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Abstract Recently, a sur face induced t r a n s i t i o n  f rom homeotropic 
t o  p l a n a r  al ignment i n  a nematic l a y e r  and t h e  corresponding 
o p t i c a l  response has been repo r ted  /K. F l a t i s c h l e r ,  L.  Komitov, 
S. T. Lagerwal l ,  B. Stebler ,  and A. S t r i g a z z i ,  Mol. C rys t .  L i q .  
Cryst . ,  198, 119 (1991)/ .  I n  t h e  case o f  sur face c o n d i t i o n s  w i t h  
reve rse  -ti 1 t a s imi  1 a r  t r a n s i t i o n  f rom quasi  -homeotropic bent 
al ignment t o  quasi -p lanar  splayed s t a t e  can be obta ined.  As 
known, these two s t a t e s  are t o p o l o g i c a l l y  incompat ib le,  and 
t h e r e f o r e  t h e  t r a n s i t i o n  i s  accompanied by nuc lea t i on  o f  n - d i s -  
c l i n a t i o n  l i n e s ,  and even i s  r e v e r s i b l e ,  i t  e x h i b i t s  a b i g  
hys te res i s .  Moreover, i t  can be d r i v e n  n o t  o n l y  by temperature 
b u t  a l s o  by an app l i ed  e l e c t r i c  f i e l d ,  u s i n g  a nematic w i t h  
nega t i ve  d i e l e c t r i c  an isot ropy.  A s imple t h e o r e t i c a l  d e s c r i p t i o n  
o f  such an al ignment t r a n s i t i o n  i s  presented. 

INTRODUCTION 

The i n t e r a c t i o n  between a nematic l i q u i d  c r y s t a l  and a s o l i d  subs t ra te  
i s  a f a s c i n a t i n g  t o p i c  f rom fundamental and app l i ed  p o i n t  o f  view, 
s ince  t h e  anchor ing p roper t i es ,  y e t  f a r  t o  be complete ly  under- 

s tud ied  i n  t h e  l a s t  decade. Most o f  them can be d i r e c t l y  u t i l i z e d ,  f o r  

i ns tance  t h e  so -ca l l ed  sur face t r a n s i t i o n  d r i v e n  by temperature, 

amel iorated by F a e t t i  e t  a1 .12, was r e c e n t l y  cha rac te r i zed  by 

KOhler l3. .  L a s t  year  we repo r ted  such a k i n d  o f  sur face t r a n s i t i o n  
occu r r i ng  i n  a horneotropic nematic l a y e r  symmetr ica l ly  anchored 14 , 

g i v i n g  a l s o  a phenomenological model, whereas t h e  same phenomenon was 
l a t e r  on being t h e o r e t i c a l l y  s tud ied by Gabbasova e t  a l .  

7-10 can be a source o f  several  e l e c t r o - o p t i c a l  e f f e c t s  

which, s t a r t i n g  f rom t h e  p ioneer ing  work o f  Bouchiat  e t  a l .  11 
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Moreover, Rosenblatt et a1.l6 at the same time reported a transition 
from homeotropic to tilted alignment, giving also an overview on the 
state-of-the-art. 

The aim of the present work is to describe the experimental 
evidence o f  the surface transition which takes place in a nematic 
layer with reverse pretilt, giving also a simple phenomenological 
model of the effect. 

a) C )  

- T  

FIGURE 1 - Surface transition driven by temperature: a) initial 
bent state at room temperature Ta (bend I configuration); b)  
homeotropic alignment at T >Ta; c )  bent state at Tc>T (bend I 1  
configuration); d )  n-twikted state at Td>T ; e) spltyed state 
at Te (splay I configuration) above the trassition temperature 
(TcB on heating and Tc on cooling: the wide hysteresis provides 
T t T  ) ;  f )  splayed ?tate (splay I1  configuration) which can be 
af?ain$! applying a destabilizing electric field to the bent 
state a ) .  
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NEMATIC LAYER WITH REVERSE PRETILT [485]1199 

