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ABSTRACT

A novel biodegradable hydrogel composed of starch, 2-acrylamido-2-methylpropane sulfonic acid (AMPS) and
acryl amide(AM) have been prepared by free radical polymerization method using N,N'-
methylenebisacrylamide(MBA) as cross-linking agent. The structure, morphology, and thermal nature of hydrogel
are investigated by FT-IR (Fourier Transform Infrared Spectroscopy) , SEM(Scanning Electron Microscopy), and
TGA(Thermo gravimetric Analysis) respectively. The water sorption behaviour of the hydrogel is investigated under
different conditions of the swelling medium. The Swelling study shows that the water uptake property of the hydrogel
is dependent on composition of polymer, pH and ionic concentration of the medium.
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INTRODUCTION

Hydrogels are important cross-linking polymers wdikierse applications in biomedical and bioengimegfields.
Due to unique characteristics, hydrogels have wvégplications in drug delivery [1-4], wound dressifig7],
contact lens [8-10], tissue engineering [11-14]nylaynthetic and naturally derived materials hagerbreported to
form well characterized hydrogels. Since naturdymper possess better biocompatibility, biodegralitgbinon
toxicity and easily modified ability than variougnshetic materials, more and more researches hamgséd on
natural polymer based hydrogels using polysacchsridellulose derivative and proteins as drug eafdi5, 16].
Among natural polymers, starch is an attractivedadate as starting material for the preparatiorhpdrogel
because of its low cost, large scale productioodégradability, and biocompatibility, renew abilapd no toxicity.
But the application of starch is limited due totttehess and solubility in hot and cold water [1IMpwever the
mechanical properties of the starch can be imprdoyethcorporating the other polysaccharide or vimgnomer
like collagen [18], polyvinyl alcohol [29], gela#n20, 21], acrylic acid etc through grafted copadyization [22].
Starch and its derivatives have been utilized imyniadustrial applications such as food, medicind aosmetics
[23-25]. Another monomer chosen for the preparatibrhydrogels is acryl amide (AM) and 2-acrylamigle-
methylpropane sulfonic acid (AMPS). Both AM and ABIRave large applications in medical field as asliother
applications [26]. AMPS have attractive applicataswound dressing material [27, 28] since it agh¢o healthy
skin but not to the wound surface and is easilfagable without any damage to the healing wound.

In this study, a new hydrogel containing starch, P84Na and AM is prepared by free radical polymeidra

method using MBA as cross-linking agent. The hydtdg characterized by FT-IR, SEM and TGA techni&jue
Swelling studies have been performed at differentitions of pH, ionic strength and monomer compmsi
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EXPERIMENTAL SECTION

2.1 CHEMICALS: Acrylamido-2methyl-1propane sulfonic acid (AMPS) was purchased fromdidendia anc
prepared sodium salt (AMPISa) by neutralising with 1 mole of NaOH solutioncril amide (AM) (Merck, India
was purified twice by recrystalling with ethanotafh, ptassium peroxodisulfate (KPS), NaOH, KCI, C, were
purchased from Merck, India. N'fshethylenebisacrylamide (MBA) was obtained from caintirug House (P) Lic
India.

2.2 Preparation of hydrogel

The hydrogel were prepared by free radical polysationmethod. 0.5 g of starch was dissolved in 5ml ofdut
double distilled water and prepared a clear sahutito this solution 14.06 mM AM, 7.02 mM AMKNa, 0.073
mM initiator (KPS) and 0.12mM cross linker (MBA) meeadded and mixed with continuous stir. The whole
mixture was transferred into PVC straw and the melsization was carried out at® C for 30 minutes. After
complete polymerisation the gel was dried & C for 8 h. The polymer was then cut into small pieand allowe:
to equilibrate for @ days by changing the swelling medium every daerALO days the hydrogel were taken
from the swelling medium and dried in

2.3 Characterisation of hydrogel

IR-spectra of the monomers and the hydrogel were dedoin Shimadz-8400s FtHR specrophotometer. The
morphology of the hydrogel was investigated by gs8tanning electron microscope (SEM) (Carlzeissieo
1430VP). The thermal property of the gel was ingased by thermo gravimetric analysis (TGA) (Perkimer
4000).

