
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 21 February 2013, At: 12:29
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office:
Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and subscription
information:
http://www.tandfonline.com/loi/gmcl16

A Novel Technique for Determination of a
Cholesteric Screw Sense
I. V. Kurnosov a
a Physico-Technical Institute of Low Temperatures, Kharkov, 164, Lenin
Prospect, 47, USSR
Version of record first published: 20 Apr 2011.

To cite this article: I. V. Kurnosov (1982): A Novel Technique for Determination of a Cholesteric Screw
Sense, Molecular Crystals and Liquid Crystals, 82:7, 237-242

To link to this article:  http://dx.doi.org/10.1080/01406568208247009

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any substantial
or systematic reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that
the contents will be complete or accurate or up to date. The accuracy of any instructions,
formulae, and drug doses should be independently verified with primary sources. The
publisher shall not be liable for any loss, actions, claims, proceedings, demand, or costs or
damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/01406568208247009
http://www.tandfonline.com/page/terms-and-conditions


Mol. Crysr. Liq. Cryst. Vol. 82 (Letters), pp. 237-242 
01404566/82/8207-0237$06.50/0 
@ 1982, Gordon and Breach, Science Publishers, Inc. 
Printed in the United States of America 

A HOVEL TECHNIQUE FOR DETERUINATION 
OF A GHOLESTEilIC SCREW SENSE 

I V. KU,WOSOV 
Physico-Technical I n s t i t u t e  of Low Tempera- 
tuxes ,  Kharkov, 164 ,  Lenin Prospec t ,  47, USSR 

[Submi;tted @a Publication SuRy 23, 7 9 t i 2 )  

ABSTRACT - The e f f e c t  of t he  r o t a t i o n  of a 
depolarized l i g h t  s c a t t e r i n g  p a t t e r n  f r o m  
the  r i n g  domains i n  a mixture of choles te ry l  
ch lor ide  and cho le s t e ry l  nonanoate i s  obser- 
ved. It i s  suggested t o  use the depolarized 
p a t t e r n  r o t a t i o n  t o  determine the sense of 
h e l i x  i n  c h o l e s t e r i c  l i q u i d  c r y s t a l ,  d i s -  
p laying t'ne cholesteric-nematic t r a n s i t i o n .  

A c h o l e s t e r i c  l i q u i d  c r y s t a l  ( C L C )  with po- 
s i t i v e  d i e l e c t r i c  anisotropy ( A €  rO ) can edxhibit 
t r a n s i t i o n  i n t o  the  nematic phase a t  a c e r t a i n  
c r i t i c a l  e l e c t r i c  ( o r  magnetic) f i e l d '  * 2 .  Inves- 
t i g a t i o n s  were r e p ~ r t e d j - ~  of a CLC i n  the  f i e l d s  
above the  c r i t i c a l  one, ECN,  of cholesteric-nema- 
t i c  (SN) t r a n s i t i o n .  I n  p a r t i c u l a r ,  one can ob- 
serve t r a n s i e n t  electrohydrodynamic i n s t a b i l i t y  
w i t h  c i r c u l a r  domains, giving r i s e  t o  characte- 

This l e t t e r  p re sen t s  some r e s u l t s  on the obser- 
v a t i o n  of a t r a n s i e n t  fiv p a t t e r n  r o t a t i o n  and 
suggests  a novel technique t o  determine the sen- 
se of cho le s t e r i c  tw i s t ing  i n  a CLC w i t h  A E > ~  . 

r i s t i c  Hv and Vv l i g h t  s c a t t e r i n g  p a t t e r n s  495. 
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238 I. V. KURNOSOV 

The l i q u i d  c r y s t a l s  used were a mixture of 
cho le s t e ry l  chlor ide ( CC) and cho le s t e ry l  nonano- 
a t e  (CN) i n  the weight r a t i o  of 59:41. This cho- 
l e s t e r i c  mixture with AT > 0 above T- = 42 OC 

14 
has the  right-handed h e l i x ,  belovl TN - the  l e f t -  
handed one'. The Hv s c a t t e r i n g  p a t t e r n s  were re-  
corded by the apparatus ,  similar t g  t h a t  desc- 

s c a t t e r i n g  p a t t e r n s  provis ions  were made for si- 
multaneous examining the  t ex tu re  of  the  sca t t e -  
r i n g  p o r t i o n  of CLC by microscopy. 

r ibed  e a r l i e r  5 . I n  add i t ion  t o  recording l i g h t  

I n  case of  a s ing le  revers ing  cycle of the 
DC e l e c t r i c  f i e l d  appl ied  t o  a conventional e lec-  
t r o o p t i c  c e l l  (wi th  t ransparent  Sn02 coated sub- 
s t r a t e s )  f i l l e d  with the  CC-GTJ mixture a t  E+< E m  
no s igniPicant  changes can be de tec ted  i n  tEe Hv 
p a t t e r n  o f  the  field-induced s t r i p e d  domain tex- 
t u r e  . (Here E, i s  the  s t r eng th  of the  DC elec-  
t r i c  f i e l d  a t  Ehich the  r e v e r s a l  of the f i e l d  
sign t akes  p l ace ) .  However, a s e r i e s  of revers ing  
cycles  a t  E+= ECN causes the  appearance of  a new 
clover-leaf-type Hv p a t t e r n ,  shown i n  Fig.  l a ;  
the  o v e r a l l  d i s t r i b u t i o n  of the s c a t t e r e d  l i g h t  
i n t e n s i t y  being similar t o  that  of the  spheru- 
li t i c  s c a t t e r i n g  pa t te rns '  9 8 .  Photomicrographs 
i n d i c a t e  t ha t  a f t e r  a s e r i e s  of r e v e r s a l s  the 
s t r i p e d  domains s p l i t  i n t o  i s o l a t e d  de fec t s  which 
form closed looped domains ( F i g .  2a).  Thus the 
field-induced looped domains i n  the  CZ-CN mix- 
t u r e  a r e  r i n g s  made of the s t r i p e s  o f  the- P i n -  
ger -pr in t  t ex ture  and the  process  of i t s  forma- 
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A NOVEL TECHNIQUE 239 