EXPERIMENTAL 

A c e l l  o f  convent ional  sandwich t ype  w i t h  a gap o f  18 m was used. The 

l i q u i d  c r y s t a l  m a t e r i a l  Z L I  2806 (Merck) w i t h  nematic range -3O.O"C t o  
99.5"C was f i l l e d  i n t o  t h e  c e l l  i n  t h e  i s o t r o p i c  phase. On t h e  i n n e r  
sur faces of t h e  c o n f i n i n g  g lass  p l a t e s  covered by ITO, an S i O x  f i l m  

was o b l i q u e l y  deposi ted a t  angle 0 = 5" wi th respec t  t o  t h e  subst rate.  
As known, such a l a y e r  g i ves  a u n i d i r e c t i o n a l  quasi -p lanar  aligntnent 
w i t h  molecular  tilt about 25"-30", on c o n d i t i o n  t h a t  t h e  anchor ing i s  

weak. The SiO, f i l m  was covered w i t h  a t h i n  l e c i t h i n  l aye r ,  by d ipp ing  
t h e  g lass  subs t ra tes  i n  a d i l u t e d  s o l u t i o n  o f  l e c i t h i n  i n  ch loroform.  
The l a s t  t reatment  causes an increase o f  t h e  molecular  t i lt (about 

90°) a t  t h e  subs t ra te  surface. The c e l l  subst rates were assembled i n  
such a manner, t h a t  a reverse p r e t i l t  o f  t h e  l i q u i d  c r y s t a l  molecules 

a t  t h e  c o n f i n i n g  surfaces was obtained. Thus, t h e  nematic l a y e r  
comprises an i n i t i a l  bend deformat ion as shown i n  f i g u r e  1-a. 

The exper imental  c e l l  i s  i n s e r t e d  i n  a M e t t l e r  FP52 ho t  stage 
wi th temperature c o n t r o l l e d  t o  wi th in 0.1"C accuracy. The o p t i c a l  and 
e l e c t r o - o p t i c a l  c h a r a c t e r i s t i c s  were r e g i s t e r e d  by u s i n g  a Zeiss 
Photomicroscope I 1 1  Pol and t h e  v ideorecord ing technique. The c e l l  was 

p laced between crossed p o l a r i z e r s  i n  a p o s i t i o n  where t h e  p lane o f  t h e  
i n i t i a l  bend deformat ion i s  o r i e n t e d  a t  45" w i t h  respect  t o  t h e  
t ransmiss ion  d i r e c t i o n  of t h e  p o l a r i z e r s .  Due t o  bend deformat ion,  t h e  
i n t e n s i t y  o f  t h e  t r a n s m i t t e d  l i g h t  has non zero va lue and thus t h e  
c e l l  does n o t  appear t o  be o p t i c a l l y  complete ly  dark.  On heat ing,  
before reaching t h e  c r i t i c a l  temperature TcB, t h e  i n t e n s i t y  o f  t h e  
t r a n s m i t t e d  l i g h t  f i r s t  decreases and then increases s l i g h t l y .  The 
c r i t i c a l  temperature TcB, s i m i l a r l y  as Tc i n  /14/, was found t o  be 

about severa l  degrees below t h e  c l e a r i n g  p o i n t  TNI . 
A t  TcB a t r a n s i t i o n  t o  another s ta te ,  which i s  o p t i c a l l y  b r i g h t ,  

begins a t  d i f f e r e n t  p o i n t s  of t h e  sample area and, f o l l o w i n g  a s l i g h t  
r i s e  i n  temperature, t h e  new s t a t e  f u l l y  occupates t h e  whole sample 
(see f i g u r e  2 ) .  The t r a n s i t i o n  was found t o  be r e v e r s i b l e  w i t h  a 

s t rong  h y s t e r e s i s :  t h e  c r i t i c a l  temperature on coo'l ing TcS i s  lower 
than TcB. 

I n  order  t o  d e f i n e  t h e  changes of t h e  al ignment i n  t h e  nematic 
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FIGURE 2 - Orthoscopic  observat ions through crossed p o l a r i z e r s  o f  
t h e  su r face  t r a n s i t i o n  i n  a nematic l a y e r  w i t h  an i n i t i a l  bend 
deformat ion,  upon hea t ing .  From a )  t o  c )  t h e  temperature i s  
i nc reas ing :  a )  T = 93.2"C, b )  T = 93.6"C, and c )  T = 94.0"C. 
I n  t h e  b lack  a jeas t h e  al ignmgnt i s  quasi -homeotr ip ic  (bent  
s t a t e ) ,  whereas i n  t h e  b r i g h t  y e l l o w  ones t h e r e  i s  an induced 
s p 1 ayed s t a t e  . See  Color Plate HI. 
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NEMATIC LAYER WITH REVERSE PRETILT [487]/201 

