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CONTACT ANGLES AND ALIGNMENT OF LIQUID CRYSTALS 
ON LECITHIN MONOLAYERS 

K. HILTROP AND H. STEGEMEYER 
Department o f  Physical Chemistry, Universi ty o f  
Paderborn, 4790 Paderborn, Germany 

(Submitted f o r  publ icat ion Ju ly  14,  1978) 

Abstxact: 
crysta ls  by surface act ion o f  so l i d  substrates 
uqs explained i n  l i t e r a t u r e  among others by a 
thermodynamical model. This model claims the 
di f ference o f  surface energies o f  the s o l i d  sub- 
s t ra te  and the l i q u i d  c rys ta l  t o  determine the 
or ientat ion of the l i q u i d  crystal.  I n  t h i s  l e t t e r ,  
contact angle measurements found w i t h  two d i f fe ren t  
nematics on d i f fe ren t  l e c i t h i n  monolayer coated 
substrates are reported. Decreasing area per mole- 
cule o f  the l e c i t h i n  monolayer from 0,8 nm2 t o  
0,4 nm2 resulted i n  an increase o f  contact angle 
and simultaneously i n  a loss o f  homeotropic 
orientat ion, which i s  contradictious t o  the pro- 
posed thermodynamical arguments. 

The mechanism o f  al igning l i q u i d  

Much work has been done i n  the l a s t  few years t o  
understand the mechanisms o f  a l igning l i qw id  crystals 
(LC) by surface act ion of su i tab ly  prepared s o l i d  sub- 
strates. The induction o f  homogenous planar alignment 
by micro grooves i s  w e l l  understood i n  d e t a i l  . 
LC d i f f e ren t  models have been proposed. Part icular ly,  
thermodynamical and s t e r i c a l  arguments were used 'J. 
The thermodynamical treatment of the problem was sim- 
p l i f i e d  by Creagh and Kmetz3, who claimed the orienta- 
t i o n  o f  a given LC on a given s o l i d  substrate t o  be 
determined by the surface energy p, o f  the LC and the 
c r i t i c a l  surface energy p, of the solid'. I n  d e t a i l  they 
assumed the dif ference o f  surface energies 
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To explain the homeotropic or ientat ion o f  nematic 
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t o  be cha rac te r i s t i c  f o r  the kind o f  or ientat ion:  

A Y  > 0 - homeotropic alignment (2) 

A Y  < 0 - planar alignment (3)  

I n  a l a t e r  paper5 these ideas were extended t o  the 
assumption, t h a t  the s t rength o f  anchoring should i n -  
crease w i t h  increasing absolute value I A v I .  The authors3 
reported experimental data w i th  4'-methoxybenzylidene- 
-4-butylani l ine (MBBA) on very clean as w e l l  as on 
l e c i t h i n  coated glass p la tes which f u l f i l l e d  
condi t ion (2). 

The p red ic t i ng  power o f  the r e l a t i v e  surface 
energies was contradicted experimentally by H a l l e r  6. 
I n  our own experimental work on the mechanism o f  
homeotropic alignment 7, we found contradict ions t o  the 
general thermodynamical statements, too. As shown i n  
d e t a i l  i n  a recent paper the o r ien ta t i on  o f  a LC on 
a s o l i d  substrate coated wi th  an amphiphi l ic monolayer 
s t rongly  depends on the fo l l ow ing  parameters: 

1. Molecular s t ruc tu re  of the amphiphi l ic molecule 
2. Molecular s t ruc tu re  o f  the LC molecule 
3. Packing densi ty  o f  the amphiphi l ic monolayer 
4. Temperature o f  the system LC/substrate 

Keeping the molecular s t ructures (par. 1 and 2) as w e l l  
as the temperature (par. 4) constant we found the 
fo l lowing r e s u l t  by p o l a r i z i n g  microscopy: The 
o r ien t i ng  power o f  a l l  examined amphiphi l ic f i l m s  de- 
creases w i th  increasing packing densi ty A-' i n  a range 
o f  A-0,6 nm2 per amphiphi l ic  molecule t o  A-0,4 nm2 
per molecule 7. (Remember t h a t  the cross sect ion o f  one 
d i a l k y l - l e c i t h i n  molecule amounts t o  about 0,4 nm2). 
Add i t i ona l l y  t o  p o l a r i z i n g  microscopy we measured 
contact angles o f  nematics on coated s o l i d  surfaces. 
(Contact Angle Meter Erma, Tokyo). The nematic LCs 

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

4:
27

 2
3 

Fe
br

ua
ry

 2
01

3 



CONTACT ANGLES AND ALIGNMENT OF LIQUID CRYSTALS 63 

used were MBBA and 4-n-pentyl-( 4-cyanophenyl) -cyclo- 
hexane (PCH 5). AS amphiphi l ic compounds we used 
DL-y-palmitoyl-lyso-leci t h in and DL- p, y -di lauroyl-a- 
l e c i t h i n  but the r e s u l t s  are very s i m i l a r  f o r  several 
other l e c i t h i n s .  We observed a great d i f ference bet- 
ween the contact angles o f  advancing and receding 
drops. The r e s u l t s  given i n  f i g .  1 and 2 r e f e r  t o  ad- 
vuncing drops. Generally, i t  has been found the 
contact angl: not  toodepend on temperature i n  the 
region o f  25 C t o  50 C w i th in  the accuracy o f  the 
angle measurement o f  2 1 O .  Anyway the temperature was 
constant f o r  a l l  measurements w i th  MBBA and K H  5 
wi th in  t 0,2'C. 

The diagrams show t h a t  the contact angleode- 
creases w i th  increasing area per molecule A. Thus from 
the Young-Duprk-equation 8 

Wad = yJcos0 + 1) (4) 
the work o f  adhesion W,, i s  der ived t o  increase w i th  
increasing area per amphiphi l ic  molecule. The c r i t i c a l  
surface energy p, may be assumed t o  increase w i t h  the 
work o f  adhesion W a d  i f  the  LC surface energy y, i s  kept 
constant. We conclude the  value o f  b y  (1) t o  increase 
w i t h  decreasing area per molecule tha t  means w i t h  in-  
creasing packing density. Fol lowing condi t ion (2) the 
homeotropic alignment should become stronger wi th  i n -  
creasing packing density; our experiments g i ve  j u s t  the 
opposite resu l t .  Exceeding a charac te r i s t i c  packing 
densi ty the value o f  which depends s t rongly  on the 
s t ruc tu re  o f  the amphiphi l ic7, t he  homeotropic 
o r i e n t a t i o n  is d i s t o r t e d  or  vanishes completely. There- 
fom, the value o f  b y  does not  characterize the 
o r i e n t a t i o n  o f  a LC on a s o l i d  substrate universal ly.  
Possibly, the thermodynamical e f f e c t s  are superposed 
and overcompensated by other  mechanisms, e.9. a s t e r i c a l  
one which we bel ieve t o  be the dominant o r i en t i ng  
mechanism o f  amphiphi l ic  compounds such as l e c i t h i n  . 7 
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Fig .2: 4-n-pentyl-(4-cyanophenyl) -cyclohexane (FCH 5) 
Fig.1 and 2: Contact angle e o f  LC drops on lecithin 

coated glass plates versus area A per 
lecithin molecule,T = 35OC 
0 DL-P,y-dilauroyl-a-lecithin 
o DL-y-palmitoyl-lyso-a-lecithin 
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