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Fréedericksz transition in a thermoreversible nematic gel
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A thermoreversible (physical) gel of a nematic liquid crystal in its planar configuration is investigated. The
transition temperatures of the gel are thermally and rheologically determined. The temperature for the nematic-
isotropic transition is higher than that for the gel-sol transition, allowing the network to grow in the oriented
nematic phase. The electrical Fréedericksz transition of the gel is investigated by using both an optical and an
electrical detection method. The transition can be adjusted within a large voltage range by selecting the
temperature of the sample. This behavior is determined by the thermal properties of the thermoreversible gel

network.
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I. INTRODUCTION

Generally, a simple gel consists of a solid network, which
is interspersed (swollen) by a liquid [1]. If a liquid crystal is
used as the fluidic component, one obtains liquid crystalline
gels with a network, which can either be chemically (irre-
versibly) or physically (reversibly) cross linked. Because of
their combination of mesomorphic and elastic properties,
both different kinds of liquid crystalline gels recently gained
considerable interest with respect to theoretical [2-9] as well
as to application aspects [10-18]. Besides their mechanical
behavior, their electro-optical properties have been the focus
of these research activities.

The electrically induced Fréedericksz transition [19,20] is
the basic working principle of liquid crystal displays. A nem-
atic liquid crystal with a positive dielectric anisotropy ¢,
>0 tends to orient parallel to an electric field. When the
liquid crystal is placed between two transparent electrodes
which have been treated in such a way, that the director 7 is
fixed in the plane of the electrodes (planar alignment), and an
electric field is applied across the electrodes, the elastic
forces counteract this tendency. The voltage, where the elec-
tric and the elastic forces are of equal size, is given by the
Fréedericksz threshold voltage

k
UF=7T ¢ (1)
€p€y

Ur only depends on the splay elastic constant k;; and the
dielectric anisotropy €,. Above threshold, the nematic mol-
ecules turn out of the planar alignment and orient, with in-
creasing voltage, more and more parallel to the electric field.
For voltages high above threshold, an almost homeotropic
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configuration results, i.e., the preferred axis is now perpen-
dicular to the electrodes throughout the cell.

Several theoretical analyses of the influence of networks
on the electro-optical properties of liquid crystalline elas-
tomers and gels have been presented [2-9]. These systems
consider covalently cross-linked polymers swollen by a lig-
uid crystal. Mostly, an increase in the threshold voltage and a
decrease in the switching speed toward the planar configura-
tion was predicted. However, the models and results have
been quite different, because of different presumptions with
respect to structure, deformation and orientation of the net-
work as well as anchoring of the liquid crystal molecules to
1t.

Contrary to networks built up by covalently cross-linked
junction points, physical networks are formed by weaker in-
teraction forces, such as hydrogen bonding. Here, the net-
work disintegrates when heated above a certain temperature
Ty the gel-sol transition, and is reformed when cooled be-
low this temperature. For such thermoreversible liquid crys-
talline gels, either low molecular weight organic compounds
[12,13,17,18] or liquid crystalline block copolymers [16]
have been used as appropriate gelators. With respect to these
gels, experimental investigations on the switching behavior
in twisted or super-twisted nematic display configurations
have already been described in the literature [11,14,15].

The present paper deals with a nematic liquid crystalline
mixture as the liquid component of a physical gel with a low
molecular weight organogelator in a very low concentration
(0.2% [21]). We investigate the viscoelastic properties of this
gel and their dependencies on the temperature. The materials
have been chosen such, that the temperature for the gel-sol
transition, T, is below that for the nematic-isotropic transi-
tion, T,;. Thus, when cooling from the liquid state, the gela-
tion occurs in the nematic phase, which is oriented in a con-
ventional electro-optical cell provided with an orientation
layer.

In Sec. II, we describe the preparation of the sample with
the thermoreversible nematic gel. Thermal and rheological
properties of the gel are discussed in Sec. III. In Sec. IV, we
study the Fréedericksz transition by applying a birefringence
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FIG. 1. Gelator:
cyclohexanecarboxamide.

