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Phase diagrams of some compounds showing optically isotropic mesophases are compared
as a function of the number of para� nic carbon atoms per molecular core. In spite of a wide
range of the transition temperatures, the number of para� nic carbon atoms required for the
appearance of the isotropic mesophases is limited within a narrow range, irrespective of molecular
structure and/or intermolecular interaction. Combining this � nding with the previous results
obtained from thermodynamic studies, a possible framework towards molecular-statistical
modelling is proposed.

For a long time, compounds showing optically isotropic applicable to the isotropic mesophases in the neat systems,
mesophases were limited to those designated as ANBC(n) the correspondence is unclear. Molecular models of the
(1: 4 ¾ -n-alkoxy-3 ¾ -nitrobiphenyl-4-carboxyli c acids, n in isotropic mesophases in the neat systems would enable
parenthesis being the number of carbon atoms in the us to imagine what occurs in this exotic aggregation
alkoxy chain) [1–3], ACBC(n) (2: 4 ¾ -n-alkoxy-3 ¾ -cyano- state and how it occurs, and consequently deepen our
biphenyl-4-carb oxylic acids) [3] and BABH(n) [3: 1,2-bis- understanding of it.
(4-n-alkoxybenzoyl )hydrazines] [4, 5]. Nowadays, how- In previous studies on ANBC(n) and BABH(n)
ever, many compounds are known to exhibit isotropic [15–19], we have shown some important characteristics
phases [6–11], and molecular structures of the cubic from the aspect of thermodynamics. Those relevant to
mesogens involved in this communication are shown in the following discussion can be summarized as follows:
� gure 1. The structures and properties of the isotropic

(a) The cubic mesogens commonly exhibit markedphases have gradually become of general interest. Although
solid–solid phase transitions [16–18]. These phaseX-ray diŒraction studies have established space groups
transitions are related to the disordering processfor some isotropic phases [12], even in these cases, there
of the terminal alkoxy chains. The terminal chainsis no de� nite structural model on the molecular level.
are not completely, but highly disordered in theIt is, therefore, urgent to elucidate the isotropic phase
isotropic mesophases.at the molecular level.

(b) This highly disordered alkoxy chain in theIt is known that similar morphologies are observed
isotropic mesophase behaves like a solvent inin lyotropic liquid crystals and block copolymers.
lyotropic systems [15].Extensive theoretical treatments based on the properties

of the surface (interface) formed there have been made (c) The terminal alkoxy chains are more disordered
[13, 14]. What corresponds to the assumed surface is in the isotropic mesophases (0.5 J K Õ 1 CH Õ 12

in
clear (or trivial ) for them; a bilayer formed by surfactant terms of entropy) than in the neighbouring SmC
in the former case and an interface in the ‘phase phase, whereas the spatial arrangement of the
separation’ in the latter. Although similar (or even the molecular core is more ordered in the iso-
same) morphologies suggest that such treatments are tropic phase than in the SmC phase by (1 Ô 0.5)

R (R 5 gas constant ) in terms of entropy [18].

(d) The isotropic phases of ANBC and BABH may
*Author for correspondence;

be identical in nature in spite of their diŒerente-mail: kazuya@chem.sci.osaka-u.ac.jp
phase sequences (on heating, SmC � CubD in†Contribution No. 20 from the Research Center for

Molecular Thermodynamics. ANBC and Cubic � SmC in BABH) [18].
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1556 K. Saito et al.

Figure 1. Structure of ANBC(n) (1), ACBC(n) (2), BABH(n) (3), a tetracatenar (four chain) bipyridine (4 ), [Ag(4-alkoxy-
stilbazole)2

]C12H25SO3 (5 ), [Ag(3,4-dialkoxystilbazole)2
]CF3SO3 (6) and [Ag(3,4-dialkoxystilbazole)2

]C
m

H
2m+1

OSO3 (7).

