
This article was downloaded by: [University of California, San Diego]
On: 21 August 2012, At: 11:43
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid
Crystals
Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Surface Phenomena of Liquid Crystalline Substances:
Surface Tension of Freshly Formed Droplets
Gong-Hao Chen a & Jurgen Springer a
a Institut für Technische Chemie der Technischen Universität Berlin, Fachgebiet
Makromolekulare Chemie, Straße des 17. Juni 135, D-10623, Berlin, Federal Republic of
Germany

Version of record first published: 04 Oct 2006

To cite this article: Gong-Hao Chen & Jurgen Springer (1997): Surface Phenomena of Liquid Crystalline Substances: Surface
Tension of Freshly Formed Droplets, Molecular Crystals and Liquid Crystals Science and Technology. Section A. Molecular
Crystals and Liquid Crystals, 307:1, 89-101

To link to this article:  http://dx.doi.org/10.1080/10587259708047088

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any form to
anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae, and drug doses should
be independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims,
proceedings, demand, or costs or damages whatsoever or howsoever caused arising directly or indirectly in
connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259708047088
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cryst .  Liq. Cryst.,  1997, Vol. 307, pp.89-101 
Reprints available directly from the publisher 
Photocopying permitted by license only 

Q 1997 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published under license 

in The Netherlands under the Gordon and Breach 
Science Publishers imprint 

Printed in India 

Surface Phenomena of Liquid 
Crystalline Substances: Surface 
Tension of Freshly Formed 
Droplets 
GONG-HA0 CHEN and JURGEN SPRINGER* 

lnstitut fur Technische Chemie der Technischen Universitat Berlin, 
Fachgebiet Makromolekulare Chemie, StraBe des 17. Juni 135, 
D- 10623 Berlin, Federal Republic of Germany 

(Received 20 November 1996; In final form 25 February 1997) 

A procedure is described to determine the initial value of the surface tension of a freshly 
formed MBBA (p-methoxybenzylidene-p’-n-butylaniline) drop using the pendant drop method. 
A gastight measuring chamber was constructed for the measurements in different gas atmos- 
pheres. The relationship between the initial value of surface tension and gas sorption, with 
emphasis on the effect of gas type and gas pressure, is presented. The determined initial values 
of the surface tension are used to study the time-dependence of the surface tension of MBBA, 
both in its nematic (n) phase and in its isotropic (i) phase, and will be used for the further 
time-dependent studies. The observed behaviors of the surface tension of MBBA in different 
gas atmospheres are discussed. 

Keywords: Surface tension; pendant drop method; time-dependence of surface tension; gas 
sorption; liquid crystals; MBBA 

1. INTRODUCTION 

A great deal of attention has been attracted to surface phenomena in liquid 
crystal substances (LCs), on account not only of their technological import- 
ance but also of their interest as a fundamental problem in the statistical 
mechanics of no-uniform ordered fluids [l-lo]. However, the results ob- 
tained by the different authors are rather conflicting. To demonstrate the 
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90 G.-H. CHEN A N D  J. SPRINGER 

inconsistency of the presently available results, we [ l l ]  have recently given 
a brief review of the prior studies on the measurement of surface tension of 
LCs. We have also discussed the possible reasons of the remarkable time- 
dependence of the surface tension of a freshly formed LC surface. We sup- 
posed this behavior may be mainly attributed to the gas sorption process 
taking place at the liquid surface. perhaps either as a result of the interac- 
tion between the gas molecules and the molecules at the liquid surface or as 
a consequence of the gas-induced re-organization of the molecules in the 
surface region. I t  has been further suggested that such a remarkable time- 
dependence may occur on a liquid surface when the molecules at  the surface 
are relatively highly ordered or have some particular structures. It is infer- 
red that such time-dependent phenomena may have confused the measure- 
ments of the surface tension of LCs performed by different groups and may 
have contributed to some of the inconsistencies in the obtained results. 

In order to gain experimental evidences of the gas effect, we have per- 
formed a systematic experimental study of time-dependence of surface ten- 
sion of LCs as a function of gas type and gas pressure. As the very first step 
it is necessary to determine the initial value of surface tension of a freshly 
formed drop of the LCs. This initial value is namely the surface tension 
value of the drop at the moment when i t  has been just formed ( r  = 0). But 
unfortunately with the pendant drop method, which being used by us as the 
standard method for surface tension measurements, it can not be measured 
directly. In the present paper we will discuss an indirect way to determine 
the initial value of surface tension of a freshly formed drop using this 
method. The low molecular LC MBBA is chosen as the model substance. 
We will also report some behaviors of the surface tension of MBBA in 
different gas atmospheres. This is followed by some time-dependent 
measurements of the surface tension of MBBA as an example for the neces- 
sity of paining such initial values of the surface tension. The observed 
phenomena are discussed to reveal the possible underlying grounds. 

