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Silver nanoparticles were synthesised by polyol method using copolymer templates
under microwave heating. The copolymer templates were synthesised by reacting
the synthesised macromonomers with comonomer wusing free radi-
cal polymerisation. The copolymers were characterised by Fourier Transform
InfraRed, "H-NMR and '*C-NMR. The copolymers were further characterised by
gel permeation chromatography for molecular weights and thermogravimetric
analysis for thermal stability. These copolymers were used as nanoreactors in the
syntheses of silver nanoparticles. The nanoparticles were characterised by various
instrumental methods like UV-visible, FT-IR and High-resolution transmission
electron microscopy to establish the average particle size and shape. Antibacterial
activities of the copolymer-stabilised silver nanoparticles were tested on various
microorganisms.

Keywords: syntheses; characterisation; copolymer templates/nanoreactors;
microwave irradiation; silver nanoparticles; anti-bacterial activity

1. Introduction

Recent developments in the nanoscale materials have opened up a new opportunity for
the building of functional nanostructures. The value and the benefit that the nanoparticles
are expected to impart in different applications commercially demand that they be
produced cost effectively on a large scale.

An economically viable process, capable of producing metal nanoparticles encapsu-
lated in the polymers, is of prime importance. Generally, a polymer that effectively
complexes the metal atom is preferred as it prevents agglomeration and therefore a direct
kinetic control over the shape and size of the metal nanoparticles is achieved. The polymer
functions as stabiliser/capping agent/template or as a nanoreactor in the growth of the
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metal nanoparticles. Linear polymers like poly (vinyl pyrrolidone), poly (vinyl alcohol),
poly (acrylic acid) and their copolymers, poly (amido amine), poly (acrylonitrile) and poly
(acrylamide) were widely used templates in the synthesis of metal nanoparticles [1-7].
The present investigation involves the usage of acrylate copolymers as templates. This
method provides a facile route for the large-scale production of silver nanoparticles.
Systematic studies on the influence of several parameters in the synthesis of silver
nanoparticles under various experimental conditions were reported.

2. Experimental
2.1. Materials

Silver acetate, silver nitrate, styrene and all the solvents used were of analytical grade.
All other chemicals used were received from commercial sources.

2.2. Synthesis of the copolymer

The copolymers [copoly(S-7TMPEGA), copoly(S-SMPEGA) and copoly(S-3MPEGA]
were prepared and characterised. As an illustrative example the synthesis of copoly(S-
TMPEGA) is described below. Copolymerisation was carried out with comonomer styrene
and macromonomer 7MPEGA [the macromonomers were synthesised as reported in the
literature]. Five copolymers with different compositions were synthesised using benzoyl
peroxide as a free radical initiator in DMF medium at 70 & 1°C in a polymerisation tube,
purged with nitrogen gas and heated in an oil bath over a period of 24 h. To this polymer
solution, n-hexane was added to dissolve any unreacted monomers and the solvent was
then removed by distillation under reduced pressure. FT-IR, '"H-NMR and "*C-NMR
spectral data then characterised the resulting copolymer solution.

Characterisation of copoly(S-7MPEGA): IR [v, cm™']: (aro.C—H str.) 3030cm ™!, (C-H
str.) 2875cm™!, (satester) 1717cm™', (aro.C=C bend) 1667-1452cm™"', (C-H bend)
1408-851cm™', (C-O str) 1292cm™!, (C-C str) 1108cm™', (aro.C-H bend)
952-661cm™'. '"H-NMR [300 MHz, CDCls, 8, ppm]: (s, 64H, (<OCH,CH>-)¢) 3.538
and (s, 5H, aro.protons. sty) 7.976. BC-NMR [300 MHz, CDCl;, 8, ppm]: C4 (163),
C7-C10 (128-132), C2, C3 (69-71), C1 (69), C5 (36) and C6 (31).

Characterisation of copoly(S-5MPEGA): IR [v, cm™']: (aro.C—H str.) 3439cm ™!, (C-H
str.) 2914cm™!, (sat.ester) 1718cm™!, (aro.C=C bend) 1666-1453cm~!, (C-H bend)
1453-848cm ™!, (C-O str.) 1253cm™ !, (C-C str.) 1105cm~!, (aro.C-H bend) 952—
661cm™". "H-NMR (300 MHz, CDCls, 8, ppm): (s, 35H, (-OCH,CH>-);;) 3.598 and (s,
SH, aro.protons. sty) 7.975. BC-NMR (300 MHz, CDCl3, §, ppm): C4 (166.2), C7-C10
(128-131), C2, C3 (70.5-71.9), C1 (63.7), C5 (36.6) and C6 (31.5).

