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Abstract

Nanosilver/Poly(2-acrylamido-2-methylpropanesulfonate sodium (AMPS)) composites were syn-
thesized with sliver nitrate solution containing AMPS monomer in situ by microwave radiation
without addition of any reducer. The composites were characterized by means of UV-Vis, XRD,
FTIR, TEM and XPS respectively. The results show that silver nanoparticles are dispersed highly
and homogeneously in PAMPS matrix and possessed face-centered cubic structure. The morphol-
ogy of nanosilver particles is not affected by microwave treatment and AMPS polymerization. XPS
analysis reveals that there is an interaction among silver nanoparticles with nitrogen atoms and
carbonyl oxygen atoms from AMPS polymer. Thermoanalysis proves that thermal stability of the
PAMPS nanocomposites is decreasing with silver nanoparticles dispersed in the composites. The
mechanism of silver ion reduced to nanosilver particles catalysized by PAMPS under microwave is
discussed.
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1. Introduction

Research activities on inorganic-polymer nanocomposite materials have an exponential growth due to many new
characters, such as thermal, electrical, mechanical, optical properties, etc., which can be widely used in optics
materials, electricity materials, biomedicine materials, information materials and other fields [1] [2].

Among the nanocomposites, especially metal-based materials, such as, silver-polymer nanocomposites, are of
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special interest [3] [4]. This is because nanoscale metal particles such as silver and gold provide a very exciting
research field due to their interesting optical, electronic, magnetic, and catalytic properties [5]-[7]. Silver exhi-
bits the highest electrical and thermal conductivities among all the metals and has applications in a variety of
areas such as catalysis, conductive inks and pastes & adhesives for electronic components, photonics and photo-
graphy [8] [9].

As for syntheses of metal-based nanocomposites, several methods have been established for the preparation of
silver-polymer nanocomposite, including physical techniques such as thermal evaporation, laser sputtering and
layer-by-layer (LBL) assembly [10], and chemical techniques such as in-situ chemical reduction [11], sono-
chemical deposition [12], UV radiation reduction [13] and electroless plating [14], etc. But there are more or
less defects in those synthetic technologies, such as using reductant, complex synthetic steps, difficult post-proc-
essing and so on. Microwave heating is a completely neoteric method to prepare nano-Ag/polymer composites.

Microwave radiation has the advantage of heating uniformly and making metal nanoparticles easily nucleate,
and manifests the unique superiority in the preparation of nano-materials. Li [15], Angshuman [16], Yao [17] et
al. synthesized nano-silver composites by microwave radiation, but they prepared nanosilver composites with
polymer existing as protective agent, which restricted the selectivity of polymer as matrices of composite mate-
rials. PAMPS form in-situ polymerization has eximious dispersion, thermal stability and a lot of other special
performance; it has a greatly protective effect on nanosize silver particles as matrix. Xu et al. [18] reported na-
no-Ag composite materials with AMPS copolymer as continues phases synthesized by ultrasonic. The synthesis
of silver nanoparticles composites by simpler and easier synthetic routes continues to be a challenging area of
research; the microwave reaction can be conducted at room temperature and at ambient pressure, and further-
more, the reaction is free of reducing agents. At the present time, there is no report on in-situ synthesis of na-
no-Ag/polymer composites by microwave radiation as far as our knowledge goes.

In this paper, nano-Ag/PAMPS composite was prepared by the silver nitrate solution containing AMPS mo-
nomer without reducer, in which silver ion was reduced to silver nanoparticles and the monomer was polyme-
rized simultaneously by microwave radiation, and the polymers are considered to be better steric stabilizing
agents for nano-metal to improve the stability and dispersion of nanosilver in polymer matrix. The nano-silver
particles are highly and homogeneously dispersed in PAMPS polymer as continues phases of nanosilver/poly-
mer composite; it simplifies the preparation process of nanocomposite materials and post-processing process of
synthesis system because of inexistence of other matter. The interaction between silver nanoparticles and
PAMPS polymer matrix is discussed. Specially, the mechanism of silver ion which is reduced to nano-silver
particles catalyzed by PAMPS without metal-reducer under microwave is discussed.

