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FLEXOELECTRICITY AND SURFACE POLARIZATION 

A.G.PETROV and A.DERZBANSK1 
Liquid Crys t a l  Group, I n s t i t u t e  of Sol id  S t a t e  
Phys ics ,  Bulgarian Academy of Scienaes, 
Sof ia  1113, B U I C B I A  

(Received 10 August 1977) 

A be t r a o  t 
d i t i o n  i n  two experiments measuring MBBA bend f loxo-  
a o o f f i o i e n t  and an  analogJ w i t h  lyo t rop ic  l i q u i d  
c r y s t a l s  lead  t o  the  conoept t h a t  the reason f o r  
the big  d i f fe rence  obtained is the  opposite d i rec-  
t i o n  of t he  surfaco p o l a r i s a t i o n  due t o  the hydro- 
phobic o r  hydrophi l ic  ru r f aces  used and weak 
aiaphiphilic character of MBBA molecule, 

The comparison between experimental  con- 

IN TRODU C T I ON 
A t  preeent  two value6 can be found i n  the l i t e r a t u r e  

concerning bend f l exoooef f i a i en t  of MBBA. F i r s t  one was 
ca lcu la t ed  by Bel f r ioh  (1  ) us ing  the experimental  data 
of B a a s  e t  a1,(2).  A o a o r d i n ~  t o  the formula derived by 
him, Belfriah has found 

Then, tak ing  f o r  E t he  value dyne ( 3 )  but 
not the PAA value 2.10 

- 340 d p @  . / 4 2  
e3x/ K33 

33 4 
dyne as i n  ( 1 )  one can f i n d  - 2,7.10°4 dyne1l2 /2/ 

1 
3, e 

Tha next  va lue  as well as its s ign  has been determined 
i n  tho experiment of Schmidt e t  al .(3):  

As we rsee, d e s p i t e  the  diminished K value f o r  the 

first cane, t he  d i f f e rence  is  one order  of magnitude. 
The queet ion is: what is the reason f o r  t h i s  big 

d i f f e rence?  Our suggestion is t h a t  t he  explanat ion of 
this oxperimental  fact f a  oonnected w i t h  the d i f f e r e n t  
in f luence  of surface p o l a r i z a t i o n  ( SP ). 

33 

SURFACE POLBBIZATXObl 

Such a p o l a r i s a t i o n  arises i n  general  because of 
the  asymmetric ac t ion  of the i n t e r f a c e  glass - LC. Por 
t he  f i rs t  time phenomenological ideas for the asymmetry 
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42 A. G. PETROV and A. DERZHANSKI 

of the i n t e r f a c e  a i r  - LC have been developed i n  (4). 
We noticed t h a t  the sign of the sur face  asymmetry could 
be d i f f e r e n t  depending on the s p e c i f i c i t y  i n  surface 
in t e rac t ions .  A oomparison of the  ways for producing 
homeotropic o r i en ta t ion  i n  the experiments, mentioned 
above shows the  following: A t  the  f irst  experiment e 
polyamide resin doping was ueed and the glass sur faces  
were olean. A t  t he  second experiment however they were 
l e c i t h i n  coated. 

concept: The MBBIL molecule, whioh two ends d i f f e r  in 
t h e i r  hydrophi l i ty  w i l l  be p r e f e r e n t i a l l y  o r i en ted  tow- 
ards t he  c lean  glass s u b s t r a t e  with i t s  hydrophi l ic  end - the p o l a r  methoxy group OCH , while toward8 a l e c i t h i n  
treated = wkhh i ts  hydrophobd ta i l  C H Then the Ion- 
g i t u d i n a l  d ipo le s  of most of t h e  mole%uf;s in the aurfa- 
ce  l aye r  w i l l  be p r e f e r e n t i a l l y  o r i en ted  and the direc-  
t i o n  of t h i s  o r i e n t a t i o n  f o r  the two c a s e i  considered 
w i l l  be j u 8 t  the opposite.  

