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Abstract In this work, the photopyroelectric technique has been used to investigate
the phase transitions in a liquid crystal microemulsion by combining the simultaneous
high temperature resolution thermal diffusivity measurements and optical polariza-
tion microscopy observations. It has been found that, during the conversion from
the isotropic phase into the nematic one, the micelles are expelled from the nematic
domains and remain confined in islands of isotropic material which survive down to
the smectic temperature range. A hysteresis in the thermal diffusivity profiles between
heating and cooling run over the isotropic–nematic transition temperature range has
been observed which has been ascribed to the different micelles distribution into the
sample volume during cooling and heating runs. Finally, the almost bulk-like behavior
of the thermal diffusivity over the nematic–smectic phase transition confirms that a
significant fraction of the micelles are expelled during the nucleation of the nematic
phase.
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1 Introduction

Liquid crystal microemulsions (LCM) composed of dispersed didodecyl-dimethyl-
ammonium bromide (DDAB) surfactant-coated water droplets (inverse micelles) in a
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liquid crystal (LC) host have been intensively studied [1–6] due to their peculiar phys-
ical properties arising from the inter-micelles interaction mediated by the anisotropic
ordering of the LC host.

Previous measurements had been taken in 8CB-LCM samples consisting of micelles
dispersed into 4-octyl-4-cyanobiphenyl (8CB) LC [7]. In particular, the relaxation
calorimetry [8] had been adopted to measure the release of latent heat associated with
the isotropic (I)–nematic (N) first-order phase transition. Unlike pure 8CB LC, where
the latent heat is released over a very narrow temperature range around the phase
transition temperature TNI, in 8CB-LCM samples such a release has been found to
occur over the whole N temperature range and, for large micelle concentration, even
down to the smectic (A) one. This clearly indicated that, in 8CB- LCM, the nucleation
of the N phase from the I one takes place over a wide temperature range. Such a result
had been interpreted as follows [9–12]. The presence of the dispersed micelles leads
to a weakening of the interaction strength between LC molecules and, consequently,
to a decrease of the TNI value with respect to the pure 8CB LC one. Therefore, upon
cooling from the I phase, in 8CB-LCM the beginning of the N phase nucleation does
not occur uniformly over the sample volume but it starts at the sample positions
where the micelles concentration is lowest. In addition, since in the newly formed N
domains the LC molecules are forced to align orthogonally to the micelles surface by
the presence of the DDAB surfactant, the nematic director becomes locally distorted
by the randomly distributed micelles. In order to release the extra elastic energy cost
associated with such a molecular arrangement, the micelles are continuously expelled
from the nucleating N domains and remain confined into sample regions where the
micelles concentration becomes larger, with correspondingly lower values of TNI.
Therefore, an inhomogeneous medium is produced composed of coexisting N domains
and islands of residual micelles-rich I phase. Upon cooling, latent heat is released
over a large temperature range because of the continuous occurrence of the first-order
transition converting super-cooled I regions into new N domains.

Ac calorimetry had also been applied to measure the specific heat temperature
dependence in the 8CB-LCM samples [7]. In comparison with pure 8CB LC, the
specific heat peak corresponding to the IN phase transition had been found to be
broadened and shifted to lower temperature by the presence of micelles. Moreover,
significant hysteresis had been observed between the specific heat profiles over the
N range obtained in subsequent heating and cooling runs, the specific heat features
during the heating runs having been obtained at larger temperature with respect to the
corresponding ones observed during the cooling runs. A justification for these results
could be given following nuclear magnetic resonance (NMR) and optical observations
[12]. Briefly, it had been found that, during the cooling runs, the coexisting N and
micelles-rich I phases are vertically separated by gravity due to their different mass
density. Moreover, the nematic material turning isotropic during the heating run had
a considerably lower micelles content with respect to the cooling run so that the
corresponding peaks of the specific heat profile were shifted to larger temperature
values with respect to those corresponding to the cooling runs.

In the present work, we investigate the phase transitions in thin 8CB-LCM sam-
ples, since, because of the very limited thickness preventing the separation between
N and I phases to be affected by gravity [7–12], other mechanisms involved in the
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phase separation and in the micelles migration can be studied. The study was carried
out by the high temperature resolution thermal diffusivity measurements and optical
polarization microscopy observations, simultaneously carried out in a photopyroelec-
tric (PPE) calorimetric setup [13–18], so that the different kind of data are obtained
from the same sample under the same experimental conditions [19–22]. This allows
to perform accurate cross-correlation of the results concerning the different measured
quantities. Like other photothermal techniques [23–29], PPE can be used for the char-
acterization of the thermophysical parameters in liquids and solids. In the present work,
the thermal diffusivity was considered for the sample characterization over the phase
transitions since, on the one hand, the detected minima reflect the peaks pertaining to
the specific heat and they are useful to identify the phase transition temperatures. On
the other hand, its absolute values in the mesophases are dependent on the degree of
molecular alignment, as it occurs for the thermal conductivity, and they are thus useful
to probe the degree of homeotropic alignment of the LC molecules.

