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ABSTRACT

A mixture of acrylamide (AAm) and methacrylic a@iiAA) was crosslinked onto Gum ghatti
(Gg) using N, N’-methylene-bis-acrylamide (MBAgasosslinker and ascorbic acid (ABC) and
potassium persulphate (KPS) redox pair as an itotiaOptimized reaction parameters for the
graft copolymerization of Gum ghatti with AAm wéime (min)=90; temperature’C)=50;
pH=7.0; deionized water (ml)=10; molar ratio of trators (ABC:KPS mol:mol)=1:1; [AAmM]
(molLY)=0.7746; [MBA] (molL'})=0.0974. After that molar ratio of AAm-co-MAA keepAAm
as the principle monomer was optimized and wasddonbe 0.77+5.85 molt. Synthesized
superabsorbent hydrogel was characterized by FTEEM, TGA/DTA and XRD. Water
absorption capacity of Gg-cl-poly(AAm-co-MAA) wassstigated in deionized water and the
polymer was found to show maximum swelling of 1312f&ct of the ionic strength of various
cations (N4, Ba?, Fe"™ and Sii*) on Rin different choride salt solutions (NaCl, BaCFeCk
and SnCj) was studied. The hydrogel exhibited salt-sensitand cation exchange properties.
pH responsive and on-off switching properties & $sluperabsorbing hydrogel was studied as
well.

Keywords: Hydrogel, swelling, crosslinking, graft copolynetion.

INTRODUCTION

Hydrogels are three-dimensional high-molecular Wweigetworks composed of a polymer
backbone, water and a crosslinking agent. Thespdyeneric materials that do not dissolve in
water at physiological temperature and pH. Theyllseansiderably in an aqueous medium [1]
and demonstrate extraordinary capacity (>20%) rfubilbing water into the network structure.
Hydrogels form the class of most biocompatible mal® as they resemble natural tissue more
than any other class of biomaterials because df thigh water content, soft and rubbery
consistency and low interfacial tension with waberbiological fluids[2]. They form another
important class of smart materials that are stimagdponsive as they exhibit a phase transition in
response to change in external conditions suchHasgmic strength, temperature and electric

56
Pelagia Research Library



Rajeev Jindal et al Adv. Appl. Sci. Res., 2010, 1 (3): 56-66

currents [3]. Smart hydrogels are very differemtnirinert hydrogels in that they can ‘sense’
changes in environmental properties and responthdrgasing or decreasing their degree of
swelling. Being insoluble, these three-dimensiohgtirophilic networks can retain a large
amount of water that not only contributes to tlggiod blood compatibility but also maintains a
certain degree of structural integrity and elastipd]. It is because of the hydrophilic functional
groups such as —OH, —COOH, —CONBEnd —SG@H present in the hydrogels that they are
capable of absorbing water without undergoing digsm. Hydrogels can be prepared from
natural or synthetic polymers [5]. Although hydrtsgenade from natural polymers may not
provide sufficient mechanical strength and may awont pathogens or evoke
immune/inflammatory responses and also pose diffian processing, they do offer several
advantageous properties such as inherent biocadoilfigti biodegradability and biologically
recognizable moieties that support cellular agasit Synthetic hydrogels, on the other hand, do
not possess these inherent bioactive propertiedurkadely, synthetic polymers usually have
well-defined structures that can be modified tddytailored degradability and functionality [6].
Since, natural polymers face many drawbacks inomdiess stability and difficulty in
processing, therefore, they have been successhdtlified through graft copolymerization so as
to meet out the end usage.

This new class of materials has better mechantoahgth, biocompatibility and flexibility than
those of the single components. Grafting and néd¢vimmmation of the natural polymers with
different vinyl monomers and crosslinkers improweit properties and make them potential
candidate materials in various fields ranging fréood additivesto pharmaceuticals and
biomedical implants [7-9]. In addition to this, teensitivity of these polymeric materials to a
large number of physical factors like pH, tempeamtuonic strength, electric field, magnetic
field or ultra violet light[10-14] have broaden the versatility of their apalions. They are
gaining tremendous importance in many tissue eeging scaffolds, biosensors, bioMEMS
devices and drug delivery systems [15-21].

In this research paper, synthesis of crosslinkexdt gropolymer of AAm-co-MAA ontoGum
ghatti using MBA as a crosslinking agent and ascorbid-potassium persulphate redox pair as
an initiator via free radical initiation was repeit Swelling properties of the synthesized
polymer in deionized water and different salt sols were also investigated.

