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List  of symbols 

hT : film transition thickness 
hs : critical film stability thickness 
q0 super- 
script : film phase 
A : area 
f : force per unit area 
h : film thickness 
T : temperature 
V : volume 
F : free energy 
,/ : disjoining pressure 
dr : work performed in varying h 
Pc : capillary pressure 
s : specific surface entropy 
A : film tension 
# : chemical potential 
a : surface tension 
F(h) : number of molecules per unit surface 

of film at thickness h 
: film perimeter 

subscript h: upper surface 
subscript 0: lower surface 
w • surface free enthalpy 
G : free enthalpy 
W' : specific bulk free enthalpy in film of L.C. 
Wb : specific bulk free enthalpy of L.C. 
W(h,z) : specific excess free enthalpy in thin film 

of L.C. 
: liquid crystal director 

0 : angle between director and x, y plan 
~b : azimutal angle 
Wa : elastic energy density 
Wu : specific bulk free enthalpy of the 

undistorted film 

*) This paper has been presented at the 50th 
EUCHEM Conference Chemistry of Interfaces, 
Collioure (France), April 28-30, 1976. and Vie Inter- 
national Liquid Crystal Conference, KENT, U.S.A. 
23-27 August 1976. 

Part II of this paper has been published in the issue : 
No 255, 1133--1135 of this journal. 

w', Aw' : isotropic and anisotropic contribution 
to the interfacial tension of L.C. 

K : average elastic constant of nematic 
liquid crystal 

Au : non elastic contribution to the film 
tension 

Aa : elastic contribution to the film tension 
Fe] : elastic torque 
Fs : surface torque 
r)a : classical disjoining pressure 
• /s : structural disjoining pressure 
B (h) : Van der Waals parameter 
An : optical anisotropy of the liquid crystal 
6 : optical retardation 
I : light intensity 
h* : reduced thickness 

Introduction 

T h e  p r o p e r t i e s  of  d i spe r se  sys tems in l iqu ids  
d e p e n d  on  the  na tu re  a n d  state of  the i r  in te r -  
faces a n d  of the  th in  fi lms sepa ra t ing  the  
par t ic les  of  the  d i spe r s ion .  

A l t h o u g h  i n t e r m o l e c u l a r  forces  a re  shor t -  
range ,  there  is inc reas ing  bel ief  tha t  nex t  to  
these  interfaces ,  the  in i t ia l  p e r t u r b a t i o n  of the  
t w o  phases  in con tac t  takes  p lace  ove r  a f inite 
th ickness  of  the  l iqu id  i n t e r m e d i a t e  film. I t  has 
been  a s s u m e d  tha t  the  p e r t u r b a t i o n  m a y  s t ruc-  
tu re  (1, 2) o r  d e s t r u c t u r e  (3, 4) the  l iqu id .  T h e  
effect of the  d i s p e r s i o n  cons t i t uen t s  po la r i t i e s  
has been  emphas i zed ,  a l t h o u g h  recen t  ex- 
pe r imen t s  (4, 5) have  d e m o n s t r a t e d  tha t  this  
pa r t i cu la r  p r o p e r t y  is n o t  essent ia l  for  in te r -  
facial  s t ruc tu r ing .  

F o r  th in  films, Derjaguin (1, 2) has p o s t u l a t e d  
the  occu r r ence  o f  a s t ruc tu ra l  d i s jo in ing  pres -  
sure  re la ted  to  the  in te f fac ia l  s t ruc tu r ing .  

T h e  p o l a r  t h e r m o t r o p i c  l iqu id  crysta ls  o r  
L .C . ,  w h i c h  have  a s t r o n g  m o l e c u l a r  field, 
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are systems appropriate for the study of inter- 
facial structuring. Elastic forces resist any 
structure perturbation or distortion in bulk so 
that an interracial structuring will propagate 
away from the interface. 

The properties of LC in bulk have been 
extensively studied (6, 7). A review of the 
recent results on the effect of surface forces 
on LC orientation specificity may be found 
in ref. (7). In the present paper we deal only 
with the surface forces of physical chemical 
nature. 