(e) The inverted phase sequence results from the of these common properties will greatly help in pro-
competing contribution of the chain and molecular posing a framework of the molecular model of the
core to the entropy of transition. The ‘alkyl-chains isotropic phase. It is emphasized that the present purpose
as entropy reservoir’ mechanism is identi� ed as is not to � nd common factors governing the appearance
a new type of in� uence that modi� es the phase of all known cubic phases, but to extract the charac-
behaviour of molecular systems [18, 19]. teristics of a group of cubic mesogens. In this respect, it

is clear to us that exceptional systems exist and do notAs exempli� ed in � gure 1, most compounds show-
� t the following discussion. However, to concentrateing the isotropic mesophases have a similar molecular
attention on some common characteristics, even thoughstructure. That is, the molecules consist of a rather rigid
they are not common for all known systems, could becore at the centre and some � exible alkyl chains, forming
the way to obtain new ideas. For exceptional systems,a very symmetrical structure. It may be necessary to
more extensive and detailed treatments could follow themake a comment on ANBC (1 ) and ACBC (2 ). In the
simple framework suggested in this paper.mesomorphic phases, the ANBC (and probably ACBC)

In a previous paper [15], we showed that the phasemolecules form carboxylic acid dimers through hydrogen
diagram of ANBC is essentially governed by the numberbonding [20, 21]. It is not clear at present whether a
of the para� nic carbon atoms within the system throughdimerized or dimeric type structure, common for all the
a study of ANBC-n-alkane binary systems. It is quitemolecules in � gure 1, is necessary for the appearance of
interesting to see whether this holds for other com-the isotropic phases. Another similarity in the molecular
pounds. The selected compounds [7–11, 21] shown instructures can be recognized: the molecular core com-
� gure 1 cover a variety of combinations of molecularmonly possesses some sites that oŒer interaction in the
structure and intermolecular interaction: the size of thelateral direction. These similarities naturally lead us to

suspect common physical properties. The identi� cation molecular core varies (4 and others) ; the number of alkyl
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1557Core and chains; role in isotropic phases

chains attached to the molecular core is two (1 and 5 )
or four (4, 6 and 7 ); the para� nic carbon atoms are
attached directly to the core (1, 4 and 6 ) or supplied
from the counter anion (5 and 7 ); the core is either a
single unit (4–7 ) or a dimer formed through hydrogen
bonding (1 ). Finally, the intermolecular interaction may
be a simple hydrogen bond, a dipolar interaction (1 ), or
Coulombic interactions mediated by counter ions (4–7 ).

The � nding (c) mentioned above holds for the com-
pound 5 [7] as seen in � gure 2, though the data are
slightly scattered. Here nC is the number of the para� nic
carbon atoms per molecular core; that is, it is the number
of chains attached to the core (2 or 4) Ö the chain
length 1 the number of carbon atoms within the counter Figure 3. nC ± T phase diagram of ANBC (1).
anion (if applicable) . Since the entropy of transition
from the SmC phase to the isotropic phase of 5 increases
linearly, the para� nic carbon atoms are in a more
disordered state in the isotropic phase than in the SmC
phase. An extrapolation to nC 5 0 gives an estimate of
the entropy of transition assignable to the spatial
arrangement of the molecular core. As clearly seen from
� gure 2, this entropy contribution is negative. The
entropy contribution by a para� nic carbon atom in 5
is roughly the same as those in 1 and 3, as discussed
previously [18]. This strongly suggests that the isotropic
mesophases of the neat compounds are, at least from a
thermodynamic point of view, the same or quite similar
to one another. A detailed discussion concerning the plot
shown in � gure 2 has been given in a previous paper
[18].

Figures 3–7 show the n
C
± T phase diagrams for com-

pounds 1 [22] and 4–7 [7–11]. Here Col
h

denotes a
Figure 4. nC ± T phase diagram of 4.hexagonal columnar mesophase. The phase diagrams are

Figure 5. nC ± T phase diagram of 5.

