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THEORETICAL BACKGROUND
We prepared submicron-sized N-isopropyl acrylamide(NIPA) / N-cyanomethyl acrylamide (NCMA) copolymer gel particles by precipitation polymerization. Volume phase transition behaviors of gel particles with various compositions and crosslinking density were observed by using Photon Correlation Spectroscopy (PCS). The experimental data showed that both the volume transition temperature and the swelling ratio of copolymer gel particles were varied with the mole ratio of NCMA and NIPA. We compared the swelling behaviors of given systems obtained data with the thermodynamic model based on the extended Flory-Huggins theory

Following Flory and Rehner, the change in Gibbs free energy consists of a mixing contribution, (Gel
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, and an elasticity contribution,[image: image2.wmf]D

G

el

.

[image: image3.wmf]D

D

D

G

G

G

net

el

mix

=

+

                          (1)

The elastic contribution, [image: image4.wmf]D
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where 
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 is the gas constant, [image: image7.wmf]F
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 is the polymer volume fraction at network formation.
The number of elastically active chains is denoted by [image: image8.wmf]n
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 and [image: image9.wmf]f

 is the polymer volume fraction in the swollen network. The values of the factors [image: image10.wmf]A
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 is the functionality of the crosslinker. Eq.(3) corresponds to Flory and Erman’s junction fluctuation theory2. If the system contains [image: image16.wmf]N
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 is the number of lattice sites occupied by an average network chain. Then, eq.(2) can be written as
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The Flory’s interaction parameter,[image: image20.wmf]c

, was expressed as a function of both temperature and composition for an uncrosslinked homopolymer solution. We employed Bae et al.’s expression3 of the interaction parameter, [image: image21.wmf]c

, as follow:
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 is the solvent volume fraction in the swollen gels, respectively. [image: image27.wmf]d
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 are adjustable model parameters. From eqs.(4) and (5), the chemical potential of a solvent in the gel coexisting with pure solvent is given by 
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where
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The equilibrium condition for the gel/solvent system is given by
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EXPERIMENTAL

Submicron sized copolymer gel particles were prepared by precipitation polymerization in DDI water. BIS was used as a crosslinking agent. APS was used as an initiator. Non-ionic surfactant, Tween20, which does not affect the swelling behavior of non ionic gel, was used to prevent aggregating of gel particles during polymerization. The nominal gel compositions are determined by the relative moles of monomers. The used 
[image: image33.wmf]x

 values, mole fraction of NCMA to NIPA, were 0.25, 0.5, and 0.75. In addition, the amount of BIS was used differently in the preparation of gel particles. The following variable, C%, is convenient for defining crosslinking density. 
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The compositions of monomers and crosslinker were listed in Table I. To illustrate the synthetic procedure, we give details for the preparation of gel particles in the case of 
[image: image35.wmf]x

= 0.25 and C% = 3.5%. In the preparation of monomer solution, 0.156g of NIPA, 0.0443g of NCMA, and 0.01g of BIS were added to 20ml of DDI water. The initiator solution was also prepared : 0.2g of APS was dissolved in 20ml of DDI water. And 1wt % solution of Tween20 was prepared. All solutions were stirred with magnetic spin bars for about 2hrs. The prepared monomer solution was held in a thermostated water bath at 70oC and 200
[image: image36.wmf]l

m

of APS were added to initiate the polymerization. Simultaneously, 100
[image: image37.wmf]l

m

of Tween20 solution was introduced to monomer solution. The polymerization was completed after 3hrs under nitrogen condition.
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CONCLUSION
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The adopted model has basically nine model parameters ([image: image38.wmf]x

, [image: image39.wmf]m

c

, 
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, d0,AC, d1,AC, bAC, d0,BC, d1,BC, and bBC ). [image: image41.wmf]x

 can be estimated from the mole fraction of NCMA at the reaction condition. [image: image42.wmf]m

c

 can be calculated from the way presented by Moerkerke et al.1. 
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, d0,AC, d1,AC, and bAC (A and C denote NIPA segment and water, respectively.) can be obtained from NIPA homopolymer gel/water system.4 The calculation results compared with the swelling data was represented by the thermodynamic model, which has three adjustable parameters(d0,BC, d1,BC, and bBC , where B denotes NCMA segment). In Figs.1, 2, and 3, solid lines and broken lines, which are 3.5C% and 2C%, respectively, were calculated from eqs.6, 7, and 8. 
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