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Abstract Hybrid nanocomposites based on polyethylene
glycol (PEG) embedded with nanoscopic Ag particles were
prepared by two distinct approaches: in situ and ex situ
chemical processing routes. The effect of Ag loading on
tailored optical and electrical responses in the two classes
of metal-polymer nanocomposites (MPNs) was investi-
gated. Transmission electron microscopy of the in situ
MPN sample revealed core—shell-type combination com-
prising Ag nanoparticles lying at the core surrounded by
polymeric (PEG) shell. On the other hand, ex situ MPNs
exhibited dispersed phase microstructure with uneven dis-
tribution of Ag nanoparticles in the PEG matrix. Com-
parison of the thermal properties of in situ and ex situ
MPNs confirmed that the MPN obtained through in situ
process with 2 wt% of Ag contents displayed higher ther-
mal stability (= 18%) relative to ex situ MPN of the same
composition. The absorption spectrum confirmed clear,
blue shift with enhanced band gap in the case of in situ
MPN relative to its ex situ counterpart. The Ag-PEG
nanocomposites prepared by both the processes exhibited
metallic I-V response. Electrical transport observed in
terms of resistivity variation with temperature confirmed
typical semiconducting behavior in the composite phase in
sharp contrast to the insulating property of the host PEG.
A large decrease (x65%) in activation energy was
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observed in the case of in situ MPN at higher loading of Ag
possibly because of the higher mobility assisted by tun-
neling of charge carriers through polymeric spacers in the
composite phase. The drastic improvement in optical and
electrical responses of the nanocomposites indicated the
suitability for photovoltaic and optoelectronic applications.

Introduction

Functional materials for energy storage/conversion devices
have attracted significant attention in recent years. Metal
oxide heterostructures, dye-sensitized polymers, ion-con-
ducting polymers, etc. have emerged as important class of
materials for applications in energy storage devices [1-4].
Metal-polymer nanocomposites are one such class having
advantageous features of both the metallic and polymeric
components. Dispersion of metal nanoparticles in soft
polymeric matrix is expected to impart functional charac-
teristics (electronic, optical, catalytic etc.) for specific tai-
lored applications.

The origin of property tailoring in a metal-polymer
nanocomposite system lies in the synergism between the
properties of the individual components. It is well known
that polymers act as the excellent host materials for metal
as well semiconductor nanoparticles. When metal nano-
particles are embedded in a polymer, it surrounds and
protects the metal nanoparticles from agglomeration and
ensures nanoscopic features of the metallic filler in the
composite phase [5-7]. Polyethylene glycol (PEG) is
considered as a good host material for metal nanoparticles
due to its specific features of low molecular weight, low
Tg, water solubility and biocompatible properties that
render it useful for industrial and biomedical applications
[6, 8, 9]. At the same time, incorporation of metal



J Mater Sci (2011) 46:6096-6105

6097

nanoparticles into a matrix improves its physical and
chemical properties to a desirable level on composite for-
mation. Among the metal nanoparticles, Ag nanoparticles
have been studied due to its proven potential for applica-
tions in technologically important areas, such as photo-
voltaics, optoelectronics, energy storage, catalysis, sensing,
high-energy radiation-shielding materials, microwave
absorbers, optical limiters, polarizers, capacitors, actuating
system, and biomedical materials [10-19].

The above mentioned specific applications require tun-
able properties in metal-polymer nanocomposites. Such a
requirement can be achieved by lowering the nanoparticle
size, ensuring homogeneity in size distribution and isotropy
in morphology of the composite phase. Therefore, the
control of these parameters of the metallic nanoparticles
becomes a very challenging aspect. Further, dispersion and
interfacial interactions of all the components in nanocom-
posites also influence the performance of these materials
for wide ranging applications [20-25]. In addition, pro-
cessing method of polymer-based hybrid nanocomposites
also plays a crucial role in the control of composite stoi-
chiometry and functional characteristics in the composite
phase. Several approaches have been tried to ensure
retention of nanoscale characteristics in the hybrid nano-
composites. Nevertheless, the in situ approach is still an
attractive and less explored area.

