
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 19 February 2013, At: 10:56
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
Incorporating Nonlinear Optics
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl17

New Thermal Memory Effect in CLC
I. I. Gorina a , S. S. Yakovenko a & M. Yu Baranovich a
a Institute of Crystallography, USSR Academy of Sciences,
Leninskii Prospect 59, Moscow, 117333, USSR
Version of record first published: 22 Sep 2006.

To cite this article: I. I. Gorina , S. S. Yakovenko & M. Yu Baranovich (1990): New Thermal
Memory Effect in CLC, Molecular Crystals and Liquid Crystals Incorporating Nonlinear Optics,
192:1, 263-271

To link to this article:  http://dx.doi.org/10.1080/00268949008035639

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/gmcl17
http://dx.doi.org/10.1080/00268949008035639
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cryst. Liq. Cryst. 1990, Vol. 192, pp. 263-271 
Reprints available directly from the publisher 
Photocopying permitted by license only 
0 1990 Gordon and Breach Science Publishers S.A.  
Printed in the United States of America 

I .I. GORINA, S .S YAKOVENKO and M ~ Y u  0 MRANOVICH 
Institute of Crystallography, USSR Academy of Scien- 
ces, Leninskii 2rospect 59, Moscow 117333, USSR 

Abstract 
ing cholesteric compositions is described 

A n e w  thermal memory effect  i n  high-melt- 

T h e  isotropic state memory effect in cholesteric liquid 
crystnls (CLC) h o s  been known' for e. long time and studied 
sufficiently to understand the physical phenornene underli- 
ned and  to recognize the possibilities for practical ap-  
plicptions 2 9 3 9 5 .  The effect is based on the ability of CLC 
to form two types of texture with different optical proper- 
t i e s  and different time s t a b i l i t y ;  these types -: 
(i) a planar texture exhllbiting a property of  selectively 
reflect- the l ight ,  w h i c h  makes t h e  CLC leyer appeariag 
colored, and (ii) a metastable confocal texture exhFbiting 
a property of strongly scattering the l i g h t ,  which m a k e s  
the CLC layer appearhg mi-- The metastable confocal tex- 
ture can be formed in t he  course o f  coe l ing  of the  isotro- 
pic  CLC phase; with t h e  time, it transforms t o  8 stable 
planar The thermal memory of CLCI thus, mani- 
f e s t s  itself as a property t o  exhibit a time delay in the 
co lo r  response of a cooling CLC lsyer. The CLC exhibiting 
bhe thermal memory effect  permits one t o  record only a 
single isothermal l i ne  corresponding to the clearing tem- 
perature o f  the CLC (Tcl) o r  t o  a certain temperature ex- 
ceeding Tcl. Such CLCs can'be effectively applied f o r  vi- 
zudlizing and storing thermal information on locally heat- 
ed surfaces . 
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264/[700] 1.1. GORINA e t  a l .  

Zecently,  i n  s t u d i e s  of high-melting (with Tcl up t o  
200 OC) thermal-sensitive CLC compositions capable of  be- 
coming s t r o n g l y  supercooled, w e  found t h a t  some of these  
compositions exh ib i t ,  in addi t ion t o  t h e  property of iso-  
t r o p i c  s t a t e  memory, a property of memorizing a non-uni- 
fo rm surface temperature f i e l d  i n  t h e  form of a s e r i e s  of 
colored b a n d s  wi th  distinct. boundaries corresponding t o  
p a r t i c u l a r  isotherms. In t h e  present paper,  we describe 
the  new memory e f f e c t  i n  some d e t a i l .  

9 C h a r a c t e r ~ t i o n ,  
I n  % h i s  study, use w a s  made of spec ia l ly  developed four- 
c omp onent nemat ic-c h ole  s t e  r i c  c omp o s i t  i o m  c ont aining up 
t o  85 wt .% of  various der iva t ives  of choles te ro l  a n d  t o  
15 w t  .$ of a nematic compound with pos i t i ve  d i e l e c t r i c  ani- 
sotropy . The compositions'Tcl' s ranged between 130 and 
165 OC. T h e  mixtures were thermal-sensitive and displayed 
t h e  whole co lor  spectrum while heated t o  Tcl. Upon cooling 
of a moltan sample of  such a CLC composition t o  t h e  room 
temperature,  there  i s  fo rmed  a very Viscous and sticlry,  
colored choles te r ic  phase which i s  g l a s s i f i e d  upon f u r t h e r  
cooling t o  negative temperatures ( o f  -2OOC and lower). In 
t h i n  layers, the supercooled choles te r ic  phase i s  even more 
viscous and adheres t o  t he  g l a s s  s l i d e s  i n  such a way t h a t  
c a n  h a r d l y  be deformed (e .g., by s h i f t i n g  t h e  cover g l a s s ) .  
I f ,  y e t ,  t h e  displacement can be made , t h e  u n i f o r m l y  co- 
l o red  cho le s t e r i c  phase transforms t o  a t .urbid light-scat- 
t e r i n g  s ta te  which appears t o  be smectic. 

