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Abstract

An interpenetrating superabsorbent nanocomposite hydrogel based on gum acacia-acrylamide
-acrylic acid (Ga-cl-poly(AAm-IPN-AA)) was synthesized by a two-step aqueous
polymerization and one step impregnation methods. The first step comprises the preparation of
a semi-interpenetrating Ga-cl-poly(AAm) network based on AAm and Ga via free radical
polymerization. The reaction was initiated by ammonium persulphate under microwave
irradiation and N, N'-methylene-bis-acrylamide was used as a crosslinker during the

polymerization. The maximum percentage of swelling (1256%) was exhibited by the semi-



IPN. In the second step, the synthesis of IPN was carried out by the crosslinking of polyacrylic
acid onto semi-interpenetrating hydrogel. The synthesized crosslinked hydrogels were studied
by FTIR, SEM and XRD techniques. Silver nanoparticles (AgNPs) (20-80 nm) were
synthesized from flower extract of Koelreuteria apiculata and synthesized hydrogels were
employed as a template for the impregnation of AgNPs. The resultant nanocomposite
superabsorbent was also studied by XRD, FTIR, and SEM techniques. The prepared samples
were subjected to antibacterial and antifungal studies with different bacterial (Staphylococcus
aureus, Escherichia coli, Pseudomonas aeruginosa) and fungal strains (Aspergillus and
Penicillium). Synthesized nanocomposite hydrogels have shown improved antibacterial and
antifungal activities.

Keywords: Silver nanoparticles, nanocomposite hydrogels, microwave irradiation,

antimicrobial properties.

1. Introduction

Hydrogels are hydrophilic three-dimensional systems that possess water holding capacity owing
to the presence of various functional groups like —OH, -CONHz and -SOzH [1-3]. The hydration
of hydrogel depends upon nature and environmental factors like pH, pressure, temperature and
many other stimuli [4]. Hydrogels have numerous applications in various areas like the food
industry, pharmaceuticals, agriculture and horticulture, biosensors, wastewater treatment,
drilling fluid additives and biomedical implants [5-6].

A substantial amount of work is reported in the literature concerning the antibacterial
applications of polysaccharide and their hydrogels. Vimala et. al [7] synthesized alginate-gum
acacia-silver nanocomposite films films for their utilization in food packaging and its
antimicrobial activity was determined against numerous foodborne bacteria. Padmanabhan et.

al [8] synthesized nanocomposites of hydroxyapatite and gum acacia for applications in drug



delivery and tissue engineering applications. They have attained a sustained drug release profile
of naringenin. Additionally, antimicrobial activity was assessed against Staphylococcus aureus
(S. aureus) and Escherichia coli (E. coli) turmeric nanofibres based nanocomposite hydrogels
were synthesized to enhance the physicochemical properties of gum arabic, polyethylene
glycol and maltodextrin. Antibacterial activity of nanocomposite was investigated against E.
coli, Salmonella typhimurium, Bacillus cereus and S. aureus [9]. AgNPs were synthesized by
in situ methods in the matrix of polyvinyl alcohol/gum acacia and antibacterial activity was
investigated against E. coli. Synthesized nanocomposites showed promising antibacterial
activity in the inhibition of bacterial growth [10]. Bajpai and Kumari [11] synthesized AgNPs-
based gum acacia/poly(acrylate) nanocomposites for antibacterial applications. They also
synthesized zinc oxide nanoparticles (ZnO NPs) loaded gum acacia/poly(SA) hydrogels by a
hydrothermal method [12]. The antibacterial activity of ZnO NPs loaded polymer composites
was studied by the ‘zone of inhibition’ method. They have also prepared poly(vinyl
alcohol)/ZnO nanocomposites for wound dressing applications [13]. Cu nanoparticles based
chitosan nanocomposite hydrogels were prepared for antimicrobial applications. The
antimicrobial activity of the nanocomposite hydrogels was studied by the ‘zone of inhibition’
method against gram-negative and gram-positive bacteria. It has been observed that
synthesized nanocomposite hydrogels showed better antimicrobial applications [14].
Antimicrobial collagen/chitosan/lysine hyaluronic acid-based hydrogels were fabricated for
possible bone tissue engineering applications [15]. Synthesized hydrogels were found to be
biocompatible, antibacterial and show favorable characteristics as prospective multifunctional
scaffolds.

