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Abstract Hybrid material of polyaniline with molybdenum
trioxide (MoO3) xerogel obtained by ion exchange of
(NH4)6Mo070,44H,0 was synthesized via polymerization
of the monomer by ammonium peroxydisulfate/HCI oxi-
dant system. The properties of MoOj3 and hybrid material
were investigated through thermogravimetry, X-ray diffrac-
tion, scanning electron microscopy, charge—discharge test,
cyclic voltammetry, electrochemical impedance spectrosco-
py, and gas sensing experiments. Results show that hybrid
material exhibits higher capacity, more excellent cycling
reversibility, and better sensitivity to ethanol gas than
MoOj3; xerogel.

Keywords Hybrid - Polyaniline - Molybdenum oxide -
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Introduction

Organic—inorganic hybrid materials based on conducting

polymers and transition metal oxides have attracted great
interest during recent years because of their potential for
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use as active components in electrode material in lithium
batteries [ 1-3]. Furthermore, they possess the advantages of
both components and may exhibit advanced properties via
the modification of each other [4—7].

Polyaniline (PANI) as the conducting polymer has been
widely studied with respect to facile synthesis by chemical
and electrochemical process, environmental stability, low
cost, high conductivity, solubility, and chemical sensitivity
[8]. It has an increasing number of applications in various
technologic fields, including electrochromic devices, elec-
trochemical super capacitors, batteries, biosensors, and
corrosion inhibitors [9, 10].

It is known that molybdenum trioxide (MoOj3) is a
typical host for many monovalent and multivalent cations
inserted chemically or electrochemically. The insertion
suitability of MoOj is due to its layered crystal structure.
Edge- and corner-sharing [MoOg] octahedra build up
double layers, and these layer planes characterized by
strong covalent bonds are held together by weak van der
Waals attraction forces. Objective ions such as Li" easily go
into interlayers. The layered structure can be kept during
the process of intercalation/deintercalation of lithium ion
[11]. MoOj3 has been found to be very sensitive to various
gases such as NO, NO,, C,HsOH [12], CO, H,, and NH3 in
temperature range of 300—600 °C [13-15].

Many researchers have synthesized hybrid materials of
MoO3 and PANI. It was reported that polymerization of
ANI can be conventionally achieved by using (NH4),S,0g/
HCI as the oxidant system [16]. Ballav et al. recently
prepared (PANI),MoOj in the presence of ammonium
vanadate/H,SO,4 oxidant system [17].Toshio Itoh and co-
workers accommodated PANI into MoOj; interlayers by
ion-exchange process, using [Na(H,0),],M003 and aniline
monomer as reactant [18]. Xiao-Xia Liu et al. synthesized
composite films of PANI and molybdemum oxide by
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electrocodeposition in aqueous media, using aniline and
(NH4)6Mo0,0,4 as precursors [19]. Junzhong Wang et al.
obtained (PANI),MoO; by an ex situ intercalation process
[20]. Ballav and Biswas synthesized composite of polyani-
line with MoOj5 via polymerization of aniline monomer by
ammonium vanadate/H,SO, oxidant system in presence of
an aqueous suspension of MoO; [17]. Yu and co-workers
prepared (PANI),MoO; by direct intercalation of conduct-
ing polymer macromolecules [3]. But, modifying MoO;
xerogel obtained by ion-exchange process with polyaniline
intercalated has not been reported.

In this work, we synthesized hybrid material of polyani-
line and molybdenum trioxide (MoQj3) xerogel, of which
MoOj; was obtained by ion-exchange process. This hybrid
material was prepared via polymerization of the monomer
with chemical oxidant method, and it exhibited homoge-
neous morphology. Electrochemical property and gas
sensing property were thoroughly investigated.

Experimental

A clear light-blue MoOj sol. (pH=1.0) was prepared by an
ion exchange of (NH4)¢M070,4-4H,0 (>99.0%) through a
cation exchange resin (from Tianjin NanKai Hecheng
S&T). The MoO;5 sol. was dried to a gel under constant
heating and stirring to evaporate water, and then, light-blue
white MoO; xerogel was obtained.

Ammonium peroxydisulfate was dissolved in hydro-
chloric acid. A quantitative amount of MoO3 xerogel was
added in the solution and sonicated for 30 min, and then, a
white colored suspension was formed. A quantitative
amount of aniline monomer distilled under reduced
pressure and stored in dark prior to use was dissolved in
an organic solvent (CCly).The two solutions were then
carefully transferred to a beaker, with an interface generated
between the two layers [17, 21]. The system was stirred
with a magnetic stirrer for 24 h at room temperature. The
color of the suspension gradually changed from white to light
brown and finally to dark brown. The precipitation was
filtered and washed with distilled water, ethanol, and acetone.
The solid product was vacuum-dried at 50 °C for 2 h.