Among the various methods for preparation of the
metal-polymer nanocomposites, two are important and
commonly used. The first is ex situ approach, in which
direct mixing of metal nanoparticles with a polymer in
solution phase is preferred. The other method is in situ
formation of metal nanoparticles from metal precursors. In
the in situ approach, the reaction occurs in the presence of a
polymer, which ensures control over the size of the parti-
cles [5, 6, 26]. Some recent reports on metal-polymer
nanocomposites have drawn considerable attention on their
potential applications in view of their improved optical,
mechanical, and thermal properties [27-31].

This article aims to report polymer—metal hybrid nano-
composite based on nano Ag-polyethylene glycol (PEG)
combination. The control over particle size of Ag nano-
particles and their distribution in PEG matrix has been
achieved via in situ chemical process. For the sake of
comparison, the same composite has also been prepared via
ex situ method. Physical characterization of Ag-PEG
nanocomposite has been done using UV-Visible spec-
troscopy, transmission electron microscopy, and IR spec-
tra. Thermal stability, voltage stability, and electrical
property have been studied and analyzed. The suitability of
the composite combination, prepared by both the approa-
ches, has been investigated, and compared. This is a part of
ongoing studies on polymer nanocomposites in this labo-
ratory [32-37].

Experimental details
Reagents

All the chemicals were of analytic grade and used as
received. Deionized water was used for the preparation of
all the samples. Polyethylene glycol (M, = 3350 g mol ")
and silver nitrate were procured from Aldrich, India.
Sodium citrate was purchased from Merck, India.

Materials preparation

Ag-PEG nanocomposites were prepared by two different
processes, namely in situ and ex situ.

Synthesis of Ag—PEG nanocomposites by In situ process

Ag-PEG nanocomposites were prepared through in situ
method by adding various amounts of silver nitrate to the
solution of PEG before the addition of sodium citrate. In a
typical experiment, PEG (0.5 g) was dissolved in deionized
water (25 ml). 50 ml aqueous solution of silver nitrate was
prepared and added to the PEG solution. The resulting
mixture solution was boiled for about 15 min with con-
tinuous stirring. 25 ml aqueous solution of sodium citrate
(5.88 x 107* M) was prepared separately and added
dropwise into the above reaction mixture with the help of a
dropper. The final solution was kept again for boiling with
continuous stirring for about 30 min. The color of the
solution became pale yellow. The resulting colloidal
solution was then cooled down slowly at room temperature
and finally stored at 5 °C. For the optimization of these
nanocomposites through this method, we varied the amount
of Ag content with fixed amount of PEG. The best results
were obtained with 2 wt% of Ag.

Synthesis of Ag—PEG nanocomposites by ex situ process

For the synthesis of Ag—PEG nanocomposites through ex
situ method, preparation of nanocomposites was carried out
into two parts. First, the colloidal silver nanoparticles of
various concentrations were prepared by the reduction of
silver ions using sodium citrate via steps as reported in the
literature [38] with some modification. Initially, 25 ml of
sodium citrate of 5.88 x 10~* M was added dropwise into
50-ml-boiled silver nitrate solution with continuous stir-
ring. The resulting mixture was then refluxed for about
30 min with continuous stirring. Finally, yellow-colored
Ag nanoparticles were obtained. It was allowed to cool
down at room temperature. Next, 25 ml aqueous solution
of PEG was prepared separately and added into colloidal
solution of the as-prepared Ag nanoparticles at room
temperature with continuous stirring for about 30 min.
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These nanocomposites were also optimized by varying the
amount of Ag content with fixed amount of PEG.

Materials characterization
Transmission electron microscopy (TEM)

Transmission electron microscopy was performed on a
FEI-Philips Morgagni 268D Digital TEM with image
analysis system by applying an accelerating voltage of
100 kV. Transmission electron micrographs of different
samples were recorded by applying a small drop of col-
loidal solution into the carbon-coated copper G-200 grid.
Copper grid was dried in dark before its examination. The
particle size was analyzed using “Analysis 3.2” “soft
imaging system” SIS Olympus.