N-(2-methyl-4-tetradecoylamino-phenyl)-

method and by measuring the complex conductivities of the
samples. Finally, in Sec. V, we summarize our findings.

II. SAMPLE PREPARATION

We use the liquid crystalline mixture E49, obtained from
Merck [22]. It consists of cyanobiphenyls and cyanoterphe-
nyls, substituted in the paraposition with aliphatic chains of
different length [23]. E49 is nematic at room temperature and
shows the nematic-isotropic transition at a clearing range of
T,=102 °C,...,112 °C in polarizing microscopy. From our
measurements, we find a positive dielectric anisotropy of
€,~15 and a threshold voltage U§49:O.88 V for the Fréed-
ericksz transition. Unfortunately, no material parameters are
supplied by Merck.

The gelator N-(2-methyl-4-tetradecoylamino-phenyl)-
cyclohexanecarboxamide (see Fig. 1) has previously been
synthesized [24]. This low molecular weight organogelator
can gelify liquid crystals at very low concentrations. The
gelator molecules self-assemble through intermolecular hy-
drogen bonding, building up rodlike or fiberlike crystalline
structures that interweave to form a homogeneous, thermor-
eversible physical network. The gel becomes liquid above a
temperature of around 7=58 °C,...,71 °C (see Sec. III).

The gel network can be observed by means of scanning
electron microscopy (SEM, see Fig. 2). As it is not possible
with SEM to investigate gels containing a solvent, i.e., the
gels in-situ, the liquid crystal E49 has been extracted from
the gel, using the very gentle technique with supercritical
CO, [25]. Unlike with an organic solvent, the extraction in
the supercritical state prevents the gel network structure from
collapsing so that the pure gel network with the main char-
acteristics of the in-sifu state remains. This is due to the
nonexisting solid-liquid surface tension in a supercritical

FIG. 2. SEM image of the fiberlike structure of the gel network
taken from a xerogel with 0.2% gelator.
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fluid. The dried xerogel can then easily be investigated by
the classical SEM method (Fig. 2). These measurements are
performed on a LEO 1530 FE-SEM with a field emission
cathode and an Inlens detector.

The nematic liquid crystalline physical gel itself is pre-
pared by mixing E49 and the gelator in a closed vial, using a
concentration of 0.2% of the gelator. The vial is heated to a
temperature of 120 °C and kept at this temperature until the
gelator has been fully dissolved into the isotropic liquid crys-
tal. The solution is then cooled to room temperature.

For the measurements of the Fréedericksz transition, the
typical experimental setup is used, as described, e.g., in Ref.
[26]. The samples are prepared in commercially available
cells [27]. They consist of two parallel glass plates, which
are separated by spacers and which have an indium tin oxide
(ITO) layer on the inside. The ITO surfaces of the electrodes
are coated with a polymer and rubbed in one direction in
order to produce the planar alignment of the liquid crystal-
line material: when the cell is filled with a nematic material,
the director is aligned along the rub direction in the layer
plane. The thickness of the cell d=(25+1) wum is deter-
mined by the spacers between the glass plates.

The empty cell and the vial with the gel are heated to a
temperature of 7=130 °C, where the cell is filled by capil-
lary action. This is well above the gel-sol transition and
above the nematic-isotropic transition. In order to remove
flow-induced defects which may have formed during filling,
the system is kept at this temperature for another 10 min.
Finally, it is cooled to 7=10 °C within 6 min by a quenching
procedure which is similar to the cooling characteristics of
the rheometer used for the characterization of the liquid crys-
talline gel (see Sec. III D). This step is necessary to obtain a
super-finely dispersed gelator network structure with mini-
mal disturbances of the director alignment of the liquid crys-
tal. Slower cooling rates lead to the formation of larger den-
dritic structures caused by the disorientation of the director
field through network fibrils. As these dendritic structures
considerably disturb the optical investigations, they should
be avoided.