The hybrid material was analyzed by thermogravimetry
(TG) using NETZSCH TG209. The result was obtained
in PJQ.

The X-ray diffraction (XRD) patterns of MoO; and
(PANI),MoO; were investigated using a Rigaku D/MAX-
2500 powder diffractometer with a graphite monochromatic
Cu K« radiation (1=0.15406 nm) in the 2 range of 3—80°.

Scanning election microscope (SEM) images of the
samples were obtained on the FEG SEM Sirion scanning
electron microscope used to observe morphology, size, and
distribution.
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Electrochemical measurements were carried out with
lithium metal as anode electrodes and cathode materials
were fabricated by mixing 80% of the active material with
10% carbon black and 10% PTFE. The electrolytes were
1 M LiPF dissolved in EC+DMC (1:1 volume ratio) and
separator was Celgard 2300 film. The testing cells were
assembled in an argon-filled glove box (home-made) in
which water and oxygen concentration was kept less than
5 ppm. The discharge—charge tests were run at a current
density of 100 mA g ' at the potential range of 1.0-4.2 V.
All the tests were performed at room temperature.

Cyclic voltammetry (CV) tests and electrochemical
impedance spectroscopy (EIS) experiments were performed
on a CHI660B electrochemical workstation. CV was tested
at a scan rate of 0.1 mV s~' on the voltage range 1.0-4.2 V
(versus Li[Li"). In the EIS experiments, ac perturbation
signal was £5 mV, and the frequency range was from
10 mHz to 105 Hz. The impedance spectrums were
analyzed by using Z-View software from Scribner Associates.

Gas sensing tests were carried on WS-30A Winsen gas
sensor (from Zhengzhou Winsen Electronics Technology
Co.). The sample was fabricated on an aluminum tube with
Au electrodes and platinum wires. A Ni—Cr alloy wire
through the tube was used as a heating filament. The
volume of the testing chamber was 30 L, and two fans were
used to make the test gas atmosphere homogeneous. The
gas sensing tests were carried out at a humidity of 3%, and
the operation temperatures were 150 and 190 °C. The
response (S) was defined as the ratio of the sensor
resistance in air (R,) to that in testing gas (Ry), S=R./R,.

Results and discussion

Figure 1 shows the TG curve of the (PANI),MoO; hybrid
powder. Small weight loss for up to 300 °C is due to the
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Fig. 1 TG patterns of the (PANI),MoO5 hybrid in N,
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Fig. 2 X-ray diffraction pattern of MoOj3 xeogel (@) and (PANI),MoO;
(b)

release of adsorbing water on the surface and interlayers.
The thermal decomposition of the intercalated PANI attri-
butes to large weight loss of 1.5% over 300 °C. Therefore,
the temperature of heating hybrid power is less than 300 °C.
In this work, the temperature of hybrid powder vacuum-
dried was selected 50 °C, and the operation temperature of
gas sensing tests was selected 150 and 190 °C.

Figure 2 shows the typical XRD patterns of MoO;
xerogel and (PANI),MoOs;. It can be observed that the
position of the characteristic peaks of the two products is
consistent, whereas the peak intensity is different. The

Fig. 3 Typical SEM images
of the as-prepared MoOs (a, b)
and (PANI),MoOs (¢, d) at
different magnifications

peak intensity of MoOj is much stronger than that of
(PANI),Mo00O;, indicating that the peak intensity decreases
(Fig. 2 b) due to intercalation of polyaniline into layers of
MoOs;. It shows that all the diffraction peaks can be
indexed to the pure phase of MoOj3 with the orthorhombic
structure (JCPDS: 65-2421), indicating that the products
are of high purity.

Figure 3 shows the SEM images of the MoO; xerogel
and (PANI),MoO; at different magnifications, respectively.
Figure 3a is overall view of the MoO; xerogel at a relatively
low magnification. It can be observed that a large number of
long and uniform microrods are distributed homogeneously.
The average length of the microrods is about 8—15 um. A
higher magnification image (Fig. 3b) shows that the diameter
is approximately 0.5-1.0 um. Figure 3¢ and d exhibits
almost the same morphology with Fig. 3a and b, indicating
that morphology of MoOs is not changed with polyaniline
intercalated MoOj layers.