Thermogravimetric analysis (TGA)

Thermogravimetric analyses of pure PEG and metal-
polymer nanocomposites (MPNs) were carried out on a
Perkin Elmer TGA instrument [Model: Pyris Diamond TG/
DTA] and TA instrument [Model: SDT Q600]. The mea-
surements were performed from the ambient temperature to
600 °C with heating rate of 20 °C/min under nitrogen
atmosphere.

Fourier transform infrared spectroscopy (FTIR)

The FTIR spectra of all the samples were measured using a
Perkin Elmer FTIR-spectrophotometer (Model RX-1),
within the range of 400-4400 cm™' using a resolution of
4 cm™! in KBr medium.

UV-Vis spectroscopy

The UV-Visible spectra of pure PEG and Ag-PEG nano-
composites were recorded using a Systronic Spectropho-
tometer (Model 2203). These spectra were generally
recorded in a 1 cm quartz cell.

I-V Characteristics

The current—voltage (I-V) characteristics of pure PEG and
the MPNs were determined with using digital picoammeter
(scientific equipment, model DPA—111) and power source
(ELNOVA). A voltage step of 0.5 V and preset relaxation
time of 5 s were used in all the cases. The voltage sweeps
were recorded ranging from —10 to +10 V range. For the
measurement of I-V characteristics, the samples were
solidified by using rotaevaporator and then dried in desic-
cator for 2-3 days. The solid samples were cold pressed
into cylindrical pellets of diameter of 10 mm and pellet
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thickness in the 2-3 mm range for different Ag nanofiller
concentrations. The pellets were finally coated with con-
ductive carbon paint and dried at room temperature for 3 h
before carrying out the measurements.

Electrical conductivity measurements

The electrical conductivity measurements of pure PEG and
all MPNs were carried out at an input ac signal level
~1.2V peak to peak over a temperature range of
30-55 °C using a computer-controlled impedance analyzer
(HIOKI LCR Hi TESTER, Model: 3532) in the frequency
range of 100 Hz-100 kHz.

Results and discussion
Transmission electron microscopy

The TEM micrographs of MPNs prepared by in situ and ex
situ processes are shown in Fig. la—c. TEM image analysis
provides visual evidence for distinctly different morpho-
logical features of the Ag—PEG nanocomposites obtained
via in situ and ex situ processing routes in the present
study. An observation of these images reveals that the in
situ MPN sample having 2 wt% of Ag consists of non-
aggregated, scattered, and spherical silver nanoparticles.
From the TEM image of this sample, the average size of
the particles is determined to be 15 nm with a size distri-
bution of 9-22 nm (Fig. 1a) and indicates the presence of
nanoscopic Ag imbedded in the PEG matrix in the form of
core—shell-type geometry (Inset of Fig. 1a). Well-resolved
Ag nanoparticles lying at the core appear to be surrounded
by polymeric shell, thereby confirming formation of core—
shell-type nanoscopic composite structure.

On the other hand, Ag—PEG nanocomposites prepared
via ex situ process provide clear evidence of Ag nanopar-
ticle agglomeration in the PEG matrix. Clustering of the
Ag nanofiller revealed in TEM micrograph for 2 wt% of
Ag dispersed composite provides convincing evidence in
support of our interpretation (Fig. 1b). It may be attributed
to surface interaction among Ag nanoparticles because of
their high surface area and small particle size (27 nm). This
has been confirmed by an increase in the size of cluster on
increasing the Ag nanoparticle loading (x4 wt%) in the
PEG matrix (Fig. 1c). The dispersed agglomerates of Ag
nanoparticles get converted into localized clusters of larger
size with increased Ag nanoparticle loading in the PEG.