Pig. 1. The Hv light scattering p a t t e r n s  
obtained f r o m  the r ing  domain tex- 
t u r e  of  the  CC-CN mixture before 
the  r e v e r s a l  ( a )  and a f t e r  the  re -  
versal  (b). E, = 1 .4  ECN, T = 55 OC. - 

P'ig. 2. Photomicrographs of  the  ring domains 
ol' the  CC-CIil mixture before the  re-  
versal ( a )  and a f t e r  the r eve r sa l  D
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240 I. V. KURNOSOV 

t ion  resembles that  of bubble domains i n  the  
l a r g e  p i t c h  c h o l e s t e r i c s  . 9,10 

Light s c a t t e r i n g  p a t t e r n  s t u d i e s  of the  
field-induced r i n g  domain t ex tu re  have shown tha t  
the t o u r - f o u l d  symmetry Hv p a t t e r n  r o t a t e d  t o  a 
s n a l l  angle ( f i g .  l a , b )  a f t e r  a s ing le  cycle of 
the  f i e l d  s ign  r e v e r s a l  p r i o r  t o  the  appearance 
o f  the  Hv p a t t e r n  of' the  t r a n s i e n t  e l ec t rowdro-  
dynamic i n s t a b i l i t y  4 9 5 0  The average value of r o -  
t a t i o n  of the  dark c rosses  when observed by a 
microscope appeared t o  be approximately 30°, 
while that  of the  Hv p a t t e r n  was smaller .  The 
d i r e c t i o n  of the t r a n s i e n t  Hv p a t t e r n  r o t a t i o n  
(and tha t  of the  dark c rosses  of  t he  r i n g  do- 
mains) was found t o  depend on the s ign  a l t e r -  
na t ion  sequence of t he  DC f i e l d  appl ied and the  
sense of  the  cho le s t e r i c  he l ix .  Thus the  d i f f e -  
rence between the d i r e c t i o n  o f  r o t a t i o n  f o r  the  
r i g h t  and the  l e f t  h e l i x e s  can be used as a s i m -  
p l e  method t o  de te ru ine  the  sense of  cho le s t e r i c  
screw i n  CLC exh ib i t i ng  CN t r a n s i t i o n .  

Yor app l i ca t ion  of the  method pro2osed while 
observing the t ex tu re  of r i n g  domains by a mic- 
roscope one shou ld  change the s ign  of the  f i e l d  
a t  the t o p  e lec t rode  frou pos i t i ve  t o  negative.  
I n  t h i s  case t r a n s i e n t  r o t a t i o n  of t he  dark cros- 
s e s  of the r i n g  domains i s  d i rec ted  counterclock- 
wise l o r  the  CLC w i t h  the  right-handed h e l i x  ( i n  
the CC-CN mixture a t  T> TiT). F o r  the  CLC with 
the left-handed h e l i x  the  same cycle 01' the  s ign  
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A NOVEL TECHNIQUE 241 

a l t e r n a t i o n  causes the clockwise r o t a t i o n  of the  
da rk  c rosses  ( i n  the  CC-CN mixture a t  T 4  TN). 
l h i l e  changing the sign of the f i e l d  a t  the top 
e lec t rode  f r o m  negative t o  pos i t i ve  the t r a n s i -  
ent  r o t a t i o n  of’ the  dark crosses  (and that  of  the 
Hv p a t t e r n )  takes  place i n  the opposite d i r ec t ion .  
A s  compared with the  reported methods f o r  the 
sense of the h e l i x  determination by c i r c u l a r  d i -  
chroisa” , o p t i c a l  ro t s t ion12 ,  double d i sc l ina -  
t i o n  s p i r a l 1 3 ,  o r  by means OX’ ana lys i s  o f  d i s -  
t o r t i o n  of the  sca t t e red  l i g h t  i n t e n s i t y  d i s t r i -  
but ion14,  the  proposed method (appl icable  t o  CLC 
d isp lay ing  CN t r a n s i  t i  on) has some advantages: 
no need of the  Grandjean tex ture  prepara t ion  and 
no preliminary s u b s t r a t e s  treatrnent , r a t h e r  in- 
expensive instrumentat ion,  and unambiguous es- 
t imate .  I n  conclusion it should be noted t h a t  
the d i r e c t i o n  o i  the  d a r k  cross  branches of some 
r i n g s  does not coincide s t r i c t l y  wi th  t h a t  of the  
p o l a r i z e r  and the analS.zer, i nd ica t ing  the  pre- 
Gence of the rnedia d i ~ t o r t i o n ’ ~ .  The average an- 
g l e  of r o t a t i o n  was found t o  be independent of 
the  appl ied voltage i n  the range E C N <  E, and the 
blocking o f  e lec t rodes  with i n s u l a t i n g  l z y e r s  d i d  
not e l iminate  the  ePfect  observed. Thus, we can 
exclude the t r a n s i t  of i n j ec t ed  c a r r i e r s  from one 
e lec t rode  t o  another as a possible  cause o f  the  
Hv p a t t e r n  r o t a t i o n .  

The a u t h o r  is pleased t o  express h i s  g r a t i -  
tude t o  P r o f .  I.G. Chistyakov f o r  the valuable 
discussions.  
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