Figure 4 illustrates the charge—discharge curves of MoO;
and (PANI),MoO; at a charge—discharge current density of
100 mA g '. The charge and discharge curves of two
materials are similar. The discharge curves of pristine
material show the voltage plateaus at 2.1-2.4 V, while the
discharge curves of hybrid material show the voltage
plateaus at 2.2-2.5 'V, slightly higher than pristine material.
Compared with pristine material, the length of the
plateaus for hybrid material was increased, which resulted
in higher specific discharge capacity. It can be observed
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that the voltage difference of charge—discharge plateau for
(PANI),Mo0O; (b) is smaller than that of MoO; (a) in
corresponding cycle, indicating the better reversibility of
cathode material after intercalated polyaniline.

Figure 5 shows that the curves of discharge capacity
versus the cycle number for the electrode materials made
from MoO; and (PANI),MoOs. It can be observed that
discharge capacity of (PANI),MoO; is much higher than
that of MoOj3 xerogel. The first specific discharge capacity
of hybrid material is 285.8 mA h g ', and after 20 cycles, it
remains 205.4 mA h g ', while the first specific discharge
capacity of MoO; xerogel is 256.6 mA h g ', and after
20 cycles, it become 186.6 mA h g '. It is indicated that
polyaniline has improved the capacity and cycling stability
of cathode materials.

The second cyclic voltammograms curves of the elec-
trodes made from MoO; and (PANI),MoO; samples are
shown in Fig. 6. In the cathodic polarization process of the
second cycle for the electrodes made from MoO; and
(PANI),Mo0O;, one obvious peak was located at 2.56 and
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polarization, one strong peak was observed at 2.21 V and
2.26 V, respectively, corresponding to the lithium extraction
processes. The area of CV curves for (PANI),MoO; is
much larger than that for MoOs, indicating much higher
capacity of (PANI),MoOs. It is consistent with the results
of charge and discharge test shown in Fig. 5.

Figure 7 shows the ac impedance of cells with MoOs (a)
and (PANI),MoOj (b) cathodes. The impedance spectrums
show a high frequency semicircle and a low frequency tail,
indicating the double layer response at the electrode/sample
interface and the diffusion of lithium ions in the solid
matrix. The impedance plots are fitted using the equivalent
circuit model (Fig. 7c). The equivalent circuit model
includes electrolyte resistance R, a constant phase element
associated with the interfacial resistance, charge-transfer
resistance R, and the Warburg impedance (Z,) related to
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Fig. 6 Comparison of CV for the electrodes made from MoO;
xerogel (a) and (PANI),MoO; (b) in the second cycle
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the diffusion of lithium ions in the solid oxide matrix. g
According to Chen et al. studies on EIS of lithium-ion 9
cells, cathode impedance is mainly attributed to the cell
impedance, especially charge-transfer resistance [22]. 6
Table 1 shows that the R, of (PANI),MoO; cathodes
(50.10 ) is much smaller than the R ; of M0oOj3 (93.71 ). .

It indicates that oxidation—reduction reaction processes
more easily and electronic conductivity increases. From
Table 1, it also can be observed that the Z, of
(PANI),M00; cathodes (313.2 ) is much smaller than
the Z,, of MoOj3 (455.6 2). It indicates that the diffusion
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Fig. 8 Sensitivities of MoO; (a) and (PANI),MoO; (b) toward

different concentration of ethanol at 150 °C (a) and 190 °C (b),
respectively
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performance to ethanol gas than MoOs, indicating that
interlayer spaces play an important part in the sensitive-
ness of cathode materials. Hybrid materials have large
potential improvement in gas sensing and could probably
be novel and promising gas sensitive materials.

Conclusions

In this paper, hybrid material of polyaniline with molybde-
num trioxide (MoQOs) xerogel obtained by ion exchange of
(NH4)sM07,0,44H,O was successfully synthesized via
polymerization of the monomer by ammonium peroxydi-
sulfate/HCI oxidant system. Electrochemical measurements
of lithium-ion batteries exhibited that (PANI)MoO;
hybrid material showed a higher discharge capacity of
285.8 mA h g ' and much lower charge-transfer resistance
(50.10 ) than MoO; xerogel. Results showed that interca-
lation of polyanine improved the electrochemical perfor-
mance of the cathode material. In addition, (PANI),MoO;
hybrid material has better sensitivity to ethanol gas.
Therefore, this kind of hybrid material is valuable to further
research and could be a promising cathode material in
lithium-ion batteries and potential gas sensing material.
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