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1. Introduction

One of the main challenges of this century is to obtain
energy from renewable resources, which is highly desirable 
due to the rapid growth in global energy consumption and 
the pollution and resource constraints associated with the 
use of fossil fuels.  Replacing the conventional technologies 
with environmentally friendly devices for the production 
and storage of energy is at the forefront of the current 
research topics. Electrochemical devices are crucial in this 
context, and finding electroactive materials is vital to 
developing efficient electrocatalysts. Carbon materials are 
widely used in electrochemical applications[1-3]. Carbon-
based electrodes are used in countless applications, such as 
metal production, in energy storage devices such as 
batteries and supercapacitors, and as catalyst and catalyst 
supports[4,5].  

An important factor for the commercialization of fuel 
cells is the cost of the catalyst. Pt-based catalysts with high 
metal content (> 20 wt%) are the most studied materials and 
further work is needed to develop more efficient catalysts 
with a lower precious metal loading. It is known that the 
properties of carbon materials can affect the dispersion of 
Pt particles [6-8], which in turn affects the final properties of 
the electrocatalysts [9]. Achieving highly dispersed metal 
species on the surface of the carbon materials can facilitate 
the reaction and maximize the atomic efficiency of the noble 
metal.  

In this study, we have developed low-metal content Pt-
based electrocatalysts supported on carbon materials (i.e. 
F400 and Vulcan). A microwave-assisted method was used, 
which was found to be very effective to control the particle 
size and distribution of Pt particles deposited on the carbon 
materials. The synthesized electrocatalysts were assessed in 
the oxygen reduction reaction (ORR) and hydrogen 
evolution reaction (HER) and compared to a commercial 
Pt/C catalyst.  

2. Experimental

2.1 Synthesis 

Materials were prepared by a microwave-assisted hy-
drothermal synthesis. For this, 20 mL of Pt solution (800 and 

50 mg L-1) was contacted with 0.1 g of carbon sample and 
kept under stirring for 12 h at 25 °C, to ensure platinum ad-
sorption equilibrium on the carbonaceous materials. After 
this time, the mixture was subjected to microwaves through 
a heating ramp that brought the mixture from room temper-
ature to 110 °C in 5 min, and then was kept  isothermal for 
5 or 10 min. The samples were repeatedly washed with de-
ionized water and dried for 12 h at 80 °C in an oven. 

The nomenclature of the samples was “MX” standing for 
the method used (M1 or M2), followed by the letter V or F, 
which indicates whether the sample corresponds to Vulcan 
or F400, respectively, and the last number indicates the time 
used in the microwave step. 
2.2 Characterization Techniques 

       The samples were characterized by several techniques. 
X-ray photoelectron spectroscopy (XPS) measurements
were performed in a spectrometer (VG-Microtech Multilab
3000). The morphology of the catalysts was analyzed by
transmission electron microscopy (TEM) using a JEOL (JEM-
1400 Plus) operating at 120 kV. Pt content was determined
by inductively coupled plasma-optical emission spectros-
copy (ICP-OES) with a PerkinElmer Optima 4300 system. The
electrocatalytic activity towards the ORR and HER was eval-
uated in a three-electrode cell using an Autolab PGSTAT302
(Metrohm, Netherlands) potentiostat. A rotating ring-disk
electrode (RRDE, Pine Research Instruments, USA) equipped
with a glassy carbon disk electrode (5 mm diameter) and an
attached platinum ring was used as the working electrode,
graphite was used as the counter electrode and a reversible
hydrogen electrode (RHE) immersed in the working electro-
lyte through a Luggin capillary was used as the reference
electrode. The amount of catalyst on the disk electrode was
optimized to attain the highest limiting current density, with
120 μg being the optimum value. The glassy carbon disk was
modified with the samples using 120 μL of a 1 mg mL−1 dis-
persion of each carbon material (20% isopropanol and
0.02% Nafion®). The electrocatalytic activity towards the
ORR was studied by linear sweep voltammetry (LSV) in 0.1
M KOH solution saturated in oxygen between 1.1 and 0.0 V
at different rotation rates, from 400 to 1600 rpm, and at a
scan rate of 5 mV s−1.  The electrocatalytic activity towards
the HER was studied by LSV in 0.1 M KOH solution saturated
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in nitrogen between 0.2 and -0.15 V without rotation, and at 
a scan rate of 2 mV s−1. 

3. Results and discussion 

3.1 Physicochemical characterization  

Fig. 1 shows the TEM micrographs of M1F5 and M1V5 

electrocatalysts. The results indicate that the samples ex-
hibit very small Pt particles (average particle size of 1.0 nm) 
which are highly dispersed on the surface of the carbon ma-
terials. Similar results were achieved for all the samples pre-
pared by method 1. The second and third methods did not 
achieve the expected distribution, generating areas with 
metal agglomerates, nor did they incorporate the desired 
amount of metal. 
 