Gum acacia (Ga) is a complex, edible, soluble, branched polysaccharide of acidic nature that
contains glucuronic acid, arabinose, galactose, rhamnose, remains consist of 1,3 beta —D-

galactopyranosyl units. Gum acacia possesses antioxidant activity due to the presence of



hydrocolloids [16-18]. Ga is used in applications like liquor, confectionery or water-based
emulsions, pharmaceutical, cosmetic products, inks, etc. [19]. Nanocomposite hydrogels can
be prepared by joining the superior properties of nanoparticles and polymer matrix such as
polysaccharides.

Plant polysaccharides are biodegradable, non-toxic, low cost, and renewable and can
potentially be used as key ingredients for the production of nanocomposite hydrogels for
mankind. Polysaccharide-based nanocomposite hydrogels have found extensive applications
in various fields, including agriculture, wastewater treatment, electronics, and biomedical
applications. Therefore, gum acacia was utilized in the present study for the development of
antimicrobial nanocomposite hydrogels. Various reaction parameters like initiator
concentration, amount of crosslinker, monomer concentration and amount of solvent were
optimized to get the final sample with a maximum percentage of swelling and grafting. Further,
antibacterial and antifungal activity of nanocomposite hydrogels were studied against gram-
positive strain (S. aureus) and gram-negative strains of bacteria (Pseudomonas aurengenesis,
E. coli) and as well as against fungus (Penicillium and Aspergillus). The incorporation of silver
nanoparticles to prepared hydrogel networks has shown a remarkable enhancement of

antimicrobial activity.

2. Experimental
2.1 Materials

Gum acacia (Ga) was purchased from Sisco Research Laboratories Pvt. Ltd. Ammonium
persulfate (APS) as initiator was procured from Sigma Aldrich. Acrylamide and acrylic acid was
purchased from Loba Chemie Pvt Ltd. N,N'-methylenebisacrylamide (MBA) was purchased
from Central Drug House Ltd. India. Silver nitrate salt was purchased from Merck Life Science

Pvt Ltd.



2.2 Synthesis of Ga-cl-poly(AAm)

Gum acacia (0.5 g) was added to 14 ml distilled water and continuously stirred with a pre-
weighed amount of initiator and monomer followed by the addition of crosslinker. The
polymerization reaction was initiated under the influence of microwave radiation for a fixed
duration of time. Various reaction parameters such as APS, AAm and MBA concentration were
optimized to achieve the best percentage swelling. The homopolymer and impurities were
removed by washing through double distilled water. The synthesized hydrogel was kept in a

hot air oven overnight at 60 °C to get the final product.

2.3 Synthesis of Ga-cl-poly(AAm-IPN-AA)

The synthesis of Ga-cl-poly(AAm-IPN-AA) was initiated by taking the optimized amount of Ga-
cl-poly(AAm) into the beaker. The pre-optimized amount of initiator and crosslinker was added
with regular stirring. After the addition of acrylic acid, the resultant solution was kept for 23
hours at ambient temperature, which eventually results in the formation of the swollen sample.
After 23 hours, the polymerization reaction was initiated by microwave irradiation. The
concentration of acrylic acid was optimized. An unbounded homopolymer was washed off with
distilled water. The resulting hydrogel was dried in a hot air oven overnight at 60 °C. Synthesis

of Ga-cl-poly(AAm-1PN-AA) is depicted in Scheme 1.

