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REENTRANT CHOLESTERIC PHASE* 

NUN0 A.P. VAZ,** Z.  Y A N I V  and J.W. DOANE 
Department of Physics and L i q u i d  Crystal Insti tute 
Kent State University, Kent, O h i o  44242 

(Received for Publication April 14,1983) 

ABSTRACT - We report on a v a r i a n t  of the reentrant 
phenomena whereby a chiral compound has been added t o  
a liquid crystalline material t o  form the sequence of 
phases cholesteric smectic A cholesteric as the 
temperature i s  varied. We present here a phase d i a -  
gram which shows the effects of different concentra- 
tions of chiral additive and describe an unusual 
texture which appears under a polarizing microscope i n  
the vicinity of the transition from the smectic A 
phase t o  either the reentrant cholesteric or the 
chol esteri c phases. 

In th is  study we made use of binary mixtures of 4- 
cyano-4' -phexyl oxybi phenyl (60CB) and 4-cyano-4' -c-octyl- 
oxybiphenyl (80CB) which have been yreviously reported t o  
exhibit the reentrant nematic phase. To th i s  material we 
added the chiral compound 4"-(2-methyl butylpheny1)-4'-(2- 
methyl butyl)4-biphenylcarboxyl ate ( C E - 2 )  in order t o  twist 
the nematic and,  therefore, obtain the cholesteric phase. 
A reentrant cholesteric phase was observed t o  form below 
the smectic A phase as expected. Figure 1 shows the phase 
diagram obtained by adding CE-2 (from zero t o  12 w t X )  t o  
several different mixtures o f  60CB and 80CB. The phase 
transitions could be identified under a polarizing micro- 
scope2 from textures typical of those which characterize 
the cholesteric and smectic A phases.3 Several features 
can be readily noticed from Figure 1. ( i )  There i s  a 
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Lisbon, Portugal .  

* 

** 

75 

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

1:
19

 2
1 

Fe
br

ua
ry

 2
01

3 



76 N. A. P. VAZ. Z. YANlV and J .  W. DOANE 

90 
Y 
c 

00 

m 

60 

w 

40 

30 

20 

10 

0 

1 1 I I 1 I I 

I 1 

Ch 

K 

21 23 25 27 29 31 33 35 

wt% 6 0 C b  in -8 

Figure 1 
Por t ion  o f  the phase diagram obtained by add ing  t o  several 
binary mixtures o f  60CB and 80CB the chiral compound C E 2  i n  
the f o l l o w i n g  concentrations: zero w t %  (open circles) ,  3 
w t %  (open squares), 6 w t %  (open triangles),  9 w t %  (t), and 
12 w t %  ( x ) .  The inner dashed l ine separates the smectic A 
from the nematic phases and the inner solid lines separate 
the smectic A f r o m  the cholesteric phases. 

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

1:
19

 2
1 

Fe
br

ua
ry

 2
01

3 



REENTRANT CHOLESTERIC PHASE 77 

s u b s t a n t i a l  increase i n  the range o f  concentrations of 60CB 
and 80CB for which the reentrant phase occurs. ( i i )  The 
cholesteric-smectic A t r a n s i t i o n  temperature increases w i t h  
increasing concentration of CE-2 while the smectic A-reen- 
t r a n t  cholesteric transition temperature decreases. I n  
other words, the temperature range of the smectic A phase 
measured a t  a particular concentration of 60CB and 80CB 
increases w i t h  increasing concentration of CE-2. ( i i i )  The 
clearing p o i n t  increases roughly i n  direct proport ion t o  
the concentration of added CE-2 while the crystallization 
temperature decreases. 

For concentrations of CE-2 i n  excess o f  20 w t %  the 
formation of a reentrant cholesteric phase would persist b u t  
w i t h  new variants i n  l i q u i d  crystalline polymorphism which 
are t o  be presented elsewhere.4 

