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High-resolution adiabatic scanning calorimetry and differential scanning calorimetry have been employed to
study the thermal behavior of an organo-siloxane tetrapode reported to exhibit a biaxial nematic phase. No
signature of the uniaxial to biaxial nematic phase transition could be retraced in sequential heating and cooling
runs under different scanning rates, within the experimental resolution. The results obtained reveal that an
extremely small heat should be involved in the uniaxial to biaxial nematic phase transition. The isotropic to
uniaxial nematic transition at 318�0.01 K is very stable, and it is weakly first order with a rather small latent
heat of 0.20�0.02 J /g.
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I. INTRODUCTION

The existence of the biaxial nematic phase was theoreti-
cally predicted in 1970 by Freiser �1� in terms of a general-
ized Maier-Saupe theory. Theoretical phase diagrams were
proposed right after by Alben �2� and Straley �3�, and the
first experimental proof appeared a few years later for a lyo-
tropic system �4�. On the contrary, in thermotropic systems
the situation remained elusive for many years �5�. In the late
1990s, some reports on biaxiality appeared, but only in
samples sandwiched between glass plates or in free-standing
films �6,7�. It was only in the last five years that new reports
on thermotropic biaxiality came out for liquid crystalline
polymers �8,9�, bow-shaped liquid crystals �10–15�, and
liquid-crystalline organo-siloxane tetrapodes �16–18�.

The first experimental indications of thermotropic biaxi-
ality attracted immediately a significant interest in this field
of research �19�, also, because of the high potential for ap-
plications. The orientation of the secondary director exhibits
remarkably improved response times to an applied external
field, compared to the ones of the primary director �20,21�.
Illatively, the existence of a thermotropic biaxial nematic
phase in ambient temperatures is expected to give a new
boost to liquid crystal display technology. Simultaneously
with the experimental search for thermotropic biaxiality, a
great interest was raised for theoretical and simulation stud-
ies on systems exhibiting isotropic �I�, uniaxial nematic
�NU�, and biaxial nematic �NB� phases �22–32�.

Any kind of direct information concerning the type of
NU-NB phase transition �e.g., first or second order, universal-
ity class� has been completely absent from the literature so
far. High-resolution calorimetric measurements can shed
light on this point and, moreover, they can be employed to
explore the fascinating theoretically proposed phase dia-
grams. In some initial studies these diagrams were consid-
ered to have a special kind of critical point, where two lines
of second-order transitions merge with a line of first-order

ones in a sharp cusp �2,3�. In recent studies, they are ex-
pected to include a tricritical point where a line of second-
order transitions meets a line of first-order ones and a Landau
�triple� point where all three phases I, NU, and NB coexist in
equilibrium �22,26,30�. Consequently, apart from the great
interest for applications, the existence of a thermotropic NB
phase and the study of the NU-NB transition are also intrigu-
ing from a fundamental point of view.

II. MATERIALS AND METHODS

The compound under investigation is an organo-siloxane
tetrapode—namely, compound A in Ref. �16�—and it was
synthesized in the Chemistry Department at the University of
Hull. Further down we will refer to it as DW-16. Its chemical
structure and phase sequence are shown in Fig. 1. Each mol-
ecule of DW-16 consists of four �asymmetric� mesogens
connected to a siloxane core through spacers. Infrared �IR�
absorbance and conoscopic measurements have shown for
this tetrapode an I-NU transition at �320 K and an NU-NB
transition at �310 K �16�.

