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ALIGFIMENT @F NEMPITIC 4Nlj SMECTIC LICJLlIP CRYSTALS 

GEIID m u C K  a n d  HANS m r m  K O S W I G  
Zen t r a 1 i n z.t i t u t f ijr E! ek t r clnenp h y si k , 
Gkademie  der Wissenschaf ten  der  D D R ,  B e r l i n ,  G . D . R .  

fle2trEi Some remarks on t h e  a l i g n c e n t  r?f n e m a t i c ~  
are  g i v e n .  The o r i e n t a t i o n  of s s e c t i c  G - l i q u i d  c r y s t a l .  
a t  d i fFEren t  s u r f a c e  p r r t i l t  a n g l e s  a n d  For v a r i a b l g  

l a v e r  t h i c i : n e E s  h e s  been E.tudied, 

The al ignment  of l i q u j d  c r y s t a l  ( L C )  ph3E.ee. i s  ri f L l n d a m E l i t a !  

q i ies t ion  f e r  we!l d e f i n e d  F h y s i c a !  i n v e s t i g a t i o n s  and f o r  

a p p l i c a t i o n s  i n  e l e c t r o - a p t i c a l  devices. Rlthough wany r e -  

~ . u l t s  i n  t h i s  f i f ! d  has .been pub!ished du r ing  t h e  ! ; s t  

y ~ a r 5 I  a n d  t h e  a l i g n c e n t  technology f a r  nematic  LC5 I .  well  
e s t a b l i s h e d  i n  t h e  produc t ion  o f  LC-devices. m a n y  qiuestionr. 
a r e  open a n 3  ariE.e aga in  a t  t h e  s m e c t i c  phase.. W E  p r e s e n t  
s o m ~  ~ E W  r e z . u l t s  un  t h e  al ignment  o f  nematic  and 5.mect ic t C ? ;  

w h i c h  -;how t k i i t  i t  i s  nece55ary t o  i n c l u d e  i n t o  c c n s i d e r a -  

t i o n 5  cl f  t h i s  p r o b l m  % @ r e  d e t a i l e d  i n f u r n a t i o n s  gn t h e  
n a t u r e  O f  t h e  LC-molecuies,  un t h e  E.t.ructijre and het .a~i iour  
of  t h e  o r i e n t a t i o n s !  l a y e r s  a n d  on t h e  i n t f i r a c t i o f i  be tween  

t h e  LC-molecu!es a n d  t h e  mater ia l  o f  t h e  a r i e n t a t i t n a !  
l a y e r s ,  
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436 G .  H A U C M  A N D  H. D .  I C O S W I G  

The o b l i q u e  v s , c u ~ i m  d e p o s i t i o r :  of anorgan ic  m a t e r i a l s  a n d  t h e  
c o a t i n g  with s i l a n  or  polymer compounds wi th  an a d d i t i c ~ i ; a !  

r i t b h l n g  @ r  s t r e c h i n g  p rocedure  a r e  t h e  wpll accep ted  s l i g n -  
ment t e c h n i q u e s  f n r  nPmatics, These t e c h n i q u e s  produce a 

homogeneous a l ign f i en t  f o r  p!anar ,  t i l t e d  a n d  homeat rep ic  
o r i e n t a t i o n .  The resu!t!. d e p e n d  on t h e  m a t e r i a l s ,  not on ly  

en t h e  m a t e r i a l  of t h e  o r i e n t a t i o n s !  l a y e r ,  b u t  a!so  on t h ~  

p r o p e r t i e s  of t h e  LC-mciecules.  4 t  t h e  t i m e ,  t h e  ob ! iq : -~e  

depee.i t ic?n t .echnique i s  t h e  n n l y  n n e  which i s  a b l e  t o  r e a -  
l i i e  every  d e s i r e d  t i l t e d  s t r u c t u r e .  The r e ~ . - u l t s  o f  d i f f e -  
rent  a!ignment t e c h n i q u e s  h a s  b ~ e n  o f t e n  i n t e r p r e t e d  b y  a 

wavy s u r f a c e  topography wi th  a p r e f e r e n c e  of a s p e c i a l  
d i r e c t i o n  de te rmined  b y  t h e  a l ignment  p rocecc .  Depending on 
t h e  s p e c i a l  s t r u c t u r e  nf  t h e  3 rooves ,  t h e  a n i s o t r o p i c  nema-- 

