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Preparation and Characterization of Conductive
S10,-Polyaniline Core-Shell Nanoparticles
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Abstract—Recently, polymer-inor ganic nanocomposites have
attracted great attention asnew materials because of their novel
mechanical, electrical, and optical properties. In particular,
inor ganic-polymer core-shell nanoparticles are more promising
in such new applications as sur face-enhanced Raman scattering,
photonic crystals, catalysis, nano-electronic devices, and
biochemical Sensor. In  this study we  used
1.2-Aminopropyltriethoxysilane as a coupling agent to
synthesize  silica-polyaniline  core-shell nanoparticles.
Preparation and characterization of the coreshel
nanoparticles were analyzed and discussed. To evaluate the
core-shell effect, the core-shell nanoparticles wer e incor por ated
into polyurethane. The nanocomposites containing the
core-shell-  structure  nanoparticle  show  significant
enhancement on electrical and mechanical propertiescompared
to those containing silica nanoparticles.

Index Terms—Conductive, core-shell, polyaniline, silica.

I. INTRODUCTION

Recently, great attention has been paid in the fabrication of
core-shell nanoparticles with unique and tailored properties
for various applications. Due to diverse structures and
properties, the core-shell nanoparticles have wide
applications in various fields such as surface-enhanced
Raman  scattering,  photonic  crystals, catalysis,
nano-electronic  devices, and biochemical sensor
[1]-[7].-Among the various core-shell nanoparticles, the
fabrication of inorganic nanoparticles coated with the shell of
polymers has attracted increasing attention as new materials
because of their novel mechanical, electrical, and optical
properties [8]-[9]. Characteristics of the hybrid colloids can
be adjusted through the functionality of polymer moieties.

Polyaniline (PANI), which has been extensively studied in
the literature, is a great potential conducting polymer to be
used in electronic products due to its low cost, easy
preparation, oxidative stability, and excellent conductivity
[10]. However, like many other conducting polymers, PANI
has poor mechanical properties and insolubility in common
organic solvents because of its stiff backbone and strong
hydrogen bonding interaction. In order to overcome the
insolubility issue, functional organic acids such as
dodecylbenzenesulfonic acid (DBSA) and camphorsulfonic
acid [11]-[13] are usually doped/bound into PANI to increase
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compatibility with solvents or other polymers. Recently, it
was found that silica is helpful to increase the stability of
PANTI in solution [14]-[15]. PANI-coated silca nanoparticles
also exhibit specially electrorheological behavior [16]. In
addition, the polyurethane (PU)-PANI-silica nanocomposites
was found to show better mechanical properties if PANI were
linked with silica through isocynataes [17].

Although some studies have successfully deposited a thin
PANI layer on monodisperse silica micro-particles [18]-[19],
PANI-coated nano-silica is still challenging. Jang et al.
reported a simple adsorption method for the fabrication of
silica-PANI nanoparticles [20]. Because the surfaces of silica
nanoparticles and the amino groups of aniline monomers
possess opposite  charges  under  pH=3, the
silica-PANI-core-shell nanoparticles were synthesized by
in-situ polymerization of aniline monomers adsorbed on the
silica surface through electrostatic interactions at the pH
value. In the study, we used 1.2-Aminopropyltriethoxysilane
(APTS) as a coupling agent to synthesize silica-polyaniline
(PANI) core-shell nanoparticles. The structure of core-shell
nanoparticles was characterized and investigated. The
core-shell nanoparticles were incorporated into polyurethane
(PU) to evaluate the mechanical and electric properties. The
effects of PANI shell on mechanical and electrical properties
of the conductive hybrid materials were investigated.