Specimens f o r  Inves t iga t ion  
'The c e l l s  for studying t h e  thermal behavior of t h e  above 
CLC compositions were made of two g l a s s  s l i d e s  separated 
by spacings of  10 t o  50 microns thick. The c e l l  was f i l l e d  
by t h e  CLC composition heated t o  above TCl through t h e  use 
of t he  cap i l l a ry  effect. To ensure the  uniform colora t ion  
of t he  CLC layer, t h e  upper s l i d e  w a s  s h i f t e d  ( o r  pressed) 
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NEW 'THERMAL MEMORY El?FT3C?2 I N  CLC [701]/265 

s l igh t ly  a t  a temperature 5 t o  I0 OC below Tcl; then the  
cell was moved away from the  hot stage used and l e f t  t o  
sttq at; a room temperature. 

\ 

--; 

Heating Procedure 
The samples prepared In t he  above 'my were heated from be- 
low by means of a nichrome w i r e  (70 t o  15.0 microns in dia- 
meter); t he  cell  was held a t  a temperature ~f"Proom" which 
could be varied from -20 t o  30 OC (though kept constant 
during a spec i f ic  run) Under these conditions, a moving 

Edge I Wire 
thermal nfrontn could he seen on t he  sur- 

./ 

\ 

.----a 

M C  

1 2 6 7  

face o f  t he  CLC layer upon heating. which 
was running from t h e  center  ( w i r e  heater) 
t o  t h e  edges of +he c e l l .  The horizontal  
temperature gradients in such an arrange- 
ment could reach several  tens of OC.  

Results 
Figure 1 schematicall$ i l l u s t r a t e s  the  dy-- 
namics of color changes observed upon lo- 
c a l l y  heating and subsequently 6001ing 8 

CLC layer  in the  above c e l l .  
The ini t ia l  s t a t e  of the CLC lver is 

a red, uniformly colored cholesterfc phase 
(1 is Fig. 1). In a f e w  seconds & t e r  t he  
heater  i s  switched on, there  appears an 
oval zone in  the  center af the  ce l l  over 
t he  heater ,  which corresponds t o  t h e  l ight-  
scattering state of t h e  CLC (2 in Fftg. th); 
t h i s  turbid whitish zone Zr i n i t i a l l y  of 
about 6 mm wide. extends to @he call edges 
upon fu r the r  heating, while i n  the  cenber 
a transparent green colored zone 3 appears 
(Fig- ?c) and widens gradually. u n t i l  a 

FIGUHE 2 Schematic i l l u s t r a t i o n  of color changes upon 
local heating t o  g) and c o o l h g  (f, g) of CLC layer .  
The patt;erns are plane-symmetrical, so only l e f t  aides 
are displayed. For  designations, see t e x t  
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266/[702] 1.1. GORINA et  a l .  

t h i n  (- 1 mm wide) whitish zone (t'oreoll') remains between 
t h e  red  and green zones (2 in Frig. l c ) .  With increasing 
temperature, the front of t h i s  green zone, along with its 
whitish oreol,  i s  movlng t o  the  c e l l  edge, but eventually 
the pos i t ion  of  t h i s  boundary becomes s t ab i l i zed  at a cer- 
tain distance from the  center (Fig. 1 , d-e) , and on ly  
changes within the green zone occur with t h e  f u r t h e r  in- 
crease o f  temperature: first, a blue zone 4 (??&. ld)  ap- 
pears i n  the  center;  then, t h i s  becomes v io l e t  and, a t  
l a s t ,  color less ,  when Tcl i s  reached (Fig. l e )  . In t h e  re- 
sulk, t he  surface of tbe  CLC layer  becomes broken up t o  a 
number of s tab le  zones with clear boundaries between them. 

When the  heater  i s  moved away and t he  cell is le f t  t o  
cool  down t o  TproomF zone 3 becomes dark red (6 in Fig. I f )  
i n  a f r ac t ion  of a second. In the next 2 t o  20 m i n ,  a new 
zone i s  formed within the  dark red  zone 6 and some other  
color  changes occur. f inal ly ,  a s tab le  zonal p ic ture  is 
establ ished,  with the  following s e r i e s  of colored zones 
(Fig. lg):  ( i )  t u rb id  whitish (zone 7 ) ;  ( i i )da rk  red 
(zone 6 ) ;  ( i i i )  orange (zone 8 ) ;  (iv) whitish "oreoln 
(zone 2 )  ; and (v) red (mne 1) . The first of these (zone 7) 
corresponds t o  the known property of " i so t ropic  s t a t e  me- 
mory"; a l l  t he  other zones (ii t o  v) are concerned with 
the  new memory e f f e c t  (see Figure 2) .  

