
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 19 February 2013, At: 11:43
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

Wetting and Capillary Condensation in Liquid Crystal
Systems
T. J. Sluckin a & A. Poniewierski b
a Department of Mathematics, University of Southampton, Southampton, SO9 5NH, United
Kingdom
b Institute for Physical Chemistry, Polich Academy of Sciences, 01-224, Warszawa, Poland
Version of record first published: 20 Apr 2011.

To cite this article: T. J. Sluckin & A. Poniewierski (1990): Wetting and Capillary Condensation in Liquid Crystal Systems,
Molecular Crystals and Liquid Crystals Incorporating Nonlinear Optics, 179:1, 349-364

To link to this article:  http://dx.doi.org/10.1080/00268949008055380

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/10.1080/00268949008055380
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cps t .  Liq. Crysf.. 1990, Vol. 179, pp. 349--364 
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 

WETTING*AND CAPILLARY CONDENSATION IN LIQUID CRYSTAL 
SYSTEMS 

T.J. SLUCKIN 
Department of Mathematics, University of Southampton, 
Southampton SO9 5NH, United Kingdom. 
and 
A. PONIEWIERSKI 
Institute for Physical Chemistry, 
Polich Academy of Sciences, 01-224 Warszawa, Poland. 

Abstract We discuss, using general principles, the 
growth of a nematic wetting layer at a surface in an 
isotropic fluid close to the nematic-isotropic transi- 
tion. The effect of competition between the nematic 
anchoring at a wall and at the incipient isotropic 
surface can lead to effects which are particular to 
systems with orientational order. 
change the Kelvin equation which governs the shift in 
the nematic-isotropic phase transition in a finite 
geometry. 

Such effects also 

1. INTRODUCTION 

In this paper we are concerned with the isotropic-nematic 
phase transition in systems with a restricted geometry. In 
the more general context of the theory of phase transitions 
such systems can be further subdivided into wetting problems, 
in which one studies semi-infinite systems and the growth or 

otherwise of surface order, and capillary condensation 
problems, in which one studies the effect of a finite 
geometry on a bulk first order phase transition. The 
general phenomenology of both these subclasses has been much 
studied recently [ 1,2], and a variety of interesting 
* 
Text of an invited talk by T.J.S. at the 2nd Topical 
conference on Optical Properties in Liquid Crystals, 
Torino, Italy, Oct. 14-20 1988. 
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350 T.J. SLUCKIN AND A .  PONIEWIERSKI 

effects are predicted. Liquid crystal systems may be 

expected to show even more interesting effects because of 

the possibility of competing surface textures. We explore 

these effects i n  this paper. 

2.1 WETTING 

We first present a brief review of what we shall need of the 

phenomenon of wetting. We consider two phases 1 and 2 of a 

system. The system undergoes a first order transition at a 

temperature Tc such that for T > Tc phase 1 is in 

equilibrium. The system is placed in a semi-infinite geom- 
etry close to a flat wall. We suppose that the wall favours 

phase 2 ,  sufficiently so that close to the wall, at a 

temperature T + AT , a layer of thickness R of phase 2 

is adsorbed at the wall. Phase 2 is said to wet the wall 

completely, if, as AT * 0 , R + . Precise calculations 

of this phenomenon depend both on an understanding of the 

interparticle interactions in phases 1 and 2, and on the 

interactions between these particles and the wall. 

the phenomenology of a completely wetting system can be 

understood using the following simple free energy argument 

C 

However 

[1,21. 

unit area) 

The free energy of a layer of thickness J?. is (per 

where 

two phases per unit volume, and is a term which takes 
into account the advantage of having phase 2 a t  the boundary 

and the interaction between a wall-2 and a 1-2 

surface separated by a distance R . In the complete 

wetting case we are interested in 

AS = S 2  - S 1  is the entropy difference between the 

V ( R )  D
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WETTING IN LIQUID CRYSTALS 35 1 

V(R) = - vo + V1(U . ( 2 )  

The form of Vl(R) depends on (a) the wall-particle 

interactions and (b) how close the first order 1 - 2 

transition is to criticality. If the wall-particle interac- 

tions are of the form U ( Z )  

Minimising ( 1 )  then yields 

1-6 z - ~  then V,(R) = AR . 

