
Selection of our books indexed in the Book Citation Index 

in Web of Science™ Core Collection (BKCI)

Interested in publishing with us? 
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected. 

For more information visit www.intechopen.com

Open access books available

Countries delivered to Contributors from top 500 universities

International  authors and editors

Our authors are among the

most cited scientists

Downloads

We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

12.2%

148,000 185M

TOP 1%154

6,000



1

Chapter

Synthesis of Pt-Mo/WMCNTs 
Nanostructures Reduced by the 
Green Chemical Route and Its 
Electrocatalytic Activity in the 
ORR
Esther Torres-Santillan, Selene Capula-Colindres, 

Gerardo Teran, Carmen M. Reza-San German,  

Miriam Estrada Flores and Oscar Guadalupe Rojas Valencia

Abstract

Platinum (Pt) and molybdenum (Mo) nanoparticles were supported on multiwall 
carbon nanotubes (MWCNTs) by a green chemical route. Different relations of Pt:Mo 
(10:0, 8:2, 5:5, 2:8, and 0:10, respectively) in weight percent were compared to their 
electrocatalytic activity in the oxygen reduction reaction (ORR) in an acid medium. 
The morphologies and the structure were analyzed by X-ray diffraction (XRD), scan-
ning electron microscopy (SEM), and transmission electron microscopy (TEM). The 
rotary disc electrode (RDE) and linear voltammetry (LV) techniques were employed 
to observe the electron transfer and mass transport phenomena. The surface activa-
tion of the samples was conducted by cyclic voltammetry (CV) technique According 
to the TEM analysis. The TEM analysis, shows that Mo and Pt nanoparticles have 
a good dispersion on the tubular carbon support, with sizes between 3.94 and 
10.97 nm. All Pt-containing ratios had exhibited a first-order transfer in the ORR 
without inhibition of the reaction. Molybdenum is a reducing agent (oxyphilic metal) 
that benefits the adsorption of oxygenated species. The Pt:Mo 8:2 wt.% ratio presents 
the maximum benefits in the kinetic parameters. The Mo10/MWCNTs nanostructure 
inhibits the ORR due to the strong bonds it presents with oxygen. Molybdenum at low 
concentrations with platinum is conducive to oxygen molecule adsorption-desorption 
by increasing the ORR’s electroactivity.

Keywords: molybdenum, platinum, oxygen reduction, MWCNTs, oxyphilic metal

1. Introduction

It is widely recognized in the field of electrochemistry that there are many 
important electrochemical reactions. Some cases are the oxygen reduction reaction 
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(ORR) and the hydrogen oxidation reaction (HOR). These reactions can be set in the 
proton exchange membrane fuel cells (PEMFCs) for the generation and storage of 
clean energy [1–3]. ORR takes place at the cathode of the PEMFCs where it is highly 
sensitive to the surface of the electrode and the presence of adsorbed oxygenated spe-
cies. As pointed out above, this is due to the stability of the oxygen molecule and the 
double bond, requiring a greater potential (1.23 V) to take place a reduction [4–7]. To 
obtain a high conversion at ORR, the catalyst Pt/C has been used for its high catalytic 
activity and chemical stability [8–10]. The previous properties of Pt induce a direct 
transfer of four electrons to form water, therefore presenting a first-order transfer. 
However, several investigations have reported a kinetic inhibition in the ORR by the 
adsorption of different pollutants (CO, SOx, and NOx) on the electrode surface, caus-
ing poisoning of the Pt catalysts [11, 12]. The commercial carbon support is a crucial 
factor in the deactivation of PEMFCs by its corrosion at high potentials (>0.5 V) 
[12–14]. Due to the high cost of Pt, various catalysts have been proposed, such as 
oxides [15, 16], carbides [17, 18], Pd [19, 20], binary, tri-metallic alloys (Pt, Ru, Pd, or 
Ir) [21–25], non-precious metals, and supercycles (porphyrins or phthalocyanines) 
[26, 27]. Despite the efforts made, it is difficult to replace the Pt as a catalyst in the 
cathode for the PEMFCs. It is because the catalyst should have good electrocatalytic 
activity and resistance for both CO and acid [28–30]. Furthermore, it must present 
efficient adsorption and desorption of oxygenated species in the interface electrode/
electrolyte. If the adsorption–desorption of oxygenated species is deficient in the 
OER, then there will not be a good electronic transfer, or desorption of species when 
the ORR is carried out.

