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Abstract: Interpenetrating polymeric network (IPN) hydrogels of acrylamide (AAm) with , -bisstyryl (2,4-
ionene) were synthesized by free-radical copolymerization in water with N,N-methylenebisacrylamide (BAAm)
as the crosslinker, ammonium persulphate (APS) as the initiator and N,N,N’,N”-tetramethylethylenediamine
(TEMED) as the activator. The water uptake and the sorption properties of the IPN hydrogels were investigated
as a function of composition and measured as gram of water per minute. The swelling behavior of the gels was
specified by a relatively fast rate of swelling at the beginning of the process. The gel fraction and degree of
swelling at different pH, temperature and salt concentration were studied. It was found that the gel fraction
increased with BAAm content and AAm ratio in the copolymer but never reached to 100%. Thermogravimetric
analysis (TGA) and mechanical properties such as DMTA and tensile strength were performed. The results of
DMTA and TGA showed that T  and T  of the IPN hydrogels depends on ionene content. A kinetic study ofg 10

the absorption determined the transport mechanism. The n values of hydrogels were within 0.6-0.9, which
means that transport was anomalous and their mechanisms were controlled by a combination of diffusion and
relaxation system. It was shown that the swelling behavior of the poly (AAm-co-2,4-ionene) hydrogels could
be controlled by changing the amount of BAAm.
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INTRODUCTION comonomer into a network structure [4]. Along this, poly

Hydrogels are three-dimensional networks of used in these systems due to their interesting swelling
hydrophilic polymers that may swell, but due to their high properties. AAm is a versatile hydrophilic comonomer but
degree  of crosslinking cannot dissolve when brought its homopolymer does not show an acceptable swelling
into contact with water [1]. These gels adsorb and retain behavior and mechanical strength. Ionenes were recently
large amount of water and their volume increases explored for several biomedical technologies because of
drastically. Hydrogels whose hyrophilicity is sensitive to their unique Coulombic interactions, including
environmental  condition,  such  as the  temperature, pH, antimicrobials [5], gene transfection agents [6] and
or ionic strength of the surrounding medium can exhibit polymeric cancer drugs [7]. Furthermore, Rembaum
pronounced changes in their swelling behavior, network reported ionenes as antitumor agents that exhibited
structure, permeability or mechanical strength in response selective inhibition of malignant cell growth without
to such stimuli. These materials are widely discussed for affecting normal cells [7]. Recently, the effect of charge
application  in  fields like  controlled  drug  delivery  [2] density and hydrophobicity of the ionenes on the
and tissue engineering [3]. The swelling ratio of a interactions with cells have been investigated. It was
hydrogel depends not only on the nature of hydrogels found that ionenes with higher charge density did not
and swelling medium but also on the crosslink density, disrupt the cells at all despite their increased binding
which is controlled by the conditions of the cross-linking while those with a lower charge density and longer
polymerization or incorporating a more hydrophilic hydrophobic segments destroyed the cell substantially

(acrylamide) hydrogels (PAAm) have been extensively
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[8]. These features demonstrate the potential applications The glass transition temperature (T ) was measured by
of ionenes. Therefore, the present study focuses on the using Dynamic mechanical thermal analysis (DMTA),
synthesis of poly (acrylamide-co-2, 4-ionene) to improve Tritec 2000 DMA, at a heating rate of 5°C/min and the
the mechanical strength and swelling behavior of poly temperature range of -100 to 200°C in nitrogen
(acrylamide) hydrogels. In this work, poly (acrylamide-co- atmosphere. Tensile strength and elongation-at-break
2, 4-ionene) hydrogels were prepared by a redox values were determined for dry hydrogels, specimens
copolymerization method by treating , -bisstyryl (2, 4- which were cut in to dumbbell shape according to
ionene) with acrylamide. The water absorptivity and American standard test method (ASTM) D638, with a
physical properties such as gel fraction and tensile FRO30TH.A1K.001 (Zwick/ Roell).
strength  using  different  ratio  of  AAm to , -bisstyryl
(2, 4-ionene) were investigated. The measured swelling Methods
data of the hydrogels were compared with those predicted Synthesis of Hydrogel: Poly (AAm-co-2,4-ionene)
by the modified Flory–Rehner equation [9, 10]. As will be hydrogels with different amount of AAm and , -
shown below, this simple equation correctly predicts the bisstyryl (2,4-ionene) were synthesized as follows.
swelling behavior of the poly (acrylamide-co-2, 4-ionene) Hydrogels  were  prepared by free radical polymerization
hydrogels. Dynamic swelling behavior of the hydrogels of AAm and , -bisstyryl (2,4-ionene) in the presence of
with different BAAm content has also been investigated. N,N-methylenebisacrylamide (BAAm) as crosslinking