A direct approach to the study of these 
forces is the study of wettability or adhesion 
of the system LC-substrate solid (8, 9, 10, 11) 
or liquid (12) which provide information on 
LC substrate interracial tension variation with 
changes in interracial structure. 

Finally, surface structuring and orientation 
in thin films on solid substrates has been con- 
sidered as an epitaxial growth (2). 

In the present paper, the thermodynamics of 
asymmetric nematic liquid crystal, NLC, thin 
films on water are discussed, using the con- 
cept of surface tension anisotropy (13, 14) i.e. 
variation of NLC interracial tension with 
molecular orientation at the interface. 

Derjaguin (1), Sheludko (15) and Everett (16, 
17) thermodynamic approaches are used to 
deduce the appropriate film thermodynamic 
potential and disjoining pressure. Using the 
formalism of Jenkins and Barratt (13) and the 
results of Parsons (14), we discuss the particular 
equilibrium disjoining pressure for NLC films 
of various thicknesses for various surface 
orientations under two alternative assump- 
tions : 

A) thickness independent surface orienta- 
tion 

B) thickness dependent surface orientation. 
In both cases, it is predicted that very thin 

films adopt a non-distorted, epitaxial, struc- 
ture whereas thick films are distorted. 

However, the transition thickness hT from 
the undistorted to the distorted NLC film is 
different in cases (A) and (B). 

This difference originates specifically in the 
different behaviour of the disjoining pressure 
in the two cases (A) and (B). This transition 
in structure, analogous to the well known 
Frederiksz transition (18) observed when 
external electric or magnetic fields are applied 
to NLC slabs, is directed by surface forces in 

the case of asymmetric thin films of NLC on 
substrates. 

In the conclusion, we compare our results 
with those obtained by different methods for 
different systems. 

Thermodynamic potential thin films and 
structural disjoining pressure of liquid 
crystals 

The system of figure 1 is analogous to that of 
Ash,  Everett and Radke (16, 17). 

The thickness h of fluid corresponds to a 
force A f  exerted on the plates. Work is per- 
formed to vary h: dT = - - A f d h .  Derjaguin's 
disjoining pressure (1, 2) is by definition: 
~7=--(1 /A)  (8FISh)A,T,v. As d F = d z ,  it 
follows that ~ = f  and is measured by the 
capillary pressure (1, 2) Pc. 

The variation of the free energy F~ of the 
film phase, noted ~, is equal to 

dF~ = S~dT  q- A d A  - f A d h  q- #dn~ - - p d V ~  

[1] 

where A is the film tension defined by Sheludko 
(15). Integration at constant T, h, #, A leads to 

F~ = A A  q- #n~ - - p V ~ .  [2] 

A relevant thermodynamic potential ~ for 
film phases is therefore: 

q) = F~ q- p V ~  - -  n~# = A A  = 2 ~ A  

= g *  -- n¢# [3] 

where ~ is the surface tension of the film (16, 
17) and ~ corresponds to defined values of 
T, P, #. From [2] and [3] the variation of • is: 

d~ = -- S~dT  q- A d A  - - f A d h  -- n~d# 

+ [4] 

~P 

Tp VlJ n 

- ~ h - I  

fluid 

Af. 

Fig. 1. Film of fluid between two surfaces. Uniform 
temperature T, pressure p, chemical potential #; 
volume V, n mole number, A surface area, h separa- 
tion, f force on plates 
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and the definition of the equilibrium dis- 
joining pressure is deduced: 

1 [Oq}] = f = ~ .  [5] 
A - ~ -  T,A,~,~ 

A corresponding Gibbs-Duhem equation for 
films is obtained from [3] and [4] 

- - s ~ d r - -  da  - - fdh  - V(h)de + hdp = 0 [6] 

which leads to a second expression for ~7 

[ ] [d °l 
_ d d  = - -  2 L-N- J T , ~ , .  [ 7 ]  = - ~ -  T,~,e 

when either q~ or A are known, the disjoining 
pressure ~ may be deduced using [5] or [7]. 