EXPERIMENTAL 

(A) Materials 

The MBRA (p-methoxybenzylidene-p’-rl-butylaniline) sample was purchased 
form Aldrich Chemical Company Inc. (USA) and had a purity of 98% given 
by the manufacturer. The sample was purified by several recrystallizations 
from ethanol and was stored at 0 C with dry nitrogen as protective gas 
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SURFACE TENSION OF LC DROPLETS 91 

immediately after evacuation. MBBA is a crystalline solid at room tempera- 
ture with a melting temperature of ca. 24°C. Its phase behavior was deter- 
mined by differential scanning calorimetry (DSC 7 from Perkin-Elmer) and 
polarization microscopy (PM-10 ADS, Olympus, Japan) equipped with a 
hot stage (THM 600, Linkam Scientific Instruments. Ltd., Surrey, GB). The 
nematic-isotropic transition temperature of the MBBA sample is 43.0 "C (at 
1 bar N,). 

The employed gases N,, CO,, He and Ar were purchased from the Com- 
pany Messer Griesheim (Germany) and had all a purity > 99.99%. These 
gases were used without any further purification. 

(B) Measurements 

After comparison of various experimental techniques, it was decided to use 
the pendant drop method. This method has several advantages: a) Only a 
very small fraction of the total surface area of drop is in direct contact with 
the supporting solid phase. Therefore in comparison with the other com- 
monly available methods, e.g. Wilhelmy plate method and the method of 
sessile drop, the molecules of the measured liquid are rather small influen- 
ced by the solid phase. b) It is a static method so that the viscous drag of 
liquid drop does not play any part. 

For the measurements a gastight chamber (Fig. l), which can be heated 
up to 110°C with a maximum gas pressure of 20 bar, was constructed. The 
temperature is controlled with a thyristor unit (Model 425A from EURO- 
THERM, Germany) with eight heating elements. The accuracy of the 
temperature control is within & 0.1"C. The gas pressure in the measuring 
chamber can be controlled with a digital Manometer (Mano Gauge-4266 
from Keller, Germany) and needle valves, with an accuracy of k 0.01 bar. 
A gastight syringe (Unimetrics Silverline from Alltech, USA) is used to 
form pendant drops under pressure. The syringe attachment and the screw 
spindly form the company Rame Hart Inc. (New Jersey, USA) are modi- 
fied and further used. 

The surface tensions of liquidlfluid-systems were measured using a 
computer-aided pendant drop method. The method was developed in our 
labroatory and has been applied successfully to investigate the time- and 
temperature-dependence of various liquid systems. Its principle has been 
given in detail elsewhere [12,13). But some aspects should be repeated 
briefly. A drop of a to  be studied liquid is formed in a gas atmosphere 
which is saturated with the vapour of the liquid. The time for drop forma- 
tion and for relaxation of oscillation phenomena of freshly formed drop 
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92 G.-H. C H E N  A N D  J. SPRINGER 

FIGURE 1 
drop method. 

Schematic representation of the gastight measuring chamber for the pendant 

takes ca. 10 seconds. After the formation of the drop, the drop profile is 
extracted from its image and the surface tension is determined by fitting this 
recorded profile to the Laplace equation, which governs the profile of a 
liquid drop at its hydromechanical equilibrium. The input parameters of 
this method are the total magnification factor, the gravitational acceler- 
ation, the density difference between the fluid phases at the measuring 
temperature, and the drop profile coordinates. The resulting output are the 
surface tension, the drop value and the drop-vapor surface area. The 
method reaches a relative accuracy of ca. 0.05% error and an absolute 
accuracy of ca. 0.5% error. For the measurements presented in this paper 
the relative accuracy is to be taken more into account. 

At room temperature the MBBA sample we used is a solid. The with 
MBBA filled syringe was heated under vacuum above the melting tempera- 
ture (ca. 24°C) and degassed to remove gas bubbles from the melt. To 
prevent the decomposition of the compound by oxygen and moisture, after 
the sample had been cooled to room temperature the syringe was taken 
from vacuum and immediately inserted into the measuring chamber, which 
was filled with dry test gas (biz, CO,, He or Ar). A reservoir of sample was 
placed into the chamber to get a vapor-saturated atmosphere before starting 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 1
1:

43
 2

1 
A

ug
us

t 2
01

2 



SURFACE TENSION OF LC DROPLETS 93 
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an experiment. According to Chen ef al. [14], the equilibrium gas concen- 
tration in the crystalline phase of LCs is much lower than that in the 
nematic or isotropic phase. For this reason the so prepared MBBA sample 
is capable of sorbing more gas, even if the sample in its crystalline state 
might have been saturated with gas (N,). 

