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a b s t r a c t
The present article reports the effect of annealing temperature on the morphology and
optical properties of silver nanoparticles embedded in polyvinyl alcohol (PVA) matrix. The
nanocomposite ﬁlms prior to annealing shows spherical grains. These ﬁlms are annealed
at ﬁve different temperatures (373 K, 423 K, 473 K, 523 K and 573 K) in vacuum and the
effects on surface morphology and optical properties are investigated. The unannealed and
annealed ﬁlms are characterized by FESEM, XRD, FTIR spectra, TGA, UV–vis absorption
spectra and photoluminescence (PL) spectra. Scanning electron microscopy images show
the change in shape and size with increase of annealing temperature. Spherical shapes
of the grains in pre annealed samples get changed to nanocubes and nanorods at higher
annealing temperatures of 523 K and 573 K respectively. UV–vis spectra show a remarkable
change of surface plasmon resonance peak with the increase in annealing temperature. XRD
shows a characteristic intense peak of silver nano at 2 = 380 for (111) crystalline plane
with no signiﬁcant change with annealing temperature. Photoluminescence spectra show
a tendency of red shift of emission peak.
© 2017 Elsevier GmbH. All rights reserved.

1. Introduction
Plasmonic metal nanoparticles specially silver nano-sized particles have drawn much attention for their unique electrical,
optical, antimicrobial and biological properties [1–7]. Silver nanoparticles give typical absorption spectra due to surface
Plasmon resonance (SPR) arising from oscillation of conduction electrons which depend upon the size and shape of the
particles [8]. Silver exhibit highest efﬁciency of plasmon excitation [9] and SPR can be tuned to any desired wavelength in
the visible region which makes them suitable for a variety of applications including sensors, colour ﬁlters and waveguides
[10,11]. Various methods have been reported for synthesis of silver nanoparticles such as embedding nanoparticles in glass
[12], silica [13] or polymers [14–18]. Use of synthetic high polymer such as polyvinyl alcohol (PVA), polyacrylic acid or
polymethyl methacrylate etc. are of particular great interest as the polymers prevent oxidation and coalescence of the
particles and provide them long time stability [19,20]. PVA could be considered as a good host material for metal due to
its excellent elasticity, transparency, thermo stability, chemical resistance, high mechanical strength, water solubility, and
moderate and dopant dependent electrical conductivity which make them suitable for many industrial applications such
as coating, enjyme immobolization, reinforcement etc. [21–26]. The optical and electrical properties of the nanoparticles
can be brought into full play, while the typical advantages of organic polymers are retained in the composite ﬁlms. As the
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physical, chemical and optical properties of the nanoparticles are often found to be dependent on their size and shape, so
numerous methods are developed to manipulate the size and shape viz. changing the concentration of the starting materials
in chemical reduction [27,28], using templates [29], changing matrix, changing temperature of synthesis, photoreduction
method [30,31], post synthesis annealing [32–34] etc. Annealing is well known to bring more order in the system by changing
the particle size, orientation, alignment etc. to give lesser entropy state. After annealing the morphology of the nanoparticles
changes subsequently resulting in shift of SPR peak [33–35]. SPR intensity is dependent on density of nanoparticles [36]. On
annealing there can be change in size and thence density of particles which will be reﬂected in SPR peak intensity. Annealing
process also affects in the ﬂoating silver nanoparticles which are applied in Organic Non Volatile memory transistors [37].
In general one can say that various physical properties can be maneuvered by annealing process. Such nanocomposites can
be used as promising materials for novel functional applications in plasmonics and photonics. In the present article, we
report the effect of annealing on the surface morphology with formation of nanocubes and nanorods and optical properties
of silver nanoparticles synthesized by chemical reduction method. Morphology of the particles are observed through FESEM
measurements whereas optical properties through UV–vis and photoluminescence spectra. Heat treatment induced changes
observed in UV–vis and photoluminescence have been correlated to the size and shape of silver nanoparticles.
2. Experimental
2.1. Materials used
Materials used for the present fabrication process are polyvinyl alchohol (PVA) and silver nitrate (AgNO3 ). PVA
(1700–1800 repeat units) is obtained from Sigma Chemical Co. and is of very high purity (99.9%). Silver nitrate of 99.9%
purity is obtained from E. Merk, Germany. These materials are used without any further puriﬁcation.
2.2. Method of synthesis and characterizations
Silver-PVA nanostructured ﬁlms are prepared by chemical reduction of silver in presence of aqueous PVA as has been
detailed in some earlier works [27]. To be particular, Silver nitrate (1 mM) solution is added to PVA solution (3 wt%) with
constant stirring at 90 ◦ C. The solution is maintained at that temperatute for1hr. for the formation of silver nano, indicated
by the change in colour of the solution to light yellow. This solution is spin cast and dried in vacuum for further investigations.Obtained ﬁlms show presence of spherical particles which are conﬁrmed to be silver in homogeneous background of
PVA. These composite ﬁlms containing spherical silver nanoparticles are annealed at different temperatures ranging from
373 K to 573 K in vacuum. Formation mechanism of silver nanorods is shown in Fig. 1. The grain size increases with the
increase in annealing temperature due to coalescence of the particles and also increase in annealing temperature leads to
increase the crystallinity of the material. Similar result is obtained in [38–40]. Signiﬁcant change in size and shape is observed
at annealing temperature 523 K and 573 K. This can be correlated to the pyrolysis of the nanocomposite occurring at around
523 K as observed in TGA. Characterization of the annealed ﬁlms is done by FESEM, XRD, FTIR spectra, UV–vis absorption
spectra and photoluminescence (PL) spectra. Thermal properties of the hybrid are investigated though TGA. Morphology
and particle size determination of the composite ﬁlm is done by ﬁeld emission scanning electron microscope (SEM) (JSM6360(JEOL)).XRD data for structure study are collected by Scifert XRD 3000 pd Diffractometer with Cu-K␣ (0.15418 nm)
radiation. FTIR spectra are taken by Bruker Alpha ATR spectrometer. TGA analysis is done by Mettler Toledo,TGA/DSC-1, star
System. UV–vis absorption and Photoluminescence (PL) studies are done by Carry-300 spectrophotometer and F-2500 FL
Spectrometer respectively.