agent. APS was used to initiate the reaction and TEMED
MATERIALS AND METHODS was used as an accelerator (Figure 1). In a typical

Materials: All chemicals were used as received. used as the redox initiator system. The amount of BAAm
Acrylamide (AAm) and Chloromethylstyrene (CMS) in the monomer mixture was varied from 0.2 to 1.8 wt%
monomers were obtained from Fluka (Chemical AG, (g/g). The , -bisstyryl (2,4-ionene) (1 g), AAm (1 g),
Switzerland) and TCI (Tokyo, Japan) chemical company, APS (16 mg) and  BAAm  (20 mg)  were  dissolved in
respectively.     N,N-methylenebisacrylamide   (BAAm), distilled   water  (10 mL)  and  the  mixture  was  purged
1,4-dibromobutane were   supplied   by  Merck with nitrogen gas for 20 min. After the addition of TEMED
(Darmstadt, Germany). Ammonium persulphate (APS), (25 µL), the solution was mixed together in a glass vessel
N,N,N’,N”-tetramethylethylenediamine (TEMED), N,N - at room temperature (27 °C) for 10 min under N
Dimethylformamide (DMF), methanol and acetone were atmosphere. Afterwards, the solution was poured into the
purchased from Fluka and , -bisstyryl (2,4-ionene) was cylindrical moulds and kept at 40 °C for at least 24 h
prepared according to the literature [11]. during which the polymerization took place. The gels were

Measurements: The spectra were recorded in solid state water at room temperature for at least 7 days in order to
using KBr pellets. The structural characterization of the remove putative unreacted material. The water was
interpenetrating polymer network (IPN) was performed by exchanged several times during this period. Table 1
recording  Fourier  transform  infrared  (FTIR)  spectra of summarized the composition of the gels prepared in this
the end-polymer on a spectrophotometer (Bruker IFS 48). investigation.

g

experiment,  APS  (0.8  %wt) and TEMED (25 µL) were

2

then removed from the moulds and placed in distilled

Table 1: Swelling rate (g/g.min) of the synthesized poly (AAm-co-2,4-ionene) hydrogels

Gel No. PI/PAAmratio (w/w) wt% BAAm Steady stateswelling (% g/g) P r SR (g/g.min)

G1 50 0.2 16025 15679.68 125.73 47.45

G2 50 0.6 10300 9773.04 141.84 28.64

G3 50 1 5200 5075.53 132.62 15.15

G4 50 1.4 2650 2431.14 217.24 7.23

G5 50 1.8 1400 1330.56 112.99 4.12

G6 40 1 3215 3113.28 149.92 8.97

G7 30 1 1874 1763.57 157.48 5.00

G8 20 1 1153 1148.52 164.20 3.21

G9 10 1 693 650.41 137.74 1.92
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Fig. 1: Synthesis of the poly (AAm-co-2,4-ionene) hydrogels

Dynamic Swelling Kinetics: The following equation was
used to determine the mechanism of water diffusion into
the hydrogels [12]:

(cm s ) and r is the radius of the dry hydrogel disc.