9, z */'6 . ( 3 )  

In the case of the van der Waals interaction 6 = 3 . 
If interactions are short-ranged, this is equivalent to an 
exponential form for V,(R) T, exp-('/<) , where 5 is a 

correlation length. In this case 

a much slower divergence. If the phase transition is near 

critica1,then V , ( R )  a l so  has an effective, fluctuation- 
induced exponential form, and thus the film thickness R 

diverges logarithmically for R < 5 the correlation length. 

2 . 2  MODELLING L I Q U I D  CRYSTAL SURFACES 

We first formulate the problem of a nematic close to a wall 
in its full generality. The liquid crystal is defined by a 
density profile p(z,R) , where R is a solid angle and z 

is distance from the wall. 
the wall, for instance 

In a uniform system - far from 

where f ( n )  is the angular distribution, calculated for 
example i n  the Maier-Saupe theory, and for the isotropic 
phase f(R) = (47rI- l  . A knowledge of f(n) implies a 
knowledge of the liquid crystal ordering tensors, which in 
turn yields knowledge of the magnitude and direction of the 
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352 T.J. SLUCKIN AND A.  PONIEWIERSKI 

liquid crystal order parameter. To find p(z ,R)  we must 

minimize a free energy of the form 
m 

where V(z,Q) is the potential on a particle oriented in 

direction Q at position z , 3 is the Helmholtz free 

energy functional, and 1-1 is the chemical potential [ 3 ] .  

The situation is further complicated by a lack of knowledge 

of 3 , and a difficulty in specifying V(z,Q) in many 

useful circumstances. Another factor to be borne in mind is 

that most surfaces used in technological applications are 

rough, not as an inconvenient complication, but deliberately 

made so in the preparation process in order to possess some 

desired orientation properties. 

over a set of potentials 

of the randomness. 

Thus some averaging of s& 
V(z,L?) is required to take account 

Faced with a problem of this degree of complication some 

simplification is clearly necessary. 

of the phenomenon is concerned, a useful idealization is the 
Landau-de Gennes approach in which a model continuum-like 

free energy is minimised. We write the total free energy of 

a nematogen as 

A s  far as the physics 

where the free energy has now been divided into a bulk and 

a surface contribution. Here g ( z >  is the ordering tensor, 

f (Q) the bulk Landau-de Gennes free energy functional the 
K(0Q)' 
changing the free energy 143. The effect of the surface 

potential - and, hopefully, of the randomness in the surface 

itself - have been subsumed in the surface free energy fs , 

- 
b =  

represents three terms which indicate the c o s t  of - - 
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WETTING I N  L I Q U I D  CRYSTALS 353 

which i s  a f u n c t i o n a l  of 

i s  no t  s t r i c t l y  def ined i n  eqs .  (5) o r  (6) because t h e  " w a l l "  

p o s i t i o n  i s  no t  uniquely def ined on a microscopic s c a l e .  It 

i s ,  however, def ined on t h i s  mesoscopic scale. For an 

i s o t r o p i c ,  s t r u c t u r e l e s s  w a l l  [ 5 ]  

so = Q(z=O) , a q u a n t i t y  which - - 

W e  are i n t e r e s t e d  i n  growth of nematic l a y e r s  c l o s e  t o  

a wall j u s t  above the  isotropic-nematic  onse t  temperature 

TNI . 
i n  t h e  previous s e c t i o n ,  phase 1 i s  the  i s o t r o p i c  phase and 

phase 2 is  t h e  nematic phase, and Tc i s  TNI . 

provides  a l a r g e  parameter space and some formidable mathe- 

matical d i f f i c u l t i e s .  Some p rogres s  has  been made, i n i t i a l l y  

by ou r se lves  [6], and l a t t e r l y  by Sen and Su l l ivan  [ 7 1 .  

