
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 21 February 2013, At: 11:18
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

Some Consequences of the
Ginsburg-Landau-De Gennes
Gradient Term in Smectics
G. S. Ranganath a
a Raman Research Institute, Bangalore, 560080,
India
Version of record first published: 21 Mar 2007.

To cite this article: G. S. Ranganath (1983): Some Consequences of the Ginsburg-
Landau-De Gennes Gradient Term in Smectics, Molecular Crystals and Liquid Crystals,
92:7, 201-207

To link to this article:  http://dx.doi.org/10.1080/01406568308084060

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

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/01406568308084060
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

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:
18

 2
1 

Fe
br

ua
ry

 2
01

3 



Mol. Cryst. Liq. Cryst. Vol. 92 (Letters), pp. 201-207 
0140-6566/83/9207~201$18.S0/0 
0 1983 Gordon and Breach, Science Publishers, Inc. 
Printed in the United States of America 

SOME CONSEQUENCES OF THE GINSBURG-LANDAU- 
D E  GENNES GRADIENT TERM I N  SMECTICS 

G .  S . RANGANATH 
Raman Research I n s t i t u t e ,  Bangalore 560080, I n d i a  

(Received for Publication October 3, 1983) 

ABSTRACT. 
Ginsburg-Landau-de Gennes grad ien t  term on the  
p rope r t i e s  of  smectic l i q u i d  c r y s t a l s .  (i) Discli- 
na t ions  i n  smectic C are very much l i k e  vo r t ex  
f i laments  i n  supe r f lu ids  o r  magnetic f luxoids  i n  
superconductors. (ii) A uniform d i s t o r t i o n  of t he  
phase f a c t o r  lowers t h e  C-A ( o r  A-N) t r a n s i t i o n  
po in t ,  and a t  any given temperature the re  should 
occur  a second o rde r  t r a n s i t i o n  beyond a cr i t ical  
d i s t o r t i o n .  ( i i i )  Light  s c a t t e r i n g  due t o  phase 
f luc tua t ions  i n  smectic C should be s t rong ly  
temperature dependent. (iv) I n  smectic A of  f i n i t e  
s ize  the  phase change under an imposted V x n ’  
d i s t o r t i o n  can be of second order .  

We work ou t  some consequences o f  the  

THE A-C TRANSITION 

It is  w e l l  e s t ab l i shed  t h a t  t he  smectic C t o  smectic A 

t r a n s i t i o n  i s  of second order.’ 

T 

by2 : 

Near t h e  t r a n s i t i o n  po in t  

the f r e e  energy dens i ty  of t he  smectic C phase is given 
C 

2 6 4  1 %x an 2 F = aw + - w  + - K  (-+*) 2 2 11 ax 

Here a = a (T - T ) ( i n  t h e  mean f i e l d ) ,  B =  a small p o s i t i v e  
0 C 
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202 G.  S. RANGANATH 

q u a n t i t y ,  n = wcos 4 ,  n = wsin 4,  n = 1, w = angle  

between t h e  d i r e c t o r  and l a y e r  normal, 4 = azimuthal  angle  

of  t h e  d i r e c t o r ,  and K = elast ic  cons t an t s  involved i n  

in-plane d i s t o r t i o n s .  

X Y z 

ii 

For s i m p l i c i t y  w e  s h a l l  assume K 
and t h a t  w and 4 are independent of z .  Energy minimization 

r e s u l t s  i n  t h e  fol lowing d i f f e r e n t i a l  equat ions:  

= K22 = K33 = K, 11 

I 

W e  s h a l l  work out  a few i w l i c a t i o n s  of  t h i s  model. 

Disclination structure.  Eqn. (3) admits s o l u t i o n s  of 

t he  type 

I$ = +NO N = i n t e g e r ,  8 = tan-' 1 . 
X 

These desc r ibe  s i n g u l a r i t i e s  i n  the  in-plane d i r e c t o r  d i s to r -  

t i ons .  They are exac t ly  l i k e  t h e  i n t e g r a l  de fec t s  found i n  

the  nematic s c h l i e r e n  t ex tu re .  3 9 4  

eqn.(2) we f i n d  t h a t  t h e  tilt  angle  w is a f f e c t e d  by these  

d i s t o r t i o n s  and ( f o r  N = +1) i t  is descr ibed  by 

However, i n  View of  

1 2  ( 5 % )  af - 2 + f ( l -  f f )  2 = 0 

5 5 a5 ( 4 )  

