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Pt Supported on Polyaniline-\,Os; Nanocomposite
as the Electrode Material for Methanol Oxidation
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The nanocomposite material prepared via the intercalation of polyaniling@3 ¥hatrix has been used as the support for Pt in
methanol oxidation reaction. The average particle size of the Pt as evaluated from the high-resolution transmission electron
microscope was found to be 4 nm. The X-ray photoelectron spectroscopy analysis revealed that vanadium is present in the form
of V,05 and Pt in the metallic state. The activity of methanol oxidation of the Pt loaded nanocomposite electrode as evaluated
from cyclic voltammetry was found to be 111 mAchat +0.8 V vs. Ag/AgCl for a Pt loading of 5Qugcm™2. The chrono-
amperometric response reveals the better activity and stability of the nanocomposite electrode compared to the bulk Pt electrode.
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Considerable effort has been devoted in recent years to develop\fzos sol. In this investigation the composite material prepared by
ing suitable electrode materials for direct electro-oxidation of meth-the former method has been used as the support for Pt and used as
anol. Although research over the past two or three dedddesti- the electrode for methanol oxidation.
fied the best catalyst as Pt-Ru supported on carbon for methanol
oxidation, there is still much to be done in developing alternate
electrode materials for methanol oxidation. Apart from Pt-Ru cata-
lyst, materials like Pt-W@, Pt-MoQ;, and Pt-Ru-MQ (M = W, A conventional three-electrode cell was used in all the experi-
Mo, and V) have been used as the electrode material for methanoments. A Pt foil (1.5 crf) was used as the counter electrode and
oxidation?® The basic reason for choosing these transition metalglassy carboGC, 0.07 cmd) obtained from Bioanalytical System,
oxides is that these oxides can form respective tungsten bronzes hiyas been used as the working electrode. All the elelectrochemical
effective dehydrogenation of methanol and also the oxophilic naturemeasurements were performed using Wenking potentiofe@s
of the oxide helps in removing the strongly adsorbed intermediates73) with a Philips digital X-Y recordefPM 8033.
of methanol oxidation. Alhough these systems showed better activ- Aniline (Sisco Research Laboratory, Infliaas used after distil-
ity and stability compared to the Pt, the main problem with theselation and stored dark in nitrogen atmosphere. Dowex lon Exchange
oxides is the severe leaching of the metal, Mo, and V) under resin (H" form, 50 W-X2, 50-100 meghwas purchased from Ald-
operating conditions. rich. The hexachloroplatinic acid was purchased from M/s Hin-

The attention of investigatoer@ engaged in the development of dustan Platinum Ltd., India. All other chemicals used were of ana-
new functional materials for current engineering applications haslytical (AR) grade and were obtained from Sisco Research
been attracted to composite materials based on electrically condud-aboratory, India or E. Merck, India.
tive polymers and inorganic compounds. The reason for such inter- The X-ray diffractomogram§éXRD) were obtained for the pow-
est is that materials of this type frequently manifest properties thatdered sample with a Philips PW 1130 model. The diffraction pat-
cannot be achieved by the individual components, this is particularlyterns were recorded at room temperature using Ni filtered Gu K
true when one of the components is present in the form of a nanradiation. The particle size was calculated using Scherer equation
odimensional phas®. These compounds exhibit a number of useful (t = 0.897 co®). The X-ray photoelectron spectroscogkPS)
physiochemical properties in addition to chemical stability, opening studies were performed using a Perkin elmer PHI 5500 ESCA sys-
up possibilities for their use in electrochromic devices, chemicaltem using Mg kx as the excitation source. The microscopic features
current sources, and photocatalytic and electrocatalytic systems. Thef the sample were observed with Philips EM430 ST operated at 300
preparation of composites of the intercalation type based on polykV. The bulk Pt on the electrode was analyzed by inductively
aniline and \4Os along with the establishment of their composition, coupled plasma atomic emission spectromel@PAES model
structure, and major physicochemcial properties have beer8410 ARL after calibration with standard solution containing known
reported'’ Pokhodenkoet al. reported? the effects of nanosize in Pt content. The Pt was extracted from the electrode by boiling in
the composites based on polyaniline angy. The composite ma- ~aqua regia. The composition of the nanocomposite was evaluated
terial also exhibited excellent stability under electrochemical poten-Using a Hereaus CHN analyzer.