To reach the optimal condition of the measuring set-up, it took 1.5-2 
hours for preparation as well as for adjustment. After reaching the given 
temperature and pressure, it was necessary to wait for another 20 minutes 
before the steady state between the sample and its vapor could be attained. 
During this time gas sorption began to occur in the sample at the tip of the 
needle. At the moment of starting the measurement there was a concentra- 
tion gradient of the sorbed gas in the sample, yet due to the slender needle 
of the syringe we used (ca. 0.4 mm inner diameter and ca. 40 mm in length) 
the diffusion of the sorbed gas into the inner of the syringe was considered 
to be very slowly and thus the concentration of the gas in the liquid sample 
decreased rapidly with the depth of this sample in the syringe. As an 
example, Figure2 shows the influence of the sorbed gas on the surface 
tension of the freshly formed MBBA drops. The MBBA sample was filled 
in the syringe and annealed at 50°C and 15 bar CO, for 4 hours before 

L - 

- 

29,4 I I I I I I I I 1 I 

Q...'.' Q..... . .Q  ...... Q ...... Q...... 

CO,( 15 bar)/50"C( isatmpic phase) 8 28,4 

28,2 
d 

28.0 1 I I I I I I 1 I 1 I i 
0 1 2  3 4 5 6 7 8 9 10 11 

FIGURE 2 The surface tension of MBBA from the same filling in a syringe (1st drop meas- 
ured after 4 hours hanged in CO,, 2nd-10th drops measured ca. 20 seconds one after another). 
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94 G.-H. CHEN A N D  J. SPRINGER 

starting the measurement. Except for the first drop, the initial values of the 
surface tension of the other freshly formed drops from the same filling were 
measured one after another in the above atmosphere. The relationship 
between the gas sorption and the surface tension can be clearly inferred: the 
more sorbed gas in a drop, the smaller its surface tension. Since a convec- 
tive exchange of the liquid molecules vertically inside the needle as well as 
the syringe is expected to be very limited due to their small diameters, the 
intial values of surface tension of the freshly formed drops increase rapidly 
with the drop number, namely the depth in the needle as well as in the 
syringe, where the drops forming sample had been located. The sample, 
which was not so close to the tip of the needle, was still “unpolluted” by the 
gas during the time before drop formation. so that the drops formed from 
such sample had almost the same and the highest surface tension value. A 
similar but stronger phenomenon like described above could be observed in 
the nematic phase. It is supposed that the influence of sorbed gas molecules 
on the surface tension of LCs depends more on the substance phase as on 
the amount of sorbed gas, and thus a higher order phase is easier to be 
influenced by the sorbed gas than a lower order phase. 

The above mentioned measurement is used to choose the MBBA drops 
for our time-dependent studies of surface tension. With the computer-aided 
pendant drop method we have the possibility to distinguish a MBBA drop 
in a time of the order of seconds, whether it has been during the time of 
preparation “polluted” by gas or not. During the preparation time “unpol- 
luted” pendant drops (e.g. in Fig. 2: from the 7th drop on) are then chosen 
for the time-dependent studies of surface tension. 

RESULTS AND DISCUSSIONS 

For the following measurements the fresh MBBA drops are chosen with the 
procedure described in the previous section (Fig. 2). In order to get an 
uniform start of the measurements, for each drop a time of 12 seconds is 
taken for the drop formation as well as for the relaxation of oscillation 
phenomena. Because of the spontaneous gas adsorption of the surface of the 
drop even a so-called ”unpolluted” drop would be after the 12 seconds 
partially covered by gas molecules. With the pendant drop method the 
change process of the surface tension during this time interval, which main- 
ly caused by the adsorbed gas molecules, is impossible to be measured, 
simply because of the instability of the drop. The first value of the surface 
tension of a freshly formed drop can on ly  be measured after having formed 
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SURFACE TENSION OF LC DROPLETS 95 