II. EXPERIMENTAL

A. Materials

Polytetramethylene ether glycol (PTMG, MW=2000,
Aldrich) and 1, 4-butanediol (Acros) were degassed at 80°C
under vacuum for 3 h. Aniline (Alfa Aesar) were purified by
distillation under reduced pressure.
N-methyl-2-pyrrolidinone (NMP, Tedia) was distilled under
vacuum over calcium hydride to remove absorbed water.
Tetracthyl orthosilicate (TEOS), 4,4’-methylenebis(phenyl
isocyanate) (MDI), dodecylbenzenesulfonic acid (DBSA),
dibutyltin dilaurate (DBTDL) were purchased from
Sigma-Aldrich. 1.2-Aminopropyltriethoxysilane (APTS,
Alfa Aesar), ammonium persulfate (APS, J.T.Baker), and
hydrochloric acid (HCl) were used as received. Deionized
water (DI water, >18 MQ-cm) was used throughout the
experiments.

B. Slica-PANI Core-Shell Nanoparticles

Silica nanoparticles (SiO,) were prepared from TEOS by a
sol-gel method as described in the previous reports [21]. The
as-prepared silica nanoparticles were redispersed into toluene
by ultrasonication. After addition of APTS and a few drops
of HCI, the suspension solution was heated at 60°C for 8 h.



International Journal of Chemical Engineering and Applications, Vol. 4, No. 4, August 2013

The modified silica nanoparticles were washed with NMP by
centrifugation: centrifuging the suspension, decanting the
supernatant, and then redispersing the nanoparticles. The
process was repeated several times to remove the residual
APTS, resulting in silica nanoparticles featuring amino
groups on their surfaces.

APS (0.029 g) was dissolved into 1 N HCl solution (30 ml)
with 30 min stirring. DBSA (0.067 g), aniline (0.012 g),
APTS-modified silica and 1 N HCI (100 g) were mixed in a
four-neck reaction vessel immersed in an ice-water bath. The
APS solution was added through peristaltic pump into the
reaction vessel. After reacting at ca. 0°C for 12 h, the
suspension solution was filtered to remove the large
aggregates or PANI precipitates. The filtered solution was
washed with NMP by centrifugation, resulting in the
core-shell nanoparticles with 1-wt% PANI (PANI-SiO,)

C. PU Nanocomposites

The mixture of PTMG and DBTDL in a molar ratio of 1:2
were reacted with MDI in NMP solution at 70°C under
nitrogen purge. After 3 h, PANI-SiO, was added to the
solution. After 2-h reaction, 1,4-butanediol was added into
the solution as a chain extender. Finally, DBSA was added
into the solution with 3-h ultrasonication. The procedure for
the sample preparation is illustrated in Fig. 1. The resulting
solution was poured into a Petri dish and dried under reduced
pressure at 85°C for 12 h.
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Fig. 1. Schematic presentation for the preparation of PU-PANI-SiO,
nanocomposites

D. Characterization

The morphologies of the as-prepared nanoparticles were
examined using a high resolution transmission electron

microscope (JEM-2010, JEOL). Surface modification of

SiO, by APTS and PANI was studied by Fourier transform
infrared (FTIR) spectroscopy (Spectrum One, PerkinElmer).
The sheet resistance was determined using a four-pin probe
meter(Loresta-GP, Mitsubishi Chemical) with a probe
(MCP-T610). The mechanical properties of the samples were
measured by a universal testing machine using an extension
rate of 120 mm/min at room temperature.

III. RESULTS AND DISCUSSION

Fig.

TEM observation. In addition, the core-shell structure can be
roughly observed in the TEM image.

1 shows the TEM image of the as-prepared
PANI-SiO,, which is spherical shapes and ca. 240 nm in
diameter. No large particles or aggregates were found under
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Fig. 1. TEM image of PANI-SiO2
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Fig. 2. FTIR spectra of the pristine and PANI-coated silica nanoparticles