Fig. 1. Formation mechanism of nanorods.
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Fig. 2. SEM images of the samples: unannealed (a), and annealed at 373 K (b), 423 K (c), 473 K (d), 523 K (e), 573 K (f).

3. RESULTS & DISCUSSIONS
3.1. Morphology
The ﬁlm morphology and particle size distribution of Ag-PVA nanocmposite ﬁlms both annealed and unannealed are
shown in Fig. 2(a–f). Average size of the particles obtained from histograms of these pictures is seen to increase from
100 nm–400 nm with the increase in annealing temperature. Also, in two of the cases of higher annealing temperatures, i.e.
for 523 and 573 K, we observed formation of nanocubes and nanorods respectively as observed. This is quite justiﬁed as the
morphological evolution in terms of change in size and shape and ordering of grains is known to be facilitated by annealing
[33]. The average size of the nanocubes obtained at annealing temperature of 523 K is in the range of 200–400 nm. The length
of the nanorods obtained for 573 K is in micrometer range whereas the average diameter is in the nanometer range. It is
to be mentioned that the unannealed ﬁlms show predominance of near-spherical particles of average particle diameter of
20 nm [41].
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Fig. 3. Linear ﬁt plot of ln(r3 T) vs. 1000/T.

Fig. 4. XRD spectra of the samples unannealed and annealed at 373 K, 423 K, 473 K, 523 K, 573 K.

The average particle size obtained from the SEM image can related to annealing temperature for constant heat treatment
time by the following equations [32]:
r = exp (1/3(-E/RT-lnT + constant))
where, r is the particle size, E is the activation energy and R is ideal gas constant. In Fig. 3, we show a graph between ln
(r3 T) vs. 1000/T for annealing temperatures 373 K to 523 K.
3.2. Xrd
XRD pattern of the nanocomposite ﬁlms are shown in Fig. 4. This shows characteristic peak of silver nano at 2 = 38.020
for (111) crystalline plane [39] with no signiﬁcant change except increase in crystallinity with annealing temperature. The
broad nature of the XRD peak could be attributed to formation of nanosized particles.
3.3. FTIR spectra
To look for the change in possible chemical bonding between the PVA and silver in the nanocomposite, FTIR spectra of
unannealed and annealed samples at ﬁve different annealing temperatures are taken. These FTIR spectra are shown in Fig. 5.
The vibrational peak at 3298, 2933, 1421 and 844 cm−1 are assigned to O H stretching, C H stretching, C H bend of CH2
and out of plane vibration of C H group [40,42] Further, the vibrational peaks found in the range 1130–650 cm−1 may be
attributed to Ag O, which indicate that silver nanoparticles doped in the PVA polymer matrix [43]. These peaks are slightly
shifted and intensity of these peaks are changed with increase in annealing temperature. The changes are prominent at
temperature 523 K and 573 K.
3.4. Thermo-gravy metric analysis (TGA)
Thermal decomposition of the unannealed (6.8 mg) and annealed (7.6 mg) nanocomposites are studied through TGA
curves. Decomposition proﬁles were obtained while heating at a rate of 10 ◦ C/min in air between 25 ◦ C and 700 ◦ C. The
relation between temperature and weight loss of the samples in the TGA curve is shown in Fig. 6. The initial weight loss
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Fig. 5. FTIR spectra of the samples unannealed and annealed at 373 K, 423 K, 473 K, 523 K, 573 K.