Here f = w/w 

a t  r + m ,  to = coherence l eng th  = (-K/2a) . 
5 = r/E0, r = (x2 + y2)', wo = tilt angle  

4 0' 

The above equat ion is  exac t ly  l i k e  the  Ginsburg- 

P i t a e v s k i i 5  equat ion  f o r  t h e  s t r u c t u r e  of  a s u p e r f l u i d  

quantum vor t ex  o r  a magnetic f l w o i d  i n  a type I1 super- 

conductor.6 A s  w e  approach t h e  c e n t r e  of  t h e  s i n g u l a r i t y  w 
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GINSBURG-LANDAU-DE GENNES TERM IN SMECTICS 203 

continuously decreases  t o  zero. Most of t he  decay takes  

place i n  about a coherence length. This probably expla ins  

the experimental observat ions of Lagerwall who found nea r  

the cen t r e  of  t he  s i n g u l a r i t y  a region over which w is 

s i g n i f i c a n t l y  zero. 

3 

CriticaZ d i s tor t ion .  We now consider  an uniform in- 

plane d i s t o r t i o n  V$I = 

( i f  g rad ien t  terms i n  

q,  say. Then the  f r e e  energy dens i ty  

w are neg l ig ib l e )  is  given by: 

w2 + w4 2 (5) 

From (5) w e  can show t h a t  w a t  any q (given by minimizing 

Fj is  

As q i nc reases ,  w continuously decreases. Also s i n c e  CL is  

negat ive (T < T ), w e  f i n d  the  tilt angle  w t o  be unfavou- 

r ab le  beyond a c r i t i c a l  d i s t o r t i o n  wave vec tor  
C 

9, = (-2o/K)' ( 7) 

A t  t h i s  wave vec to r  the  system undergoes a second o rde r  

phase t r a n s i t i o n  t o  the  smectic A phase (w = 0). 

This phenomenon i s  the  analogue of the  c r i t i c a l  

cur ren t  e f f e c t  found i n  superconductors.6 

may be i n t e r p r e t e d  t o  mean t h a t  d i s t o r t i o n s  V g  = q lowers 

the  AC t r a n s i t i o n  poin t .  This e f f e c t  is q u i t e  d i f f e r e n t  from 
+ 7 

the  inf luence  of a V x n  d i s t o r t i o n  on the  AN t r a n s i t i o n .  

F i r s t l y  t h e  imposed d i s t o r t i o n  is  not  t o l e r a t e d  by an other-  

w i s e  good smectic A and the  d i s t o r t i o n  induced t r a n s i t i o n s  

is f i r s t  order .  Secondly the  c r i t i c a l  wave vec to r  of a 

V x n d i s t o r t i o n  v a r i e s  a s  a and not  as (a)' found i n  the  

Equivalent ly  i t  

. 

+ 
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204 G. S. RANGANATH 

d i s t o r t i o n  induced AC t r a n s i t i o n  (eqn.6). 

t i o n  f o r  t h i s  e f f e c t  i s  t h a t  t h e  sample th ickness  should be 

much smaller than t h e  coherence length.  

The only restric- 

Ligh t  scattering. A t  any temperature w e  have thermal 

f l u c t u a t i o n s  i n  t h e  azimuthal  ang le  4. Equipa r t i t i on  

theorem y i e l d s  

These f l u c t u a t i o n s  scatter l i g h t  s t r o n g l y  (as i n  nematics) 

r e s u l t i n g  i n  t u r b i d i t y .  The s c a t t e r i n g  c ross -sec t ion  i s  

given by 

U S €  2 < g 2 >  
a 4 

Here E is  the  d i e l e c t r i c  an iso t ropy  €or  l i g h t  t r a v e l l i n g  

a long  the  l aye r  normal. To a good approximation E = E w . 0 2  a 

a a  
Hence 

2 
U Q U  

A s  w is  s t rong ly  temperature  dependent, we f i n d  the  scatte- 

red  i n t e n s i t y  t o  be  s t r o n g l y  dependent on temperature. I n  

t h i s  sense  i t  behaves very d i f f e r e n t l y  from a nematic, 

wherein one f i n d s  a n e a r l y  temperature  independent scatte- 
8 r ing .  