tial conditions in acidic medium. . . .
The Pt supported on the electrochemically synthesized poly- Preparation of PANI-YO5 nanocomposite—A known weight,

6. .
aniline has been used as the electrode material for methano?'sgc’f(z'38 mmo) V05 xeroget®in the form of fine powder was

oxidation*15 but this is the first report on the Pt supported on the added to 85 mL of 3.5 wt % of distilled aniline aqueous solution.

. : : . The mixture was stirred at room temperature for 16 h in air. The
ch_e mically synthesized nanocomposite materla! bas_ed on p°|yat3lack powder was isolated by filtration, washed with acetone, and
niline and \,Os for electro-oxidation of methanol in acid medium.

The preparation of the intercalated composite material reporteddried In & vacuum at room temperature overnight. By changing the
. - . - aniline/H,0 ratio and solvent amount, different stoichiometric prod-
was baseq on two apprqachgs, one is that th_e d_|rect che_mlcal OXId%-CtS can be obtained
tion of aniliné® (i.e., in situoxidative polymersiation of anilineoy '
xerogel of \,Og5 and the other approach is based on the reaction of Loading of Pt on Pani-yOg, nanocomposite—To 50 mg of
the conducting polymer independently obtained chemically with apani-\,0s nanocomposite, aqueous solution of hexachloroplatinic
acid (H,PtCk) was added and it was refluxed at 353 K for about 30
min and then excess of 30% formalin was added as the reducing
Z E-mail: bviswanathan@hotmail.com agent. The resulting solution was again refluxed at the same tem-

Experimental
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Figure 1. HR-TEM image of Pt loaded on &i4NH)g4; V,05-0.5H,0
nanocomposite. Ry
g
z
gso-
perature for about 1 h. The solution was filtered and the precipitate ~
was washed well with water and dried in a vacuum at room tem-
perature overnight.
Electrode fabrication—The electrodes for the electrochemical — P R a1 T

measurements were fabricated by dispersing the unloaded or Pt

loaded nanocomposite in 2@ of deionized water and 2aL of 5

wt % Nafion solution was then added and ultrasonicated for 20 min.Figure 2. (a) The survey scan XPS spectra of Pt loaded ogHBIH)g 41

A known amount of suspension was added onto the glassy carbo,0;-0.5H,0 nanocomposite. XPS spectra(bj V 2p and O 1s andc) Pt

(GCO) electrode and solvent was slowly evaporated which results inaf in Pt loaded (GH,NH)q 4; V,0s-0.5H,0 nanocomposite.

unloaded or loaded GC/PANI-XDs-Nafion nanocomposite elec-

trode. The electrochemical characteristics of the unloaded nanocom-

posite has been evaluated by cyclic voltammé@y) by running

the voltammogram in 1 M kB0, between—0.2 and+0.8 V at 50

mV/s. The methanol oxidation has been carried out using the P

loaded nanocomposite material as the electrode in 1,8Q4/1 M

Srll-llgg(lj-le;ngzrr]ot?gmsamg experimental conditions ac_iopted fc_;r the XPS study on Pt loaded(CeHNH)o4 Vo0s-05H,0
posite. The chronoamperometric experiments,

were also performed by polarizing the electrode+ed.4 vV and

+0.6 V vs.Ag/AgCI electrode.

