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Introduction
In recent years, chemistry has been able to synthesize highly symmetric, hyperbranched macromolecules known as dendrimers. Dendrimers are highly branched, treelike macromolecules with a branch point at each monomer unit. They consist of a central core, concentrated “shells” and an external surface. Each family of dendrimers, i.e., dendrimers made with the same repeat unit, consists of different generations, each corresponding to a different number of shells around the core. The architecture induces new and intriguing properties for the polymers, such as low viscosity, miscibility, high reactivity and high solubility in various solvents. [1] 

For dendrimers, the variety of molecular structure, size, shape, topology, flexibility and surface chemistry offers many possible applications for new materials. Many potential applications for dendrimer have been proposed. [2] Most of ideas focus on the peculiarities of the dendritic interior and a large number of endgroups for their rationalization. Recently, molecular simulation methods such as molecular mechanics, molecular dynamics, and Monte Carlo simulation have been applied to several polymer systems.[3-6] The method becomes a useful tool in polymer science, complementing both analytical theory and experiment, but at the same time it has a serious limitation in the space and time scale it can cover. Some alternatives have been developed to overcome these problems. The coarse-grained lattice [7] is successful in extending the scope and the force field of another coarse-grained lattice model has been developed by first simplifying the structure and then imposing several potential functions. In addition, phase behaviors have been predicted by the Flory-Huggins theory combined with molecular simulations by which the interaction parameters and coordination numbers were evaluated.[8,9] On the basis of the combination of molecular simulation and statistical mechanics, we predicted the vapor-liquid equilibria (VLE) of dendrimer/solvent systems using Monte Carlo method and lattice model approach in this work.

Theory

Freed et al. [10-15] have proposed the LCT applicable to arbitrary chain architecture. It gives a general calculation for an incompressible blend of two different polymers of arbitrary architectures. However, all chains of the given architecture are considered to have the same bonding topology and not to have small closed loops. Nemirovski et al. described how the model could be derived and Dudowicz et al. generalized the model to branched polymer architectures composed of structured monomer. In this study, Helmholtz free energy is expanded in a double power series of 1/z and (/kBT, where kB is the Boltzmann constant and T is the absolute temperature in Kelvin. We truncate the series at the forth order in 1/z and the second order in (/kBT. The free energy of mixing for the polymer-solvent binary mixture is given by
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 are the contribution of the attractive interaction, the athermal limit of the entropy of mixing and the specific interaction formation, respectively.
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EMBED Equation.3[image: image10.wmf]2

2

3

2

)

4

(

)

1

(

f

f

-

+

B



EMBED Equation.3[image: image11.wmf]2

2

2

2

2

)

1

(

)

2

1

(

)

1

(

f

f

f

-

-

+

C





[image: image12.wmf]3

2

2

)

2

(

)

1

(

f

f

-

+

C



EMBED Equation.3[image: image13.wmf])

3

1

(

)

1

(

2

3

2

2

2

)

3

(

f

f

f

-

-

+

C
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A(i),B(i) and C(i) are parameters associated with the architecture of polymer for the attractive interaction and the coordination number. These parameters are listed in ref 16 (table I)

The combinatorial numbers, N( and N(,(, describe the architecture of polymers in LCT.  Definitions of the structure parameters are given in Table I. In the LCT model, the dendrimer structure is characterized by four geometric parameters, the generation number (g), the separator length (n) that is the number of bonds between branch points, the core segment (n0) between zeroth generation points, and the segments (n1) at endgroups. The combinatorial numbers, N( and N(,(, are calculated by counting indices for these types of polymers. Parameters for LCT are listed in ref 16 (table II)

Veytsman proposed an expression for hydrogen bonds’ contribution to the free energy of fluid, valid for the general case. We apply this model to the specific interaction contribution. In this model, we use the hydrogen-bonding model of Vaytsman7 to consider two types of specific interactions (endgroup-solvent, and solvent-solvent). 

In order to apply this model to a dendrimer solution, we consider the binary mixture of dendrimer and solvent. Solvent has both donor site (d1=1) and acceptor site(a1=1). Dendrimer has only acceptor sites: a2  is equal to the number of end groups of dendrimer molecule. Ref(16)

Model and Simulation

The commercial software Blends in Cerius2 from Molecular Simulations Inc. is used and the force field Dreiding and Charge Equilibrium Method are adopted in this work. The monomer units are modeled and adjusted to have minimum energy level by force field based simulation and the distribution of the partial charge in the monomer is determined by the charge equilibrium method. The differential energy of interaction of an unlike pair ((Eij) can be obtained in a straightforward manner simply by calculating the energies of the four different pairs. In this calculation, it is important to take into account and to properly weight a large number of relative orientations of the two molecules. Simple energy minimization using several selected configurations is not representative of the interaction energy for binary mixture exhibiting normal Boltzmann distribution. Monte Carlo atomistic simulation generate thousands of different molecular orientations and calculate their pair-interaction energies.(pair method). This approach generates energetically favorable configurations by employing a Monte Carlo technique that includes excluded-volume constraints and takes temperature effects into account. The excluded-volume constraint method is a modified version of Blanco’s molecular silverware algorithm, which aligns the molecules so that their van der Waals surfaces are barely touching.

Results and Conclusion
In this study, we investigated vapor-liquid equilibria of dendrimer/solvent.
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Figure shows the pair energies distributions of endgroup and toluene segments of the original data for 30000 configurations. The average pair energy of all the configurations are shown in each figures. The calculated coordination numbers z11,z12,z21,z22 are 6.258, 6.8465, 6.8329, and 7.4820 respectively. The number of configurations with energy higher than the peak value decreases dramatically. It presented the Boltzmann distribution.

We have developed and examined the thermodynamic framework to describe VLE of dendrimers with highly branched structure and specific interactions. This work shows that the specific interaction between solvent molecules is much smaller than that between the solvent and the end-group for benzyl ether dendrimers in toluene. Our results show that the solvent-endgroup specific interaction dominates VLE of dendrimer in solvent. It means that the type of end-groups is one of the major factors determining VLE in dendrimer/solvent systems. The present model properly accounts for the dependence of structure and specific interactions on VLE of the given systems. Good agreement with experimental data gives applicability of the combination of Monte Carlo simulation and statistical mechanics based lattice model.
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