2. Experimental

Preparation of nano-Ag/PAMPS composites. A certain amount of 2-acrylamido-2-methylpropane sulfonic acid
(AMPS) (used as marketed) were dissolved in appropriate amount stilled water (used as marketed), then a cer-
tain amount of silver nitrate and potassium persulphate (KPS) were added respectively to the above solution.
Subsequently, the mixture was stirred to be homogeneous, while pH of the solution was adjusted to 6.5 to 7.0 by
5 wt% NaOH aqueous solution, so the mixing system was obtained. The microwave reactor (LWMC-201,
Nanjing scientific research Co., Ltd., China; frequency, 2450 MHz; output power, 650 W, tunable) was on while
output of the microwave was adjusted to work efficiently. The reacting system became dusk after the microwave
radiation for several minutes. The reaction was terminated when the polymerization of AMPS and reduction of
the silver ion was finished. The reaction system was extracted and washed respectively by methanol and dime-
thyl formamide (DMF), and the brown powder was obtained. Finally, the products were subjected to vacuum
drying at 100°C for hours for testing. The sample of pure AMPS polymer was also prepared by means of the
similar polymerization approach in condition of adding no silver nitrate.

Characterization of nanosilver/PAMPS composites. The viscosity of PAMPS, which was prepared with dif-
ferent pH (pH = 1, 4, 7, 10 and 14, respectively) at reference condition, was measured with AR-G2 rotational
rheometer (Thermal Analysis Co., USA) by way of the parallel plate with the shear rate of 0.125 - 125.0 sec * in
substep flow mode at 25°C, the concentration of the sample was 0.366 mol/L. The UV spectrum of the samples
was tested by UV-1600 dual-beam UV spectrophotometer (Beijing Rayleigh Instrument Co. Ltd., China). The
morphology and size of nano-silver composites was observed by JEM-2010 High-Resolution Transmission
Electron Microscopy (Japan Electronics Co., Ltd.). For Fourier transform infrared spectroscopies (FT-IR), the
samples were pressed into pellet together with potassium bromide and were carried on a VECTOR-33 FT-IR



G.C.Xuetal.

spectrometer (Germany Bruker Co. Ltd.), with the wave number ranging from 500 to 4000 cm ™ at a resolution
of 2 cm™; X-ray powder diffraction (XRD) patterns of the nanocomposites were determined at a scanning rate
of 0.03° s in 26 ranging from 10° to 85°, using a X-ray diffractometer of XD-3 (Beijing General Instrument Co.
Ltd.); X-ray photoelectron spectroscopy measurement were performed using a ESCALAB 250 spectrometer
(USA Thermo Co. Ltd.); thermogravimetric analysis (TG) was conducted on a thermogravimetric analyzer
(Thermal Analysis Co., USA) at a heating rate of 5°C /min under nitrogen protection.

3. Results and Discussion

In order to research the optimal condition of pure AMPS polymerization, the viscosity of AMPS polymerizing
system with different pH condition was conducted, based-on pertinence of viscosity of AMPS polymerizing
system and AMPS polymerizing condition. The relation of viscosity of pure AMPS polymerizing system with
pH was shown as Figure 1. The graph showed that the viscosity of the solution was increased with the increase
of pH when pH was less than 7, subsequently, the viscosity of solution was decreased with pH of the polyme-
rizing system, the viscosity of solution reaches to peak when the pH was about 7, it suggested the neutral condi-
tion of polymerizing system was propitious to AMPS polymerizing, so the polymerizing condition was chosen
as reaction of AMPS polymerizing accompanying with reducing of silver ion.

The infrared spectra of nanosilver/PAMPS composites were shown in Figure 2. It is given some characteris-
tic peaks of the polymer, such as the 3437 cm™* stretching vibration peak and the 1550 cm* bending vibration
peak for N-H, the 2927 cm ™, 1658 cm™, 1209 cm?, 1043 cm™* and 629 cm™* stretching vibration peak res-
ponding to C-H, C=0 group, C-N group of sec-amide, S-O and C-S respectively. There is no stretching vibra-
tion peak for C=C. All those results showed that PAMPS as continuous phase of the nanocomposites was suc-
cessfully prepared by microwave radiation.