Thermogravimetric analysis

Figure 2 shows the TGA thermograms depicting weight
loss as a function of temperature of in situ and ex situ
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Fig. 1 TEM images of Ag—
PEG nanocomposites: In situ
sample having 2 wt% of Ag (a),
Ex situ sample having 2 wt% of
Ag (b), and 4 wt% of Ag (c).
Inset of Fig. la shows the
enlargement of circle region C,
representing the core—shell-type
structure, and the inset of

Fig. 1b shows the image of pure
Ag nanoparticles
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Fig. 2 TGA thermogram of Ag-PEG nanocomposites of in situ and
ex situ samples having different wt% of Ag. Inset shows the TGA
thermogram of neat PEG

samples of Ag—PEG nanocomposites and neat PEG mea-
sured under nitrogen atmosphere. The TGA curves of neat
PEG and Ag-PEG nanocomposites can be divided into three
regions: (i) a very slowly varying flat region (R1, <200 °C).
This region indicates initially loss in weight, which is
identical for all the samples. It may possibly be due to the
release of surface moisture; (ii) a sharp fall in weight indi-
cated by R2 region (200 °C < T < 400 °C); and (iii) a flat
R3 region (>400 °C). In this R3 region, neat PEG undergoes
complete thermal decomposition because of chain scission
at T > 400 °C. However, a clear, though marginal,
improvement is noted for Ag—-PEG nanocomposites with

200nm
——

Table 1 TGA data of Ag-PEG nanocomposites with various con-
tents of Ag

Samples Degradation onset ~ Decomposition
temperature (°C) temperature (°C)

Pure PEG 241 408

In situ sample Ag 1 wt% 249 406

In situ sample Ag 2 wt% 296 420

Ex situ sample Ag 2 wt% 251 409

Ex situ sample Ag 4 wt% 236 402

leftover residue. This may be related to Ag contents in the
PEG matrix. R2 region indicates that the thermal degrada-
tion is a typical feature both for neat PEG and Ag-PEG
nanocomposites. Onset of degradation occurs at 241 °C for
neat PEG, and at 249 and 296 °C for 1 and 2 wt% of Ag
loadings MPN, respectively, obtained via in situ process. In
the case of ex situ samples, onset of degradation occurs at
251 and 236 °C for 2 and 4 wt% of Ag, respectively
(Table 1). These results exhibit a clear improvement in
thermal stability in terms of enhancement in the onset of
decomposition on Ag dispersion in PEG matrix. However,
the processing methodology used in the composite forma-
tion (in situ and ex situ) has distinctly different thermal
stability level. The Ag—PEG nanocomposites formed by the
in situ method with 2 wt% of Ag contents are 23% more
stable than PEG (Inset of Fig. 2). These nanocomposites
formed by the ex situ method with the same composition are
4% more stable than PEG, the host polymer. A comparison
suggests that composites of Ag—PEG obtained via in situ
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process have higher thermal stability (~ by 18%) than ex
situ composite of the same composition. A relative com-
parison of the stability features is presented in the Table 1.

FTIR spectra

The FTIR spectra of neat PEG and Ag-PEG nanocom-
posites having different wt% of Ag are shown in Fig. 3.
The spectrum of the neat PEG showed many characteristic
bands of molecular groups constituting the host polymer,
PEG. They have been identified and assigned as shown in
Table 2. In the spectrum of the neat PEG, bands around
950, 1105 and 2879 cm™' correspond to —~CH out-of-plane
bending vibration, C—O-C group stretching, and —CH,
stretching, respectively.

Fig. 3 FTIR spectra of neat
PEG and Ag-PEG
nanocomposites having
different wt% of Ag in different
ranges. 3000-600 cm™! (a);
1200-600 cm™! (b, ¢); and
3000-2600 cm ™' (d, €)
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An analysis of the Ag—PEG nanocomposites prepared by
in situ process (in situ sample) having 1 and 2 wt% loading
of Ag shows that the bands pertaining to C—-OH, C-O-C,
and CH, are affected (Fig. 3a). From the IR spectra of
these samples, it is evident that the band attributed to
v(CH,— breathing mode) exhibits downward shift at 1 wt%
of Ag and an upward shift at 2 wt% of Ag (Table 2).
However, C—O—-C band exhibits a noticeable change, i.e.,
an upward shift only at 2 wt% of Ag loading in the com-
posite phase (Fig. 3b, Table 2).