MATERIALS AND METHODS

Gum ghattj potassium persulphate and ascorbic acid produwed Sd-Fine Chemicals Pvt. Ltd.
and N, N’-methylene-bis-acrylamide, methacrylicdaand acrylamide purchased from MERCK
were used as received.

Synthesis of Gg-cl-poly(AAm-co-MAA)

Gum ghatti (1.0g) was immersed in 10ml of deionized water fth prior to graft
copolymerization. A definite ratio of potassium gdphate and ascorbic acid followed by a
known amount of acrylamide-co-methacrylic acid dddN’-methylene-bis-acrylamide were
added to the reaction mixture with continuous isiiyr For the removal of polyacrylamide graft
copolymer was soxhlet extracted with acetone foouab3-4h. Further the traces of
polyacrylamide were separated by immersing it iretawe for about 24h. Whereas,
polymethacrylic acid was removed by washings withilded water. Synthesized polymers were
dried in hot air oven at 50°C till a constant weigbhas obtained. Optimization of various
reaction parameters was carried-out as a functibrpescent grafting (§ and percent
swelling(R) which were calculated §22, 23]:
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Wi - W
Py= ———— X 100 (1)
Wi
where Wand W are the weights of the functionalized and backbmolgmers, respectively.
Ws - VVd
Ps= ——— X 100 2
Wy

where Wand W are the weights of the swelled and dry polymeaspectively.

Instrumental Analysis

FTIR spectra of the samples were taken on PERKIMER RXI Spectrophotometer using
KBr pellets. Scanning Electron Micrographs of theed samples were taken on LEO, 435VF,
LEO Electron Microscopy Ltd. In order to have tranducting impact, the samples were gold
plated and the scanning was synchronized with meempic beam so as to maintain the small
size over a large distance relative to the specimba resulting images had a great depth of the
field. A remarkable three dimensional appearandé Wigh resolution was obtained in case of
crosslinked graft copolymerized superabsorbent. TBIA/DTG studies of the synthesized
samples were done on TG/DTA 6300, Sl EXSTAR 600@ir at a heating rate of 10°C/mix.

ray diffraction studies of the samples were doneXemay diffractometer (BRUKER AXS D8
ADVANCE). X-ray diffractions were performed undemhbient conditions on Bruker{D
advance model using CuoK1.5418 °A) radiation, Ni-filter and scintillatiozounter as detector
at 40 KV and 40 mA on rotation between 8d&r 1.0 mm of divergent and anti-scattering slit.

Swelling studies at different pH

To investigate the swelling behavior of Gg-cl-p@m-co-MAA) at various pHs, solutions of
various pH ranging from pH 1.0 to 13.0 were pre@aiéhe pH values were precisely checked
with Cyberscan 1100, EUTECH INSTRUMENTS, pH met&rknown amount of the dried
hydrogel was immersed in solutions of differentguitl R was calculated as per the Eq. (2).

Swelling studies in different salt solutions

Effect of ionic strength and cationic charges dfedent cations on thes®f the hydrogel was
investigated in NaCl, Bagl FeCk and SnCj salt solutions at preoptimized time, temperature
and pH in deionized water. Salt solutions of deferionic strength (0.01, 0.02, 0.03, 0.04 and
0.05 molLY) of cations were prepared. A known amount of theddhydrogel was immersed in
different salt solutions and;as calculated as per the Eq. (2).

RESULTS AND DISCUSSION

Mechanism

Hydroxyl groups present on the backbone and mor®naee the active sites for graft
copolymerization to take place. Various steps imedlin the graft copolymerization @dum
ghatti with AAm-co-MAA are depicted in Scheme-I:

Initially, ascorbic acid ion reacts with the poiass persulphate to generate SQwhich on
further reaction with water molecule generates @owed by the interaction of Otand SQ”
with backbone and monomer resulting in generatibmabive sites. Activated monomer and
backbone molecules propagate further and givetoiskree dimensional crosslinked network in
the presence of N,N’-methylene-bis-acrylamide. Hasvechain termination reactions take place
either by the reaction of OHwith the live propagating macromolecular chainsreaction
between two activated chains.
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Optimization of various reaction conditions

In case of principal monomer, the different optiedzreaction parameters were reaction time
(min)=90; temperatur@C)=50; amount of solvent(ml)=10; pH=7.0; initiatoatio(KPS:ABC,
mol:mol)=1:1, [AAm] (molLY)=0.7042 and [MBA] (mol[})=0.0974 [24].

