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Abstract

The polymer nanocomposites have been the exponentially growing field of
research for developing the materials in last few decades. The remarkable im-
provement in the polymer nanocomposite is found when a small amount of
nanosized particles are added to a polymer matrix. The addition of inorganic
solid nanoparticles (typically in the form of fibres, flakes, spheres or fine par-
ticles) into polymer matrix increases their physical, structural and mechanical
properties. Since the polymer-nano composites have been the staple of mod-
ern polymer industry, their durability under various environmental condi-
tions and degradability after their service life are also essential fields of re-
search. This leads to focus on preparation & characterization of polymer na-
nocomposite. This article is intended to review the status of worldwide re-
search in this aspect. The successful application of nano particles depends
upon both the correct preparation techniques followed by testing through
characterization. Surface modification can improve the inherent characteris-
tics of the nano particles and serve to prepare nano composites inexistent in
nature. Therefore, some tools as their various properties like electrical, optical
and morphological can be used to optimize the preparation of polymer nano
composites. This chapter will make an overview about different routes to
prepare polymer-based nano composites by extrusion, synthesis of nano par-
ticles by sol-gel reactions, sputtering and mainly by physical evaporation de-
position method.
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1. Introduction

The Nano Science and Nanotechnology is a multidisciplinary branch, and deals
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with materials and structures having dimensions measured up to billionth of a
meter (nanometer). In fact, nanotechnology is the applications of Physics, Che-
mistry, Biology, Engineering and Technology in one fold. Nowadays, we enter a
world where Physics and Chemistry together develop novel properties of matter
at nano scale. In Chemistry, these sizes are colloids, micelles, polymer molecules,
phase-separated regions of block copolymers and similar structures. Polymer
nano composites are, actually, hybrid materials (organic & inorganic) with at
least one dimension of the filler phase less than 100 nm (nanoparticles) [1]. Na-
noparticles are solid particles at the intermediate state which is between
atoms/molecules and macroscopic objects. Due to special features like small size,
large surface and quantum tunnel effect, the nanoparticles exhibit special physi-
cal properties. Therefore, these have huge applications in high density magnetic
recording, radar signal absorbing, magnetic fluid, radio wave shielding, preci-
sion polishing, optical devices, thermal conducting gel for micro chips, electron-
ic packaging, optoelectronics, high-performance battery, solar cell, efficient cat-
alyst, efficient fire retardant, sensitive components, high-toughness ceramics, the
body repairing, cancer therapy, and so on [2]. Silver nanoparticles possess a
unique property, because their optical, electrical, and magnetic properties are
size and shape dependent. Hence, these have applications as antimicrobial, bio-
sensor materials, composite fibers, cryogenic superconducting materials, cos-
metic products, and electronic components. The nano composites are composed
by high surface area, nano particles, and their interface defines its final proper-
ties. The dispersion and surface of particles together result in special properties.
The successful applications of nanoparticles depend upon both the synthesis and
the surface modification of these nano composite by enhancing their inherent
characteristics to prepare new nano composites [3]. In the field of material
science, an organic phase (generally, polymers) is combined with inorganic par-
ticles (metal nano particles) with considerable interest in last two to three dec-
ades. This arises interest for the addition of well dispersed particles (typically in
the form of fibres, flakes, spheres or fine particles) in the polymer matrix and al-
lows the development of new materials with tailored-made properties. Nano-
composites are composed by solid structures dispersed at the nano scale in a
matrix, in the case of polymers, typically an organic matrix containing inorganic
nanoparticles. The nano phases in the nanocomposite structure may be as: ze-
ro-dimensional (embedded cluster), 1D (one-dimension; e.g. nanotubes), 2D
(nanoscale coatings) and 3D (embedded network) [4]. Nanocomposites mate-
rials can be produced both by complex and simple processes. The various chem-
ical approaches, including chemical reduction by a variety of organic and inor-
ganic reducing agents, electrochemical techniques, physiochemical reduction,
and radiolysis are used for the synthesis of silver nanoparticles. In the present
article, we will discuss the polymer nanocomposites synthesized via various me-
thods like sol-gel, reduction method, melt-mixing and metal evaporation on

substrate in or ex situ. The conventional methods involved chemical agents as-
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sociated with environmental toxicity. There is growing need to produce nano-
composite using environmentally friendly methods. Metal evaporation on poly-
mer substrate is an eco-friendly method used by us [5] [6] [7]. In this chapter, all
the available methods for preparation of nano-polymer matrix composites along
with our own research experience are mainly introduced to the readers. In order
to claim the formation of nano-polymer matrix composites, synthesis, modifica-
tion of nanoparticles, characterization and applications of nano-polymer matrix

composites were significantly discussed.