FIGURE 2 (cont inued)  See Color Plate. III. 

l a y e r  when a sur face t r a n s i t i o n  i s  t a k i n g  place, e i t h e r  a t  hea t ing  o r  

a t  coo l i ng ,  we performed conoscopic i n v e s t i g a t i o n s .  The r e s u l t s  we 
obta ined suggest t h e  f o l l o w i n g  p i c t u r e  o f  t h e  t r a n s i t i o n  schemat i ca l l y  
dep ic ted  i n  f i g u r e  1. On heat ing,  be fo re  TcB being reached, t h e  
i n i t i a l  bent s t a t e  i s  t rans fo rm ing  con t inuous ly  w i t h  t h e  temperature 
i n t o  an o p p o s i t e l y  d i r e c t e d  bent s t a t e  v i a  a homeotropic one. Th is  
t rans fo rma t ion  f i r s t  causes decreasing and then inc reas ing  o f  t h e  
t r a n s m i t t e d  l i g h t  i n t e n s i t y ,  t h e  behavior we a l ready  mentioned above. 

On f u r t h e r  heat ing,  a t r a n s i t i o n  t o  a splayed s t a t e  v i a  a a - t w i s t e d  
s t a t e  takes place, as t h e  temperature exceeds t h e  c r i t i c a l  one (see 
f i g u r e  1 ) .  Since t h e r e  i s  a t o p o l o g i c a l  c o m p a t i b i l i t y  between 
homeotropic, bent and a - t w i s t  s ta tes,  they can t rans fo rm con t inuous ly  
f rom one t o  t h e  o t h e r .  However, these s t a t e s  are t o p o l o g i c a l l y  
incompat ib le  w i t h  t h e  splayed s ta te ,  t h e r e f o r e  t h e  t r a n s i t i o n  between 
them i s  d iscont inuous and i s  accompanied by n u c l e a t i o n  o f  IS1  = 1/2 
d i s c l i n a t i o n  l i n e s  17’18 (see f i g u r e  3 ) .  Due t o  t h a t  f a c t ,  t h e  
t r a n s i t i o n  bend-splay e x h i b i t s  a s t rong  hys te res i s ,  s ince  an energy 
b a r r i e r  has t o  be overcome. 

As known, t h i s  t r a n s i t i o n  can a l s o  be d r i v e n  by an e l e c t r i c  
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202![488] L. KOMlTOV ET AL. 

FIGURE 3 - Orthoscopic  obse rva t i on  through crossed p o l a r i z e r s  o f  
t h e  su r face  t r a n s i t i o n  on coo l i ng ,  a t  91.8"C. The ISl=$ 
d i s c l i n a t i o n  l i n e s  separa t i ng  t h e  r c - t w i s t  s t a t e  from t h e  splayed 
one are c l e a r l y  v i s i b l e .  See Color Plate IV. 

f i e l d " .  I n  t h e  presence of sur face induced bend-splay t r a n s i t i o n  t h e  

t h r e s h o l d  v o l t a g e  UI f o r  such a t r a n s i t i o n  e x h i b i t s  a s t rong  
temperature dependence (see f i g u r e  4 ) .  On heat ing,  t h e  t h r e s h o l d  UI 

has almost a constant  va lue  which r a p i d l y  decreases on approaching TcB 

and becomes ze ro  as TcB i s  reached. 
On c o o l i n g  through a wide temperature range, t h e  s u r f a c e  induced 

splayed s t a t e  can be kep t  by an a p p l i e d  v o l t a g e  UK much lower  than t h e  

one r e q u i r e d  f o r  i n d u c i n g  t h e  splayed s t a t e  f rom t h e  i n i t i a l  bend 

c o n f i g u r a t i o n  (compare U I  and UK i n  f i g u r e  4 ) .  The h y s t e r e s i s  
cha rac te r  of t h e  surface induced bend-splay t r a n s i t i o n  c o u l d  be u s e f u l  
f o r  p r a c t i c a l  a p p l i c a t i o n s .  
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FIGURE 4 - Bend-splay transition: inducing voltage U and keeping 
voltage U as dependent on temperature T. Experimehal d a t a  a t  
low frequbcy ( f  = 1 k H z ) .  