ABC + S,0¢* SO," + DABC 3)
SO," + HO —  » HSO, + *OH @)
CH,OH CH,0H
0 0 0
(o py™ movemp — .
H H CONH, H H
H OH H 0
“H,C — CH —OH
+
CONH, (5)
CH, CH,
I
-::H,=é “H,C — CH—o0H TH,—C —H,C— CH —OH
| + _—
COOH CONH, CQOH CONH,
CHLOH

o o CH,OH
H’I%‘Jr v cH T —_— 5 o
1
- H H

H O
|
v

1)
Optimization of co-monomer concentration in binarymixture

After the optimization of various reaction parametewnith principal monomer (AAm),
concentration of MAA in combination with AAm wastopized and was found to be 5.85 molL
! with maximum Rof 1285% (Table 1). Initially, fincreased with increase in concentration of
MAA but after getting maximum a decline inp ®as observed with further increase in MAA
concentration.

Initial increase in Pwas due to the formation of more porous and flexgtructure which can
accommodate more water molecules but further iserem MAA concentration beyond
optimum level resulted in a rigid and compact dioked entity, thereby exhibiting lesser
swelling.
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Characterization

FTIR

IR spectrum of Gum ghatti showed broad peaks at 3408.4 'tnfO-H stretching of
carbohydrates), 2936.6 ¢m(-CH, asymmetric stretching) , 1445.35 ¢mtCH and -CH in-
plane bending in carbohydrates), 1089.51¢ACO stretching region as complex bands resulting
from C-O and C-O-C stretching vibrations) and 64%i#i* (pyranose ring).

Table 1: Effect of acrylamide-co-methacrylic acid concentrabn on percent swelling during grafting

Sample | [AAM+MAA] x molL™* | P, +SD | +SE
1. 0.77+3.51 873 7.00 4.04
2. 0.77+4.68 1043 6.24 3.60
3. 0.77+5.85 128% 3.6Q 2.08
4. 0.77+7.02 1072 3.0 1.73
5. 0.77+8.20 965 3.60 2.08

where, no. of replications=03, weight@tm ghattr1.0g

In addition to the peaks obtained in IR@imM ghatti Gg-cl-poly(AAm-co-MAA) showed peaks
at 1743.18 cm (-CO stretching of acid), 1679 én{-CO stretching of amide-I), 1384.09 ¢(n
NH in plane bending of amide-Il) arid 13.50 crit (CN stretching of amide-I1l) (Figs. 1a-b).

Scanning electron microscopy

The morphological changes brought about by theiggaénd crosslinking were studied with the
help of SEM. It was observed that the surface ef @y-cl-poly(AAM-co-MAA) was highly
rough as compared Bum ghattiwhich was due to the incorporation of covalentdshetween
different polymeric chains on crosslinking with MBEigs. 2a-b).

Thermal analysis

In case of TGA ofcum ghattitwo stage decomposition was observed. First slagemposition

was due to initial dehydration and loss of volatieolecules whereas second stage

decomposition was due to depolymerization reactibirst stage decomposition was observed in
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the temperature range from 20829331.2#C with 46.6% weight loss and second stage
decomposition was observed in the temperature riinge331.4C-521.6C with 31.2% weight
loss. Gum ghatti exhibited initial decomposition temperature (ID& 206.9C and final
decomposition temperature (FDT) at 52C6Two exothermic peaks at 48%2(203uV) and
492.PC (154uV) were obtained in case of DTAGfmM ghatti
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Figs. 1la-b: FTIR of (a) Gum ghatti; (b) Gg-cl-poly(AAm-co-MAA)
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Figs. 2a-b: SEM of (a)Gum ghatti; (b) Gg-cl-poly(AAm-co-MAA)
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Table 2: Thermal behavior of Gum ghatti and Gg-cl-poly(AAm-co-MAA)

