This article was downloaded by: [Tomsk State University of Control Systems
and Radio]

On: 21 February 2013, At: 11:33

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

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Liquid Crystals in Cylindrical
Pores: Effects on Transition

Temperatures and Singularities

M. Kuzma 2 & M. M. Labes ?

# Department of Chemistry, Temple University,
Philadelphia, Pennsylvania, 19122
Version of record first published: 20 Apr 2011.

To cite this article: M. Kuzma & M. M. Labes (1983): Liquid Crystals in Cylindrical
Pores: Effects on Transition Temperatures and Singularities, Molecular Crystals and
Liquid Crystals, 100:1-2, 103-110

To link to this article: http://dx.doi.org/10.1080/00268948308073724

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



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948308073724
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 11:33 21 February 2013

whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [Tomsk State University of Control Systems and Radio] at 11:33 21 February 2013

Mol. Cryst. Lig. Cryst., 1983, Vol. 100, pp. 103-110
0026-8941 /83 /1002~0103 /$18.50 /0

© 1983 Gordon and Breach, Science Publishers, Inc.
Printed in the United States of America

Liquid Crystals in Cylindrical Pores:
Effects on Transition Temperatures
and Singularities

M. KUZMA and M. M. LABES
Department of Chemistry, Temple University, Philadelphia, Pennsylvania 19122

(Received March 25, 1983)

Positive dielectric anisotropy liquid crystals are studied in cylindrical pores in a 10 um thick
polymer membrane of diameters 0.2-12 um. Transition temperature depressions increase
with decreasing pore size. Singularities of strength 1 are observed in the center of the pores,
accompanied by some strength ¥4 singularities. By applying a voltage across the membrane,
the § = 1 singularities are shown to be “escaped” singularities. § = + 2 singularities show
a critical destruction at a characteristic voltage.

INTRODUCTION

Porous media' and thin films®* have provided convenient systems to mea-
sure the effect of surface interactions on the physical properties of liquid
crystals. For example, for sufficiently small pore radius the isotropic-
nematic transition temperature, Ty;, decreases while the width of the
transition region increases.' In general, a rounding or weakening of thermo-
dynamic singularities may occur in finite systems.* In thin films, Ty is
predicted to increase with decreasing film thickness,® ~.1°C for 10° A.
However, experimental investigations show either little effect’ or a
decrease® in Ty, for thin films.

A particularly appropriate porous membrane for investigation of these
effects is the polycarbonate film “Nuclepore” which has been “drilled” by
nuclear bombardment to create a series of cylindrical pores of quite uniform
size (Figure 1). These pores are almost perfect cylinders with diameters
ranging from 0.1 um to 12 um. Via optical microscopy, it is possible to
observe these pores filled with liquid crystals in the size range 0.2 um to
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FIGURE 1 Photomicroscopic view perpendicular to microporous membrane. Unpolarized
light, magnification = 375 X.

A

FIGURE 2 Side view of cylindrically symmetric director fields in capillary; (a) § = +1
singularity; the director field is in a radial direction everywhere except in a core region
surrounding the center where the director field is not defined; (b) “escaped” § = +1 singu-
larity with no core.

12 pm, and in this paper data are presented on transition temperature
depressions, the behavior of singularities of strength 1 and % within the
pores, and the effect of electric field on the strength 1 singularities. Studies
of the stability of S = +1 singular lines® in cylindrical capillaries have
indicated that deviations of the director field from a planar solution always
occur for sufficiently large radius. In this case, the director field corre-
sponds to that shown in Figure 2, and upon application of an electric field
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parallel to the axis of the capillary, one might expect a continuously tunable
birefringence for a positive dielectric anisotropy material.

EXPERIMENTAL

The liquid crystals employed are p-cyano-p’-n-nonylbiphenyl (K27, Ty,
50.3°C) and p-cyano-p’-n-pentylbiphenyl (K15, Ty, 35.3°C) obtained from
EM Chemicals, both having a positive dielectric anisotropy. The Nuclepore
membranes are 10 um thick and the pores are essentially perpendicular to
the film. Pore density increases with decreasing pore size, e.g. 1 um,
density = 5 X 10° cm™% 0.2 um, density = 5 X 10’ cm™.