Nemat ic  l iquid crystal (NLC) thin films 

a) Thermodynamic potential and equilibrium of 
structure 

Jenkins and Barratt (13) formalism is used 
to find for a domain of NLC of thickness h, 
cross section A and perimeter 65 as shown in 
figure 2. 

The film domain area is large compared to 
its thickness. Except on the perimeter, where a 
defect occurs, the molecules are uniformly 
oriented on each molecular layer of the NLC 
film. It is assumed that the contribution of the 
defect free enthalpy to the free enthalpy of the 
domain is negligible. The film is asymmetric 
and has an upper surface free enthalpy w~(h) 
and a lower surface free enthalpy wo(h) de- 
pendent on the local molecular orientations 
which may vary with h. 

The film free enthalpy is equal to : 

G* = y W'dv + y [~,o(h) + w~(h)]dA. [8] 
V A¢ 

, "  

Wo A 
s u b s t r a t e  z <  0 

Fig.  2. D o m a i n  of  th in  film on  a subst ra te  : A I  = area;  
V I =  volume.  W ' =  bulk  specific free en tha lpy ;  w/~, 
Wo = surface specific free en tha lpy  

Let the specific bulk free enthalpy in the 
film W' = W' (h, z) be: 

W' (h, z) = W(h, z) q- Wb [9] 

where W~ = 9# is the specific bulk free en- 
thalpy of the very thick and extended domain 
and W(h, z) is the excess free enthalpy density 
in the thin film. 

From [8] and [9] we obtain for G¢ the ex- 
pression: 

h 
u s  = A ~  {e~h + Y g(h,z)dz + wo(h) 

0 
+ w~(h) ) .  [10] 

The specific film potential # is obtained 
from [9] and [10]: 

(q~/A¢) = A ---- [Ge(h)IA¢] -- ql*h [11] 

A the specific film thermodynamic potential 
for unit surface A is obtained from [10] and [11] 

h 
A = f [W(h,z)]dz Jr wo(h) q- wh(h). [12] 

o 

When h-~ oo, we have Am = (Wo q- Wh)~. 
The disjoining pressure is obtained from 

[5] [7] and [12]: 

h 

0 

O(w~ + wo) 
= Pc. [13] 

Oh ~,p,~ 

When Pc = O, the equilibrium thickness of 
the film domain is given by the solution 
of the equation: 

h 

0 

-- [O(w~+w°)]T,e,v=O'oh [14] 

b) tT, xpression for A and ,1 of N L C  

NLC are characterized by the strong mutual 
alignment of their molecular axis ~ along an 
axis of uniaxial symmetry. In figure 3, a simpli- 
fied case (6, 7) is shown. 

Figure 4a shows an undistorted domain. 
Figure 4b shows a distorted domain such that 
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~I I / /  / /  

~z = sin O(z) / ! /  
/ / / 

Fig. 3. Orientation of the uniaxial symmetry axis ~; nx, 

na = components of ~; 0: azimutal angle 

the angle 0 between h and the x direction varies 
from the base to the top of the film. This 
distortion adds an elastic positive contribution 
to the free enthalpy density of the undistorted 
film of thickness h. This contribution is very 
roughly (6, 7): 

1 
w e  = g K [15] 

Where Kis the average elastic modulus of the 
NLC. Then, if the specific bulk free enthalpy 
of the undistorted film is Wn (h, z) 

W(h,z )  = W~(h,z)  -- 9/* q- We(h,z) .  [16] 

Eliminating W(h,z )  from [12] and [16] 

h 

0 h 

4- f g e ( h , z ) d h  + wo(a) ÷ wh(h).  [17] 
o 

According to references [13, 14], the ani- 
sotropy of the interracial tension is expressed 
as follows : 

wh = wh + Awh sin20h 

Wo = Wo + Awo sin20o [18] 

where wh (z~/2) < wh (0) and Wo @/2) > Wo (o). 
From [15], [18] and [17]: 

h 

A = A~, + Aa = f [W'(h,z) -- 9#]dz + wf, 

0 
h 

, x f + Wo + - ~  \ dz ] dz + Awo sin20o 

0 

+ Awh sin20h. [19] 

A u, A a are respectively the contributions 
independent or dependent on 0. Distortion 
or change in Oh or 0o modifies the thermo- 

dynamic potential Aa, the contribution Au 
being independent of Oh or 0o. 

