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Phase Behavior of Thermotropic Cubic Mesogens under Pressure

Yoji Maeda

(Received August 18, 2007; Accepted September 28, 2007)

There are two pressure dependences in the phase stability of the cubic phase of optically

isotropic, thermotropic liquid crystals possessing linear molecular structures. In the first case,

the cubic phase is destabilized by applying pressure, and finally disappears under high pressure,
as seen in 4'-hexadecyloxy-3'-nitrobiphenyl-4-carboxylic acid ANBC(16), 1,2-bis-(4-n-octyloxy-
and 4-n-decyloxybenzoyl)hydrazine, BABH(8) and BABH(10). Triple point can be seen in their
T-P phase diagrams, indicative of upper limit of pressure for the formation of the cubic phase.

In the second case, the cubic phases are held stable under high pressure. The cubic phases of

the 14PCsF polycatenar compound and EPABC liquid crystal belong to the second class. We

introduce the experimental results of different phase behavior of these cubic phases under pressure.

Keywords: thermotropic liquid crystals; optically isotropic cubic phase; T-P phase diagram;

phase stability; triple point
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Scheme 1 Chemical structures of the liquid crystalline compounds showilng optically isotropic cubic phase.
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Fig.1 T-P phase diagram of ANBC(16) made in the
heating mode using the high-pressure DTA
apparatus. Heating rate: 5°C min—'. I», isotropic
liquid of ANBC(16) monomer; I;, isotropic liquid
of ANBC(16) dimer; SmA, smectic A phase; Cub,
cubic phase; Col, columnar phase; SmC, smectic
C phase; Cry, crystalline phase.
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Fig.2 Phase behavior of ANBC(16) on cooling under

various pressures which was measured using
the high-pressure DTA apparatus. Cooling rate:
ST min-1.
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Fig.3 T-P phase diagram of ANBC(20) made using the

high-pressure DTA apparatus. Heating rate: 5C
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Fig.4 T-P phase diagram of ANBC(22) made using the

high-pressure DTA apparatus. Heating rate: 5C
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Fig.5 T-P phase diagram of BABH(8) made using the

high-pressure DTA apparatus. Heating rate: 5C
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Fig.6  T-P phase diagrams of BABH(11) and BABH(12)
made using both the high-pressure DTA and high-
pressure POM apparatus. Heating rate used with
high-pressure DTA: 5 C min —'. Heating rate used

with the high-pressure POM: 1 ~2C min-!.
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Fig.7 Schematic diagrams of Gibbs free energy-

temperature relation for BABH(8), BABH(10),
BABH(11), and BABH(12).
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Table 1 Thermodynamic quantities of the phase
transitions for ANBC(16) and BABH(8).

Clapeyron equation ‘
dT/dP = AVIAS =TAVIAH

BABH(8)
Phase AH AS (dT/dP)1am AV
transition kJmol ! JK~!mol ! cm?3 mol !
Cr—Cub 51.8 127.1 0.3476 44.1g
‘CubaSmC 1.34 3.1 —0.1160~—0.2273 —0.36~—0.7¢ ‘
SmC I 7.17 16.4 0.3014 4.9,

AV (=Vsmc—Vew) < 0

ANBC(16)
Phase AH AS (dT/dP) 1aim AV
transition kJmol ! JK~!mol ! cm?3 mol ~!
Cr—SmC 38.5 96.7 0.350, 33.9
SmC-Cub 0.6 1.3 05910 08 |
Cub—SmA 1.5 3.1g 0.258s 0.8
SmC —1 1.0 2.1, 0.248, 0.5

AV (=Vcu — Vsme) > 0

I AV F — WA O BAERLT & D RVIRE TRET S

720, KRN Cub A, FRMNCSmC AL, —F
BABH(11) #BABH(12) D¥;41d Cub & SmCAHHO LA

U — AR R & D) BT A 700, HIETIE

WICCubMAZTH DN L LHESND, CubMDOEEELS
FEIERE SN H HFEIFGibbs HIH T AV F——ift
JE i EC Cub MO T AV F— A EMIcy 7 b A 2

EEREMT A, IS5 BABH(8) BABH(10) TIXHET
EIINIC & 1) Cub-SmC BRI T L, S5 25
K3 % & Cub I L SmCHAEDN, F7/2BABH(11),
BABH(12) TIIEJIEIMZ & ) B—D Cub A7 1
FEACTHZ, RbVIZSmCHIDIHND LIHETE D,

4.3 ANBC(16) &BABH(8) ®SmC-Cub &#BIZDW\T

AT, ANBC(n) ;RIS T Cr-SmC-Cub-1 DA
% /R9—7, BABH(8) ZU'BABH(10) (& Cr-Cub-
SmC-1DHFEREZ & 1), SmCH & Cub HDOHRH A%z
LTwh, v < O CubfhidHiE D ANBC(n) L [H L
MR RG22 & 52 EH% v, 22 TANBC(16) &
BABH(8) ®SmC-Cub E:#£12D T Clapeyron DT % j# H
LT D & EERCERAE,»N S, Table 1IZFFED
BT — 5 %Y, ANBC(16) D¥4 SmC-Cub #5211
FUZIEOLE (dT/dP>0) %#/mRL, FiofmBrryne
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SIZSmXH M, ZEREREAN LSBT 5, —13-14 MPa Ll
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Fig.8 Phase diagram of (R,S)-FPPY made using both
the high-pressure DTA and high-pressure POM
apparatus. Heating rate used with high-pressure
DTA: 5C min-!. Heating rate used with the high-
pressure POM: 1 ~2C min—'.

T/

T/ Cr '
60 L | L - T 1 L - L - L
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Fig.9 Phase behavior of (R,S)-FPPY on cooling under
various pressures which was measured using the

high-pressure POM. Cooling rate: 1~2C min .
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Fig.10 T7-P phase diagram of 14PCsF made using the high-
pressure POM. Heating rate: 1 ~2C min—".
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Fig.11 T7-P phase diagram of EPABC made using the
high-pressure POM. Heating rate: 1 ~2C min—!.
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