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ABSTRACT

Series of novel hydrogels based on sodium styreffenate(SSNa) and tetraethylene glycol dimethadeyl
(TeEGDMA) copolymers, were prepared by free radimalss-linking copolymerization and were characed

using Spectra of Fourier transform infrared spestropy (FTIR), and differential scanning calorimetBSC).The
swelling properties of these hydrogels were aclianedistilled water at different pH at 25°C, thesults showed
that the swelling ratio are proportional to the $ach styrene sulfonate(SSNa) percent molar conipasitf 40, 50

and 80 incorporated in each hydrogel, The valuesllgvg ratio of the basic medium are higher thangh observed
in acidic and neutral medium.
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INTRODUCTION

Hydrogels are three-dimensional networks, can bidd by copolymerization of monomers having défe
functional groups, or by post-modification of forth@roducts in polymerization reactions[1,2], func@lized
hydrophilic crosslinked materials capable of abswrdarge amounts of water and containing functiograups
(carboxylic acids, amines, hydroxyls, etc.) [3, 4]

Hydrogels are insoluble, because of its poor sbtybn aqueous solutions[5], They can be clasdifeecording to
the type of cross-linking as: chemical hydrogelbjol consist of polymer chains cross-linked by ¢ermtabonds,
and physical hydrogels, which rely on electrostédices, hydrogen bonding and Van der Waals forederm the
network [6] physically crosslinked hydrogels, walentually degrade in solvent resulting from theling stress
whereas chemically crosslinked hydrogels stay tniatess covalent bonds are broken with certamtnents [7,8].

In addition, the formation of a porous structurevides a certain way to improve the absorption bgténcreasing
diffusion of water into the glassy matrix of drigdydrogel [9]. Therefore, porous hydrogels are stnadly
crosslinked hydrophilic polymers and by using th@irous structure can absorb considerable amodinster in
relatively short periods of time [10], hydrogel® @hose capable of undergoing selective swellingegponse to
different stimuli, including pH, temperature or iorstrength [11, 12], it is possible to generatgsital as well as
chemical hydrogels that are sensitive to extertiaudi such as pH. In acidic medium, the protonaetno groups
repel one another, thereby promoting swelling [13]

Hydrogel was then characterized by swelling kirggtinechanical stability, differential scanning catetry(DSC),
Fourier transform infrared spectra (FTIR).
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The application of hydrogels dates back to 1960.elViVichterle and Lim introduced the use of hydrbphi
networks of cross-linked poly (2-hydroxyethyl mathdate) as soft contact lens material Hydrogeés extremely
suitable for a variety of applications in the phaomutical and medical industry. Because they apatda of
retaining large amounts of water and because af ot and rubbery consistence, they closely rddertiving,
tissues. More-over, their high water content alzatigbutes to their excellent bio-compatibility [[14

MATERIALS AND METHODS

Materials

Sodium styrene sulfonate (SSNa) (Sigma—Aldrich, YSaitiator azobisisobutyronitrile (AIBN) (Sigma-drich,
USA),and tetraethylene glycol dimethacrylate (TelB®Y), solvent dimethylformamide(DMF) (Shanghai
Chemical Group, China)

Synthesis of poly (SSNa-cross-TeEGDMA) copolymers

Poly (SSNa-cross-TeEGDMA) hydrogels were syntlegbiby free-radical crosslinking copolymerization in
solution of Sodium styrene sulfonate and tetraetigl glycol dimethacrylate monomers was dissolved in
dimethylformamide(DMF) (8 ml), and nitrogen atmospd Then the reaction system was kept at 65°C 4oh,2
three different copolymers were obtained with SgBlEcent molar composition of 40, 50 and 80
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Scheme.1 Synthesis of hydrogels poly (SSNa-cross=EGDMA)

Table 1 the hydrogels prepared in this paper

SSNa TeEGDMA AIBN DMF T t

Hydrogels (mol%e)  (molk)  (molw) (mL) °C ()

40 60 2 8

Poly(SSNa -cross-TeEEGDMA) 50 50 2 8
80 20 2 8 65 24

FTIR analysis

The samples were analyzed using a Fourier transfofrared (FTIR) spectroscope IFS66in the regiord000—
400cm®. Prior to the measurement, the samples were dmel@r vacuum until reaching a constant weight. The
dried samples were pressed into the powder, mix¢ 10 times as much KBr powder, and then comprksse
make a pellet for FTIR characterization.