Characterisation of copoly(S-3MPEGA): IR [v, cm™']: (aro.C—H str.) 3440cm ™!, (C-H
str.) 2922cm™!, (sat.ester) 1727cm™!, (aro.C=C bend) 1668-1450cm~', (C-H bend)
1450-852cm ™!, (C-O str.) 1254cm™!, (C-C str.) 1099cm~!, (aro.C-H bend) 950—
661cm™". "TH-NMR [300 MHz, CDCls, 8, ppm]: (s, 28H, (-OCH,CH>-);) 3.538 and (s, SH,
aro.protons. sty) 7.975. '*C-NMR [300 MHz, CDCls, 8, ppm]: C4 (166.6), C7-C10 (128.2—
130.1), C2, C3 (70.4-71.8), C1 (58.9), C5 (36.5) and C6 (31.4).
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2.3. Synthesis of the silver nanoparticles in the copolymer template

About a 30mg sample of each of the copolymers with five different copolymer
compositions was dissolved in 10 mg of the CH;COOAg in 10 mL of DMF as a reducing
agent. The reaction mixture was heated under microwave condition for 60s. After the
microwave irradiation, the colloidal solution obtained was characterised. A similar
procedure was adopted by taking AgNO; instead of CH;COOAg. The formations of silver
nanoparticles were also monitored with different time intervals, namely 30s, 60s and 90 s.
The resulting colloidal solution was then characterised by HRTEM, UV and FT-IR.

2.4. Instrumentation

Fourier Transform Infrared spectrometer: FT-IR spectra were collected on a Shimadzu
FT-IR spectrometer and a neat solution was employed for the analysis. NMR
spectrometer: 'H and '>C NMR spectrum were recorded on a Bruker-320 MHZ
spectrometer at room temperature, using CDClj; as solvent. TMS was used as an internal
standard. Thermogravimetric analysis: TGA of copolymer were recorded with 10-15mg
of samples at a heating rate of 10°C min~" under flowing high purity N,. Gel permeation
chromatography: GPC was performed using Shimadzu instrument. Tetrahydrofuran was
used as the eluent at a flow rate of 0.3 mLmin~' and polystyrene standards of different
molecular weights were employed for calibration. Ultra-violet Visible absorption
spectrophotometer: UV spectra were taken with a Tec-comp UV2300 spectrometer. The
sample solutions were diluted using DMF and this dilute solution was put in a quartz
cuvette of lcm optical path length for measurement. High-resolution transmission
electron microscope: HRTEM was conducted by employing the model JEOL, JEM-3010,
300KeV field emission transmission electron microscopy using an accelerating voltage
of 200KeV. The filament used was LaBs A drop of the suspension was placed onto
a carbon-coated copper micro-grid a day prior to the observation. The excess solution was
removed using a filter paper and the grid was then dried. The sample was examined
by HRTEM and the TEM micrographs taken. Antibacterial activity: For antibacterial
activity screening, the agar well diffusion method was used. DMF alone served as negative
control and erythromycin (5gmL™") was used as positive control. Diameters of the zones
of ng?leth inhibition observed in the plates were measured using Hi-antibiotic zone
scale” ™.

3. Results and discussion

The copolymers were prepared by reacting the macromonomer with the comonomer
in DMF medium. Benzoyl peroxide was used as the initiator. The polymerisation reaction
was carried out at 70 &+ 1°C to give the copolymer (Scheme 1). The copolymer conversion
was restricted to less than 10%. The synthesised copolymers were characterised.

The copolymer-stabilised silver nanoparticles were synthesised by microwave heating
of each of the copolymer with silver acetate/silver nitrate in DMF (Scheme 2). The
reaction was carried out under various experimental conditions such as synthesising the
silver nanoparticles in different copolymer templates, changing the metal precursor and
varying the exposure time to microwave heating and also by changing the solvent. The
synthesised copolymer-stabilised silver nanoparticles were characterised by HRTEM, UV
and FT-IR.
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Scheme 1. Synthesis of copolymer.

3.1. Characterisation of the copolymers

The synthesised copolymers were characterised by IR, 'H and '*C NMR spectra.

