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THEORY

    In the TPT theory, the Helmholtz energy of chain fluids is written as 
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(1)

where N is the total number of chains, T is the temperature, k is Boltzmann’s constant, and 
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  are the Helmholtz energies of ideal, reference monomer and chain contributions , respectively.  

   In the present formulation for the thermodynamic perturbation theory of sequential polymerization we consider a system of mN associating hard spheres that are to form N hard-sphere chains of length m.  In the manner of the sequential polymeriztion, a dimer is formed from two monomers, a trimer is formed from a dimer and a monomer, … , a m-mer from a (m-1)-mer and a monomer.  In the context of the TPT theory the Helmholtz energy change associated with the k-th polymerization step is approximated by 
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 is the contact value of the radial distribution function between an end segment of a k-mer and a monomer.  Strictly speacking, this free energy change would vary with the composition of all intermediate chains during the polymerization as well as their lengths.  For simplicity if we neglect such an intricate effects of the composition on
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, the Helmholtz energy change for the overall polymerization can be written as
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Further, we assume that 
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Equation (3) relies on the fact from the MOZ integral equation theory that the segment-segment correlation function at contact depends only on the number of segments bonded to the two segments, not on their locations or chain length.  Also, from the simulation study of Kumar et al. it was showed that 
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Then it follows that
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where 
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 is identified by the correlation function of monomer-dimer mixture evaluated at the bond length. 

Chang and Kim and Chiew obtained the same expressions for the contact values of the correlation functions from the MOZ and PY theory, and calculated the correlation functions for the region beyond the hard core from a set of integral equations.  The resulting expression for the contact values of the correlation functions of monomer-dimer mixture is written in the following form:


[image: image20.wmf])

1

(

4

1

)

(

)

1

,

2

(

h

s

-

-

=

M

g

g


(5)

We obtain two expressions for the RDF of monomer-dimer mixtures from the two expressions for RDF of hard spheres, the Percus-Yevick and the Carnahan-Starling expression, respectively. we obtain new expressions for the Helmothz free energy that accounts for the chain contribution in the sequential polymerization.
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The compressibility factors are obtained by differentiating the Helmholtz energy respect to density.  We obtain two equations of state from two expressions for 
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These new equations of state for hard sphere chain fluids are referred to as TPT-MOZ equations in the following discussion. 

      In order to calculate the phase equilibrium properties of non-associating chain fluids, a dispersion contribution is added to the repulsive hard-chain reference term (
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). The dispersion term is a power series initially fitted by Alder et al. and universal parameters used in this work have been refitted to accurate thermophysical properties for ethane.

For nonassociating chain molecules, there are three molecular parameters, segment number (m) , segment volume (v00) and segment- segment interaction energy (u0) to be determined in these EOSs for pure fluids. Molecular parameters are determined by fitting density and vapor pressure data for liquids and pressure-volume data for gases at constant temperatures. 

RESULTS AND DISCUSSION

    We compare the simulation results for the compressibility factor for the hard-sphere chain fluids with the predictions of TPT, TPT-D and the two models (Eqns. (7) and (8)) developed in this work. The simulation results of Chang and Sandler and those of Escobedo and Pablo.are used for comparison.  As the chain length increases, the discrepancy between the predictions of the theories and simulation data becomes larger.  Fig. 1 shows the compressibility factor of hard-sphere chain fluids of 32- and 51-mer.  For the 32-mer fluid, all theories are satisfactory, though the TPT theory overestimates the simulation results at low densities and the model 1 slightly overestimates the simulation results at intermediate and high densities. The overestimation of the model 1 is because of the underestimation of the RDF.  The difference between the TPT-D model and model 2 is very small for the 16-mer fluids, All theories are reasonably accurate, in particular TPT-D and model 2. .  The model 2 reproduces the simulation results of the compressibility factors of 32-mer fluids about 2%, TPT-D about 3%, model 1 about 8%, and TPT about 9%.
 In Fig. 1 are also compared the predictions of the theories with the simulation results for the compressibility factors of the hard sphere fluids of 51-mers.  Fig. 1 shows the same rank for the accuracy of the theories for the compressibility factors as is found for shorter chain fluids.  All theories overestimate the compressibility factor, in particular TPT and model 1.  The model 2 reproduces the simulation results of the compressibility factors of 51-mer fluids about 3%, TPT-D about 4%, model 1 about 9%, and TPT about 10%. With the new equation of state of chain fluids supplemented with the dispersion term, the vapor pressures and the coexisting densities of several real fluids are calculated. In Figs. 2 is compared the prediction of the theories with the experimental data for the liquid densities of the hexane. For the hexane, all theories also overestimate the experimental data at low temperatures and underestimate at high temperatures.  The SAFT can reproduce the experimental data about 3% and our equation about 2%.
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Figure 1. The compressibility factor of the hard sphere 32-,51-mer fluids. The symbols 

are the MC simulation data of Chang and Sandler and Escobedo and Pablo 
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Figure 2. Predicted liquid densities of hexane. The symbols are the experimental data and 

        the lines are from the theories.
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