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Abstract: Liquid c r y s t a l  anchoring energy var ies  with t h e  
d is tance  to  t h e  s o l i d  s u b s t r a t e  i n  the  i n t e r f a c i a l  l ayer .  
Experimental values correspond t o  a low anchorage as the  
l i q u i d  c r y s t a l  s l i d e s  on its i n t e r f a c i a l  layer .  The quest ion 
of whether it w i l l  be poss ib le  t o  observe low anchorage i n  a 
p a r a l l e l  alignment i s  raised.  

From t h e o r e t i c a l  computation it has been suggested t h a t  low ancho- 
r ing  energy of nematic 1iqui.d c r y s t a l s  (L.C.) on s o l i d  s u b s t r a t e s  
would allow an increase  i n  t h e  mult iplexing capabi l i ty  of Twisted 
Nematics displays by a f a c t o r  of four  (1). 

Following Kleman ( 2 )  the anchoring energy W1 is phenomenologically 
expressed as t h e  sum o f  an i s o t r o p i c  energy term Wo, an i n  plane 
( tors ion)  anchorage W+ and an o u t  of plane (azimuthal) anchorage We. 

where t h e  angular  d e f i n i t i o n  i s  indica ted  on f ig .  1. The angular 
dependence o f  W1 is mathematically wr i t ten :  

W$ = B+ sin2+ (11) 

w0 = w0 + BO sin20 (111) 
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332 J COGNARD 

Fig. 1 Coordinate geometry - Defini t ion of t h e  
t o r s i o n  and azimuthal anchorage 

The L.C. anchorage on a s o l i d  substrate r e s u l t s  from physico- 
chemical i n t e r a c t i o n s  whose energy may be t h e o r e t i c a l l y  obtained 
from t h e  t w o  phases' sur face  tension.  

When a l i q u i d  of  sur face  tension yLv comes i n t o  contact  with a 
s o l i d  of surface tension ysvo an i n t e r f a c i a l  l a y e r  bu i lds  up whose 
energy ysL ( i d e n t i c a l  t o  W 1 )  i s  

YsL = YSVU + YLV - Wa (IV) 
where ysVo i s  t h e  s o l i d  sur face  tension a t  equilibrium with t h e  
l i q u i d  s a t u r a t e d  vapour [which i s  r e l a t e d  t o  t h e  solid-vacuum 
i n t e r f a c e  f r e e  energy ys and t h e  adsorbed l i q u i d  layer  sur face  
pressure To by YsVo = YS - no (V)] 
and Wa is t h e  adhesion energy which may be approximated (3)  by 

Wa = 2 ~YSVO YLV (VI) 

Sol id  sur face  energy ys is not d i r e c t l y  measurable and depends.on 
the sur face  prepara t ion  and h i s t o r y ,  b u t  f o r  inorganic  substrates 
is ca lcu la ted  t o  be  over  0.2 JK2 i n  agreement with values  obtained 
from h e a t  o f  immersion measurements (3). For polar l i q u i d s ,  sur face  
pressure no exceeds 0.1 JK2; the r e s u l t i n g  ysvo value is i n  any 
case over  710-2 JM-Z (4) which corresponds to  the surface tens ion  
of an inorganic  s u b s t r a t e  covered w i t h  w a t e r  l ayers .  Some authors  
consider  that  the f i r s t  molecular l a y e r  i n  contact  with inorganic  
substrates is  a water l a y e r  which is n o t  displaced by the L.C. mole- 
cu les  (4 ) .  

In the case o f  a l i q u i d  of yLv = 310-2 J M - 2  which i s  t y p i c a l  f o r  
L.Cs ( t a b l e  1) t h e  i n t e r f a c i a l  l ayer  energy y,, is obtained from 
( I V  - V I ) :  ysL = 810-3 JM-2. 
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LIQUID CRYSTALS INTERFACIAL LAYER 335 

1E5//- 

The dimension of the interfacial  layer is not precisely known, but 
from double layer theory it extends a t  l ea s t  over 100 Ao i n  a resis- 
t i ve  liquid.* 

First I Interfacia layer 1 
monolayer 

Smectic like layer 

From the interfacial  energy prof i le  as sketched i n  fig.  2, one sees 
that  the interfacial  o r  anchoring energy varies with the distance 
from the surface. 

erg /cm' 
E 

I- - 

Shear plane 

c 

Fig. 2 The sol id  - L.C. in terfacial  layer.Interfacia1 
interactions form a smectic-like layer. The 
L.C. s l ides  on its interfacial  layer under 
constraint a t  a shear plane. 

