factor half involved in the 
expression for (aa)b arises because the molecules of HOB 
are arranged in the layers of the helicoidal structure of 
the cholesteric phase. Equation 3 can be written as 

[(AU).ir-~Na(Aa)./(Na+Nb)}] = Nb(Aa)b/Na+Nb) (4) 
The left hand side of the above equation is plotted 
against Nb/(Na+Nb) i n  fig.4. The slope of the straight 
line equal to 12.0066X10-*4 cm3 is equal to anieotropy of 
HOB nematic this being half of the values of <ae-Uo) 

6 . 0 0 3 3 X 1 0 - * 4  cm3 for CN at 92.2.C. 
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