The equilibrium value of (dO~dr) or O(z) is 
obtained by minimizing A a as usual (6, 7), 
using the equilibrium boundary conditions 
discussed in references (13, 14). It is obtained: 

Oh -- Oo dO, Oh -- Oo 
0 ~ - - ~ z O r d z - - - ~  [20]  

At each surface, the equilibrium orientation 
of NLC molecules is the result of balance of 
two torques : 

- -*Pel :  elastic torque opposing disalignment 
of molecules 

--/ '8:  surface torque opposing an increase of 
surface free enthalpy or surface tension. 

The torques are equal respectively to 

a) F e l =  K "~z 

b) I s ,  h = Awh sin 20h; F,, o = Awo sin 200. 

[211 

From [20] and [21] the equilibrium molec- 
ular orientation at the film surface are: 

K (Oh - -  00) 
a) h -- Awh sin 20h 

K (0h -- 0o) 
b) h -- Awo sin 200 

Awh < 0 

Awo > 0 

[22] 

From [19] and [20] we deduce: 

K (0h - 00) 5 
A = Au + -~- h ' + Awh sin20h 

-k Awo sin20o [23] 

0h i i ;  ~, 
Oh / 

/ 

So o0 
a b 

Fig. 4. Thin films of NLC. a) undistorted Oh = Oo = 0; 
b) distorted 0h # 0o = O 
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and from [7] and [24] allowing for [22a] and 
[22b], the following expression is obtained 
for the disjoining pressure: 

~ = ~ q- ~s = -- ( -~b  ) T,p,u 

-t-2K (Oh --h 200) 2 q- 2K_h (Oh -- 0o) "-~h'O° 

[24] 

F~ is the classical disjoining pressure (1, 2) 
of the undistorted NLC or Fa =B(h)h -a. The 
last terms are standing for r/s, the structural 
disjoining pressure. 

c) Stability and transition critical film thickness 

The boundary conditions [22aJ have been 
discussed in reference (14). 

It is found that, when 00 =0 ,  according to 
the figures 4a and 4b, the solution of [22a] is 

K 
a) 0 a = 0  h < h T =  

2 dwh 

K 
b) Oh ¢ 0  h > h T - -  2 d w h "  [25] 

Material and experimental methods 

The NLC : 4--4'-pentylcyanobiphenyl (5CB) 
has been kindly offered by BDH. its purity is 
better than 99 %. 

The substrate: distilled water 3 X is swept 
before depositing the NLC. The films are 
formed by spreading 2--6 /~l of NLC on 
various areas: 4, 10, 40 sq cm, of substrate 
contained in an optical cell at 23 °C. The cell 
is examined between crossed Nicols, using a 
commercial polarizing microscope and trans- 
mitted light. 

In general, 2 0 X  and 100X magnifications 
were used and 200 X exceptionally. 

The optical anisotropy of 5CB is 3 n ~  
+0,15 (19). The optical retardation for an 
incident light crossing the film of figure 4a 
of thickness h is equal to d = h An. 

The figure 5 represents the experimental 
setup. A compensating plate L equivalent to 
a retardation on d0 is placed between polarizer 
and sample. For a uniform film, with L absent, 
the intensity of the light crossing the sample 

Below a transition thickness hT the structure 
of figure 4a is stable. Above hT the structure 
of 4b is stable. This thickness hT depends on 
the ratio (K/Awh) i.e. on the magnitudes of 
the torques Fel and Fs. 

From [24] and [25] it follows that the struc- 
tural transition will modify the disjoining 
pressure expression as follows: 

B (h) K O~ 
a) ~ - -  ha q - ~ -  h---g h > h T  

B (h) h < aT [26] b) ~7 -- ha 

The structural disjoining pressure is positive 
and stabilizes the film shown in figure 4b 
only. 