In this work, we employed high-resolution adiabatic scan-
ning calorimetry �ASC� and differential scanning calorimetry
�DSC� to perform a thorough investigation of the thermal
behavior of DW-16. The thermal properties were initially
investigated using a Mettler Toledo differential scanning
calorimeter �DSC 822e� in nitrogen against an indium stan-
dard. Transition temperatures were determined as the onset
of the maximum in the endotherm or exotherm. The ASC
measurements were performed in a calorimeter consisting of
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FIG. 1. Molecular structure, phase sequence, and transition tem-

peratures of the DW-16 compound.
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four stages. The inner stage is a cylindrical cell, and it is
surrounded by three outer shields. The space between the cell
and the shields is vacuum pumped in order to achieve excel-
lent thermal insulation between them. ASC yields both the
heat capacity �Cp� and enthalpy �H� temperature dependence.
It can easily and reliably distinguish between first- and
second-order phase transitions and reveals subtle features of
Cp�T�. A detailed description of our apparatus can be found
elsewhere �33,34�. For our measurements we used a 10-g
molybdenum cell, which contained 0.237 g of DW-16. In
order to eliminate any possible temperature gradients in the
sample, a small molybdenum stirring ball was inserted in the
cell. Then, by periodically changing the inclination of the
whole apparatus �via an automatized mechanism�, the stir-
ring ball was moving back and forth inside the cylindrical
cell during the experiments. The heat capacity of the empty
cell, which was measured in one separate control experiment,
was subtracted and the result was divided by the sample
mass in order to obtain the net specific heat capacity of the
sample.

III. RESULTS AND DISCUSSION

In this section the results for sequential runs using DSC
and ASC are reported. The initial thermal investigation was
performed by means of DSC using scanning rates between 2
and 20 K /min in the temperature range from 260 to 330 K.
The sequential heating and cooling runs revealed the I-NU
transition between 315 and 320 K, depending on heating or
cooling as well as on the rate used in each run. No peak
could be detected in the range of temperatures where the
NU-NB transition was expected according to previous IR and
conoscopic measurements �16�. The DSC results can be seen
in Figs. 2 and 3 for heating and cooling runs, respectively.

To perform a more thorough thermal study we employed
ASC, using very slow scanning rates �2–3 orders of magni-
tude slower than the ones of DSC�. We carried out a number
of sequential heating and cooling runs in the range between
room temperature and 325 K. Details of the ASC runs are

shown in Table I. Concerning the scanning rates, it is note-
worthy that they represent average values. In the vicinity of a
phase transition the actual rate is slower since the �constant�
applied power is spent on both temperature change and con-
version between phases. Prior to cooling runs the samples
were heated up to the I phase and then stabilized to the initial
temperature.

In Fig. 4 the Cp�T� curve is shown for the first heating
run. The I-NU transition is clearly visible, but no heat capac-
ity anomaly can be detected in temperatures around 310 K,
where the NU-NB transition is expected according to Ref.
�16�. The specific heat capacity and enthalpy temperature
dependence in the area around the I-NU phase transition are
shown on the top and bottom of Fig. 5, respectively. They are
obtained from the second run �see Table I�. The insets show
the magnified data in a short range of 100 mK around the
transition. The I-NU phase transition was always found at the
same temperature TI-NU

=318.06�0.01 K for the different
heating and cooling runs, confirming the high stability of this
compound. This transition is very weakly first order with a
latent heat L=0.20�0.02 J /g released over a narrow tem-
perature range of 22�2 mK. This latent heat is remarkably
small, compared to the usually measured ones for other liq-
uid crystals �35�. The total transition heat �latent heat plus
pretransitional increases� for the I-NU transition obtained by

FIG. 2. �Color online� DSC heating runs of 20, 10, 5, and
2 K /min �from top to bottom�. Note that the thermographs have
been shifted along the y axis.

FIG. 3. �Color online� DSC cooling runs of 2, 5, 10, and
20 K /min �from top to bottom�. Note that the thermographs have
been shifted along the y axis.

TABLE I. The features of ASC scans performed for the DW-16
compound.

Number of run Type of run T range �K� Rate �mK/min�

1 Heating 305.15–325.15 4.5

2 Cooling 325.15–299.15 2.5

3 Cooling 309.15–295.15 2.5

4 Cooling 322.15–295.15 2.5

5 Heating 311.15–323.15 4.5

6 Cooling 313.15–303.15 2.0

7 Heating 295.15–323.15 56.8
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DSC and ASC are in very good agreement, yielding �HDSC
=1.3�0.1 J /g and �HASC=1.27�0.05 J /g, respectively.