III. THERMAL AND RHEOLOGICAL INVESTIGATIONS

The thermoreversible network disintegrates when heated
above a critical temperature 7,,. There are several methods
to characterize this transition.

A. Falling ball method

A simple technique to observe the gel softening on heat-
ing is the falling ball method (see, e.g., Ref. [28]). A gel with
a volume of 0.2 cm? is prepared in a test tube with a diam-
eter of 8 mm. A steel ball (diameter 3 mm, mass 0.11 g) is
placed on top of the gel before the test tube is heated with 1
K/min in an oil bath. At a certain temperature, here at 7'
=56 °C, the ball sinks inside the gel until it touches the
bottom of the test tube. At this temperature, the gel becomes
so soft, that it is no longer able to carry the weight of the
ball, therefore it is taken as the softening temperature of the
gel. The full disintegration of the network, however, occurs
at a higher temperature.
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FIG. 3. Polarization microscopy images showing the disappear-
ance of the defect textures: (a) 7=20 °C, (b) T=60 °C, and (¢) T
=70 °C. The preferred direction of the director 7 induced by the
orientation layer is indicated by the arrow.

B. Polarizing microscopy

Another possibility to observe the gel-sol transition pro-
cess is by polarizing microscopy. A sample prepared in a cell
as described in Sec. II is investigated between crossed polar-
izers on an Olympus microscope BX41. The orientation
layer of the cell is arranged parallel to one of the polarizers.
In this geometry, a planarly oriented liquid crystal would
appear dark. If the director alignment of the liquid crystal is
slightly disturbed by the network structure, small optical de-
fects can be observed [see Fig. 3(a)]. When heating within a
temperature-controlled box, these defects start to disappear at
T=58 °C and are completely invisible at 7=69 °C, indicat-
ing the disintegration of the network fibers [see Fig. 3(c)].

An interesting feature, namely that these optical defects
can be oriented perpendicular to the director 7 [see Fig.
3(b)], indicates that the super-finely dispersed gelator net-
work might be oriented in the same direction. Similar to the
phenomenon described by Kato er al. [29], the gelator mol-
ecules themselves are expected to orient with their long axes
parallel to the director of the liquid crystal. They aggregate,
however, perpendicular to their long axes and in conse-
quence perpendicular to the director. In our case, this is not
achieved by - interactions but rather by hydrogen bond-
ing.
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FIG. 4. Transmitted light intensity during melting and reforming
of the gel. The solid lines represent the heating processes, while the
dashed lines are taken when cooling. The measurements are per-
formed with heating and cooling rates of 1 K/min (a) and of 0.1
K/min (b).

In order to characterize the disappearing of the network in
a more quantitative way, we measure the intensity of the
transmitted light through the filled cell, using the setup de-
scribed in Sec. IV A. Two sets of measurements are shown in
Fig. 4, which are performed with heating and cooling rates of
I K/min and 0.1 K/min, respectively. With both heating
rates, the intensity starts to decrease at 7=58 °C and reaches
its minimum at 7=71 °C. As expected, the temperature of
the total disintegration of the network is higher than the soft-
ening temperature determined by the falling ball method.
The reforming of the network on cooling depends strongly
on the cooling rate and begins at a temperature of T
=33 °C in the case of cooling with 1 K/min and at T
=45 °C when cooling with 0.1 K/min. Since our sample is
not perfectly aligned parallel to the polarizer, the signal is
superimposed by an oscillation [30], which vanishes when
the sample becomes isotropic. This happens in a temperature
range of 7,,=102 °C,...,112 °C, which is the same as in
the case of the pure liquid crystalline mixture.

C. Differential scanning calorimetry

Neither investigations with the standard differential scan-
ning calorimetry (DSC) technique (Diamond DSC, Perkin-
Elmer) nor the much more sensitive Micro DSC (Micro DSC
III, Setaram) have been successful to detect the gel-sol tran-
sition at the given gelator concentration of 0.2%.