2.4 Preparation of silver nanoparticles

Flowers of tree Koelreuteria apiculata were washed with distilled water for multiple times to
carry off all the dirt particles followed by drying at room temperature. 5g of flowers were
weighed and boiled in 200 ml distilled water for 6 minutes under microwave radiation. Flower
extract was centrifuged at 6000 rpm for 10 minutes, followed by subsequent filtration with

Whatman filter paper. The silver nitrate solution with varying concentrations of 1-5 mM was



prepared along with different concentrations (1-5 ml) of flower extracts [20]. The optimized

concentration was found to be 2 mM of silver nitrate with 1ml of flower extract.

2.5  Preparation of nanocomposite hydrogels

Nanocomposite hydrogels were synthesized by the ex-situ method. Initially, 1g of crosslinked
hydrogel was dipped in 10 ml of already prepared silver nanoparticles and no antibacterial
activity was observed at this concentration. Therefore, the impregnation of silver nanoparticles
into the hydrogels was done by dipping the 2g of already prepared Ga-cl-poly(AAm) and Ga-
cl-poly(AAmM-IPN-AA) in 60 ml of nanoparticles separately for 24 hours and afterward kept in

a hot air oven for 24 hours to get the desired nanocomposite hydrogels.

2.6 Swelling properties

The swelling studies of the synthesized hydrogels were carried out by the well-reported

procedure [21].

2.7 Characterization techniques

Synthesized hydrogels were characterized by Fourier Transformed Infrared (FTIR)
spectrophotometer (Perkin Elmer) having diamond crystal and ZnSe for focusing element.
Scanning electron micrographs of samples were taken on the JEOL JSM-6490LV microscope
after the thin layer coating of samples with gold using D11-29030SCTR Smart Coater. The
impregnation of silver nanoparticles in the hydrogels was determined using EDX spectra. XRD
spectra were recorded using a Spinner PW3064, X’pert PRO diffractometer with Cu-K, of
1.54060 A at the 20 scale ranging from 10°-80°. Silver nanoparticles were characterized using

a UVv2550 SHIMADZU CORP spectrophotometer.



2.8 Antibacterial and antifungal studies

The bacterial strains were taken from the Institute of Microbial Technology (IMTECH),
Chandigarh to check the antimicrobial activities. Bacterial and fungal strains were incubated for
24 hours at 37°C on nutrient agar and potato dextrose agar (PDA) mediums, respectively. Stocks

were maintained at 4°C.

2.8.1 Agar well diffusion method

The antibacterial activities of the backbone and synthesized hydrogels samples were studied by
agar well diffusion assay as per the standard guidelines. The overnight bacterial culture was
diluted (1:100) to obtain 10° CFU/mI for each bacteria to be tested (S. aureus, E. coli and
Pseudomonas aeruginosa) and was spread using sterile swab consisting bacterial suspension on
Muller Hinton Agar plates. Afterward, wells having dimensions of 6 mm diameter were punched
into the agar plates comprising a bacterial suspension and filled with 50 mg/ml of gum acacia
and hydrogels and retained at ambient temperature for 2 hours for diffusion. Subsequently, the
plates were then incubated at 37°C for 24 hours. Wells containing the same amount of sample
‘A’ served as control. The diameters of zone of inhibition around the wells were measured in mm

after an incubation of 24 hours, against all the above-mentioned organisms for three replicates.

2.8.2 Antifungal activity

The standard agar well diffusion technique was employed to check antifungal activity. The
fungus was inoculated over the Potato Dextrose Agar medium with 1 ml of spore suspension. A
sterile metal cylinder with a 6 mm diameter was used to punch wells in agar plates. The test
samples were placed into them. The agar plates were left for 2 hours specifically at room

temperature and then incubated under aerobic conditions at 28 °C for the diffusion of samples.



The zones of inhibition of fungal growth around the wells were measured in millimetres after the

incubation period of 2-3 days.