On the other hand, in the Ag-PEG nanocomposites
prepared by ex situ process (ex situ sample), splitting in the
vibrational bands attributed to v(-CH) and v(C-O-C) takes
place (Fig. 3c). The result suggests the possibility of strong
interaction of Ag with polymer backbone. It may be due to
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Table 2 FTIR spectral data (cm™') of pure PEG and Ag—-PEG nanocomposites
Metal-polymer Nanocomposite (MPN) FTIR band positions
sample composition -
Band assignment
—CH out-of-plane C-OH C-0-C CH, CH,
bending stretching stretching breathing stretching
Host polymer PEG 950 1033 1105 1348 2879
In situ MPN 1 wt% of Ag 948 1033 1105 1344 2879
2 wt% of Ag 954 1037 1112 1350 2885
Ex situ MPN 1 wt% of Ag 950 1060 1113 1343 2889
2 wt% of Ag 947 1060 1114 1343 2889
3 wt% of Ag 947 1060 1115 1343 2889
4 wt% of Ag 947 1060 1114 1343 2889

Lewis acid—base-type interaction between the nanofiller
and host polymer.

Feasibility of (C-O"H-Ag) and (C-O"—C-Ag) interac-
tions has been evident by their upward shift. Further, an
upward shift of the host polymer (PEG) FTIR bands—
1033 cm™ " (attributed to v(C-OH)) and 1105 cm™'
(attributed to v(C—O—-C))—on the nano-Ag loading suggests
the possibility of stronger interaction between active metal
surface and electron-rich sites of the polymer backbone
(Table 2). In addition, a shift of 2879 ¢cm ™! band toward the
higher side both in the in situ and ex situ composites sug-
gests a clear evidence for stabilization and strengthening of
the polymer backbone on interaction with nano-Ag in the
composite phase. Such an interaction between nanocrys-
talline Ag and electron rich O"—atom in the PEG matrix of
the MPN seems analogous to the dn—p7n-type interaction in
the metal-ligand combination in inorganic complexes.

From the analysis of the FTIR spectra in the region of
3000-2600 cm ™" of in situ and ex situ samples having 2
wt% of Ag, it is observed that the vibration stretching fre-
quency due to CH, group is shifted to 2885 and 2889 cm ™'
for in situ and ex situ MPNs, respectively. This shift is also
accompanied by a change in band profile (position, size, and
shape) of the vibrational band (Fig. 3d—e, Table 2).

A comparison of the FTIR spectra of Ag—PEG nano-
composites prepared via two different processes clearly
suggests two distinct mechanism of composite formation.
The former may be attributed to core—shell-type composite,
whereas the latter may be related to dispersed phase
composite. It is because the in situ MPN sample has shown
surface interaction between the host polymer and filler as if
there is a core—shell-type structure. It has exhibited limited
ability of the filler acceptability beyond which phase sep-
aration occurs. Such a possibility also seems logical and
convincing as revealed in TEM micrograph.

Therefore, an analysis of FTIR spectra of Ag-PEG
nanocomposites prepared using different methodology with

same composition of Ag shows different pattern of band
shifting. These results exhibit that the PEG chains are
immobilized at the surface of Ag nanoparticles because of
strong interactions. These interactions may be due to the
presence of non-covalent interactions (hydrophobic/van der
Waals/electrostatic) between Ag nanoparticles and differ-
ent PEG molecules.

UV-Visible spectra

Figure 4a presents the absorption spectra of neat PEG and
Ag-PEG nanocomposites prepared via in situ and ex situ
processes. A comparison indicates that Ag-PEG nano-
composites exhibit strong absorption maxima, the position
of which varies depending on the process conditions and
loading level of Ag nanoparticles in the composite phase.
The absorption peak, on the other hand, could not be
noticed for neat PEG. The well-defined single, broad and
asymmetric absorption maxima, occurring at ~415 nm
(for 1 wt% Ag) and 425 nm (for 2 wt% Ag) in the in situ
samples, and at 427 nm (for 2 wt% Ag), and 430 nm (for 4
wt% Ag) in the case of ex situ process-based MPNs, may
be related to the presence of “surface plasmon resonance”
phenomena of Ag nanoparticles. This is a characteristic
feature of noble metal nanoparticles, such as nano-Ag, near
their conduction bands.

