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ABSTRACT

A specially designed differential scanning heat-flux calorimeter is used for the determina-
tion of enthalpy changes in the transitions between mesophases of the octylcyanobiphenyl
(8CB) liquid crystal. Latent heats can be separated from pre-transitional effects in certain
cases and higher-order transitions can be well identified experimentally.

INTRODUCTION

Liquid crystals are substances which have a great variety of intermediate
phases between the isotropic liquid and the crystal phases. The different
kinds of transitions between these mesophases are very interesting as they
allow the verification of some general theories about phase transitions [1].
Some of these are first-order transitions (existence of a latent heat) while in
other transitions there are discrepancies between the theoretical and experi-
mental results [2,3] owing to the presence of small latent heats.

A first-order transition involves a discontinuity in the specific heat ¢ at
the transition temperature 7, so that the approximation limits of C, at T
are different. Because of this fact there is a discontinuity in the enthalpy
values at T, equal to

L=(¢ -G)T, (1)

where L is the latent heat and C; and C, are the limiting values of C, in
the two phases at 7, obtained by extrapolation.
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Suitable values of L can be obtained from C, measurements when
AC,/AT near T, in the two phases is approximately constant. If there are
important divergences of C, (owing to pre- and post-transitional effects) in
any phase, C; and C; values are less well defined at 7. Therefore L values
obtained from eqn. (1) may not have much meaning. In these cases the range
of extrapolation, which depends on the technique used for C, measure-
ments, must be as narrow as possible.

Using typical methods of C, measurements we cannot reach temperatures
sufficiently near 7, (adiabatic pulse type calorimeter [4]) and also we cannot
obtain absolute C, values with good accuracy (isoperibolic pulse calorimetry
[5] and a.c. calorimetry {6,7]). However, depending on the thermal proper-
ties, the size and the shape of the sample, some of these techniques are not
available.

By direct measurement of L using scanning calorimetry techniques such
as DTA {8], DSC [9] and scanning adiabatic calorimetry [10] it may be
difficult to distinguish L from enthalpy changes corresponding to diver-
gences of C, mear 7,. When the scanning rate f is reduced, these difficulties
are less severe, but the response of the device has a poor resolution unless
greater sample masses are used.

There are doubts about the existence of latent heats in some transitions of
liquid crystals as in the case of the liquid crystal octylcyanobiphenyl (8CB).
This has a low thermal diffusivity (10™% cm? s~ ), typical of these materials,
which represents another experimental difficulty.

In this work we analyse the processes crystal-smectic A—nematic—iso-
tropic liquid, taking place in the range 0-50° C, corresponding to the 8CB,
by means of a differential scanning heat-flux calorimeter specially designed
for working at very slow scanning rates. The sensors have a sufficiently high
sensitivity to allow us to obtain good resolution even for small mass samples
(0.1 g). Small samples are desirable in order to minimize the thermal
gradients in the sample working under dynamic conditions, owing to the low
thermal diffusivity.

EXPERIMENTAL
Description of the device

We used a heat-flux microcalorimeter [11] for these measurements. The
AT signal was detected by two thermoelectric modules (Melcor FC06-32-06L)
in opposition. We acquired AT signal (without amplification) through a
microvoltmeter HP 3478A (100 nV resolution) for calibration and kinetic
identification and a Keithley 181 nanovoltmeter (10 nV resolution) for
measurement runs. The temperature signal (7) was measured with a
Solartron 7081 multimeter (10 nV resolution). Numerical data acquisition
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was performed via IEEE-488 with a sampling of 3 values s~ '. The tempera-
ture control system consisted of an electrical resistance surrounding the
calorimeter. For the cooling runs we placed the calorimeter in a Dewar with
a cryogenic liquid. We also used a thermostatic bath (Haake N3, 0.01 K
resolution) that allowed us to obtain very slow scanning rates.

Calibration

A constantan electric resistance (0.05 mm diameter) was used to calibrate
our experimental system using Joule’s effect. The resistance was about 60
and a current of 25 mA flowed for 10 s. The calibration was performed for
two different configurations in order to study the behaviour of the system
under very different experimental conditions. In configuration A the electri-
cal resistance was placed in an aluminium crucible (6 mm diameter, 2.7 mm
height, 35 mg mass). In configuration B we used a glass crucible (§ mm
diameter, 5 mm height, 350 mg mass). We carried out the calibration in the
temperature range —30 to 80°C. The evolution of the sensitivity with
temperature was given by the following expressions for the two configura-
tions. For configuration A

k=—519%x10"3T?*+3.752 T— 304.7

ie. k=1353.8 mV W' for T= 300 K where k (mV W) is the sensitivity.
The correlation coefficient r is 0.9978. For configuration B

k=—-521%x10">T*+3.518 T—291.1

ie k=2954mV W' for T=2300 K and r=0.9988.
Both cases show a sensitivity 30 times the sensitivity of a typical DTA
with the same output register.

