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Polypyrrole (PPy)-coated Ag nanoparticles and nanowires were fabricated through the redox reac-
tion between pyrrole monomer and silver nitrate in the presence of chitosan. The morphologies,
compositions, and electrochemical activities of PPy/Ag composites were characterized by scanning
electron microscopy, transmission electron microscopy, X-ray diffraction, thermogravimetric analy-
sis, Fourier transform infrared spectroscopy, and Cyclic voltammetry. The synthetic route employed
here is simple and inexpensive and can be extended to prepare other conducting polymer/inorganic
nanocomposites.
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The ability to obtain, control, and modify structures at
the nanometer scale is of great scientific and technological
interest to scientists.1 However, synthesis of nanostructures
with controllable shape and size is still a challenge to
chemists and materials scientists because dimensionality
plays an important role in determining material proper-
ties and promising potential application in technology.2

For instance, one-dimensional (1D) nanofibers or nano-
tubes have attracted much attention because of their unique
optical and electronic properties, resulting in promising
applications in optoelectronic, electrical, field-emission,
and chemical sensor nanodevices.3–6 At the same time,
0-dimentional (0D) nanoparticles, located in the transition
region between atoms and bulk solids, are also interest-
ing in the fields of catalyst, biosensor, and light-emitting
devices because of their large BET surface area, size and
quantum effect.7�8 Therefore, synthesis of nanostructures
with morphology variations from 1D nanowires to 0D
nanoparticles has received more and more attention.

The organic/inorganic nanocomposites with different
combinations of the two components have attracted sig-
nificant academic and technological attention because
they have interesting physical properties and potential
applications.9�10 Conducting polymers, as a kind of poly-
mers with conjugated � bands, have been intensively stud-
ied in recent years. This is mainly due to their high
conductivity, ease of preparation, good environmental sta-
bility, and a large variety of applications especially in
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light-emitting and electronic devices, chemical sensors,
separation membranes, antistatic coatings, and the
preparation of carbon nanotubes.15–18 The incorporation
of metallic or semiconducting nanoparticles in conducting
polymers, such as polypyrrole (PPy) and polyaniline,11–14

is of interest because of the strong electronic interaction
between the nanoparticles and polymer matrixes. Recently,
nanosized noble metals are attracting much attention from
scientific and technological viewpoints. Therefore, much
effort has been focused on the preparation of noble metal
and conducting polymer composites because of their
superior performance as nanocircuits, nanodevices, and
nanosensors.19–23 For example, Au/PPy core–shell nano-
composites with high conductivity have been synthesized
through electrochemical route.24 Polyaniline/Au nanopar-
ticles capped with 2-mercaptoethane acid were prepared in
the form of thin films on an Au electrode.25

In this work, we present a simple one-step process to
fabricate PPy-coated Ag nanoparticles and nanowires in
aqueous solution at room temperature for a given material.
In this system, pyrrole monomer and silver nitrate act as
reducing and oxidizing agents, respectively, and chitosan
used as an anchor agent to form PPy-coated Ag nanoparti-
cles and nanowires. The PPy-coated Ag nanoparticles and
nanowires can be obtained by changing the molar ratio
of pyrrole monomer to AgNO3. In a general chemical
route, FeCl3 is usually used as oxidizing agent. The stan-
dard reduction potential of Fe(III) to Fe(II) is 0.771 V.
The standard reduction potential of Ag(I) to Ag(0) is
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0.800 V. So the redox reaction between silver nitrate and
pyrrole monomer can be realized at room temperature,
and some papers regarding PPy/Ag composites prepared
by this reaction have been reported.26–28 However, to our
knowledge, no reports dealt with the variations of the PPy-
coated Ag composite morphology from 1D nanowires to
0D nanoparticles.