A relative analysis of the MPNs indicates that the
absorption spectrum is sharper in the case of in situ process-
based MPNs in comparison to that of the ex situ process
obtained MPN sample. This change may be attributed to the
homogeneity and isotropy of the nanoscopic metal (Ag)
particle size distribution in the composite phase. Another
point to be noted is the observed red-shift in the absorption
spectrum that depends predominantly on the weight fraction
of the nano-Ag in the MPN. Such an effect tailors the
refractive index of the metal-polymer nanocomposite and
affects the “band gap” of the MPNs.
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Fig. 4 UV-Visible spectra (a) of neat PEG and Ag-PEG nanocom-

posites of in situ and ex situ samples having different wt% of Ag and
band gap calculation spectra for 2 wt% of Ag (b)

Table 3 Band gap information of Ag-PEG nanocomposites

Samples Estimated band gap (eV)
In situ sample Ag 1 wt% 241
In situ sample Ag 2 wt% 2.46
Ex situ sample Ag 2 wt% 1.94
Ex situ sample Ag 4 wt% 1.97

The band gap of the MPNs has been estimated using the
relation:

ohv = /A(hv — Ey) (1)
where, E, is band gap, and o = absorption coeffi-
cient = A/d, where A = I/, = absorbance, and d = film

thickness. The estimated band gap is compared in Table 3
for the MPN obtained via the in situ and ex situ processes.

@ Springer

The results indicate a relatively higher band gap for the
MPN obtained via the in situ process than that in the ex situ
MPN. This is also shown in Fig. 4b for comparison.

Current—Voltage (I-V) characteristics

Figure 5a-b shows I-V Characteristics of Ag—PEG nano-
composites obtained by in situ and ex situ processes. A
preliminary comparison of the result clearly suggests
drastic difference in the I-V response of the Ag-PEG
nanocomposites obtained via both the routes. The results
indicate that neat PEG is nonresponsive to the applied dc
bias up to 10 V. However, this behavior, attributed pri-
marily to the insulating property of PEG, changes drasti-
cally on composite formation with Ag nanoparticles.

Figure 5a (ii, iii) represents I-V response of Ag-PEG
nanocomposites obtained by the in situ process. It exhibits
typical linear response for composites with 1 and 2 wt% of
Ag with an essential difference in their stability window on
voltage scale. In situ nanocomposite with 1 wt% of Ag
shows relatively lower current and wider voltage stability
limit than the composite sample with 2 wt% of Ag. In the
latter, current begins to rise at voltage (V) > £ 2 V and
increases linearly up to 7 V. Beyond this voltage, current
attains an optimum threshold limit suggesting possibility of
breakdown. The values of current drawn at different volt-
ages are given in Table 4.

On the other hand, I-V responses of ex situ nanocom-
posites are distinctly different in terms of voltage stability
window irrespective of Ag nanoparticle loading fraction in
the PEG matrix. The typical response, however, remains
linear (ohmic). The difference in I-V response may be due
to conduction behavior in both the types of composites in
sharp contrast to that of the neat PEG. Hence, the MPN
based on nano-Ag in the PEG exhibits metallic response,
indicated by I-V characteristics. However, the band gap
estimates (Table 3) suggest semiconducting behavior with
larger band gap than that of the conventional intrinsic
semiconductors (Ge, Si, etc.)[39].

Electrical transport property

The indications from UV-Visible and I-V characteristics
prompted us to probe electrical transport properties of the
MPNs. The variation of the resistivity as a function of
temperature for different concentrations of Ag in both in
situ and ex situ nanocomposites are shown in Fig. 6. The
resistivity vs temperature pattern exhibits typical negative
temperature coefficient of resistance (NTCR) behavior
analogous to semiconductors. The absorption spectrum
analysis has also confirmed this with a slightly higher band
gap than that of the normal semiconductors.
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Fig. 5 I-V characteristics curves of neat PEG and Ag-PEG nano-
composites of in situ (a) and ex situ (b) samples having different wt%
of Ag

