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ABSTRACT

 In this research, we reported the electrosynthesis of platinum nanoparticles on Polyaniline 
(PAni) modified electrode. The modified electrodes were prepared by incorporation of aniline 
and platinum salt [H2 (PtCl6), 6H2O] in phosphoric acid medium with KCl solution on composite 
graphite (CG) surface via cyclic voltammetry (CV) method. The synthesized platinum nanoparticles 
were characterized by using scanning electronic microscopy (SEM) and energy dispersive X-ray 
spectroscopy (EDX). The electro oxidation of methanol was investigated at the surface of these 
modified electrodes using CV method. It was found that methanol was oxidized with platinum 
embedded on the surface of PAni modified electrodes during the anodic potential sweep. Moreover, 
several impact factors such as scan rate, potential and concentration of methanol were studied on 
the oxidation of methanol toward electrosynthesized electrodes.
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INTROdUCTION

 More demand for applying conducting 
polymers has led to improve the technology 
of synthesis them as the materials with wide 
applications. A thin film of conducting polymer on 
the electrode may improve the electro-catalytic 
activity and so, it may be increased1-6. The conducting 
polymers can also cause the easier charge transfer 

during the electrochemical oxidation of alcohols 
on Pt surface 7. PAni is one of the most extensively 
studied conducting polymers due to its easy 
synthesis, high conductivity, environmental stability 
and reversible redox catalytic properties 8-15. The 
metal nanoparticles, such as Pt, on PAni modified 
electrode show catalytic properties for organic 
fuel oxidation 16-19. Fuel cells are known as one of 
the best electrical power to obtain the electrical 
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energy from the combustion of hydrogen or organic 
compounds, than other sources 20-22. Up to know, 
Pt is a good catalyst for methanol oxidation, but, 
because of the poisoning by CO absorption it has 
low stability. Some research was accomplished to 
study of CO adsorption and Methanol oxidation on 
Pt electrodes modified by electrodeposition of PAni 
film 23-25. In those researches PAni is specified as 
the context for electro oxidation of hydrogen and 
methanol by applying the metal catalysts because 
of increasing the catalytic area for incorporating the 
metallic particles 26-28. The PAni/Pt nanoparticles 
electrode has exhibited excellent catalytic activity for 
methanol oxidation in various mediums 27, 29-32. In this 
research the Pt nanoparticles were electrodeposited 
on PAni/CG electrodes with the noble condition of 
synthesis (during and after the formation of PAni 
films in phosphoric acid medium and KCl supporting 
electrolyte), and the electrocatalytic oxidation of 
methanol on modified electrodes was investigated 
with the purpose of improving highly active sites of 
electrodes.

MATERIALS ANd METHOdS

 Aniline (Merck, Germany) was distilled 
under low pressure in the atmosphere and liquid 
nitrogen at a temperature of 5 ºC until color was 
maintained. Methanol (MeOH) (BDH Chemicals, 
UK) was also in pure form. The hexachloro platinic 
(IV) acid hexahydrate [H2 (PtCl6) 6H2O] (Sigma 
Chemicals, USA), potassium chloride (KCl) (Fluka 

Chemicals, Switzerland) and phosphoric acid 
(H3PO4) (Sigma Chemicals, USA) were used without 
purification. 

Equipment 
 The electrochemical analysis for the 
synthesis and characterization of nano-composite 
electrodes was carried out by a potentiostat/
galvanostat compactstat (Ivium Technologies, 
Netherlands). SEM, model VEGA Corporation 
(TESCAN) Czechoslovakia equipped with EDX 
detector has been used to investigate the morphology 
and size of the Pt nanoparticles on PAni modified 
electrodes. The composite 2B pencil graphite (CG) 
(o.d. 1.8 mm) (Staedtler Lumograph, Germany) was 
used as working electrode against pseudo Ag/AgCl 
reference electrode.