2.4 Swelling study

The progress of swelling was monitored gravimeliycas described by other workers ]. 40 mg of dry hydrogel
was immersed in 100 ml of double distilled watefteAevery 30 minutes interval of time the hydrogels taker
out and excess surface addd water was removed by blotting and the weighwwollen gels were recorded. T
swelling ratio was calculated by following equati

Weight of | |
Swielling ratio = Ra’e\}gghct) Osfvéi‘,zne?e ---------------------------- (1)

To understand the effect of monomer composition amtkrnal environment on the swelling, the swelli
experiment is carried out by varying monomer cortfms and pH and electrolyte concentration of fweelling
medium.

RESULTSAND DISCUSSION

3.1 IR- Spectra of the hydrogel:

The IR spectra of pure AM, NaMPS, starch and prepared hydrogel are depicted in fig-d). The IR spectra of
the gel in Fig 1(d) clearly shows combined spediature of various functional groups of AM, -AMPS, and
starch. The peak at 3661 ¢ris due to the overlapping peaks c-H and OH groups of AM, N-AMPS, starch.
The CH (symmetric and asymmetric) stretching is obseae@779 to 3063 c¢™. The MH bending, N-C and C=0
stretching of AM and N&MPS are observed at 1527, 1228 and 169 respectively. The characteristic peal
Na-AMPS units can be seen at 1049 due to SO group.
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Fig 1: IR spectra of (a) starch (b) AM, (C) AMPS and (d) hydrogel

3.2 SEM study of hydrogel:

The morphological surface of the hydrogel is foumde heterogeneous in nature having some po shown by
SEM image of the hydrogel in fig

Fig 2: SEM image of hydrogel

3.3 TGA study of hydrogel:

The thermo gravimetric analysis (TGA) of hydrogebiepicted in fig 3. The thermogram shows thatwdrogel is
thermally stable and theiecomposition takes place in four steps. The $itsp of degradation due to dehydratiol
observed up to 28C with 13.178 % weight loss. Second step of dedimdas observed from 2:-366°C with
31.17% weight loss and third step from -489 C with 16.782% weight loss due to degradation of functic
groups of hydrogel. The final degradation of hydidg observed at 4-810°C with 29.770% weight los
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Fig 3: TGA of hydrogel
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3.4 Swelling study:

The equilibrium swelling ratio data of hydrogel geated in the tablel indicate that as the amou®MIPS-Na
content in the matrix increased from 3.51 mM to69mM, the equilibrium swelling ratio initially ineased fron
17.35 to 26.55 and then decrehdge 15.675, which is shown in fig 4. Similarly, @i AM content increase fro
7.03 to 21.1 mM the Swelling Ratio initially incsesd from 33.45 to 39.05 and then decreased to 24h@6vn in
fig 5. The initial rise in equilibrium swelling riatis due togreater hydration with higher hydrophilic contemtthe
polymer chainwhich occurs to a certain lin. However, withfurther rise in the concentratioformation of dense
network structure takeglace, which prevents the water molecule penetraitiside the network. This leads
decrease in the swelling ratio. The equilibrium king ratio decreases as the starch content inrtagix increasel
as shown in fig 6. The reduction of equilibriuwelling ratio from 38.225 to 26 were due to theration of tight
network structure in the high content of starctpeesively, which hinders the mobility of the polymghains anc
reduces water penetration into the

Environmental pH value has largeffect on the Swelling ratio especially for thgdiogel composed of ion
networks and cdaining large pendant groups ] like these hydrogels. The swelling experimertasried out a pt
range of 29 by adjusting pH with NaOH and HCI solution. Thsults in fig 7 indicate that the hydrogel is samsi
to pH and optimum swelling is observed around ptAtdow pH pendant groups of the polymer ionized éorms
anionic centres along the polymeric chains. Thotymer— polymer interaction predominis over the polymer —
water interactions. Again, at high pH ionizationsoffonic group and complete deprotonation of angreup take
place. This results in formation of new cross lihkegments by hydrogen bond. These electrostd#cattions
betweenthe functional groups make the macromolecular chaiangement compact and less chain relaxatior
ultimately result in low swelling.

