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THE BEHAV10U.R OF CONTACT ANGLES OF WhTTING 
FOR L I Q U I D  CRYSTALLINE DROPS ON GLASS NEAR 
TH& PHASE TRANSITION. 

V.N.MATVEEIW0, &.A.KIRSANOV 
Moscow S t a t e  Universi ty ,Col loid Chemistry 
I)epartment,ll9899 GSP,USSR. 

(Received for Pubiicdtlon Augu3t 7 1  1484) 

ABSTRACT: The experimental  values  of contact  
angles  of wet t ing  f o r  pazoxyaniso le  - glass 
i n  t h e  nematic and i s o t r o p i c  phase have been 
obtained. A t  t h e  point t h e  phase t r a n s i t i o n ,  
a change i n  t h e  va lue  of contact  angle  of wet- 
t i n g  is observed.The values  of adhesion 
energy,have been ca lcu la ted  f o r  d i f f e r e n t  or i -  
en t a t ion  of molecules with respec t  t o  t h e  
g l a s s  support .  

It is well-known / I  / t ha t  contact  angles  of drops 
on s o l i d  suppor ts  enable an  information on i n t e r f a -  
c i a l  energy 5 sL t o  be obtained. A change i n  the  
s t r u c t u r e  o f  l i q u i d  r e s u l t s  i n  a l t e r e t i o n  of t h e  
contact  angle  as it a has been shown recen t ly  f o r  
polymer s o l u t i o n s  /2/. It s e e m  t o  be q u i t e  possible  
t h a t  o r i e n t a t i o n a l  order ing  of l i q u i d  c r y s t a l s  has 
t o  a f f e c t  t he  value o f  conyact angles  of wet t ing.  
Never the less , th i s  value was not fbund t o  very upon 
phase t r a n s i t i o n  from t h e  i s o t r o p i c  t o  l i q u i d  crys- 
t a l l i n e  state /3/ .  

We s tudied  t h e  bcF:Lviour o f  contact  angle  of wet- 
t i n g  f o r  a drop  of a c l a s s i c a l  l i q u i d  c r y s t a l l i n e  
compound pazoxyaniso le  (PAA) i n  i t s  nematic and iso-  
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236 V .  N .  MATVEENKO and E. A .  KIRSANOV 

t ropic  phases. 
PAA is known /4/ t o  be transformed from the so- 

l i d  s t a t e  t o  the nematic s t a t e  a t  1 1 8 O C  and f rom ne- 
matic t o  isotropic  s t a t e  a t  135OC .The s t ruc tura l  
formula of the compound i s  

The angle between the long axis  of the molecule and 
a f r ee  surface i n  the nematic phase is almost equal 
t o  zero and does not depend on temperature. 

Measurements of the contact angle were carried 
out visual ly  by means of a microscope equipped with 
a degree scale.  A glass  support(cover gloss f o r  mic- 
roscopy) was t reated d i rec t ly  before the experiment 
according t o  the following procedure:20 min. of 
boiling i n  d i s t i l l e d  water,20 min. of boil ing i n  
acetone("pure f o r  analysis" grade),drying overt.The 
glass was placed on a ba t - in su la t ing  mount inside 
a metall ic therm0chamber.A termistor adjusted near 
the support was used t o  measure temperature. 

and transferred i n  a form of  a drop on the support 
heated t o  the temperature of about 13O0C.After f o r -  
mation of a s tab le  contact angle 8 , the sample was 
heated i n  the thermostat chamber a t  a heat in  r a t e  of 
about 0.1 OC/min. Contact angles were measured f o r  
several  drops of different  dimensions.Though the  ab- 
solute  values of the mgles were somewhat d i f fe ren t ,  
the  type of the temperature dependence was similar 
f o r  different  drops.The differences a re  apparently 
caused by pre-treatment of the glass surface(some 
non-uniformity) .The values of cos 8 (To) f o r  a drop 