Binding anergy (aV)

dark field and the bright field images clearly reveal the composite
omprises of nanoparticles. The presence of Pt nanoparticles is seen
s bright small spots on the nanocomposite.

nocomposite—Figure 2a shows the survey scan of the Pt loaded
nanocomposite material. It is evident from the spectra that the sur-
vey scan is similar to that of the spectra obtained for the PAND:/
nanocomposite. But apart from the strong signals due to V 2p, O 1s,
Results and Discussion N 1s, and C 1s, a very strong signal due to Pt 4f and 4d is also seen.
. To see in detail the nature of the V and Pt, the V 2p and the Pt 4f
The XRD patternnot shown of the PANI-V,05 nanocomposite ; X .
was agreeable with the one reported in the literatfifEne particle regions were recordegFig. 2h and & Figure 2b shows that though
size of the composite calculated using Scherer equation was foun{'® Pinding energy of V 2, centered at 517.6 eV, the peak due to
to be 8 nm. The interaction of the poyaniline in theQ4 layers has V 2py; is not clearly seen. However, the deconvolu_ted spectra
been confirmed from the interlayer expansion from 11.75 toclearly revealed the peak due to V gZpat 525.3 eV, which once
13.55A. again suggests that the V is present in the form gDy in the
The composition of the composite evaluated from the CHN ana-Matrix. The peak at 531.3 eV is due to the O 1s from th@y/ This

lyzer (14.3% C, 1.7% H, and 4.6%)Nvas (GH4NH)g.4; V,05-0.5 also revealed that the formalin used as the reducing agent for the Pt
H,0. ' ' ’ ions did not affect the V in the composite matrix. Figure 2c shows

the Pt 4f expanded region. The binding energies of P} 4éntered
Pt loaded on Pani-YOs nanocomposite—Figure 1 shows the at 71.3 eV and Pt 4f, centered at 74.5 eV suggest that Pt ions are
high resolution transmission electron microscgpfR-TEM) image reduced to the metallic state. The XPS results revealed that the
of the Pt loaded (§H4NH)q41 V,05-0.5 H,O nanocomposite. The present method of deposition of Rising formalin as a reducing
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Figure 3. CV of (CgH4NH) (41 V205-0.5H,0 nanocomposite electrode in
1 M H,SGQ, at 50 mV/s.

ageny, results in the production of fine dispersion of Pt particles on
the nanocomposite. Because the reduction was carried out at a low
temperaturé353 K), it did not alter the nature of the nanocomposite

which is mainly reflected in the X-ray photoelectron spectra of V 2p

1 i 1} 1 ] 1 i

0.0(mA)

in Pt supported composite. The X-ray photoelectron spectra of V 2p
in the Pt loaded nanocomposite and the composite without platinum
(not shown was identical. But the interaction of the Pt nanoparticles
with the nanocomposite needs to be investigated.

Electrochemical characteristics of th&€€gHsNH)( 41 V,05-0.5
H,O nanocomposite-Figure 3 shows the CV of the unloaded
nanocomposite ((§HsNH)g 41 V205-0.5H,0) run in 1 M H,SO,
after 2 h of continuous cycling at 50 mV/s. The composite exhibited
a broad peak at-0.5V in the forward scan and a slightly narrow
peak at+0.1 V in the reverse scan. There is a peak potential differ-
ence of 400 mV between the forward and the reverse scan, but there
is no observable decrease in the current response between the first
scan and the scan at the end of 2 h. The nature of the voltammogram
also remained constant. These clearly suggest that the vanadium
oxide in the nanocomposite did not undergo any appreciable leach-
ing in the acid medium under the present operating conditions. An-
other interesting feature is that the voltammogram did not resemble
either PANI or \,Os present in the composite. Polyaniline
normally*3 displays two pairs of peaks under similar conditions. The
enhanced stability of the composite is due to the interaction between
the organic componetft and the inorganic oxide. The interlayer
expansion of the YOs layers(from XRD result$ confirms the com-
pound is an intercalated compound; the enhanced stability and the
alteration in the redox potential of the composite demonstrate that
the nanodimension of the composite plays an important role for the
alteration in the electrochemical property of the composite com-
pared to the individual components. The broad peak also possibly
suggests that the particles present in the composite are fine in
nature'*We did not observe any appreciable difference in the CV of
the nanocomposite in the presence of methanol.