To understand the shape of silver nanoparticles during the system reaction, UV-visible spectrometry of the
nanocomposites during different reaction step were diagrammed in Figure 3. There is an absorption peak in 410
nm for nanosilver/PAMPS composites water-based system, which is analogous with that of Hiramatsu and Os-
terloh [19], who reported that the surface plasma resonance absorption peak of nearly spherical shape or spheri-
cal silver nanoparticles appeared in the vicinity of 425 nm. The absorption peak of silver nanoparticles coated
PAMPS polymer was not shifted with the microwave radiation time for composite reaction system, as shown in
Figure 3, therefore, the morphology of silver nanoclusters was not affected by AMPS polymerization and mi-
crowave treatment. It hinted that silver nanoparticles were of nearly spherical shape or spherical structure in na-
nocomposites based on the variance of the width and strength of the absorption peak in the UV-visible spectra of
nanocomposites, and it is identified too by TEM in following mentioned.
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Figure 1. Relation of viscosity of PAMPS polymerizing system with pH.
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Figure 2. FTIR spectra of hano-Ag/PAMPS composite.

12
] a) 20 min
10k b) 40 min
€) 60 min
[ d) 80 min
. 08}
3
S 3
[}
e 06
8
S !
2 04}
02}
0.0 I

300 350 400 450 500
Wavelength/nm

Figure 3. UV-Vis spectra of nano-Ag/PAMPS composite with dif-
ferent microwave time during reaction.

The XRD pattern of nano-Ag/PAMPS composites illuminated that there were four peaks appeared at 20 =
37.99°, 44.23°, 64.59° and 77.52° respectively, which indicated that there were nano-silver crystal particulates
within the nanocomposites. The crystal plane spacing (d) is 0.2367 nm, 0.2046 nm, 0.1442 nm and 0.1230 nm
calculated by 2dsing = n4, corresponding to [111], [200], [220] and [311] crystal faces of silver, respectively,
compared to PDFWIN#87-0597. Therefore, the nanosilver particles possessed face-centered cubic structure
within nanocomposites.

The silver nanoparticles within polymer composites were uniform in size with the range of 10 - 20 nm, and
were dispersed homogeneously in polymer matrix, shown as Figure 4. The silver nanoparticles were of nearly
spherical shape or spherical structure, which is consistent with the results of UV-Vis identification above. The
face-centered cubic polycrystalline structure was proved too by the electron diffraction analysis shown as
right-up of Figure 4. According to the basic formula of electron diffraction (d = K/R) and electron microscopy
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constant K (2.008 mm-nm™Y), the corresponding crystal plane distances were calculated to be 0.237, 0.205,
0.145 and 0.123 nm, which is consentaneous well with d values of crystal plane distances of [111], [200], [220]
and [311] (PDF card no. 87-0597).

To comprehend the interaction between nanosilver as dispersing phase and PAMPS polymer as continuous
phase, the nano-Ag/PAMPS composites was examined by XPS, the survey spectrum of nanosilver/PAMPS is
shown in Figure 5(a), it exhibited that the carbon, oxygen, nitrogen, sulphur, silver elements were found, which
are consistent with the chemical components of the nanosilver/PAMPS composites.

In Figure 5(b), the energy spectrum peaks of Agsqgs2 electrons positioned at 374.1 eV, which were increased
up 1.1 eV than the standard energy spectrum peaks of Agasgs, €lectrons that positioned at 373.0 eV, that is, the
energy spectrum peaks of Agsgs/, electrons within nanocomposites moved to the high binding energy, which in-
dicated that the chemical environment of nanosilver clusters was changed already, it was possibly due to the
coordination interaction between certain atoms of polymer and silver nanoparticles. The binding energy within
the electronic shell was increased because of decreasing of valence electron density and the shielding effects of
domestic electronic shell.

In the Figure 5(c) for Oy, fitting spectra, the Oy binding energy (531.4 eV) of C=0 was reduced 0.7 eV than
the standards Oy binding energy (532.1 eV) of C=0, that is, the Oy, binding energy moved to the lower region,
which indicated that carbonyl oxygen atom accepting electronics cloud belonged to other atoms. In the Figure
5(d) for Ng; fitting spectra, the energy spectrum peaks of Ny electrons positioned at 399.4 eV, which were les-
sened down 0.48 eV than the standard energy spectrum peaks of Ny electrons that positioned at 399.88 eV, the
Ny binding energy shift to lower region, which indicated that nitrogen atom accepted electronics cloud belonged
to other atoms.