a stable pendant drop (here after 12 seconds), and this value is called here 
the relative initial value of surface tension yoqr. In the previous work of us 
[ 111, the time-dependent behavior has been studied only with the relative 
initial values since the measurements were performed at normal gas pres- 
sure and only the relative changes of surface tension were taken into ac- 
count. Such results showed yet no information of the change of surface 
tension during the time of drop formation. But for the systematic studies of 
time-dependence of surface tension of LCs, especially at higher gas pressure, 
such a change may be unnegligible. Therefore it is necessary to determine 
the initial value of the surface tension of a freshly formed liquid drop 
without any influence of adsorbed gas molecules. Here we call such an intial 
value the absolute initial value of surface tension yo,a. Obviously, the so- 
called absolute initial value is namely the surface tension of the liquid in 
its own vapor, which seems able to be measured at reduced pressure 
( p  = pvIpr) .  But unfortunately, due to its low vapor pressure within the range 
of experimental temperatures a pendant drop of MBBA is out of mechan- 
ical balance and can not be hanged at the reduced pressure. The ideal of 
taking measurements by using the sessile drop method, which in contrast to 
the pendant drop method can meet the measuring condition, was due to its 
limited accuracy in the actually experimental condition [ 151 abandoned. 
Therefore, an indirect way should be found to determine the yo,. values. In 
normal experimental condition (1 bar N,) the nematic-isotropic transition 
temperature of MBBA is about 43.0"C, but it may decrease with increasing 
pressure and thus the concentration of sorbed gas in it. A reasonable inter- 
pretation for this phenomenon may be attributed to the interaction of 
MBBA with sorbed gas, and as a consequence the mesophase becomes 
destabilized. A similar phenomenon was reported by Chen et al. [14] for a 
low molecular LC. To ensure the measurements from this phenomenon, we 
chose 25"C, which was much lower from the isotropization temperature, as 
the experimental temperature for the study of the nematic phase of MBBA. 

The results on the gas pressure-dependence of the yo,, values of MBBA in 
different gas atmospheres, both in the nematic (n) phase and in the isotropic 
( i )  phase, are shown in Figures 3 and 4 respectively. Except for He we have 
observed for the other gases the negative gas pressure-dependence of the yo,r 
values. For He a positive gas pressure-dependence of the yo,, values is 
shown. The effect of the pressure itself on the surface tension is so small 
[16], that it can be neglected. Otherwise, if the pressure effect were domi- 
nant, a similar tendency of the gas pressure-dependence for all the gases 
should be observed, what in reality is not so. What Figure 3 and Figure 4 
really show, are the relationship between the relative initial values of the 
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FIGURE 3 
bO,,) at 25°C in different gas atmospheres. 

Pressure-dependence of the relnrice initial values of the surface tension of MBBA 
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FIGURE 4 
k/o ,r )  at 50°C in different gas atmospheres. 

Pressure-dependence of the relatiae initial values of the surface tension of MBBA 
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SURFACE TENSION OF LC DROPLETS 97 

surface tension and the gas adsorption: with the increasing gas pressure, 
more gas molecules are adsorbed during the time of drop formation in the 
surface region of the drops, and thus a stronger increase (for He) as well as 
stronger decreases (for N,, CO, and Ar) of the surface tension can be ob- 
served. The relationship shows very good linearity for each gas. After ex- 
tending the line to p = 0 bar for each gas respectively, a confluent surface 
tension of 33.13 mN/m is then obtained for 25°C (n-phase) of MBBA, and 
32.18 mN/m for 50°C (i-phase). Now that all the yo.r values in the diagrams 
have been measured in equilibrium with the saturated MBBA vapor, the 
pressure scales in these diagrams represent the sum of the vapor pressure of 
MBBA and the gas pressure. Strictly speaking, we should take the surface 
tension at the point p = pvapor as the yo.a values of the surface tension. But 
the vapor pressures of MBBA at the experimental temperatures are so 
small, that both values of surface tension at p = 0 can be well approximately 
taken as the yo,Q values for 25°C and 50°C, respectively. The accuracy of the 
method is estimated to be k0.015 mN/m. 

The effect of gas adsorption on the surface tension depends on gas concen- 
tration-, gas type- and substance phase (Tab. I). Among the four gases CO, 
has the largest effect on a fresh drop with a dyo,r/dp value of -0.28 
mN/m.bar at 25°C and -0.20 mN/m.bar at 50°C, while He the smallest but 
positive dy,,,/dp: + 0.01 mN/m.bar for both 25°C and 50°C. These results 
supported that: the adsorption of gas molecules at a liquid surface with a 
particular structure (e.g. liquid crystals) causes the change of the molecular 
composition in the surface layer and may induce some other orientational 
and/6r structural changes of the molecules near the surface [ll]. Since the 
processes of such re-orientation and structural changes are in general believed 
to run rapidly (milliseconds to seconds) [17], they can be at least partially 
finished and thus cause the change of the surface tension during the time of 
drop formation. A similar phenomenon to the positive dy/dp in He was 
observed by Wigand and Franck [18]. They have measured the 

