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Introduction
In recent years, dendritic polymers (dendrimer and hyperbranched polymers) have enjoyed an increased attention. The backbone architecture induces new and intriguing properties for the polymers, such as low viscosity, miscibility and high reactivity and high solubility in various solvents. 
Many potential applications for dendritic polymers have been proposed. Most of the ideas focus on the peculiarities of the dendritic interior and a large number of endgroups for their rationalization. The behavior of dendritic polymer as a host is essential if they are to find success as solubilizing agents, nanoscale catalyst and drug delivery and slow release agents for perfumes, herbicides and drugs. Research is also active in applications as diverse as polymer additives, catalyst supports, thin films, laser-printing toners and Magnetic Resonance Imaging (MRI) contrast agents.
These applications spring from the unusual highly branched architecture and properties of dendritic macromolecules. In addition, they have a lot of chain-ends which may take part in hydrogen-bond formation or specific interactions, so that the effect of the end-group is too large to ignore in the thermodynamic properties in dendritic polymer solutions.
Despite the wealth of possible applications, there is little study on the thermodynamic properties of solutions containing dendritic polymers
Freed et al. reported a complicated lattice field theory for polymer solutions, which is formally an exact mathematical solution of the Flory-Huggins lattice. However, most of these lattice theories fail to yield a dependence of solution properties on the polymer architecture. Recently, Freed et al. have developed 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 study, we hypothetically investigate liquid-liquid equilibria of dendrimer solutions. 

Polymer structure

We define the structure of dendrimer which has both the hydrophobic inner groups and hydrophilic end-groups. We assume that the hydrophilic end-groups in polymer molecules  only take part in the specific interaction formation with solvent molecules. Further, solvent molecules can form specific interaction each other. ( hydrophilic solvent molecules similar to water molecules). The hypothetical structure is shown as follows
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Fig.1 Schematic description of model polymer (dendrimer), dots represents the end-group take part in the specific interaction formation with solvent molecules.

Model development
Freed et al.3 have proposed a lattice cluster theory (LCT) for homogeneous dendrimers. The free energy is given in a double expansion series with 1/z and ((ps((=1/kT). We truncate the series at the fourth order in 1/z and the second order in ((ps. The free energy of mixing for polymer-solvent system is given by 
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are the contribution of the attractive interaction and the athermal limit of the entropy of mixing, respectively.
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where N(()=N(/M ( (= 1,2,3 or () and N((()=N(,(/M ( (= 1or 2)

The combinatorial numbers, N( and N(,( , describe the architecture of polymers. ( is the interaction energy and 
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, where T is an absolute temperature and k is a Boltzmann's constant.
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 are monomer and polymer volume fractions, respectively. 
For specific structure defined, the structure factors are calculated as listed in Table I.

  Table I.

Parameter
 

M
4 (2g-1-1) (n+2g(2+n0+2

N1
M-1

N2
4 (2g-1-1)((n-1)+3( N(+n0

N3
4 (2g-1-1)((n-2)+6( N(+n0-1

N(
4 (2g-1-1) +2

N1,1
4 (2g-1-1)(2(n-2)+(n-2)(n-3))/2+4 (2g-1-1) n (4 (2g-1-1)-1) n /2 

-3(4 (2g-1-1)-2-2g)-2+(n0+1) 4 (2g-1-1) n /2 -2(2+(n0+1) n0 /2 - n0 

+(2g(2)( 2g(2-2)/2+(2g(2)( 4 (2g-1-1)n)/2-2g(2+( n0+1)( 2g(2)/2

N1,2
4 (2g-1-1)(n-2)(n-3)+3(4 (2g-1-1)-2-2g) ((4 (2g-1-1)n)

-(4 (2g-1-1)-2g)(3(5-2(3+3+4)+ 4 (2g-1-1)(n-1)*( 4 (2g-1-1)-1) n

-2(5+n0(4(2g-1)n-2(2+2(n0-2)+(n0-2)(n0-3)+ 4(2g-1)(n-1) (2g(2-2g(2

+(4 (2g-1-1)+2-2g) (3(2g(2+2g(3(4(2g-1-1) (n-2g(5+2g(3((2g(2-2)

+n0(2g(2+2g(3((n0+1)




g : The number of generation

n: The number of segment between generation points

n0: The number of core segments

In this model, we use the hydrogen bonding model of Vaytsman7 to consider the specific interaction between polymer-solvent and solvent-solvent molecules

Free energy due to specific interaction is given by
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where 
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 are determined by the set of quadratic equations
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Mij : The number of (i,j) bonds

Ni : The number of component i molecules

di : H-donor sites of an ith kind molecule

ai : H-acceptor sites of an ith kind molecule

Fij : The free energy of an (i,j) bond formation 

Results and Conclusion
In this study, we introduce the contribution of the specific interaction to the free energy of mixing for the lattice cluster theory. The solubility increases with a number of polar end-group of dendrimer in polar solvent. Since our model takes into account both the contribution of the end-groups and the specific structure of polymer, we could apply this systematic tool to predict the phase behavior of real dendritic polymer-solvent system
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