Based above discussing, it suggested that the electron density in the nitrogen atoms and carbonyl oxygen
atoms in the PAMPS polymer was decreased, due to the transfer of electrons from silver particles that the bind-
ing energy was increased above mentioned, therefore the electron binding energy in the nitrogen atoms and
oxygen atom shifts to a low binding energy level, as reported in the literature [20]. The specific interaction be-
tween nitrogen atoms and carbonyl oxygen atoms belonged to AMPS polymer and silver nanoparticles within
the nanocomposites could be confirmed by the shift of the Ny, and carbonyl O, peaks to lower binding energy.
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Figure 5. XPS spectra of nano-Ag/PAMPS composites.

To investigate the thermostability of the nanocoomposites, the thermogravimetric data of pure PAMPS and
nanosilver/PAMPS composites was measured, shown as Figure 6. It interpreted that the decomposition temper-
ature of PAMPS in the nanocomposites was 297°C, which was lowered compared to 357°C of pure PAMPS,
This is consistent with the result of Lee et al. [21], who showed the thermal stability of the polymer was reduced
due to presence of silver particles in their nanocomposites. It was possibly that silver nanoparticles are homoge-
niously dispersed in polymer matrix to rapidly transmit heating effect and to promote decomposition of PAMPS
polymer.

4. Mechanism of Silver Ion Reduction with Nitrogen-Containing Compound by
Microwave

There is an interesting phenomenon that there was no changes in reaction system when sliver nitrate solution
only without containing AMPS monomer by microwave, however, the color of reaction system was changed due
to forming of silver nanoparticles in reaction system when adding PAMPS in reaction system after microwave
radiation. It suggested that the silver ion was catalyzed to form silver nanopartilces by AMPS monomers. So the
mechanism of silver nitrate reduced to nano-silver catalyzed with PAMPS by microwave was conjectured as
following Figure 7.

The electron pair of nitrogen atom attached to sec-amine of AMPS molecular could coordinate with Ag* to
form structure 1 (coordination ion). In high-frequency electric field of microwave, structure 1 was activated to
come into being structure 2 (nitrogen radical cation) and silver atom when Ag® ion is reduced by attaining a
electron of nitrogen atom of PAMPS, and PAMPS was transferred to form nitrogen radical cation. For nitrogen
radical cation, it was very too unstable complex to comeback stable sec-amine structure, so the nitrogen atom
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Figure 7. Diagram of silver nitrate reduced to nano-silver catalyzed with PAMPS by microwave.

attached to sec-amine of PAMPS played the role of intermediary for forming of silver nanoparticles. Also, ni-
trogen radical cation with low-energy could induce heavy water molecules (D,O) to be decomposed to deute-
rium radicals (D-) and deuterium hydroxyl radicals (-OD) in acetone heavy water solution, reported by Shi et
al. [22]. So, here, nitrogen radical cation was produced once in reaction system and seized speedy a electron
form water molecule and cause water molecular to be decomposed to hydrogen ion H* and hydroxyl radical
-OH, meanwhile, nitrogen radical cation was come back sec-amine state in order to keep the structure stability

O,
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of sec-amine. Based on this chemical reaction, forming of hydrogen ion resulted thereby in pH decreasing of
reaction system, and it is consistent with the result of our experiment. In this way, with increasing of the chemi-
cal reaction, nanosilver particles were continuously generated with keeping the stable structure of PAMPS, in
the end, nanosilver/PAMPS composite was formed.

5. Conclusion

The results showed that nanosilver/PAMPS composite was prepared in situ by microwave radiation. The
UV-Vis spectrum revealed that the morphology of nanosilver particles was not affected by microwave treatment.
TEM displayed that silver nanoparticles were homogeneously dispersed in polymer matrix and uniformed in
size with the range of 10 - 20 nm. XPS indicated that there was a chemical action between silver nanoparticles
and nitrogen atoms and carbonyl oxygen atoms belonged to AMPS polymer within the nanocomposites. Ther-
moanalysis proved that the property of thermal stability of the PAMPS nanocomposites was decreasing with
silver nanoparticles within composites. But also, the mechanism of silver ion which was reduced to nanosilver
particles catalyzed by PAMPS under microwave was discussed.
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