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Thermotropic and Lyotropic Liquid Crystals: Are They So Different?

Kazuya Saito

(Received March 22, 2005; Accepted April 5, 2005)

Through thermodynamic analyses and considerations on the existing experimental results
on cubic mesophases, the unexpected sharing of the common properties by thermotropic and
lyotropic liquid crystals is demonstrated. In some thermotropic liquid crystals, the terminal
alkyl chain attached to the molecular core is highly disordered as indicated by the magnitude
of configurational entropy. The melt chain serves as intramolecular solvent (self-solvent), as
evidenced by the close similarity between phase diagrams against chain-length and composition
in binary system with n-alkane. These facts lead to the quasi-binary (QB) picture of thermotropic
liquid crystals. The QB picture affords the basis to establish the structural models of cubic
mesophases in classic cubic mesogens, and that to deduce the entropy difference between flat
surfaces and complex surface(s) having complicated geometry such as Gyroid, a triply periodic

minimal surface (TPMS).
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BABH(n) (R = C,Hapy1)

Fig.1 Molecular structures of classic cubic mesogens,
ANBC(n) and BABH(n).
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Fig.2 Experimental heat capacities (open circle and
left ordinate) and configurational entropies (filled
circle and right ordinate) of ANBC(22).9 The
magnitude of the latter indicates that the alkyl
chains are highly disordered in liquid crystalline
states.
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Fig.3 Comparison of the phase diagram of ANBC
against chain length (n) and that of binary
system.10) The effective number of paraffinic
carbon atoms (n*) defined by eq.l is used in
the binary systems for comparison. Their
similarity demonstrates that the alkyl chains in
ANBC serve as intramolecular solvent (self-
solvent).
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Fig.4 Possible structural models of the la3d phase.1?
Aggregated molecular cores are supposed to form
Gyroid, a triply periodic minimal surface (a) or
to form a set of interwoven jungle gyms
representing a bicontinuous structure (b).
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Fig.5 Structural model of the Im3m phase of ANBC.12)

00000000000000000000000000
00000000000000000000000000
0000000Qe 0O000000000000000
0000000ANBCODOOOOOOO0O0OO0O0la3d0
00000 Fig4(a)0000Im3mO00000 Fig500
00000000000000000000000000
0000000000200 Im3m00000000000
00000000000000000000000000
00000000000000000000000000
0wl Im3mO00000000000000000000
00000000000000000000000

0000000000000000000000000
00000000000000000000000000
000000000000000000000SmCOO0
00000000000000000000000000
0000000008290 060000M 000000
00000000000000000000000000
oooooo

5. 000000000000D0O0

goooooboooooooooboooooooboooo
oooooooooooooooooooooooooo
oo0ooooOooooOooooOOFrigeOOOOOOOO
gooooooooo goooooooooobooo
goooobooooooooobooooooboooboboooo
goooobooooooooobobooooooobooo
goooooooooooooao

goboooooooooobooooooooooon
gobooooooooooooobooooobooboooo
Ooo0D@ OnsegerbO0 00000000 OO0COOOOCOO
ooooooooo» ooooocoboooboooooo
ooooooooooooboboooooooooooo
goooooboooooooooboobooooooobooooo

Netsu Sokutei 320 302005



gboboooobooooboooooooobOo ocobooooboooo o

AysS | arbitrary unit

Chain length

Fig.6 Expected alkyl-chain length dependence of
entropy of transition (schematic).26)
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Fig.7 Chain length dependence of the entropies of
transition in BABH® (filled circle) and
ANBC?®21.24) (open circle and square). Expected
dependences (eg.232) assuming the physical
significance of topology (connectivity) of the
surfaces (shown in Figs.4(a) and 5'2) with respect
to flat syurfaces are drawn by lines using the
following parameters: A gyroid - fla SO 4400 J K01
(mol of unit cell)?2, nered 10 (ANBC) and N cored
5 (BABH) and ASyetnyiened 0.47 JK1 (mol of
CHy)= 1 for the 1a3d phase (solid and dotted lines)
and App - 112S0O 5000 JK 51 (mol of unit cell)o 1,
Ncored 10 and ASmethylened 0.36 J K01 (mol of
CHy)ot for the Im3m phase of ANBC (dashed
line).
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Fig.8 Inversion of the phase sequence between ANBC
and BABH due to the "alkyl-chain as entropy-
reservoir" mechanism.13)
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Fig.9 Experimental heat capacities of ANBC(22) in
liquid crystalline states. The Im3m phase has
smaller heat capacity than the SmC phase at
the phase transition temperature.
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Fig.10 Experimental heat capacities of a lyotropic system
consisting of non-ionic surfactant Ci2E¢ and
water.29) The cubic (V1) phase has smaller heat
capacity than the neighboring liquid crystalline
phases (H: and L, phases).
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