In nematic l iquid crystals,  the excess energy of the interfacial  
layer produces a higher ordering of the L.C. which is  observed i n  
an L.C. layer enclosed between two glass covers a s  an adherent 
film which moves with the glass plates when they are translated (18). 

This adherent superficial  film of L.C. i s  often described as a 
smectic-like layer (17) .  The order parameter is estimated t o  exceed 
i ts  bulk value over 1 !.I a t  the a i r  L.C. interface and 100 Ao a t  the 
solid/L.C. interface (19). The nematic orientation leads t o  an aniso- 

* After completion of t h i s  paper, contributions presented a t  the Kyoto 
International conference by G . I .  Sprokel on the one hand and J.N. 
Israelachvili  e t  a1,on the other hand show that  the interfacial  layer 
thickness i s  below 1000 Ao and above 200 Ao for biphenyl L.C.'s. 

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
 0

3:
29

 2
3 

Fe
br

ua
ry

 2
01

3 



336 J.COGNARD 

t r o p i c  i n t e r f a c i a l  energy which determines the L.C. anchoring. 

A s  sur face  tens ion  acts as a force  normal t o  t h e  substrate, there 
is  no dependence of t h e  i n t e r f a c i a l  energy on t h e  in-plane or ien-  
t a t i o n  of  t h e  molecules. 

The t o r s i o n  anchorage WQ r e s u l t s  from s u b s t r a t e  non uniformity which 
may be cont ro l led ,  f o r  mstance, by uniform grooving of the sur face  
( f i g .  3)  i n  which case W+ may be ca lcu la ted  (20): 

W@ = f A2 q3 

where K is the  L.C. elastic constant  and o ther  symbols a r e  def ined 
on f ig .  3.  

Fig. 3 Torsion anchorage on a groaved sur face  

W 
na t ion  l i n e s  (21) 

may also be roughly est imated from t h e  width 6 of sur face  d i s e l i -  9 
lr2 K8 

w 4 = T F  
(where d i s  t h e  L.C. l a y e r  th ickness) ,  o r  measured from t w i s t  angle  
v a r i a t i o n  i n  a twis ted  l a y e r  submitted t o  a magnetic f i e l d  ( 2 2 ) .  

Calculated and experimental values a r e  compared i n  t a b l e  2. 
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LIQUID CRYSTALS INTERFACIAL LAYER 337 

Heptylamine on G l a s s  

Trimethyl chlor .  silane 
on G l a s s  

Table 2 Calculated and experimental values  of 
W (1 erg/cm2 = 10-3 JM-2) 4 

- 

- 
- 5.10-5 (13) 

6 5.10-6 (13) 

1 * Wcp = 4 K  A* 4)3 (1) 

Weak anchorage .. NkT = 210'7 JK2 

(N molecular sur face  d e r s i t y )  

The orders  of magnitude s e e m  to  be i n  agreement, and i n  any case the 
t o r s i o n  anchoring energy is higher  than t h e  bulk t w i s t  energy 

Wtwist = -& ... 
the only term r e l a t e d  t o  the anisotropy of t h e  L.C.'s sur face  tens ion  
is  t h e  azimuthal anchorage We which i s  equal t o  t h e  d i f fe rence  i n  
i n t e r f a c i a l  energy between the L.C. p a r a l l e l  and perpendicular  o r i e n t e d  
layers .  

