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1. INTRODUCTION 

Although direct methanol fuel cell (DMFC) is a promising fuel 
cell, the DMFC has at least five problems to be solved for practical 
use: [1-5] (a) it requires precious electrocatalysts, such as Pt and 
Ru, for the methanol oxidation and the electrocatalytic efficiency 
is relatively low; (b) the active sites of the electrocatalysts are 
poisoned by the adsorption of reaction intermediates, such as CO; 
(c) the electroreduction of dissolved oxygen should be promoted; 
(d) high methanol crossover through the polymer membrane 
greatly significantly decreases the cell voltage and methanol utili-
zation; and (e) the toxicity of methanol and by-products, such as 
formaldehyde and formic acid, has the risk of causing serious 
problems. 

Our strategy for solving these problems is to employ a conduc-
tive polymer, polyaniline (PANI), as an the electrocatalyst and L-
ascorbic acid as the fuel. It has already been confirmed that PANI 
is a promising material for alleviating problems (a), (b) and (c).   
The PANI film acts as a porous support on which to disperse the 
electrocatalysts. The dispersion can decrease the poisoning effect 
[6,7] as well as the amount of the precious Pt electrocatalyst [8].   
In addition to the its role of as a porous support, the PANI film 

itself can function as an electrocatalyst [9]. Although no electro-
catalytic activity of the PANI film itself is shown for the methanol 
oxidation [10], the PANI film is expected to become an electro-
catalyst for the oxidation of organic compounds other than metha-
nol. 

Although several kinds of alcohols other than methanol [11-13] 
and various organic compounds [14-17] have been attempted 
evaluated as the fuels, their toxicity problems still remain. The use 
of L-ascorbic acid as the fuel is expected to solve not only the 
toxicity problem, but also the crossover problem previously de-
scribed as problem (d). Several successive examples have already 
been reported for direct L-ascorbic acid fuel cells, in which an L-
ascorbic acid solution was directly supplied to the anode [18-21].   
Because the PANI film functions as an electrocatalyst for the oxi-
dation of L-ascorbic acid [22], modified PANI film-modified elec-
trodes could become significant alternative anodes for the pre-
cious-metal-free anodes for the direct L-ascorbic acid fuel cells.   
In this communication, from a practical standpoint, attention was 
focused on the following subjects. 

1) Effect of preparation conditions of the PANI film, 
2) durability of the catalytic action, and 
3) effect of the metal dispersion. 
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2. EXPERIMENTAL 

A standard three-electrode cell was employed, comprising com-
prised of a glassy carbon (GC) disc electrode with an electrode area 
of 0.196 cm2, a commercial Ag/AgCl electrode and a Pt plate 
counter electrode with an electrode area of ca. 8 cm2. The GC disk 
electrodes were polished with alumina powder prior to use. The 
electrochemical experiments were carried out using a Hokuto 
Denko HZ-3000 potentiostat connected to a personal computer and 
a Rikadenki RY-101 x-y recorder. 

Aniline was reagent grade and was distilled under reduced pres-
sure prior to use. All other chemicals were of analytical grade and 
used as received. The aqueous solution to measure the oxidation 
current of L-ascorbic acid was a 0.25 M H2SO4 aqueous solution 
containing 0.1 M L-ascorbic acid. The PANI film was electro-
chemically deposited by repeated potential scanning (50 mV s-1) 
onto glassy carbon (GC) electrodes in a 0.5 M (1 M = 1 mol dm-3) 
H2SO4 aqueous solution containing 0.20 M aniline. The deposited 
amount of the PANI film was controlled by the repeated potential 
scan number. Except for the experiments to examine the effect of 
the PANI film thickness, the repeated potential scan number was 
10. If necessary, metallic particles were dispersed on the PANI film 
by electrodeposition from a protonic acid solution containing 0.02 
wt% of the corresponding metal ions at a constant current of 50 µA 
cm-2. The charge passed during the electrodeposition was 50 mA 

cm-2. 
The catalytic activities of the modified PANI-modified elec-

trodes were mainly evaluated by linear sweep voltammetry; meas-
urements of current-time profile (up to 30 min) and/or steady-state 
polarization curve were also employed to estimate the durability of 
the catalytic action. 

3. RESULTS AND DISCUSSION 

Figure 1 shows two cyclic voltammograms of L-ascorbic acid 
measured with using a bare GC electrode and the modified PANI 
film-modified electrode. As can readily be seen in Figure 1, the 
oxidation current of the L-ascorbic acid obtained with using the 
modified PANI film-modified electrode is considerably increased 
compared with to that obtained with using the bare GC electrode. 