D. Rheological measurements

In order to obtain more detailed information about the
temperature-dependent viscoelastic properties, rheological
measurements are performed, using an Anton-Paar MCR301
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FIG. 5. Rheological properties of the nematic gel as a function
of the sample temperature: storage modulus G’ (H) and loss modu-
lus G” (O).

rheometer. The measurement system is a cone-plate geom-
etry with a diameter of 50 mm and an angle of 1°. The
temperature is adjusted by Peltier devices in the plate and in
a heating mantle placed over the cone. For loading a sample,
the plate is heated to 7=90 °C. The gel is put onto the plate,
where it becomes liquid, and the cone is lowered to the mea-
surement position [31]. The measurement starts with a cool-
ing procedure from 7=90 °C to 7=10 °C within 6 min,
which is the fastest cooling rate possible in this system. The
sample is kept at this temperature for 1 hour before it is
heated with 1 K/min. During heating, the values of the stor-
age modulus G’ and the loss modulus G” are determined in
oscillation mode with a frequency of f=10 Hz and a defor-
mation of y=0.1%. For lower oscillation frequencies, the
measured torque is below the specified sensitivity of the in-
strument, whereas higher frequencies lead to a bad ratio of
the measurement system’s acceleration torque to the sam-
ple’s torque. The deformation of y=0.1% is sufficiently low
for the sample to remain in the linear viscoelastic regime.

Figure 5 shows G’ and G” as functions of the temperature
for such a heating procedure. At low temperatures, the G’
curve lies above the G” curve, i.e., the elastic properties pre-
dominate the viscous properties as expected in the gel state.
With increasing temperature, G’ and G” decrease. The two
curves intersect at 7=66 °C. The end set of G’ is reached for
T=69 °C, indicating that the elastic properties have disap-
peared, i.e., the gel network is completely disintegrated as
expected in the sol state.

The results depend on the chosen frequency f of the ex-
periment. To determine the gel point, however, one needs a
frequency-independent criterion. According to Ref. [32], the
gel point 7, is defined as that temperature where the loss
tangent tan 6=G”/G' becomes frequency independent. To
find this temperature, several frequency sweeps of tan & are
performed for different temperatures (see Fig. 6). The fre-
quency range is given by the broad gel-sol transition region.
A linear regression line is fitted to each data set. Figure 7
shows the slope m of these lines as a function of the tem-
perature, where a slope of m=0 indicates frequency indepen-
dence. Although the theory of Ref. [32] has been developed
for chemical gels with a sharp sol-gel transition, in our case
of a broad transition, tan ¢ is also almost frequency indepen-
dent for temperatures of 7=66 °C. For higher temperatures,
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FIG. 6. Loss tangent of the nematic gel as a function of the
frequency for several temperatures.

tan O increases with the frequency, so that 7=66 °C is con-
sidered to be the gel-sol transition temperature T,.

To summarize the results of the various methods, the lig-
uid crystalline gel of 0.2% of our gelator with the liquid
crystalline mixture E49 exhibits a gel-sol transition range
from 7=58 °C,...,71 °C, with a rheological determined
transition temperature 7,,=66 °C.

IV. ELECTRO-OPTICAL MEASUREMENTS: THE
FREEDERICKSZ EFFECT

A. Experimental procedure

For measuring the Fréedericksz threshold, we use the
samples prepared between two glass plates, as described in
Sec. II. A sinusoidal ac voltage with a frequency of 1 kHz is
applied across the electrodes by means of a wave-form gen-
erator (Agilent Technologies 33220A). The cell is illumi-
nated by a light emitting diode (Luxeon Star LXHL-MDI1C)
with a dominant wavelength of A=625 nm and a spectral
bandwidth of AN=20 nm. The temperature of the sample
holder can be varied from 10 °C to 150 °C with a long-term
stability of £0.2 K. The samples are observed with a polar-
izing transmission microscope (Olympus BX41) and re-
corded with a CCD camera (Lumenera Corporation
LU135M-10), that is connected to a computer. The images
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FIG. 7. Slope m obtained from the data depicted in Fig. 6 as a
function of the temperature.
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have a physical size of 1.20X0.96 mm? and a resolution of
1280X 1024 pixels.