2. Various Methodologies

Metal-polymer composites are very important since these are widely used in in-
dustry right from food packing to optical data storage. Metal- polymer interface
is very sensitive because both are extremely different materials. The possibility of
metal polymer interaction is very weak. Polymer metal composite can be pre-
pared by adding metals/their salts into polymer matrix externally or in situ
leading to hybrid materials. These various synthesis techniques are critical to
obtain nanomaterials with suitable properties. The synthesis of polymer nano-
composites applies bottom-up or top-down [8]. For optimization, the sizes,
shape, volume fraction, interface and degree of dispersion or aggregation needs
to be checked. A good selection of the basic components as well the way of
preparation allows synergetic properties of the prepared nanocomposites. In this
chapter, we have discussed various methods of dispersing metal nano particles

into polymer matrix.

2.1. Chemical Reduction Method

Polyaniline /silver nanoparticles (PANI-Ag) nanocomposite was synthesized by
in-situ polymerization of aniline in the presence of silver nitrate as precursor, a
chemical reduction method. Here, Aniline is oxidized with silver nitrate to pro-
duce PANI nitrate and metallic silver metal. The conducting Polyaniline is an
organic conducting polymer due to its high conductivity with good environ-
mental stability and huge variety of applications. Therefore, it is a suitable poly-
mer as a matrix for preparation of conducting polymer nanocomposites with
noble metals, such as silver as fillers, which play a major role in strengthening
the properties of nanocomposites. This conducting (PANI-Ag), a hybrid materi-
al can behave as semiconductor at low temperature and as metal at high temper-
ature. The samples of this polymer composite were characterized by Ultravio-
let-visible spectroscopy (UV-VIS), Photoluminescence (PL), X-ray diffraction
(XRD), Fourier Transform Infrared spectroscopy (FTIR), Scanning Electron
Microscopy (SEM) (Figures 1(a)-(d)) and Thermo gravimetric analysis (TGA)
to study silver nanoparticles embedded into PANI. The formation of single
crystalline Ag nanoparticles in the polymer matrix is confirmed by sharp peaks
in XRD pattern and the average crystallite size was estimated to be 12 nm using

Scherrer formula. The FTIR spectra show all the bands in PANI structure along
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Figure 1. (a) FT-IR spectra of PANI/Ag nanocomposite; (b). SEM image of PANI/Ag
nanocomposite. (c¢) UV-VIS spectrum of PANI-Ag nanocomposite. (d) PL spectrum of
PANI-Ag nanocomposites, Figure 1(a), Figure 1(b), Figure 1(c), Figure 1(d) [9].

with additional bands at 441.8 and 422.5 cm™ belonging to Ag. UV -visible
spectrum of PANI-Ag nanocomposite shows the significant blue-shift which is
observed as the quantum confinement of charge carriers in the nanocrystals. The
photoluminescence (PL) spectrum of PANI-Ag nonocomposite observed emis-
sion wavelength peak at 439.60 nm shifted towards to the blue region when
compared to the bulk PANI-Ag as a result of recombination of electron and hole
pairs. The difference between the absorption and emission peak wavelength is
109.20 nm. This indicates the emission associated with the transition of electrons
from trap state of conduction band (or valence band).The silver content in resi-
due of thermo gram of PANI-Ag nanocomposites is found. The conductivity of
the nanocomposites increases with the increase of temperature until a tempera-

ture of around 70°C which is a property of semiconductors [9].

2.2. Electron Beam Evaporation Method

The other method of producing silver polymer nanocomposites is by electron
beam evaporation on Polymethylmethaacrilate and Polyethyleneterephthalate
(PMMA-PET). Silver film of thickness of 1, 5, 10, 15 and 20 nm by electron
beam evaporation at room temperature (residual gas pressure 10 - 5 Pa, 7= 293
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K) with average deposition rate ~0.7 nm/s) are deposited on polymer composite
[10]. The characterization of metalized thin films is carried out by X-ray fluo-
rescence spectrometer (XRF), XRD (Figure 2(b)), UV-VIS, Atomic force Mi-
croscopy (AFM) and electrical properties. XRF analysis shows silver amount in
the polymer structure as discontinuous film till 10 nm and after that the film
becomes continuous (Figure 2(a)). Initial orientations of nuclei are depended
on the adsorption energy of adatoms to substrate and bonding energy among
them. The Volmer-Weber growth mode is of two types according to wettability
of the substrates. Wetting mode nuclei have smaller contact angles and preferen-
tial orientations. On the contrary, nuclei of non wetting mode usually orient
randomly. Metals of low reactivity as silver do not wet untreated polymer sur-
faces and exhibit a Volmer-Weber growth mode, ie, these form clusters on the
surface, which finally coalesce at high metal coverage [11]. The results suggest
that Ag films grow in wetting mode (or the secondary nucleation take a place
during film growth [12]. Deposition of silver on PMMA-PET is in wetting mode.
At low thickness the crystallite size of silver is almost equal to film thickness,
thereafter, it increases with increasing thickness. The conductivity of Ag films on