Nepel et al. [31] and Mukerjee et al. [32] have found that molybdenum is a metal 
that allows greater tolerance to CO. Besides, Mo is used by biological systems mainly 
for its oxidative and reducing properties [33]. Additionally, it is used as a catalyst for 
desulfurization and denitrogenating processes in the petrochemical industry [34]. 
Molybdenum is an element with a “d” band characteristic in its electronic configura-
tion. It can have different crystalline phases and superficial and electronic properties 
according to its geometric arrangements. It can be polymerized to form anionic poly-
molybdates (MoVI), which present reactions of transfer of oxygen atoms to potential 
chemicals, less than 0.1 V. According to Pérez et al. [35] and Nikolaychuk et al. [36], 
these polymolybdates undergo redox reactions to potentials higher than 0.2 V. The 
molybdenum is one of the few affordable elements that act as a “source” of electrons 
and can transfer oxygen atoms to low potential values. These properties, electronics, 
and transference (adsorption–desorption) of oxygen atoms have not been widely 
investigated for the ORR in the acid medium [33, 37]. Another alternative of research 
to improving the electrocatalytic activity of the ORR is the study of various supports. 
Recent works performed by Hussain et al. [38] and Huang et al. [39] indicated that 
carbon in its allotropic tubular form has a greater specific area and chemical stability 
in the ORR than conventional commercial carbon. The CNTs (carbon nanotubes) 
have considerable advantages, including greater resistance to potentials greater 
than 0.5 V without generating CO. Efficient dispersion of the nanoparticles on the 
support, which generate a high activity, in comparison to the conventional carbon 
support [40–42].

This study aims to synthesize Pt-Mo/MWCNTs nanostructures by the wet 
impregnation method, produce different Pt-Mo loads in the nanostructures, achieve 
an elevated dispersion of the nanoparticles on the support (MWCNTs), conduct 
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an electrochemical work to determine the effect of the molybdenum content in the 
electroactivity for the ORR, examine the importance of the content of an oxyphilic 
metal such as molybdenum in a bimetallic catalyst for the ORR in an acidic medium, 
determine the best ratio of Pt-Mo to achieve the first-order mechanism without 
inhibition of the reaction, and finally, obtain the kinetics parameters and the type of 
electronic transference mechanism that takes place.

2. Experimental section

2.1 Synthesis of nanostructures

Commercially available MWCNTs synthesized by the method CVD (chemical 
vapor deposition, ≥97% purity) were used as support and acquired from Sigma-
Aldrich. Commercial MWCNTs were pretreated by warming to reflux in a mixture of 
HNO3 and H2SO4 (8 M) at 80°C for 3 h [43]. MWCNTs were thoroughly filtered and 
washed with deionized water, with subsequent drying on the stove for 24 h at 60°C. 
For the nanoparticles impregnation on the support, bis(acetylacetonate)dioxo-
molybdenum [MoO2(CH3COCH2COCH2)2, Sigma-Aldrich, 98% purity] and platinum 
acetylacetonate [Pt(CH3-COCHCO-CH3)2, Sigma-Aldrich, 97% purity] were used 
as precursors. Different Pt-Mo relations were implemented to obtain 10 wt.% (10:0, 
8:2, 5:5, 2:8, and 0:10, respectively). Pretreated MWCNTs support was set in a balloon 
flask with isopropanol and agitation of 900 rpm at 70°C for 1 h. Subsequently, the 
mixture of the precursors previously dissolved in isopropanol was added dropwise 
and stirred for 2 h until complete. A solution of eucalyptus extract (5 g/100 ml water) 
was added as a green reduction agent, and the mixture was stabilized with ethylene-
glycol (EG). The solids were filtered, and the mixture was washed with deionized 
water. Eventually, the solids were dried at a temperature of 60°C. Consequently, the 
solids were placed in a quartz tube with a glass membrane and kept in an oven at 
300°C for 30 minutes. At this step, a minimum flow of H2 for complete reduction.