The microscope observations reported in figure 5 i l lustrate the 
surface alignment transition biased by the electric field a t  constant 
temperature (close t o  the transition point TCB).  In picture 5-a the 
effect of a voltage Ua<< U I  i s  shown: the black area corresponds t o  
the bent state, whereas the p i n k  area corresponds t o  the splayed state 
w i t h  t i l t  angle less pronounced t h a n  in the absence o f  the field. Note 
the b r i g h t  stripes surrounding the black area, which i s  relevant t o  
the rc-twist state, separated through a long disclination line from 
the splayed state zone. Moreover, the b r i g h t  spots, which are spread 
over the black area, are nucleation centers o f  splayed state zones. I n  
picture 5-b ( U a <  U b <  U I )  the area relevant t o  the splayed state i s  
enlarged. B u t ,  on applying Uc of the order of UI (see figure 5 - c ) ,  
the  bent state comprises a very pronounced deformation, with h i g h  
average t i l t  angle (bright green color area), whereas the splayed 
state area i s  further on enlarged and exhibits a smaller distortion. 

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

4:
39

 1
8 

Fe
br

ua
ry

 2
01

3 



204/[490] L. KOMITOV ET AL. 

FIGURE 5 - The effect o f  applied electric field on the surface 
transition (at increasing temperature) close to the critical 
temperature: in a) ,  b )  the applied voltage i s  much lower than the 
inducing voltage U with U < Ub; whereas i n  c )  U is almost equal 
to the inducing on'e. The $ink (orange) colored Ereas in a ) ,  b ) ,  
c )  illustrate a splayed state more close to planar alignment, 
whereas the green colored area in c )  is relevant to the strongly 
distorted bent state. See Color Plate. V. 
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NEMATIC LAYER WITH REVERSE PRETILT [491]/205 

FIGURE 5 (cont inued)  See Color Plate V. 

THEORETICAL 

A nematic c e l  o f  th ickness d i s  considered, w i t h  i n i t i a  bent 

quasi-homeotropic al ignment a t  room temperature (see f i g u r e  1 -a ) .  We 
assume anchor ing c o n d i t i o n s  w i t h  reverse p r e t i l t  a t  t h e  boundaries 
covered by Si0,-aligning l a y e r s  w i t h  sawtooth p r o f i l e .  Here t h e  s i n g l e  

SiO, f o rma t ion  i s  o r i e n t e d  a t  an angle - t a w i t h  respec t  t o  t h e  

subst rates zo = -d/2 and z1 = d/2, r e s p e c t i v e l y ,  z being t h e  

co-ord inate normal t o  t h e  subst rates (see f i g u r e  6 ) .  Moreover, f o r  t h e  

s i n g l e  S i O x  f o rma t ion  w i t h  s i zes  a and b, we a l s o  assume a r a t i o  

a/b<<l, i . e .  t h e  sur face o f  s i z e  b i s  supposed t o  be main ly  

respons ib le  f o r  t h e  al ignment.  
As  i n  r e f .  /14/, two compe t i t i ve  easy d i r e c t i o n s ,  normal and 

p a r a l l e l  t o  t h e  growing d i r e c t i o n  o f  t h e  s i n g l e  SiO, format ion,  are 

taken i n t o  account. Such easy d i r e c t i o n s  are cha rac te r i zed  by t h e  
anchoring s t reng ths  WH(T) and Wp(T), r e s p e c t i v e l y ,  which both depend 

on temperature * O Y z 1 .  For s i m p l i c i t y ,  we r e s t r i c t  ourse lves t o  t h e  

hypotheses o f  one e l a s t i c  constant  K, and equal anchor ing energies a t  
both surfaces, and we assume as R .  
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206/[492] L. KOMlTOV AL. 

FIGURE 6 - Cross section o f  the cell  substrate: G ,  glass; I ,  
indium t in  oxide; T, SiO teethlike formation. H and P are the 
two competing easy directrons a t  the sawtooth surface relevant t o  
the dimension b .  The local nematic director n i s  defined by the 
t i l t  angle 8 with respect t o  the substrate normal z. 