71.Cm71

polymer composite increases with thickness and is about 9.43 x 10’ Q
much above typical polymers conductivity values (~5 x 107 Q ~.cm™). The
AFM result suggests decrease in skewness of PET decrease by layer of PMMA
followed by silver deposition from 3.74 to 0.85 nm. The decrease in the average
roughness and increasing negative skewness values with the increasing film
thickness (between the thickness values 5 nm - 10 nm) is related to the lateral
island growth on the surface of Ag-PMMA-PET structure, also to the filling by
silver atoms the deep valley of polymer matrix (Figure 3). The surface plasmon
resonance (SPR) absorption peak is near to 425 nm and shifts to the longer
waves (up to 600 nm) with thickness, and the band broadening significantly
(Figure 4). The spherical particles are observed at lower thickness. Extinction
spectra for Ag nanoparticles (1 nm - 5 nm Ag thickness) shows NPs embedded
in a polymer matrix (Figure 5). According to [9] they have observed “blue shift”
with particles roughly spherical (diameters 40 nm - 90 nm) at the low thickness
of silver film (1 nm), “green shift” with typically hexagonal shape (longest di-
mension -60 nm - 105 nm), and “red shift” with a triangular cross section
(longest dimension -55 nm - 120 nm) at the higher thickness. According to [13]
[14] [15], we observed the non-spherical particles (nanorods, nanowires or na-
nodisk) with transverse and longitudinal SPR peaks of rod-shape silver nano-
structures at 352 nm and 630 nm. The peak at 414 nm indicated the formation of
silver nanoparticles with a diameter ~30 nm. Table 1 & Table 2 comprises the
crystallite size and micro strain of Ag films on PMMA-PET, morphology and
grain size of Ag films on PMMA-PET and Ag films on PET, respectively.

2.3. Co-Condensation (COCON) Technique

The other way of synthesizing the silver nanoparticles is Co-Condensation
(COCON) technique [16]. This method has the advantages of chemical and va-
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cuum routes for synthesis of nanoparticle. This is a combined technique of
chemical and vacuum evaporation used to synthesize metal nanoparticles. In
general, chemical techniques produce smaller nanoparticles with a narrower
particle size distribution, while vacuum techniques produce highly pure nano-
particles. Here, nanoparticles do not have any interaction with oxygen. Other-
wise, these get oxidized due to their high surface energy and affinity for oxygen
when exposed to atmosphere. To utilize their unique properties, minimization of
their interaction with atmosphere is needed. Various techniques like
co-condensation, ie., suspensions of metal nanoparticles in isopropanol minim-
ize agglomeration as well as interaction of the nanoparticles. The COCON tech-
nique is the deposition of metal vapors by evaporation, and a suitable solvent
cryogenically cooled on walls of an evacuated chamber (Figure 7). The super
cooling of the metal vapors form metal nuclei while moving away from the eva-
poration source. These are deposited on the chamber walls together with the

solvent.

Table 1. The crystallite size and micro strain of Ag films on PMMA-PET films on PET.

Thickness, nm D (crystallite/domain size), nm X(strain), %

10 28.52 0.73
15 15.32 0.85
20 3291 1.13
20 nm on PET 11.6 0.87

Table 2. Morphology and grain size of Ag films on PMMA-PET and Ag.

Para 1 nm 5 nm 10 nm 15 nm 20 nm
PMMA-PET

Meter (Ag) (Ag) (Ag) (Ag) (Ag)
Ra 133.2 587.3 644.0 95.8 228.1 232.4
Rq 170.1 675.5 726.6 145.1 293.5 290.9
Rsk -0.74 -0.75 -0.64 -2.42 -0.05 -0.40
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Figure 2. (a) Dependence of amount of silver in PMMA-PET versus thin layer
thickness; (b) XRD pattern of Ag films on PMMA-PET substrate of different
thickness. Table & figures: [10].
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Figure 3. Dependence of the roughness of Ag films on thin
film thickness structure.
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Figure 6. The schematic diagram of COCON process [16].