2 Experimental Results and Discussion

The investigated 8CB-LCM samples were prepared according to the procedure
described in Ref. [7] where three different weight fractions, � = 0.03, 0.06 and 0.12,
of DDAB and water mixtures (weight ratio m(DDAB)/[m(DDAB) + m(H20)] =
0.85), have been dissolved into pure 8CB LC.

In the present investigations, the back detection configuration of the PPE technique
has been adopted whose detailed description is reported elsewhere [15]. The measure-
ments were taken in a 30-µm-thick sample cell. In the adopted PPE configuration,
the Ti-coated side of the sample cell is heated by a modulated laser beam in order to
generate a thermal wave which, after diffusing through the sample, is detected at the
opposite side by a 300-µm-thick Z -cut LiTaO3 pyroelectric crystal. The sensor output
signal is then analyzed by means of appropriate theoretical expressions which enables
the determination of the thermal parameters, among which the thermal diffusivity D.
Thanks to the transparency of the pyroelectric transducer and of the adopted Indium
Tin Oxide electrodes, a linearly polarized white light beam can be conveyed through
the sample and, after the reflection form the previously mentioned metallic coating,
it is directed onto a CCD camera. In this way, the PPE calorimetric setup allows to
monitor also the sample morphology during the thermal parameters measurements
thanks to the simultaneously performed polarization microscopy observation.

In Fig. 1, the thermal diffusivity results obtained in pure 8CB are shown, while in
Fig. 2a the results obtained in a 8CB-LCM sample (� = 0.03) during a cooling and a
subsequent heating runs are reported. With respect to the pure material, the minima in
the 8CB-LCM thermal diffusivity profiles corresponding to the NI phase transition are
broadened by the presence of the micelles and shifted to lower temperature values. As
already found in the previous ac calorimetry investigations [7] and in more recent PPE
thermal conductivity and specific heat measurements [30], a significant hysteresis can
be observed also in the thermal diffusivity profiles between heating and cooling runs,
the minimum over the NI phase transition observed during the heating run being shifted
to higher temperature value in comparison with that obtained during the cooling run.
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Fig. 1 Thermal diffusivity profile over the smectic A–isotropic I range in pure homeotropic 8CB LC sample

On the contrary, an almost bulk-like sharp profile of the dip over the nematic–smectic
transition temperature TNA has been found where a less evident hysteresis can also
be observed between heating and cooling run. Finally, the thermal diffusivity values
are very similar to the ones obtained with the pure 8CB sample, particularly in the
smectic phase. In this respect, it is worth to note that the measurements in the pure
8CB sample have been obtained in a sample cell whose walls had been treated with
surfactant in order to promote the LC molecules orientation orthogonal to the cell walls
(homeotropic alignment) and, hence, parallel to the heat flux. Since the 8CB thermal
diffusivity is an anisotropic property, with the D value along the main molecular axis
approximately three times larger than the orthogonal one [31], the above-mentioned
similarity in the D values in the A phase implies a similar degree of homeotropic
alignment in the pure sample and in that with micelles.

In Fig. 2, the thermal diffusivity profiles obtained for the other two micelles concen-
trations, namely � = 0.06 (Fig. 2b) and 0.12 (Fig. 2c), are reported. The comparison
of these results with the ones obtained in the � = 0.03 sample shows that during
the cooling runs the TNI transition temperature is progressively shifted downward for
increasing micelles concentration. On the contrary, the TNI values corresponding to the
heating runs are very similar regardless of the � value. As for the NA phase transition,
the TNA values and the thermal diffusivity minima over such a temperature range are,
at least in the investigated � range, almost independent on the micelles concentration.
This confirms that the N material is well refined from micelles before it turns into the
A phase. In addition, a small hysteresis can be observed, being both the TNA values
and the extent of the D variations larger during the heating runs.