TABLE I Gas pressure-dependence of the relatire initial 
values of the surface tension of the freshly formed MBBA drops 
in different gas atmospheres* 

adsorption 

NZ CO, H e  Ar  

4o,, ldp CmN/m.barI 
(25"C, nematic phase) -0.03 - 0.28 + 0.01 - 0.04 
dto.,/dp [mN/m.har] 
(5OoC, nematic phase) -0.03 -0.20 + 0.01 - 0.03 
~~ 

*The yo,? values were measured 12 seconds after formation of fresh 
drops. 
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98 G.-H. CHEN AND J. SPRINGER 

isotherms of He, N, and CH, on the water surface within a wide pressure 
range (0-2000 bar). In contrast to N, and CH,, in which a decrease of the 
surface tension with the increasing gas pressure occurred, He caused an 
increasing surface tension. Although water is no liquid crystalline substance, 
it was suggested to have a particular structure some how like "ice" in outer 
layers of the water surface [ 19,201, and thus 'could be also affected by 
certain gas molecules. 

Two examples of the time-dependence of the surface tension difference 
(A? = y - of the freshly formed MBBA drops in He as well as in CO, 
are shown in Figure 5 and Figure 6, for the nematic phase (25°C) and the 
isotropic phase ( S O T ) ,  respectively. For both temperatures a strong time- 
dependence can be observed. At a pressure of 10 bar the relative initial 
values yo.,, which can be directly measured, have a value of 30.62 mN/m in 
CO, and 33.27 mN/m in He at 25T ,  while 30.45 mN/m in CO, and 32.31 
mN/m in He at S O T .  The increase of the surface tension of MBBA in He 
during the formation time of a stable drop indicates a particular effect of 
Helium molecules on the liquid surface, compared with the other gases (e.g. 
CO,), in which a decrease occurs. In CO, the surface tension of a fresh 
MBBA drop decrease very rapidly during drop formation for 2.51 mN/m at 
25°C and 1.73 mN/m at S O T ,  which corresponded to about 65.4% and 

Tme t [  min] 

FIGURE 5 Time dependence of the surface tension difference of MBBA at 25'C 
(A;, = 7 - .. , ,,," with = 33.13 mNjm). 
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FIGURE6 Time dependence of the surface tension difference of MBBA at 50'C 
(At= ' / -?  withy =32.18rnN/m). 

0.0 0.0 

63.1 % of the total decrease after reaching the steady-state, respectively. 
Such a change of the surface tension is considered to be mainly caused by 
the gas adsorption, while the following time-dependence by the sorption 
(adsorption and diffusion). The above results predicate the change of surface 
tension during drop formation to be unnegligible and in some conditions 
dominant. The similar long time-dependent phenomena of the surface ten- 
sion of a freshly formed drop, without concerning the time period of drop 
formation, were reported by us for different LCs [ll] 'at normal pressure, 
we have also discussed the possibility of chemical changes during measure- 
ments and the effect of surface active impurities in samples. According to 
our results these both possibilities can not be essentially responsible to the 
time-dependent phenomena of surface tension. Systematic experimental stu- 
dies of the time-dependence of surface tension of LCs on gas pressure and 
on gas type will be published later. 

CONCLUSIONS 

We have described a gastight measuring chamber for gas pressure- and gas 
type-dependent studies of the surface tension of liquid crystalline substances 
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100 G.-H. CHEN AND J. SPRINGER 

using the pendant drop method. The so-called relatioe initial values of the 
surface tension of the freshly formed surface of MBBA (yo,* )  in different gas 
atmospheres have been measured, both in the nematic phase and in the 
isotropic phase. An indirect procedure has been used to determine the 
absolute initial values of the surface tension of MBBA (yo,d): 33.13 mN/m for 
25°C (n-phase) and 32.18 mN/m for 50°C (i-phase). These values are essen- 
tial for the systematic time-dependent studies of the surface tension of 
MBBA. As an example the time-dependent phenomena of the surface ten- 
sion in various experimental conditions, with consideration of the above yo,a 
values, are shown. The change of surface tension of MBBA during the time 
of drop formation is proved to be unnegligible in certain gas atmospheres 
(e.g. CO,) and especially at higher gas pressure. The results supported the 
suggestion, that the unusual time-behaviour of surface tension of LCs may 
be mainly attributed to the gas sorption processes taking place in the liquid 
drops, possibly brought about by the interaction between the gas molecules 
and the moelcules at the liquid surface or the gas-induced reordering and/or 
reorganization of the surface molecules. Further studies on time- and tem- 
perature-dependence of surface tension of LCs on gas pressure and on gas 
type are now under way in our laboratory. 
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