In order to detect the Fréedericksz transition, we use the
birefringence method as explained in Refs. [33,34]. The cell
is illuminated with linearly polarized light. By choosing a
polarizing angle of 45° relative to the director, the ordinary
ray (light polarized perpendicular to the director) and the
extraordinary ray (light polarized parallel to the director)
have the same intensities. After passing the sample, the two
rays interfere in an analyzer perpendicular to the polarizer.
When the director starts to turn from the planar to the ho-
meotropic configuration, the length of the optical path of the
extraordinary ray decreases. This leads to an oscillation of
the transmitted light intensity since constructive and destruc-
tive interference of the two rays alternate while the director
turns [35,36]. In the limiting case of high voltages, when the
director alignment is nearly homeotropic and the optical path
lengths become equal for the two rays, the intensity decays
to zero [37]. We measure the transmitted light intensity by
integrating over the center 256X256 pixels (0.24
X 0.24 mm?) of the image taken by the CCD camera.

In addition, we use a lock-in technique as described, e.g.,
in Ref. [38] to measure the complex conductivity

G= ()

S~

of the samples. Here, U= Uye'! is the complex voltage and
I=Iye'®e™" is the complex current with a phase shift ¢ with
respect to the voltage. Current and voltage at the cell are
measured at a rate of 500 samples per cycle and averaged
over 100 cycles of the applied voltage by means of an AD
converter (Data Translation DT9834). From the complex
conductivity determined in this way, we calculate the ohmic
resistance R and the electric capacity C of the samples,

Im(G)
— and C=—.
Re(G) @

R= (3)

The effective ohmic conductivity o and the effective electri-
cal permittivity € are given by

o=— and e=—. (4)
RA €A

A is the area of the electrodes and d is the sample thickness.
Due to the anisotropy of the material parameters, this method
does not yield the local values of o and €, which, in the case
of the Fréedericksz instability, vary inside the cell with the
variation of the director [20,38]. Instead, we obtain values
which are averaged over the whole active sample volume of
1 cmX1 cmX25 um. They are determined by o, and o,
the conductivities perpendicular and parallel to the director,
as well as €, and ¢, the permittivities perpendicular and
parallel to the director. In the ground state, when the applied
voltage is below the Fréedericksz threshold, the effective
values o, and €, are approximately given by o, and €,
respectively, due to the planar alignment everywhere in the
sample. They are not exactly equal because of unavoidable
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FIG. 8. Optical detection of the Fréedericksz threshold: Trans-
mitted light intensity with crossed polarizer optics as a function of
the driving voltage for the pure liquid crystal (a), and for the liquid
crystalline gel with (b) an established (gel phase) and (c) a melted
(sol phase) gel network.

director inhomogeneities and, in the case of the gel, because
of disturbances by the gel network. For very high voltages,
when the alignment is almost homeotropic, o and € are close
to oy and €, respectively. In between these extreme cases, the
effective values follow a monotonous function (for details
see Ref. [38]).

B. Measurements

We measured the dependence of the Fréedericksz thresh-
old voltage on the sample temperature for our liquid crystal-
line gel and, as a comparison, for the pure liquid crystal E49.
For the gel, the temperature was increased from 15 °C to
40 °C in steps of 5 K and then from 40 °C to 98 °C in steps
of 2 K. For the reference measurements with the pure liquid
crystal, steps of 5 K were used over the whole range, as there
is no significant temperature dependence of the threshold
voltage. After each change in temperature, we waited for 3 h
before the actual measurement took place. For each tempera-
ture, we varied the applied voltage in the range of 0.1 V to 10
V in steps of 25 mV. After a waiting period of 10 s at every
step, an image of the sample was taken and the complex
conductivity was measured, as described in Sec. IV A.