3.1.1. Thermal analysis

Figure 1 represents the TGA curve for the copolymers of 50: 50 compositions. The TGA
data of the copolymers of 50:50 compositions regarding the weight loss percentage
are presented in Table 1. The thermogravimetric analysis of the copolymers [namely,
copoly(S-7TMPEGA), copoly(S-5SMPEGA), and copoly(S-3MPEGA) of 50:50 ratio
exhibits the decomposition temperature to be around 351°C, 334°C and 324°C,
respectively. The decomposition temperature increases with increasing molecular weight
and hence is indicative of the thermal stability. Higher decomposition temperature
suggests enhanced stability. A higher decomposition temperature of 351°C for copoly(S-
TMPEGA) and a minimum of 324°C for copoly(S-3MPEGA) suggests that the copoly(S-
TMPEGA) is highly stable while copoly(S-3MPEGA) is the least stable copolymer.
Among the copolymers synthesised, the order of stability was found to be copoly(S-
TMPEGA) > copoly(S-5SMPEGA) > copoly(S-3MPEGA).

3.1.2. Gel permeation chromatography

The apparent molecular weights and polydispersity indices of the copolymers were
determined by GPC in THF using polystyrene calibration. The ratio of weight-average
molecular weight to number-average molecular weight (M,,/M,) is indicative of the extent
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Figure 1. TGA plot for copolymers. (A) Copoly(S-7TMPEGA), (B) copoly(S-SMPEGA),

(C) copoly(S-3MPEGA).
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Table 1. Thermal decomposition data of the copolymers.

Decomposition temperature for

Maximum different % of weight loss
Copolymer decomposition
Copolymer composition temperature 10% 20% 30% 40% 50% 60% 70% 80% 90%
Copoly(S-7MPEGA) 50:50 351 145 270 333 357 369 377 383 391 395
Copoly(S-SMPEGA) 50:50 334 140 185 276 344 358 370 378 388 398
Copoly(S-3MPEGA) 50:50 324 161 264 312 335 350 360 371 381 401

Table 2. Gel permeation chromatography.

Copolymer Number-average Weight-average Polydispersity

Copolymers composition molecular weight molecular weight index
Copoly(S-7TMPEGA) 50:50 2602 3006 1.155
Copoly(S-5SMPEGA) 50:50 1920 2102 1.095
Copoly(S-3MPEGA) 50:50 1280 1540 1.203

of polydispersity. For all synthetic polymers, this ratio is higher than 1 and polymers
obtained by different polymerisation techniques show different polydispersities. Synthetic
copolymers obtained by free radical chain polymerisation with precise temperature control
in solution, suspension and emulsion systems exhibit a polydispersity value of 1.5-2.
A polydispersity value of 1.15, 1.89, 1.74, 1.66, 1.86, 1.77 and 1.93 was reported for
copoly(MPEGA-S), copoly(EA-HPPMA), copoly(HEA-HPPMA), copoly(GMA-HPA),
copoly(MA-HPPMA), copoly(NVP-HPPMA) and copoly(VC-HPPMA), respectively.

In the present investigation, the synthesised copolymers [namely, copoly(7TMPEGA-S),
copoly(SMPEGA-S) and copoly(3MPEGA-S)] also exhibit a polydispersity value of less
than 2 as seen in Table 2, which is in accordance with the literature. Lower molecular
weight and narrow poly dispersity index value suggest that highly mono-dispersed light
weight polymers were formed [8—10].

3.2. Characterisation of copolymer-stabilised silver nanoparticles
3.2.1. HRTEM

Figure 2 shows the HRTEM micrograph of the silver nanoparticles encapsulated
in copoly(S-TMPEGA) of composition 50: 50 with 10 mg of CH3;COOAg in 10 mL of the
DMF solution for 60s under microwave conditions. Figure 2(a—¢) reflects TEM images
of the same sample obtained from the copoly(S-7MPEGA). The micrographs reveal
that spherical or nearly spherical silver nanoparticles are formed. The particles are
homogenously dispersed in the copolymer matrix. Each silver particle is well resolved and
the morphology indicates that nanospheres are formed. In Figure 2(f), the histogram
shows the particle size distribution of the same sample. There are a few large silver
nanoparticles besides a large amount of small particles of size in the range of about 4 nm.