Unfortunately it seems t h a t  some of t h e  most i n t e r e s t i n g  

behaviour occurs when the  d i r e c t o r  v a r i e s  w i t h i n  t h e  sample, 

and t h i s  i s  t h e  case  which provides  most of t he  numerical  

problems. We can, however, d i s c u s s  t h e s e  cases from the  

phenomenological po in t  of view adopted i n  s e c t i o n  2 . 1 ,  

a l though t h i s  t h e o r e t i c a l  level i s  y e t  one more degree 

removed from t h e  real  problem. C lea r ly  s o l u t i o n s  of t h e  

Landau-de Gennes model would be of major i n t e r e s t .  

Thus with r e spec t  t o  the gene ra l  background d i scuss ion  

However, even t h e  problem as defined i n  eqs .  (7 )  (8) 

2 . 3  WETTING AND THE LIQUID CRYSTAL SURFACE 

The c r u c i a l  new piece of physics  which d i s t i n g u i s h e s  

l i q u i d  c r y s t a l  i n t e r f a c e s  from o t h e r  l i q u i d  i n t e r f a c e s  i s  

t h e  a s s o c i a t i o n  of a d i r e c t o r  o r i e n t a t i o n  with a s u r f a c e .  

L e t  u s  consider  t he  growth of a nematic phase from a w a l l  

above TNI , as ind ica t ed  above. For d e f i n i t e n e s s ,  l e t  us 

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:
43

 1
9 

Fe
br

ua
ry

 2
01

3 



354 T.J. SLUCKIN AND A .  PONIEWIERSKI 

suppose that the surface induces in the nematic a director 

orientation perpendicular to itself. There is then a region 

of "nematic" fluid, an incipient nematic-isotropic interface, 

and far from the wall isotropic fluid. The crucial question 

is - what is the director orientation at a free nematic - 
isotropic interface? We dispose of the less interesting case 

first. If the director orientation at the free nematic- 

isotropic interface is parallel to that at the wall (in this 
case perpendicular to the wall) then the only relevant order 

parameter is a scalar, for 

This case, which has been examined in detail within the 

Landau-de Gennes theory by a number of authors [ 5 ]  is 

broadly analogous to other wetting scenarios summarised in 

section 2.1  with, in particular, the same power law behaviour 

for the nematic film thickness R . 
We now pass to the more interesting case where the free 

nematic-isotropic surface has a different director orientation 

from that at the wall. The initial studies of such systems 

within the Landau-de Gennes framework [ 6 , 7 ]  reveal a rich 

phase diagram with a variety of wetting transitions, and 

transitions between wetting phases at different orientations. 

We concentrate here on some aspects of the wetting behaviour 
which is presumably implicit in the Landau-de Gennes theory, 

which has not yet been specifically demonstrated, but which 

is accessible to phenomenological arguments of the type used 
in section 2.1. 

Let us make the specific further assumption that the 
free nematic-isotropic interface orients the director 
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WETTING IN L I Q U I D  CRYSTALS 355 

parallel to itself. The surface free energy of the nematic- 
isotropic interface is then of the form 

Y(0> = Yo + Y 1 W  (10) 

where 0 is the angle between the director at the interface 
and the normal to the interface. Within our model we may 

suppose 

y , ( e )  = y1 cos20 . ( 1  1) 

The free energy associated with a change in director from 
5 = 2 at z = 0 to 2 = [sine, 0, cose] at z = R is 

where K is a combination of the nematic elastic constants. 
From eqs. (11, (11)  and ( 1 2 )  we can construct an effec- 

tive free energy per unit area for a nematic film of thickness 
R with orientation 0 at the nematic edge: 

AA(R,0> = ASNI ATR + Y , C O S ~ ~  + A,e~p(-t/~ ) NI 

where C,, is the correlation length associated with critical 
fluctuations at the nematic-isotropic transition, r is a 

characteristic molecular length of the problem, and A 1  and 
A2 are amplitudes. 

For AT large, !?. will be relatively small, the 
director will be uniform (=?) within the film, and 

0 

1 

R % €&RnlATl or R % AT- ’’ ( 1 4 )  

depending on whether the fluctuation-induced logarithmic term 
dominates over the van-der Waals term. There will be a cross- 
over between the logarithmic and the power law behaviour. 