Which M  and M  represent the amount of water absorbed Network Parameters: The molecular mass of polymert

by the hydrogel at time t and at equilibrium state, K is a chains between two consecutive junctions , is one of
characteristic constant of the hydrogel and n is the the basic structural parameters of crosslinked polymeric
diffusional exponent, which is indicative of the transport networks. These junctions can be formed by chemical and
mechanism. The exponents n and K were calculated from physical crosslinking, chain entanglements, or even
the slopes and intercepts of the graph of log M /M vs. log polymer complexes. Several theories have been proposedt

t for hydrogels with various BAAm content in water. For to calculate the  of the polymeric network. However,
calculating diffusion coefficient of water moving through for swollen gels, the constrained junction theory implies
the poly (acrylamide-co-2,4-ionene) hydrogels, the that a real network exhibits properties closer to those of
following equation was employed [12]: the phantom network model [13]. According to this model,

where D represent the diffusion coefficient of water
2 1
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the  values were calculated from equilibrium swelling Determination of Gel Fraction The resulting hydrogel
ratios of the hydrogels by using the following equation were extracted by water in a soxhlet apparatus for 24 h to
[14]: remove sol content and homopolymers and then dried to

fraction G was calculated gravimetrically by using the

where  is the functionality of the crosslinks (  = 4), V  is G = W /W  × 1001

the molar volume of the solvent (18 mL/mol), v  is the2m

volume fraction of the polymer network in the swollen gel where, W  and W  are the weight of sample after and
at the equilibrium state and  is the polymer solvent before extractions, respectively.
interaction parameter. The v  values were calculated from2m

the following expression valid at swelling equilibrium: Degree of Swelling and Swelling Rate Measurements:

absorptivity of the hydrogels. The preweighed samples

The following expression can be used to determine temperature until the gel reaches the equilibrium state of
experimentally the  parameter of the hydrogels [15]: swelling. Then, the free water on the surface of the

hydrogel was immediately weighed. The degree of

The volume fraction of polymer network after water per minute during the time to reach steady state.
preparation v  was calculated as: The degree of swelling was measured at different times for2r

where m is the mass of the hydrogel after preparation and where W  and W are the weight of the swollen gel and ther

m  is the mass of hydrogel after drying,  and  are weight of dry gel, respectively. In each case, the averaged 2 1

densities of polymer network and solvent, respectively. values of three measurements were obtained for the
The density of polymer network was determined by a hydrogels.
pycnometer using acetone as nonsolvent. The values The capacity of equilibrium swelling was measured in2

and  used were 1.7 and 1.0 g/mL, respectively. On the redistilled water and swelling rate (t , g/g.min) defined as1

other hand, v  could also be calculating from initial follows:2r

concentration of monomers C  (mol mL ) as [16]:0
1

where  as the average molar volume of polymer minimum rate parameter, t  (min), obtained for the
repeating units calculated by the following equation: hydrogels from a set of similar experiments [17]. The

by the following equation [18]:

In which, M  is the molecular mass of AAm, f  is S  = p(1–e )AAm AAm

the mole fraction of AAm, M  is the molecular mass ofPI

, -bisstyryl (2,4-ionene), f  is the mole fraction of , - In which S , p and r are the swelling at time t (min),PI

bisstyryl (2,4-ionene) in the gel. equilibrium swelling (g/g) and the rate parameter of the

a constant weight at 50°C in vacuum oven. The gel

following formula:

g 0

g 0

Degree of swelling could be described as water

were immersed in redistilled water for 24 h at room

swollen gel was removed with tissue paper and the

swelling at equilibrium state was determined as gram of

a set of experimental conditions. The degree of swelling
was defined as follows:

Degree of swelling (%) = (W  – W )/ W  × 100S d d

S d

mr

SR = S tt mr

In which S  stands for swelling at the time related tot

mr

swelling rate can be described on the base of Voigt- model

t
t/r

t
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hydrogels, respectively. The quantitative value of p can
be estimated from the steady state value of each
individual sample.