The FTIR spectra of the pristine and PANI-coated silica
nanoparticles were recorded in Fig. 1. Some typical
characteristics of silica are observed in the IR spectrum of the
unmodified silica nanoparticles: the broad absorption band in
the range of 3000-3600 cm™ corresponds to O-H stretching
vibrations from Si-OH; the strong absorption band at1103
cm ' and the mild absorption peak at 801 cm ' represents
Si-O-Si  stretching vibrations and bending vibrations,
respectively; the absorption peak at 1625 cm™ indicates
H-O-H bending vibrations due to water absorption [22]. The
spectrum of PANI-SiO, is similar to that of SiO,, except the
absorption peaks at 2800-3000 cm ' for C-H stretching
vibrations and 1302 cm ™ for C-N stretching absorption. The
spectrum of PANI-SiO, also features a weaker signal at
3000-3600 cm ' for O-H stretching vibrations, and the
benzenoid and quinoid absorption peaks in pairs at 1501 and
1595 cm '[23]. These features reveal that PANI was coated
on silica nanoparticles.

In order to show the effect of APTS on preparation of the
silica-PANI  core-shell  structure, the PANI-coated
nano-silica particles were also prepared by the adsorption
method. The silica-PANI-core-shell nanoparticles were
synthesized by in-situ polymerization of aniline monomers
adsorbed on the silica surface without APTS modification.
After washed with NMP by centrifugation and then
redispersed several times, the color of the silica-PANI
core-shell particles prepared by the electrostatic adsorption
gradually became whitish from blue (Fig. 3a), whereas
PANI-SiO; still showed the characteristic of PANI (Fig. 3b).
The result implies that the modification of SiO, with APTS is
helpful to remain the silica-PANI core-shell structure in PU
nanocomposites after the further preparation.
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Fig. 3. Photograph images of the core-shell nanoparticles prepared from SiO,
(a) and SiO, with APTS modification (b) after NMP rinses.

In addition, we also found the APTS-modified SiO,
showed different reactivity compared with the pristine SiO..
Both kinds of SiO, were reacted with MDI and then
dispersed into water. As shown in Fig. 4, the pristine SiO,
shows dispersible, whereas the APTS-modified SiO,
presentes lump, indicating that the amino groups have higher
reactivity with isocyanates than hydroxyl group and
confirming that the APTS has indeed been coated on the
surface of silica nanoparticles.

Fig. 4. Photograph images of the results that core-shell nanoparticles reacted
with MDI and were then redispersed. Left: SiO,, Right: APTS-modified
Si0,.

The effect of core-shell structure on the surface resistance
of PU-PANI-silica hybrid films are shown in Table I.
Without PANI content, PU of PU-SiO, does not reveal any
electrical conductivity, whereas the resistance of the
PU-PANI-SiO, with only a 1-wt%-PANI coating shell on
silica nanoparticles (PANI is 0.05 wt% of the total
nanocomposite) reduces to 1.06x10'°Q)/sq. In addition, due
to the effect of organic-inorganic hybrid, it is not surprising
that PU-SiO, has higher tensile strength and larger ultimate
elongation than PU, shown in Table I. However, the
enhancement of mechanical properties increases while silica
nanoparticles were modified with APTS. The result may be
explained from the fact as mentioned before that amino
groups have higher reactivity with isocyanate groups than
hydroxyl groups, and thereby more chemical bonding
between resin and particles form, resulting in the
enhancement of mechanical properties, as shown in Fig. 4.
The core-shell structure enhances not only the electrical
conductivity but also mechanical properties.

TABLE I: PROPERTIES OF PU-PANI-S10, NANOCOMPOSITES

. Ultimate

Surface resistance  Tensile strength .
Samples Elongation

(Q/sq) (MPa)

(%)

PU >10" 438 192.0
PU -SiO, >10" 5.77 400.7
PU-PANI-SiO, 1.06x10™ 6.94 594.1

IV. CONCLUSION

Silica-PANI core-shell nanoparticles were fabricated
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using APTS as a coupling agent. The PANI shell prepared by
the present method revealed a better solvent resistance
compared with that by the adsorption method. When the
silica-PANI core-shell nanoparticles were incorporated into
PU matrix, the PU-PANI-silica nanocomposites showed
superior electrical conductivity and mechanical properties
compared with the PU- silica nanocomposites.
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