To examine the durability of the catalytic action of the PANI 
film, L-ascorbic acid was electro-oxidized at a constant potential of 
0.4 V using the modified PANI film-modified electrode and the 
bare GC electrode. The change in the oxidation current with time is 
shown in Figure 2. Although the oxidation current obtained with 
using a bare GC electrode gradually decreases gradually, a steady 
current was observed using the PANI film-modified electrode.    
The active sites on the GC surface are probably poisoned by the 
adsorption of reaction intermediates, and the current decreases with 
the polarization time. According to a study using electrochemi-
cally-modulated infrared reflectance spectroscopy [7], when metha-
nol is electro-oxidized on a Pt dispersed PANI film, the PANI film 
adsorbs the intermediate species, such as CO, which act as poison-
ing species for Pt. The adsorption prevents the dispersed Pt parti-
cles from becoming deactivated. Analogously, the PANI film must 
absorb the unfavorable intermediates. 

Measurement of the steady-state current-potential curves also 
revealed that the anode performance was markedly improved by 
the deposition of the PANI film. Figure 3 shows the steady-state 
current-potential curves obtained with using the modified PANI 
film-modified and bare GC electrodes. Both currents reach the 
limited limiting currents after a sharp increase. It is interesting to 
find note that the oxidation current begins to flow at about 70 mV 
less using the modified PANI film-modified electrode than that 

 
Figure 2.  Time dependence of oxidation current at constant poten-
tial of 0.4 V with using the modified PANI film-modified (upper 
curve) and naked bare GC (lower curve) electrodes. 
 
 

 
Figure 1.  Cyclic voltammograms of L-ascorbic acid at 20 mV s-1 
measured with using the modified PANI film-modified (solid line) 
and bare GC electrodes (dotted line). 
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using the bare GC electrode. This also means that the PANI film 
acts as an electrocatalyst. The surface area becomes much greater 
by the due to modification with of the PANI film. In addition to the 
effect of the surface area, however, there is another factor such as 
the absorption of unfavorable intermediates because there is no 
significant difference between the limited limiting currents. 

It is well known that some electrode reactions of dissolved or-
ganic species are promoted by metal dispersion on an electrode 
surface. Such promotion might occur in the PANI film-modified 
electrode. Copper was first attempted as a representative base metal 
for the dispertion because the enzyme for the oxidation of L-
ascorbic acid, ascorbate oxidase, is a copper containing enzyme. 
The voltammetric peak current of L-ascorbic acid depended on the 
deposited amount of Cu on the PANI film-modified electrode, and 
the highest value was obtained when the deposited amount was 50 

mC cm-2, which was charge passed during the electrodeposition of 
Cu. The effect of the deposition was also examined for Zn, Pt, Fe 
and Cr. However, the measurement of the current-time profile 
showed that the steady oxidation currents at those metal-dispersed 
PANI film-modified electrodes were smaller than those at the 
PANI film-modified electrode without the metal dispersion (Figure 
4). The metal dispersion deactivates rather than activates the PANI 
film-modified electrode.   In other words, the PANI film-modified 
electrode does not require the harmful heavy metals (Cu, Fe and 
Cr) and precious Pt. 

In our previous study on DMFCs [8,10], it was shown that  not 
only precious metals, such as Pt and Ru, but also several base met-
als, such as Sn, catalyzed the electro-oxidation of methanol. To 
examine whether these metals function as electrocatalysts, five 
metals (Pt, Cu, Zn, Fe and Cr) were electrodeposited on the modi-
fied PANI film electrode and the voltammetric peak current of L-
ascorbic acid was measured using the electrodes. Unfortunately, 

however, the peak currents at these modified metal-dispersed PANI 
film electrodes were lower than those at the modified PANI film 
electrode without the metal dispersion. The metal dispersion deacti-
vates rather than activates the modified PANI film electrode. In 
other words, the modified PANI film electrode does not require the 
harmful heavy metals (Cu, Fe and Cr) and precious Pt. 

4. CONCLUSIONS 

These results revealed that the modified PANI film-modified 
electrode is quite promising for as the anode of the L-ascorbic acid 
fuel cell.   It is highly active toward the electrooxidation of L-
ascorbic acid and is free from harmful heavy metals (Cu, Fe and 
Cr) and precious Pt. 
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