Angle of
Sample Code [AAM+MAA] d-Spacing Dif?raction FWHM at | Coherence
(mol/L) at 20-scale | 20- scale | length A
Gg - 4.76151 20.908 6.74 1.057
Gg-cl-poly (AAm-co-MAA)-I 0.77+3.51 4.82840 22.317 5.3843 2.474
Gg-cl-poly(AAm-co-MAA)-II 0.77+4.68 5.03755 20.627F 49178 2.777
Gg-cl-poly (AAm-co-MAA)-III 0.77+5.85 4.88049 19.857 4.7623 2.870
Gg-cl-poly (AAm-co-MAA)-IV 0.77+7.02 5.10228 17.597F 4.5568 2.962
Gg-cl-poly (AAm-co-MAA)-V 0.77+8.20 5.02089 16.217 4.5568 2.997

It has been observed that IDT of Gg-cl-poly(AAMIMAA) (174.4°C) is lower than that of
Gum ghatti(206.9C). However, FDT of Gg-cl-poly(AAm-co-MAA) is higmghan that olGum
ghatti.

Two stage decomposition ranging from 1PC#427.4C and 427.9C-531.3C has been
observed. In case of DTA, two endothermic peaks28t2C (97.1uV) and 538.7C (110.LV)
were observed, which shows that exothermic combusti Gg-cl-poly(AAm-co-MAA) persists
at higher temperature as compareton ghatti(Table 2) [25-28].

X-Ray Diffraction studies
Coherence length of the samples was calculateding Bcherrer equation [29, 30]:

L=0.9R/PyXcCOoD

where, A=wavelength, e=diffraction angle, L=coherence length arfid ,,~full width half
maximum

Table 3: X-ray diffraction studies of Gum ghatti and Gg-cl-poly(AAm-co-MAA)

TGA DTA
st st Exothermic peaks at
Sample Code IDT 1 stage 2 stage T °C different decomposition
(OC) Decomposition, C | Decomposition, C (residu'e left) Temp.,’C (V)
(% wt. loss) (% wt. loss) st nd
Gum Ghatti 206.9 | 206.9-331.4 (46.69%)331.4-521.6 (31.2% 521.6 483.2 (208)  492.7 (1%4)
Gg-cl-poly(AAmM-co-MAA) | 174.4| 174.4-427.4 (64.8%)27.8-531.3 (24.2% 531.3 528.2 (97/1) 538.7 (110.1

Gum ghattiwas found to be least crystalline among its ciokstl products with least value of
coherence length. It is evident from Table 3 thmttase of Gg-cl-poly(AAm-co-MAA), the
crosslinked networks with  AAm+MAA concentration ©+#3.51, 0.77+4.68, 0.77+5.85,
0.77+7.02and 0.77+8.20 motlmaximum intensity peak correspond w0=22.317 (L=2.474
A), 20.622 (L=2.777A), 19.857 (L=2.8704), 17.592 (L=2.9624) and 16.21% (L=2.997A)
with 0.7042+3.51, 0.7042+4.68, 0.7042+5.85, 0.7042% and 0.7042+8.20 mofi
respectively. Whereas, in case@iim ghattimaximum intensity peak correspond t=20.908
(L=1.057 A). Thus coherence length was found to increase witreased crosslinker
concentration and resulted in increased anisotridpyce the polymer became more crystalline
in nature. This might be due to the fact that witicrease in crosslinker concentration,
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crosslinker density between polymeric chains gdtaeced leading to more aligned crystalline
structure [30].

Swelling studies in deionized water

Effect of time

Effect on swelling time onfwvas studied at different time intervals (4, 8, 1@, 20, 24h). It was
observed that initially £fincreased with increased in time and showed maxirRu(946%) after
16h, whereas further increase in swelling time beyoptimum value resulted in no further
increase in B This might be because of the fact that with iaseein swelling time beyond
optimum level, porous network of polymer becaméyfsaturated with no more accommodation
of water molecules (Fig. 3a).

Effect of temperature of swelling medium

Effect of temperature on sPof Gg-cl-poly(AAm-co-MAA) was investigated at d#ffent
temperatures (30, 40, 50, 60 and @) and at preoptimized time (16h). It was obsertret
initially Ps increases with the increased in temperature amihatt maxima at 8C. Further
increase in temperature resulted in a decrease (Ridg? 3b). This might be because of the fact
that initially with increase in temperature the @aize of hydrogels goes on increasing because
of breaking of crosslinks between different polymmahains. Also the kinetic energy of water
molecules increases. At optimum temperature eqiihip is maintained between the rate of
penetration of water inside the polymeric networkl dhe rate of oozing out of water from
polymer network. After optimum temperature due teotifer increase in pore size the rate of
oozing out of water molecules dominates, therebyliteg to desorption with further increase in
temperature. Furthermore, water molecules form dyyein bonds with the hydrophilic groups of
the candidate polymer leading to the stable sHellydration around these hydrophilic groups
and resulting in the greater absorption of water amarger § However, at higher temperatures
the associated interactions among the hydrophibcigs release the entrapped water molecules
from the hydrogel network [31].