The substance was melted i n  a porcelain crucible 
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CONTACT ANGLES OF WETTING LIQUID CRYSTALS 231 

of a medium s i ze  &re given i n  Fig.1, 

pends pract ical ly  l inear ly  on temperature.At the 
point o f  the phase t rans i t ion  ( 1  35OC) the l i nea r i ty  
is dis tor ted and the angle 8 is considerably larger  
than the values extrapolated t o  the isotropic  phase. 
A t  the temperature of 139°C,power supply of the ther- 
mochamber w a s  switched o f f  and it was cooled t o  room 
temperature.Heat i ne r t i a  of the set-up resu l te  i n  
some additional heating of the d rop( to  140.5OC) f o r  
about ten  minutes. Under these conditions,the con- 
tact angle 8 
arrow i n  Fig.1). This phenomenon may be explained by 
the f ac t  tha t  a th in  layer  between the drop and the 
support remains par t ia l ly  orientated upon the trsn- 
s i t i o n  though the c r i t i c a l  point i.e., it posesses 
a l iquid c rys ta l l ine  order. After some time,this 
boundary layer  disappears which resu l t s  i n  the change 
i n  0 . 
crease though the dependence COB 6 ( T )  appears t o  be 
much more complex a f t e r  t rans i t ion  t o  the nematic 
phase. Thu8,the contact angles vary upon the “nema- 
t i c  c rys ta l  - isotropic  l iquid” phase t rans i t ion  or ,  
at l ea s t , t h s  shape of the  curve cos 
Such a behaviour does not agree w i t h  the data obtai- 
ned by Praust and Ter-Minassian-Sara~/3/ f o r  a ne- 
matic compound methoxybenzylidenebutylaniline on a 
surface t reated with a surfactant (surface act ive 
substance 1. The %uthore/3/ noted a uniform decrease 
of 8 with increasing temperature without any cnange 

During a heating cycle,the value of COB 8 de- 

increased (as shown by the curved 

During a cooling cycle,the contact angles in- 

( T )  changes. 
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238 V .  N MATVEENKO and E. A KIRSANOV 

w i t h  i n  t h e  phase t r a n s i t i o n  region. 
It is worth t o  consider the temperature depen- 

dence of the work of adheflion Wa(T). The value of 
Wa(T> is determined experimentally out of the  rela- 
t i onsh ip  W,= \bL(cos @ + 1 .The values of surface 
tens ion  r L  f o r  d i f f e r e n t  temperatures were obta i -  
ned from the da ta  of s tudy / 5 / .  

125 130 135 140 OC 

Fig.1 Temperature va r i a t ions  of of the cosine 
of contact angle  COB e (0 - heating;. - cool ing) ,  
of work of adhesion Wa(U - heating;.- cool ing)  
and of the sur face  tens ion  g,, ( A ) .  

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

0:
25

 2
1 

Fe
br

ua
ry

 2
01

3 



CONTACT ANGLES OF WETTING LIQUID CRYSTALS 239 

Apparently,during a heating cycle,Wa chages only 
s l i g h t l y  on the  t r a s i t i o n  though T c  (Fig.1) though 
the  da t a  immediately close t o  T, are needed f o r  more 
grounded conclusion. The value o f  '"la is equal t o  
73.7 erg/cm2. The physical  meaning of t he  work of 

adhesion is represented by t h e  formula Ma= & + &- 
where xs is the  surface energy of a support;  - 8SLP xsL is the interfacial e n e r g y ; r L  is t h e  surface 

tension of a l i qu id .  The value of r s  was equal t o  
45 erg/cm 
midity. Within yhe temperature i n t e r v a l  s tudied 
(130'-1 4OoC), ?f may be considered t o  be constant ." 
Then 

2 f o r  t he  g l a s s  support kept under low hu- 

sL(132.50) % 8.75 erg/cm2; rs$!134.50) - 
9.0 erg/cm 2 ; g2L(1390) QZ 8.8 erg/cm . The value of 

xsL 8 erg/cm f o r  l i qu id  c r y s t a l s  is i n  agreement 

During a cooling cyc le , the  work of adhesion in- 
w i a  t he  approximate est imat ion / 6 / ,  

creases dramatical ly  with increas ing  temperature. 
Perhaps, this  is re l a t ed  with formation of an adsor- 
bed l i qu id  l a y e r  near  t h e  drop. 

The values of Wa( II )= 77.8 erg/cm and W,(L >= 
= 85.0 erg/cm were calculated f/ / ,correspondingly,  
f o r  molecular o r i en ta t ion  p a r a l l e l  and perpendicular 

2 t o  t h e  g l a s s  support. Assuming \fs= 45 erg/cm , 
xsL( II 

ta ined.  

nikude as t h e  ones obtained i n  our  experiment. 
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