An explanation for these results could be proposed thanks to the simultaneously
performed polarization microscopy observations. Upon cooling from the I phase, the
nucleation of the first N domains begins at one of the sample cell walls and, when
they get to touch both walls, they align homeotropically with I material all around.
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Fig. 2 Thermal diffusivity
profiles in 8CB-LCM with
� = 0.03 (a), � = 0.06 (b) and
� = 0.12 (c) sample during
cooling (black)and subsequent
heating (gray)
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Fig. 3 Polarization microscopy images taken on the same area in 8CB-LCM sample with � = 0.06 during
cooling at T = 36.8 ◦C (a); T = 31.2 ◦C (b) and during subsequent heating at T = 37.5 ◦C (c)

The homeotropic alignment is achieved since part of the DDAB surfactant used to
produce the micelles is deposited at the cell walls where it acts as an aligning agent
for the nematic domains. As shown in Fig. 3a, the homeotropic N domains appear as
uniform dark areas bounded by birefringent borders, where the LC molecules align-
ment deviates from the homeotropic one, and they are surrounded by non-birefringent
I material.

Upon further cooling, the N domains grow in number and size until islands of
isotropic materials remain, having a large concentration of micelles due to their pro-
gressive expulsion from the nucleating N domains. In this respect, it is worth reminding
that in the several mm thick samples the micelles migration occurred vertically through
the horizontal interface between the separated N and I phase [12]. On the contrary, the
present results indicated that in thin samples the micelles expulsion toward the resid-
ual I islands occur in the horizontal plane through the N domains limiting surfaces.
Therefore, an accumulation of micelles in the N material areas nearest the interface
with the isotropic volumes is expected. As shown in Fig. 3b, when all the N material
outside the micelles-rich I islands has turned smectic, a network of fine grained defects
appears only around the border of the I islands confirming that these smectic areas
posses a larger micelles concentration with respect to the ones further away from the
islands. Such finding is consistent with the sharp dip shown by D over the NA transi-
tion since most of the nematic material turning smectic is almost depleted of micelles.
In addition, the small hysteresis observed in the D profiles between heating and cool-
ing runs over NA transition supports the idea that, over such a transition, an additional
reduction in the micelles content in the final smectic phase is obtained with respect
to that having already occurred during the I–N conversion. Finally, it must be pointed
out that the lighter areas appearing within the I micelles-rich islands correspond to
birefringent N domains still surviving down to the smectic temperature range because
of their relatively large micelle content.

Upon heating form the smectic phase, the order of events is reversed with respect
to what occurred during the cooling run. The defects around the I islands become
visible again and those are the areas which turn nematic at the lowest temperature
because of their corresponding larger micelle concentration. Upon further heating,
the size of the I islands starts to increase since the N material close to their borders
begins to convert into the I phase. There are also areas where the N material starts
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melting to isotropic which correspond to the bright spots observed in Fig. 3c. In
fact, the presence of isotropic material detaches the N domains from one of the cell
walls, thus destroying their homeotropic alignment and making them birefringent
again. Owing to the micelles separation process occurred during the cooling run, the
nematic material turning isotropic during the heating run has a much lower micelles
content than the isotropic material turning nematic in the cooling run. Therefore, the
TNI transition temperature is shifted to larger values with respect to those observed
during the cooling run. In this respect, the similarity of the TNI values obtained during
the heating runs for all the samples can be ascribed to a common micelles content
which had been retained, during the previous cooling run, in the nucleating nematic
and smectic material, irrespective of the initial micelle concentration. Finally, upon
further heating the melting to the isotropic phase progresses until all the material
becomes isotropic.

3 Conclusions

In this work, we have used a PPE setup to analyze the phase transitions in 30µm
thick 8CB-LCM samples by combining the thermal diffusivity measurements with the
simultaneously performed polarization microscopy observations. This kind approach
has proven to be very effective for the investigation of phase transitions thanks to the
possibility to combine different kinds of simultaneous measurements, on the same
sample, under the same experimental conditions.

It was found that, upon cooling from the I phase, the micelles are progressively
expelled from the nucleated N domains and remain confined within islands of residual
I material which can survive down to temperature values corresponding to the smectic
range. Unlike the case of thick samples, where the micelles migration occurs through
the horizontal interface between the gravity-separated N and I phase, in thin samples
the migration is shown to occur through the nematic domains lateral limiting surface.

A hysteretic behavior has been observed in the thermal diffusivity profiles over the
NI phase transition temperature range because of the larger micelles content in the
isotropic material turning nematic during the cooling run with respect to the nematic
turning isotropic in the subsequent heating run.

Finally, the almost bulk-like dip of the thermal diffusivity over the NA phase transi-
tion indicates that a significant number of micelles are expelled during the nucleation
of the nematic phase and, therefore, almost micelles-free N phase undergoes the phase
conversion into the A phase. In addition, a small hysteresis has been observed also
over the NA transition reflecting a further micelles expulsion occurring as the sample
cools from the N to the A phase.
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