Effect of pH

Swelling studies of Gg-cl-poly(AAm-co-MAA) were acad-out at different pHs (1.0 to 13.0)
and at preoptimized time (16h) and temperaturé@p@Fig. 3c). Maximum P(1312%)was
observed in neutral medium whereas, a lessava® observed in acidic as well as in alkaline

media. This type of behavior could be explainedrmnbasis of osmotic swelling pressurg)
theory [32]. For a weakly charged hydrogel netwadimotic swelling pressure is given as:

Tion = RTY. (Clg - Cls)

where, & and G’ are the molar concentrations of mobile ions in ghxelled gel and external
solution, respectively. R is the gas constant amgltfie absolute temperature.

As glucoronic acid is one of the component<zaim ghatt[33] so it comprises of carboxylate
groups (COQ along the polymer chain. In neutral medium coh@ion of mobile ions in

external solution (€ is almost negligible thereforg,, becomes very large leading to the larger
Ps. Moreover, the electrostatic repulsion betweerba@eaylate ions adds to thes fh neutral

medium. Whereas, in acidic medium,, becomes very small because the carboxylate ions
within the swelled gel get protonated resultingilow value of € [34].
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Figs. 3a-e: (a) Effect of time on Fin deionized water; (b) Effect of temperature on Pin deionized water; (c)
Effect of pH on P, in deionized water; (d) Pulsatile behaviour of Gg:l-poly(AAm-co-MAA); (e) effect of ionic
strength of various cations on Pin different chloride salt solutions

Also in acidic medium carboxylaten-carboxylate iomepulsion is screened by'Hons which
did not allow the network to expand and resultedanreased 2On the other hand, in alkaline
solution, dissociation of —COOH group is almost ptete but very high concentration of Na

and OH ions leads to the reductionsr, and R Also higher concentration of N#ns acted as
a screening bar, thereby reducing the repulsiowdst different carboxylate groups, hence a
lesser Bwas observed.

Swelling-deswelling-reswelling behavior

Fig. 3d revealed the effect of change in pH ofghvelling medium on the swelling-deswelling-
reswelling behavior of hydrogel. The ability of thandidate polymer to exhibit reversibility in
swelling behavior was examined in the solutionpidf3.0 and 8.0. It was observed that when
hydrogel was immersed in the solution of pH 8.0 IBage occurred because of anion-anion
repulsion, however, on placing the swelled hydragehe solution of pH 3.0 it deswells due to
protonation of carboxylate groups. Now, again acplg the deswelled hydrogel in the solution
of pH 8.0 it swells again, thereby exhibiting thdgatile behavior.

Effect of ionic strength of different cations on pecent swelling
Fig. 3e showed the swelling data obtained fromcthleride salt solutions of various cations of
different ionic strength. From the figure it is @&lghat R decreased with an increase in charge of
the metal cation (Na> B&* > F€* > Sif*). Though initially candidate polymer showed swelli
behavior in each salt solution but after certametiinterval a definite difference in swelling
behavior of candidate polymer in different saltswserved. It could be due to the fact that as
the ionic charge increased, there is proportioimateease in cation-cation repulsion which did
not allow more entry of solution containing catiomside the crosslinked network thereby
resulted in desorption of ions. This ultimatelydda decreasing trend in swelling behavior of the
candidate polymer. It is further observed thatdP the candidate polymer decreased with
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increase in ionic strength of the cation in thepeesive salt solutions. Decrease ig With
increasing ionic strength of the cations was dueverse osmosis process.

CONCLUSION

Modification of Gum ghattivia graft copolymerization and network formatioithwacrylamide-
co-methacrylic acid improves the property profiledausability of the polymer in various
technical fields. Crosslinked product was foundb® thermally more stable than the initial
backbone polymer. The polymer behaved as a smbmnpo as it showed temperature and pH
dependent absorptions. Thus, the functionalizeginpet is important from technological view
point.
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