From [22a], [25a and 25b] and [26] a final 
expression is obtained for [26]. 

B (h) 1 Aw~ sin ~ 2 Oh [27] 

The condition for NLC thin film stability 
is discussed below. It leads to a critical sta- 
bility thickness hs ~ hT. 

'g i x  . . . . . . . .  

Fig. 5. Experimental device for observation of liquid 
crystal film; P i polariser; All or Aa_: analyser parallel 
or perpendicular to the polariser; h: film thickness; 
~: liquid crystal director defining the optical axis; 
/ /  
2 0 = polar angle; : azimutal angle 
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parallel or perpendicular to the polarizer P 
respectively is equal to 

a) I / / = I o l l -  (sin2 4)~ sin ( ~ - ~ )  , 

b) Iz = Io (sin z 2¢) 2 sin ( - ~ - )  [28] 

where Io is the incident light intensity (fig. 5). 
When white light is used, a coloured image 
is obtained. 

When polarizer and analyzer are parallel, 
the zeroth order of the colour sequence is 
white (silver), It is black for perpendicular 
polarizer and analyzer. The other colours are 
determined by (d/k), the respective intensity 
depending on ¢. When L is inserted (fig. 5), 
corresponds to the following values of: 

~' = d + d o  for ¢ = - - ~ - : k =  

7~ 
d " = ~ - - d 0  for ¢ - -  4 ~ n "  

For distorted films (fig. 4b), the average 
optieal retardation is calculated using the 
variation of the polar angle of molecular axis 
0 (z) in the film given by [20]. 

For uniform samples, do = d cos~0 (20). We 
assume that for a distorted sample the average 
retardation g is equal to: 

h 
= An j" cos ~ O(z) dz [29] 

0 

where h is the real film thickness. 

Results 

a) Orientation of N L C  mo/ecu/es at the film 
interfaces 

The thin films studied display many defects 
of orientation. These are described in reference 
(12). However, the extension of the uniform 
domains of the order of 1 mm is large com- 
pared to the width of the defect walls or lines 
which are of the order of 10 #m. We can 
assume that their contribution to the free 
enthalpy of the uniform domains is negligible. 
To find the value of Oh, we measured ~ for 
various known values of h and used equations 
[20] and [29]. 

0,7 

0,6 

0,5 

Off I E 

0,2 
O,l 

1 2 3 ~ 5 6 7 8 9 
h. microns 

Fig. 6. Variation of the average retardation ~ with the 
film thickness h. I) undistorted. II) distorted films 

The values of h were deduced from the 
known volumes v of spread NLC and the 
area a of the substrate. The error on h is 
smaller than 15 %. The range of values of h 
is 0.5--10 #m. 

The optical retardation 8 measured is 
smaller than 1 #m. The observed colours 
correspond to the 1st, 2nd, 3rd orders in 
Newton colour sequence. They allow for the 
evaluation of 8 with a satisfactory accuracy 

~o 
as ~ ___ N - ~ -  where ,to ~ 0,56 #m for white 

light. The figure 6 represents the results. 
The slope of I in figure 6 is equal to 

An =0.15. The slope of H in the same figure 
is equal to 0.07 and close to (An~2)=0.075. 
The intercept of H with the ordinate airs is 
equal to 0.08. The transition I-~II  occurs at 
h=2.2 -t-0,1 m. 

Interpretation of the results 

From [29], [20] and [25], we obtain the 
average retardation 

1 1 Anh 
= ~ zln h q- ~ 0---7- sin 2Oh. [30] 

Two cases are considered for the distorted 
films shown in figure 4b. 

A) Oh = ~/2 independent of h. Then 

1 
= 7  dnh. 