In a typical procedure for the synthesis of PPy/Ag
nanowires, an aqueous solution of chitosan (0.5%, wt%)
was prepared by dissolving chitosan in acetic acid aque-
ous solution (2%, vol.%), and then pyrrole (0.1 M) was
injected into the solution under stirring. The mixture was
kept stirring for 20 min to form a homogeneous solution.
5 mL of AgNO3 (0.06 M) aqueous solution as oxidant
was dropped into the above mixture at room temperature.
The reaction was continued for 24 h. After that, the pre-
cipitate was centrifuged and washed with distilled water
and ethanol, respectively. The final product was dried in
vacuum at 40 �C for 24 h. When the concentration of
AgNO3 was changed from 0.06 to 0.14 M, PPy-coated
Ag nanoparticles could be obtained. The morphologies
of PPy/Ag nanowires and nanoparticles were observed
by scanning electron microscopy (SEM, LEO1530VP)
and transmission electron microscopy (TEM, JEOLJEM-
200CX). X-ray diffraction patterns were taken on a Philip-
X’Pert X-ray diffractometer with a CuK� X-ray source.
All Fourier transform infrared (FTIR) spectroscopic mea-
surements were performed on a Bruker model VECTOR22
Fourier transform spectrometer using KBr pressed disks.
Electrochemical experiments were conducted using a
CHI660B workstation (from Shanghai Chenhua, Shanghai)
in a three-electrode system. All electrochemical experi-
ments were performed in a cell containing 20.0 ml of phos-
phate buffer solution (PBS, 0.1 M) at room temperature
with a coiled platinum wire as the auxiliary, a saturated
calomel electrode (SCE) as reference, and the PPy/Ag
modified glassy carbon electrode (GCE) as a working
electrode.

Chitosan, a natural cationic polysaccharide, is an
N -deacetylated derivative polyelectrolyte of chitin and the
second-most abundant natural polysaccharide after cel-
lulose, with excellent biodegradability, biocompatibility,
and nontoxicity.29–32 In the molecular structure of chi-
tosan, the hydroxyl and amino groups were regularly
arranged at the equatorial positions in the �(1,4)-linked
D-glucosamine repeating units. It can act as the stabi-
lizer to promote the interaction between metal and PPy.
In our system, Ag nanowires or nanoparticles can be
formed gradually with the help of chitosan. At the same
time, pyrrole monomer polymerizes in situ on the sur-
face of silver. The growth process of silver nanowires or
nanoparticles and the polymerization of PPy shell will con-
tinue simultaneously. Thus, PPy-coated Ag nanoparticles
and nanowires can be formed gradually in the presence
of chitosan. SEM and TEM images of PPy-coated Ag

Fig. 1. SEM (A, C) and TEM (B, D) images of PPy-coated Ag nanopar-
ticles (A, B) and nanowires (C, D). Synthetic conditions: AgNO3 con-
centration is 0.06 M for preparing the nanowires and it is 0.14 M for
preparing the nanoparticles, and other conditions are same as follows:
chitosan concentration (0.5%, wt%); pyrrole concentration 0.1 M; reac-
tion time 24 h; room temperature.
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nanoparticles and nanowires are shown in Figure 1. The
core–shell structure can be confirmed directly by TEM.
The dark part inside the nanoparticles and nanowires cor-
responds to Ag that is surrounded by a layer of PPy matrix.
The molar ratio of pyrrole monomer to AgNO3 (repre-
sented by [py]/[AgNO3]) has a strong effect on the shape
of the resultant product. When the ratio is 3.3, the PPy-
coated Ag nanoparticles can be obtained. Figures 1(A and
B) give the SEM and TEM images of the as-prepared
nanoparticles. PPy layer was thick in one end and thin
in another end. The prepared particles with a shell thick-
ness less than 100 nm and a core diameter of 120 nm are
uniform in size and well dispersed. However, when the
ratio is decreased from 3.3 to 1.4, the morphology of the
obtained materials is changed from nanoparticles to core–
shell nanowires. Figures 1(C and D) give the SEM and
TEM images of the as-prepared nanowires. The length of
the nanowires is in the range of 2–15 �m, the shell thick-
ness and core diameter of the obtained nanowires is 50–70
and 30–60 nm, respectively.

