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Aqueous chemical oxidative polymerization of pyrrole using
PdCl2 oxidant was conducted in the presence of cetyltrimethyl-
ammonium bromide in order to synthesize polypyrrolepalla-
dium (PPyPd) nanocomposite in one step. Interestingly, the
PPyPd nanocomposite was synthesized with fibrous morphol-
ogy. Transmission electron microscopy studies confirmed that
Pd and PPy components formed composite in nanometer
dimensions.

Conducting polymermetal nanocomposites provide excit-
ing opportunities to design advanced functional devices and
catalysts.1 There are many studies on synthesis, characterization,
and application of the nanocomposites with diverse combina-
tions of conducting polymers [e.g., polypyrrole (PPy), polyani-
line, and poly(3,4-ethylenedioxythiophene)] and metallic nano-
particles. In the synthesis of conducting polymermetal
nanocomposites, metal ions are often reduced in the presence
of preformed conducting polymers, and metal nanoparticles
deposited on the surface of the polymers.2 Chemical oxidative
polymerization in the presence of preformed metal nanoparticles
also leads to the formation of conducting polymermetal
nanocomposites.3 Recently, it was reported that conducting
polymermetal nanocomposites can be synthesized by a one-
step chemical oxidative polymerization using metal salts as an
oxidant.4,5 Selvan and co-workers polymerized pyrrole (Py) with
tetrachloroauric acid as an oxidant, which led to the fabrication
of PPygold nanocomposites.4a Some of the present authors
reported successful syntheses of PPyAg5a and PPypalladium
(PPyPd)5b-5e nanocomposites by aqueous chemical oxidative
polymerization using metal salts.

Synthesis of conducting polymers with fibrous morphology
has attracted great attention mainly due to their potential
applications in electronic circuits, chemical and electrochemical
sensors, photovoltaic cells, electrochromic devices, and field
emission applications.7 PPy having the fibrous morphology has
been chemically synthesized using insoluble (hard) templates,8

seeds,6 soluble (soft) templates, and conventional surfactants.9

Synthesis of PPy nanofibers has been reported; however, there
is no instance in which PPymetal nanocomposite fibers were
synthesized in one step by chemical oxidative polymerization.

In this communication, we report a novel one-step and one-
pot synthesis of PPyPd nanocomposites with fibrous morphol-
ogy by aqueous chemical oxidative polymerization of Py with
PdCl2 as an oxidant, for the first time (Scheme 1). This
discovery substantially broadens and extends the scope of such
nanocomposite material syntheses.

The PPyPd nanocomposite fibers were prepared as follows:
0.15 g of PdCl2 and 0.20 g of NaCl were added to an aqueous

solution of cetyltrimethylammonium bromide (CTAB; 0.62 g)
(total solvent volume = 10mL; PdCl2/CTAB molar ratio, 1/2)
at 25 °C, which produced orange-colored precipitates. These
precipitates seemed to be water-insoluble Pd ioncetyltrimethyl-
ammonium ion (CTA) complex.11 Py (0.05 g) was then injected
via syringe into this solution containing precipitates, and
chemical oxidative polymerization was started by heating in
an oil bath at 60 °C without stirring. The solution turned black
gradually, which indicated that the Py was oxidized by Pd ion,
yielding PPy and elementary Pd simultaneously. CTAB was
used because it has been reported that chemical oxidative
polymerization of Py in the presence of CTAB using ammonium
persulfate (APS) led to fibrous PPy.9c The polymerization was
allowed to proceed for 24 h. This reaction mixture was then
centrifuged at 3000 rpm for 10min, and the resulting black
sediment was redispersed in methanol/deionized water using
an ultrasonic bath. This centrifugation/redispersion cycle was
repeated six times (three times methanol and three times
deionized water) in order to remove free CTAB, any water-
soluble PPy oligomers, and chlorine and sodium ions. The final
product was dried under vacuum overnight.

