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proper stability under continuous operations, the catalytic
stability of the Au/Pt/GC catalyst was inspected. To evaluate
this, CV measurements of FAO were carried out on the
Pt/GC and Au/Pt/GC electrodes for 100 continuous cycles,
and the corresponding Ip

d values for all cycles were
detected. Figure 6 confirmed once more the superiority
of the Au/Pt/GC catalyst (Figure 6, b) where it exhibited
after 100 CV cycles a higher (4.6 times) Ip

d than that of
the Pt/GC catalyst (Figure 6, a).

3.3. Electrocatalytic Activity and Stability toward MO.
Figure 7 shows the CVs of the MO on the Pt/GC
(Figure 7, a) and Au/Pt/GC (Figure 7, b) electrodes in
0.1M NaOH solution containing 0.3M FA. Generally, on
Pt-based catalysts, the direct MO in alkaline solutions pro-
duces CO2 according to the following equation [18, 19]:

CH3OH + 6OH− ⟶ CO2 + 5H2O + 6e− 8

This reaction can be represented by the anodic peak
observed at ca. 0.2V in the forward scan of Figure 7, a, on
the Pt/GC. During this process, the formation of poisonous
intermediates such as CO is possible which mitigates the
catalytic performance of MO (equation 9) [19].

CH3OH + 3Pt⟶ Pt − COads + 2Pt + 4H+ + 4e− 9

Methane is another intermediate which can be produced
during MO according to the following reaction [19, 20]:

Pt − CH3 + Pt −H⟶ Pt − CH4 + 2Pt 10

It is worthy to mention here that the adsorbed –OH
groups can further oxidize the poisonous CO and –CH3
intermediates through the following reactions (equations
11 and 12, respectively);

Pt − COads+−OHads ⟶ CO2 + H+ + e− + Pt 11

Pt − CH3 + 2 −OHads ⟶ CO2 + 5H+ + 5e− + Pt 12

Two functions can, therefore, be evaluated to assess the
degree of catalytic enhancement toward MO. The first is
the Ip

d/Ib ratio that indicates the degree of resistance of

2𝜃 (º)

a

b

(a) Pt/GC
(b) Au/Pt/GC

10 20 30 40 50 60 70 80

Figure 4: XRD analysis of (a) Pt/GC and (b) Au/Pt/GC electrodes.
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Figure 5: CVs obtained on (a) Pt/GC and (b) Au/Pt/GC electrodes
in 0.1M NaOH solution containing 0.3M FA (pH= 3.5). Potential
scan rate: 100mV s−1.
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and EGO, respectively). The surface modification of Pt
nanoparticles (PtNPs) with AuNPs could successfully inter-
rupt their contiguity to resist the critical CO poisoning which
stands as a major defect of their corresponding liquid fuel
cells (DFAFCs, DMFCs, and DEGFCs, respectively). Inter-
estingly, the modification with its inspired decorated struc-
ture at the Au/Pt/GC electrode could enhance the catalytic
performance of FAO, MO, and EGO (as inferred from steer-
ing the mechanism toward the favorable (less energetic)
pathway and lowering concurrently the onset potential). This
enhancement appeared principally by mitigating the CO
adsorption at the Pt surface which was blocking the Pt
surface from the favorable oxidation pathway.
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Table 2: A comparison of the obtained electrochemical parameters
from this study (Pt-Au catalyst) and others obtained previously
from the literature (Pt-Pd catalyst) for the oxidation of the three
investigated fuels (FAO, MO, and EGO).

Catalyst
FAO MO EGO

Reference
Ip

d/Ipind Ip
d/Ipb Enhancement factor

Pt-Pd 0.87 1.23 3.3 [26, 27]

Pt-Au 3.44 5.45 3.5 This study
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