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INTRODUCTION

The synthesis of nanoparticles is a rapidly growing field
in the material science [1]. Metal nanoparticles are particularly
interesting because they can easily be synthesized, modified
chemically and can be suitably applied for device fabrication
[2-4]. A variety of method have been developed for the prepar-
ation of metallic nanoparticles [5,6] like reverse micelles process
[6,7], salt reduction [8], microwave dielectric heating reduction
[9], ultrasonic irradiation [10], radiolysis [11,12], solvothermal
synthesis [13], electrochemical synthesis [13,14], etc. Due to
the specific size, shape and distribution, nanoparticles are used
in the production of novel material such as sensors [15], reso-
nators [16], actuators [17] reactors [18], single electron tunne-
ling devices [19] and plasmonics [20], etc.

The noble metal nanoparticles have attracted much attention
due to their unique physical, electronic, optical, mechanical
and magnetic properties that are significantly different from
those of bulk materials [21]. These special and unique properties
could be attributed to their small sizes and very large specific
surface area. In recent years, a lot of researchesis focused on
silver nanoparticles because of their important scientific and
technological applications in photosensitive components
[22,23], photocatalyst [24], sensors [25,26] and especially in
surface enhanced Raman scattering [27,28]. Such properties
and applications strongly depend on the morphology, crystal
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structure, stress, strain, toughness, rigidity, joint, crack and
dimensions of silver nanostructures. In past years, silver thin
films have been a subject of interest for researchers because
of excellent optical, electrical, catalytic, sensing and antimicro-
bial properties [29,30] and subsequent applications.

In this article, the synthesis of silver nanoparticles is performed
by using phenol and formaldehyde using chemical precipitation
method. The prepared bakelite composite have been examined
using infrared spectroscopy and nuclear magnetic spectroscopy.
The silver nanoparticles are synthesized by the decomposition
of bakelite composite at 1100 ºC and its characterization is
performed by using X-ray diffraction, scanning electron micro-
scope, atomic force microscopy and thermogravimetric analyses.

EXPERIMENTAL

All the chemicals used were of analytical reagent grade.
These are used without any purification. Phenol and formal-
dehyde are obtained from Central Drug House and silver nitrate
is purchased from Qualikems.

The functionalization test of bakelite composite material
is performed by IR and NMR spectroscopy. The morphology
and crystal structure of silver nanoparticles powder is evaluated
by SEM and XRD. SEM images are obtained using a field emission
scanning electron microscope (Zeiss EVO 18 Germany) at an
accelerating voltage of 15 KV. The reaction type and weight loss
is confirmed using TGA/DTA thermal system (DTG-60, Shimadzu,
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Kyoto, Japan). The XRD pattern is recorded by X-ray diffracto-
meter (PAN Analytical X'Pert, Almelo, The Netherlands) equipped
with Ni filter andCuKα (l = 1.54056 Å) radiation source.

Synthesis of silver-bakelite composite: Silver nitrate
(1 N) solution was treated with phenol, formaldehyde and
conc. HCl. The mixture was heated for 30 min. The dried solid
sample was washed with distilled water in order to remove
the excess metal ions and impurities.

Synthesis of silver nanomaterials: In order to obtain
silver nanoparticles, silver-bakelite composite is decomposed
by heating at 1100 °C for 1 h.

RESULTS AND DISCUSSION

In IR spectra, O-H stretching vibration is indicated at the
broad peak at 3520 cm-1. C-H stretching low signal bakelite
occurs at 3153-3128 cm-1. The strong intense band at 2353 cm-1

of silver-bakelite composite can be attributed to C-H stretching
in CH2. The band at 1600 cm-1 assigned to C=O stretching present
in the silver-bakelite composite with hydrogen bonding. The
sharp band at 1332 cm-1 can be assigned to O-H bending in silver-
bakelite composite (Fig. 1).

Fig. 1. IR spectra of synthesized bakelite composite

In 1H NMR spectra of the synthesized composite,  phenolic
protons were observed with chemical shifts within the range
3.524 ppm  (Fig. 2). In this spectra, signal with chemical shift
at 2.471 ppm represents benzylic proton in the complex. The
chemical shift at 6.744 ppm represent the aromatic protons in
bakelite complex.
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Fig. 2. NMR spectra of synthesized bakelite composite

In SEM  micrographs, the grey coloured regions indicate
the bulk polymer matrix and the brighter spots indicate the
distribution of silver particles. The cross-sectional area is
smooth and dense, without any evidence of pores or channels.
On the other hand, the surface is completely rough due to the
homogeneous distribution of silver metal particle aggregated
at polymer surface. This could be attributed to the chemical
interactions between the polar silver metal particle on surface
and polar bonds present in the segments of phenol-
formaldehyde. This analyses also confirmed the ductile and
brittle type. It described that the amount of nanoscale plastic
deformation on the surface that precedes fracture. The presence
of catastrophic brittle fracture occurs due to the elastic stress
which is present on the surface and usually propagates at high
speed. Fracture occurring in a brittle manner is neither antici-
pated by the onset of prior macro-scale visible permanent
distortion to cause shut down of operating equipment, nor it
can be arrested by a removal of the load except for very special
circumstances. It must be pointed out that ductile and brittle
can also be applied to fracture on a microscopic level.