An analogy with lyo t ropica  leads us  t o  the fol lowing 

The value of the  SP i s  given by the  formula 

mp = n xp Pw /4/ 
where n - number of moleoules p e r  u n i t  area, 

x 

of or ien ted  molecules, i n  genera l  pos i  t i o n  dipen- 
dent ,  and 
A - longi tudina l  d ipole  moment . 

- (nf - n i ) /  (n7 + n,) = the r e l a t i v e  number 
P 

Let u s  make an est imat ion:  A t  9 cr08s sec t ion  area area 
of MBBA molecule equal  t o  50 2 

-2 n - 2 ~ 0 ' ~  molecules.cm . Then t ak ing  pa - 0,75 debye 
f o r  MBBA (5) and f o r  x i ts  maximal value x - 1 , 
one ob ta ins  

one get8 

P P 
m = 1,5.10-4statcoul.cm -1 = 1,5.10'4dyne 9 /2 , / 5 /  

P 
which i s  f o u r  times greater than the e value,  measu- 
r ed  i n  the seoond experiment. 

SP could be considerebly increased i f  the asymmetrio 
a c t i o n  of  the  w a l l  p ene t r a t e s  deeply in the  l a y e r  voluae. 
Similar  assumptions oan be found i n  ( 6 ) .  Let's estimate 
the  poes ib le  pene t r a t ion  depth. If we take foo  it the  
d is tance  up t o  w h a t  a moleoule p ik ing  up from the sur- 
f a c e  ' f o r g e t s '  i t e  i n i t i a l  o r i en ta t ion  we w i l l  have 

3x 

a - v m A  / 6 /  
where TA - the r eo r i en ta t ion  time around the t rans-  
~ e r e e  molecular a x i s ,  Dg - l ong i tud ina l  d i f fus ion  
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FLEXOELECTRICITY AND SURFACE POLARIZATION 43 

coe f f i c i en t .  For MBBA with T&= loo6 8 (7 )  
Dw - 2,6.10°7 cm2.s-' ( 8 )  one ge te  a - 70 R, 
whioh is nea r ly  3 times g r e a t e r  than the molecular 
lenght  and t e l l  u s  that the est imat ion /5/ can be 
inoreased eeve ra l  times. 

too small. Too:~~small rill be a l e o  SP i n  'a honogeneous- 
l y  or ien ted  layer ,  because the epec i f i c  i n t e rao t ions ,  
tending t o  o r i e n t  the t ransverse  d ipole  moment oomponent 
a r e  probably weak and the r eo r i en ta t ion  around the long 
a x i s  is fast. 

and 

A t  molecules with equal end groups m is probably 

T m R Y  

L e t  us con8ider nou t h e  t h e o r e t i c a l  desc r ip t ion  of 
the  homeotropic l aye r  deformation in a hor izonta l  
homogeneous e l e c t r i c  f i e l d  (EF) under simultaneous 
a c t i o n  of the  f l exoe f fea t  and SP. 

As one of u s  has pointed out ( 9 )  i n  a homogeneous 
EF t h e  f l e x o e f f e c t  c r e a t e s  rpurface torques only,  withoat 
volume ac t ion .  But e imi l a r  surface torques arise a l s o  
beaause of t he  coupling between EF and SP, which W a 8  
s t r e s sed  i n  (10). The sur face  torque balance equation 
In s m a l l  angle  approximation then takes the form 

+ K (dQ/dz) + C l t 2 Q  5 e3xE - m E - 0 /7/ - 33 P l  t 2  
li = $d/2 

where C1 and C 2  - anahoring energ ies ,  mP1 and m - 
SP f o r  each of t he  walls, 
them. These r e l a t i o n s  p l ay  the r o l e  of boundary condi- 
t i o n s  f o r  the  equat ion 

P2 
d - the  dis tanoe between 

( d2Q/dz2 ) - 0 0 / 8 /  K33 
So we ob ta in  the  eo lu t ion  ( bl = K33/C, , b2 = KJ3/C2) 
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44 A. G. PETROV and A. DERZHANSKI 

b, b3 x 
bl + b2 

/ 9 /  

This  solution is ta generalioation of that in  ( l ) ,  
where b, - bp and m is not taken in to  account. 