The variations of the electrical conductivity (g4.) as a
function of temperature for different concentrations of Ag
in in situ and ex situ nanocomposites and neat PEG are
shown in Fig. 7. Electrical conductivity provides infor-
mation associated to transport of the charge carrier, i.e.,
electron/holes or cations/anions that predominate the

Table 4 I-V characteristics of Ag—-PEG nanocomposites

a function of temperature

process of conduction. The pattern of the conductivity in
all the curves of Fig. 7 indicates that 4. increases with
increase in temperature irrespective of the type of MPN
samples. The dependence of the electrical conductivity on
temperature follows the Arrhenius relation:

o = aoexp B/KT (2)

where o, E,, T, and K are the pre exponential factor,
activation energy, temperature, and Boltzmann constant,
respectively. In both types of MPN samples (in situ and ex
situ), the electrical conductivity shows a clear increase with
an increase in temperature. A linear fit of o4, versus 10°/T
has been used to determine the activation energy. The
corresponding values of activation energy for all the sam-
ples are recorded in Table 5. These results exhibit that the
activation energy decreases with an increase in the contents
of Ag in both types of samples but this decrease in acti-
vation energy is more prominent in in situ samples (with
high content of Ag). This has happened possibly because of
the higher mobility of charge carriers in in situ samples as
compared with the ex situ samples.

Sample Current ([LA) at selective voltage

-6V -5V -4V -3V -2V 2V 3V 4V 5V 6V
Neat PEG -1.9 —-1.7 —-1.4 -1.1 -0.9 0.9 1.1 14 1.7 1.9
In situ sample Ag 1 wt% —-25.4 —18.1 12.2 —6.8 -1.5 2.1 7.2 13.7 19 25.1
In situ sample Ag 2 wt% —173 —1294 —87 —47.5 —12.2 15.3 47 83 127.1 168.7
Ex situ sample Ag 2 wt% —17.6 —13.4 -94 —=5.7 —24 245 59 9.5 13.7 17.9
Ex situ sample Ag 4 wt% —243 18.5 —12.8 2.7 2.9 73 12.7 18.9 23.6
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Fig. 7 Variation of the electrical conductivity (o4.) of neat PEG (a);
ex situ samples of Ag-PEG nanocomposites (b =2 wt% of Ag,
¢ =4 wt% of Ag) and in situ samples of Ag—PEG nanocomposites
(d = 1 wt% of Ag, e = 2 wt% of Ag) as a function of the temperature
for various concentrations of Ag

Table 5 Activation energy data of neat PEG and Ag-PEG nano-
composites with a temperature range 30-55 °C

Samples Activation energy (eV)
Neat PEG 0.111
In situ sample Ag 1 wt% 0.079
In situ sample Ag 2 wt% 0.038
Ex situ sample Ag 2 wt% 0.239
Ex situ sample Ag 4 wt% 0.141

Conclusions

Metal-polymer nanocomposites (MPNs) obtained via in
situ and ex situ chemical processes have been prepared over
a feasible range of compositions. The MPNs have been
analyzed for the role of nanoscopic metal on changes in
stability (thermal, voltage, etc.), microstructure, electrical
transport, and optical properties. In situ MPN has shown
core—shell-type structure. On the other hand, ex situ MPNs
have exhibited typical dispersed phase composite micro-
structutre with certain degree of inhomogeneity in the dis-
persion of nano-Ag in the PEG matrix. The experimental
results indicate that an insulating host polymer (PEG) has
shown drastic change in its electrical and optical properties
on nanocomposite formation. Although the MPN samples
exhibit metallic I-V response, electrical transport and
optical properties, noted in terms of resistivity variation
with temperature and band gap estimates, confirmed typical
semiconducting property with relatively higher band gap
than the conventional semiconductors (Ge, Si etc.).

@ Springer

An overall comparison suggested that the in situ pro-
cess-based nanocomposite has shown larger improvement
in properties over its ex situ counterpart. However, both the
MPNs appear to be lucrative for energy storage device
(photovoltaic), radiation sensors, etc.
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