2.2 Structural and morphological characterization

The crystalline structure and particle size were analyzed by X-ray diffraction (XRD) 
using an X-ray diffraction equipment, Siemens D5000 with a Cu-K α1 monochro-
matic radiation (λ = 1.548 A), operating at 40 kV and 40 mA at 10–90° 2θ range and 
a scan rate of 2°/s. The morphologies and chemical composition of the samples were 
determined by scanning electron microscopy (SEM) coupled with energy-dispersive 
spectroscopy (EDS) using a detector SEM-JEOL 6300. Transmission electron micros-
copy measurements were used to investigate the morphology, size, and dispersion of 
metal nanoparticles on MWCNTs. In this research, a Titan (FEI) microscope, operating 
at an accelerating voltage of 200 kV, was employed. The samples were prepared and 
deposited on the standard TEM sample grid covered with holey carbon film.

2.3 Electrochemical system

Oxygen reduction reaction activity was measured in a standard three-electrode 
system comprising a working electrode (RDE0008 commercial electrode), a 
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hydrogen reference electrode (ET070 Hydroflex), and a counter electrode (Pt coil). 
An electrolyte of 0.5 M H2SO4 was used. To prepare the catalyst ink, 1 mg of Pt-Mo/
MWCNTs powder was weighed to which 75 μL of ethanol was added to disperse it. 
Afterward, 8 μL of a mixture of Nafion® liquid and ethanol (5 wt.%) were added 
as an adherent to the electrode and 15 μL of water. An ultrasonic bath was employed 
for 20 minutes to homogenize the catalyst ink. A 16 μL aliquot of the catalyst ink was 
then pipetted onto the glassy carbon disk of 0.19 cm2 of the area. By applying the 
cyclic voltammetry technique with a scanning speed of 50 mV s−1, the activation of 
the electrode is recorded between 0 and 1.2 V during 100 cycles in a solution of 0.5 M 
H2SO4 saturated with argon.

To obtain kinetic parameters, the technique of linear voltammetry in a range 
of potential from open circuit to 0 V in a cathode ray with a speed of 5 mVs−1 was 
collected at 100, 200, 400, 900, 1600 rpm on the disk in the oxygen-saturated 
electrolyte. The experimentation was performed at 25°C and an atmospheric pressure 
of 585 mmHg. A potentiostat-galvanostat Autolab PGSTAT302 was employed, and all 
reported voltages were referred to as the normal hydrogen potential (NHE).

3. Results and discussion

3.1 Morphological characterization of Pt-Mo/MWCNTs nanostructures

Figure 1(a)-(f) shows the XRD patterns of the MWCNTs support and Pt-Mo/
MWCNTs nanostructures with different nominal ratios of Pt-Mo (0:0, 0:10, 2:8, 
5:5, 8:2, and 10:0) wt.%. The large reflections at 2θ = 39.7°, 46.2°, 67.6°, and 81.4° are 
associated with the face-centered-cubic (fcc) Pt crystal structure corresponding to the 
(111), (200), (220), and (311) planes, respectively, according to (PDF 04-0802). The 
reflection at 2θ = 26.2° corresponds to a crystal plane (002) of the hexagonal graphite 
structure (PDF 056-0159). Reflections of Pt in Pt-Mo/MWCNTs nanostructures shift 
slightly to higher angles compared with those of Pt in Pt/MWCNTs, which is evidence 
of lattice contraction caused by alloying Pt-Mo. The extent of lattice contraction 
increases to increase Mo content, in Pt-Mo/MWCNTs nanostructures, as shown by 
the lattice listed in Table 1. Previous research shows that lattice contraction is an indi-
cation of partial substitution of Mo for Pt in the Pt lattice [44–46]. The particle sizes 
of Pt were calculated with Scherrer equation, on (200) for reflection are not affected 
by MWCNTs support. Pt particle size was between 3.78 and 6.18 nm. The intensity of 
the Pt reflection gradually increases with a higher Pt content and broadens further in 
the XRD patterns indicating a smaller particle size. This behavior can be attributed 
to the high mobility of metal nanoparticles on carbon nanotube surfaces due to weak 
interaction between metal and support [47].

