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SUMMURY

A new group-contribution model based on the modified double-lattice theory is developed and applied to describe vapor-liquid equilibria (VLE) of polymer solutions. The proposed model includes the combinatorial energy contribution that is responsible for the revised Flory-Huggins entropy of mixing, the van der Waals energy contribution from dispersion, polar force and the specific energy contribution from hydrogen bonding.

The interaction energy parameters are obtained by the pairs method [1] including Monte Carlo simulation technique with excluded volume constraint. In the pairs method, Our results show that the specific interactions between the endgroup and the solvent molecule play an important role in determining phase behaviors of the given systems.  

INTRODUCTION

Group-contribution models are very efficient tools to describe thermodynamic properties of fluid mixtures. Since the suggestion of Langmuir, group-contribution models have been investigated and developed by numerous authors as two categories, corresponding to a particular statistical frame work : equation-of-state (EOS) model and excess Gibbs energy model

The most widely used and best known of the excess Gibbs energy group-contribution model is the UNIFAC (UNIQUAC Functional group Activity Coefficients)[2] Oishi and Prausnitz modified the UNIFAC model with providing a free volume contribution suggested by Prigogine-Flory-Patterson theory for polymer solutions to consider the compressibility and change in density upon isothermal mixing. In last decades, numerous authors have discussed group-contribution equation-of-state (EOS) models.

At present all of the published group-contribution models provide good estimates of solvent activities for those polymer/solvent systems where the polymer is readily soluble and where both components are nonpolar or weakly polar. If strong or oriented    interactions from hydrogen bonding or other specific forces exist in the system, it is often required modifications with specific interaction. Recently, Hu et al. presented the group-contribution method including revised Flory-Huggins entropy and a series expression for excess internal energy as well as a double lattice model to account for specific interactions.

Recently, molecular simulation methods such as molecular mechanics, molecular dynamics and Monte Carlo simulation are applied to several polymer systems. However, such a full atomistic molecular simulations have a severe limitation in calculation power and in time scale.  

In this work, we investigate VLE of polymer/solvent systems using the pairs method including atomistic Monte Carlo approach and group contribution double lattice model. As a preliminary work to combine the lattice theory for phase behaviors and the molecular simulation, interaction energy parameters are determined by molecular simulations, and then VLE of polymer solutions are predicted according to the lattice model based on group contribution double lattice regarding specific interactions with no adjustable model parameters and compared with experimental data.

MODEL DEVELOPMENT

Modified Double Lattice Model

The framework of the lattice model starts with a simple cubic lattice (coordination number z = 6) containing 
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 sites. For the systems (two different polymer chains, polymer/solvent systems etc.) that interact strongly, they must be in the correct orientation to each other, i.e. a specific interaction. Ordinary polymer solutions are described by the primary lattice, while a secondary lattice is introduced as a perturbation to account for oriented interactions. 

Primary Lattice

Bae et al [2] defined a new Helmholtz energy of mixing as the form of the Flory-Huggins theory. The expression is given by
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In this model, the group-contribution concept is considered to calculate the chain length contrary to that of the existing modified double lattice model.


[image: image3.wmf]OB

c

 is a new interaction parameter defined by
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Here 
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 and 
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 are universal constants. These constants are determined by comparing with Madden et al.’s Monte-Carlo simulation data. The best-fit values of 
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are 0.1415 and 1.7986, respectively.

Secondary Lattice

To improve the mathematical approximation defect and to reduce the number of parameters, a new Helmohltz energy of mixing as the fractional form is defined. The expression is given by
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Where 
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 is the Helmholtz energy of mixing of the secondary lattice for 
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 segment-segment pair and 
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 is the reduced energy parameter contributed by the oriented interactions and 
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 is the surface fraction permitting oriented interactions.

SIMULATION TECHNIQUE

Blends, a component of the commercial software Cerius2 from Molecular Simulation Inc., is used for simulation. This approach generates energetically favorable configurations by employing a Monte Carlo technique that includes excluded-volume constraints. The excluded-volume constraint method is a modified version of Blanco’s molecular silverware algorithm. The group units of polymer molecule and that of solvent molecule are modeled and minimized energetically on the basis of the force field DREIDING 2.21. A generic force field, DREIDING, is useful for predicting structures and dynamics of organic, biological, and main-group inorganic molecules.  Covalent interactions may be described by terms such as bond, valence angle, torsion, and hybridization terms; terms describing nonbonded interactions including van der Waals, electrostatic and hydrogen-bonding interactions. 
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