Procedure
 The electrochemical synthesis of PAni 
was done by 50 mM aniline in 10 mL of 1 M H3PO4 
and 0.5 M KCl as a supporting electrolyte, on the 
working electrode (CG) by sweeping the potential 
continuously between -0.2 V to +1.00 V vs. Ag/AgCl 
with a scan rate of 100 mVs-1. Also the Pt particles 
were incorporated by electrochemical deposition 
from a solution containing 0.01% wt. [H2 (PtCl6). 
6H2O] in 1 M H3PO4 on working electrode.

RESULTS ANd dISCUSSIONS

Electrodeposition
Electrodeposition of PAni on CG (PAni/CG)
 The cyclic voltammograms (CVs) for the 
deposition of PAni on CG electrode from the 50 mM 

Fig. 1: CVs of 50 mM Ani in 1 M H3PO4 

containing 0.5 M kCl on CG electrode. 
The scan rate is 100 mVs-1

Fig. 2: SEM and EdX analysis of 
electrosynthesized PAni in 1 M H3PO4 

containing 0.5 M kCl on CG electrode, (a) SEM 
(b) EdX
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aniline in aqueous medium of 10 mL of 1 M H3PO4 
and 0.5 M KCl is shown in Fig.1. The three pairs of 
redox peaks are the result of aniline configuration 
conversions observed in the potential range of -0.2 
V to +1.0 V. The first pair of redox peaks denoted 
as O3/R3 corresponds to the interconversion of the 
completely PAni reduced form, leucoemeraldine (LE) 
state, to the half-oxidized emeraldine base (EB) state. 
The second pair of redox peaks denoted as O1/R1 
is due to oxidation of EB to the completely oxidized 
pernigraniline (PN) state and vice-versa. The O2/
R2 peaks are attributed to oxidation of segments of 
PAni chain to benzoquinone (Bq) species, whose 
peak potentials are very close to one another and 
tend to disappear after several successive scans 
33. Fig. 2a shows the surface morphology of PAni 
film on CG electrode. In the EDX analysis (Fig. 
2b) the existence of phosphate ions is shown. This 
confirms that the doping of aniline with phosphate 
during polymerization has occurred on the surface 
of graphite electrode.

Electrodeposition of Pt nanoparticles on PAni/
CG electrode (NPPt/PAni/CG)
 The Plat inum nanopar t ic les were 
incorporated by electrochemical deposition on 
PAni/CG electrode from H2PtCl6 6H2O solution 
(0.01% w/w) containing 1 M H3PO4 and 0.5 M KCl 
(Fig. 3). The CVs reveal one pair of redox peaks that 
represent the electrodeposition of Pt(IV) to metallic 
Pt on the surface of PAni/CG film in accordance with 
reaction (1) 27.

 PtCl6 
-2 + 4e - → Pt + 6Cl - ...(1)

 
 Fig. 4a shows a fully homogenized surface 
of electrode. This confirms that distribution of Pt on 
PAni film is completely uniform. Also it shows the Pt 
nanoparticles on the PAni/CG electrode (Fig. 4b). 
EDX spectrum confirms the uniform presence of Pt 
nanoparticles on the surface of electrode (Fig. 4c).

Simultaneous electrodeposition of Pt and PAni 
on CG (Pt-PAni/CG)
 The platinum nanoparticles and PAni 
were, simultaneously, electrodeposited on CG from 
a solution of H2PtCl6 6H2O (0.01% w/w), 50 mM 
aniline, 1 M H3PO4 and 0.5 M KCl. As shown in Fig. 
5 the CVs have two redox peaks. In this case, it is 
seen that PAni is in the conducting emeraldine salt 
(ES) form which undergoes the oxidation to the PN 
form, providing electrons for the reduction of PtCl6 

-2 

to metallic Pt.