Figure 2(a-f) shows TEM micrographs of Mo10/MWCNTs, Pt2Mo8/MWCNTs, 
Pt5Mo5/MWCNTs, Pt8Mo2/MWCNTs, and Pt10/MWCNTs nanostructures. The images 
reveal nanoparticles evenly distributed on the MWCNTs surface. The shape of Mo 
nanoparticles is elongated with an average particle size of 10.97 nm (Figure 2a). All 
the nanostructures with Pt exhibited a circular shape with an average size for the 
nanoparticles between 3.94 and 6.96 nm. (Figure 2b-d, f). The particle dimensions 
measured by TEM are consistent with the average size determined from the cor-
responding XRD patterns. In the Pt8Mo2/MWCNTs nanostructure, the size in TEM 
images is slightly larger. High-resolution transmission electron microscopy (HR-TEM) 
images of the Pt8Mo2/MWCNTs revealed their crystalline nature (Inset Figure 2e). 
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The spacing between adjacent lattice planes is around 0.23 nm, corresponding to (111) 
plane of fcc structure Pt [44]. For the inset (HR-TEM) image of the Mo10/MWCNTs 
nanostructure, there is no d-spacing lattice of metallic Mo, Mo oxide, or Mo carbide 
structure.

Images of Pt10/MWCNTs and Pt5Mo5/MWCNTs obtained by SEM are displayed in 
Figure 3(a-b). The tubular structure of MWCNTs support can be observed in these 
images. The average diameter of an MWCNT is within 20–30 nm. EDS spectrum 
shows the presence of Mo and Pt in the structure (Figure 3c-d). The elemental 
chemical composition of Mo and Pt is also provided in Table 1. The atomic ratios of Pt 

Figure 1. 
XRD patterns of MWCNTs and Pt-Mo/MWCNTs nanostructures.

Nanostructures Pt:Mo atomic Ratio Lattice Parameter Particle size by XRD

Nominal EDS Å (nm)

Mo10/MWCNT 100 83 — —

Pt2-Mo8/MWCNTs 20:80 24:76 3.805 6.18

Pt5-Mo5/MWCNTs 50:50 53:46 3.908 4.61

Pt8-Mo2/MWCNTs 80:20 83:17 3.913 5.54

Pt10/MWCNTs 100 92 3.985 3.78

Table 1. 
Data obtained from XRD-EDS analysis.
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and Mo are close to nominal composition, suggesting the effective reduction of Pt and 
Mo by the impregnation method used.

3.2 Electrochemistry characterization

Cyclic voltammograms of Mo10/MWCNTs, Pt2Mo8/MWCNTs, Pt5Mo5/MWCNTs, 
Pt8Mo2/MWCNTs, and Pt10/MWCNTs nanostructures are graphically presented in 
Figure 4. The samples with 5, 8, and 10 wt.% of Pt manifested a typical behavior of 
an electrode with this material in an acid medium [9, 40]. The area associated with 
the adsorption–desorption of protons is presented in the region from 0 to 0.30 V/
NHE for all nanostructures. The samples containing Pt10 and Pt2Mo8 present a 
peak more intense in the previous zone, it is indicating greater performance in the 

Figure 2. 
TEM micrographs (a) Mo10/MWCNTs, (b) Pt2Mo8/MWCNTs, (c) Pt5Mo5/MWCNTs, (d-e) Pt8Mo2/
MWCNTs, and (f) Pt10/MWCNTs.