Figure 1 displays the most reproducible pat terns  ob- 
served i n  experiments. In  pa r t i cu la r  cases,  the  zonal  pic- 
t u re  may be d i f fe ren t  depending on the  spec i f ic  conditions 
of the  experiment and propert ies  of t h e  composition used: 
it i s  determined by a whole number of f ac to r s  such aS the  
rate and m d m u m  temperature of local heating; t he  average 
temperature of the  c e l l :  t h e  cooling procedure, e t c .  For 
instance,  upon heatiing at a slow r a t e  (for 20-30-60 s )  , 
the green zone 3 becomes wider than in Figure lc; upon 
cooling, one t o  three additional zones m a y  appear within 
zone 6 ,  each surrounded by a narrow whitish oreol. 

ing i s  below TC1, the  new memory e f f e c t  i s  exhibited i n  
If the  m a x i m u m  temperature in  t h e  zone of l o c a l  he&- 
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NERm 'THERMAL MENIORY EFFECT IN CLC [703]/267 

t h e  pure form, with no zone of i so t rop ic  s t a t e  mernoq ap- 
pearing (Fig. 2b, see Color P l a t e ) .  The zonal color pat- 
terns such as displayed in  P-e 2, are s tab le  f o r  months 
when holding a t  Tram below - 25 OC , but gradual aItera- 
t i o n s  appear (in color ,  transparency, contrast  of bounda- 
r i e s ,  etc.) if Tmom exceeds 25 'C. 

M i ~ o s c o p i c  study 
Figure 3a displays the  texture  o f  a startin@; layer. In t h e  
general case, however, t h i s  mqy be d i f fe ren t ,  depending on 
the thickness and formin@; procedure o f  t h e  CLC layer  i n  
the  c e l l .  Th i s  may be the  well-kmown texture  of confocal 
domains; in th ick  leyers  (above 50 pm) , t h i s  m e y  be a fine- 
grained texture  s i m i l a r  t o  t h a t  observed in Fig. 3d; i n  
t h i n  l8yers  (5  to 15 pm) 8 elongated fi laments and shor t  
bands can occur (such as in Fig. 3a o r  i n  Fig. 3b, l e f t )  I 
resembling rope s w a p s  a t  higher magnffications. 

In l oca l ly  heated samples examined immediately a f t e r  
the s t ab le  zonal pic ture  has been established, a s t r i a t e d  
texture (such as i n  Fig. 3b, lef t )  i s  observed i n  all t h e  
zones except for t he  zone o f  i so t ropic  m e l t i n g  (Fig. 3b, 
r i g h t ) .  In the  microscope, the  c l ea r  boundaries are obser- 
vable o n l y  between the  zone of i so t ropic  melting and dark 
red zone (Fig. 3b) and i n  th ick  layers  (Fig. 3d). 

various texture changes occur ( a t  Troom above 25 O C ,  in 
par t icu lar )  t o  r e s u l t  i n  the  formation o f  s M a t e d  textu- 
res o f  usriaus complexity ( s t r i a t e d  confocal domains, fin- 
ger-print and polygonal pat terns ,  e t c . )  , a n  enhancement of 
tex ture  d is t inc t ions  in the  zones a n d ,  as a consequence, 
more e a s i l y  observable boundaries between the  zones (Fig. 
3c). "?hen kept f o r  40 days a t  'Iroom, even more complex 
tex tures  are formed such as  terrace-like pat terns  wi th  
palred bands (Fig. 3e) , double s p i r a l s  (Fig. 3f) 
nal t ex ta re s  with double sp i ra l s .  e tc .  In t h e  r e s u l t  of  
all these changes,  he macroscopic appearance of t h e  l8yer 
(zone colors,  transparency, etc .)becomes changed, too.  

In samples left  t o  stand under the  ambient conditions, 

polygo- 
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26811 7041 I. I .  GORINA et al. 

See Color Plate IV Gorina et a l .  Figure 2 a  

See Color Plate V Gorina e t  al., Figure 2b 

FIGURE 2 Zonal pictures of locally heated CLC layer 
(a) Local heat ing t o  above 'P(c1ear). Central  w h i t i s h  

r e g i o n  is due t o  t h e  well-known effect of ' ' i so t ropic  state 
memory"; t h e  other  zones are due t o  t h e  new effect of the 
"temperature f ie ld  memory" . 

