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INTRODUCTION

Polypyrrole (Ppy) is one of the most important conducting

polymers which have been studied extensively in the last

decades1. The unique structure and properties of polypyrrole

provide the wide applications in the field of batteries, super-

capacitors, microwave shielding and corrosion protection and

so forth. However, polypyrrole is mechanically weak and

insulating in its neutral state, polypyrrole usually composite

with other materials to improve its flexible or electrochemical

properties, including the carbon nanotube2, oxidizable metals

and carbon fiber3,4. The high density polypyrrole film expected

a macroscopically compact and ordered structure, using as a

functional conducting polymer with various physical proper-

ties. As reported, the high density polypyrrole film (1.4 g/cm3)

usually synthesis at low temperature (-40 ºC) and low current

density in the presence of PF6
– by electrochemical method5.

Most of the density of polypyrrole film are from 0.6-0.8 g/cm3

through electrochemical method at room temperature under

high current density. The high density polypyrrole films

show higher thermal deposition temperature and better

electrochemical stability under long oxidative polarization. In

this work, the high density polypyrrole film with flexible was

synthesized at room temperature, such thermal stability of
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polypyrrole films would be an excellent flexible supercapacitor

electrodes.

EXPERIMENTAL

Pyrrole monomer was purchased from Aladdin Company.

Other chemical reagents were commercially obtained from

China.

Preparation of the polypyrrole film: The polypyrrole

film was prepared by a two-electrode cell, using FTO electrode

as a working electrode and the counter electrode. The FTO

sheet with a surface area of 1 cm × 1 cm was placed 2 cm apart.

FTO electrode was washed with double-distilled water and

ethanol. The two electrodes were fixed in 50 mL beaker in an

acetonitrile/water (99/1) solution of 0.3 mol/L pyrrole and 0.1

mol/L p-toluenesulfonic acid. Polypyrrole film was formed

on the FTO under 1 and 5 mA/cm2 at room temperature for

1 h by DC power supply (MPS-6003L-1, China).

Fourier transform infrared spectroscopy (FTIR) of polypyrrole

film was recorded on a TENSOR 27 spectrometer (BRUKER

OPTICS, Germany) in a range from 4000-400 cm-1. Thermal

gravimetric analysis (TGA) was conducted on TG209 F3

(NETZSCH, Germany) under nitrogen protection at a heating

rate of 20 ºC min-1 from 50-700 ºC. The morphologies of poly-

pyrrole film were characterized by scanning electron microscope
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(VEGA 3, TESCAN). The polypyrrole film was tailor into a

rectangle, using calipers to measure the length, width and

thickness to calculate the volume, then the density value was

calculated by the weight and the volume of polypyrrole film.

Each sample was measured three times, taking the average

value. Raman spectra were recorded on a RM 2000 microscopic

confocal Raman spectrometer (Renishaw, England) employing

a 785 nm laser beam and a charge coupled device detector

with 1 cm-1 resolution. The modified carbon paste electrode

was fabricated as following: 10 mg crushed polypyrrole film,

90 mg graphite powder and 19 µL paraffin oil was mixed to

form a uniform mixture, then the carbon paste was packed

into the cavity of empty carbon paste electrode (d = 3 mm).

The resulted electrode was polished manually on a piece of

weighting paper to get a smooth surface which was denoted as

CPE. Cyclic voltammetry (CV) measurements were performed

at a PARSTAT 4000 (AMETEK Inc.) electrochemical work-

station connected to a conventional three-electrode cell, inclu-

ding a CPE working electrode, a saturated calomel reference

electrode (SCE) and a Pt wire counter electrode. 0.2 mol/L

phosphate buffer (PBS) was selected as the supporting elec-

trolyte. The results obtained by the following formula2
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All experiments were carried out at room temperature.

RESULTS AND DISCUSSION

The FTIR spectra of polypyrrole film are shown in

Fig. 1. The peak at 1508 cm-1(-C=C-) and 1408 cm-1 (-C-N-)

are assigned to the asymmetric and symmetric stretching

vibration of the polypyrrole, respectively. The peak at 698 cm-1

belongs to C-H ring-wagging vibration of the polypyrrole ring6.

Raman spectra are shown in the Fig. 2, the Raman spectra of

polypyrrole include the peaks at 977, 1050, 1350 and 1578

cm-1 7,8. The small peaks near 977 and 1050 cm-1 have been asso-

ciated with the polaron structure. the broad peak snear 1350

and 1578 cm-1 should correspond to ring stretching mode of

the polymer backbone and conjugated structure, respectively7,8.