Orientational Transition i n  the Absence o f  an Electric Field 
I n  the low temperature range, the anchoring strength W,, i s  greater 
t h a n  Wp (see figure 7 - a ) ,  t h u s  the director profile n ( z )  presents a 
bend-splay deformation, being essentially bend. 

I n  fact  the reduced free energy of the layer i s  given by: 

d / 2  
G = j 9 "  dz  + ( U K )  [WH sin2 

- d / 2  

where 0 i s  the t i l t  angle w i t h  respect t o  the z-axis, the prime means 
the f i r s t  derivative with respect t o  z ,  and el i s  the value assumed 
f o r  8 a t  the upper surface (Note t h a t  5"). 1911<<1 rad, since a" 0 
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NEMATIC LAYER WlTH REVERSE PRETILT 

W t  

[493]/207 

e-l 

FIGURE 7 - Q U Z  

b) 

i t a t ive  temperature T dependence a )  of the 
anchoring strengths W , W p  for  normal and parallel easy 
directions a t  the su r fkes ,  respectively; b )  o f 2  the reciprocal 
reduced eyrapolation length 8 . Note t h a t  W aS , = const., 
and K a S , S being the scalar order para#leter. 'f i s  the 
clearing point (99.5 "C for Z L I  28061, T i s  thb 'cr i t ical  
temperature for surface transition in the Ease of no p re t i l t  
(93.5"C). 
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208/[494] L. KOMITOV ET AL. 

Hence t h e  Euler-Lagrange (EL) equat ion w r i t e s  

w i t h  t h e  boundary c o n d i t i o n  

2 €Ill d t 8-l s i n  2 (8, - (11) = 0 ( 3 )  

8; K /  [( WH-Wp Id) be ing  t h e  reduced e x t r a p o l a t i o n  1 ength22'23, which 

takes i n t o  account t h e  ba lanc ing  between t h e  anchor ing s t reng ths  

connected w i t h  t h e  two easy d i r e c t i o n s .  Note t h a t ,  accord ing t o  t h e  

d i f f e r e n t  behavior  of WH, Wp vs. temperaturez4, /can be a l s o  

nega t i ve :  i n  t h e  case o f  symnetr ica l  anchor ing c o n d i t i o n ,  t h e  s ign  

in terchange does appear a t  t h e  surface t r a n s i t i o n  temperature Tc , 
severa l  degrees below t h e  c l e a r i n g  p o i n t  

A c t u a l l y  W,, i s  p r o p o r t i o n a l  t o  S z  (S being t h e  s c a l a r  o rde r  

parameter) ,  whereas W p  2: const . :  t h i s  means t h a t ,  f o r  a c e r t a i n  

temperature Tc, W,, = Wp i s  a t ta ined ,  g i v i n g  zero va lue o f  t h e  

e f f e c t i v e  anchor ing s t r e n g t h  a t  t h e  sur faces.  I n  f i g u r e  7-b t h e  

temperature dependence o f  & - ' ( T I  i s  depic ted,  t a k i n g  i n t o  account t h e  

f a c t  t h a t  K i s  a l s o  p r o p o r t i o n a l  t o  S . 

14 . 

2 

The odd s o l u t i o n  o f  eq. ( 2 )  reads 

e = c B z  ( 4 )  

where CB = 2B,/d.  By i n s e r t i n g  ( 4 )  i n t o  t h e  boundary c o n d i t i o n s  ( 3 )  
t h e  t ranscendent equa t ion  

x = 4 ee, = - s i n  2 9 -  U )  = Y ( 5 )  

i s  obta ined.  The a c t u a l  va lue  el i s  g i ven  by t h e  proper  i n t e r s e c t i o n  

between t h e  s t r a i g h t  l i n e  X(el) and t h e  cu rve  Y(8,). Such an 

i n t e r s e c t i o n  i s  shown i n  f i g u r e  8-a, as a f u n c t i o n  o f  t h e  

represented. 

8 - 1  . parameter e, w h i l e  i n  f i g u r e  8-b t h e  f u n c t i o n  8, vs. 1 s  
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a) 

[495]/209 

b) 

-10" 

- 30" 

-40" 

FIGURE 8 - a)  S t ra igh t  l i n e  X(0 ;el and curve-,Y(0 1, g i v ing  b )  
the  ti lt angle a t  the  upper subsbate  8 vs. / . Ih the  present 
case a = 5" i s  assumed. The po in t  B giJes the  c r i t i c a l  cond i t ion  
on heat ing.  
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210/[4%] L. KOMITOV EiT AL. 