Figure 3(a—e) reflects TEM images of the silver nanoparticles derived from the
template copoly(S-SMPEGA). The micrographs reveal that non-aggregative spherical
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Figure 2. HRTEM micrographs of silver nanoparticles in copoly(S-7MPEGA). (a—¢) Images
recorded at different locations and (f) Histogram plot.

particles with a trace of rod-shaped particles are obtained. In Figure 3(f), the histogram
shows the particle size of the silver nano in the range of 15nm.

Figure 4(a—e) depicts the TEM images of the silver nanoparticles embedded from
the template copoly(S-3MPEGA). Non-aggregative spherical particles with a trace of
truncated triangular shaped particles are obtained. In Figure 4(f), the histogram shows
the particle size of the silver nanoparticles in the range of 25 nm.

The copolymer not only functions as a stabiliser for the formation of silver
nanoparticles but also serves as a ligand to form complexes with the silver ions. The
acrylate copolymer serves as a nucleophile that can donate an electron pair into
unoccupied orbital of the silver ions that exist on the surface. The unsaturated silver atom
[11,12] is still co-coordinately bound to the copolymer. This co-ordination effect can
substantially control the particle size. The particle size is found to be less the greater the
chain length of the polymer, as the length of the polymer chain avoids the aggregation of



11: 13 15 January 2011

Downl oaded At:

292 S. Usha Rani et al.

2 3
Distribution (%)

Figure 3. HRTEM micrographs of silver nanoparticles in copoly(S-SMPEGA). (a—e) Images
recorded at different locations and (f) Histogram plot.

the particles by keeping them away from each other. Thus, silver ions are rapidly reduced
to a silver atom [13] in a very short time by the solvent. The silver atom was still retained in
the polymer. The microwave irradiation results in the decarboxylation of the bio-
degradable ester linkage in the polymer. This is a beneficial factor for the release of well-
dispersed silver particles. A possible mechanism has been proposed for the formation of
silver nanoparticles (Scheme 1). The size was determined to be of the nanometre scale by
HRTEM. The proposed mechanism was also in accordance with the Norrish type 11
reaction that involves the decarboxylation of the ester linkage. To gain knowledge about
the completion of the reduction process, UV-Vis spectra were taken.

3.2.2. UV-Vis spectra

Figure 5(a) shows the UV spectra of the copolymer-stabilised silver nanoparticles prepared
by microwave heating of the 30 mg of the copolymer (five different compositions) with
10 mg of CH;COOAg in 10 mL of the DMF solution for 60s. Although DMF is capable
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Figure 4. HRTEM micrographs of silver nanoparticles in copoly(S-3MPEGA). (a—e) Images
recorded at different locations and (f) Histogram plot.

of reducing the silver ions to silver atoms at room temperature, the reduction rate
is dramatically increased as the temperature is raised to the boiling point of the solvent
used. Therefore, the growth of the metal particles cannot be controlled properly. Hence,
a polymer capable of controlling the particle morphology is used as a protecting agent.
A co-ordination is formed between the metal ion and the copolymer. Reduction of silver
ion to silver atom takes place on the surface of the polymer. This controls the aggregation
of the metal atoms in solution. The microwave heating after complex formation prevents
the particle growth due to milder and uniform reaction conditions. This further prevents
agglomeration of the metal particles and leads to the formation of monodispersed
stable colloids. The surface plasmon resonance (SPR) band of the silver nanoparticles
was observed around 420 nm. On the basis of Mie’s theory, isotropic silver nanoparticles
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Figure 5. UV spectra of silver nanoparticles in copoly(S-7MPEGA). (a) Silver from silver acetate,
(b) silver from silver nitrate, (c) different time intervals namely 30, 60 and 90s.

of spherical shape would give a single symmetric absorption band around 420 nm, whereas
anisotropic nanoparticles should exhibit two or more bands. A number of experiments
have also proven this theory and given similar results [14—19]. Peaks around 300 nm, which
are characteristic of silver ions, were found missing in the UV-Vis spectrum of the silver
colloids obtained [20]. The presence of peaks around 420 nm confirms the formation of the
silver nanoparticles. This indicates that all the silver ions are completely reduced.
Confirmation of the complete reduction of silver ion to silver particles through UV-Vis
absorption measurement is essential because it provides a deeper insight into the optical
properties that depend on the size, distribution and the surface properties of silver
nanoparticles.