RESULT AND DISCUSSION

In this study, crosslinked poly (acrylamide-co-2, 4-
ionene) interpenetrating polymer network hydrogels
composed of PAAm and 2, 4-ionene was prepared.
Polymerization and crosslinking reaction took place within
1 h which produced the poly (acrylamid-co-2, 4-ionene)
gels. However, for all hydrogel systems, a waiting period
of 24 h gave perfect gelation. The resulting crosslinked
copolymers were colorless, semi-transparent, soft and
elastic with a slippery or slimy surface. Practically the
most desirable hydrogels were obtained by maximum
incorporation of 50 % molar ratio of , -bisstyryl (2,4-
ionene). The water absorptivity and physical properties
such as gel fraction using different ratio of AAm to , -
bisstyryl (2,4-ionene) were investigated.

Characterization of Cross-Linked Hydrogels: The FTIR
spectra of native , -bisstyryl (2,4-ionene), PAAm and
resulting IPN were depicted in Figures 2a–c, respectively.
In the spectra (a), the peak at 1638 cm  suggested -1

CH=CH stretching vibration and the peak at 910-990 cm2
1

suggested –CH bending of vinyl group. The broad peak
at 3453 cm  characteristic of OH stretching vibration1

showed the bonded water molecules entrapped between
the , -bisstyryl (2,4-ionene) chains. The spectra (b) also
showed the existence of amide NH  groups, at 3424 cm .2

1

In  the  spectra  (c),  a broad absorption peak located at
1653 cm  (C=O stretching) confirmed the presences of1

polyacrylamide chains in the IPN. A broad band appeared
at 3485 cm  in the spectra (c) clearly indicated the1

presence of hydrogen bonded amide which suggest for
the hydrophilic nature of the IPN and the another bond at
3191 was due to NH  stretching frequency of free amide2

which submerged with the broad peak of corresponding
hydrogen bonded amides. In addition, the peaks appeared
in the range 3000–2900 cm  indicated the presence of1

CH  groups in all the three spectra.2

Gel Fraction: Reaction of AAm and , -bisstyryl (2,4-
ionene) with K S O  in aqueous solution, in the presence2 2 8

of BAAm as crosslinking agent and TEMED as an
accelerator led to the formation of insoluble polymer
network. It is found that the gel fraction increases with the

Fig. 2: IR spectra of (a) native , -bisstyryl (2,4-ionene),
(b) native PAAm and (c) poly(AAm-co-2,4-ionene)
IPN

Fig. 3: Swelling kinetics of the poly (AAm-co-2, 4-ionene)
hydrogels for different composition of 2,4-
ionene/AAm with 1.0 wt% BAAm

Fig. 4: Swelling kinetics of the poly (AAm-co-2, 4-ionene)
hydrogels 50 % w/w containing different BAAm
content



Mc

World Appl. Sci. J., 21 (2): 250-259, 2013

255

increasing of BAAm content and it seems never to reach might have glassy cores, which would lead to a significant
100 %. The increase in gel fraction was quite expected reduction in the rate of water absorption. The extent of
since increasing BAAm made the IPN more and more rate reduction in water absorption would depend on the
interconnected. As a consequence, the water permeation disappearing rate of the core region upon swelling. These
became increasingly difficult. results were summarized in Table 2. The numerical value

Degree of Swelling: Figures 3 and 4 show that water kinetics. Fickian diffusion transport is indicated by n
absorption of cross-linked hydrogels which tend to values of 0.5, which pretend that, the rate of diffusion is
increase  with  increasing  of , -bisstyryl (2,4-ionene) much lower than the rate of relaxation and for the second,
ratio in copolymer, but decrease with increasing of BAAm n = 1, the diffusion is very fast, contrary to the rate of
concentration. In fact, intermolecular hydrogen bonding relaxation and the third case corresponds to an anomalous
between amide groups of PAAm tends to crystallize the diffusion with n values lying between 0.5 and 1. A slight
PAAm chains through physical crosslinking. In the other variation of diffusion exponent with BAAm content was
hand, the presence of the 2, 4-ionene segment restricts the observed and its value higher than 0.50, indicating
close package of the amide chains and decreases the diffusion of water to the interior of all the hydrogels,
crystallinity of PAAm segments. In additional, 2, 4-ionene follows an anomalous mechanism and reveals the
is more hydrophilic than PAAm, as it was observed when existence of certain coupling between molecular diffusion
dissolving the homopolymers. The amorphous nature of and tension relaxation developed during swelling of the
2, 4-ionene and its higher affinity for water made the hydrogels. The highly anomalous behavior of these
network rich in 2, 4-ionene swell to a greater extent. It is hydrogels was due to the regularity of the chain and
seen in Figure 4, which the water absorption of the gel strong interchain interactions via the formation of
gradually  diminished  at  higher  BAAm concentration, hydrogen  bonding  between  poly   acrylamide  chains
due to higher crosslinking density. The rate of water and electrostatic interaction in ionene regions, leading to
absorption was significantly high at the immersion times a compact structure which would accentuate the
less than 5 h and then level off. anomalous aspects of diffusion even for a molecule as