t i c  f l i t i d  as5.umeE. a n  o r i e n t e d  s t a t e  o f  lowest  f r e e  Plastic 

m p r q y ,  without  a n y  e l a s t i c  . t r a i n s  i n s i d e ,  T h i s  means, t h e  

d i r e c t o r  arrangement  o i  t h e  nematic  system i s  de te rmined  b y  

t h e  s p e c i f i c  s u r f a c ~  topography,  The g e o m e t r i c a l  s i z e  o f  the  
LC-aolecules  i s   mall i n  romparison with t h e  dimens.ior!s r?f 

t h e  groover  a t  t h e  curface. A F  a ~ e r a q ~  p r o c e s s  t a k e s  p l a c e  
which produces ,  th rough t h e  r e g i o n  determined  b y  the pene- 
t r a t i w  !enqth:', a n  Ltniform e r i e n t a . t i o n  i n  t h e  b u l k  of t h e  

nemat ic  phase  

For pn!ar cyano-biphenyl  compounds t h e  o b l i  qc!e S 3 1 ! ~ -  

d e p o s i t i o n '  gives, dependent  on t h e  d e p o r i t i o n  ar;cj!e 8 I a 
p l a n a r  molecular  arrangement  or ;r t i l t e d   on^ w i t h  a t i i t  
a n g l e  'p (measured from the pro_tect ior l  of t h e  dPpozltlon 
d i r e c t i o t ;  on t h e  s u b s t r a t e )  of a b o u t  20 - 40", a 5  5hr?nn i:! 

F i q u r e  1 f o r  t h e  Irtixture E 5  {BDH)" .  b!i th  a double  ob!iquE: 
d e p o s i t i o n  i t  i s  pcssib!~ t o  i n d u c e  Inw t i ! t  an3!e5.:'< H i g h  

t i l t  or  homeotropic o r i ~ n t a t i o n  3r-e n n t  pors ih le  i n  t h i s  
w a y .  However, fc;r o b l i q u e  depoE.it ion of  F;l.;DI ne g o t  h i g h  
t i l t e d  and hemen t rop ica l ly  o;- ipr i?ed LC-!ay@;r. t f i gu r r -  l ) ' . ,  

The d i f f e r e n t  g r i e n t i t 5 n r i G l  beha,viour hal; lice:, n o r m a l l y  
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ALIGNMENT OF LIQUID CRYSTALS 437 

FIGLIRE I .  T i l t  a n g l e  on o b l i q u e l y  dEpos i ted  l a y e r s .  

r e !  a t e d  t a  the d i  f f c r e n c r s  i n  the  zurf  a c e  t ~ p c q r a p h y :  groo-  
vecl si!rface.; or e longa ted  s t r i i c t , u r r s  f o r  t h e  aaorphatts Sicl 
and a m i c r a c r y 5 - t a l l i n e  s t r u c t u r e  f o r  t y p i c a l  a!.o f o r  
[>the; s t rong  i o n i c  ~ o ~ ~ p Q i l ! ? d ~ ,  

However., t h e  o b l i q u e  depositicn of meta!!lc A1 produces  
a s u r f a c e  s t r u c t u r e  which i s  s i m i l a r  t a  t h a t  of S i U X 7 .  9ut  
t h e  ox ide  a t  t h e  s u r f a c e  of a very  t h i r ;  41-!ayer ( t h i c k n e s s  
3 rrm? i n d u c e  a l sc?  a h i g h  t i l t  arrangement  f a r  t h e  same p o l a r  
nemat ic  compound ( F i g u r e  1 ) .  T h e r e f w e ,  i t  i s  n r ? t  o n l y  the  
grooved Furface  t h a t  determine.. t h e  a r i e n t a t i o n  of the  npmna- 

t i c  compound. We havc  t o  ass.ume a n  a d d i t i o n a l  i n t e r a c t i o n  
Q ~ o c E ? . ' ; ~  probably c r j n n p c t e d  with the p o l a r  CN-groups o f  t h e  
nr-watlc mr;!ecu!es and t h e  s p e c i f i c  moIecu!ar arrangement  o f  

t h e  o r i e n t a t i o n a l  l a y e r .  
Systesatic i n v e s t i g a t i u n s  show t h a t  t h e  a l ignment  pro-  