The X-ray diffraction (XRD) patterns of the PPy-coated
Ag nanoparticles and nanowires are shown in Figure 2.
XRD measurement confirms the presence of Ag in the
PPy/Ag composites. As shown in Figure 2, the weak
reflection centered at 2� value of 24� is characteris-
tic of the doped PPy.33 Another five diffraction peaks
at 2� = 38.1, 44.2, 64.5, 77.3, and 81.5� correspond to
Bragg’s reflections from (111), (200), (220), (311), and
(222) planes of Ag and are in good agreement with the
reported data, showing the existence of Ag nanoparticles
in the PPy/Ag composites.34 Moreover, with the increase
of AgNO3 content, the relative diffraction peak intensity
for Ag is increased, indicating that the percentage of Ag
in the composite is elevated.
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Fig. 2. XRD patterns of PPy-coated Ag nanoparticles (a) and nanowires
(b). Synthetic conditions: AgNO3 concentration is 0.06 M for preparing
the nanowires and it is 0.14 M for preparing the nanoparticles, and other
conditions are same as follows: chitosan concentration (0.5%, wt%); pyr-
role concentration 0.1 M; reaction time 24 h; room temperature.
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Fig. 3. FTIR spectra of PPy-coated Ag nanoparticles (a) and nanowires
(b). Synthetic conditions: AgNO3 concentration is 0.06 M for preparing
the nanowires and it is 0.14 M for preparing the nanoparticles, and other
conditions are same as follows: chitosan concentration (0.5%, wt%); pyr-
role concentration 0.1 M; reaction time 24 h; room temperature.

The molecular structures of the PPy-coated Ag nanopar-
ticles and nanowires were characterized by Fourier-
transform infrared (FTIR) spectroscopy, as shown in
Figure 3. In general, it is clearly seen that the characteristic
PPy peaks are located at 1542 and 1474 cm−1, due to the
pyrrole ring-stretching and the conjugated C N stretching
mode, respectively.35�36 The peaks at 1301 and 1034 cm−1

are related to the in-plane vibration of C H, 1184 cm−1

is assigned to the C N stretching mode, 773 cm−1 is
attributable to C H wagging vibration.37 In addition, a
weak band at 1700 cm−1 corresponds to the stretching
vibration of the C O group which indicates the presence
of chitosan in the resulting composites. Furthermore, a
very strong absorption band assignable to NO−

3 is observed
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Fig. 4. Cyclic voltammograms of PPy-coated Ag nanoparticles (a) and
nanowires (b). Synthetic conditions: AgNO3 concentration is 0.06 M for
preparing the nanowires and it is 0.14 M for preparing the nanoparticles,
and other conditions are same as follows: chitosan concentration (0.5%,
wt%); pyrrole concentration 0.1 M; reaction time 24 h; room temperature.
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at 1384 cm−1. This suggests that the obtained PPy in the
PPy/Ag composite is doped by NO−

3 .
Figure 4 provides the voltammograms of PPy-coated Ag

nanoparticles and nanowires modified electrodes. Both the
two materials show a pair of redox peaks, corresponding
to the oxidation (anions to move in) and reduction (anions
to move out) reaction of PPy. However, the peak current
intensity and reversibility of PPy-coated Ag nanoparticles
are higher than that of the nanowires. There are two pos-
sible reasons to explain this phenomenon. First, the con-
tent of Ag in the nanoparticles is higher than that in the
nanowires, which can be observed from the result of XRD.
It is well known that Ag is one important type of conduc-
tor. Although Ag nanoparticles do not make a continuous
electron path, the incorporated Ag nanoparticles generate
many active sites for the charge transfer through the inter-
face inside the electrode by making a good contact with the
PPy matrix. The effective transport of the electrons to the
electrode in the PPy/Ag matrix leads to the excellent elec-
trochemical activity. Therefore it is beneficial for improv-
ing the electrochemical activity of PPy when the content
of Ag is improved. Second, the doping level of PPy in the
nanoparticles is higher than that in the nanowires due to
the fact that the amount of AgNO3 during the preparation
of the nanoparticles is more than that of the nanowires.
The relative intensity of NO−