No growth occurs on cold chamber wall, however, on warming the reactor the
nuclei grow to form metal nanoparticles. The solvent molecules surround the
growing metal nuclei and prevent agglomeration. This solvation effect is criti-
cally important as it not only disperses the nanoparticles within the liquid me-
dium; it also prevents oxidation of the nanoparticles which is a common prob-
lem in the synthesis of metal nanoparticles. Figure 6 shows the schematic dia-
gram of COCON process [16].

2.4. Spin Coating and Solution Cast Method

In other methods, polymer-metal nanocomposites were made by dispersing the
metal nanoparticles in PMMA matrix by spin coating and solution casting [17].
PMMA was chosen since it is a commonly used transparent polymer and is so-
luble in 1:1 mixture of 2-propanol and MEK (methyl ethyl ketone). In spin
coated films nanoparticles are not agglomerated and well dispersed over a wide
area. However, morphology of the spin coated films was different from the solu-
tion cast films (Figure 7). The morphology is strongly dependent on PMMA-Ag

ratio. Films deposited at higher polymer concentrations contain individual
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Figure 7. The evaporated thin films are much smoother than the
sputtered thin films [17].
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sub-micron silver regions distributed in a PMMA matrix. Films were found to be
electrically conducting where a connected silver network was there. The sheet re-
sistance of the PMMA-Ag nanocomposite was around 4500 Q/sheet which is 11
orders of magnitude lower than the sheet resistance of PMMA (10*° Q). Thus,
these films can be used for applications such as transparent large area collectors for
solar cell, soft electrically conducting bio-electrical interfaces, etc. The spun coated
films (Figure 7) and the solution cast films were found to be discrete silver islands
which are electrically insulating. Therefore, by varying the solution evaporation
rate, the properties and the morphology of the nanocomposite films can be con-
trolled. Cytotoxicity studies show that the silver nanoparticles and the PMMA-Ag
nanocomposite films are antibacterial in nature, where silver leads to complete
elimination of E. coli colony forming units. Solution cast films containing the sil-
ver nanoparticles are also cytotoxic and inhibit bacterial growth. Also, the nano-
particle dispersed into pump oil and the thermal conductivity of the resultant
mixture is measured. The thermal conductivity of the oil could be increased by

over 50% by adding an extremely small fraction of the silver nanoparticles.

2.5. Dispersion of Metals into Polymers

Toxic nature of copper and silver even at low concentrations found applications
as antimicrobial in agriculture, healthcare, and the industry in general. These
metals are stable under conditions currently found in the industry used as addi-
tives. These metal based additives are found as particles, ions ab-
sorbed/exchanged in different carriers, salts, hybrid structures, etc. By incorpo-
rating these metals as nanoparticles into polymer matrices have many antimi-
crobial applications. These polymer/metal nanocomposites can be prepared by
several routes such as 7n situ synthesis of the nanoparticle within a hydrogel or
direct addition of the metal nanofiller into a thermoplastic matrix [18]. The

former approach is mostly used for polymer hydrogel nanocomposites where the
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presence in the macromolecules of both several functional groups and a wa-
ter-rich medium improves the metal stabilization and dispersion. The second
approach is currently used in thermoplastic composites where the high viscoe-
lastic matrix at the melt state improves the dispersion of the nanoparticles. A re-
levant set of antimicrobial polymer/copper nanocomposites are based on natural
occurring biopolymers such as cellulose. Nanocomposites based on both vegeta-
ble and bacterial cellulose matrices were prepared by in situ and ex situ methods.
The results show that the chemical nature and morphology of the copper nano-
fillers have great effect on the antibacterial activity. An increase in the antibacterial
activity is found with the increasing copper content in the composites. The cellu-
losic matrices also show an effect on the antibacterial efficiency of the nanocom-

posites, by acting as the most effective substrate with vegetal cellulose fibers.

2.6. Sol-Gel Method

The one of the important method is sol-gel method. The term sol-gel is asso-
ciated to two reaction steps, sol and gel. Sol is a colloidal suspension of solid par-
ticles in a liquid phase and gel the interconnected network formed between
phases [8].