Before this cross-over intervenes, however, it may be 
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356 T.J. SLUCKIN AND A.  PONIEWIERSKI 

more favourable for the director to turn in order to take 
advantage of the easy direction at the nematic-isotropic 
interface. We can examine the stability of the free energy 

(13) against such an eventuality. For small 8 : 

AA(L,O) j e 2 [ K / L - 4 y 1 ]  . (15) 

Thus we expect a transition for film thickness 

at temper a t ur e 

A ,  K 
AT, % - exp - - . 

‘NI As G N I  

K 
exp - - . A 1  

‘NI As G N I  
AT, % - (17) 

We can call this a wetting Frederiks transition, by 

analogy with the usual Frederiks transition, in which surface 

anchoring forces are pitted against the effect of a bulk 

field. 
transition, immediately beyond which 

This wetting Frederiks transition is a continuous 

(AT, - AT) 1 . 
Eventually, however, 0 saturates at ~ / 2  , in order 

that the nematic-isotropic surface free energy be minimised. 
In this regime the film growth is governed by a balance of 

the first and last terms in eq. (13), and 

R % AT-4 . (19) 

The director change causes an effective repulsion between 

the wall and the incipient nematic-isotropic interface. 
We thus have three possible power law rggimes for 

nematic film growth. A number of workers have observed the 
logarithmic film growth, including, recently, Shen and co- 
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WETTING I N  L I Q U I D  CRYSTALS 357 

workers [ a ] .  This  l a s t  experiment concerned the growth of a 

l a y e r  of 5CB a g a i n s t  a w a l l  which has normal boundary 

cond i t ions ,  and f o r  which t h e  nematic- isotropic  i n t e r f a c e  

has  an equ i l ib r ium tilt  ang le  of ?J 7F/3 . This  i s  j u s t  a 

set  of circumstances i n  which one might expect  t o  observe a 

cross-over between loga r i thmic  and AT-’ behaviours,  and 

we encourage f u r t h e r  experiments.  

2 . 4  EFFECT OF A BULK FIELD 

Adding a bu lk  f i e l d  which couples  t o  the  d i r e c t o r  adds 

another  dimension y e t  t o  we t t ing  f i l m  growth. We recall  

t h a t  a magnetic f i e l d  provides  a term i n  the  nematic 

f r e e  energy d e n s i t y  [ 4 ]  
I! 

The d i r e c t o r  l i n e s  up ( i f  x > O >  para l le l  t o  , and t h i s  

alignment relaxes on the  l e n g t h  s c a l e  of t h e  magnetic e x t r a -  
A 

p o l a t i o n  l eng th  5, 

The bulk f i e l d  a l s o  inc reases  the  bulk phase t r a n s i t i o n  

2, H2 [9], although t h i s  i s  r a t h e r  temperature by a q u a n t i t y  

small and hard t o  observe.  

l a r g e r  e f f e c t s ,  though t h e  e f f e c t  i s  more d i f f i c u l t  t o  

c a l c u l a t e  as a r e s u l t  of d i e l e c t r i c  e f f e c t s .  

Electric f i e l d s  have q u a l i t a t i v e l y  

I n  gene ra l  5, i s  r a t h e r  a l a r g e  q u a n t i t y  ?J microns. 

Nevertheless  we can a sk  t h e  quest ion about what happens i n  a 

l a r g e  f i e l d ,  so t h a t  5, i s  minimised, and AT i s  s u f f i c -  

i e n t l y  s m a l l  t h a t  The energy c o s t  of t u rn ing  the  

d i r e c t o r  so as t o  s a t i s f y  t h e  boundary cond i t ions  a t  t h e  

isotropic-nematic  and nematic-wall i n t e r f a c e s  is  now no 

!? 2 5, . 
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358 T . J .  SLUCKIN AND A. PONIEWIERSKI 

longer  given by t h e  l a s t  t e r m  i n  eq.  (131, bu t  r a t h e r  by 

% KO2/CH . 
of Q comes from t h e  c o r r e c t i o n  t o  t h i s  term a s  a r e s u l t  of 

t he  decay p r o f i l e  of the  d i r e c t o r  being c u t  o f f  by the l i m i t  

of t h e  nematic f i l m .  This c o n t r i b u t i o n  i s  exponen t i a l ly  small 

