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[New Frontiers in Colloidal Physics |

Nematic-crystal phase separations
in liquid crystal colloids

Depart. of Bioscience and Bioinformatics, Kyushu Institute of Technology,

Akihiko Matsuyama! and Ryota Hirashima
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' It is well known that there is co-existence of liquid and crystal phases in solutions of hard
spherical colloids. How these colloids take place phase separations when they are dispersed in a
nematic liquid crystalline solvent? Some experiments have shown that a mixture of a colloidal
particle and a liquid crystal solvent (liquid crystal-colloid) has a variety of phase separations|1].
In liquid crystal-colloid mixtures, the phase separation is induced by the co-occurence between
orientational ordering of the liquid crystal and crystalline ordering of the colloid. In this paper
we present a simple mean field model to describe phase separations in liquid crystal-colloid
mixtures. We take into account an orientational order parameter of a nematogen (solvent) and
a translational order parameter of colloids to describe a Fcc or Bee crystalline phase(2].

Figure 1 shows some results of the phase diagrams for n, = 3, n, = 2, a,=0.1, and a,=>5.
The value of an anchoring strength a, is changed: (a) a;=0, (b) ag=0.75. The temperature
is normalized by the nematic-isotropic transition temperature Ty of a pure nematogen. The
solid curve shows the binodal and the dotted curve corresponds to the phase transition lines.
The dash-dotted line shows the spinodal. When a, = 0 (Fig. 1(a)), or there is no anchornig
energy, we have a nematic-isotropic (N+I) phase separation below Ty, which has been well
known in polymer-liquid crystal mixtures. The nematic phase of the lower concentration consist
of almost pure nematogens and the isotropic phase of the higher concentration contains colloids

and nematogens. We also have a phase separation between isotropic and crystalline phases (I+C)
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at high concentrations and the triple point (N+I+C) where two isotropic liquid phases and a
crystalline phase can simultaneously coexist at 7 = 0.844. The crystalline phase (C) shows a
colloidal crystalline phase dispersed in isotropic nematogens. Below the triple point we have the
two-phase coexistence between a nematic and a crystalline phase (N+C). Inside the binodal line
we have three different metastabe regions: an isotropic metastable (Im); a crystalline metastable
(Cm); nematic metastable (Nm). We also have a nematic unstable region (Nu). On increasing
the anchoring energy (o) between colloids and nematogens, the phase behavior is drastically
changed. When a, = 0.75 (Fig. 1(b)), we have a stable NC region, where colloidal particles
dissolved in a nematic phase form a crystalline structure.

We will discuss phase separations, depending on the strength of anchoring between colloid

and nematic solvents.
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Figure 1: Phase diagram on the temperature (T//Tny)-volume fraction (¢.) plane in a liquid
crystal-colloid mixture: isotropic (I), Nematic (N), and crystalline (C) phase.
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