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Experimental Studies of the Surface 
Tension of Nematic Liquid Crystals 

S. KRISHNASWAMY and R. SHASHIDHAR 
Rarnan Research Institute. Bangalore 560006, India 

( R e c r i t d  Nowrnber 18, 1975; infinal,forrn March 2,  1976) 

Equilibrium measurements of surface tension have been carried out on nematic compounds 
using the pendant drop method. A drop of the liquid crystal is suspended at the tip of a capillary 
tube inside a completely enclosed thermostatic chamber filled with an inert gas and is maintained 
in equilibrium with its saturated vapour throughout the experiment. The surface tension- 
temperature characteristic for all the compounds studied show anomalous behaviour. The 
slope in the nematic phase is initially negative but changes sign near the nematic-isotropic 
transition for p-azoxyanisole, p-anisaldazine and 1)-methoxy benzylidene-p'-rr-butylaniline. 
whereas for p-azoxyphenetole the change of slope occurs in the isotropic phase. The original 
monotonically decreasing trend is regained in all the cases at higher temperatures in the isotropic 
phase. The data on p-azoxyanisole, p-azoxyphenetole and p-anisaldazine confirm the earlier 
measurements of Ferguson and Kennedy' on the same compounds. The observed features are 
in qualitative agreement with the theoretical predictions of Croxton and Chandrasekhar.6 

1 INTRODUCTION 

The surface tension of nematic liquid crystals has been the subject of a 
number of experimental studies. However, the results obtained by the 
different authors are rather conflicting. Ferguson and Kennedy' found that 
for all the three compounds they studied, viz., p-azoxyanisole, p-azoxy- 
phenetole and p-anisaldazine, the slope of the surface tension-t.emperature 
(y-T) characteristic was initially negative but changed sign as the nematic- 
isotropic transition temperature (T,) was approached. All subsequent 
measurements on p-azo~yaniso le~-~  gave a monotonically decreasing trend 
for y in the entire nematic range and doubts have been expressed about the 
accuracy of Ferguson and Kennedy's data.5 
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254 S.  K R I S H N A S W A M Y  A N D  R .  S H A S H I D R A R  

Croxton and Chandrasekhar6 have recently discussed the statistical 
thermodynamics of the nematic free surface. Considering the orientational 
contributions to the surface excess quantities for a nematic. they find that 
ay/?T, the gradient of the surface tension, is determined as a competition 
between the orientational order and the spatial disorder which develops at 
the liquid surface. They also find that if the orientational states are highly 
ordered, then the y-T characteristic can show a positive slope, though at 
higher temperatures the usual monotonic decreasing trend is regained owing 
to the spatial delocalization of the surface. Associated with the discontinuous 
variation of the bulk order parameter with temperature at  the nematic- 
isotropic transition, the slope as well as the absolute value of y may show a 
discontinuous behaviour in the neighbourhood of T, . Another possibility 
that they have considered is that the weak surface field may establish a 
residuum of orientational order at the isotropic liquid surface over a short 
thermal range above T,  resulting in the y-T characteristic showing a positive 
slope even in the isotropic phase. These authors have also stressed the fact 
that to observe these features described above it is crucial that a truly 
equilibrium measurement of 17 should be made, i.e., the liquid crystal should 
be maintained in equilibrium with its saturated vapour so that there is no net 
flux of atoms across the liquid-vapour interface.' We have therefore under- 
taken a systematic experimental study of the surface tension of liquid crystals 
under equilibrium conditions. 

The surface tension of a nematic liquid crystal is expected to be strongly 
dependent on the alignment of the molecules at the free surface.* Since the 
molecular orientation is highly sensitive to the wall effects, it was necessary 
to choose a method wherein the orienting influence of the solid surface does 
not affect the surface tension measurements. After considering various 
experimental techniques it was decided to use the pendant drop method 
which is known to be suitable for viscous liquids.' This method has several 
advantages : 

a) The area of the drop which is in direct contact with the solid surface 
is very small compared to the total area of the drop. 

b) The values obtained are independent of the angle of contact. 
c) It is a static method so that the viscous drag of the liquid does not play 

any part. 
By completely enclosing the drop in an airtight chamber it could be 

maintained in equilibrium with its own vapour. In this paper we describe 
the determination of surface tension of 4 nematic compounds by this method. 
The results for p-azoxyanisole and p-anisaldazine have been reported pre- 
viously,'o but for the sake of comparison we also present the data for these 
two compounds. 
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SURFACE TENSION, NEMATIC LIQUID CRYSTALS 255 

2 EXPERIMENTAL 

A drop of the liquid crystal was formed at the end of a thin uniform capillary 
tube whose tip was cut and ground so that it was perpendicular to the axis 
of the capillary and free from any irregularities. The upper end of the capil- 
lary was connected through a rubber tube to a hypodermic syringe. The drop 
size was controlled by the fine movements of a screw attached to the piston 
of the syringe. The lower portion of the capillary was enclosed in an airtight 
copper chamber (provided with two optically flat glass windows) which 
could be electrically heated. In order to avoid a horizontal thermal gradient 
across the windows which sometimes resulted in condensation taking place 
on the glass, two additional side heaters were provided so that the outside 
temperature near the windows could be maintained the same as that inside 
the chamber. Further, the upper portion of the capillary outside the chamber 
was maintained at the same temperature as the chamber itself by a separate 
heater. This was most important as any vertical thermal gradient in the 
capillary tube made the drop grow or contract and prevented it from at- 
taining equilibrium. 