% xA H 2  exp-(Q/SH) , 

The c o n t r i b u t i o n  t o  t h e  f r e e  energy as a func t ion  

l ead ing  t o  f i l m  growth i n  t h i s  regime 

We thus  have a f o u r t h  power l a w  regime a t  very t h i c k  

f i l m  th i cknesses .  The onse t  of t h i s  regime w i l l  be sharp i f  

a symmetry change i s  involved, such a s ,  f o r  i n s t ance ,  i f  the 

f i e l d  i s  pe rpend icu la r  t o  both boundary cond i t ions .  I n  t h i s  

ca se  t h e  t r a n s i t i o n  i s ,  of course,  t h e  f a m i l i a r  F rede r iks  

t r a n s i t i o n  i n  a s l i g h t l y  un fami l i a r  con tex t .  I f  no symmetry 

change i s  involved w e  m e r e l y  expect a cross-over regime 

between AT-' and Rn I AT I behaviour . 
Although t h i s  regime i s  only observable  f o r  high f i e l d s  

i n  which the  we t t ing  f i l m  i s  not  too t h i c k ,  t h i s  rggime 

i t se l f  i s  cut-off a t  f i e l d s  t h a t  are too high. This cut-off 

i s  marked by t h e  cond i t ion  ( see  eq. (15) )  

K/SH L Yl o r  ' Hsat (23)  

where y1 

ene rg ie s  a t  t he  l i m i t s  of t he  nematic wet t ing f i l m ,  and 

i s  the  s a t u r a t i o n  f i e l d  [5] a t  which the  boundary cond i t ions  

can no longer  compete a g a i n s t  the bulk f i e l d .  Once i n  t h i s  

rggime, t h e  o rde r  parameter i s  once aga in  e f f e c t i v e l y  a s ca l a r ,  

and t h e  normal behaviour descr ibed i n  s e c t i o n  2 . 1  resumes. 

i s  i n t e r p r e t e d  now as t h e  maximum of t h e  anchoring 

Hsat 

3 . 1  CAPILLARY CONDENSATION 

Again w e  give a b r i e f  review of t h i s  phenomenon [ l o ] .  We 
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WETTING I N  L I Q U I D  CRYSTALS 359 

consider  two phases 1 and 2 ,  separated by a f i r s t  order  phase 

t r a n s i t i o n  a t  Tc i n  the  bulk.  Capi l la ry  condensation 

concerns t h e  s h i f t  i n  the  phase t r a n s i t i o n ,  t o  

when t h e  m a t e r i a l  i s  placed i n  a res t r ic ted  geometry, a s  a 

r e s u l t  of one of t h e  phases having a lower sur face  f r e e  

energy with respect t o  t h e  conta iner .  

placed between two p a r a l l e l  sur faces  a d i s tance  R a p a r t .  

The phase t r a n s i t i o n  occurs when t h e  grand thermodynamic 

p o t e n t i a l s  fi and t h e  chemical p o t e n t i a l s  p a r e  equal.  I f  

we measure a p e r  u n i t  volume we ob ta in  

Tc + AT , 

Consider f i r s t  material 

R ’  nl(Tc + AT) + - R 
where the  subscr ip ts  r e f e r  t o  each of the  phases, and Y a r e  

t h e  sur face  f r e e  energ ies .  Using 

g=-s , 
where S i s  t h e  entropy dens i ty .  Expanding i n  AT , we 

obta in  
2Tc (Y 2-Y 1 1 

LR AT = (26) 

where L = Tc(S,-S2) , 
1 - 2 phase t r a n s i t i o n .  

