Vapor-liquid phase coexistence of square-well ellipsoids:
the empty liquid limit
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AIMS:

RESULTS

Studying the vapor-liquid coexistence of square-well
ellipsoids.

Vapor-liquid coexistence: Oblates (k=3, λ=0.25)

Vapor-liquid coexistence: Prolates (k=1/3, λ=0.25)

Snapshots showing equilibrated configurations of simulation cells containing 800
oblates particles for high (right) and low (left) T*.

Snapshots showing equilibrated configurations of simulation cells containing 800
prolates particles for high (right) and low (left) T*.

Studying the trend for large anisotropies of the critical
temperature and density.
Determining the boundaries between mesophases.
Determining the structure of the vapor-liquid
interface.

INTERACTION POTENTIAL

Analytical approximation, modified Berne and Pechucas (MBP) [1-3]:
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Model parameters for a prolate. We
introduce k = σ / σ .

(a) Volume fraction profiles for different temperatures. (b) The corresponding uniaxial
order parameter profiles. Despite liquid and vapor bulks are isotropic, there is certain
ordering at the interface. Results from [3].

(a) Volume fraction profiles for different temperatures. (b) The corresponding uniaxial
order parameter profiles. Note that prolates and oblates behave very similarly
(oblate-prolate symmetry [7] holds here).
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REPLICA EXCHANGE MC [4,5]

Vapor-liquid coexistence: Oblates, λ=0.25, for increasing anisotropy (k)
00

We use a temperature expansion of the Canonical ensemble to access
the liquid-vapor coexistence.
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In this case prism cells are used where the liquid phase is set as a slice
at their centers. Vapor appears at their sides. We consider 800 particles
and M=14 replicas.
We use a pressure expansion of the isobarical ensemble [6] to
determine the mesophases boundaries.
M

Q =∏ i=1 Q NTP ,
P
ext

P

swap
acc

i

=min(1, exp [β( P i− P j )(V i−V j )]).

Vapor-liquid coexistence curves for several aspect ratios
(from k=1 to 5). The critical temperature decreases with
increasing k. The critical density shows a maximum at k
around 1.35. Results from [3].

In this case we set cubic cells with N=220 and M=16 replicas. The
use of REMC avoids hysteresis at the mesophases boundaries.
REMC and histogram reweighing provide a nice combination to
determine phase boundaries.

Reduced vapor-liquid coexistence curves for several
aspect ratios (from k=1 to 5). Note the widening of the
curves with increasing k. Results from [3].

Critical density as a function of critical temperature.
The critical density decreases faster than the critical
temperature. An empty liquid would be formed for large
anisotropies. Results from [3].

The isotropic-nematic transition and more for k=5 and 1/5
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(b)

CONCLUSIONS:
Enclosing oblate (prolate) hard bodies with oblate-shaped
(prolate-shaped) square-well attractions has a dramatic effect on the
system phase behaviour. First, it gives rise to a rich phase behaviour
at high densities where nematic, isotropic, cubatic and urchin-shaped
cluster ordering appear (note the breaking of the prolate-oblate
symmetry [7]). All these are the result of a delicate energy-entropy
interplay. Second, empty liquids may arise in the limits of large
anisotropies for both, oblates and prolates, which is a common
feature of this high valence and the low valence patchy systems.
However the gap of the VL binodals is very wide (see Fig. 4) and
widens further with increasing shape anisotropy, while the patchy
colloids show a shrinking biphasic gap [8,9].
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Radial distribution functions (positional and
orientational – 2nd and 4th Legendre
polynomials) for the different mesophases
detected under different thermodynamic
conditions. Systems have λ=1.0, and k=5
(oblates at the left) and k=1/5 (prolates at the
right). The obtained mesophases are isotropic
(black solid lines), nematic (red dotted lines),
cubatic for oblates and urchin-like for prolates
(cyan dashed lines). Thus, the oblate-prolate
symmetry breaks here [7]. The corresponding
snapshots are also included (N=800). For the
cubatic phase, particles with the three
perpendicular orientations are differently
colored. For the urchin-like phase, the
detected aggregates are painted cyan.

Compressibility factor, Z, isothermal
compressibility, χ, potential energy, E,
and largest aggregate average, m, for
prolates. The vertical dashed line
shows a possible first order transition.
Examples of the largest detected
aggregates are shown as insets before
and after the transition.

Phase diagram showing the isotropic (I),
nematic (N), cubatic (C), aggregate (A),
liquid (L) and vapor (V) phases for
oblates (upper panel) and prolates (lower
panel). Black symbols and lines
correspond to λ=1.0, and red symbols
and lines correspond to a shorter
potential
range,
λ=0.25.
Insets
corresonds to the lower (oblates) and
higher (prolates) explored temperatures.
Observe the urchin-shaped clusters for
prolates.