Table 1: Composition of hydrogels, equilibrium swelling ratio at 30° C and n values

AMPS- Equilibrium
Samples Na(m)M AM(mM) Starch(g) MBA(MM) Swelling Rati n
S1 3.51 14.06 0.5 0.12 17.3¢ 0.5
S2 4.68 14.06 0.5 0.12 27.22¢ 0.61
S3 5.85 14.06 0.5 0.12 26.9¢ 0.62
S4 7.02 14.06 0.2 0.12 38.22¢ 0.63
S5 9.36 14.06 0.5 0.12 15.67¢ 0.61
S6 7.02 7.03 0.5 0.12 33.4¢ 0.48
S7 7.02 10.55 0.5 0.12 39.0¢ 0.5
S8 7.02 17.6 0.5 0.12 25.2% 0.73
S9 7.02 21.1 0.5 0.12 21.6¢ 0.63
S10 7.02 14.06 0.5 0.12 26.5¢ 0.62
S11 7.02 14.06 0.7 0.12 26 0.62
Effect of AMPS
40
30
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©
= 10
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% 3.51 4.68 5.85 7.02 9.36
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Fig4: Effect of AMPSon swelling ratio
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Effect of Acrylamide
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Fig5: Effect of AM on swelling ratio
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Fig6: Effect of Starch on swelling ratio
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Fig 7: Effect of pH on equilibrium swelling ratio

A remarkable change ithe equilibrium swelling ratio is observed at diffet salts concentration. The reductior
equilibrium Swelling Ratio (Fig 8) from 0.01 M tbh0 M KCI and Cag, solution was due to decrease in
osmotic pressure. Since, there is a balance bettire osmotic pressure and the polymer elasticity, wisiets the
physicaldimensions of the hydrogels [|. The osmotic pressure is results from a net dhfiee in the concentratic
in the mobile ions between the interior of the adl the solution. Additic of the ions to the outer medium proba
reduces the osmotic pressure and this brings dezreathe swelling ratio at high salt concentratiblowever,
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comparatively lower values of Swelling Ratio ineas CaC, than that of KCl is due to greatermber of Clions
in the swelling medium.

25 -
20 -
15 -
10 - m KCI

7 m CaClz

0.01M 0.02M 0.05M 1M

Swelling ratio

o ol

Concentration

Fig 8: Effect of electrolyte on equilibrium swelling ratio

The water transport mechanism through the hydragsl determined by several key factors such asghiitaium
water content, chemical architectuof the gel and relative rate of diffusion of watand relaxdon of
macromolecular chains [B2Dynamic swelling data of all samples have beted to an emyrical equation [33, 34]
given below.

Where n is the swelling exponent, k is the swe rate front factor and Wand W, are the water intakes by t
swollen hydrogel at time t and equilibrium tilco respectively. A double log plot drown betweel/ W,, and time t
provides the value of n, which determined the ratirthe solvent diffusioprocess, that is Fickian (n= 0.5) or

Fickian (n= 0.5 to 1.0) diffusion. The calculate#talues of hydrogels are given in the table 1s bliserved that tt
swelling exponent (n) values shift from Fickiannwr-Fickian when AMPSNa and AM concenttion of hydrogel
increased due to the formation of compact arrangémiemacromolecular chain, the relaxation ratevsid down
and became identical to water diffusion rate. Tolsviously results in a n«-Fickian type of water transpc
mechanism. Starathoes not have any effect on water transport meshaim the study range

CONCLUSION

In this work we have synthesized starch contaifigdrogel by free radical polymerization using MBA a
crosslinking agent, characterized and studied wedling behaviour under different conditions. The Swellingdst
shows that the water uptake property of the hydrisggependent on the composition of the polymeét,gmd ionic
concentration of the medium. The diffusion exponeadtulated from empirical equatiindicated that the water
transport mechanism for all hydrogels followed -Fickian nature of diffusion.
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