i s  the  l a t e n t  h e a t  of t h e  f i r s t  order  

For a cy l inder  of r a d i u s  R analogous cons idera t ions  

lead t o  t h e  r e s u l t  

and s i m i l a r l y  f o r  a sphere of rad ius  R 

3Tc (Y2-Y 1) 
LR AT = 

Equations (26) t o  (28) a r e  examples of Kelvin equat ion 

which governs t h e  asymptotic behaviour of t h e  phase t r a n s i t i o n  

temperature a s  a func t ion  of system s i z e  R . In  f a c t  i n  the 
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360 T.J .  SLUCKIN AND A. PONIEWIERSKI 

las t  two cases t h e r e  

t h e  phase t r a n s i t i o n  

t h e  system, but  t h i s  

3 . 2  PLANAR GEOMETRY 

i s  a l s o  some f i n i t e - s i z e  broadening of 

as a r e s u l t  of t h e  dimensional i ty  of 

i s  n o t  important a t  t h i s  s tage .  

The case of a l i q u i d  

walls has  been d e a l t  

c r y s t a l  be tween absolu te ly  i d e n t i c a l  

a t  l e n g t h  by us  elsewhere and presents  

q u a l i t a t i v e l y  t h e  same p i c t u r e  as descr ibed i n  eq. ( 2 6 ) .  
L e t  us consider  a s l i g h t l y  d i f f e r e n t  case,  i n  which each 

sur face  is  i d e n t i c a l ,  wi th  an easy a x i s  p a r a l l e l  t o  t h e  

surface,  such t h a t  t h e  s u r f a c e  f r e e  energy of t h e  nematic 

obeys t h e  r u l e  

YN(@)) = YN + yNIsin2@ (29 1 

where t h e  s u r f a c e  d i r e c t o r  o r i e n t a t i o n  is  supposed i n  t h e  

plane of t h e  sur face ,  and a t  an angle  @) t o  t h e  easy a x i s .  

L e t  us suppose t h a t  t h e  two w a l l s  a r e  set  up so  t h a t  t h e i r  

easy axes are o r i e n t e d  perpendicular  t o  each o t h e r .  We 

i n v e s t i g a t e  t h e  s h i f t  of TNI as a f u n c t i o n  of s u r f a c e  

separa t ion  R . 
We can w r i t e  down t h e  analogue of t h e  Kelvin equat ion 

by observing t h a t  t h e  thermodynamic p o t e n t i a l  of a l a y e r  

f i l l e d  with nematic (per  u n i t  l ength)  i s  

2yN 2yN1 s i n 2 @  + 4 [s - 29,)'] . ( 3 0 )  
R R2 

Hence fol lowing t h e  reasoning of equat ions (25) and (26)  

the  f r e e  energy c o s t  of a nematic l a y e r  a t  temperature 

TNI + AT i s  D
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WETTING I N  L I Q U I D  CRYSTALS 36 1 

The length  RwF 1 (K/yN1) def ined i n  eq. (16) i s  again 

important.  For R >,> RwF each sur face  minimises i t s  sur face  

f r e e  energy with respec t  t o  4 independently,  so t h a t  t h e  

phase t r a n s i t i o n  takes  place a t  a temperature 

where 

TNI + AT , 

L J 

I n  p a r t i c u l a r  i f  yN < yI t h e  t r a n s i t i o n  temperature 

f i r s t  increases  and then subsequently decreases  t o  account 

f o r  t h e  pr ice  paid i n  t w i s t i n g  t h e  nematic. 

R 2, RwF 
t h a t  of changing t h e  boundary condi t ion,  and i n  t h i s  re'gime 

F i n a l l y  a t  

the c o s t  of t w i s t i n g  t h e  d i r e c t o r  i s  higher  than 

i s  t h e  e f f e c t i v e  nematic sur face  f r e e  energy corresponding t o  

4 = 
71 , and t h e  nematic t e x t u r e  is  uniform through t h e  sample. 

Changing t h e  boundary condi t ions  changes t h e  d e t a i l s  but  

n o t  t h e  important q u a l i t a t i v e  cons idera t ions .  These d e t a i l s  

govern whether t h e  cross-over between behaviours (32) ,  (33)  

i s  gradual  o r  i n  t h e  form of a phase t r a n s i t i o n .  