3. Results and discussions

3.1  Synthesis of gum acacia-based nanocomposite hydrogels

Ga-acrylamide (AAm)-acrylic acid (AA) was prepared by a two-step aqueous polymerization
under the influence of microwave irradiation. The proliferation of the reaction was initiated by
the creation of reactive sites on gum acacia and monomer. Microwave irradiation causes the
disintegration of ammonium persulfate and generates sulfate ion radicals. Water molecules
present in the reaction system absorb microwave energy and rapidly produced —OH ion radicals.
The free radicals were created on polar -OH groups of gum acacia. Free radicals present in the
adjacent vicinity of monomer molecules lead to chain initiation and propagation steps [22-23].
During the propagation, the polymer chain reacts to the end groups of crosslinker resulting in a
crosslinked structure. Both semi-IPN and IPN with the maximum percentage of swelling were
prepared at optimized reaction parameters.

The water uptake ability showed an increasing trend at the beginning with increasing the
concentration of APS from 0.008 mol/L to 0.021mol/L due to an increased number of free
radicals on the Gum acacia (Fig. 1a) [24]. The Ps was also examined with respect to the amount
of concentration and maximum Ps was achieved with 14 ml of solvent. Thereafter, the water
holding capacity of the grafted copolymer was found to decrease (Fig. 1b). The decreased
Ps was due to the hindrance over the reaction chain due to the excess generation of hydroxyl
free radicals in a large amount of solvent [25]. From Fig. 1c, it can be depicted that at 2.813
mol/L concentration of acrylamide showed the maximum Ps. The further increase brings out a
decreasing trend in the Ps due to over protonation or self-crosslinking of monomer molecules

[26-27]. The optimum amount of MBA also influences the swelling behavior of



synthesized hydrogels. The Pswas examined with changing concentrations of MBA from 0.006
mol/L to 0.032 mol/L. Fig. 1d reveals that the greatest extent of Ps was observed with 0.012
mol/L. A further rise in crosslinker concentration showed a reduced Ps due to a decrease in the
dimension of pores on hydrogels. Also, a decrease in the flexibility of copolymer chains leads
to stiffer network and do not permit a significant relaxation. This accounts for the decrease in
water-absorbing capacity of synthesized hydrogels at higher concentrations [28-29].

The concentration of acrylic acid was optimized to get the Ga-cl-poly(AAmM-IPN-AA) with
maximum Ps at other preoptimized reaction parameters. The varying concentrations of acrylic
acid from 0.00007 mol/L - 0.00029 mol/L were analyzed for this purpose (Fig. 1e). The Ps was
decreasing with the increased concentration of AA due to the integration of elevated self-
crosslinking [30]. A more packed and inelastic structure was resulted due to an overabundance
of monomer in the reaction system, which eventually reduces the pore size and water holding

capacity of the hydrogels [31-32].

3.2 Synthesis of silver nanoparticles

The biosynthesis of Ag ions into Ag atoms utilizing Koelreuteria apiculata extract was examined
through variations in color during the synthesis process and UV-vis spectroscopy. The colloidal
suspension of AgNPs suggests a color change from pale yellow to brown because of surface
plasmon resonance (SPR) as shown in the inset of Fig. 2a [33-34]. The AgNPs shows an
absorption band at 418 nm after 1 hour (Fig. 2a). To examine the stability of the as-prepared
AgNPs with various volumes of flower extracts ranging from 1ml to 4ml were taken for studying
the addition of 2 mM concentration of AgNOs. (Fig. 2b) shows the absorption bands obtained
after 2 months and indicates that SPR bands shifted slightly towards the longer wavelength region
with increasing the number of days. The shift observed in the absorption peak can be influenced

by the size and shape of the particle. A redshift was observed in the absorption peak with an



increase in the particle size [35]. Only a slight increase in redshift was observed after two months
that confirms the stability of AgNPs.