      

Fig. 1. TEM images platinum nanoparticles on: (a) M1F5 (b) M1V5.  

 
XPS has been done to determine the composition and 

electronic properties of the Pt surface species. Table 1 in-
cludes the percentage of Pt(0) and Pt(II) detected on the sur-
face of the particles. This table also lists the amount of Pt 
determined by ICP for the selected samples. As can be seen 
in Table 1, the amount of Pt loaded in the samples is signifi-
cantly lower than that of the commercial material (Pt/C). 

Table 1. Results of XPS, ICP and electroactive surface areas. 

Catalyst %Pt(0) %Pt(II) 
Pt (wt%) 

(ICP) 

Electroactive surface 

area (m2g-1Pt) 

M1V5 92.7 7.3 2.6 153 

M1V10 77.3 22.7 2.6 140 

M1F5 80.6 19.4 5.3 109 

M1F10 72.6 27.4 6.3 62 

Pt/C 70.4 29.6 20 57 

3.2 Electrochemical characterization 

From the voltammograms of the different electrocata-
lysts recorded in 0.1 M KOH solutions (results not shown), 
the characteristic voltametric profile for a Pt electrode in the 
potential window between 0.05 and 0.4 V can be observed, 
which correspond to the hydrogen adsorption-desorption 
processes on the Pt surface. The electrical charge measured 
in this potential range can be used (after doing the double 
layer correction) for the determination of the electroactive 
surface area of Pt considering 210 μC cm-2 as the reference 
value for the adsorption of one hydrogen atom per surface 
Pt atom in a one electron process. Table 1 shows the Pt elec-
troactive surface area (SPt) of the catalysts per gram of Pt. It 
can be observed that the electroactive surface area of the 
electrocatalysts prepared by method 1 is higher than that of 

Pt/C, being up to almost three times higher in one sample. 
Such an increase reveals that Pt nanoparticles present a 
smaller average particle size and good dispersion. 

 
3.3 Electrocatalytic activity towards ORR 

The LSV curves obtained for the selected electrocatalysts 
and the reference Pt/C sample are included for comparison 
purposes in Fig. 2. The limiting current density values ob-
tained for the selected electrocatalysts were remarkable 
(higher than -5.5 mA cm-2). The limiting current density of 
M1V5 improved the value registered for the Pt/C electrocat-
alyst. It is important to highlight the lower Pt loading used in 
Pd-based electrocatalyst prepared by the microwave 
method (around 7 times lower). Furthermore, the onset po-
tential values obtained are close to that of the commercial 
Pt/C electrocatalyst, which indicates the excellent electro-
catalytic behaviour towards the ORR. Concerning the num-
ber of electrons transferred, the measurements revealed 
that in all the synthesized materials of this study (results not 
shown) the reaction occurs through the 4-electron pathway, 
which indicates a negligible formation of hydrogen perox-
ide. 
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Fig. 2. Linear sweep voltammetry curves for the prepared materials 

in O2-saturated 0.1 M KOH solution at 5 mV s-1 and 1600 rpm. 

 
Among investigated, M1V5, which only contains 2.6 wt% 

Pt, is the best-performing sample. It has an onset potential 
of 0.96 V and a limiting current density higher than that of 
Pt/C. 

 
3.4 Electrocatalytic activity towards HER 

Fig. 3 shows the electrocatalytic activity towards HER for 
all the as-prepared materials, in which the electrocatalysts 
studied also showed promising results. The initial potential 
is close to 0 V, while the current density (measured at -0.15 
V) achieved by the best electrocatalysts (M1V5 and M1V10) 
was close to 10 mA cm-2. The electrocatalysts were not eval-
uated at potential values lower than -0.15 V because the hy-
drogen evolution caused the detachment of the material de-
posited on the glassy carbon. 
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Fig. 3. Linear sweep voltammetry curves for the prepared materials 

in N2-saturated 0.1 M KOH solution at 2 mV s-1. 

4. Conclusions 

The incorporation of Pt nanoparticles was achieved by a 
fast and efficient microwave method, leading to carbon-sup-
ported Pt nanoparticles, which presents small average par-
ticle size and high dispersion. These Pt-based electrocata-
lysts showed significant electrocatalytic activity and high se-
lectivity for the ORR. Additionally, preliminary results 
showed that the as-prepared electrocatalysts present a 
good electrocatalytic behaviour for the HER. It should be 
noted that our synthesis approach resulted in Pt-based elec-
trocatalysts with much lower loadings than that of Pt/C 
(used as reference material) but with much higher electro-
active surface area. Such as-prepared Pt-based electrocata-
lysts exhibited similar electrocatalytic performance to the 
commercial Pt/C in both the ORR and HER. 
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