A sample is prepared by allowing a small amount of isotropic liquid
crystal to wet the membrane. They are quickly adsorbed indicating a good
mutual attraction between the liquid crystal and the membrane. The mem-
brane is then pressed between a clean glass slide and coverslip and placed
in a Mettler hot stage. The sample is allowed to sit in the isotropic phase
for approximately ¥5 hour. Uncovered samples left overnight exposed to air
showed no measurable shift in transition temperature, either in bulk or
confined to the membrane pores. The Nuclepore membrane was used as
obtained. No observable change occurred in transition temperatures of
liquid crystals when either new membrane material or membrane material
exposed to the atmosphere (T = 22°C) for 24-48 hours are used.

Figure 3 gives the transition temperature depression determined on both
cooling and heating the samples as follows. In the isotropic phase, with the
sample between crossed polars, the membrane could be oriented so that an

1.8 F

1.0

AT

FIGURE 3 Nematic-isotropic transition temperature depression (AT = Tuue — Tobservea) VS
pore diameter.

A K27, Ty, = 50.3°C (bulk)

LI K15, Ty = 35.3°C (bulk).
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almost complete extinction of light could be obtained. The polymer mem-
brane in an oriented birefringent material, presumably because of stretching
during manufacture. On decreasing temperature, the isotropic-nematic
transition in the smaller pores (<1 um) is observed as a sudden non-
uniform increase in the birefringence (An) over the whole field of the
microscope. The non-uniformity in An is due to both a spatial distribution
in pore sizes and to incomplete filling of the pores by liquid crystal. It is
possible, however, to select a relatively uniform area for observation.
Material on the surface of the membrane also underwent an isotropic-
nematic transition which could be distinguished from the pore transition in
two ways: (1) it generally occurred at the same temperature for different
pore size; (2) a nucleation front could be observed continuously sweeping
across the microscope field. Portions of the sample were chosen for obser-
vation in which these effects were minimized.

RESULTS AND DISCUSSION

In the 12 um diameter pores we first observed, upon decreasing 7, an
increase in An on the perimeter of a pore where nucleation of a nematic
phase by the pore surface began.” As T is lowered to just below Ty, a
texture corresponding to Figure 4 resulted. Figure 2 is a rationalization of
the occurrence of “escaped” S = 1 singular lines® for the director field in
the pores.

FIGURE 4 Membrane with 12 um pores filled with K27. T = 50.2°C, magnification
= 375 X, crossed polars. Note singularities in pores at extreme right of picture.
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Some time ago Meyer® and Cladis and Kleman® had demonstrated that a
lower free energy is attained by a three dimensional cylindrical system if
a coreless solution to the elastic equations is selected. Such a solution
applies strictly to an infinite cylinder; however, the coreless solution will
still appear in two dimensions as long as the director is not constrained to
a plane.' Surface tension effects at the ends of a short cylinder should be
taken into account for a proper determination of the director field.

That the observed § = 1 singularities are “escaped” singularities can be
demonstrated by a method suggested by Meyer.? Electro-optic cells were
prepared of 36 um thickness and a 10 Kc voltage was applied across the
cell. Upon application of 30 V parallel to a pore axis, the birefringence is
observed to slightly decrease in the center of a pore (Figure 5). With
continuously increasing electric field (up to 100 V) the decrease in bi-
refringence continuously spreads to the perimeter of the pore.

We also observe § = +: singularities in the pores under increasing
electric field. Above a critical voltage, the director field discontinuously
“snaps” to a lower energy configuration to accommeodate the electric field.
Upon lowering the electric field below a critical value, the director field in
many pores relaxed back to the original configuration (§ = *5).