Transmission electron microscopy (TEM) has provided insights into the formation of AgNPs.
The TEM micrographs were recorded from the solution of AgNPs as shown in Fig. 3a. The
figure represents the individual silver nanoparticles as well as aggregates of particles at a scale
of 100 nm. Prepared AgNPs possess variable morphology and most of them were spherical in
nature along with some irregular shapes. The majority of the NPs were found in the range of
20-80 nm with an average size of around 52.0 nm (Fig. 3b). A low number of particles with
higher size were also noticed in some cases. There is a thin coating of the organic layer around
the aggregates of small particles at a 20 nm scale, which reflects as a capping agent. At the
microscopic scale, this also explains the noble dispersion of silver nanoparticles within the bio-

reduced aqueous solution [36].

3.3  Characterization of synthesized hydrogels

3.3.1 FTIR spectroscopy

The FTIR spectroscopy was used to investigate the structural variations in Gum acacia, Ga-cl-
poly(AAm), Ga-cl-poly(AAm-IPN-AA) and their nanocomposites as shown in Fig. 4. The gum
acacia showed a broad peak at 3285 cm™ that corresponds to the hydrogen-bonded OH group
[37]. The peak at 2809 cm™ relates to sugar, arabinose, as well as alkane and aldehyde stretching
and peaks in the range of 1000-1080 cm contributes to the diaryl group [38-39]. A new peak at
1650 cm! signifies -CO stretching of amide-1 after graft copolymerization of AAm. The minor
peak emerged at 1319 cm™ assigned to -NH in-plane bending of amide-11 [40-41]. The presence
of new peaks signifies the grafting of polyacrylamide onto gum acacia. Further, the integration
of silver nanoparticles into semi-IPN was endorsed by the characteristic peaks with lower

transmittance at 3330 cm™* due to the N—H stretching of protein evolving from the peptide
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linkages existing in the extract and 2323 cm™ due to the C=0 stretching vibrations or N-H
stretching vibrations. Apart from this, extra peaks with lower transmittance 2947 cm™ and 2919
cm contribute to C-H stretching of protein methylene groups were also detected [39-40]. In the
case of Ga-cl-poly(AAmM-IPN-AA), extra small peaks were detected at 1698 cm™ and 1164 cm™
due to the stretching of —CO group of acrylic acid and -COO group of the acrylate unit,
respectively [42-43]. FTIR spectrum of Ga-cl-poly(AAm-1PN-AA)-AgNPs exhibits the shift of
peaks towards the higher wavenumber due to the formation of covalent bonding between silver
nanoparticles and electron-rich groups of the hydrogel. The occurrence of particular silver
nanoparticle peaks in addition to shifting confirms the impregnation of AgNPs onto the

hydrogels.

3.3.2 SEM analysis

Scanning electron micrographs were taken at different magnification to distinguish the structural
variations on the surface of Gum acacia, Semi IPN and IPN. The morphology of Ga has a smooth
homogenous surface (Fig 5a). Figure 5b represents the formation of the well-defined porous
structure after graft copolymerization and this can be attributed to available space for water
during the swollen state. The addition of poly(AA) increases the surface roughness by reducing
the pore size of hydrogels (Fig 5¢). The surface of IPN was highly rough in comparison to semi-
IPN due to the integration of covalent bonds among different polymeric chains on crosslinking.
EDX analysis was used to determine the successful synthesis of nanocomposite hydrogels along
with their elemental composition. Apart from Ag, the presence of oxygen could be attributed to
biomolecules that are bound on the surface of AgNPs and this corresponds to the reduction of
the ionic form of silver into its elemental form [44]. In comparison, 8.73% Ag was found in Ga-
cl-poly(AAmM-1PN-AA)-AgNPs and 0.07% Ag was found in the case of Ga-cl-poly(AAm)-

AgNPs. A comparatively less pore size of Ga-cl-poly(AAmM-IPN-AA)-AgNPs in comparison to

11



Ga-cl-poly(AAmM)-AgNPs displays the ability of IPN to impregnate a large number of silver

nanoparticles (Fig. 6a and 6b).