p e r t i e s  wiI-1 b e  de te rmined ,  a t  f i r s t ,  ! c rca l Iy  b y  t h e  s p e c i -  
f i c  i n t e r a c t i o n  mechanism betweer; t h e  LC-moletules  a n d  t h e  
~ . ! . ~ r f a c e  * f i s t e r i a l ,  'The wavy s u r f a c e  s t r u c t u r e  F ; t a l ? i l i i P  o r  
destabi!ize t h i s  l o c a l  o r i e n t a t i o n  b y  t h e  a n i s o t r o p i c  e l a s - .  
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43 8 G .  H A U C K  A N D  H. D. ICOSUIG 

t i c  s t r a i c ; s ,  The b u l l :  o r i e n t a t i o n  r e s u l t s  from the averaging  
of  t h e  l o c a l  o r d e r .  ? ‘ h i s  e f f e c t  w i l l  be s t r o n g  i n  p o l a r  com- 
pounds a n d  fo r  s t r o n g  i n t e r a c t i o n s  ta t h e  m a t e r i a l  o f  t h e  

e r i e n t a t i o n a l  1a.yE.r. F u r t h e r  work 1 ; ~ .  i n  p r o g e s s  t o  g e t  
b e t t e r  i n s i g h t  i n  t h e  s t a b i l i z i n q l d e s t a h i 1 i ; i n g  i n f l u e n c e  o f  

t h e  y r o r t v e d  s u r f a c e ,  
Clur r e s u l t 5  has  been conf i rmed b y  i n v e s t i g a t i o n s  s z i n g  

LangmuiT-films fr:r t h e  a l i g n m e n t “ - ” .  These f i l m s  show a high 
w d p r  i n  t h e  mctlecular arrangement  a f  amphiph i l i c  polymers ,  

No s p e c i a l  grooved s u r f a c e .  h a v e  t o  be used t o  e x p l a i n  t h e  
o r i e n t i n g  a c t i o n  nf sctsh f i l m s .  I t  r e s l r t t s  on ly  from the 
di . c t j  UqUi5.hed p c s i t i o n  of s p e c i a l  molecular  groups  i n  t h e  
f i l rn  t h r e u q h  a d i c t i n q u i s h e d  d i r e c t i o n  Far t h e  i n t e r a c t i o n  
wi th  t h e  LC--molecu!e. 

SMECTIC PHASES 

The e r i e n t a t i o n a l  tcehaviour of Smect ic  l i q u i d  c r y s t a l s  i s  
much a c r e  c o w p l i c a t r d ,  a l t h o u g h ,  i n  p r i n c i p l e ,  a l !  a!ignment 
t e c h n i q u e s  from t ! i E  nematic.. can be used. These d i f f i c u l t i e s  
a r i s e  From t h e  !a)cEr s t r u c t u r e  o f  s m r c t i c  phases  and t h e  
specific m o l e c i ! l a r  arrangEment i n s i d e  t h e  l a y e r .  In l a y e r  

systems a s  s r i ec t i c  A ,  the  mo!eci\lar or  e n t a t i o n  35 perpend i -  
c u l a r  t e  t h e  l a y e r  a n d ,  t h e r e f o r e ,  t h e  posit icgn of t h e  l a y e r  
i s  g i v e n  b y  t h e  m u l e c u l a r  a r i e n t a t i c n  I n  t i l t e d  phases ,  
such a 5  ~ s e c t i c  c ,  t h e  o r i e n t a t i o n  h a v e  t o  be diSci.isE.ed 
s e p e r a t e l y  f o r  t h e  mo1ec?i!ec. a n d  fo r  t h e  l a y e r .  

WE.  r e s t r i c t  our c o n s i d e r a t i o n  t o  . s e c t i c  f i .  c! p lana r  A -  

p h a s e - c o n f i q u r a t i ~ l n  i s  3i.;en b y  a p l a n a r  c , r i e n t a t i o n  o f  

molecules  a n d  a p e r p e n d i c u l a r  o rde r  o f  t h e  l a y e r s  t o  t h r  

sL!bctr-ate, The fo rma t ion  o f  t h e  smec t i c  A p h a s e  w i l l  he  

realiied by  d e c r e a s i n g  t h e  t empera tu re  from khe nemat ic  
s t a t e  throuqh the t r a n s i t i o n  p o i n t ,  ‘Jaci,rum depositiun t e c h -  
n iques  have ? D  b e  used t o  g e t  exac t  p l a n a r  t e x t u r e  i n  t h e  
nemat ic  c a s e ,  We l o v e s t i g a t e d  t h e  coc~!iriq p r o c e s s  by o b s e r -  
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ALIGNMENT OF L I Q U I D  CRYSTALS 439 

vation of the tc.:xtuve and b y  t h e  measurement o f  t h e  wean 
t i l t  a n g l e  o l  the  molecules  t o  the s u b s t r a t e .  The L C -  
compounds w i t h  nematic  a n d  smect ic  A phases  used were: 

E24: 
9-cyano-4'-n-octylbiphenyl [BDHf 

N P W P :  
4 - n i  t r  ophenyl 4 ' -n-r?r t y1 ox ybeni o a t  p !MLU Flalle! 