Scanning electron microscope (SEM) studies after the
centrifugal washing indicated the production of nanofibers
(Figure 1a). Number-average diameter of the nanofibers was
measured to be 190 nm, and a length was over a few micro-

Scheme 1. Synthesis of polypyrrolepalladium (PPyPd)
nanocomposite fibers by aqueous chemical oxidative polymer-
ization of pyrrole using PdCl2 in the presence of cetyltrimethyl-
ammonium bromide (CTAB).

Figure 1. SEM images of PPyPd nanocomposites synthe-
sized by aqueous chemical oxidative polymerization in the (a)
presence and (b) absence of CTAB.
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meters. In addition to nanofibers, some ribbon-shaped nano-
composites were also observed, which had number-average
width and thickness of 530 and 112 nm, respectively. On the
surfaces of the nanofibers and nanoribbons, dots with sizes
between a few tens nanometer and submicrometer were
observed. Control experiment indicated that fused nano-/
submicrometer-sized pseudospherical or globular nanocompo-
sites were obtained by chemical oxidative precipitation polymer-
ization of Py using PdCl2 in the absence of CTAB, as observed
in our previous studies (Figure 1b).5b5e These results confirmed
that CTAB played a crucial role for PPyPd nanocomposite
formation with nanofibrous morphology.

In order to confirm the formation of a Pd component in the
nanofibers, X-ray diffraction (XRD) studies were carried out.11

In an XRD pattern of the PPyPd nanofibers, two peaks at
around 39.9 and 46.5° (2ª), which correspond to the (111) and
(200) lattice plane diffractions of Pd crystals, are clearly
observed. These peaks are in agreement with those reported
for Pd nanoparticles,10 which provides unambiguous evidence
that the reduction of Pd(II) to Pd(0) has taken place.

Typical transmission electron micrographs (TEM) of the
dried nanocomposite fibers are shown in Figure 2. This TEM
study indicates that the nanocomposite fibers should possess a
“coresheath” morphology. Taking stronger contrast in the core
region into account, Pd which scatters electron more than
organic polymer seems to form core, and PPy seems to form
sheath. Number-average diameter of the Pd wire was measured
to be 26 nm. In addition to the coresheath structure, the
heterogeneous character was also observed, which was com-
posed of more transparent PPy nanofibers, with incorporated Pd
nanoparticles (dark elements dispersed in/on the PPy matrix).
Diameters of the Pd nanoparticles were measured to be between
20 and 145 nm.11 In order to make the nanomorphologies
clearer, further detailed characterizations should be conducted.

Zhang et al.9c synthesized PPy homopolymer nanofibers
using APS as an oxidant in the presence of CTAB. They claimed
that an insoluble lamellar precipitate of (CTA)2S2O8 is first
formed which acts as a template for subsequent oxidative
polymerization of the Py present in the lamellar core. A lamellar
structure was formed between the cations of the CTAB and the
anions of the oxidizing agent in the aqueous solution and was
attributed to leading the growth of fibrous PPy. A similar
mechanism may occur in our system of Py/PdCl2/CTAB. The
mesostructures would be formed by self-assembly between the
cations of cationic surfactant (CTAB) and anions of the
oxidizing agent of PdCl42¹. These mesostructures may act as

templates for the formation of nanocomposite fibers. Although
precise mechanism of growth of the PPyPd nanocomposite
fibers has not been fully understood, it is almost certainly related
to the mesostructure of (CTA)2PdCl4 and supramolecular
assemblies.

In conclusion, we have demonstrated one-step facile and
versatile synthetic route to the PPyPd nanocomposite fibers.
This synthetic route is advantageous because the reaction takes
place in aqueous media, and production on an industrial scale
is much more likely compared to two-step synthetic route.
Potential applications for these new nanocomposite materials
include catalysts and novel electronic and optical devices.
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Figure 2. TEM images of PPyPd nanocomposite fibers.
Figure 2b is a magnified image of Figure 2a.
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