7

Synthesis of Pt-Mo/WMCNTs Nanostructures Reduced by the Green Chemical Route and Its…
DOI: http://dx.doi.org/10.5772/intechopen.106396

Figure 3. 
SEM-EDS imaging of (a-a1) Mo10/MWCNTs and (b-b1) Pt5Mo5/MWCNTs and (c-c1) Pt10/MWCNTs 
samples.

Figure 4. 
Cyclic voltammetry Pt-Mo/MWCNTs nanostructures (sweep speed 50 mVs−1, 25°C, last cycle).



Carbon Nanotubes - Recent Advances, New Perspectives and Potential Applications

8

hydrogen evolution reaction and the hydrogen oxidation reaction (HOR). According 
to Grgur et al. [48], the mechanism for interaction of oxygenated species with bime-
tallic surfaces must contain a metal capable of dissociating hydrogen and a metal that 
forms strong M − O bonds. The high activity of Pt for the hydrogen oxidation reaction 
is attributed to its ability to dissociate hydrogen as presented in Eq. (1).

 + -
+ ® + +2Pt 2H 2Pt 2H 2e

ads
 (1)

In the case of the Pt2Mo8/MWCNTs nanostructure, the high selectivity for HOR 
is attributed to the interaction between the OH− group with the oxyphilic metal (Mo) 
and the Pt nanoparticles that provide active sites for hydrogenation as indicated by 
the following Eq. (2) [47]:

 + -
+ - ® + + +2Pt M H eMo OH Pt  (2)

Nakajama and Kita [49] found that the redox couple of Mo+2/Mo+3 plays a key role 
in the enhancement of the catalytic activity of the Pt electrode at low overpotentials. 
Mo shifts the oxidation of weakly adsorbed OH− to lower potentials, and therefore, 
the co-catalytic effect of Pt can set in. The anodic sweep to a greater potential of 
0.51 V starts with the adsorption of oxygenated species. The Pt2Mo8/MWCNTs 
nanostructure presents more adsorption of oxygenated species between a potential of 
0.51 and 0.66 V. According to the Pourbaix diagram of Mo, at that condition, it forms 
intermediates mainly oxide species as MoO+2; MoO2; Mo4O11; Mo8O23; Mo9O26; 
MoO3 and produces a protective oxide film on the metal surface [36]. The adsorption 
of OH− and of different oxide species formed on the working electrode surface of 
the Pt-Mo/MWCNTs nanostructures arises after 0.8 V/NHE. The Pt5Mo5/MWCNTs 
present more adsorption of oxygenated species, from 0.8 to 1.2 V/NHE.

In the cathodic sweep, oxides and their desorption reduction begin approxi-
mately at 1.0 V/NHE. All samples reach a maximum current density between 0.71 
and 0.63 V/NHE for the ORR. Pt5Mo5/MWCNT and Pt2Mo8/MWCNTs exhibited a 
greater oxygen reduction reaction. Figure 4 confirms this behavior due to the high-
est intensity in the peak. The oxygen reduction takes place to low potential (0.63 V) 
by the Pt2Mo8/MWCNTs nanostructure. Finally, the capacitive zone is observed in 
a potential range of 0.35 at 0.45 V, an area without adsorbed or desorbed chemical 
species. In the case of cyclic voltammogram for the sample Mo10/MWCNTs, it was no 
observed electrocatalytic activity in the ORR. This is confirmed by the low current 
density presented and by the absence of peaks in the redox processes at different 
voltage values. The absence of electroactivity of the Mo/MWCNTs nanostructure is 
attributed to the high affinity of Mo to oxygenated species (Mo-O bond of 607 bond 
strength kJ mol−1) [50]. The strong adsorption causes the electrode surface to be 
saturated with too many layers of oxygenated chemical species inhibiting the reaction 
[51]. Therefore, it is important to include al Mo in bimetallic or trimetallic alloys in an 
adequate amount for the ORR.

