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Model development
Freed et al have proposed a lattice cluster theory (LCT) for homogeneous dendrimers. We apply this model to the hyperbranched polymer solution. 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 II.

Table II. geometric factors of hyperbranched polymer structure

	Parameter
	 

	M
	
[image: image32.wmf]2

)

1

2

(

4

0

1

+

+

-

-

n

n

g


	[image: image33.wmf]2

2

)

1

2

(

4

0

1

1

+

+

´

+

-

-

n

n

n

g

g



	N1
	M-1

	N2
	
[image: image34.wmf]0

1

3

)

1

)(

1

2

(

4

n

N

n

g

+

+

-

-

^

-


	
[image: image35.wmf]0

1

1

3

2

)

1

)(

1

2

(

4

n

N

n

n

g

g

+

+

´

+

-

-

^

-



	N3
	
[image: image36.wmf]1

6

)

2

)(

1

2

(

4

0

1

-

+

+

-

-

^

-

n

N

n

g


	
[image: image37.wmf]1

0

1

2

1

6

)

2

)(

1

2

(

4

n

n

N

n

g

g

´

+

-

+

+

-

-

^

-



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

	N1,1
	
[image: image38.wmf]2

2

1

N

C

N

-



	N1,2
	 
[image: image39.wmf]^

-

-

-

´

N

N

N

N

3

)

2

(

3

1

2




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 Vaytsman to consider three types of specific interactions (endgroup-solvent, innergroup-solvent and solvent-solvent)
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
Figure 1 shows an activity of methanol at 35 ℃ in polyamidoamine(PAMAM) dendrimer (g=1). Open circles are VLE data by Moi et al. The vapor pressure of the pure methanol is 27.9 kPa at 35 ℃. The dotted line is calculated from the original LCT. We fixed the geometric parameters, separator length (n) and the number of core segments (n0) as 3 and 3, respectively. It shows a slight deviation from experimental data. The interaction parameter (/kB is 93.5329 K. The solid line is calculated from the proposed model with same geometric parameters. Energy parameters are (/kB=66.5774 K, 
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/kB=2634.5628 K and 
[image: image44.wmf]S

F

12

/kB=-733.3773 K. From the relation of eqs. 27 and 28, the number of specific interactions increases with decreasing interaction energy. The fraction of solvent-solvent interaction, v11, varies from 0.003 to 1.002(10-7 and v12 vary from 0.0944 to 0.001.  It means that the interaction energy between methanol and endgroups of PAMAM is much greater than that between solvents in this system. 

Figure 2 shows an activity of methanol at 35 ℃ in (PAMAM) dendrimer (g=2). Open circles are VLE data by Moi et al. The dotted line is calculated from the original LCT and the solid line is from this work with same geometric parameters except for generation number. Energy parameter from LCT is (/kB=101.9024 K. For the proposed model, (/kB=67.0135 K, 
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/kB=2352.1430 K and 
[image: image46.wmf]S

F

12

/kB=-783.0530 K. The solvent-endgroup interaction dominates the chemical contribution in this system similar to that of PAMAM-G1/methanol system. Those systems show a consistency with the fact that PAMAM dendrimers are strongly hydrophilic polymer completely miscible in the lower alcohol. The model taking into account the specific interaction contribution term gives better agreement with experimental data. In these systems, the solvent-solvent interactions are negligible.

 In LCT, dendrimers with dodecyl alkane termination are characterized by four parameters (with one additional geometric parameter, the number of endgroup segments). For this system, we fixed the separator length (n), the number of core segments (n0) and the number of endgroup segments as 2 , 2, and 2 ,respectively. The activity of  toluene at 70 ℃ in Benzyl Ether Dendrimer with dodecyl alkane termination (g=3) is presented in Figure 3. The vapor pressure of pure toluene is 30.1 kPa at 70 ℃.  The dotted line is calculated from the original LCT and the solid line is from this work with same geometric parameters. For LCT, energy parameter is (/kB=60.4281 K. For the proposed model, (/kB=48.8732 K, 
[image: image47.wmf]S
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/kB=1350.14 K and 
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/kB=-761.9758 K are obtained. LCT gives a slight deviation from experimental data. The model with specific interactions also gives a better agreement with experimental data. From values of interaction parameters, we know the solvent-endgroup interaction is much greater than that of the solvent-solvent specific interaction.   

Figure 4 shows an activity of toluene at 70 ℃ in Benzyl Ether Dendrimer with dodecyl alkane termination (g=4). Open circles are VLE data by obtained Moi et al. The solid line is calculated from the original LCT and the dotted line is from this work with same geometric parameters expect for the generation number. For LCT, energy parameter is (/kB=110.0428 K. For the proposed model, (/kB=48.8734 K, 
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/kB=2352.1430 K and 
[image: image50.wmf]S

F

12

/kB=-761.9737 K are obtained. The solvent-endgroup interaction also dominates the chemical contribution in this system. In Benzyl Ether Dendrimer in toluene, the solvent-endgroup specific interaction is the major factor in determining VLE of dendrimer in solvent. The negative solvent-endgroup interaction energy indicates that toluene is a good solvent for benzyl ether dendrimer.
This work shows that the specific interaction between solvent molecules is much smaller than that between the solvent and the end-group for PAMAMs in methanol and benzyl dodecyl 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. 
Because the LCT used here is truncated after a finite number of terms, it only accounts for a short-range correlation between polymer segments. Therefore, predictions from the LCT [image: image1.wmf]int
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should be regarded with caution, especially for higher-generation dendrimers.
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