Figure 5(b) shows the UV spectra of the silver nanoparticles prepared by microwave
heating of the 30mg of copolymer [five different compositions] with 10 mg of AgNO;
in 10mL of the DMF solution for 60s. Although the surface plasmon resonance bands
are observed at 420 nm, the absorption spectra are not similar to the profiles of the curves
compared to that of silver acetate as shown in Figure 5(a). This is due to the high solubility
of silver nitrate, which is indicative of the reduction taking place in the solution rather
than on the surface of the copolymer template [21]. This means that the reduction may be
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fast enough that the polymer chains could not complex the silver ions and stabilise in
an efficient manner. Hence, less sharp peaks are observed in the case of silver nitrate
compared to silver acetate. Absence of peaks at 300 nm confirms the complete reduction
of the silver ions to silver atoms. It is inferred that the silver colloid obtained in this system
is monodispersed.

Figure 5(c) depicts the UV spectra of the silver nanoparticles obtained from 30mg
of copolymer (of composition 50:50) with 10 mg of CH3;COOAg in 10 mL of the DMF
solution exposed to microwave heating for 30s, 60s and 90s. The spectra illustrates that
a more sharper and symmetrical peak is obtained when exposed to 90s. This is because
the rate of reduction of the silver ion to silver nanoparticle is enhanced when exposed to
microwave heating for longer duration [22,23]. However, a resonance peak centred
at 420 nm was observed irrespective of the exposure time to microwave heating.

Changing the copolymer, the weight of the copolymer and varying the solvent were
performed in further analyses. The UV spectra were taken in all the cases under identical
experimental conditions. In all the cases, the SPR band was obtained at 420 nm and the
peak due to silver ion at 300 nm was found missing. All these results cumulatively suggest
that the colloidal silver system so obtained was ideally monodispersed. This clearly shows
that only silver nanoparticles are present in the colloidal dispersion. With ageing, the silver
particles gradually aggregate to form a shiny silver film typically exhibiting ‘metallic silver’
reflectivity on the surface of the solution.

3.2.3. FT-IR

Peaks due to saturated ester at 1717cm™' observed in the polymer spectra are found
missing in the nanoparticle spectra. This clearly shows that the ester linkage is easily
degradable [24] under microwave irradiation. Presence of peaks due to aro.C =C bending
(1667, 1580, 1500, 1452cm™"), aro.C—H str(3030cm™") and aro.C—H bending (952, 848,
719, 661 cm™") vibrations were observed. A possible mechanism is suggested in the
reduction of silver ion to metallic silver (Scheme 2). The mechanism clearly suggests
that the ester linkage of the polymer template is easily degradable under microwave
irradiation thereby releasing silver particles of nanosize. Interactions of these silver
nanoparticles with biosystems are just beginning to be understood.

3.2.4. Antibacterial activity

The antibacterial activity [25] of the silver nanoparticles dispersed in different copolymer
matrices of different compositions were tested on genus Bacillus and Staphylococcus
aureus. The preliminary results suggest that the silver nanoparticles dispersed in the
different copolymer matrices copoly(S-7MPEGA), copoly(S-SMPEGA) and copoly(S-
3MPEGA) show antibacterial activity. A higher reactivity towards the test organisms
is observed when silver from silver nitrate is encapsulated in the polymer matrix
in comparison to the silver derived from silver acetate. This is due to the greater solubility
of silver nitrate in the polymer that favours the release of the silver nanoparticles readily.
Hence, it is observed that the silver derived from silver nitrate is more bactericidal than
the silver derived from silver acetate.

Among the three copolymer matrices, copoly(S-7MPEGA), copoly(S-SMPEGA) and
copoly(S-3MPEGA), silver nanoparticles embedded in the copoly(S-7TMPEGA) showed
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a higher reactivity towards the test organisms. The microorganisms upon treatment with
silver ion resulted in cell death. The zone of lyses (mm) measured was maximum for
silver nanoparticles embedded in the matrix copoly(S-7MPEGA) and minimum for silver
nanoparticles embedded in the matrix copoly(S-3MPEGA). This was attributed to the
minimum size of the silver nanoparticles (4 nm) particle in comparison to the size of silver
nanoparticles (25nm). Hence, the activity of silver nanoparticles in copolymer matrices
is found to be of the order copoly(S-7TMPEGA) > copoly(S-SMPEGA) > copoly(S-
3MPEGA).

