This article was downloaded by: [University of Haifa Library]

On: 17 August 2012, At: 19:37

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.

e 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

Gong-Hao Chen ? & Jiirgen Springer *

 Institut fur Technische Chemie der Technischen
Universitat Berlin, Fachgebiet Makromolekulare

Chemie, Stralte des 17. Juni 135, D-10623, Berlin,
Federal Republic of Germany

Version of record first published: 24 Sep 2006

To cite this article: Gong-Hao Chen & Jirgen Springer (1999): Surface Phenomena
of Liquid Crystalline Substances, Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid Crystals, 326:1, 1-14

To link to this article: http://dx.doi.org/10.1080/10587259908025401

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.



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259908025401
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Haifa Library] at 19:37 17 August 2012

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.




Downloaded by [University of Haifa Library] at 19:37 17 August 2012

Mol. Cryst. Lig. Cryst., Vol. 326, pp. 1 - 14 © 1999 OPA (Overseas Publishers Association) N.V.,
Reprints available directly from the publisher Published by license under
Photocopying permitted by license only the Gordon and Breach Science
Publishers imprint.

Printed in Malaysia.

Surface Phenomena of Liquid
Crystalline Substances

Influence of N, Gas Sorption on SurfaceTension

GONG-HAO CHEN and JURGEN SPRINGER*

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

(Received 3 April 1997; In tinal form 26 September 1997)

The influence of the sorbed N, on the surface tension of the low molecular liquid crystal MBBA
( p-methoxybenzylidene-p-n-butylanilin) has been investigated using the pendant drop method.
The time- and temperature-dependent measurements of the surface tension of MBBA have been
carried out under different N, pressures (1 - 15 bar). The time-dependence of the surface tension
is interpreted in terms of the sorption process of N,. The results depend strongly on the liquid
crystal (LC) phase, the gas pressure and the gas type. All the temperature-dependence curves of
the surface tension of MBBA, obtained at different N, pressures, show a similar shape within
the experimental temperature range (25-50°C), yet with a systematic decrease of the phase
transition temperature isotropic(i{)/nematic(n) by the increasing N, pressure and thus the in-
creasing concentration of the sorbed gas in the sample. The positive slope of the surface tension-
temperature characteristic near the phase transition temperature indicates the development of
higher ordered molecular states in the surface layer. The correlation between the i-n phase
transition temperature of LCs and the concentration of sorbed gases, the gas type and the
impurities in LCs has been also discussed.

Keywords: Surface tension; time-dependence; temperature-dependence; pressure-dependence;
phase transition temperature; gas sorption; liquid crystals; MBBA,; nitrogen

INTRODUCTION

Since the pioneering work of Schenck [1] and Jaeger [2] there have been
numerous reports of surface/interfacial phenomena on LCs [3-15]

* Corresponding author.
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However, not only some basic questions such as the thermodynamic
properties of interfaces and their dependence on temperature, particularly
near phase transitions and on changes of the interface structure, remain
unanswered, but also the results obtained by different authors are rather
conflicting.

Recently we have given a series of reports on properties of surface tension
of different low molecular as well as polymer LCs [16—18]. In these papers
we have given a brief review on the prior studies on measurements of surface
tension of LCs. We have also reported the remarkable time-dependence of
surface tension of freshly formed surface of LCs. This phenomenon has been
supposed by us to be mainly attributed to the gas sorption taking place at
the liquid surface as well as in the liquid bulk, perhaps either as a result of
the interaction between the gas molecules and the molecules at the liquid
surface or as a consequence of the gas-induced reorganization of the
molecules in the surface region. It is inferred that such time-dependent
phenomena may have confused the measurements of surface tension of LCs
performed by different groups and may have contributed to some of the
inconsistencies in the obtained results.

As the first step of the systematic study of surface tension of LCs in
different gas atmospheres we reported an indirect procedure to determine
the so-called absolute initial values of the surface tension ~ , which
corresponds the surface tension values of the liquid in its own vapor [17].
The 7 o values of the low molecular LC MBBA have been determined:
33.13mN/m for 25°C (n-phase) and 32.18 mN/m for 50°C (i-phase), and
they are to be used in the present paper for the time-dependent study of the
surface tension of MBBA in N,. We have also reported the change of the
surface tension of MBBA during the time of drop formation and concluded
that it is unnegligible in certain gas atmospheres (e.g., CO,) and especially at
higher gas pressure.