In the present case the bend-splay structure becomes unstable when the 
straight line X(0 1 is tangent to the curve Y(@,), this means when 
/(TcB) = -cos2(elT- a )/2, 61T characterizing the tangential point 

between the straight line and the curve. In our case OIT = 26.2", 
since BIT = tan2(8,T- a)/2. Thus, the critical tilt angle elB = -38.9' 
is reached when < = -0.368: i .e. at TCB >Tc, upon heating. 

The phenomenon of the surface transition occurring in nematic 
cells with reverse pretilt is characterized by a strong hysteresis. In 
fact, on approaching TcB the distortion continuously transforms in a 
spatial one, since a mixed twist-splay-bend (a-twist) involves less 
energy than a planar deformation, allowing a diminishing of the 
bend-splay. On further heating, the mixed deformation collapses into a 
planar one, of mixed splay-bend, essentially characterized by splay. 
This implies the nucleation of st-disclination lines, since the 

l 

bend-splay (bent state) and the splay-bend 
topologically incompatible (see figure 9-a,b). 

(splayed state) are 

I I 
I I 

\ I 
\ 

\, ' ' '! 
t ' '1 I .  

\ I  

BEND 

I 1 
I & I 

\ I 
I 

% -1WIsr 

'J: 
I 
I 

I 
I 

I 
I 
I 

A 2 

44 

Pl I 

SPLAY 

FIGURE 9 - a)  Distortions involved in the surface transition in a 
nematic layer with reverse pretilt: bend, n-twist, and splay 
(from left to right). b) nucleation of st-disclination line in 
the surface transition driven by temperature. 
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NEMATIC LAYER WITH REVERSE PRJ3TLT [497]/211 

s=  112 

b) 
r 

Tcrnperaturc gradient 

FIGURE 9 (cont inued)  

By measuring t h e  t i l t  angle €I= n/2 - 8 from t h e  x -ax i s  p a r a l l e l  t o  
t h e  substrates,  i n  t h e  splayed s t a t e  ( c o n f i g u r a t i o n  I ,  see f i g u r e  1-e) 
t h e  Euler-Lagrange equat ion keeps t h e  same form as i n  (21, w i t h  t h e  

s o l u t i o n  

8'= cs 2 + r c  ( 6 )  

where Cs = 2(  - rc )/d, which s a t i s f i e s  t h e  boundary c o n d i t i o n  ( 3 )  
w i t h  (8-l) replaced by (-8-l). The same occurs i n  eq. ( 5 ) .  

Hence, on c o o l i n g  t h e  splayed s t r u c t u r e  becomes uns tab le  j u s t  a t  
t h e  temperature TcS when 8 ( T c S )  = - 8 ( T c B )  , i .e .  when el, = 141.1'. 
As a consequence, TcS < T, < TcBy i . e .  t h e  surface t r a n s i t i o n  i n  t h e  
case o f  reve rse  p r e t i l t  w i l l  e x h i b i t  a l a r g e  hys te res i s .  

Note t h a t  t h e  p r e d i c t e d  behavior o f  8, f o r  t h e  splayed s t a t e  as 
a f u n c t i o n  o f  -8-' i s  t h e  same as t h a t  depic ted i n  f i g u r e  8-b, 

prov ided ( 8 - l )  i s  changed i n t o  (-8-'1, according t o  t h e  prev ious 
d e s c r i p t i o n .  

O r i e n t a t i o n a l  T r a n s i t i o n  i n  t h e  Presence o f  an E l e c t r i c  F i e l d  
When an AC e l e c t r i c  f i e l d  perpendicu lar  t o  t h e  c e l l  subst rates i s  
appl ied,  e i t h e r  t h e  homeotropic alignment i s  d e s t a b i l i z e d  o r  t h e  
p lana r  s t a t e  i s  s t a b i l i z e d ,  owing t o  t h e  negat ive d i e l e c t r i c  aniso- 
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2 1U[498] L. KOMlTOV El' AL. 