However, in a given set of copolymer matrix, the nanosilver encapsulated in different
compositions did not alter the antibacterial activity towards the test organisms.

The antibacterial effects of a silver ion solution were investigated for Staphylococcus
aureus and Escherichia coli by analysing the growth, morphology and structure of bacterial
cells following treatment with the silver ion solution. Bacteria were exposed to the silver
ion solution for various lengths of time, and the antibacterial effect of the solution was
tested by Jung et al. [26]. The results suggest that silver ions may cause S. aureus and E. coli
bacteria to reach an active but non-culturable (ABNC) state and eventually die.

In the report by Pal et al. [27], silver nanoparticles undergo shape-dependent
interaction with the gram-negative bacterium E. coli. The interactions of silver nano-
particles with biosystems were beginning to be understood. Truncated triangular silver
nanoplates displayed the strongest biocidal action, compared to spherical and rod-shaped
nanoparticles and with Ag" (in the form of silver nitrate) and these particles are
increasingly being used as microbicidal agents. It was speculated that silver nano-
particles with the same surface area but with different shapes might also have different
effective surface areas in terms of active facets. Influence of the surface areas of different
nanoparticles on their killing activity or the bacterial killing capacity of silver nanoparticles
with the effective surface arecas was not known. The results provide a basis for the
measurement of shape dependent bacterial activity of silver nanoparticles.

In the present study, the microorganisms genus Bacillus and S. aureus, when exposed
to silver ion solution, showed considerable changes in the cell membrane as a consequence
of cell death. This was eventually measured by the zone of lyses as given in Table 3. On a
comparative basis the shape of silver nanoparticles in different copolymer templates were
analysed for the antibacterial activity.

(a) Ag/copoly(S-7MPEGA): Large number of nanospheres besides traces of less
spherically symmetrical particles as observed through TEM images are shown
in Figure 2. The antibacterial activity reported in Table 3 exhibits maximum
cell death.

(b) Ag/copoly(S-SMPEGA): Large number of spherical particles with traces of plates
as observed through TEM images are shown in Figure 3. The zone of lyses
reported in Table 3 shows moderate antibacterial activity.

(c) Ag/copoly(S-3MPEGA): Large number of spherical particles with traces of
truncated triangular prisms as observed through TEM images as in Figure 4.
The zone of lyses reported in Table 3 shows minimum antibacterial activity.

However, the results observed are in contrast to the shape-dependent bacterial activity
of AgNP as cited by Pal et al. According to their results, triangular nanoprisms exhibit
strong biocidal activity in comparison to plates and spherical particles. The reverse trend
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Table 3. Antimicrobial activity of silver nanoparticles against the different test organisms.

Zone of lyses (mm)

Silver from silver acetate Silver from silver nitrate
Copolymer Staph Genus Staph Genus
Copolymer matrices composition aureus Bacillus aureus Bacillus
Copoly(S-TMPEGA)  Five different 13 15 16 16
copolymer
composition
Copoly(S-SMPEGA) Five different 12 14 15 15
copolymer
composition
Copoly(S-3MPEGA) Five different 11 13 14 14
copolymer
composition

observed in the present study may be attributed to the trace amounts of truncated
triangular prisms and plates instead of large quantity.

To conclude, the well-resolved silver nanoparticles of dimensions 4, 15 and 25nm
through polyol reduction method under microwave conditions exhibit excellent
antimicrobial activity. Shape dependence of these nanosize particles on antibacterial
activity is to be explored.

4. Conclusion

Synthesis of the polymer-stabilised silver nanoparticles in suitable solvents through
chemical methods basically involves two processes: co-ordination of the metal ion to the
polymer and the reduction of the metal ion to metal atom. Different polymers capable of
complexing and stabilising the metal nanoparticles were synthesised by free radical
technique. The GPC and TGA results confirm the lightweight and the stability of
copolymers and these copolymers are used as a template for the synthesis of nanoparticles.
After the complexation of the metal ion to the copolymer template, the reduction of metal
ion to metal atom is efficiently performed under microwave irradiation. This prevents
agglomeration and further particle growth of the metal atom. HRTEM and UV results
provide further proof for the formation of silver nanoparticles with large number of
spherical shape with dimensions of 4, 15 and 25. Silver nanoparticles of such dimensions
are expected to have wide applications in various fields. The system is explored in their
application as antibacterial material and found to be bactericidal. This methodology could
also be applicable for producing other metal nanoparticles.
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