(b) Local heating t o  below T(c1ear). The new memory 
effect is  exhibi ted  in t h e  pure form, w i t h  no zone of i so-  
t r o p i c  memo=. 
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m r  THERD~~L MBMORY EFFECT LN CLC [705]/269 

FIGLIE9 3 Microscopic patterns from various zones 
(a) T e x t u r e  of s t a r t i n g  sample. (b) Texture of light- 
scattering whi t i sh  zone 7 ( r i g h t )  and short bands i n  
dark red zone 6 (left). (c) Short bands in zone 6 (left) 
and '?finger-print* type pattern in zone 8 ( r i g h t ) .  
(d) Boundary between zone 6 and zone 8 2n th i ck  layer. 
(el Terrace-like pattern consisting af paired bands. 
(f)  Double-spiral. pattern 
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270/[706] I .I. GORINA e t  a l .  

CONCLUSIONS 

Prom the  aboue experiments it may be suggested t h a t  t he  
new memory effect  observed in nematic-& o le s t e r i c  lLquid 
cryskal composttionst is t o  a large extent determhed by 
the  s t ruc tur ia ing  processes induced by non-stationary t e m -  
perature gradients.  Under these conditions, a s t ruc tu ra l ly  
inhomogeneous cholester ic  phase may be formed, wi th  a vari- 
able he l ix  pi tch depending on the  value of the temperature 
gradient.  

The temperature-gradient e f f ec t s  o n  the behavior of 
l iquid c rys t a l s  have been described in a number of works 
(Refs 6 t o  10). It has been found t h a t  revers ible  structu- 
ral i n s t a b i l i t i e s  of t h e  band type occur  in the  smectic-A 
phase as a r e s u l t  of dividing of t h e  confocal domains i n t o  
groups of  layers .  Stable bandlike tex tures  i n  smectic A 
have been described in Ref .7; the "memory effect ' '  was ex- 
plained i n  terms o f  s t a b i l i t y  of systems of diacl inat ions 
a n d  dis locat ions.  I n s t a b i l i t i e s  of planarl ike tex ture  with 
various he l ix  pi tches  have been observed Fn compensated cho- 
l e s t e r i c s  .' Oswald e t  al. 9' 'o have studied t h e  behavior of 
ghase in te r faces .  In smectic-cholesteric mixtures of  4 - ( p  
octy1)cyanobiphenyl (CB) wi th  3 t o  10 w t  .$ of cholesteryl  
nonanoate (CN), it was observed t h a t  on moving a t h i n  layer  
of the  mixture through a region of constant temperature gra- 
d i e n t  from t he  ''hot** t o  "coldt' region, a narrow nematic zone 
was formed between t h e  cholester ic  and smectic zones and 
f o u r  types of  s t ruc tu ra l  i n s t a b i l i t y  were observed iP t h e  
cholester ic  phase near t he  in te r face .  The behavior of t he  
mixtures on cooling has not been studied. 

It should be noted t h a t  the  C B X N  mixtures studied by 
Oswald e t  al.'* m a y ,  even on  cooling under normal conditi- 
ons ,  i . e .  with no temperature gradient,  undergo various tex- 
t u r e  changes and exhibit  re laxat ion e f f ec t s ,  which plays an 
im$ortant ro l e  in  thermooptical phenomena." It was of in- 
t e r e s t  f o r  us  t o  t e s t  these compositions in our  experimen- 
tal conditions. A s t ab le  pa t te rn  has been obtained on the  
layer  surface; iG had the form o f  a s e r i e s  of  c o l o r l e s s  
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N 3 W  '-IAL NBMORY EEFZCT IN CLC [707]/27 1 

w h i t i s h  zones (of  various degrees of turbidness) divided 
by co lor less  transparent b a n d s .  The whitish zones consis- 
t e d  o f  sca t te r ing  confocal domains of the  smectic phase, 
while the  transparent bands, of homeotropic smectic. 

paper are multicomponent systems containing liquid-cryst al 
comQounds with different molecular s t ruc ture  and proper- 
t i e s ;  because of t h e i r  tendency t o  become supercooled, 
these systems readily give nonequilibrium s t a t e s  and appear 
t o  be capable of exhibit ing the  reentrant  behavior. The 
temperature gradient can induce i n  them i n s t a b i l i t i e s  o f  
various types,  texture  transformations, e t c  . , s i m i l a r  t o  
those observed i n  smectic-cholesteric mixtures. 

In order t o  understand the behavior of these complex 
systems i n  temperature-gradient f i e l d s  a n d  t o  elucidate 
the  physical nature of t he  memory e f f ec t  revealed, fu r the r  
invest igat ions are necessaq  and are  i n  progress i n  our 
laboratory.  

'The nematic-cholesteric mixtures studied in t he  present 
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