Kinetic identification

We have carried out the kinetic identification of our system using the
standard inverse filtering and harmonic analysis techniques [12,13]. In
Tables 1 and 2 we include the poles ( p) and zeros (z) of the transfer
function determined by inverse filtering. As we can see in these tables, the
kinetics of our system do not change appreciably in the range of tempera-
tures studied. In the determination of the poles, the derivation step used has
been 3At, 2Atr and Ar (At, sampling period) for the first, second and
following poles respectively. Because there are no problems of noise in the
identification of the zeros, we have always employed an integration step
equal to Ar. The existence of zeros in the the transfer function makes
possible the identification of four and three time constants (for configura-
tions A and B respectively) with good resolution owing to the attenuation
that occurs in the numerical integration.
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TABLE 1
Time constants (r=—1/p, 7*=~—1/z, p=pole and z=zero) determined by inverse
filtering for the configuration A
T(°) ™ (8) " (9) 7 (8) 73 (8) ™ {s) 74 (3)
-30 14 12 5 45 3.5 0.5
-3 14 12 6 3.8 3.25 <0.3
27 14 11 52 4 2.85 04
37 13.5 9.8 5 41 3 0.5
50 13 10 5.2 4.6 33 0.5
68 13.5 8.5 5 3 21 0.4
TABLE 2
Time constants (tr=-1/p, 7*=—-1/z, p=pole and z=zero) determined by inverse
filtering for the configuration B
T(°O ™ (s) 7 (s) (s) ™ (8)
—27 26 4.4 3.25 1.25
-10 26 42 275 0.8
1 26 42 2.70 0.8
26 26 4.6 31 1.4
46 25.5 4.6 2.8 0.9
67 24.5 44 24 0.7
[FTkdB) - @irad)
Y 225
-90 o]
0.01 o1 1 ViHz)
Fig. 1. Transfer functions (modules and phases) for configuration A (t*=—-1/z, r=—1/p):

curves a, experimental; curves b, 7, =14 s; curves ¢, 7, =14 s, 7* =11s, 7, = 5.2 s; curves d,
n=14s r*=11s 7, =525, i=4s, n,* =2.85s. (Curves a, harmonic analysis; curves b, c,
d, inverse filtering.)
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Fig. 2. Transfer functions (modules and phases) for configuration B(r*=-1/z, r=~-1/p):

curves a, experimental; curves b, 1, =26 s; curves ¢, 1, =26, 1, =4.6 s; curves d, 7, = 26 s,
T =465, * =315, ;=14 s. (Curves a, harmonic analysis; curves b, c. d, inverse filtering.)

In Figs. 1 and 2 we represent the transfer functions (modules and phases)
obtained by harmonic analysis corresponding to a temperature of 30°C.
These figures show that the transfer functions are well established up to a
frequency of 0.70 Hz (configuration A) and 0.35 Hz (configuration B). We
also include in Figs. 1 and 2 the partial transfer functions identified by
inverse filtering under the same conditions.

Figures 1 and 2 show that there is good concordance between the transfer
functions determined by harmonic analysis and inverse filtering up to 0.4 Hz
(configuration A) and 0.2 Hz (configuration B). Both identification tech-
niques prove that our system, with configuration B, has a main time
constant of approximately 26 s, including sample and glass crucible. If it
were possible to use a metallic crucible, this characteristic time would be
half the previous time. This difference emphasizes the dynamic importance
of the addendas to our system. In the worse case, we accept that the AT
signal is completely released 3 min after the end of the thermal effect.
However, the great sensitivity of our calorimeter makes possible measure-
ments with very slow scanning rates (about 107* K min~"') and with good
resolution. The values of the release time and the sensitivity enable our
device to study samples with small thermal diffusivities.

We need to employ the above glass crucible because the liquid crystal
8CB etches the aluminium. The sample mass is about 100 mg.
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RESULTS AND DISCUSSION

The liquid crystal 8CB presents three transitions between the crystal and
the isotropic liquid phases: crystal-smectic A-nematic—isotropic liquid.
These transitions are represented in Figs. 3-5. We include in Tables 3-5 the
enthalpy changes (AH) and temperatures corresponding to these processes.
Crystal-smectic A transition. We studied the crystal-smectic A transition
(see Table 3) using heating rates of about 0.1 K min~'. The signal-to-noise
ratio is approximately 90 dB. In Fig. 3 we observe that the return to the
baseline (smectic A phase) is more rapid than the departure from the
baseline (crystal phase).

Since the experimental system kinetics are the same in all the endothermic
processes, the slow evolution of AT at the beginning of the process can be
imputed to pre-transitional effects in the crystal phase.

Smectic A—nematic transition. The scanning rates used for these measure-
ments (see Table 4) are in the range 10 °-0.2 K min~'. The AT signal for
this process is very small having a signal-to-noise ratio of 35 dB for §=0.2
K min~'. All the thermograms present a distinctive shape (Fig. 4) which
does not change appreciably with the scanning rate.