Furthermore, we have reported the temperature-dependence of surface
tension of several low molecular LCs near their phase transition tempera-
tures. The results were discussed on the basis of statistical thermodynamic
models currently proposed in the literature.

In continuation of our systematic study on surface tension behaviors of
LCs in different gas atmospheres, the present work is aimed at studying how
the adsorbed/sorbed N, gas affects on the surface tension of MBBA, with
empbhasis on the gas pressure. We expect that these results will be also helpful
in understanding the transport mechanism of gases in LCs.
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{A) Materials

The MBBA (p-methoxybenzylidene-p’-n-butylaniline) sample was pur-
chased 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 immediately after evacuation. MBBA is a crystalline solid
at room temperature with a melting temperature of ca.24°C. Its phase
behavior was determined 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 i-n phase transition temperature of the MBBA sample is
43.0°C (at 1 bar N).

The employed gas N, was purchased from the Company Messer
Griesheim (Germany) and had a purity > 99.99%. The gas was used
without any further purification.

(B) Surface Tension Measurements

The surface/interfacial tension of liquid/fluid-system was measured using a
computer-aided pendant drop method, developed in our laboratory. Its
principle has been given in detail elsewhere [19—-20]. Briefly, a pendant drop
is formed in a gas-tight thermostatic chamber saturated with the vapor of
the liquid. After the extraction of the drop profile from its image the surface
tension is determined by fitting this profile to the Laplace equation, which
governs the profile of a liquid drop at its hydromechanical equilibrium. 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.

(C) Preparation of Samples and Formation of Pendant Drop's

All the measurements have been carried out in a gas-tight measuring
chamber described in the prior paper [17]. At room temperature the MBBA
sample used is a solid. The with MBBA filled syringe was heated under
vacuum above the melting temperature (ca. 24°C) and degassed to remove
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gas bubbles from the melt. Having been cooled to room temperature, the
syringe was taken from vacuum and immediately inserted into the with N,
filled measuring chamber. A reservoir of sample was placed into the
chamber to get a vapor-saturated atmosphere before starting the experi-
ment. According to Chen et al. [21], the equilibrium gas concentration 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;). Due to the rapid computer-aided pendant drop method we
had the possibility for the time dependent study of surface tension, in a time
of the order of seconds such drops to choose, which were still without
sorbed gas during the time of preparation [17]. The temperature-dependent
measurements of surface tension were carried out only after the drops had
reached their steady-state (or equilibrium state). All the temperature-
dependent measurements were carried out with decreasing temperature. At
every experimental temperature about 2030 minutes has been waited to
ensure that the recorded surface tension value corresponds its equilibrium
value. Due to the thermal contraction of the liquid volume by decreasing the
temperature, it was necessary from time to control the drop within a stable
size. All the measurements have been repeated several times, each time with
a new drop.

(D) Density

The MBBA sample is in liquid state within the experimental temperature
range (25°C-50°C). The temperature-dependence of the density of MBBA,
in normal condition (at 1 bar air), was measured with a density meter DMA
48 from company Chempro/PAAR, GB. At every measuring temperature
the density meter was calibrated with air and water. The accuracy of the
measurement was estimated at + 1.10™* g/cm?®. The temperature-dependence
of the density of MBBA under higher gas pressures will be discussed below.

RESULTS AND DISCUSSIONS

The temperature-dependence of the densities (o(7)) of the two fluid phases
is necessary by calculation of the temperature-dependence of the interfacial
tension using the pendant drop method. The density of the gas phases was
calculated using the normal gas law for ideal gases. The p(T)-curve of
MBBA in normal experimental condition (at 1 bar N,) in shown in Figure 1.
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FIGURE 1 Temperature-dependence of the density of MBBA measured in normal condition
(at 1 bar Ny).

Qur result in terms of the relative change of the density within the
experimental temperature range gives a good agreement with that reported
by Press and Arrott [22]. The density change at the i-n phase transition is
very small, it amounts to about 0.005 g/cm>.