As is typical for the Fréedericksz transition, and has been
explained in Sec. IV A, the intensity of the light transmitted
through the pure liquid crystal shows oscillations as a func-
tion of the applied voltage above the Fréedericksz threshold
[Fig. 8(a)]. The intensity would decrease to zero for higher
voltages. In contrast, the behavior for the gelified sample is
quite different [Fig. 8(b)]. Here, the main effect is a decrease
in the transmitted light intensity. This decrease starts at a
higher voltage than for the pure material, and due to the
distortion of the director field caused by the network struc-
ture, there is no longer a sharp onset visible. At higher tem-
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FIG. 9. Electrical detection of the Fréedericksz threshold: Effec-
tive conductivity (a) and effective permittivity (b) as functions of
the driving voltage. The solid line corresponds to the gel phase and
the dashed line corresponds to the sol phase. For comparison, the
dotted line shows the result for the pure liquid crystal.

peratures, when the gel network has been melted, the sample
again shows the typical Fréedericksz behavior [Fig. 8(c)].
Now the sample is very similar to the pure liquid crystal,
since the low concentration of the melted gelator in the sol
phase hardly influences the properties of the nematic liquid
crystal.

In the gel phase, the decrease of the transmitted light in-
tensity as a function of the applied voltage is still superim-
posed by a weak oscillation. Whether this oscillation starts
with an increase or a decrease of the intensity depends on the
difference of the lengths of the optical paths of the extraor-
dinary and the ordinary beam, which in turn depends
strongly on the temperature (and in principle also on the cell
thickness which is not varied here). An increasing start of the
oscillation leads to a seemingly higher onset voltage than a
decreasing start, which makes this optical method not very
well suited to determine the Fréedericksz threshold for the
material in the gelified phase.

Therefore, we also consider the electrical properties of the
sample, namely the effective ohmic conductivity o and the
effective electrical permittivity €, as determined by Eq. (4).
As shown in Fig. 9, both o and € show a sharp threshold
behavior in the pure liquid crystal as well as in the sol phase,
when no established gel network exists. In the gelified phase,
again no sharp threshold can be detected. However, the de-
pendence of o and € on the applied voltage is monotonous
with no oscillations superimposed, thus making the electrical
properties more suitable for the threshold measurements than
the optical method.
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FIG. 10. Ohmic conductivity (a) and electrical permittivity (b)
in the ground state as functions of the sample temperature: nematic
gel with increasing (A) and decreasing (V) voltage; pure liquid
crystal with increasing (A) and decreasing (V) voltage. The dashed
lines in diagram (b) are guides to the eye.

C. Results

The ohmic conductivity o, and the electrical permittivity
€, of the ground state are given by the limits of the effective
conductivity o and the effective permittivity € when the volt-
age approaches zero. The temperature dependences of these
values are shown in Fig. 10. For the conductivity and per-
mittivity measurements, we find a characteristic kink at T
=73 °C, which is above T,=66 °C revealed by the rheo-
logical measurements in Sec. III D. As observed by polariz-
ing microscopy (see Sec. III B), there are still remains of the
gelator network for 7> T,,, which explains this temperature
difference.