Fig. 3. SEM image of silver nanoparticles synthesized by the decompo-
sition of bakelite composite

The possible nanostructure features is associated with the
basic types of external load conditions e.g., overload, fatigue,
and environmentally assisted sustained load cracking. As indicated
in the morphology, dimpled fracture surface is uniquely associated
with the nanoscale mechanism of nano void coalescence, which
is further associated with macroscopic ductile fractures. How-
ever, limiting the plastic deformation to a small volume of
material can also cause brittle fractures, while the fracture process
is still micro void coalescence. This case represents the constra-
ining of ductile fracture mechanism of micro void coalescence
to a plain strain, strain fracture mode referred to as plane-strain
micro void coalescence or occurs preferentially in the limited
region adjacent to grain boundary resulting in a dimpled inter-
granular fracture surface. Silver metallic material fracture surfaces
showing large fractions of cleavage may show cracking on
more than one crystallographic plane within a given grain,
leading to the most common feature associated with brittle
faceted fracture [31,32].

Surface imaging studies were performed using atomic force
microscopy (AFM) for estimating surface morphology and
particle size distribution. By this investigation, the linear den-
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dritic shape of metal ions presents at the surface of silver nano-
particle is identified. The white spots in Fig. 4 show the presence
of silver metal ions in rare linear dendritic form .The particle
size predicted is 32 nm in length and the maximum peak height
obtained is of 179.25 nm with no peaks in between [33]. The
distance between peak to peak in y-direction is 179 nm and in
z-direction is 89.78 nm. Average sizes of peaks are 101.38 nm
or defined line distanced from the mean line (zi) with roughness
approximately 20.93 nm, which can be calculated as follows:

∫=
L

0a dx)]x(z[
L

1
R

where z(x) is the function that describes the surface profile
analyzed in terms of height (z) and position (x) of the sample
over the evaluation length "L" [34-36]. The second moment
of material is calculated to be 104.649 nm. Root mean square
of mean profile slope is found to be 25.94 nm at different
counts (N).
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Fig. 4. AFM image of silver nanoparticles

Surface skewness which is the third moment of profile
amplitude probability density functions found to be of range
-0.1049. Negative sign shows that surface is more planar and
valleys are predominant. Coefficient of kurtosis is -0.1521
which shows mesocratic surface as the value is less than 3.
From Fig. 5, it has been observed that number of peaks crossing
above the upper threshold and below the lower threshold per
length of trace in a profile is in between 20-100 peak count
for 60-160 nm bandwidth range.

X-ray diffraction: X-ray diffraction pattern stipulates an
effective method for determining the phase and crystallite size
of silver nanoparticles. The diffraction peaks in each XRD
pattern can be assigned to reflections from the (020), (001),
(111), (121), (200), (131) and (211) planes of the orthorhombic
silver nanoparticles (Fig. 6). The broad peaks in the XRD
pattern indicate that the silver nanoparticles are small [36].
X-ray diffraction pattern also indicates that with increase in
the annealing temperature from 50  to 200 ºC, there is no any
effective change in XRD peak intensity, while in between 350
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Fig. 5. 3D image of silver nanoparticles

Fig. 6. XRD graph of silver nanoparticles

and 500 ºC, all the peaks of hexagonal phase are well resolved
and their peak intensity also increases, indicating increased
crystallinity of the corresponding silver nanoparticles [37].
To determine the crystallinity, the ratio of intensity at the peaks
(111) and (121) is calculated at 2θ values 44 and 64 and
assumed it as 100 % crystalline for reference [38]. With the
above as reference, the crystallinity percentage is found to be
76 % which confirms the improvement in crystallinity when
annealing temperature is raised. The growths in crystalline
size as well as reduction in full width at half maxima (FWHM)
of XRD peak are also observed on increasing the annealing
temperature. The calculated lattice constants are found to be
a = 10.43 nm, b = 22.35 and c = 7.98 nm for the above

orthogonal samples. The ratio of lattice constants a/b = 0.46667
and c/b = 0.35705 confirms the orthogonal structures of silver
nanoparticles [39].

Thermal analysis: In TGA thermogram (Fig. 7) predicted
32 % mass decomposition of metal ion in silver nanoparticles
from 21-900 ºC [40,41]. A heating up to 100 ºC/min, there is
few loss in weight sample with the increase temperature. The
decomposition of bakelite complex took place at a slower rate
of 1.265 % loss in weight per 29 ºC increase in temperature
up to 100 ºC.

Conclusion

In this work, bakelite composite was synthesised from
phenol and formaldehyde using chemical precipitation method,
which in turn by decomposing the composite, silver nanopar-
ticles were synthesized at 1100 ºC. The prepared bakelite
composite have been examined using infrared spectroscopy
and nuclear magnetic spectroscopy.  The atomic force micro-
scopy is used to estimate the surface morphology and particle
size, and the linear dendritic shape of silver ions presents at
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Fig. 7. TGA graph of silver nanoparticles

the surface of nanoparticles, which can be of great advantages
for drug delivering or chemical catalytic reactions in controlled
and efficient manner. The SEM analysis ascertains the comp-
letely rough surface due to the homogeneous distribution of
the silver metal particles accumulated at the polymer surface.
The XRD analysis revealed that crystal structure is ortho-
rhombic and growth in crystallite size as well as reduction in
full width at half maxima (FWHM) at the peak are also observed
on increasing the annealing temperature.
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