The capillary filled with the liquid crystal was inserted into the chamber 
which was then evacuated and filled with dry nitrogen in order to prevent 
the decomposition of the compounds by oxygen and moisture. The process 
of evacuation and filling was repeated several times to ensure that the 
chamber was completely free from any traces of air. The chamber was then 
sealed and the drop of the liquid crystal formed at the tip of the capillary 
tube by careful adjustments of the control screw. A parallel beam of mono- 
chromatic light was made to fall on the drop and the image was focussed 
onto the focal plane of a camera by a suitable lens system. It was checked 
beforehand that the photographic system did not introduce any distortions. 
The experiment was carried out by taking photographs of a single drop at 
different temperatures, ensuring that the drop was in perfect equilibrium 
at each temperature. At a given temperature it was necessary to wait for 
about 30 minutes before steady state could be attained, and before taking 
the photograph it was ascertained visually that the drop was stationary for 
at least 15 minutes and also that the temperature itself was constant during 
this period. A complete experiment on a single drop wherein photographs 
were taken for about 20 temperatures took nearly 15 hours. 

Before starting measurements on liquid crystals, the experimental set up 
was checked by determining the surface tension of pure water at different 
temperatures. The values obtained were within 1.5% of the standard values 
and therefore the accuracy of the measurement is also reckoned to be within 
this limit. 
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256 S. KRISHNASWAMY A N D  R .  SHASHIDHAR 

3 CALCULATION OF THE SURFACE TENSION FROM THE 
PENDANT DROP PROFILE 

The pendant drop is held in equilibrium by the action of gravitational and 
surface energy forces, and its shape can be described exactly by a differential 
equation which has been discussed in detail in standard reviews on the 
subject.' ' * 1 2  Andreas, Hauser and Tucker13 have. shown that surface 
tension (y) can be calculated from the pendant drop profile by the relation 

where g is the acceleration due to gravity, p the density, d,,,, the maximum 
equatorial diameter of the drop and H is a correction factor which depends 
on the shape of the drop. The shape can be characterized by a ratio 
S = d,/d,,,, where d ,  is the diameter of the drop measured on the horizontal 
plane at a height equal to d,,,, from the vertex. Andreas et al. obtained a 
table giving H -  vs. S from measurements of the surface tension of 'con- 
ductivity' water whose surface tension at different temperatures is accu- 
rately known. Later more accurate tables have been  omp piled'^*'' by 
numerical solutions of the fundamental differential equation. Ryong-Joon 
Roe, Bacchetta and WongI6 made a further improvement wherein it is 
possible to verify that the drop has attained equilibrium. They defined a 
series of diameters d, (n = 8, 9, . . . . , 12) which are respectively measured 
at heights of (n/lO)d,nax from the vertex of the drop. The corresponding 
characteristic ratios are now given by S ,  = d,/dLnax. A series of tables giving 
H- vs. each S, have been computed. By ascertaining the constancy of H-'  
obtained for the different ratios, the attainment of equilibrium is confirmed 
and the accuracy of the results improved. We have followed this method of 
Ryong-Joon Roe et al. 

4 RESULTS AND DISCUSSION 

The surface tension (?)-temperature ( T )  characteristic has been studied for 
4-nematic compounds: p-anisaldazine, p-methoxy benzylidene-p'-n-butyl 
aniline (MBBA), p-azoxyanisole (PAA) and p-azoxyphenetole (PAP) whose 
nematic-isotropic transition temperatures are 182.1,43.2, 135.2 and 166.6"C 
respectively. In each case, the y-Tcharacteristic has been obtained by photo- 
graphing a single drop at  different temperatures. All the compounds except 
MBBA were purified by several recrystallizations from a suitable organic 
solvent. MBBA, a room temperature nematic which gets easily contaminated 
by oxygen and moisture, was vacuum distilled and the experiment was 
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SURFACE TENSION. NEMATIC LIQUID CRYSTALS 257 

carried out immediately after purification. It should however be mentioned 
that preliminary experiments revealed that purity of the sample did not 
critically affect the shape of the y-T curve. 