As mentioned in the prior papers [17,21], the i-n phase transition
temperatures (T;,) of LCs decrease with increasing gas pressure and thus
the increasing concentration of sorbed gases in them. Figure 2 shows the
pressure-dependence of the T;, on MBBA in N,. The T, values could be
obtained from the inflection points on the temperature-dependence curves
of the surface tension (v(T)-curves), which yet had not been corrected with
rhe temperature-dependent density difference (normally with the assump-
rion Ap = 1g/cm® for all temperatures). Because of the small change of
the density of MBBA within the experimental temperature range such
uncorrected y(T')-curves showed a similar tendency to those corrected (7T)-
curves (Fig. 9). The T;, values could be also obtained from the visual
observation of the drop image. Figure 3 shows the images of a MBBA drop
at different temperatures, from which the phase states of the LC could be
well distinguished. The results on the T, values from the above two methods
agreed well with each other.

Due to the pressure-dependent T, it is obvious, that the in Figure 1 shown
(T )-curve is only available for the calculation of temperature-dependence of
the surface tension of MBBA in 1 bar N; atmosphere. A direct way to measure
the p(T)-curves at different gas pressures and in fact with the sorption of the
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FIGURE 2 Influence of the pressure of N, on the i-n phase transition temperature of
MBBA.

a) b) <)

FIGURE 3 Video images of a MBBA drop at various temperatures (at 1 bar N,). (a) 43.0°C
(isotropic), (b) 42.1°C (phase transition isotropic-nematic), (c) 41.0°C (nematic).

N, gas during the measurement, which corresponds the experimental
condition of the (7T )-measurement, is unfortunately not available. There-
fore, a indirect way is used to gain such p(7')-curves. This method bases on
the following two facts: first, a liquid can be considered incompressible under
our experimental condition; second, the concentration of the sorbed gas in
LCs is quite limited [21]. Thus it is reasonable to assume, that the parts of
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o(T )-curves, which are not in the changing range of the T;,, remains for the
different measuring pressures the same. Through shifting the discontinues
part (near the T, ) of the p(T)-curve shown in Figure 1 to the corresponding
T:»'s (Fig. 2) the p(T)-curves for the different N, pressures can be obtained,
respectively. Figure 4 shows the so obtained p(T)-curves of MBBA for the
higher experimental pressures. Finally the uncorrected v(7T)-curves of MBBA,
obtained with the assumption Ap = 1g/cm®, are to be corrected with
the temperature-dependent density difference Ap(T') = p(T )yppa — 2(T ),
(see below).

Figure 5 shows the relationship between the so-called relative initial value
of surface tension (yo,,) of the freshly formed MBBA drops, both at 25°C
(n-phase) and at 50°C (i-phase), as a function of the pressure of N». The 7,
values are namely the first values of the surface tension directly measured
after drop formation using the pendant drop method [17]. With increasing
gas pressure the adsorbed gas concentration at the drop surface increases,
and thus decreases more strongly the surface tension after the drop
formation time (here 12 seconds). The -y , values at the both temperatures
show a similar dependence on the N, pressure with a dvy, ,/dp value of
ca. —0.03 mN/m - bar. The absolute initial values of the surface tension (v, ,),
of the freshly formed MBBA drops: 33.13 mN/m at 25°C and 32.18 mN/m at
50°C, have been obtained by using a indirect procedure by extrapolation of
the pressure-dependent -y, , values to p=0 [17]. The time-dependence of the
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FIGURE 4 Temperature-dependence of the density of MBBA for the surface tension cal-
culation in different N, atmospheres.
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FIGURE 5 Pressure-dependence of the relative initial values of the surface tension of MBBA
(’70,r) in NZ-

surface tension difference (Ay=7(f)—7¢,4) of the freshly formed MBBA
drops at different N, pressures is represented in Figures 6 and 7, for the
n-phase (25°C) and for the i-phase (50°C), respectively. The time-dependence
rate of the surface tension is a function of the molecular state as well as the N,
gas pressure. As the gas pressure becomes higher, each time-dependence
curve, either in the n-phase or in the i-phase, systematically changes its shape
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FIGURE 6 Time-dependence of the surface tension difference of MBBA in N; at 25°C
(A7 = Y(B)—Y0.a With 70 , = 33.13mN/m).
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FIGURE 7 Time-dependence of the surface tension difference of MBBA in N, at 50°C
(A = () —0.4 With g , = 32.18 mN/m).