THE A-N TRANSITION 

Near the  A-N t r a n s i t i o n  which can aga in  be of second 
7 orde r ,  t he  f r e e  energy dens i ty  is  given by 

F = a $  + -  $ + 2 \a~) + 7 <VLu + 6nl) 2 $ 4  B b 2  D + 2  

K 1 + 2  
2 + - ( v  x ,'>2 + K ~ ~ ( v  n> 
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GINSBURG-LANDAU-DE GENNES TERM IN SMECTICS 205 

Here a ,  f3 and Kll have the  same meanings as i n  (1). 

B and D are propor t iona l  t o  Ji2 and are involved i n  t h e  

d i s t o r t i o n s  of t h e  phase f a c t o r  u. The d i s t o r t i o n s  (au/az) 

a r e  V -  n are t h e  easiest t o  impose on t h e  system. 

t i o n s  represented  by the  D term r e f e r  t o  t i l t i n g  of t h e  

l a y e r s  relative t o  the molecules. I n  many r e spec t s  we f i n d  

s i m i l a r i t i e s  wi th  smectic C. 

Both 

+- 
Distor-  

Phase changes only. Since t h e  phase d i s t o r t i o n  f a c t o r  

(au/az) is coupled t o  the  order  parameter $, it  w i l l  

in f luence  the  magnitude of $. This f a c t o r  is p a r t i c u l a r l y  

l a r g e  nea r  t h e  core  of a smectic A edge d i s l o c a t i o n  and 

hence as i n  smect ic  C w e  can expect a continuous decrease i n  

J, as w e  go t o  the  cent re  of t he  defec t .  Also f o r  samples 

smaller than t h e  coherence length ,  beyond a c r i t i ca l  uniform 

(au/az) t h e  smectic A phase should undergo a phase t rans-  

formation t o  t h e  N phase without  any l a t e n t  hea t .  It m u s t  

be  remarked t h a t  such a d i s t o r t i o n  i n  smectic A usual ly  

r e s u l t s  i n  an undulat ion mode.’ 

i t  is  un l ike ly  s i n c e  the  c r i t i ca l  (au/az) f o r  t h i s  i n s t ab i -  

l i t y  (which is inverse ly  proport ion t o  B) becomes l a r g e r  

and l a r g e r  as w e  go near  t h e  AN t r a n s i t i o n  poin t .  

But nea r  t he  AN t r a n s i t i o n  

Director distortions only: f i n i t e  s i ze  e f f e c t ,  

t he  case  of type I smectic A the  pene t r a t ion  depth X i s  

smaller than  t h e  coherence length 5,. I n  such s i t u a t i o n s ,  

if w e  have a sample of thickness  6 <  X ,  then w e  f i n d  t h a t  t he  

imposed V x n d i s t o r t i o n  completely pene t r a t e s  t he  sample, 

y e t  t he  o rde r  parameter Ji is  non-zero. 

t h e  c r i t i c a l  V x n required t o  destroy $. 

l a y e r  deformations (10) reduces t o  

I n  

+ 

W e  s h a l l  work ou t  

I f  t h e r e  are no -f 
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206 G .  S. RANGANATH 

2 + 
Here MI = (qo$) /D and 6nL is  the  vector  deviation of the 

l o c a l  d i r e c t o r  away from the  layer  normal. I n  the present 

problem both J, and An, - a r e  varying from point t o  point and 

i n  an elementary discussion they can be replaced by t h e i r  

averages T and 6nI .  

w e  must have a c r i t i c a l  (6nI)  a t  which the system undergoes 

a second order  phase t r a n s i t i o n  t o  the  N phase. This c r i t i -  

c a l  value is given by 

- 
+ 

- -+ 
Then as  i n  the preceding discussion - - 

-b 

- c  

o r  

A 2  = K/D . ( 1 2 )  

Here (Vx;)O i s  the c r i t i c a l  value f o r  a f i r s t  order 

t r a n s i t i o n  i n  an i n f i n i t e  sample. Thus the f i n i t e  s i z e  has 

a profound influence on not only the  c r i t i c a l  value of 

( O X & ,  which w i l l  be  very la rge ,  but a l s o  on the  order of 

the phase t rans i t ion .  It m u s t  be remarked t h a t  very s imi la r  

e f f e c t s  were establ ished long back by Ginsburg and Landau 

for  superconductors. 

C 

10 
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