The y-T curves for the four compounds are shown in Figures 1-4. In all 
cases y decreases initially with increase of temperature, changes slope around 
T,  and finally at high temperatures the monotonically decreasing trend is 
regained. In p-anisaldazine and MBBA the reversal of slope takes place a 
little below T, and y reaches a maximum at T, .  In p-anisaldazine, there is 
a discontinuous drop in the value of y at T,, whereas in MBBA the discon- 
tinuity is not so marked. However, in both cases y starts decreasing again 
in the isotropic phase. In PAA also the first reversal of slope takes place 

I 
I I I I I  I 

25 30 35 40 45 50 
32 1 

T(t) 
FIGURE 2 
isotropic phases. 

Surface tension of y-methoxy benzylidene-y'-n-butylaniline in the nematic and 
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258 S. KRISHNASWAMY A N D  R .  SHASHIDHAR 

FIGURE 3 Surface tension of p-azoxyanisole in the nematic and isotropic phases. 

_______. 

Tc: 166.6.C 
I 
I 
I 
I 

2. I 
I P ;:rr 28  'b I I 

I I I I A- 
140 150 160 170 I80 

27 

1 (2) 

FIGURE 4 Surface tension of p-azoxyphenetole in the nematic and isotropic phases. 

below T,  but the positive trend continues for a few degrees in the isotropic 
phase before changing sign again. In PAP, the behaviour is slightly different; 
the usual decreasing trend continues even in the isotropic phase before the 
anomaly sets in. The results for PAA, PAP and p-anisaldazine are in close 
agreement with the early measurements of Ferguson and Kennedy.' 

The question arises whether the anomaly in the y-T characteristic is due 
to a reorientation of the molecules a t  the surface in the neighbourhood of 
T,. The alignment of the molecules at the free surface has been studied for 
PAA and MBBA using light scattering techniques." It is found that in 
PAA the molecules lie parallel to the surface and the orientation is indepen- 
dent of temperature. In MBBA the molecules are inclined at  -75" to the 
surface, the tilt angle being only slightly dependent on temperature. It 
would appear therefore that the shape of the y-T curve is not due to any 
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SURFACE TENSION. NEMATIC LIQUID CRYSTALS 259 

molecular rearrangement at the surface. The observed trends are in quali- 
tative agreement with the theoretical predictions of Croxton and 
Chandrasekhar . 

To investigate further the dependence of surface tension on the direction 
of alignment at  the surface, experiments are underway to study the effects 
of external magnetic field on the shape of the drop. 

Acknowledgements 

These experimental studies were initiated by Professor S. Chandrasekhar. The authors are 
highly indebted to him for his keen interest and also for many useful discussions. 

References 

I .  A. Ferguson and S. J .  Kennedy, Phil. Mng., 26, 41 (1938). 
1. V. Naggiar, Ann. P/i.rsiyue, 18. 5 (1943). 
3. W. M. Schwartz and H. M. Mosley, J .  Pliys. Colloid Clitw?.. 51. 826 (1947). 
4. F. K .  Gorskii and N. M. Sakevich. Soriet Pliys. Crj,stdlu,yr., 12, 586 (1968). 
5 .  A summary of the early work on surface tension has been given by G. W. Gray in Moleciilcir 

Sfriiciiire nrtd [lie Properties of’ Liqirid Crj3stn/s, Academic Press, London and New York, 
1962. 

6. C.  A. Croxton and S. Chandrasekhar, Proceedings of the International Liquid Crystals 
Conference, Bangalore. December 3-8, 1973, Pramana Supplement. 1. 237. 

7. D. W.  G. White. Trans. Mernll. Suc. A I M € ,  236, 796 (1966); Metals, Materials and 
Metallurgical Reviews, p. 73 (July 1968). 

8. S. Chandrasekhar, Mol. Cryst.. 2, 71 (1966). 
9. Ryong-loon Roe, J .  PI?js. Chem.. 69, 2809 (1965). 

10. S. Krishnaswamy and R. Shashidhar, Proceedings of the International Liquid Crystals 

1 I .  F. Bashforth and J .  C. Adams, At? Aiientpt to Test flte Theories cf Ccrpi//nrj, Action, 

12. D. W. G. White, Trnns. Qunrr., 55, 757 (1962). 
13. J .  N. Andreas. E. A. Hauser. and W. B. Tucker, J .  Pl7.rs. C‘hem.. 42, 1001 (1938). 
14. S. Fordham, Proc. RuL.. Soc. (London), A194. 1 (1948). 
15. C. E. StaufTer, J .  P l i j . ~ .  Clieni., 69, 1933 (1965). 
16. Ryong-Joon Roe, V. L.. Bacchetta, and P. M. G. Wong, J .  Phys. Client., 71, 4190 (1967). 
17. M. A. Bouchiat and D. Langevin. P h p .  Letter.7. MA. 331 (1971). 

conference, Bangalore. December 3-8, 1973, Pramana Supplement, 1. 247. 

Cambridge University Press. 1883. 

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

6:
02

 2
3 

Fe
br

ua
ry

 2
01

3 