Differential scanning calorimetry
Differential scanning calorimetry (DSC), were penf@d using a DSC8500 apparatus (Perkin—Elmer). \t&mged
out in a nitrogen atmosphere

Swelling behavior of poly (SSNa-cross-TeEGDMA) hydrgels
The swelling ratios of hydrogels in distilled wateas determined according to equation (1)
“Swelling Ratio” was calculated [15] by

(L

Swelling RatioSR = Q = ——= (1)
Wihg

Wi o.exp - Weight of the hydrogel in the swollen state istitled water,

Wi, 50 Weight of the hydrogel in the dry state
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RESULTS AND DISCUSSION

The structure of poly (SSNa-cross-TeEGDMA) was ahtarized by FTIR and shown in Fig.1 , compared wit
poly(SSNa-cross-TeEGDMA) crosslinker and differ8&Na percent molar composition of 40and 80 hydsygleé
FT IR spectrum of poly(SSNa-cross-TeEGDMA) crodatinexhibited the characteristic bands, Two charastic
bands of the ester TeEGDMA (C=0) and C=C groupSSia component for the copolymerized hydrogel saspl
were observed around 1754 trand 1690 cm, respectively, bands of the TeEGDMA(C-O) and S$Sa0)
observed around 1150 &nand 1050 ci, respectively

80% SSNa

40% SSNa | .-
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Fig.1 FTIR spectra: A) - poly (SSNa-cross-TeEGDMABO % SSNa, (B) - poly (SSNa-cross-TeEGDMA) 40 % S&a

Fig.2 show the DSC thermo-grams of hydrogels ehehmo-gram has one peak and the melting temperékyie
of the poly (40%SSNa-cross-TeEGDMA) is (130°C),X®f the poly (50%SSNa-cross-TeEGDMA) is (131°d), o
the poly (80%SSNa-cross-TeEGDMA) is (139°C), canfirg that T, (SSNa) is higher than that of the, T
(TeEEGDMA).

The swelling of the poly (SSNa-cross-TeEGDMA) hygkts were obtained with SSNa percent molar comipasit
of 40, 50 and 80 in the pH range from 2; 6.8jri@istilled water, at 25° C according to Fig.3Wes observe that
the values of swelling ratios at equilibrium ofydnogels of poly (SSNa-cross-TeEGDMA) in distillegter at
25°C are proportional to the rate of SSNa incorfgaran each hydrogel could be explained by theripotion of
more and more of the SSNa which, in this case, gilybcontributes to the increase of the swellingptigh
hydrogen bond formation between SSNa and water.
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20__ — poly(40% SSNa-cross-TeEGDMA)
15 — poly(50% SSNa-cross-TeEGDMA)
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Fig.2 DSC thermograms of hydrogels poly (SSNa-cro§eEGDMA)
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Figure3: Swelling ratio, as a function of time forcross-linked poly (SSNa-cross-TeEGDMA) at differenpH at 25 °C: (A) poly
(40%SSNa-cross-TeEGDMA) (B) poly (50%SSNa-cross-T€EDMA)(C) poly(80%SSNa-cross-TeEGDMA)

Fig. 4 indicates pH-dependent swelling ratios & tibtained poly (SSNa-cross-TeEGDMA) hydrogels. v Huat
the values swelling ratios of the basic mediumtagler than those observed in neutral medium aiticamedium,

these values of swelling ratio are proportionahvSNA percent molar.
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Fig.4: swelling ratios values of the poly (SSNa-cs3-TeEGDMA) hydrogels as a function of pH at 25°C
CONCLUSION

Poly (SSNa-cross-TeEGDMA) hydrogels were synthesiaefree-radical crosslinking copolymerizatiorsimlution
of sodium styrene sulfonate (SSNa) and tetraeteylggcol dimethacrylate (TeEEGDMA) monomers with SN
percent molar composition of 40, 50 and 80, DSC@ntleegrams of hydrogels each thermo-gram has onk ped
the melting temperature (J of the poly (40%SSNa-cross-TeEGDMA) is (130°0),,) of the poly (50%SSNa-
cross-TeEGDMA) is (139°C), of the poly (80%SSNassrdeEGDMA) is (141°C), confirming that,T{SSNa) is
higher than that of the J(TeEEGDMA).the values of swelling ratios by weightthe equilibrium of hydrogels of
poly (SSNa-cross-TeEGDMA) in distilled water at €5are proportional to the rate of SSNa incorporateeach
hydrogel could be explained by the incorporatiomofe and more of the SSNa
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