Figure 5(a-e) presents polarization curves obtained by the linear voltammetry tech-
nique with different rotation speeds of the different Pt-Mo/MWCNTs nanostructures. 
Lineal voltammetry of relationships Pt10, Pt8Mo2, Pt5Mo5, and Pt2Mo8 (Figure 5a-d) 
presents a stable behavior in the region I (0.98–0.864 V). In this region, I, the reaction’s 
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speed is controlled by the electronic transfer [52]. Region III is a diffusion zone con-
trolled by mass transport, which is observed at a less positive potential. In this region, 
there is an influence on the speed of rotation of the electrode. The well-defined horizon-
tal plateaus whose density of current increases as the electrode rotation speed increases 
indicates a good distribution of active sites and a correct diffusion of oxygen on the 
surface of the electrode [5, 53]. Region II is a mixed zone, presenting an electronic and 
mass transference. Linear voltammetry of Figure 5(e) confirms that the nanostructure 

Figure 5. 
(a-e). Lineal voltammetry of Pt10/MWCNTs, Pt8Mo2/MWCNTs, Pt5Mo5/MWCNTs, Pt2Mo8/MWCNTs, and 
Pt10/MWCNTs. (f) Lineal voltammetry comparative at 1600 rpm.
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Mo10/MWCNTs does not present electrocatalytic activity in the ORR, because it presents 
a minimum current density for the different curves. Furthermore, there is an absence of 
the three control zone characteristics of the ORR. There is no influence by the rotation 
speed of not presenting the horizontal plateaus that define this type of diffusion. So, in 
this sample, there is no transfer control of mass.

The electrochemical activity of the five nanostructures is compared through 
the RDE to 1600 rpm, analysis, see Figure 5(f). The best performance of nano-
structures at 1600 rpm, in descending form, is found as follows: Pt5Mo5 > Pt10 > P
t8Mo2 > Pt2Mo8 > Mo10 with its highest current densities of −3.45, −3.3, −3.2, −2.4, 
and − 0.25 mA cm2, respectively. The most negative value of the current density 
is attributed to the smaller particle size of Pt-Mo and a better dispersion on the 
MWCNT support [54].

Partial slopes of Tafel are depicted in Figure 6. The current response is reported in 
a low range of potential (0.75–0.95 V/NHE), where a linear relation of potential (V) 
versus log kinetic current density (Jk) is appreciated.

Table 1 summarizes the kinetic parameters for the ORR. Tafel slope values 
between 60 and 120 mVdec−1 showed that ORR catalyzed by Pt-Mo/MWCNTs 
nanostructures follows a four-electron reduction path to produce water molecules. 
Representing the well-known reaction of oxygen electro-reduction in an acid solu-
tion, it can be written as follows Eq. (3):

 + -
+ + ®

2ads 2
O 4H 4e H O  (3)

For a fuel cell (PEMFC), the reaction must take place by the previous path since 
sometimes it can present peroxides as reaction intermediaries that damage the 
components of the fuel cells device [55]. To quantitatively determine the percentage 
of peroxide formed should complement the study with other techniques such as the 
mass spectrophotometer and impedance, which are not within the scope of this work.

Figure 6. 
Partial slopes of Tafel of Pt2Mo8/MWCNTs, Pt5Mo5/MWCNTs, Pt8Mo2/MWCNTs, and Pt10/MWCNTs 
nanostructures for ORR.
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When the kinetic parameters are measured for the ORR (Table 2), a comparison 
of the open circuit potential (Eoc) with concern to a specific current is obtained. The 
Pt8Mo2/MWCNTs nanostructure presented a potential (0.984 V) closer to the refer-
ence potential (1.23 V) with better performance.