A schematic overview of the location of the observed
peaks for all ASC runs is presented in Fig. 6. In the tempera-
ture range where an NU-NB transition was found in Ref. �16�,

no specific heat capacity anomaly is observed in any of the
runs here, as shown in Fig. 7. The maximum Cp noise in
slow scans never exceeded the �1% of the absolute values
and, therefore, it cannot be attributed to any kind of phase
transition. The absence of an NU-NB peak means that this
transition must involve an extremely small enthalpy change,
smaller than the experimental accuracy of 1 mJ /g for our
measurements.

Between the various runs of Fig. 7 one may observe small
differences in the slope of Cp�T� curves. They occur because
of the approach toward vicinal phase transitions—namely,
the I-NU transition in higher temperatures and the solidifica-
tion of the sample in lower temperatures �for this transition
see the text later on�. The data were collected upon heating
or cooling and with different scanning rates, as can be iden-
tified from Table I. As a consequence, the transition tempera-

FIG. 4. Temperature profile of the specific heat capacity for the
first heating run of DW-16. The I-NU transition occurs at 318.06 K,
but there is no visible trace of an NU-NB transition.
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FIG. 5. Heat capacity �top� and enthalpy �bottom� curves for the
I-NU phase transition, with blowups of the 100-mK area around the
transition temperature as insets. In the enthalpy curve a linear back-
ground is subtracted from the original data for clarity. The data
plotted here correspond to the first cooling run �see Table I�.

FIG. 6. A schematic overview of the ASC runs and the observed
peaks. The spikes correspond to the I-NU transition temperature and
the ellipsoidal symbols to the solidification and melting of DW-16.
The shady area, in light-gray color, represents the temperature range
where a signature of the NU-NB transition was expected according
to Ref. �16�.

FIG. 7. A detailed plot of specific heat capacity in the tempera-
ture range between 307 and 313 K, where a trace of the NU-NB

transition is expected. The different data sets have been shifted
along the y axis for clarity. For each case, the number of run cor-
responds to the number written in Table I. The changes of Cp values
are negligible, as can be seen in comparison with the artificially
added error bars of �1%.
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tures and/or the pretransitional effects can be sufficiently af-
fected, resulting in slight changes of the Cp�T� background
further away from transition temperatures. Dissimilarities in
the shape �e.g., sharpness and pretransitional wings� of Cp
anomalies are observable even among different very slow
runs, as comes out from a comparison of the stable I-NU
peak between heating of Fig. 4 and cooling of Fig. 5.

Below 305 K and close to room temperature strongly
first-order transitions have been observed on both heating
and cooling runs. These transitions were very dependent on
the scanning rate and the thermal history of the sample, and
they are attributed to the solidification �upon cooling� and
melting �upon heating� of the sample. As can be seen in Fig.
8, in the case of slow cooling runs two separate but still
relatively wide strongly first-order anomalies are observed.

Upon the last fast �in terms of ASC� heating run �see Table I�
these two peaks are again observed, but unified as a signifi-
cantly broadened Cp anomaly, which cannot be easily distin-
guished if plotted on the same scale as the slow cooling runs
of Fig. 8. The reason why these transitions are not observed
in some of the DSC runs at similar temperatures is possibly
caused by supercooling, due to the very fast rates, and sub-
sequent heating of the sample.

IV. SUMMARY

We have studied experimentally the phase transitions of
an organo-siloxane tetrapode, which was reported to exhibit
an NB phase �16�. In sequential heating and cooling runs, and
within a range of very fast �DSC measurements� down to
very slow �ASC measurements� scanning rates, the NU-NB
phase transition was not discernible. From our measurements
it is concluded that a very small transition heat must be re-
lated to the NU-NB transition, which for DW-16 should be
less than 1 mJ /g. This observation is in accordance with
previous measurements for a bent-core mesogen, where the
transition flaunting under x rays did not leave any thermal
trace in DSC thermographs �14�. On the other hand, the I-NU
transition was very stable and weakly first order with a rather
small latent heat of 0.20�0.02 J /g compared to other com-
pounds �35�.
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