3.3.3 XRD analysis

X-ray diffraction pattern of Gum acacia, Ga-cl-poly(AAm) and Ga-cl-poly(AAmM-IPN-AA), Ga-
cl-poly(AAmM)-AgNPs and Ga-cl-poly(AAmM-IPN-AA)-AgNPs is shown in Fig. 7. A wide
maxima was obtained in gum acacia at an angle of 19° at 26 scale with a relatively lower intensity
as compared to the hydrogel samples. The shape of radiances signifies that the nature of gum
acacia is moderately crystalline with dominant amorphous nature. Grafting of poly(AAm) onto
gum acacia increases the relative intensity, which attributed to the enhancement of crystallinity
due to the interaction of poly(AAm) with —OH and —CH groups of the backbone [45]. The peak
maxima shifted to 20° in the 26 scale along with a decline in diffraction peak intensity after the
addition of poly(AA) onto the Ga-cl-poly(AAm), which shows the semi-crystalline nature of Ga-
cl-poly(AAm). Whereas, Ga-cl-poly(AAm)-AgNPs nanocomposite exhibit an additional peak
with relatively lower intensity at 38° after the impregnation of silver nanoparticles. The change
in intensity indicates the interference of Ag ions in Ga-cl-poly(AAm) and this suggests the
convergence of the semi-IPN network towards the disordered state. The diffractogram of Ga-cl-
poly(AAm-IPN-AA)-AgNPs shows diffraction peaks at 38°, 62°, 75°, 78° in 20 scale
corresponding to diffraction scattering from the (111), (220), (220), and (311) planes,
respectively. These peaks firmly indicate the fcc structure of crystalline AgNPs imbibed onto
hydrogels [46]. The gradual decrease in peak intensity of Ga-cl-poly(AAm-IPN-AA) with an
increase of AgNPs corresponds to a more disordered state. The relative intensity decrease was
observed to be more in Ga-cl-poly(AAm-1PN-AA)-AgNPs in comparison to Ga-cl-poly(AAm)-

AgNPs, which reveal that influence of AgNPs is more on nanocomposite of IPN (Fig. 7).
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3.4  Antibacterial and antifungal studies

3.4.1 Antibacterial studies

Antibacterial efficiency of samples gum acacia (A), Ga-cl-poly(AAm) (B), Ga-cl-poly(AAm)-
AgNPs (B1), Ga-cl-poly(AAm-IPN-AA) (C), and Ga-cl-poly(AAm-IPN-AA)-AgNPs (C1)
were tested against the gram-positive ( S. aureus) as well as gram-negative (E. coli and P.
aeruginosa) bacteria (Fig. 8). Antibacterial behavior of nanocomposites was assessed against
Pseudomonas aeruginosa at a concentration of 50 mg/ml. It was observed that nanocomposites
(B1 and C1) showed enhanced antibacterial activity depicted by a clear zone of inhibition
around the wells containing nanocomposite hydrogels (Fig. 8P). Antibacterial activity of
nanocomposites was assessed against E. coli at a concentration of 50 mg/ml and it has been
observed that E. coli was comparatively less sensitive to B1 and C1 nanocomposites in
comparison to the P. aeruginosa (Fig. 8Q). Similarly, the antibacterial activity of
nanocomposites samples (B1 and C1) was checked against S. aureus at concentration 50 mg/ml
and sample ‘A’ was taken as control. The samples B, B1 and C1 exhibit moderate antibacterial
activity in comparison to the P. aeruginosa and E. coli (Fig. 8S). The zone of inhibition in S.
aureus was found to be less due to less penetrability of silver nanoparticles in the thick cell
wall of Gram-positive. Whereas, the maximum zone of inhibition was witnessed in the case of
P. aeruginosa due to different compositions of the cell wall in gram-negative bacteria. A gram-
negative bacteria have a thinner cell wall made up of a looser peptidoglycan layer that allows

the easy penetration of silver nanoparticles [47-49].