Fig. 6. Thermo-gravy metric analysis of the unannealed and annealed samples.

from 51 ◦ C to 130 ◦ C is attributed to the vaporization of the absorbed surface and interlayer water. The decrease of amount
after the pyrolysis of the sample was 4.55% (0.3088 mg) for unannealed sample and 5.06% (0.3850 mg) for annealed sample.
Thermogram shows that the PVA stabilized silver nanocomposite is thermally stable until 250 ◦ C. Then, the material continues its degradation as the temperature is increased. The improvement of thermal stability of the PVA-stabilized silver
nanocomposite is also reported by [44]. The end product after the pyrolysis is carbon coated silver nanoparticles [45] and the
decrease in weight percentage is 88.8% (6.03 mg) for unannealed sample and 85% (6.4 mg) for annealed sample. The carbon
coated silver nanoparticles do not evaporate at the temperature range between 498 ◦ C and 700 ◦ C. No change is observed
with the increase in annealing temperature.
3.5. Optical properties
In Fig. 7, we show the UV–vis absorption spectra for these nanocomposite ﬁlms for unannealed and annealed samples at
ﬁve different annealing temperatures. These show strong plasmon resonance peak which is a clear consequence of formation
of nano sized particles [46]. The size and shape of the particles are supposed to have a great impact on the UV–vis absorption
spectra. The unannealed ﬁlm shows peak at 441 nm as has been reported in our earlier work [41]. With the increase in
annealing temperature, the surface Plasmon peak position is seen to get blue shifted. It can be observed that for the samples
annealed at 373 K, the peak position is shifted to 410 nm. For samples annealed at 523 K, multiple peaks are observed. This
is due to the fact that for the particle size greater than few hundred nanometer, the ﬁeld across the particle becomes nonuniform and there is phase retardation which broadens the dipole resonance and excited higher multiple resonance, such
as the qudrapole, octapole etc. leading to several peaks in the spectra [47,48]. For samples annealed at 573 K, The peak at
320 nm belongs to the optical signatures of silver nanorods [49]. Presence of small hump at around 440 nm in this sample is
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Fig. 7. Surface Plasmon Resonance spectra of the samples (a) before annealing and (b) after annealing at different temperatures.

Fig. 8. Photoluminescence spectra of the samples after annealing at different temperatures.

due to the presence of spherical shaped nanoparticles along with the rods. The position of Plasmon absorption band depends
on particle size, aspect ratio and diameter of nanowires or nanorods [44]. In this case, the broad absorption band exhibits
that the ﬁnal product should be the presence of both silver nanorods and dispersive particles [49]. This behavior may be
justiﬁed as there is change in shape to cubic and rod at these temperatures as evident from the FESEM pictures discussed
earlier.
In Fig. 8, we show the room temperature photoluminescence (PL) spectra of these annealed composite ﬁlms for excitation
wavelength of 350 nm. These show emission band at 445–465 nm Also there is an increase in fullwidth at half maxima
(FWHM) value from 72 nm to 140 nm with increase of annealing temperature from 373 K to 573 K. Photoluminescence
(PL) of silver is generally attributed to electronic transitions between the upper d band and conduction sp band [50]. For
unannealed samples, there is no PL emission for this particular excitation wavelength but shows PL for excitation wavelength
of 405–475 nm as reported in our earlier work [41]. PL intensity, peak position and broadening depends on the size of the
nanoparticles [51]. These results suggest annealing induced colour tunable emission. In order to corroborate whether the
PL emission is from the embedded Ag nanoparticles or from the parent compound (PVA), PL spectra for pure PVA ﬁlm
is measured and this shows no emission band. The absence of emission band at this region indicates PL emission to be
originating from silver nanoparticles. Also, there is a trend of red shifting of PL peaks with annealing though these changes
are not that in sequence with annealing temperature.
4. Conclusions
The Ag-PVA nanostructured nancomposite ﬁlms on annealing show remarkable changes in morphological and optical
properties. There is remarkable change in size and shape of nanoparticles on annealing. In the unannealed ﬁlm, shape
of the particles is mostly spherical. With the increase in annealing temperature the size is increase and also in one case
formation of nanorod is observed by aligned assembly of nanoparticles. XRD spectra reveals increase crystallinity with the
increase in annealing temperature. In FTIR specta, peaks correspond to molecular vibrations and chemical bonds, indicate
the crosslinking of silver and PVA polymer. The shift in peak position and change in intensity of peak is observed with the
increase in annealing temperature which is signiﬁcant at 523 k and 573 K. Thermogravimetric studies have been performed to
analyze the pyrolysis of the PVA-stabilized silver nanocomposite and it is observed that the decomposition of the compositeis
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correlated formation mechanism and FTIR spectra. The A clear blue shift in surface plasmon resonance peak is observed
with the increase of annealing temperature. The observed blue shift correlates well with the geometrical and dimensional
changes of silver nanoparticles as revealed by SEM analysis. This study offers an interesting approach to alter surface Plasmon
resonance characteristics and thus optical transmission properties of metal nanoparticles. Photoluminescence spectra also
show trend of red shift and broadening with increase of annealing temperature.
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