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Critical Anomaly in Heat Capacity of Liquid Crystals
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Phase transitions and critical phenomena have been central subjects in condensed-matter
physics, where calorimetric investigations play a significant role. In this review, we focus on
the study of critical heat anomaly in liquid crystalline phase transitions. Liquid crystals exhibit
amazingly wide variety of phases, and therefore provide attractive examples for studying the
phase transitons and critical phenomena. First, some of the basic liquid crystalline phases are
described, and then elementary ideas of critical phenomena and universality are briefly reviewed.
Developments in high-precision calorimetric techniques have greatly contributed to the investigations
of critical phenomena in liquid crystal systems. In this review, analyses of critical heat
anomalies have been described in detail: necessity of including critical constant term, correction
terms, and also data-range shrinking, etc. Finally, examples of recent investigations are shown.
The critical heat anomaly observed in antiferroelectric liquid crystals exhibits crossover from
3D XY to tricritical behavior. The results on the de Vries Sm-A0 Sm-C phase transition are

also displayed.
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Fig.1 Model structures of the isotropic phase (a), the
nematic phase (b), the smectic A phase (c), and
the smectic C phase (d).
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Table 1 Universality classes and exponent values. Here,
d stands for the dimensionality of the system,
and n stands for that of the order parameter.
For o values, 0(log) for 2D Ising means a
logarithmic anomaly, while O(step) for mean-
field means a stepwise anomaly.

Universality class d n a B y %

2D lIsing 2 1 0(log) 1/8 714 1

3D Ising 3 1 0.111 0.324 1.241 0.630
3D XY 3 2 [J0.0066 0.345 1316 0.669
3D Heisenberg 3 3 00114 0.362 138 0.705
Mean-field O 0O O(step) 1/2 1 1/2
Tricritical o 0O 1/2 1/4 1 1/2
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Fig.2 Temperature dependence of the anomalous heat
capacity AC, of MHPOBC.27)
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Table 2 Least-squares values of the adjustable parameters for fitting AC, data of MHPOBC with Eq.(5). The units

for Ao and B; are JKo1gol,

O t0 max Te (K) a 103 Ao AC/AD Df Dy Bc X?
0.0003 396.069 0 0.002 26.046 0.982 00.123 0.253 12.8315 1.07
0.0005 396.070 0.062 11.552 1.649 2.382 04.185 00.2760 1.07
0.001 396.070 0.087 8.913 1.918 3.292 04.177 00.1743 0.99
0.003 396.072 0.158 3.1894 3.389 02.138 0 6.415 0 0.0244 1.52
0.01 396.072 0.210 17171 4.651 011.89 0 6.885 0.0099 2.04
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Table 3 Fitting parameters and least-squares values obtained from fittings of the 8422[2F3] AC, data to Eq.(5). The
exponents have been fixed at the theoretical 3D XY values, a0 0.0066, 60 0.524. The units are JK71gol

for Ao and B, and K for T,.

0 t0 max 0t0 min Te 103 Ao AB/A® DY DY Bc X2
0.02 0.003 338.290 15.847 1.006 0 0.004 0 0.020 2.351 1.19
0.03 0.003 338.232 18.035 1.006 00.017 0 0.039 2.670 1.22
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Fig.4 Azimuthal distribution function f(¢) expected for
liquid crystals showing NLS behavior: (a) Sm-
A phase, (b) Sm-C phase.
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