with a more rapid and stronger decreasing rate to attain equilibrium. The time
needed to reach the equilibrium surface tension decreases from ca. 240
minutes at 1 bar N, to ca. 120 minutes at 15 bar N, in the n-phase (25°C), while
it decreases from ca. 180 minutes at 1 bar N5 to ca. 80 minutes at 15 bar N, in
the i-phase (50°C). Generally in the n-phase the time needed to reach the
equilibrium value of the surface tension is longer and the time-dependence of
the surface tension is stronger than in the i-phase under the same experimental
condition. The obvious time-dependence of the surface tension of MBBA
at 50°C (i-phase) indicates, that even at a temperature of ca. 7°C above the
i-n phase transition some high-ordered structures may exist in the surface
layer (23-28]. The transport of the N, molecules in the MBBA drop
under investigation should be represented by a gas type, gas concentration,
temperature, substance and substance phase dependent diffusion coefficient,
and thus the time-dependence of the surface tension is a function of the
momentary distribution of the gas concentration in the surface region and
in the bulk of the drop. The decrease of the surface tension during the drop
formation time is given by the surface tension difference Ay=g ,(p)—"0,4
(Tab. I). This decrease is considered to be mainly caused by the gas adsorption
on the drop surface, and the following long time-dependence of the surface
tension by the gas sorption (adsorption + diffusion). The equilibrium surface
tension values of MBBA at 25°C as well as at 50°C are shown in Figure 8 asa
function of the N, pressure. These pressure-dependent equilibrium values are
presented by a dy/dp-slope of —0.04 mN/m - bar at 25°C and —0.02 mN/m-bar
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TABLE I Decrease of the surface tension of the freshly formed MBBA drops during drop
formation time as a function of the N, pressure*

Ay =, AP)~0,a 1 bar S bar 10 bar 15 bar
(mN/m)

25°C, nematic phase —0.08 -0.13 -0.26 —-043
50°C, isotropic phase 0 —-0.10 -0.33 —-0.55

*The ~o,, values were measured 12 seconds after formation of fresh drops. The accuracy of the results is
estimated to be +0.015mN/m.
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FIGURE 8 Pressure-dependence of the equilibrium values of the surface tension of MBBA
in Nz.

at 50°C. Also the equilibrium values of the surface tension are in the n-phase
more strongly influenced by the gas pressure than they in the i-phase. The
time-dependence of surface tension is supposed possibly to have confused
the measurement of the early workers and may account partially for the
inconsistencies of the results obtained so far.

The temperature-dependence of the surface tension of MBBA at diffe-
rent N, pressures is shown in Figure 9. Due to the time-dependence of the
surface tension all the temperature-dependent measurements have been
carried out after the freshly formed MBBA drops reached their steady-
state (or equilibrium state). The (T )-curve obtained by us at 1 bar N is in
qualitative agreement with the result of Krishnaswamy and Shashidhar [7].
In all the cases the surface tension decreases initially with increasing
temperature, changes slope around the T}, and finally regains the decreasing
trend at high temperatures. The discontinuity of the anomaly near the phase
transition is not so marked. This anomaly indicates the development of
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FIGURE 9 Temperature-dependence of the surface tension of MBBA in different N, atmo-
spheres. (a) T, = 42.0°C (p = 1 bar), (b) T;, = 40.5°C (p = 5 bar), (c) Ti = 39.0°C (p = 10
bar), (d) T,y = 37.5°C (p = 15 bar).