 Fig. 6a and b shows that, spherical Pt is in 
context with PAni after the simultaneous deposition. 
As compared to NPPt/PAni/CG, the distribution and 
dispersal is less. The absence of Pt in depth of 4 
microns was confirmed by EDX analysis (Fig. 6c). 
As is evident the nanostructure can be changed with 
monomer displacement, i.e., the conductivity of PAni 

Fig. 3: The cyclic voltammogram obtained 
during electrodeposition of Pt nanoparticles 

on (PAni/CG) electrode in 1 M H3PO4 containing 
0.5 M kCl. The scan rate is 100 mVs-1.

Fig. 4. SEM and EdX analysis of Pt 
nanoparticles on modified (NPPt/PAni/CG) 

electrode in 1 M H3PO4 containing 0.5 M kCl. 
(a) and (b) SEM image of (NPPt/PAni/CG) 

electrode at different magnifications (c) EdX 
analysis of Pt nanoparticles on (PAni/CG) 

electrode
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Fig. 5: Cyclic voltammogram of Simultaneous 
electrosynthesis of Pt nanoparticles and PAni 
at on CG electrode in a solution of 1 M H3PO4 

containing 0.5 M kCl, H2PtCl6 6H2O (0.01% w/w) 
and 50 mM aniline. The scan rate is 100 mVs-1

Fig. 6: SEM and EdX analysis of Pt 
nanoparticles on modified (Pt-PAni/CG) 
electrode in 1 M H3PO4 containing 0.5 M 

kCl. (a) and (b) SEM image of (Pt-PAni/CG) 
electrode at different magnifications (c) EdX 

analysis of (Pt-PAni/CG) electrode

Fig. 7: CVs of, (a) (Pt-PAni/CG) and (b), (NPPt/
PAni/CG) electrodes in 1 M H3PO4 solution 

containing 0.5 M methanol at scan rate of 100 
mVs-1. Inset: CV of unmodified CG electrode in 
1 M H3PO4 solution and 0.5 M methanol at scan 

rate of 100 mVs-1

Fig. 8: CVs of (NPPt/PAni/CG) prepared in 1 
M H3PO4 and 0.5 M methanol at different scan 
rates (a) 20, (b) 60, (c) 100, (d) 200, (e) 400, (f) 

600, (g) 800 mVs-1 in the potential range of -0.2 
V to 1.0 V. Inset the calibration plot of current 

vs. square root of scan rate

can play important role in doping and polymerizing 
of PAni with platinum ions. This result may also be 
attributed to the higher conductivity and faster charge 
transfer of PAni film in the intermediate oxidation 
state. It must be pointed out that the catalytic current 
is greatly in-creased with increase in the amount of 
deposited Pt 34.

Electrocatalytic oxidation of methanol 
 Fig. 7a and b shows the CVs of Pt-PAni/
CG and NPPt/PAni/CG electrodes in 1 M H3PO4 

containing 0.5 M methanol at a scan rate of 100 
mVs-1, respectively. The methanol oxidations of 
Pt-PAni/CG in (Epa = 0.43V) and NPPt/PAni/CG 
in (Epa= 0.27V) indicate that NPPt/PAni/CG has a 
relatively superior electrocatalytic performance. The 
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Table 1: CVs data of (NPPt/PAni/CG) 
and (Pt-PAni/CG) electrode

Electrode Charge of  max anodic 
 H2 absorption peak current (Ipa)

(NPPt/PAni/CG) 3.14 mC /cm2 19.32 mA /cm2

(Pt-PAni/CG) 2.07 mC /cm2 10.09 mA /cm2

Fig. 9: LSVs of (NPPt/PAni/CG) prepared in 1 M 
H3PO4 with different concentration of methanol 

(a) 0.5 M, (b) 1 M, (c) 2 M, (d) 3 M, (e) 4 M in 
potential range of -0.2 V to +1.0 V

electrochemical oxidation of methanol on Pt surface 
occurs in two steps 35. . The first step is methanol 
dehydrogenation in which, methanol is oxidized 
to become adsorbed COads species. The second 
step is the removal of COads which proceeded via 
adsorbed OHads to produce CO2. The adsorbed OHads 
is produced from water dissociation process on Pt 
catalyst sites. The overall processes are summarized 
in reactions (below):
 CH3OH → COads + 4H+ + 4e- ...(2)
 H2O → OHads + H+ + e- ...(3)  
 OHads + COads → CO2 + H+ + e- ...(4)

