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Abstract

Temperature and ionic strength sensitive hydrogels play an important role in the application of pharmacy, medicine and separation operations in biotechnology.  The most important thermodynamic property of gel is the degree of swelling for application.  Thermodynamically, swelling behaviors of nonionic hydrogels were interpreted by the polymer-solvent mixing free energy and elastic free energy.
In this study, to successful prediction of nonionic hydrogels, we combined the Modified Perturbed Hard Sphere Model (MPHSC) and Flory and Erman‘s theory of elasticity. We used Modified PHSC developed by Chapman’s bonding term as the reference term and van der Waals attractive term as the perturbation. Our proposed model shows good agreements with experimental PVT data water and gel swelling data.
Theory

At equilibrium, the chemical potential 
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 is the same in both phases
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Where single prime and double prime represent the gel phase and the external phase of the gel, respectively.  In the solvent, equation (1) becomes at equilibrium state
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1. Mixing contribution

The general PHSC equation of state folloews1, 2



The modified PHSC3, 4, 5with van der Waals perturbation term expressed as
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where 

 is the pressure, 

 is the number density (N is the number of molecules and V is the volume), and 

 is the Boltzmann’s constants. The number of segments (effective hard spheres) per molecule is represented by 

, 

 is the radial distribution function of hard spheres at contact and 

 is the hard sphere diameter. a and b reflects the attractive forces between two non-bonded segments and the van der Waals covolume per segment or the second virial coefficient of hard spheres, respectively. Theses values are temperature dependent.
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The equation of state for the mixtures are obtained by extending pure equation
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where 

 is the number fraction of molecules, 

 is the number of hard spheres, and 

 is the pair radial distribution function of hard-sphere mixtures at contact.6



where 

 and 

 are as followed






These variables are segment density 

, and segment fraction 

, where 

 is the total number of segments in the system of which the volume is 

.
The general equation for calculating the Helmholtz energy from an equation of state is7
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The chemical potential of component k in multi component systems
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where
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2. Elastic Contribution
For a perfect tetrafunctional network, Flory and Erman obtain the chemical potential due to elastic forces8.
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where


[image: image13.wmf]]

)

(

2

)

1

[(

1

2

1

2

2

-

-

+

-

-

=

¶

¶

=

k

l

l

l

B

B

B

&


with


[image: image14.wmf]2

2

2

)

1

(

1

k

l

l

+

-

=

B



[image: image15.wmf]l

 is the linear swelling ratio
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where 
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 are the volume of the gel network and the volume in the reference state, respectively. 
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 are the corresponding volume fractions of the gel. The characteristic parameter 
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Here the dimensionless parameter 
[image: image25.wmf]P

 depends on characteristics of the generic type of polymer and the molar volume of solvent. We set P to a unity. And 
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 is the average chain length between cross-linking points

Conclusion
We used modified PHSC model to predict the swelling behaviors of submicron size particle gels. Model parameters of water obtained from PVT data of water. Two binary model parameters were calculated from the liquid-liquid equilibrium (LLE) data of PNIPA/water system showing LCST behavior, which were directly used to describe the swelling behaviors of NIPA hydrogel systems.
The swelling curves calculated from the proposed model agrees fairly well with the experimental data with two adjustable model parameters. 
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