B) 0 < Oh < ~/2 when h varies. [31] 

These cases correspond respectively to 
weak surface forces or "anchoring" of mole- 
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cules at the film free surface. The substrate 
anchors strongly the molecules. We eliminate 
sin 2 Oh from [30] using [22] and [25] and 
obtain: 

Anh ( K )  An 
-- 2 1 2b AWh = ~ (h + hT) 

[32] 

in which the definition [25] of hT has been 
used. 

The plot of 8 vs. h according to [31] or 
assumption 1 should provide a line with zero 
intercept at the origin and slope equal to 
(An~2). The analogous plot according to [32] 
or assumption 2 should provide a line with a 
positive intercept equal to (An/2)hT. 

For undistorted films or Oh =0o = 0  (see 
fig. 4a) the retardation becomes: 

= Anh. [33] 

The slope of the plot g vs h is equal to An. 
In the figure 6 we show this plotting. It is 

seen that: 
a) For h < 2.2 #m, the films verify the equa- 

tion [33] (line I). 
b) For h >2.2 #m the results verify the 

equation [32] corresponding to the distorted 
films with Oh varying with h. From the inter- 
cept it is obtained for the structural transition 
thickness: hT =1.1 #m. From the definition 
[25] of hT, we find for the anisotropy factor 
of surface tension of 5CB, Awh =4.5 × 10 -6 
Jm-e, for K = 10-'1N. 

Therefore the expression of the surface 
tension of 5CB may be written: 

[lSbis) wh =w~ - 4,5 × 10-6 sin 2 0~ [Jm-2]. 

The anisotropic contribution is negligible 
compared to the first isotropic contribution 
of the order of 38, 10-aJm -z. 

However, the observed structural t~ansi- 
tion thickness hT is smaller than the discon- 
tinuity in a observed at h=2.2 #m (fig. 6). 
This disagreement may be due to our method 
o£ averaging the orientations in equation [29]. 

The structural disjoining pressure exists 
only for h > 2.2 #m. 

It has a maximum value for Oh = ~/4, ac- 
cording to its expression [27] and assuming 
that  ~/a < < ~]s. 

At a thickness called h, of mechanical sta- 
bility limit, Oh = x/4, the structural disjoining 
pressure is maximum and equal to F]. 

Aw~ K (~/4) 2 
8 = _ [ 3 4 ]  

~s 2K 2 (hs) 2 

From [34] and Aw=4.5 ×10 -6 Jm-2 we 
find hs = 1,78 #m and r/] = 1 Jm -a. 

For 0 <Oh <~/4  and h <h,, according to 
the mechanical stability condition and to [34], 
the stability criterium. 

& 2 Aw~ 
d~ - -- K cos 2 0 h 

d0h 
sin 2 0h d~ > 0. [35] 

The distorted film of figure 4b verifies [35] 
:g 9~ 

for -~- < Oh < -~- i.e. for h > h8 = 1.8 #m while 

according to [25] distorted structures may 
persist in the range h>hT=l .1  #m. The 
lower limit of distorted films is determined by 
their mechanical stability, rather than by the 
stability of their structure (conditions [26]). 

erqs 5. / 

c rn 32341" ,/// 

• t -  

~/4 zr/2 
Oh 

Fig. 7. Variation of the structural disjoining pressure 
~s with film molecular orientation 0h at the free 
surface of film. I) Stable distorted film; unstable 
mechanically. II) Mechanically stable distorted films 

J , , i , , , , L 

2 3 1 , 5 6 7 8  
h IJm 

Fig. 8. Variation of structural disjoining pressure ~Ts 
of 5CB with the reduced thickness h* = (h/he) 



Perez et aL, Structural disjoining pressure in thin film of liquid crystals, L 791 

The "Frederiksz" transition in asymmetric 
thin films may have to conform two sets of 
conditions: mechanical [35] and thermody- 
namical or physicochemical: [22] and [25]. 

In figure 8, the results ~7 s shown in figure 7 
have been plotted h* =h/hr. For 1 <h* < 1.64. 
The film of figure 4b and corresponding to a 
0h changing with h would be unstable accord- 
ing to [34] unless the first in [24] has a signifi- 
cant contribution. However, if Oh =~z/2, ac- 
cording to [26a] in this region the positive 
contribution of ~]s enhances the film stability. 
Therefore the validity of assumption 1 and 2 
may be checked by operating in the range 
1 <h* <1.64. 

