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Liquid crystal — liquid crystal and liquid crystal — isotropic liquikt transitions of several
materiais are studied using a number N, where N is defined as the ratio »'/h, h and h' being
the heights of the transition peaks at heating rates 'f'p and 27",, respectively. N is found close
to two, which shows that a heat capacity increase occurs near the transition temperature, in
agreement with the current theories describing these transitions.

In Part | of this paper [1], theoretical expressions are derived for a number N, de-
fined as N =h'/h, where h is the height of a transition peak for a mass of sample m
and a heatlng rate Tp and A’ is the height of the same peak for a mass 2m or a heating
rate 2T Values of V are given for different types of transition. Two main pieces of
|nformat|on can be deduced from the measurement of A. The first one is connected
with anomalous values of N and the other one with an estimate of the relative impor-
tance of the first and the second order components in a phase transition. The transi-
tion between a nematic (or cholesteric) phase and an isotropic liquid phase is of first
order, but is usually described as ""a weakly first order” transition [2]. The purpose of
this paper is to apply the measurement of N to several low molar mass or polymer
liquid crystalline systems.

Phase transitions in liquid crystals

Liquid crystals are one of the sub-classes of mesomorphic materials (materials
having properties and structures intermediate between a true crystal and a true liquid).
Liquid crystals can be roughly described as sets of molecules having no long range
positional order but only a long range orientational order. There are several possibili-
ties for such a molecular arrangement, called nematics, cholesterics or smectics (see for
example ref. [2]). Low molar mass liquid crystals are the most well known, but it is
also possible to obtain liquid crystalline phases with polymers, either in the bulk or
in solution.
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The liquid crystal to isotropic liquid {LC — L) transition has been studied mainly
in two ways. The first one is to consider the isotropic liquid, and the second the liquid
crystal phase.

The isotropic liquid was studied by De Gennes [3] who used a Landau type theory.
This theory involves a power series expansion of the Helmholtz free energy F near the
transition in terms of an order parameter S. The deductions which can be made con-
cerning magnetic birefringence, flow birefringence, light scattering intensity and shear
viscosity are all consistent with experiments. The transition is of first order, with a
strong second order component.

Numerous theories describe the liquid crystalline phase, and it is beyond the scope
of this paper to review them (see for instance the review paper of Smith [4]). Most of
the theories are more or less based on the original work of Maier and Saupe. These
authors used a mean field theory with a quadratic S dependence of the interaction
energy between molecules. The main features of this theory and its derivatives are in
agreement with experimental evidence. The theory predicts a first order liquid crystal-
isotropic liquid transition. This result was criticized by some authors who discussed
whether this first order transition could be due to the mean field approximation and
found, by other methods, a second order transition [4]. The results are less certain
when smectic phases are involved since their description is not fully established.

As seen above, the exact nature of phase transitions involving liquid crystalline
phases is not well known. From an experimental point of view, the easiest way to
study these phase transitions is to use a calorimetric tool. As seen in Part |, the
problem is that the recorded heat power (for DSC) is a mixture of the enthalpy and
the specific heat capacity contributions. This can be illustrated in the following
manner: due to long range fluctuations of the order parameter near the transition, the
specific heat capacity is supposed to increase a lot up to the transition point, as drawn
in Fig. 1. At the transition temperature, a first order phase transition takes place with
a transition enthalpy AH (Fig. 1). The recorded DSC peak will be the mixture of these
two contributions, and N will strongly depend on the relative -importance of the
specific heat capacity and the height of the peak. If the specific heat capacity is small,
even its strong increase at the transition will not affect A, which will be a first order
phase transition (Fig. 2.a). In the opposite case, N will reflect the increase of the
specific heat capacity, and should be near 2 (Fig. 2.b).
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Fig. 1 Schematic liquid crystal — isotropic liquid transition. Ty transition temperature,
H: enthalpy, Cp: heat capacity
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Fig. 2 Schematic DSC trace for a liquid crystal — isotropic liquid transition. a: heat capacity small
compared to the height of the peak, b: heat capacity iarge compared to the height of the
peak

Several liquid crystalline materials will be studied, and the number AV measured.
Its value will be discussed in the light of the theoretical results exposed above.

Experimental section

p-Azoxyanisole (PAA) was supplied by Fluka. A smectic and cholesteric sample
for thermometry, labelled TM75A, was used as received from BDH. Hydroxypropyl-
cellulose (HPC}, M,, = 60.000, from Hercules, was dehydrated at 100°C prior to use.
Cellulose triacetate (CTA), supplied by Fluka was mixed with trifluoroacetic acid
(TFA) at room temperature for several hours and studied in the following three days.
Measurements were performed with a Perkin—Elmer DSC 2 calorimeter.

Results and discussion

p-Azoxyanisole

Figure 3 shows a DSC trace of p-azoxyanisole: the first peak at 117° is the
crystal > nematic transition peak. Its V value is 1.4 (measured with f'p =25, 5 and
10 deg min—1). The second peak at 135° is the nematic = isotropic liquid transition
peak. Its N value is 1.3 (same heating rates). These two NV values are typical of first
order phase transitions (see Part |).

The heat capacity of PAA is small compared to the height of the peak. Even if an
anomalous second order phenomenon occurs, increasing the heat capacity jump under
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Fig. 3 Experimental DSC trace of p-azoxyanisole. Cr: crystal, N: nematic phase, Iso: isotropic

liquid

the nematic = isotropic liquid peak by 100% or 200%, it cannot shift N towards two
in a detectable way. It is the case shown in Fig. 2.a.