Nematic—isotropic liquid transition. The scanning rate employed are in the
range 107°-0.2 K min~'. The signal-to-noise ratio is 70 dB for 8=0.1 K
min ! (see Table 5). We observe light pre-transitional effects in the nematic
phase before the break point where the latent heat appears, corresponding to
a first-order process (Fig. 5). When the scanning rate is reduced, pre-transi-
tional effects merge into the baseline of the thermogram.

Owing to the great sensitivity of our experimental system, we have been
able to analyse the shape of the thermograms corresponding to the transi-
tions nematic-isotropic liquid and smectic A-nematic using very slow
scanning rates. Under these conditions, and taking into account the small
release time of our device, it is possible to determine the AH values for
first-order processes and/or the evolution of C,, not measurable with

TABLE 3

Typical AH values from several runs with different scanning rates () for the crystal-smectic
A transition (T;-T;, temperature interval for integration of peak area)

AH (k] mol™1) T,-T,(°C) B (°Cmin™1) Reference
29.19 19.0-22.7 0.1 This work
29.15 19.8-22.9 0.095 This work
29.30 19.3-22.3 0.074 This work
291+1.0 17.2-22.0 about 0.001 2
253401 24 5 14
25.3 21 - 15

23 211 - 16
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Fig. 3. Crystal — smectic A transition for 8 =0.1 K min™.

TABLE 4

Typical “A H” values associated with the peak of smectic A—nematic transition from several
runs with different scanning rates (f) (7;-T;, temperature interval for integration of peak
area)

“AH” (k] mol™") T,-T, (°O) B (°Cmin™") Reference
0.098 34.1-32.0 -0.13 This work
0.102 31.8-33.1 0.026 This work
0.014 33.0-331 0.0028 This work
0.021 32.6-32.8 0.0019 This work
0.019 32.6-32.8 0.0012 This work
0.218 31-37 about 0.001 2
0.13 34 5 14
0.126 32 - 15
0.2 335 - 16
-25

=)
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Fig. 4. Smectic A — nematic transition for 8 = 0.026 K min~'.
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TABLE 5

Typical AH values from several runs with different scanning rates (8) for the nematic-iso-
tropic liquid transition (7; -7}, temperature interval for integration of peak area)

8H (kI mol™ 1) T,-7,(°C) B8 (°Cmin™ 1) Reference
0.711° 39.5-40.6 0.15 This work
0.605 ° 39.8-40.4 0.15 This work
0.763 2 39.6-40.7 0.11 This work
0.613° 40.0-40.5 0.11 This work
0.750 2 39.7-38.5 —-0.019 This work
0.631° 39.7-39.5 -0.019 This work
0.674 2 40.2-39.7 —0.006 This work
0.615° 40.2-40.1 —0.006 This work
0.631 39.7-39.2 —0.003 This work
0.597 39.9-39.7 —0.0012 This work
0.595 39.9-39.7 —0.0013 This work
0.612 +0.005 about 0.001 2

0.97+0.08 42 5 14

0.878 40 - 15

0.7 40.5 - 16

# These values include the pre-transitional effect and latent heat.
® Value associated with the latent heat for the same peak.

conventional DTA or DSC systems. In Figs. 6 and 7 we represent the
processes isotropic liquid — nematic and smectic A — nematic for § = 1.1 X
10 % and 1.7 X 107 K min.

The change in the shape of the thermograms for the isotropic
liquid—nematic transition (Figs. 5 and 6) when the scanning rate decreases is
typical for first-order processes. However, for the smectic A-nematic transi-
tion (Figs. 4 and 7) the AT signal decreases with the scanning rate, but we
do not observe any change in the shape of the peak. Also the peak area for

- 800

AT{uV)

388 TeC) 415

Fig. 5. Nematic — isotropic liquid transition for 8 =0.15 K min !,
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Fig. 6. Isotropic liquid — nematic transition for 1> 8=—-11x10"* K min~' and 2 > 8 =

—1.7%1073* K min "L

the smectic A—nematic transition depends strongly on the scanning rate (see
AH values in Table 4). Because of these facts we think that the smectic
A—nematic may be a higher-order transition. The shape of these thermo-
grams, typical for higher-order transitions are very similar to the evolution
of C, obtained by means of adiabatic and a.c. calorimetry [2,17,18].

The results described in this paper clearly show that our experimental
system, in spite of its simplicity, is very suitable for studying these kinds of
transitions in liquid crystals because of the high sensitivity and fast re-
sponse.

Pre-transitional effects in first-order transitions can be evaluated or their
contribution to the total enthalpy changes (depending on the scanning rate)

1

AT{pV)

326 TeC) 329

Fig. 7. Smectic A — nematic transition for1 - 8=1.1x10"*Kmin 'and2 —» 8=1.7x10"?
K min™ ",
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minimized. This is another reason for the good accuracy of the latent heat
measurements.
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