Figure 2. Entropy of transition from the SmC phase to the generally similar in spite of the wide range of transition
isotropic (cubic) mesophases as a function of nC . Open

temperatures. This implies that the phase diagrams ofcircles, 1 (ANBC); closed circles, 3 (BABH); plus sign, 5.
these systems are essentially determined by geometricalDue to the dimerization through hydrogen bonds the

value of nC is twice the chain length of 1. factors.
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1558 K. Saito et al.

the other is the phase diagram for the change in the
chain length of the counter anion while keeping the
cation identical. The coincidence between the two kinds
of phase diagram is almost perfect. This indicates that
the location and nature of the para� nic carbon atoms
has only a secondary in� uence on the phase diagram.
This is fully consistent with our previous conclusion
(b) [15].

The phase behaviour of BABH (3 ) has a diŒerent
character from those described above. The cubic phase
of BABH appears in the range 16 < nC < 20 [4, 5], values

Figure 6. nC ± T phase diagram of 6. which are smaller than those given above. The core of
the BABH molecule is also smaller than those of others.
Besides, the cubic phase of BABH is located on the low
temperature side of the SmC phase, while other isotropic
phases discussed above appear on the high temperature
side. This inversion in the phase sequence results from
the small entropy contribution of the chain [18, 19],
and the stable region of the isotropic phase is therefore
considered to cover the case of BABH.

Now we summarize our � ndings and suggest a
guideline for constructing a molecular-statistical model
of the isotropic phase, while concentrating our attention
on the phase transition between the cubic and SmC
phases. Since the diŒerence in entropy of the chain is
small (though this diŒerence does determine the phase
sequence) [18, 19], we may assume that the chain acts

Figure 7. nC ± T phase diagram of 7. The � lled circles represent
as a continuum to � ll the voids produced in the higherthe case where n varies with m 5 12. The plus signs and
order structure of the cores, as a zeroth approximation.crosses are for the cases where m varies with n 5 4 and 6,

respectively. The system to be considered thus consists of the hard
rod-like cores and the space-� lling � uid [15, 18, 19].
The volume fraction must be selected to match theA point to be emphasized is that, in spite of the wide

variety of systems, the lower critical carbon number experimental phase diagram shown in � gures 2–6. The
hard cores attracts each other in a lateral direction asrequired for the isotropic phases lies in a rather narrow

range around 25. These facts suggest that the phase seen from � gure 1. The nature of the interaction, such
as of long or short range forces, is unimportant as wediagrams of these compounds depend primarily on the

number of the para� nic carbon atoms in the system, have shown here. If some phases with cubic higher order
structures have a smaller entropy than the SmC phaseand only weakly on the details of the system such as the

molecular structure, location of the para� nic carbon by about R, they are possible candidates for the isotropic
mesophase experimentally observed [18]. Of course, theatoms or the intermolecular interactions. The existence

of the lower critical number implies that a certain cubic structure(s) must not contradict existing infor-
mation concerning the space groups of the isotropicamount of para� nic carbon is necessary for the appear-

ance of the isotropic phase. On the other hand, the phases. The next step is to include the entropy of the
� uid, which will determine the phase sequence [18, 19].presence of an upper critical number is seen in some

cases. These facts suggest strongly that an optimum range A short comment is in order concerning the thermo-
dynamic location of the Colh phase with respect to theof para� nic carbon atom content exists for stabilization

of the isotropic phase. Although not much is known for isotropic phase. Figure 8 shows the entropy of transition
from the cubic phase to the Colh phase of 7 [8] as aACBC (2 ), the available information [3] is compatible

with these � ndings. function of n
C
. The n

C
dependence is weak, implying

a comparable disorder of the alkyl chains. If a line isFigure 7 displays an interesting feature for the com-
pounds 7 [10], where two kinds of phase diagrams are tentatively drawn, ignoring the data corresponding to

nC 5 36, the slope is negative. The negative slope suggestssuperimposed. One is a phase diagram for the change
in length of the chain directly attached to the molecular that the chain is slightly more disordered in the cubic

phase than in the Col
h

phase. A more important pointcore while keeping the counter anion identical, whereas
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