3 was higher in the PPy/Ag
nanoparticles system than that in the nanowires, comparing
with the absorption intensity of pyrrole ring. This can con-
firm the point qualitatively. The high doping level is ben-
eficial for improving the electrochemical activity because
the redox reaction of PPy is moving in and out of anions.

Up to now, the mechanism of the fabrication of PPy-
coated Ag nanoparticles and nanowires in this system is
not completely understood. It is believed that chitosan is a
useful steric agent to promote a strong interaction between
Ag particles and pyrrole monomers. For example, chi-
tosan has been used successfully in the preparation of uni-
form AgCl/PPy core–shell nanoparticles.38 In addition, the
amount of AgNO3 is different for preparing the nanowires
and nanoparticles. Therefore, the nucleus rate of Ag is dif-
ferent that can cause the formation of Ag cores with dif-
ferent shapes, which resulting in the different morphology
of PPy/Ag. With the help of chitosan, silver grows into
nanowires or nanoparticles when they are reduced from
silver ions. At the same time, pyrrole monomers are poly-
merized in situ on their surfaces. As the reaction continues,
PPy-coated Ag nanoparticles and nanowires are obtained.
Here, chitosan plays a key role in the fabrication of PPy-
coated Ag nanoparticles and nanowires. These products
with a wire-like morphology are not formed under the
same conditions without chitosan.

In summary, we have successfully synthesized PPy-
coated Ag nanoparticles and nanowires by using a given
material. This synthetic route is advantageous because
it simplifies the procedure to prepare PPy/Ag nanocom-
posites with a core–shell structure and it takes place in

aqueous solution at room temperature. Furthermore, the
experiment offers a method to prepare shape-controlled
PPy/Ag nanocomposite and other conducting polymer/
inorganic nanocomposites.

Acknowledgments: We greatly appreciate the support
of the National Natural Science Foundation of China (No.
20635020; 20575026), National Basic Research Program
of China (No. 2003CB615804) and Modern Analysis Cen-
ter of Nanjing University.

References and Notes

1. F. Caruso, M. Spaova, and V. Salguesirno-Maceria, Adv. Mater. 13,
1090 (2001).

2. L. J. Zhang and M. X. Wan, Adv. Funct. Mater. 13, 815 (2003).
3. C. R. Martin, Science 266, 1961 (1994).
4. X. Wang and Y. Li, J. Am. Chem. Soc. 124, 2880 (2002).
5. H. Yan, L. Zhang, J. Shen, Z. Chen, G. Shi1, and B. Zhang, Nano-

technology 17, 3446 (2006).
6. J. Liu, Y. Lin, L. Liang, J. A. Voigt, D. L. Huber, Z. R. Tian,

E. Coker, B. Mckenzie, and M. J. Mcdermott, Chem. Eur. J. 9, 604
(2003).

7. A. A. Athawale and S. V. Bhagwat, J. Appl. Polym. Sci. 89, 2412
(2003).

8. X. Feng, Y. Liu, C. Lu, W. Hou, and J. Zhu, Nanotechnology 17,
3578 (2006).

9. R. Gangopadhyay and A. De, Chem. Mater. 12, 608 (2000).
10. X. Cui, M. H. Engelhard, and Y. Lin, J. Nanosci. Nanotechnol. 6,

547 (2006).
11. M. J. Hepel, Electrochem. Soc. 145, 124 (1998).
12. S. Tian, J. Liu, T. Zhu, and W. Knoll, Chem. Mater. 16, 4103