Let UI assume that the boundary conditionr a re  
rymnetrioal, i.8. b = b2 and m - m . Now we see 
that the experimentally measured value l e  not e 
itself but j u s t  the sum e + m . Depending 
on the sign of m we can3' o b t b  bigger defamation 
when the two hooq8era s o t  in conoert and smaller - in 
the oppoolte eatae. This  i e  jue t  the explanation of the 
d ra r t i c  discrepancy mentioned a t  the beginning. 

P 

1 P l  P2  
3x 

RESUUPS AND CONCLUSION 
Fdllowing the theory, w e  can write 

1 + x m  1 
.3x = e3x P P O  

- x2 m P P O  
e2 6 3x 3x 

whelre m 
x - l)!' Taking the t reb le  value of / 5 /  one gate 
P = 4,5.10°4 Unfortunately there are tkree 
us&lown Value8 in the  two re la t ions  / lo/  so t ha t  the 
evaluation of e require8 aome estimation of the d i f -  
f erenoe 

- the  msxlmal pos8lble value of SP (when 
P 

4 n 
3x 

x '  - XIL 
P P 

In general t h l e  difference can range from -1 t o  1 
so %hat %he possible range for e is from -0,7.10-4 
t o  3,7. dyne1/* with a mean value 1,5.IOo4 dyne 
oomesponding t o  x = x . ' /2 3x 

1 2 
P B 

x oould be expreesed by the Boltman fao tor  P 
B = - ~ B / i m  , where AE I s  the energy difference between 
the two moleoular orientations,  as 

x - ( 1  - e x p B ) / (  1 + e x p B )  /11/ 
P 

The value of AE could be provided by a detailed mod01 
of sarfaoe - end group in te raa t ioas  t o  be attempted in 
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FLEXOELECTRICITY AND SURFACE POLARIZATION 45 

2 the fu ture .  Any way, if A E  -kT both x' and x are 
smaller than one and the i r  d i f fe renoe  c d n o t  exce8d 

3x two - t h r e e  en th  
w i l l  be 103dyneP72 a8 well, with a pos i t i ve  sign. 

having in mind t h a t  the  sign of the 
determined i n  the experiment (2). 80 "tgt t h e  negat ive 
one is a l s o  permissible  
magnitude is again  10'4, 

broadly assepted  value elx. It reso lves  the  apparent 
con t r ad ic t ion  between d i f  e r en t  experiments, dea l ing  
with f l e x o e l e o t r i c  e f f e c t s  i n  MSBA, 

I n  conclusion, the  aim of t h i s  l e t t e r  ie t o  c a l l  
f o r  new experiments in this f i e l d ,  because it is evi- 
dent  t ha t  t h e  true value of bend f l exocoe f f i c i en t  in 
the case of nematic LC's composed by molecules with 
d i f f e r e n t  end groupe can be evaluated only a f te r  care- 
falcomparison between t h e  r e s u l t s  from the  experiments 
wi th  d e f i n i t e  hydrophi l ic  and hydrophobic surfaoes.  

On the o the r  hand such experiments can provide 
important information about t h i s  r e l a t i v e l y  new aspect 
of sur face  i n t e r a c t i o n  i n  LC'a - t he  surface po la r i -  
sa t ion .  The direct  coupl ing between sur face  p o l a r i z a t i -  
on and e l e c t r i c  f i e l d  could find some i n t e r e s t i n g  
d i sp lay  app l i ca t ion  as w e l l .  There e x i s t  few examples 
of t h i s  type fn the  l i t e r a t u r e .  

Than the  order  of  magnitude oi e 

The unoer ta in ty  of t he  es t imat ion  +a even bigges, 
has n o t  been 

S t i l l  the probable o rde r  of 

Such order  of magn i tup  is more r e a l i s t i c  than the  
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