higher ordered molecular states in the surface layer. The positive dvy/dT
takes place in a temperature range from ca. 4°C to ca. 6°C around the T;,,
with a jump of ca. +0.3mN/m, in different N, atmospheres. It shows a
trend, that the temperature range of the positive dy/dT increases with the
increasing N, pressure and thus the increasing N, concentration in the
MBBA sample. With the increasing N, pressure the (T )-curves become
generally smaller, they differ from each other in the Tj, values. Even in
normal condition (at 1 bar N;) the T;, of MBBA obtained by taking the
inflection point on the (7' )-curve as well as by the observation of the
pendant drops with video camera (see above) is about 1°C lower as the T3,
determined by DSC (43.0°C). This difference can be explained with the
consideration of the state of the N, sorption in the MBBA samples. The
DSC investigation has been carried out on the MBBA sample immediately
after leaving its storage at 0°C in refrigerator, so that such sample had not
enough time to reach a N, saturated state in it. The sorbed N, concentration
in such sample was smaller than it in the drop forming sample, which had
been already annealed for long time (several hours) in the enclosed
measuring chamber during the temperature-dependent measurement of the
surface tension. The DSC-investigation on the recycled MBBA sample (after
the temperature-dependent measurement) gave a T;, value of 42.0°C in | bar
N, atmosphere. Since one important factor for the formation of LC phases
is the anisotropy of intermolecular forces between LC molecules [29], it



Downloaded by [University of Haifa Library] at 19:37 17 August 2012

12 G.-H. CHEN AND J. SPRINGER

seems that the anisotropy of MBBA is affected by the interactions of
the MBBA molecules with the sorbed gas molecules. As a consequence, the
LC phase becomes destabilized and the phase transition temperature
is depressed (Fig.2). Different analyses (e.g., IR, NMR) on the recycled
MBBA samples after the surface tension measurements showed no
indications of chemical changes.

We have also investigated the T;, of the recycled MBBA samples after the
surface tension measurements at the higher N, pressures. The Tj, values of
such samples were determined by DSC and polarization microscopy. The
results remained the trend of the depression of the T;, values with the
increasing pressure, under which the samples had been investigated.
Compared to the T, values shown in the Figure 2, all the 7}, values
of the recycled samples are a little higher. This indicates a slow desorption
of the N, gas in the samples during the transport and the preparation of
the DSC-measurement. After a longtime evacuation in vacuum all of the
recycled samples were able to regain a phase transition temperature of
43.0°C, which indicated a physical sorption of the N, molecules in the
MBBA samples. Similar phenomena have been observed on different LCs
by other authors [9, 30]. However, neither of the authors have considered
the influence of the gas sorption (air).

Our recent experimental results, which will be published later, show that the
phase transition temperature T, as well as the surface tension of MBBA
depend strongly on the type of sorbed gases. For example, CO, has a much
larger influence than N,. Taking the sorbed gases as one kind of the impurities
in LCs, one can reason that different impurities will have different effects on
the surface tension of LCs. Therefore, it is easy to understand, why some
authors [5, 9] considered that the presence of impurities can significantly affect
on the surface tension of LCs, while others didn’t [31]. Our results of the
surface tension of MBBA obtained under different N, pressures showed that
the purity of the sample (the concentration of the sorbed N, in the sample)
does not critically affect the shape of the +(T)-curves.

The effects of other gases, such like CO,, He and Ar, on the surface
tension of LCs as well as the kinetic study of gas sorption in LCs are
underway in our laboratory.

CONCLUSIONS

We have investigated the surface tension behaviors of the low molecular
liquid crystal MBBA in the N, atmosphere of different pressures using the



Downloaded by [University of Haifa Library] at 19:37 17 August 2012

SURFACE PHENOMENA OF LC SUBSTANCES 13

pendant drop method. The time-dependent surface tension of a freshly
formed MBBA is a function of the gas type, gas pressure and the LC phase.
The suggestion, that the unusual time-dependence of surface tension of LCs
may be mainly attributed to the gas sorption processes, is supported by the
results of our investigation. In the case of N, the sorbed gas concentration
in MBBA doesn’t critically affect the shape of the y(T')-curve, but with the
increasing gas concentration in the sample the absolute surface tension
values of MBBA become lower. All the v(T')-curves of MBBA obtained
at different N, pressures show an anomaly near the phase transitions, which
indicates the existence of higher ordered molecular states on the drop sur-
face. The effect of N, sorption on the phase transition temperature of MBBA
has been also discussed. Furthermore, the reversibility of the sorption
process has been confirmed.
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