22 t ropy  ( = -4 .0)  of the  nematic phase . This means that ,  

cons ider ing the  bent s ta te,  the  d e s t a b i l i z i n g  t e r m  gE = ( gd) - '  s in28 

must be added i n  (1 )  t o  the  bulk  reduced f r e e  energy, where the  

reduced e l e c t r i c  coherence length i s  given by [ =  (-4nK/ 4 / ( E  d) .  
Hence i n  the  absence o f  t w i s t  the  EL equation reads: 

2 V d 2  t g-2  s i n  29 = 0 ( 2 ' )  

which i s  s i m i l a r  t o  the  anharmonic pendulum equation. 

Le t  us s i m p l i f y  t he  ca lcu la t ion ,  g i v i n g  an approximate so lu t i on  

by l i n e a r i z i n g  eq. ( 2 ' ) .  This convenience i s  acceptable u n t i l  1201 
<45" everywhere i n  the  c e l l ,  i f  a p rec i s ion  less  than 11% on the  

l oca l  t i l t  angle i s  considered as s u f f i c i e n t .  

The l i nea r i zed  EL equation reads 

w i th  the  l i n e a r i z e d  boundary cond i t ion :  

Eq. ( 7 )  i s  s a t i s f i e d  by the  odd so lu t i on  

8 = cB s i n ( z /  5 d)  ( 9 )  

where cB = €J1/sin(1/2 1. By i n s e r t i n g  (9 )  i n t o  ( 8 )  we obta in  

which g ives f o r  t he  d e s t a b i l i z a t i o n  o f  t he  bent s t a t e  the  approximate 
threshold 

On the  other  hand, cons ider ing the  splayed s ta te  we have 
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NEMATIC LAYER WITH REVERSE PRETILT 

= o  

and 

[499]/213 

( 7 ’  1 

instead of the EL equation ( 7 )  and of the boundary condition (81, i n  
the same hypothesis, w i t h  ?/J = 0 - n and y = 8  i n  the cases of I and 
I 1  configuration, respectively (see figure l -e , f  1. 

This means tha t ,  

being the solution of (7 ’1 ,  the approximate threshold writes 

In figure 10 the approximate c r i t i c a l  values of the reciprocal 
reduced extrapolation lengths 8[’, 8;’ are shown, being dependent 
on the effective anchoring strength ( W  - W 1, as functions o f  the 
reciprocal reduced coherence 1 ength $-’, which i s  proportional t o  
the applied f ie ld  E.  

P 

DISCUSSION 

The surface t ransi t ion,  described i n  the previous section, behaves i n  
an essent ia l ly  different way compared t o  the one recently reported i n  
reference /14/. This i s  mainly due t o  the fac t  that  a symmetrical 
p r e t i l t  8, = gives uniform alignment i n  the nematic layer, whereas 
a reverse p r e t i l t  8, = -el always causes a dis tor t ion.  I n  the l a t e r  
case, i n  the low temperature range (i.e. a t  temperature much below the 
clearing p o i n t )  t h i s  implies an i n i t i a l  quasi-homeotropic s t a t e  
revealing essentially a bent deformation. 

The surface transit ion discussed i n  reference /14/, where a 
symmetrical p r e t i l t  was considered, i s  smooth, practically w i t h o u t  
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214/[500] L. K O m V  ET AL. 

e 

FIGURE 10 - Approximate-Crit ical values o f  t he  rec ip roca l  reduced 
ex t rapo la t i on  l e n g t h 8  i n  the  presence o f  an e l e c t r i c  f i e l d  E 
vs. t he  rec ip roca l  e l e c t r i c  coherence length  , which i s  
p ropor t iona l  t o  E. Note t h a t  / and / are re levant  t o  the  
bent and splayed s tate,  respec tAe ly .  Tha curves show t h a t  when 
the  f i e l d  i s  appl ied i n  the  bent s ta te,  the  surface t r a n s i t i o n  i s  
favored, whereas the  splayed s ta te  i s  s t a b i l i z e d .  