Observations under the polarizing microscope revealed 
t h a t  the reentrant cholesteric phase exhibits textures sirni- 
l a r  t o  those o f  the chol steric phase, namely a fan-like 
texture w i t h  fingerprints? or, af ter  shearing the glass 
slides, a p l a n a r  texture with oil streaks.3 The spacing 
between the fingerprints appeared t o  be the same i n  b o t h  
chol esteric phases suggesting a simi 1 a r  pitch distance i n  
each phase which increases as the smectic A is  approached 
either from below coming from the reentrant cholesteric 
phase or from above coming from the cholesteric phase. 
Furthermore, very near the phase transition from the smec- 
t i c  A proceeding i n t o  either the cholesteric or reentrant 
cholesteric phases a texture w i t h  the appearance of evenly 
spaced "needles" would form a t  na tu ra l  boundaries of  the 
sample or a t  p o i n t  defects and extend i n t o  the homeotropi- 
cally aligned regions of the sample as illustrated i n . F i g -  
ure 2. These "needles" were always observed t o  extend i n  a 
direction normal t o  the local curvature of the n a t u r a l  boun- 
daries and radially a long  c i r c u l a r  boundaries). Only one 
dark line a long  the center of each needle could be b rough t  
i n t o  focus and the needles appeared t o  extend over long dis- 
tances w i t h o u t  curvature. The needles d i d  not appear t o  
have the characteristic texture of elongated spherulitic 
domains t h a t  have been observed in long pitch cholesterics 
under homeotropic boundary alignment i n  other cholesteric 
systems.5 Upon further cooling the needles would evolve 
i n t o  the fingerprint pattern. These observations suggest 
t h a t  the needles have a w i d t h  of one pitch length. Further- 
more, i t  i s  suggestive t h a t  the dark homeotropically aligned 
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Figure 2 

Needle-like texture observed in thin samples (no spacer 
other t h a n  the sample i t s e l f )  upon cooling from the smec- 
t i c  A into the reentrant cholesteric. The material i s  com- 
posed of 75 w t %  80CB, 25 w t %  60CB t o  which is,added 5% CB- 
15. The dark region on the lower l e f t  corner of the photo- 
graph i s  void of material. The needles originally a t  th i s  
boundary grow i n  a direction toward the upper right of the 
photograph. I t  i s  suggested t h a t  the dark region between 
the needles i s  homeotropically aligned nematic and t h a t  
beyond the points of the needles i s  homeotropic smectic A. 
The photograph was made with one second exposure and with a 
Leitz objective of 50x on the polarizing microscope. 
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REENTRANT CHOLESTERIC PHASE 79 

region between two needles i s  nematic, t h a t  is, untwisted by 
the surface imposed alignment. This type of distortion 
appears similar t o  t h a t  observed in bulk cholesteric sam- 
ples placed i n  a large magnetic f ie ld  which i s  very near t o  
the cr i t ical  untwisting field. I n  support o f  this interpre- 
tation i s  the observation t h a t  the w i d t h  o f  the da rk  l ine 
t h a t  can be b rough t  i n t o  focus i n  the central region of each 
needle and t h a t  corresponds t o  a pseudo-isotropic alignment 
i s  much smaller t h a n  the width of each of the bright bands 
on either side of the needle. 

Finally, we mention t h a t  we also used the chiral com- 
pound 4-cyano-4'-(2-methyl butyl biphenyl) (CB-15) i n  order t o  
twist the nematic and reentrant nematic phases. This com- 
pound i s  of similar chemical structure as t h a t  of 60CB and 
80CB, b u t  of less twisting power t h a n  CE-2. Another dif- 
ference between the two chiral materials i s  t h a t  the clear- 
i n g  point of CB-15, which i s  below room temperature, i s  much 
lower t h a n  t h a t  of CE-2 (TC=118.7OC). With these considera- 
tions in mind i t  i s  easy t o  understand that, although w i t h  
CB-15 we s t i l l  observed a reentrant cholesteric phase, the 
t r a n s i t i o n  temperatures were a1 1 much lower. For example, 
with a mixture of 25 w t %  of 60CB i n  80CB t o  which 5 w t %  CB- 
15  has been added, the polymorphism was observed t o  be as 
follows: 

I (67.7"C Ch ( 1 7 O C )  SA (8OC) Reentr. Ch ( 2 O C )  solid. 

Also, the extent of concentrations of 60CB in 80CB for which 
a reentrant phase occurs i s  much shorter, i.e., a t  35 w t %  of 
60CB no reentrant phase could be observed t o  occur a t  a1 1 
independent of the concentration of CB-15. 

Independent studies by Billard6 and Tinh e t  al .7  have 
recently come t o  our attention i n  which different systems of 
compounds were used t o  form the reentrant cholesteric phase. 
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