L e t  6 (0) and 5 be t h e  values  of t h e  physical  property 6 i n  both 
o r i e n t a t i o n s  

JM-' (& t w i s t  angle) .  Thus i n  equation (I) 

n 

1T We = wo + Be Sin2 8 = ysL(0) + I (ysv(z) - ysL(0) I Sin2 8 

i n  equation I V - V I ,  no, ysL and Wa a r e  8 dependent 

Be Y (-1- T YsL ( 0 )  = bo(0) - To(y)]+[Ysv(:) ll - YsL ( 0 )  + (Wa(0)- W a ( y ) ] ( V I I I )  IT SL 2 
Although t h e r e  are no reliable d a t a  on these  values  f o r  L.C.'s, we w i l l  
t r y  t o  g e t  an order  of  magnitude : 

N o  account has  been taken of t h e  sur face  pressure  i n  t h e  l i terature .  
A s  on inorganic  s u b s t r a t e s ,  L.C. p r e f e r  to  be parallel to  the s u b s t r a t e ,  
T,(O) > IT (-1 b u t  t h e  anisotropy is not  expected t o  be large.  li 

0 2  
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338 J. COGNARD 

L.C. surface tension anisotropy y = ysL (0) - y 
be  + 4.5 
ca lcu la ted  values  give higher  values of  opposite s ign  (16) (25). 

The d i f fe rence  i n  adhesion energy Wa between t h e  p a r a l l e l  and perpen- 
d i c u l a r  o r i e n t a t i o n  has  been deduced from experimental da ta  a t  t h e  
glass/MBBA i n t e r f a c e  t o  be 6.2 LOm3 JM'2 ( 24 )  and i s  ca lcu la ted  t o  be 
7.16 10-3 JM-2 f o r  PAA on g l a s s  (16) .  

Thus the energy i n  the i n t e r f a c i a l  l a y e r  is mainly determined by the 
adhesion energy, and f r o m  V I I I  one g e t s  f o r  the azimuthal anchorage 

71 
(-) is  estimated t o  SL 2 

JM-2 for MBBA (23) and 5 JK2 for 5CB (24), although 

This  l a r g e  d i f fe rence  of surface energy means that t h e  o r i e n t a t i o n  
of t h e  i n t e r f a c i a l  l a y e r  cannot be modified by e l a s t i c  deformation 
of t h e  L.C. where t h e  energy i s  a t  most 

In  t h a t  case,  as suggested by Parsons (25) one should not ,  i n  calcu- 
l a t i o n s ,  minimize t h e  bulk p l u s  sur face  energy, b u t  minimize the  bulk 
energy and requi re  t h e  boundaries condi t ions to  be s a t i s f i e d  a t  the  
surface.  A L.C. l a y e r  of th ickness  d ,  homeotropically o r i e n t e d  and 
submitted to a magnetic f i e l d  d i r e c t e d  p a r a l l e l  t o  t h e  s u b s t r a t e  w i l l  
change its o r i e n t a t i o n  beyond a d is tance  dc: 

3K 

J M - ~ .  

dc = 71 (1x1 
2 ( Y y -  Y ( 0 ) )  

as observed by Naggiar (26) on a homogeneously al igned drop of PAA 
deposi ted on a hole  d r i l l e d  i n  a c r y s t a l  shee t ,  submitted t o  a ma- 
gnet ic  f i e l d  perpendicular t o  the  subs t ra te .  Experimentally azimuthal 
anchorage energ ies  are e i t h e r  es t imated from sur face  d i s c l i n a t i o n  
l i n e s  ( 2 )  (13) o r  measured by magnetic deformation of homeotropi- 
c a l l y  o r i e n t e d  l a y e r s  where I X  should apply. The experimental Be 
values  obtained are weak and comparable t o  the L.C. sur face  tension 
anisotropy ( t a b l e  3). This  d i f fe rence  between t h e  est imated and 
experimental values would correspond t o  the deformation of  t h e  L.C. 
l a y e r  a t  a d is tance  from t h e  sur face  a t  which the L.C. is  n o t  affec-  
t e d  by the sur face  poten t ia l .  A t  t h i s  shearllplane t h e  energy of the 
immobilised l a y e r  i s  Wi and Be - y(0) - y (2). 
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LIQUID CRYSTALS INTERFACIAL LAYER 339 

TABLE 3 

Experimental Values of Be 

We = Wo + Be sin20 

Substrate 

Air 
Si Ox (30' + 5') 
Glass t RnN +Me3 X- 
Glass t NH2CnHzn + 1 

Glass + NH2 - C7 H 15 
Glass t Lecithin 
Glass + DMOAP 
In203 DMOAP 
In203 + Lecithin 

In203 m 2  c16 H33 

MBBA 

c. L. 