 It is known that the integrated intensity 
of hydrogen absorption represents the number of 
Pt sites that are available for hydrogen adsorption 
and desorption 25. To calculate the charge required 
for hydrogen absorption on the electrode surfaces, 
we assume that the double-layer charging current 
is constant over the whole potential range 36. The 
charge required for hydrogen absorption on the NPPt/
PAni/CG surface is 3.14 mC cm-2 which is 1.5 times 
larger than that required for hydrogen absorption 
on the Pt-PAni/CG surface (2.07mC cm-2), (Table 
1). Comparing the CV results of NPPt/PAni/CG with 
Pt-PAni/CG electrodes, have indicated a significantly 
higher oxidation current toward methanol oxidation 
for the NPPt/PAni/CG electrode. For instance, in 
Table 1, the maximum anodic peak current densities 
(Ipa) for NPPt/PAni/CG and Pt-PAni/CG electrodes are 
19.32 mA cm-2 and 10.09 mA cm-2, respectively. A 
high surface area for Pt particles in NPPt/PAni/CG 
is anticipated due to the uniform distribution of Pt 
particles into PAni which can twist up to form a spatial 
3D dimensional matrix. In addition to this, the -CO2H 
groups in NPPt/PAni/CG may act as a stabilizer for 
Pt particles, preventing their aggregation. The PAni/
CG matrix acts as a good bed for the deposition of 
Pt particles, and increases the density of the active 
sites on the electrode surface. 

Effect of scan rate on the oxidation of methanol
 Figure 8a to g shows the CVs of NPPt/
PAni/CG in 1M H3PO4 containing 0.5 M methanol 
at the various scan rates and in the potential range 
of -0.2V to 1.0 V. This indicates that, increasing the 
scan rate has led to increase the Ipa and cause to 
improve the methanol oxidation. In the lower scan 
rates, i.e. less than 200 mVs-1, two well define redox 
peaks are observed. The first Ipa is produced due to 
the oxidation of freshly chemisorbed species coming 
from methanol adsorption. The second Ipa is primarily 
associated with the removal of carbonaceous species 
not completely oxidized in forward scan rather than 
caused by freshly chemisorbed species. In the higher 
scan rates (more than 200 mVs-1) there are three 
oxidation peaks, the second and third in the reverse 
scan is additional, which is due to a combination 
processes such as surface rearrangement and 
increase of the heterogeneous non-faradaic 
reaction rate 37, 28, 38. The plot of Ip vs. square root 
of scan rate (inset) is linear, which is indicates that 
the electrochemical process was under diffusion 
control

Ef fec t  o f  methanol  concent ra t ion  on 
electrocatalytic activity
 Figure 9a to d shows the linear sweep 
voltammograms (LSVs) of NPPt/PAni/CG in 1 M 
H3PO4 containing different concentration of methanol 
at the potential range of -0.2 V to1.0 V. A significant 
enhancement of methanol oxidation has been 
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observed at high concentration of methanol as 
shown by the increase of the oxidation peak current 
(Ipa). 

CONCLUSION

 The p lat inum nanopar t ic les were 
successfully electrodeposited onto the surface of 
PAni/CG electrodes. The NPPt/PAni/CG electrode 
appeared to have well distribution and dispersal of 
Pt nanoparticles on the PAni film. The NPPt/PAni/CG 
electrode exhibited electrocatalytic activity toward 
methanol oxidation with a higher current density and 

at lower onset potential. In view of results, the higher 
concentrations of methanol and higher scan rates of 
potential have also enhanced the methanol oxidation. 
According to the extensive studies in this filed, still 
further research can complement and corroborate 
these results.
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