Dynamic Swelling Kinetics: As a solid hydrogel brought The diffusion coefficients (D) were also presented in
into contact with penetrating liquid such as water, the Table 2. It was found that the D values decreased with
penetrant diffuses into the network and the hydrogel increase of BAAm content in the hydrogel. As was
swells. Diffusion involves migration of water into expected, the higher crosslinking density decreased the
preexisting or dynamically formed spaces among hydrogel free volume among the copolymer chains and the
chains. In fact swelling of hydrogel involves a larger-scale hydrophilic group numbers. Thus, resulting highly
segmental  motion,  which  ultimately  resulting,  in an crosslinked rigid structure could not be expanded to
increase of the separation distance among hydrogel accommodate a large amount of water.
chains. The swelling kinetic curves of the hydrogels with
different BAAm content were shown in Figure 4. The data Network Parameters: The relevant parameters of the
showed that the swelling rate decreased with increasing hydrogels were collected in Table 2. As seen, the slight
BAAm content from 0.2 to 1.8 wt%. The hydrogel with 0.2 increment in  parameter with increasing croslinking agent
wt% BAAm had a swelling ratio of 130.25 within 180 min, could be explained by the lower hydrophilic character of
or 136.54 within 300 min, whereas the hydrogel with 1.8 BAAm. Similar behaviors have been found for the other
wt% BAAm had about 11.13 and 11.93, respectively, hydrogel systems [19]. The  values of the hydrogels
within the same intervals. In the case of dry hydrogels, decreased from 18215×10  to 17×10  g/mol with increasing
strong  intermolecular interactions,  such  as hydrogen BAAm quantity ranging 0.2-1.8 wt%. Thus, it could be
bonding, permits the gels to remain in a glassy state. As expected that the hydrogel with 1.8 wt% BAAm had a
a result, the glassy inner core might exist in the dry more compact complex structure due to the higher
hydrogels having a higher physical crosslinking level crosslinking density than other hydrogels. Therefore, as
because the high crosslinking may lead to stronger evident in Figure 4, the hydrogels composed of 0.2 wt%
interactions. In this case, the hydrogels having a high BAAm showed a drastic swelling rate relative to the
crosslinking level such as 1.4 and 1.8 wt% of BAAm, hydrogel with 1.8 wt% BAAm.

n provides information about the mechanism of swelling

small as water. 

5 5
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Table 2: The diffusion parameters of water into the Poly(AAm-co-2,4-ionene)s and characteristic data of the hydrogels
wt % BAAm K×10 n D(Cm s ) × 10 v  × 103 2 1 6 2

2m

0.2 0.219 0.889 18.17 0.5012 0.368 18215
0.6 0.398 0.812 13.32 0.5019 0.573 14347
1 0.7533 0.745 11.29 0.5038 1.140 2536
1.4 1.41 0.666 7.39 0.5075 2.255 182
1.8 2.70 0.612 7.45 0.5144 4.329 17