In the column of E [V/NHE], the potential is reported to a current density of 
1 mA cm−2, confirming that the Pt8Mo2/MWCNTs nanostructure is the one that 
presents the greatest potential that is 0.942 V/NHE. Pt10/MWCNTs nanostructure 
has similar behavior (0.940 V/NHE). Exchange currents and transfer coefficients are 
qualitative values and are in the range of platinum catalysts for the ORR [56]. The 
Pt8Mo2/MWCNTs showed a lower slope of Tafel, with a potential value of −0.092 V 
indicating a mechanism of first order [56, 57]. This means a formation of O2 directly 
to the water with a lower potential value (E) of 0.920 V but very close to that obtained 
with the nanostructure from Pt5Mo5/MWCNTs, (−0.097 V) with the advantage of 
reducing the Pt amount of 50 wt.% in the nanostructure. Additionally, the Pt8Mo2/
MWCNTs nanostructure has the lowest overpotential concerning 1.23 V required in 
the oxygen reduction reaction with a value of 0.246 V. The nanostructures of Pt2Mo8/
MWCNTs and Mo10/MWCNTs require a higher overpotential of 0.354–0.550 V, 
indicating a different mechanism of four electrons in the ORR.

Mo10/MWCNTs nanostructure could not obtain the kinetic parameters since it 
does not present electrocatalytic activity toward the ORR. Exchange currents (jo) and 
the transference coefficients (α) are qualitative values closing for Pt5Mo5/MWCNTs 
and Pt10/MWCNTs samples. Their catalytic activity is in the range of platinum 
catalysts for the ORR.

4. Conclusions

Synthesis of Pt-Mo/MWCNTs nanostructures by a green chemical route was 
presented. The Pt-Mo/MWCNTs with different ratios Pt:Mo were structurally and 
morphologically characterized, obtaining particle sizes between 3.94 and 10.97 nm 
by the TEM technique. Particle size and good dispersion are important factors in the 
performance of an electrocatalytic activity in the ORR. Molybdenum is a reducing 

Catalysts 𝐄𝒐𝒄 [V/
NHE]

b 
[Vdec−1]

α 𝒋𝟎 
[mAcm-2]

E [V/NHE] to 
a current of 1 

mAcm−2

η overpotential 
[V/NHE]

Pt10/

MWCNTs

0.981 −0.102 0.577 1.23×10–4 0.940 0.249

Pt8Mo2/

MWCNTs

0.984 −0.092 0.648 5.58×10–5 0.942 0.246

Pt5Mo5/

MWCNTs

0.967 −0.097 0.609 5.70×10–5 0.920 0.263

Pt2Mo8/

MWCNTs

0.864 −0.129 0.456 6.87×10–5 0.820 0.336

Mo10/

MWCNTs

0.680 — — — — 0.550

Table 2. 
Kinetic parameters for the ORR.
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agent (oxyphilic metal) that benefits the adsorption of oxygenated species. The Pt:Mo 
8:2 wt.% ratio presents the maximum benefits in the kinetic parameters. The Mo10/
MWCNTs nanostructure inhibits the ORR due to the strong bonds it presents with 
oxygen. Molybdenum at low concentrations with platinum is conducive to the adsorp-
tion–desorption of oxygen molecules by increasing the electroactivity in the ORR. 
Concerning Pt8Mo2, it can improve the electrocatalytic activity closer to the response 
of the catalyst Pt10/MWCNTs with a transference of first order and without inhibition 
of the reaction. According to the slopes of Tafel obtained in this work for all Pt-Mo/
MWCNTs nanostructures, the main stage of the reaction is the transference of the 
first electron from the electrode to the oxygen molecule adsorbed on the surface of 
the electrode. The mechanism found is of four electrons for the nanostructures with 
Pt10, Pt5Mo5, Pt2Mo8 content; however, for the Pt8Mo10 and Mo10 samples, a deeper 
study will have to be done to determine it.
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