3.4.2 Antifungal studies

The anti-fungal activity of samples gum acacia (A), Ga-cl-poly(AAm) (B), Ga-cl-poly(AAm)-
AgNPs (B1), Ga-cl-poly(AAm-IPN-AA) (C), and Ga-cl-poly(AAm-IPN-AA)-AgNPs (C1)
were tested against the fungi (Penicillium and Aspergillus). The maximum zone of inhibition

13



was observed with sample Bl against Penicillium (Y) followed by sample C1 against
Aspergillus (X) (Fig. 9). In the case of nanocomposite hydrogels, AgNPs tend to generate free
radicals that cause membrane damage of the fungi. DNA condensation and dehydration are
other reasons for better antifungal activity of nanocomposite hydrogels [50-51]. Less antifungal
activity was observed in the case of Aspergillus due to the production of secondary metabolites.
These metabolites interfere with the inhibitory mechanism of silver nanoparticles thereby

providing resistance to AgNPs [50, 52].

4. Conclusions

Microwave-assisted synthesis of nanocomposite hydrogels was successfully carried out by the
impregnation of silver nanoparticles into crosslinked hydrogels. Scanning electron micrographs
displayed the change in surface morphology due to grafting of polymers onto gum acacia. The
existence of silver nanoparticles in synthesized nanocomposite hydrogels was confirmed by
spectroscopic techniques. Antibacterial and antifungal activities of synthesized hydrogels were
studied against three bacterial and two fungal strains. The synthesized hydrogels showed varying
degrees of antimicrobial activity with both bacteria and fungi. IPN nanocomposite hydrogels
showed enormous potential in inhibiting the growth of bacteria as compared to semi-IPN. The
varying antimicrobial activity by hydrogels might be due to the difference in the composition of
the cell wall of different bacteria (peptidoglycan) and fungi (chitin, glucans and
mucopolysaccharides). Also, there is a difference between the cell wall composition of Gram-
negative (P. aeruginosa and E. coli) and Gram-positive (S. aureus). The synthesized
nanocomposite hydrogels may serve as promising antimicrobial and antibiofilm agents for

medical applications after their in vitro and in vivo evaluation in animal models.
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Scheme 1: Synthesis of Ga-cl-poly(AAm) and Ga-cl-poly(AAmM-1PN-AA).
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Figure 1: Variation of percent swelling with (a) initiator concentration, (b) amount of
solvent, (c) monomer (AAmM) concentration, (d) crosslinker concentration, and (e)

monomer (AA) concentration.
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Figure 2: UV visible spectra of silver nanoparticles with different flower extract

concentrations after (a) 1 hour (b) 2 months.
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Figure 3: (a) Transmission electron microscopic analysis of AgNPs at various resolutions

and (b) size distribution histogram of AgNPs.
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Figure 4: FTIR spectra of Gum acacia, Ga-cl-poly(AAm), Ga-cl-poly(AAm)-AgNPs, Ga-cl-

poly(AAm-1PN-AA) and Ga-cl-poly(AAm-IPN-AA)-AgNPs.
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Figure 5: Surface morphology micrographs of (a) Gum acacia, (b) Ga-cl-poly(AAm), and (c)
Ga-cl-poly(AAm-IPN-AA).
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Figure 6: EDX spectra of (a) Ga-cl-poly(AAm)-AgNPs and (b) Ga-cl-poly(AAm-IPN-AA)-

AgNPs.
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Figure 7: XRD pattern of Gum acacia, Ga-cl-poly(AAm), Ga-cl-poly(AAm)-AgNPs, Ga-cl-
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Figure 8: MHA plates having an antibacterial activity of test samples (A, B, B1, C, C1)

against bacterial strains, Pseudomonas aeruginosa (P), Escherichia coli (Q) and

Staphylococcus aureus (S).
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Figure 9: PDA plates having an antifungal activity of test samples (A, B, B1, C, C1) against
fungal strains, Aspergillus (X) and Penicillium (Y).
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