The sol-gel technique (Figure 8) allows engineers and scientists to design a
new generation of advanced materials with unique properties. Though, it is a
very old method to prepare functional materials since the discovery of the “water
glass” by Von Helmont. However, sol-gel method got scientific relevance later
by the preparation of silica gel. The sol-gel process consists in two main reac-
tions: hydrolysis and condensation. Both are multi-steps processes and occur
sequentially. Hydrolysis is a cleaving of organic chain bonding to metal and
subsequent replacement with -OH groups through nucleophilic addition. The
protonated species leaves the hydrolysed metal as an alcohol (alcoxolation). The
metal reactivity, amount of water, solvent, temperature and the use of complex
agents or catalysts are the main reaction parameters. To use or not to use a cata-
lyst depends on the chemical nature of the metal atom and steric hindrance of
the alkoxide group. Electrophilic character of the metal atom and its ability to
increase the coordination number seems to be the main parameters. One of the
most interesting advantages of the use of sol-gel method is its compatibility with
polymers and polymerization processes, which allows the formation of nanopar-

ticles in the presence of organic molecules.

o reee
™ o

EIHE ] EY 2

INORGANIC ORGANIC OXIDE POLYMER HYBRID
ALKOXIDE POLYMER BONDS NANOCOMPOSITE

Figure 8. The process of polymerization in Sol-gel Method [8].
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2.6.1. Evaporation of Metal onto Polymer Substrate

As discussed earlier, the possibility of metal polymer interaction is very weak.
Also, the cohesive energy of polymers is two orders of magnitude lower than the
cohesive energy of metals. As a result the metals do not wet untreated polymer
surfaces and form cluster during thermal evaporation deposition. These metal
particles coalesce and form a continuous film on polymer surfaces. The proba-
bility of absorption of metal atoms has been described through the condensa-
tions coefficient, C which is defined as the ratio of the number of adsorbed metal
atoms to the total number of metal atoms arriving at the surface. The condensa-
tion coefficient is very important to estimate the influence of different surface
treatments on the adhesion of metals on polymers. In this method, polymer
films on substrate are prepared by sputtering or solution cast then metals are
evaporated in vaccum of high order. The deposition rate and thickness is moni-
tored by a quartz crystal. The nominal or equivalent thickness is a measure for
the amount of metal evaporated onto the surface, which is not necessarily iden-
tical to the amount of metal actually deposited onto the surface. The latter can be
much lower depending on the condensation coefficient which is usually un-
known, and needs to be determined within the experiment itself. As mentioned
above, the condensation coefficient, C is defined as the ratio of the number of
atoms actually deposited onto the surface to the total number of atoms arriving
at the surface. It was shown that the morphology of the films and C are corre-
lated through the nucleation process. The decrease in the condensation coeffi-
cient with temperature was related to morphological changes occurring at the

metal/polymer interface [19].

2.6.2. Thermal Vacuum Evaporation

Polymer matrices have been frequently used as particle stabilizers in chemical
synthesis of metal colloids since these prevent agglomeration of the particles.
Conventional ex situ methods involved the process where toxicating and poten-
tially hazardous reactants are used. Also, it is difficult to disperse silver nanopar-
ticles homogeneously into a polymer matrix by ex situ methods because of the
easy agglomeration of nanoparticles. At present, it is possible to obtain nanopar-
ticles of different shape and size in polymeric environment using various poly-
meric systems and different approaches. Increasing environmental concerns
over synthesis route resulted in an attempt to adopt eco friendly methods. One
of them is a simplest and eco friendly technique to form such particulate struc-
tures which are generally known as island or discontinuous metal films, through
vacuum evaporation of metal on to a dielectric substrate by stopping the deposi-
tion at a very early stage.

Silver films on PVP and PS show room temperature resistance which are
equal to substrate resistance due to formation of large silver clusters separated by
large distances. But silver films on P4VP show negative TCR at higher tempera-
tures and almost zero TCR at lower temperatures. Also, the resistance of silver
films on P4VP was found to be in the order of few tens of mega ohms. The

morphology of the particulate film is directly related to the electrical behavior of
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silver films on polymer substrate. For manipulating the size and distribution of
silver clusters deposited on polymer matrices both blending and thickness of
metal film can be used as tools to tailor and optimize the nanocomposite struc-
ture. We have carried out vacuum deposition of thin discontinuous silver films
on the composites of Polystyrene (PS), Poly (vinylpyrrolidone) (PVP), Poly
(2-vinylpyridine) (P2VP) and Poly (4-vinylpyridine) (P4VP) by one of the sim-
plest techniques, vacuum evaporation of metal on to a dielectric substrate by
stopping the deposition at a very early stage. These organized small metal par-
ticles with an average inter- particle separations of a couple of nm exhibit inter-
esting optical and electrical properties. The oxidation of islands causes an irre-
versible increase in electrical resistance. The morphology of sub-surface particu-
late structures also depends upon polymer metal interaction along with filling
factor. The morphology and formation of such structures depend on thermody-
namic as well as deposition parameters. A completely submerged particle struc-
ture is thermodynamically favourable provided the inequality
yl1> )2+ y12

y1 & y2—Surface tension of the particle & substrate material. y12 is the inter-
facial tension.