TM75A

Figure 4 shows a DSC trace for this material. The two peaks at 41° and 53° corre-
spond respectively to the smectic — cholesteric and cholesteric = isotropic liquid
transitions. The N values were measured for low heating rates (0.62, 1.25 and
2.5 deg/min) since the peaks are close together, and found to be 1.9 for the first peak
and 1.8 for the second one. TM75A is a favorable case since its heat capacity is large
compared to the height of the peaks. The smectic = cholesteric peak is enlarged in
Fig. 5. Even by taking into account the variation of heat capacity between the two
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Fig. 4 Experimental DSC trace of TM75A. Sm: smectic phase, Ch: cholesteric phase, Iso: isotropic
liquid

phases under the peak, it is impossible to find a N value so close to two. The only way
is to suppose that a second order component plays an important role, as in Fig. 2.b.
This is what is theoretically predicted.
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Fig. 5 TM75A: the smectic A — cholesteric transition. Sm: smectic phase, Ch: cholesteric phase

Cellulose triacetate — trifluoroacetic acid cholesteric solutions

This kind of lyotropic liquid crystal polymer undergoes a mesomorphic-isotropic
solution transition upon heating [5]. The peak is well defined, but very small. No
precise explanation is available for describing the transition since several theories
exist [6]. The determination of N for this transition gives 1.85 (concentration of
polymer: 26% by weight). The number N is very close to 2 and this can be explained
if it is the melting of an impure solution, or the end of a dissolution process or if there
is a strong second order component in the transition. The materials used are pure, and
the second hypothesis is not valid [6]. So, this high value of N probably reflects that
a liquid crystal (nematic) — isotropic solution transition is only weakly first order.
This resuit is close to the case of TM75A. This is consistent with new theories of semi-
flexible mesomorphic polymers [7, 8] using Landau and Maier—Saupe type theories.

Hydroxypropyicellulose

Hydroxypropylcellulose was found to be a thermotropic liquid crystal between
160° and 205° [9]. Upon heating, a DSC trace shows only one peak, which corre-
sponds to two transitions, the crystal — liquid crystal ané the liquid crystal — isotropic
liquid ones {Fig. 6). The N value is 2.6. This anomalous value reflects a two-transition
phenomenon, as in the case of N-methylmorpholine N-oxide {see Part 1). Indeed, these
two peaks can be detected upon cooling, as is usual for monotropic liquid crystals
(Fig. 6). The first use of the N number, i.e. the detection of anomalous transition,
finds here another application.
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Fig. 6 Experimental DSC trace of hydroxypropylcellulose
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Conclusion

The use of the number N for studying the liquid crystal = isotropic liquid transition
gives the following results: liquid crystals with a small heat capacity compared to the
height of the peak show the first order component of the transition. On the contrary,
liquid crystals with a large heat capacity have a N number close to two, which cannot
be understood without involving a large increase of heat capacity at the clearing point,
in agreement with the theoretical predictions. A liquid crystal = liquid crystal {smectic
A — cholesteric) transition gives the same result. All these results imply that the
measurement of enthalpies of these transitions should be carried out with care. If N
is close to 1.4, measured enthalpies reflect the enthalpy of the first order component
of the transition, and it is correct. If NV is close to 2, the area of the peak is not directly
connected with the enthalpy of the transition since the baseline line under the peak is
not flat.

In conclusion, the number AV seems to be a very useful tool to characterize the
liquid crystal = isotropic liquid and liquid crystal = liquid crystal transitions. A lot of
work has now to be performed to check that it is applicable to all the transitions
found for liquid crystal materials. It is, of course, beyond the scope of this paper to
consider all the types of mesomorphic phases and all the transitions they can undergo.
The main purpose of the present paper is to give preliminary results showing that the
use of the number N is likely to provide valuable information on phase transitions in
liquid crystalline materials. In the near future, this new concept could be applied with
benefit to other low molar mass liquid crystalline systems, such as alkylcyanobi-
phenyls. This could explain, in particular, considerable discrepancies between the dif-
ferent transition enthalpy measurements [10, 11]. It is also planned to use the number
N in the study of phase transitions in lithium stearate, which are currently under
investigation in our laboratory [12].
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Zusammenfassung — Fiir verschiedene Materialien wurden die Ubergénge Fliissigkeitskristall ~ Flis-
sigkeitskristall und Flussigkeitskristall — isotrope Flussigkeit untersucht, wobei eine Zahl A/ einge-
fiihrt wurde, die als das Verhiltnis #'/h der Hohen der Ubergangspeaks bei den Aufheizgeschwin-
digkeiten Tp bzw. 2T, definiert ist. Es wurde festgestellt, da8 A/ nahe 2 ist, was zeigt, daB in
Ubereinstimmung mit den diese Ubergiinge beschreibenden aktuellen Theorien die Wirmekapazitat
in der Nahe der Ubergangstemperatur ansteigt.

Peslome — M3yueHbl ANA HEKOTOPbLIX BeUecTB Nepexoasl TUNAa XXUAKHUIA KpUCTann-KUAKWA Kpuc-
Tann v XUOKWA KPUCTANN-M30TPONHAR XUAKOCTb, Ucronb3yR napametp N, onpegenAemsiii OTHO-
wenuem h'/h, rpe h n h'-BbicoTa NMKOB NepexoAa NpU CKOPOCTAX Harpesa, cCOOTBETCTBEHHO,
1'" n 2T, Halnensbiit napameTp N 6IM30K K 3H3YEHMIO 2, 4TO CBUAEBTENLCTBYET O6 YBENUYEHHN
TENNOEMKOCTH OKONO TeMNepaTypbl Nepexoad. JTO ABMNEHWE COrNacyeTcA ¢ TEOPUAMM, MPUHA-
TbIMM ANA OMUC3HUA TAKNX NEPEXOAOB.
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