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Thermotropic Liquid Crystals

Kazuko S. Kunihisa

Thermotropic liquid crystalline phases and the polymorphs are reviewed.
behaviors mainly related to nematic phase and the thermodynamical conditions.

cholesteric phase and the polymorphs,

1, Reentrant
2, Blue

3, Two stage phenomenon at a cholesteric-smectic

transtion. 4, Polymorphs of smectic phase including two new phases. 5, Discotic mesophase

and the polymorphs.

6, Intermediate solid polymorphs and impurities. 7, Liquid crystalline

mixtures (Binary system of aliphatic esters of cholesterol).
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Fig. 1 Isobaric (x, T) pahse diagram between p-
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Fig. 2 Measured nematic-smectic A phase boun-
dary of COOB. Solid curve is the best fit of
an ellipse to the data.!V
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Fig. 3 The microscopic views from the occurrence of the spherulite of cholesteric tex-
ture to the appearance of the solid phase in cholesteryl nonanoate on cooling.

1: 84.3°C, 2:82.3°C, 3:79.5°C, 4: 73.8°C, 5:73.5°C, 6: 73.2°C, 7: 72.7°C,
8:72.6°C, 9:72.2°C, 10: 43°C.
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Fig. 5 DSC Traces of cholesteryl myristate (2.756
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Fig. 6 Selective light reflection A() and optical
rotatory dispersion a(Z) of cholesteryl
nonanoate at the transition temperature
1—11 in the blue phase (91.35°C)."”
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Fig. 7 Thermoanalytical microscopy at the smectic-cholesteric transition of cholesteryl nonanoate.

Sample weight, 2.87 mg, scan rate, 0.3 K/min.

Photos: 1 & 12, smectic; 3 & 8, cholesteric dark homeotropic, 4 & 7, cholesteric red homeotro-

pic, 5 & 6, cholesteric green homeotropic.?
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Table 1  Transition temperatures and the heats of bis-(4"n-

heptyloxybenzylidene)-1 »4-phenylenediamine.?%

Transition temperature -
Transition heat

Peak number* (°C) Transition Cal/g
Tb Tm Te

T 111.2 1151 116.0 C,-Cs } 668
2 1160 1163 1175 C2-C; ’
3 1263 1272 1297 C3-Sk-Sg 2.78
¥ 129 130 131 Sg-Sg ~01277
4 1430 1473 1501 S¢ - Sy 5.22
5 151.3 1537 1568 Su-S; 0.993
6 1602 1607 1620 S;-Sk 0.234
7 1637 1674 1707 Sg-S¢ 1.50
8 1878 1921 1938 S¢-N 1.68
9 2289 2349 2364 N-I 1.00

* With reference to Figure 9
T Not shown in Figure 9, heating cycle
1 Observed only cooling cycles (see Figure 9)

Ty = temperature at the beginning of the peak
T = temperature at the peak maximum
Te = temperature at the end of the peak

Note: The transition temperature, obtained by DSC agree very closely
with those obtained by optical microscopy up to about 150°. There-
after the DSC temperatures lie progressively higher, the difference
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Fig. 10 Disk-like molecules exhibiting thermotropic mesophases.
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Table 2 Transition values of triphenylene derivatives [Fig. 10, (b)].>)
2 ransit T Al AS
ransition (¢)  (kJmol ") (JK 'mol™")
s 1 C—~Meso 886 231 63.6
n-C,H, U Meso ~1L 1456 188 421
CH C —-Meso 68 36.3 107
" et Meso 1L 97 36 97
_C.H C-~>Meso 66.8 83.3 245
n et Meso —IL 85.6 44 121
. C —Meso 58 71.1 215
n=Cioly Meso 1L 69 19 56
. C —>Meso 103 145 380
~CO-n-CyHy Meso—1L 120 3.2 80
C —-Meso 66 19.7 582
—CO-n-CHu \Meso ~1L 126 29 72
‘ C —Meso 62 956 761
~CO-n=Cellr  \Meso— 1L 125 26 65
. C -~Meso 75 473 136.0
~CO-n-CeHis  Ypjeso— 1L 1255 29 73
C —Meso (1) 87 502 147.7
—CO-n-C,H; {Meso(ﬂ)%l\/{eso([) 108 0.1 0.3
Meso (1)~ 1L 1215 13 39
C —~Meso (1) 79 52.3 1485
—C)-n-C Hy {Meso(H)HMeso(I) 109 0.1 0.3
Meso (1) 1L 120 1.0 2.6
C->Meso (1) 80 711 92013
~CO-n-CHyy {Meso(ﬂ)*Meso(I) 92 - -
Meso (I) ~ 1L 103 0.8 2.1
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Fig. 14 Phase diagram of cholesteryl acetate-
cholcsteryl octanoate binary system on
heating. 1, CA crystals and CO crystals;
11, Cholcterlc phase and CO crystals; 111,
Cholesteric phase: 1V, Cholesteric phase
and CA crystals; V, Isotropic melt and
CO crystals: VI, Isotropic melt and CA
crystals; VII, Isotropic melt.®
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Fig. 15 The transition temperatures of CA-CO
system on cooling, 5)
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Fig. 16 Reheating of spherulitic solid (x¢a=
1, 295.1 K: 2,310.6 K; 3,353.0K, 4,357.3K;
5,358.3K; 6,361.4K; 7,364.4K; 8 365.2K.
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