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Introduction

Mixtures of liquid crystals and polymers (polymer dispersed liquid crystals) have been attracting much attention because of their potential use as matrices for electro-optical devices. A distinctive phase behavior of such mixtures is the presence of a nematic-isotropic biphasic region in a temperature-composition diagram. Some mixtures containing liquid crystals also exhibit liquid-liquid phase separations as seen in mixtures of normal fluids and polymer solutions. In conjunction with experimental works to obtain temperature-composition diagram, several molecular-thermodynamic models have also been proposed to calculate phase diagrams of mixtures containing liquid crystals. Especially, reports on the first liquid crystalline polymers, followed by the early patents describing the use of mesophases for producing solids with ultra-high orientation and properties, stimulated hopes to reproduce the complex molecular organization typical of biological assemblies had finally been discovered.
Many statistical theories suggested by Onsager, Maier and Saupe, Flory and Ronca specified the thermodynamic properties of the mixture containing rodlike molecules. The Flory-Ronca treatment was extended by Ballauff to binary mixtures of a thermotropic nematogen and a coiled species consisting of isodiametric segments linked together flexibly. The free volume which is known to be of utmost importance in describing thermotropic system is introduced by the methods devised previously. Freed et al. proposed a systematic expansion of the partition function of lattice polymer using well-known lattice cluster theory (LCT). This model takes into account the effect of branching on the thermodynamic properties of polymer solutions. Lue and Prausnitz applied the LCT to obtain solvent activities and liquid-liquid equilibria for homogeneous-dendrimer polymers.
In this work, we investigate phase behaviors of nematic liquid crystal and structural (star and hyperbranched) polymer systems and adopt particularly the LCT to describe the structure of star-polymer. The experimental technique to determine the cloud points of the systems was Thermo-Optical Analysis (TOA).
Theoretical Consideration

The mixing partition function is subdivided into a liquid crystal, a polymer, an orientation, and an attractive interaction part.
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 are partition functions representing the method of packing the lattice with LC and polymer, respectively.
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The orientational partition function 
[image: image6.wmf]orient

Z

 is expressed as: 
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where
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The total number of lattice 
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 is expressed as

         
[image: image10.wmf]p

p

l

l

x

n

x

n

n

+

=

0

                            (5)

Hence, the volume fraction 
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 and 
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 of the liquid crystals and the structural polymers are as follow:
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Freed et al. proposed a lattice cluster theory (LCT) for homogeneous dendrimers. LCT is useful to describe polymers (dendrimer, hyper-branched polymer and star polymer), which have complex structures. In this study, we adopt LCT to consider the structure of star and hyperbranched polymers. The lattice is incompressible, that is, the lattice is assumed to be fully occupied.
The free energies for a polymer and an attractive interaction energy part are given by
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where
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The polymer architecture is characterized by a set of seven parameters, known as counting indices: 
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is the number of segment in each polymer molecule. 
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N

is the number of bonds in each polymer molecule. 
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is the number of consecutive bonds. 
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is the number of ways in which three consecutive bonds can be chosen. 
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N

is the number of ways in which three bonds meet at a lattice site for the polymer chain. 
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,

1

N

is the number of distinct ways of selecting two non-sequential bonds on the same chain. 
[image: image35.wmf]2

,

1

N

is the number of distinct ways of selecting one bond and two sequential bonds on the same chain.

The chemical potential of mixtures of liquid crystal for anisotropic phase can be determined from the free energy,
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The order parameter s and disorientation index 
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 are defined as follows:
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where
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 is defined as
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Result and Conclusion
In this study, we employed the Flory’s lattice model and Freed’s lattice cluster theory to describe phase behavior of the nematic liquid crystal/structural (star and hyperbranched) polymer systems. In the liquid crystal/structural (star and hyperbranched) polymer systems, generally, two-phase sample scatters light more than a single phase. This causes a jump in the measured light intensity at the transition temperature when a polarizer is used. In an isotropic one-phase region, no light transmitted and intensity is very low. If a nematic phase is present in the two-phase regime, light is transmitted through the crossed polarizer due to the birefringent nature of this phase. To account for the polydispersity of a separator length (n) for the hyperbranched polymer, one can correlate the experimental distribution data for n with a proper algebraic expression of a distribution function. However, it is very difficult to obtain the experimental distribution curve for n. In this study, we set n as an adjustable model parameter so that our n values are mean separator lengths for the given systems. As shown in Figures, the proposed model gives a good agreement with experimental data. Open circles indicate experimental data and solid lines are calculated values from the proposed model. Specific interactions are assumed to be formed at any contact points of molecule with equal probability. It is not correct if specific interactions can be formed only at particular parts of a molecule. It appears that this parameter may play a role to account for some deviations of real systems from those described by the lattice model.
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Figure 1. (a) The phase diagram of EBBA/star-PS(Mw=40000-6arms) system. (b) The phase diagram of EBBA/star-PS (Mw=52000-4arms) system. (c) The phase diagram of EBBA/star-PS(Mw=88000-3arms) system. 





Figure 2. (d) The phase diagram of EBBA/hyperbranched polyol (generation 2 (Mw=1750, Mw/Mn=1.44)) system. (e) The phase diagram of EBBA/ hyperbranched polyol (generation 3 (Mw=3600, Mw/Mn=1.30)) system. The phase diagram of EBBA/ hyperbranched polyol (generation 4 (Mw=7300, Mw/Mn=1.18)) system.
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