HOPDOS: 

4-n-hexy!oxyphenyl 4 ' -n-decyl  o x y b e n i o a t e  !MLU Hal 1 e l  
k t  exac t  p l ana r  e r r e n t a t i o n  we observed  soma d e g r e e s  

below t h e  t r a n s i t i o n  p o i n t  a change from a homogeneous 
p l a n a r  t e x t u r e  of t h e  &-phase t o  a p l a n a r  one wi th  p a r a l l e l  
d i s c l i n a t l a n  l i n e s ,  shown i n  F igu re  ?. These l i n e s  S p p a r a t e  
p l a n a r  o r i p n t p d  a r e a s  M h i c h  e x i t z t i o n  positlacs between 
c r o s c e d  p o l a r i i e r s  d i f f e r  b y  abaut  2". T h i s  t e x t u r e  is 
cc?nnected w i t h  t h e  evolutim of c y c f i d e s .  These areas  c o ~ i l d  

be Qbserued  a f t e r  i n c r e a s i n g  t h e  t empera tu re  above t,he t r a n -  
s i t i o n  p o i n t  a l s o  i n  the  nematic  phase ,  wi thout  3 c h a n g i  n f  
the  p l  anar  a r rangement ,  Thi 5 b e h a v i  our was independent  of 
t h e  LC-layer t h i c k n e s s  i n  the  r ange  of d = ! - 20 pm. The 
dic . tancE between t.he d i s c l i n a t i o n  l i n e s  i n c r e a s e 5  u i t h  t h e  
i n c r e a s e  o f  t h i  c k n e s s ,  

T h i s  p i c t u r e  i s  changed d r a s t i c a l l y  i f  we i n v e s t i g s t e  
r s t r u c t u r e s  w i t h  s u r f a c e  t i l t .  The r e s u l . t s  can be 5.ummaTiied: 
- T h e  change r ? f  t i l t  ang!e a t  t h e  t r a n s i t i o n  from t h e  nematic  

- I n  t h e  smec t i c  A p h a s e  t.he t i l t  ang le  i s  smaller t h a r r  i n  

- T h e  d e c r e a s e  o f  t h e  t i l t  ang le  a t  t h e  t r a n s i t i o n  depends on 

t h e  va!ue of t i l t  i n  t h e  nematic  p h a s e  - for lower value.. 
t h e  d e c r e a s e  is h ighe r .  

t o  t h e  smectic A phase i s  d i s c o n t i n u o u s ,  

t h e  nemat ic  phase.  

--The d e c r e a s e  of  t i l t  a t  t h e  t r a n s i t i o n  depends on t h e  gole- 
c u I a r  5 t r uc t ur e , 

-The t e x t u r e  i n  t h e  smec t i c  FI phase shows a t .h ickne55 depen- 

S t a r t i n g  w i t h  a n e m a t i c  E.tructLire w i t h  low t i l t  we 
dence.  
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ALIGNIvIEMT OF LIQUID CRYSTALS 31 1 

f "  . - 
F ! G U R E  5. T e x t u r e  i n  K25 a t  = 34" and d = 15 
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442 G .  KAIIC 'K  A N D  H. D .  K O S W I G  

d e f i n e d  t e > : t u r e  i s  v i s i b l e  ( F i g u r e  4 )  a n d  a t  a h ighe r  one a 
chevron- l ikF  p a t t e r n  could  b ~ .  nbserved ( F i g u r e  5 ) .  T h i s  

behara inur  5s a l s o  shown i n  Table  1, 

d ipm! 
..' > c i' l i n e s  wi thou t  
2 :  I i ne5. chevron- l  i ke < -  

A cowparison between t h e  t i l t  a n g l e s  a t  room t c e p e r a -  

t .ure  i s  g i v e n  fclr E5 !nematic! a n d  f u r  K2.l I smec t i c  I?! i n  
T a b l o  2 .  The o r i e n t a t l a n a l  layers .  f o r  co r re spond ing  samples  
h a s  been prepared  i n  t h e  same ~ a n n e r .  Both c o m p o u n d s  a r e  
cyano-b ipheny l s ,  s i m i l a r  each o t h e r .  T h e  smec t i c  A phase  h a s  