In this range which is of the order of 1 #m 
for 5CB, letting [B(h)] __ 10-z0 J. The dis- 
persive contribution would be of the order 
of 10-2 Jm-2 and much smaller than the values 
shown in the figures 7 and 8, 

If the results display a decrease in Ws for 
1 <h*<1 ,64 ,  the orientation of molecules 
changes with film thickness and the inter- 
facial tension or the enthalpy verifies equation 
(18bis). If the limit of film stability and film 
distortion structure disappear at the same film 
thickness h*, the orientation of the surface 
molecules Oh is fixed. These two cases corre- 
sponding to assumptions A and B above are 
named weak and strong anchorages respec- 
tively. 

Discuss ion and conclusion 

A Frederiksz transition is found in the 
absence of external electrical or magnetic 
macroscopic fields which in our case are re- 
placed by surface short range forces acting 
at the boundary of asymmetric thin films of 
5CB formed at the surface of water. 

Evidence is found that the interracial ten- 
sion anisotropy at the film-water interface 
is stronger than at the film vapour interface. 

At the last interface, the weaker anisotropy 
is balanced by the bulk elastic anisotropy. 
Then the molecular orientation at this inter- 
face is dependent on film thickness beyond a 
predicted transition thickness h T = l , 1  #m 
and observed one at hT =2,2 #m. This varia- 
tion of molecular orientation allows asym- 
metric equilibrium distorted NLC films to be 
formed on water. It corresponds to an aniso- 
tropic factor contribution to the free surface 

tension of NLC equal to Awh=4,5 × 10 -6 
Jm-2 independent of film thickness and structure. 
Therefore, we deduce that Awh is relevant to 
local, short range surface forces only. As two of 
us (25) have found that 5CB has no polar 
contribution to its surface tension, we may 
tentatively conclude that balance between 
bulk elastic and surface orientation forces is 
achieved only when surface polar forces are 
small. 

When the short range polar forces are 
present and much stronger than elastic ones, 
they fix the surface molecular orientation [9, 
25, 26]. They are much larger than the long- 
range Van der Waals interaction energies 
film-substrate according to recent theoretic 
estimations [27, 28, 29] without exception 
[24]. 

Surface molecular orientation in asym- 
metric NLC films is also very important for 
thin film mechanical stability [30]. 

The disjoining pressure expression as a 
function of the angle of molecular orientation 
at the film surface has been deduced. 

For the NLC film studied, 5CB, character- 
ized by a small interracial anisotropy, lower 
disjoining pressures and equilibrium thicker 
films can be predicted, contrary to asymmetric 
NLC films strongly anchored at both surfaces. 
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Note added in proof 

Subsequent  studies of the structural  disjoining 
pressure under  different condit ions - small area films - 
have shown that  the surface molecules of L. C. may be 
anchored more strongly than in the present experi- 
ments. 

Summclry 

Thin  films (0,2 -- 10 #m) of a nematic liquid crys- 
tal NLC:  4- -4 ' -penty lcyanobiphenyl  (5CB) have been 
spread on  large surfaces of water. 

The or ientat ion of the molecules has been exam- 
ined between crossed polarizer and analyzer and by 
s tudying the average retardat ion of white l i g h t  as a 
function of film thickness. At  h r  ----- 2.2/~m a Frederiksz 
transit ion takes place owing to the balance of elastic 
and surface forces acting on  the film and determining 
the molecular orientat ions in bulk at the surface as a 
funct ion of films thickness. F rom this variat ion and 
hT, an anisotropy of surface tension of 5CB of the 
order of 10 -6 Jm -2 is found. This  weak anisotropy 



792 Colloid and Polymer Science, I/o/. 256 • No. 8 (I978) 

determines also the variation of the structural dis- 
joining pressure and the film stability which is dis- 
cussed at length. A thermodynamic potential for this 
films is suggested. 
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