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Comment on “Gas-liquid coexistence and demixing in systems
with highly directional pair potentials”
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It is shown that the simulation results of Blair and Pdteftys. Rev. E57, 5682(1998] for a model nematic
liquid crystal are qualitatively described by mean-field theory. Furthermore, it is pointed out that the absence
of (isotropig liquid-vapor equilibrium appears to be a common feature of a number of model fluids charac-
terized by strongly anisotropic pair potential$1063-651X99)03201-§

PACS numbgs): 61.20.Gy, 64.60.Cn, 64.70.Md

In a recent paper Blair and Pat¢¥] reported a Gibbs insufficient to produce condensation at a density lower than
ensemble Monte Carl@GEMC) [2-5] simulation study of a that of nematic ordering at a given temperature. The system
liquid crystal(LC) model characterized by the pair potential simulated by Blair and Patey falls into this category, as it
(6] corresponds t&®=c. Within MF theory it is straightforward

why this should be the case: The only contribution to the free
U(12)=uo(12)+us(12), (1) energy density from long-range forces is proportionak§o
where 7,=(P,(cosf)) is the nematic order parameter,
which therefore vanishes in tHephase[see[8], Eqgs. (20)
and(21)]. The same conclusion is most likely valid beyond
MF theory; see below.

The phase diagram, pressure, and order parameter calcu-

6 lated using the MF theory ¢8,10] are compared with simu-
P,(cosy), 2 lation in Figs. 1, 2, and 3, respectively. Results are given in

terms of the(dimensionlessreduced density* = po*, tem-

, ) ) perature T*=kgT/e [11], and pressureP* =Po>/kgT.

with r the intermolecular distancé,(x) the second Leg-  Theory underestimates the width of theN coexistence re-

endre polynomial, ang the angle between the long axes of gion and predicts too steep slopes for the binodalsich

the two particles, the strength of_ their qttraction bejng giverhre’ however, partially bracketed by simulation data points:
by the produche. They found an isotropic-to-nematit-N)  gee Fig. 1 Consistently, it underestimates the order param-

transition but, contrary to their expectations, no isotropiCaer at the transition and its temperature dependéFige 3.
liquid-vapor (-V) coexistence. In what follows | shall argue

that this is indeed the behavior to be expected on the basis of 0.8 . .
the simplest mean-fieltMF) theory and that it appears to be
common to a number of other systems.

The “Maier-Saupe” LC model7] in question, Eq.(1)
with Eq. (2), is in fact a special case of that introduced by
Telo da Gama a few years a§8), viz.,

where (12) denotes the set of positional and orientational
coordinates of molecules 1 and 23(12) is the interaction
between hard spherical cores of diamederand the aniso-
tropic partu,(12) is given by

(o
uy(12) = —4>\e(?

0.6

6 o 6 *
—B(?) Py(cosy), (3 =047

Uus(12)=ug(12)—A T
which in turn can be regarded as a simplification of Luck-
hurst and Romano’ésee[9], Egs. (2)—(6)]. In subsequent 0.2 -
work it was shown that the topology of its phase diagram
depends sensitively on the ratit=B/A of the strengths of
the anisotropic and isotropic parts of the intermolecular po- 0.0 , ,
tential [10]. At small R we find the usual-V critical point 0.10 0.20 0.30 0.40
and aN-I-V triple point. AsR is increased, the ratio of T
critical to triple point temperatures decreases until it reaches 5 1 phase diagram of the LC model, Eg) with Eq. (2),
unity for R~0.79. Thus, ifR=0.79 there is nd-V coexist-  fom MF theory(see[10], Fig. 3 (solid line§ and GEMC simula-
ence, as the amount of isotropic attractive energy present ig, [1] (open squarésp* =pa® and T* =kgT/e are the reduced

density and reduced temperature, respectivielyisotropic phase;

N, nematic phase. The dot-dashed line is the limit of stability of the

*Present address: Department of Physics and Astronomy, UniveN liquid phase relative to thél solid obtained from bifurcation

sity of Leeds, Leeds LS2 9JT, United Kingdom. analysis[13].
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FIG. 2. Pressure at-N coexistence for the system in Fig. 1,
from MF theory[10] (solid line) and simulatior{1] (open squares,

0.20 0.30 0.40

T

FIG. 3. Order parameter &N coexistence for the system in
Fig. 1, from MF theory[10] (solid line9 and simulation(open

| phase; filled square$| phase. The short-dashed line is the limit squares[1]. Numerical experiment reveals a more strongly ordered

of stability of a fcc solid phase with respect to the ligligke[1],

Fig. 1(b)], whereas the dot-dashed line is, as in Fig. 1, the limit of

stability of theN liquid phase relative to thal solid[13].

(Fig. 2.

solid fluctuations, from bifurcation analysigl3]; this is

N phase than is predicted by theory.

ciently dissimilar thermotropic nematogefk5], very long
hard rods in an attractive MF16,17], the ferromagnetic
Pressures, by contrast, are overestimated by a factor of 2-#eisenberg fluid foR~0.63-0.71[18-22, the Gay-Berne
fluid [23,24], and the fluid of hard spherocylinders with gen-
In our earlier paperf8,10] the solid phases that will per- eralized square wells if the shape anisotropy parameter ex-
force be present were disregardd@]. We have since been ceeds a critical valugl7,25. So it seems to be a general
able to find the limit of stability of the liquid with respect to feature of liquid phase behavior whenever there is competi-

tion between isotropic and angle-dependent forces rather

shown as the dot-dashed line in Figs. 1 and 2. Itis a differenthan an artifact of any particular approximatiomhich will
branch of the SOlId-'IQUId splnodal from that Computed byhave 0n|y quantitative Consequen}:emdeed, a|though a

Blair and Patey(short-dashed line in Fig.)2but it allows us

~ modifiedMF treatment yields a different threshdiithan the

approximately to locate the freezing transition, which is inpE for the Heisenberg fluid21], qualitatively the scenario

remains unchanged. Finally, it would be interesting to verify

_ I conclude by noting that the same phenomenon of thgyher predictions of the above theories, namely, the occur-
disappearance of theV critical point has been encountered (ance of order-order critical points.

in a number of other model fluids, by both theory and simu-

poor agreement with simulation.

lation: mixtures of rodlike colloidal particles anthard-
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critical reading of the manuscript.
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