500 1000 1500 2000

Wavenubmer (cm )
–1

T
ra

n
sm

it
ta

n
c
e
 (

%
)

1508

1408

1116992

698

Fig. 1. FTIR spectrum of polypyrrole film

Thermal properties of polypyrrole film: The TGA curves

of the polypyrrole film with the current density of 1 and 5
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Fig. 2. Raman spectrum of polypyrrole film

mA/cm2 are shown in Fig. 3. The first weight lose of poly-

pyrrole film is caused by removing dopant and the second

weight lose correspond the polymer degradation. The weight

loss of polypyrrole film are about 23.19 and 29.23 % under

1 and 5 mA/cm2current density, respectively, indicating that

the film synthesis at 1 mA/cm2 own good thermal stability.

The density of the polypyrrole film is 1.17 and 1.03 g/cm3

with the current density of 1 and 5 mA/cm2, respectively. As

reported, the density of polypyrrole film is usually from 0.6 to

0.8 g/cm3 by electrochemical method, the high density poly-

pyrrole film is 1.4 g/cm3 with current density of 0.02-0.05

mA/cm2 at -40 ºC temperature5. In this work, the high density

polypyrrole films have been synthesized at room temperature.
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Fig. 3. TGA curves of polypyrrole film

Morphologies and flexible of polypyrrole film: The SEM

images of polypyrrole film are shown in Fig. 4. The surface of

polypyrrole film exhibited a more homogeneous and semi-

microsphere with compact layer (Fig. 4a). The magnified

image of a semmicrosphere indicate there exhibit the complex

density polypyrrole layer which benefit for the flexible properties

of film, as shown in Fig. 4b. In the initial polymerization, a

small amount of water can influence the formation of the

intermediate cation and reduce the amount of the dissolved

intermediate polypyrrole. The water also reduces rejection

between the intermediate cation and makes pyrrole form

orderly pile molecular chain. So the pyrrole is assembled to

form the semimicrosphere in an acetonitrile/water (99/1)
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solution. At the edge of the film, the pyrrole monomers can be

grown in three-dimensional space to form cauliflower dendritic

protrusions (Fig. 4c).

It is observed that polypyrrole film show no folding traces

when the film is folded 180º for 20 times, as shown in Fig. 4d.

After bending 100 times, the film shows little breaking trace.

The result indicates that the film has excellent flexibile

properties which can be folded by large angle or strength. The

flexible material has the potential application for the flexible

supercapacitor electrode. The flexible properties of polypyrrole

film due to its homogeneous surface and high density.

Fig. 4. SEM images of polypyrrole film (a-c), (a) the surface of film, (b)

magnified image of a semimicrosphere, (c) the edge of the film, (d)

the photo of polypyrrole film bending for 100 times

Cyclic voltammetry of polypyrrole film: The typical

rectangle-like shape of all the cyclic voltammetric curves in

Fig. 5 measured at the same scan rate (50 mV s–1) in 0.1 M

KCl solution. There exhibit the obvious faraday current in poly-

pyrrole film. Compare with the current density of 1 mA/cm2,

there exhibits more faraday current at 5 mA/cm2 because the

pyrrole monomers adsorb on the polypyrrole film surface. The

curves at different scan rates show no peaks, indicating that

the electrode is double-layer capacitance over the complete

voltammetry cycle. It is reported that the highest specific

capacitance of the composites of polypyrrole/manganese

dioxide/polypropylene fibrous films is about 110 F g-1 9 and

73.7 F g-1 for γ-MnO2
10. The mass specific capacitance (Cm)

of the composite can reach 103.1-98.2 F g-1. It has potential

for electrode.
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Fig. 5. Cyclic voltammetry of the polypyrrole film

Conclusion

The high density of polypyrrole with 1.17 g/cm3 has been

successfully prepared at room temperature. The polypyrrole

film was folded 180º for 20 times without folding mark. The

film exhibited a more homogeneous surface with semimicro-

sphere and cauliflower microspheres on the side. The cyclic

voltammetric curves indicated the polypyrrole film was a kind

of excellent electrode material in double-layer capacitance.

In the next works, we will prepare composite film by the high

density polypyrrole with other materials to improve the perfor-

mance of the prepared electrode, including the manganese

dioxide, carbon nanotubes, etc.
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