Evaluation of methanol oxidation on Pt loadé¢@¢HNH)q 41
V,05-0.5H,0 nanocomposite-Figure 4a shows the CV of Pt
loaded (GH4NH)p41 V205-0.5H,0 nanocomposite(GC/PANI-
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Figure 4. CV of Pt loaded (GHsNH)g4; V,05-0.5H,0 nanocomposite
electrodem 1 M H,SO,/1 M CH3OH at 50 mV/s.
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Figure 5. Chronoamperometric response of Pt loadedgHMH)g 41
V,05-0.5H,0 nanocomposite electrodes polarized(at +0.6 V and (b)
+0.4V in 1 M H,SQ,/1 M CH;OH.
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V,0s-Naf/Ph in 1 M H,SO, scanned betweer0.2 and+0.8V Conclusions
and run at 50 mV/s. The presence of Pt is evident from the broad 1he pt J0aded on PANI-YOs
peak at—0.2 V vs.Ag/AgCl, which is due to the hydrogen adsorp-
tion on Pt. The broad peak suggests that the Pt particles are finel
disperse® on the nanocomposite. Figure 4b shows the CV of Pt
loaded (GH4NH)p41 V,05-0.5H,0 nanocomposite(GC/PANI-

nanocomposite has been evaluated
as the electrode for methanol oxidation in acid medium. The elec-
trode exhibited a fairly high catalytic activity of 111 mA/énat
+0.8 V vs. Ag/AgCl with a Pt loading of 5Qug/cn?. The particle
V,0,-Naf/PY in the presencefd M H,SO,/1 M CH,OH run at 50 size of the Pt loaded composites was found to be 8-10 nm as evalu-
mV/s. It is evident from the voltammogram that the onset of metha-ateqI from the HR-TEM. The XP.S resul_ts on the Pt loaded nanocom-
nol oxidation starts at 50 mV and the current increases linearly withPOSite revealed that the vanadium oxidation state was not affected
the applied potential and does not exhibit any peak in the forwargduring the reduction of Pt ions and the Pt was found to be in the
scan and reaches a maximum current density of 111 mA/am meta_ll_llc state. The chronoampe_rometrlc response revealed _tha? the
+0.8 V for a Pt loading of 5Q.g/cr?. In the reverse scan there is a stability of the Pt loaded composite electrode for methanol oxidation
slight decrease in the current betweed.8 and+0.6 V, the super-  did not vary much, when the electrode was polarized-@t6 and
position of the voltammogram betweerD.5 and+0.4 V probably ~ +0.4V, which suggests that V was stable ever+at6 V. Though,
suggests the tolerance of nanocomposite electrode toward ththe observed activity is fairly high for the extent of loading of Pt, the
strongly adsorbed intermediates. Normally the onset of methanoRctivity can further be increased. The probable reason for this is the
oxidation will be around+0.2 V vs. Ag/AgCl for the Pt deposited ~ conductivity of the composite system. Though the conductivity of
on polyaniliné® electrode. In the present investigation, the shift of the composite system is higher than that of the crystallig@.V the

the onset potential for methanol oxidation toward the less positiveintercalation of the polymer reduces the conductivity of the polya-
side probably suggests that the vanadium pentoxide present in theiline. This might effect the charge transfer at the electrode/
matrix might have helped in the bifunctional mechanism. Although electrolyte interface. But, supporting the synthesized material on the

the activity observed in the present investigation is fairly high for carbon can improve the catalytic activity.

the present loading of Pt, the activity can be further increased. The
probable reason for this is the conductivity of the nanocomposite

The Indian Institute of Technology assisted in meeting the publication

system. The conductivity of the nanocomposite system might befosts of this article.

higher than the crystalline )05, but the present method of the
intercalation of the polymer reduces the polymer conductivity,
which might effect the charge transfer at the electrode/electrolyte .-
interface. However, supporting the currently synthesized material on 5’
the high surface area carbon material may improve the dispersion
further and the catalytic activity. 4.
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