3 .3  CURVED GEOMETRY 

A s  an example w e  choose a s p h e r i c a l  geometry, with sphere 

r a d i u s  

c o s t  an e l a s t i c  f r e e  energy 

R . W e  recall  t h a t  i n  a nematic, d i r e c t o r  changes 
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362 T . J .  SLUCKIN AND A. PONIEWIERSKI 

The Euler-Lagrange equat ions which govern the bulk 

d i r e c t o r  c o n f i g u r a t i o n  depend only on K1 , K22, K33 (respec- 

t i v e l y  t h e  sp l ay ,  t w i s t  and bend e l a s t i c  c o n s t a n t s ) .  The 

q u a n t i t y  K13 only e n t e r s  t h e  energy a s  a su r face  term. It 

has  been po in ted  ou t  [ l l ]  t h a t  under c e r t a i n  circumstances 

t h e  q u a n t i t y  

t i e s  - can be comparable i n  magnitude t o  t h e  o t h e r  e l a s t i c  

cons t an t s .  

K 1 3  - which depends on bu lk  molecular proper- 

L e t  us suppose boundary cond i t ions  on t h e  i n s i d e  of a 

s p h e r i c a l  s u r f a c e  which favour  a normal alignment a t  t h a t  

s u r f a c e  (homeotropic boundary c o n d i t i o n s ) .  The geometry 

then demands t h a t  t h e  nematic i n s i d e  t h e  sphere possess  a 

t opo log ica l  d e f e c t ,  i n  t h i s  case the  so-cal led hedgehog 

d e f e c t .  The p r e c i s e  energy of t h i s  d e f e c t  depends on t h e  

r a t i o  of 

t he  d i r e c t o r  5 = , with o r i g i n  a t  t h e  c e n t r e  of the 

sphere.  Recent c a l c u l a t i o n s  [ 1 2 ]  have e l u c i d a t e d  the  s t r u c -  

t u r e  of t h e  hedgehog d e f e c t .  I f  hK33 + K22- 2Kll > 0 t h e  

hedgehog has a p o i n t  d e f e c t  a t  = 0 , with 4 = , 
V.6 - = 2 / r  

hand, i f  

by a l i n e  d e f e c t  i n  t h e  form of a r i n g  of r a d i u s  , where 

p/R [2K11 - AK33]1 . I n  t h i s  ca se  t h e  pure splay 

geometry of t h e  p o i n t  d e f e c t  i s  somewhat d i s t o r t e d .  The 

e l a s t i c  f r e e  energy of t h e  de fec t ed  s t r u c t u r e  i s  

K , l ,  K22,  K33 . Far from the  c e n t r e  of t he  sphere 

everywhere o u t s i d e  t h e  d e f e c t  co re .  On t he  o t h e r  

1K33 + K2Z- 2Kll < 0 , t h e  p o i n t  d e f e c t  i s  r ep laced  

= 8nR K 1 3  + 16nR[K11 + \ ]  , ( 3 6 )  Ae 1 

K ) t akes  account of t h e  d i s t o r t i o n  of t he  1 pK22' 33 where 

hedgehog d e f e c t  i n t o  a r i n g - l i k e  s t r u c t u r e .  

+ AT , the  f r e e  energy c o s t  TN I Hence, a t  temperature 

of r e p l a c i n g  i s o t r o p i c  f l u i d  by a nematic i s  
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WETTING IN LIQUID CRYSTALS 363 

where we assume that the homeotropic anchoring energy is 

sufficiently strong to effectively pin the director at the 
surface. 
where 

The phase transition then takes place at TNI + AT, 

The extra interesting feature here is that the quantity 

K 1 3  , 
ments only with difficulty, may be accessible by observing 
the behaviour of TNI(R) in a finite curved geometry. We 

note here that we expect similar effects in a cylindrical 

geometry. 
small systems a further phase transition will shift the 

system to a more uniform texture by analogy with eq. ( 3 3 ) .  

which seems to be accessible from conventional experi- 

In addition, for both geometries, for sufficiently 
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