The proximity of the smectic A phase in K27 (.54 = 48.8°, bulk
value) rendered the escaped structure unstable with decreasing temperature,
due to anomalous increase in the bend and twist elastic constants K;; and
K. Inafew pores, true § = 1 singularities were observed in the smectic A

FIGURE S5 12 um porous membrane in Figure 4 under the influence of an applied voltage
(30 volts at 10 kilocycles). The electric field is perpendicular to the membrane. Membrane
thickness = 10 wm.
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phase. In the A phase, the fan texture aligned with the stretching direction
of the membrane (Figure 6).

The temperature depression (Figure 3) is likely due to finite size effects
(barring impurity effects). Two of the possible mechanisms involved are:
(1) The assumed well aligned nematic material on the surface of the cylin-
der acts as an imposed deformation. The nematic material in the interior
of the cylinder must arrange to minimize the elastic energy in accordance
with this distortion. (2) Surface tension effects may cause temperature
depression.

We may simplify mechanism (1) by considering only fluctuations in S,
the nematic order parameter, to arrive at a formula for AT, the temperature
depression. The free energy density for T > Ty is"

g=a2S2+a383+a4S‘+%(VS)2+---- (1)

where a; = ay(T — T*), T* is the lower temperature boundary of the N~/
two phase region (supercooling temperature), a, a;, a4, and k, are con-
stants. The nematic-isotropic transition temperature is defined as Ty, =
T* + as/4axa,. For T > Ty, keeping only quadratic terms in g, we find
the correlation function for fluctuations in § of wave number g is"

-1
6a) ~ (@ + 2q7)

FIGURE 6 Smectic A phase of surface film. Pore diameter 12 um, T = 48.5°C,
magnification == 375 X. Note alignment of the fan texture.



Downloaded by [Tomsk State University of Control Systems and Radio] at 11:33 21 February 2013

LIQUID CRYSTALS IN CYLINDRICAL PORES 109

In an infinite system we let ¢ — 0 and identify'’ the susceptibility
X ~ G(0). x has a singularity at T = T*. In a finite system, however,
q — q, = 2m/R, where R is now the pore radius. Thus we can write

x~(T-Ty™"!
where T = T* — AT and
K, [2m\* ¢ 2
= | — = 7T2 [ 22
AT 2azo<R> 4mT (R) @

where & = k,/2a,T*.

Assuming k = k,S? where k is a Frank elastic constant, we estimate
a value for k, using k(T < Ty,) = .5 X 10™% dyne and § = .3 as appro-
priate values for cyanobiphenyls;" thus, k, = 5.5 X 107° dyne. Also
ax = 9.0 X 10° erg/cm’K, " so that &, = 10 A. Substituting R = 10° 4,
T* = 310 K, we obtain AT = 1.2 K. Thus the temperature scale is shifted
downwards by =~ .4%.

The crude method used to derive Eq. 2 ignores interaction of fluctuations
and overestimates the effect of boundary conditions treating the imposed
deformation as a body force, not a surface force. Eq. 2 represents the
temperature shift in a free energy per unit volume for an infinite system
with an imposed deformation of wavelength R. This estimate is therefore
to be used with caution.

For the second mechanism involving surface tension effects the formula'

_ AO’TNI

AT = RAHn

3)
may be useful. Here A is the difference in surface tension between the
nematic and isotropic phases, AH is the N—/ transition enthalpy, and » is
the number density of liquid crystal. We take Ag = .026 dyne/cm,
AH = 3 kcal/mole,” R = 10%cm, T = 310K, and n = .5 X 10%
cm™ and arrive at

AT =8 X 107°K ~ .01 K.

We conclude distortion effects are dominant in lowering Ty, for nematic
materials in cylindrical pores with strong surface alignment. However, the
data are insufficient to confirm this mechanism.

Porous membranes allow easy investigation of singularities in cylinders
and also of the effect of finite size on transition temperature. An interesting
possibility also exists that, with increased surface density of pores, a matrix
for a nematic phase may be obtained for which the relaxation time of
molecular reorientation, 7z = (y/k)(R/m)* (y = effective viscosity,
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x = elastic constant, R = radius of pore), can be varied at constant elec-
tric field without changing the thickness of the cell. This may be interesting
with respect to display applications.
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