5 CB 
6 CB 

MBBA 
MBBA 
MBBA 
MBBA 
MBBA 
MBBA 
MBBA 
MBBA 

4 
2.1 
3 
2 
2.6 
3 
6 
I0 
6 
3.5 

- 71 - 4.5 10-5 (22) 

5 CB 71- 71 - 5 10-6 (23) 

Method 

D.A 
A n  

M.D 
M.D 
S.D 
M.D 
M.D 
M.D 
M.D 
M.D 

Ref. 

24 
27 
23 
22 
13 
23 
23 
23 
23 
23 

~~ 

D.A differential alignment 
A n 
M.D magnetic deformation 
S.D surface disclination 

birefringence of the superficial layer 
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340 1. COGNARD 

On inorganic  l a y e r s  where L.C. align general ly  p a r a l l e l  to  t h e  subs- 
t r a t e ,  although t h e  anchorage i s  s t r o n g  (Be - 610-3 JM-2), weak in-  
t e r a c t i o n s  are measured as t h e  per turbed p a r t  of  t h e  nematic layer  
i n t e r a c t s  with its smectic-like i n t e r f a c i a l  l ayers .  The same s i t u a -  
t i o n  is  probably observed on most s u r f a c t a n t  adsorbed l a y e r s .  Even 
with B e  - 510-6 JM-' t he  anchorage parameter 

about 1 f o r  a L.C. o f  K -. N and cel l  th ickness  d = 10 p. 

= nK of r e f .  1 is 
Bed 

The value of  a t  t h e  s o l i d  sur face  as shown i n  f i g .  2 f o r  x = 0 
does n o t  inf luence the  value of the  energy Wi a t  t h e  shear  plane 
a s  long as yg > Wi. Thus t h e  e f f e c t i v e  anchoring energ ies  measured 
on polymeric or  inorganic  sur faces  are comparable. On f i g .  4 a r e  
reported voltage-capacitance curves f o r  10 p L.C. l a y e r s  enclosed 
between two conductive g lasses  whose sur face  has  been t r e a t e d  i n  
order  t o  have d i f f e r e n t  anchoring energy from l i t e r a t u r e  da ta .  One 
sees t h a t  t h e  t h e o r e t i c a l l y  expected (1) v a r i a t i o n s  of threshold  
vol tage or s lope are n o t  observed. 

c-c, - 

SO. 30" 

I c 
0 1 2 3 4 5 6 7 8 9 u l v l  

Fig. 4 Reduced capaci tance vs. vol tage o f  a 10  p 
cel l  whose inner  w a l l s  a r e  coated with d i f f e r e n t  
a l i g n i n g  layers .  L.C.: E? - homogeneous state.  
Co capaci ty  of empty c e l l  
C capac i ty  a t  0 V o l t  

SiOX3O0 
SiOX3O0+c 

TMCS tr imethylchlorosi lane (Be = 1.5 JM-*, r e f .  13) 
PS 

: obliquely evaporated SiOx layer  ( s t rong  anchorage) 
: above l a y e r  exposed i n  a flame of acetylene 

(Be = 0.1 10-I JM-=, ref. 2 )  

rubbed 1000 Ao polysulfone l a y e r  
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LIQUID CRYSTALS INTERFACIAL LAYER 341 

Weak anchoring would suppose ys 5 W i ,  t h a t  is ,  s i m i l a r  energy of 
t h e  s o l i d  - L.C. and L.C. - L.C. i n t e r a c t i o n s  a s  a l ready noted 
by de Gennes (28).  But  one should remember t h a t  this condition 
has been proposed a s  t h a t  determining t h e  l i m i t  between homogeneous 
and homeotropic alignment (29). 

Weak anchoring would be found using sur faces  having i n t e r a c t i o n  
with the L.C. weaker than the cohesion energy and st i l l  promoting 
a p a r a l l e l  alignment. However, these  requirements could be 
contradictory.  
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