hysteres is ,  and does not  requ i re  a nuc lea t ion  o f  d i s c l i n a t i o n  l ines ,  
since the  two equ i l i b r i um states below and above the  c r i t i c a l  

temperature Tc are topo log i ca l l y  compatible; the  t r a n s i t i o n  i s  
expected t o  be of second order. Instead, i n  the  present paper we a r e  

deal ing w i t h  a sur face t r a n s i t i o n  which e x h i b i t s  a s t rong hysteres is ,  

and format ion o f  n - d i s c l i n a t i o n  l ines ,  owing t o  the  topo log ica l  

i n c o m p a t i b i l i t y  of t he  i n i t i a l  bent s ta te  w i t h  the  f i n a l  splayed 

s ta te :  thus the t r a n s i t i o n  temperature on heat ing (Tea) i s  greater  
than the  t r a n s i t i o n  temperature on coo l ing  ( T c s ) .  The t r a n s i t i o n  i s  

expected t o  be of f i r s t  order. 
Such a behavior was found exper imenta l ly  (see f i gu res  2, 3 )  and 

described by means of a simple phenomenological model, tak ing  i n t o  

account t h e  compet i t ion between two easy d i r e c t i o n s  2 5 y 2 6 ,  the f i r s t  

normal the  second p a r a l l e l  t o  the  surfaces o f  t he  S i O x  tee th  and 
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NEMATIC LAYER WlTH REVERSE PREIlLT [501]/215 

(see f i g u r e s  6 ,  7 ) .  The behavior p r e d i c t e d  by t h e  model (see f i g u r e  8) 

i s  i n  good agreement w i t h  t h e  experimentad observat ions.  
The presence o f  an e l e c t r i c  f i e l d  E normal t o  t h e  c e l l  subst rates 

deeply a f f e c t s  t h e  sur face t r a n s i t i o n ,  s ince  t h e  bent s t a t e  i s  
destabi  1 ized,  whereas t h e  splayed s t a t e  i s  found t o  be favored, when 
t h e  d i e l e c t r i c  an i so t ropy  o f  t h e  nematic i s  negat ive:  compare f i g u r e s  
4 and 5, i l l u s t r a t i n g  t h e  experiment, w i t h  f i g u r e  10, showing t h e  
model p r e d i c t i o n s .  I n  p a r t i c u l a r ,  i t  i s  p r e d i c t e d  t h a t  on app ly ing  a 
low e l e c t r i c  . f i e l d  ( f o r  i ns tance  g i v i n g  5 - l  = 2 )  when t h e  e q u i l i b r i u m  
s t a t e  o f  t h e  nematic l a y e r  i s  t h e  bent one, t h e  su r face  t r a n s i t i o n  
temperature TcB ( g - ’ )  t u r n s  ou t  t o  be s h i f t e d  towards lower 

temperatures. I n  f a c t ,  TCB( g - ’ )  < TcB(0) i s  obtained, s ince  <-’(O)< 
8 i 1 (  g - ’ )  < 0. By i nc reas ing  t h e  f i e l d  ( f o r  i ns tance  g-’ = 41, a 

g r e a t e r  s h i f t  of temperature t r a n s i t i o n  i s  achieved, s ince  G-’( k - ’ )  
> O ;  hence TcB( 6 ) < Tc .  Moreover, app ly ing  t h e  f i e l d  when t h e  

splayed s t a t e  i s  a l ready a t ta ined ,  t h e  f i e l d  i t s e l f  prevents  t h e  
reve rse  su r face  t r a n s i t i o n  from splayed t o  bent s t a t e ,  which may a r i s e  
a t  temperatures w e l l  below Tc, always r e s u l t i n g  i n  <-’ > 0. 

-1 

CONCLUSION 

A new k i n d  of su r face  t r a n s i t i o n  d r i v e n  by temperature and biased by 
an e l e c t r i c  f i e l d  i s  repor ted.  Such a t r a n s i t i o n  takes p lace i n  
nematic 1 ayers w i t h  p r e t i  1 t r e v e r s a l  severa l  degrees below t h e  
c l e a r i n g  p o i n t ,  and e x h i b i t s  s t rong  h y s t e r e s i s .  Due t o  i t s  f ea tu res ,  
t h e  al ignment t r a n s i t i o n  leads t o  c e r t a i n  changes i n  t h e  o p t i c a l  

p r o p e r t i e s  o f  t h e  l i q u i d  c r y s t a l  l a y e r s .  These are a t t r a c t i v e  f rom a 
fundamental p o i n t  of view, and may be useful  f o r  d i f f e r e n t  

a p p l i c a t i o n s .  
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