Swelling Rate Measurements: The results of the swelling
measurement and determination of swelling rate study
were represented in Table 1. The swelling behavior of the
gels was specified by a relatively fast rate of swelling at
the beginning of the process. As shown in Table 1, the
degree of swelling was changed from 1400 to 16025 % and
the required times for equilibrium were about 5 to 24 h.
Comparing G1 to G5 showed that steady state swelling
decreased as the concentration of BAAm increased. The
highest degree of swelling was obtained for 2, 4-ionene
rich hydrogel G1 using 0.2 wt% BAAm. As evident in
Table 1, the experimental data satisfactorily fitted for the
entire cross-linked hydrogels according to the exponential
expression of the Voigt-based model. Fig. 5: Equilibrium swelling ratios of the poly (AAm-co-2,

Effect of pH on the Equilibrium Degree of Swelling: The different composition of 2, 4-ionene/AAm with 1.0
role of pH on the extent of water sorption of polymeric wt% BAAm
gels is of great importance since a change in pH of
swelling media often causes a fluctuation in free volumes , -bisstyryl (2,4-ionene) segments through Hoffman
accessible to penetrating water molecules, that it affects elimination, which restricts the swelling exclusively to the
swelling properties of interpenetrating polymer. In the polyacrylamide moiety.
present work, equilibrium swelling of crosslinked
polyelectrolyte for poly (acryamide-co-2, 4-ionene) Effect of Temperature on the Equilibrium Degree of
hydrogels was investigated as a function of pH in the Swelling: Figure 6 showed the swelling behavior of
range of 2-12 at 25 °C. Figure 5 illustrated the swelling interpenetrating network of poly (acrylamide-co-2, 4-
behavior of hydrogels with different composition of ionene) 50% w/w hydrogel which was measured in
PAAm at various pH. The degree of swelling increased redistilled water at the various heating temperature.
from  pH  2  to  8  but  decreased  at pH 10-12 smoothly. Generally, on raising the temperature of the aqueous
The  maximum  swelling  was  occurred  at  pH 8 which, media, the swelling ratio reached to the maximum in 3 h.
this  phenomenon  may  be attributed to the exchange of This fact could be explained as that partially hydrogen
Br  anions  with  OH  anions on 2, 4-ionene segments. bonds destroyed due to the increase in temperature¯ ¯

Thus the anion exchanging increased the hydrophilicity directly leading to the swelling process endothermic,
of the ionene chains due to the favorable hydration of greater hydrodynamic free volume was produced owing
hydroxide ions   and   consequently   greater  swelling to the network of gels being looser as the partly hydrogen
was  expected.  It  is  well-documented  in the literature bonds were destroyed, so the capacity of water uptake at
that  the  Hofmann  elimination  occurs in   the  presence equilibrium became greater. In the other hand, the
of base, converting tetraalkylammonium salts to an diffusion of water molecules in the copolymer network
alkenes and dimethylamines  [20].  Chemical  degradation tend to increases as the heating temperature increases
of the  12, 12-ionene in the presence of base has also due to better swelling of copolymer molecules. In this
reported [21]. In fact the swelling loss in the highly basic paper, IPN hydrogels having a positive temperature-
solution  (pH>8)  can  be  attributed  to the degradation of dependent   swelling  change  with  transition  temperature

4-ionene) hydrogels as a function of pH, with the
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Fig. 6: Equilibrium swelling ratios of the poly (AAm-co-2, concentration, with the different ratio 2,4-
4-ionene) 50 % w/w hydrogels as a function of ionene/AAm of with 1.0 wt% BAAm
temperature, with 1.0 wt% BAAm