Silver deposited on PS and PVP forms highly agglomerated subsurface parti-
culate structure with large separations between the metal particles. Silver films
on metal interacting polymers (P4VP and P2VP) have room temperature resis-
tance in the range of a few tens to a few hundred MQ/sheet, which is desirable
for device applications. Also, P4AVP much interacting due to para position of Ni-
trogen in its pyridine ring. Silver films of various thicknesses were deposited on
these substrates coated with PS/P2VP/P4VP & PVP/P4VP polymer composites
held at 457 K in a vacuum better than 8 x 107° Torr. Blending has positive effect
on electrical properties of silver films deposited on these blends. This is an ap-
proach to produce stable island films with reasonable control over their electrical
resistance. Higher thickness films show almost zero TCR near room tempera-
ture, a desirable property for most of the devices. Low thickness films show a
negative TCR, characteristic of island films. Optical absorption spectra of films
show shift towards longer wavelengths. The morphology of silver particulate
films modify with P4VP/P2VP content in the blends. The increase in the thick-
ness of silver deposited on a particular blend results in a reduction of in-
ter-particle separation and increase in mean particle size (Figures 9(a)-(c)) [5]
[20].

Figure 9. (a) PS:P4VP(100:0), particle size ~ 92 nm; (b) PS:P4VP(50:50), particle
size ~ 80 nm; (c) PS:P4VP(0:100), particle size ~ 58 nm. Thickness of film-50 nm.
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3. Conclusions

In the chemical reduction method, the size of nanoparticles is small around 12
nm. Charecterisation process leads to confirmation of silver embedded into po-
lymer composite. But the agglomeration of nanoparticles does not give stability
in the result.

Co-Condensation (COCON) technique has the advantages of chemical and
vacuum routes for synthesis of nanoparticle. In this method, pure, small nano-
particles with a narrower particle size distribution are produced without getting
oxidised due to solvent. This solvation effect is very important as it disperses the
nanoparticles within the liquid medium. This prevents oxidation of the nano-
particles which is a common problem in the synthesis of metal nanoparticles.

In spin coating and solutions, cast nanoparticles are dispersed over a wide
area without agglomeration. In this metho, discrete films are formed which are
electrically conducting.

Dispersion of nanoparticles can be prepared by several routes such as in situ
synthesis of the nanoparticle within a hydrogel or direct addition of the metal
nanofiller into a thermoplastic matrix. These have vast application in the field of
antimicrobial. Whenever, the application in the form of thin films is not possi-
ble.

Besides the fact that sol-gel method is very old method of preparation of na-
noparticle, it is still advantageous due to compatibility with polymers.

Thermal evaporation of metals on polymers is more effective because cohesive
energy of polymers is less than the cohesive energy of metals. The interaction of
metal with polymer is very bleak. The metals do not wet untreated polymers and
coalesce by forming a continuous film on polymer surfaces. Polymer matrices
prevent the agglomeration of nanoparticles. Further embedment of nanoparticle
into polymers can be done by using special type of polymers. As silver films on
P4VP show negative TCR at higher temperatures and almost zero TCR at lower
temperatures. Also, the resistance of silver films on P4VP was found to be in the
order of few tens of mega ohms. P4VP is much interacting due to para position
of Nitrogen in its pyridine ring. Thus, the morphology of sub-surface particulate
structures depends upon polymer metal interaction along with filling factor.
Further, the size and inter space distribution of nanoparticles can be modified by
polymer composites. The silver embedded into Polyvinylpyrrodine film pre-
pared by this method can find many antimicrobial applications.

A variety of routes to prepare nano-polymer composites with great homo-
geneity depend on the nature of inorganic particles and properties. The main
criteria are to find out best between the polymer matrix and the dispersed par-
ticles. There is no route to prepare homogeneous material, but needs to optimize

the required properties.
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