As described in Sec. IV A, the ground-state values g, and
€, are roughly given by o, and €,. In the gel phase, how-
ever, our electrical method still measures a superposition of
o, and o} (and €, and ¢, respectively), because the gel
network induces a small perturbation in the director align-
ment. Since E49 has a positive anisotropy of the conductivity
(0y>0,) as well as a positive dielectric anisotropy (¢
> €, ), this perturbation leads to an increase of the measured
effective values. This is verified by the observation that the
permittivity € of the gel phase [solid symbols in Fig. 10(b)]
is systematically larger than the permittivity of the pure lig-
uid crystal [open symbols in Fig. 10(b)] by about 0.5. We
cannot observe a similar deviation between the gel phase and
the pure liquid crystal for the conductivity measurement
[Fig. 10(a)]. This can be explained by the high sensitivity of
the conductivity o to impurities in the material, which super-
imposes that effect here. When the gel network is melted at
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FIG. 11. Fréedericksz threshold voltage as a function of the
sample temperature: nematic gel with increasing (A) and decreas-
ing (V) voltage, and pure liquid crystal with increasing (A) and
decreasing (V) voltage.

the gel-sol transition, there is a decrease in both quantities o
and ¢, as the perturbation of the director is reduced.

Due to the somewhat smaller temperature dependence of
the electrical permittivity € compared to the ohmic conduc-
tivity o, we use € to define a threshold criterion for the
Fréedericksz transition in the following way: The voltage
where € has increased by Ae=0.8 above the permittivity of
the ground state is set to be the threshold voltage. This is
roughly 10% of the overall change in €. For a comparison,
we use the same change of Ae=0.8 as a threshold criterion
for the pure liquid crystal sample, although in this case it is
less then 10% of the overall change.

The temperature dependence of the Fréedericksz thresh-
old voltage derived in this way is shown in Fig. 11. Here, the
gel-sol transition can be clearly identified. For temperatures
T<T,,, the nematic gel shows a higher threshold voltage
than the pure liquid crystal, while for temperatures 7> T,
the thresholds are identical. For the pure liquid C(I;ystal, our
threshold criterion yields a critical voltage of U{;l =1.06 V
with no significant dependence on the temperature [39]. In
the gel phase, however, there is a strong temperature depen-
dence of the threshold voltage. At T=15 °C we find a thresh-
old voltage of UE"~5.3 V which decreases slowly to UE"
~4.6 V at T=50 °C. For higher temperatures, there is a
strong decrease in the threshold voltage, reaching Uflfl
=1.06 V at T=73 °C. In the sol phase, the threshold voltage
shows no significant temperature dependence, as is the case
for the pure liquid crystal.

For temperatures below 7=73 °C there is a systematic

difference between the results for the Fréedericksz threshold
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of the gel (solid symbols in Fig. 11) obtained with increasing
and decreasing voltage, which manifests itself also in the
measurements of the electric permittivity €, in the ground
state [see Fig. 10(b)]. We believe, that this is not a real hys-
teresis, but rather induced by an increase of the relaxation
time in the gel phase. This assumption is justified by the
observation, that after having waited for 3 h before the next

measurement starts, the permittivity € has decreased again.

V. SUMMARY AND CONCLUSION

We have prepared a nematic thermoreversible gel with the
liquid crystalline mixture E49 and 0.2% of the organogelator
N-(2-methyl-4-tetradecoylamino -phenyl) -cyclohexanecarb-
oxamide. Characterization was performed by the falling ball
method, by optical polarizing microscopy and by rheological
measurements. The system exhibits a clearing range of T;
=102 °C,...,112 °C and a gel-sol transition range of T
=58 °C,...,73 °C, with a rheologically determined gel-sol
transition temperature of 7,,=66 °C.

We applied optical and electrical methods to investigate
the electric field-induced Fréedericksz effect in the material.
Any hints of a qualitative change of the Fréedericksz transi-
tion have not been found. The gelator causes an increase in
the Fréedericksz threshold voltage, which can be adjusted
within a large range by selecting the temperature of the
sample. This is a direct manifestation of the thermodynamic
properties of the physical gel.

The interesting question remains, whether the Fréeder-
icksz threshold in the gel is still characterized by a critical
voltage or whether it is given by a critical field, because the
director may now be anchored in the bulk rather than at the
surfaces [10]. In order to answer this question, measurements
using different sample thicknesses will have to be carried
out, a project which we see as a natural next step in the
framework of these investigations.
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