Pverywhere t h e  s m a l l e r  t j l t ,  a n d  thi.. d e c r e a s e  i s  m u r e  
d c - ~ e l c t p e d  a t  !ower v a l u e r ,  of t i l t .  T h e  change o f  t h e  t i l t  
a n g l e  a t  the  f i r s t  co t ? l ing  cif a k:24-E.aUiple i s  shurin i n  
F i g u r e  6 .  The t i l t  a n g l e  i n  the  nemat ic  p h a s e  i s  i n  the  same 

r ange  ar t h a t  of a cerreE.panding sample with  E5 a t  room 
t e m p e r a t u r e ,  Py i n c r e a s i n g  t h e  t e m p e r a t u r e  above the  t r a n s i , -  
t i o n  p c l i n t  a g s i n ,  we got  h i g h e r  t i l t  a n g l e s  i n  t h e  smec t i c  
a n d ,  a!so, i n  t h e  nemat ic  pha5.e. I n  t h e  rtc$;iatic phase  we 
could  now obse rve  the  t e :x tu re  d e s c r i b e d  f a r  t h e  smec t i c  

c a s p ,  b u t  with a somewhat s m a l l e r  c o n t r a s t ,  \J? t o  ?.he t r a n -  
s i t i n n  t c  t h e  i s o t r u p i c  phas.p, The jump o f  t i l t  a t  the  
t r a n s i t i . i n  d e p ~ n d s  c.r! t h e  LC-compound. I n  HDFDOB i t  i s  about  
a" I 

TAFLE 2 .  T i ! t  angleE.  f o r  E5 (nemat ic !  arid K 2 4  (smec-- 
t i c )  i t  racw temperature,  

rclmpnund t i l t  a n g l e s  ( d e g . ?  

E5 P 15 2 1  2 7  31 
fri24 2 4 1 2  24 2 9  c 
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F!Gl!RE 6 .  Hean t i l t  a n g l e  versuli  t e m p e r a t u r e  f o r  K?4. 

From t h e  expe r imen ta l  o b s e r v a t i o n s  we must conc!iide 
t h a t  i n  t i l t e d  s w p c t i c  A phases  i r r e v e r s i b l e  r ea r r angemen t s  
D f  t h e  molecciles h a v e  t a k e n  p l a c e  a t  t h e  s u r f a c e  which c a n  
n o t  heen des t royed  i n  t h e  nematic  phase ,  T h i s  g i v e s  a char;ge 

o f  t h e  Ioca! o r i e n t a t i o n ,  a n d ,  a ~ .  a consequence o f  t h e  
a v e r a g e  prncesc. ,  we c a n  c b s e r v e  a h iqhe r  t i l t  a n g l e  a l s o  i n  

t h e  nematjc  Fhase. From th i . .  mode3 C?P have  t o  a c c e p t  t h a t  
t t ic irreuersihle rear rangement  takes p l a c e  w i t h i n  the  pene-  
t ! - a t i c ? n  l e n g t h  o f  t h e  smec t i c  0 p h a s e  which i s  g r e a t e r  t h a n  
t h a t  i n  t h e  nematic  pha5.ex<, The m a i n  p a r t  of t h i s  r e a r r a n g e -  
ment has. t a  be l n c a t e d  immediately i n  the  s u r f a c e  r e g i o n  
t l e c a u ~ . e  t h e  te!:tures ex is t  a!so i n  t h e  nematic  phase. 

The c h s n g e  ccf t h e  t i l t  i n  smectic A phase.. a n d  t h e  
t h i c k n e s s  dependence o f  t h e  t e x t u r e  y i e l d  f u r t h e r  consequen- 
c e 5  i n  our under s t and in3  nf a l ignment .  I f  we assume s t r o n g  
a n c h o r i n g  condi t . ion  f o r  t h e  ~ C I ~ E C L I ~ P ~  a t  t h e  s u r f a c e ,  we 

h a v e  t o  a c c e p t  a s p l a y  d e f a r m a t i m  o f  t h e  smectic l a y e r  i n  

t h e  s u r f a c e  r e g i o n  t o  r e a l i z e  a s m a l l e r  mean t i l t  ang le .  
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