(2004).
13. A. Dey and S. K. De, J. Nanosci. Nanotechnol. 7, 2010 (2007).
14. L. Li, E. T. Kang, and K. G. Neoh, J. Nanosci. Nanotechnol. 6, 2571

(2006).
15. F. Yan, G. Xue, and F. Wan, J. Mater. Chem. 12, 2606 (2002).
16. L. Li, F. Yan, and G. Xue, J. Appl. Polym. Sci. 91, 303 (2004).
17. S. Cosnier, R. E. Ionescu, S. Herrmann, L. Bouffier, M. Demeunynck,

and R. S. Marks, Anal. Chem. 78, 7054 (2006).
18. J. Jang and J. H. Oh, Chem. Commun. 882 (2004).
19. K. Huang, Y. Zhang, Y. Long, J. Yuan, D. Han, Z. Wang, L. Niu,

and Z. Chen, Chem. Eur. J. 12, 5314 (2006).
20. G. Majumdar, M. Goswami, T. K. Sarma, A. Paul, and

A. Chattopadhyay, Langmuir 21, 1663 (2005).
21. F. N. Crespilho, T. F. C. C. Borges, V. Zucolotto, E. R. Leite,

F. C. Nart, and O. N. Oliveira, Jr., J. Nanosci. Nanotechnol. 6, 2588
(2006).

22. J. Zhou and E. R. Fisher, J. Nanosci. Nanotechnol. 4, 539
(2004).

23. R. R. Bhattacharjee, M. Chakraborty, and T. K. Mandal, J. Nanosci.
Nanotechnol. 3, 487 (2003).

24. Y.-C. Liu and T. C. Chuang, J. Phys. Chem. B 107, 12383
(2003).

25. E. Granot, E. Katz, B. Basnar, and I. Willner, Chem. Mater. 17, 4600
(2005).

26. A. Chen, K. Kamata, M. Nakagawa, T. Iyoda, W. Haiqiao, and X. Li,
J. Phys. Chem. B 109, 18283 (2005).

27. A. Chen, H. Wang, and X. Li, Chem. Commun. 1863 (2005).
28. E. Pinte, R. Patakfalvi, T. Fullei, Z. Gingl, I. Dekany, and C. Visy,

J. Phys. Chem. B 109, 17474 (2005).
29. H. Yamamoto and M. Amaike, Macromolecules 30, 3936 (1997).

4 J. Nanosci. Nanotechnol. 8, 1–5, 2007



C
O

M
M

U
N

IC
A
T
IO

N

Feng et al. Shape-Controlled Synthesis of Polypyrrole/Ag Nanostructures in the Presence of Chitosan

30. N. Bhattarai, D. Edmondson, O. Veiseh, F. A. Matsen, and M. Q.
Zhang, Biomaterials 26, 6176 (2005).

31. E. Renbutsu, M. Hirose, Y. Omura, F. Nakatsubo, Y. Okamura,
Y. Okamoto, H. Saimoto, Y. Shigemasa, and S. Minami, Biomacro-
molecules 6, 2385 (2005).

32. M. N. V. Ravi Kumar, React. Funct. Polym. 46, 1 (2000).
33. D. K. Lee, S. H. Lee, and K. Char, Macromol. Rapid Commun. 21,

1136 (2000).

34. Z. P. Zhang, L. D. Zhang, and S. X. Wang, Polymer 42, 8315
(2001).

35. G. Cho, B. M. Fung, D. T. Glatzhofer, J. S. Lee, and Y. G. Shul,
Langmuir 17, 456 (2001).

36. J. Jang and J. H. Oh, Adv. Funct. Mater. 15, 494 (2005).
37. G. I. Mathis and V. T. Troung, Synth. Met. 89, 103 (1997).
38. D. M. Cheng, H. B. Xia, and H. S. O. Chan, Langmuir 20, 9909

(2004).

Received: 10 April 2007. Revised/Accepted: 6 June 2007.

J. Nanosci. Nanotechnol. 8, 1–5, 2007 5