were designed utilizing a pair of polymers which show dependent on the concentration of salt added to the
attractive intermolecular polymer-polymer interactions, swelling medium. Also the effect of added salt has a
specifically,  complex  formation  by hydrogen bonding. profound effect on the chain conformation of the
The complex formation and dissociation in the IPN can be polyelectrolyte and this fact is well-documented within
expected to cause reversible shrinking and swelling the literature [23, 24]. Briefly, the expanded polymer chains
changes. To construct such an IPN, copolymer of collapse in the presence of added salt, allowing the salt to
(PAAm) and , -bisstyryl (2,4-ionene) were used. These effectively screen electrostatic interactions [21].
copolymers form intermolecular complexes by hydrogen
bonding at lower temperature and dissolve at higher DMTA, TGA Analysis: The glass transition temperature
temperature because of dissociation of the complex [22]. in homopolymer of PAAm (T =165°C) is higher than the
The equilibrium swelling ratio of poly(acrylamide-co-2,4- T of ionenes [22]. According to the DMTA thermogram
ionene) hydrogel was decreased dramatically at in Figure 8, the glass transition temperature of 111.2°C
temperatures higher than room temperature. This was the was observed for 50 % w/w of hydrogel sample.
result of ionene degradation via the hydrolysis of This decrease in T  may be due to the disruption of
quaternary ammonium groups at higher temperature, crystalline structure of polyacrylamide on
which converted the ionic copolymer into the copolymerization with , -bisstyryl (2,4-ionene). The
polyacrylamide homopolymer. Therefore, the swelling thermal stability of hydrogels was measured by TGA and
ratio restricted to correspond of PAAm. thermograms  were  presented  in Figure 9. As indicated,

Effect of Ionic Strength on the Equilibrium Degree of was greater than that of polyacrylamide alone [25]. As
Swelling:  As shown in Figure 7, the swelling ability of expected the ion containing polymers exhibited higher
hydrogels in all salt solutions was appreciably less than thermal stability which may be attributed to ionic
the swelling values in distilled water. The presence of ions aggregations [21].
in the swelling medium showed a profound effect on the The ionic aggregation increased by raising the ionene
absorbency behavior of the hydrogels. In fact, the content  of hydroges. The copolymer with the ratio of
osmotic pressure resulting from the difference in the , -bisstyryl (2,4-ionene) (50 %) decomposed slowly
mobile ion concentration between the gel and aqueous relative to the (PAAm) rich copolymer. As evident in
phase decreased and consequently, the absorbency Figure 9, the temperature correspond to 10% weight lost
amounts were diminished. Figure 7 indicates the swelling (T ) for copolymers containing 50 %, 30 % and 10 % of
capacity  of the hydrogels at various salt solutions. It was ionene were 260°C, 219°C and 187°C respectively.

Fig. 7: Equilibrium swelling ratios of the poly (AAm-co-
2,4-ionene) hydrogels as a function of salt

obvious that the decrease in swelling was strongly

g

g

g

the decomposition temperature (T ) of the IPN hydrogelsd

10
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Fig. 8: DMTA thermogram of poly (AAm-co-2,4-ionene) desirable thermal and mechanical behavior could be
50 % w/w with 1.0 wt% BAAm designed. The presence of crosslinked chains of PAAm

Fig. 9: TGA thermogram of poly(AAm-co-2,4-ionene)
hydrogels for(a) 10% of 2,4-ionene/AAm, (b) 30% REFERENCES
of 2,4-ionene/AAm, (c) 50% of 2,4-ionene/AAm,
hydrogels with 1. Ramaraj, B. and G. Radhakrishnan, 1994.

Mechanical Properties: The tensile strength of poly and polyacrylamide: Synthesis, swelling and drug
(acrylamide-co-2, 4-ionene) hydrogels was measured. It is release analysis. J Appl Polym Sci., 52: 837-846.
found, that the tensile strength increased with increase of 2. Kathryn, E.U., M.C. Scott, S.L. Robert and M.S.
AAm content in the IPN. This variation corresponds to Kevin, 1999. Polymeric systems for controlled drug
the brittle nature of PAAm. The relatively higher release. Chem Rev., 99: 3181-3198.
elongation at break (29.10 mm) in the specimen with lower 3. Lee, K.Y. and D. Mooney, 2001. Hydrogel for tissue
content (50 % w/w) of AAm was due to the presence of engineering. Chem Rev., 101: 1869-1880.
plasticizing 2, 4-ionene component. On increasing the 4. Lakouraj, M.M., M. Tajbakhsh and M. Mokhtary,
content  of  AAm  in  the  IPN, the elongation at break 2005. Synthesis and Swelling characterization of
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