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Abstract: Multiwalled carbon nanotubes and Vulcan carbon were 

functionalized with a 30 %v/v hydrogen peroxide solution and 

employed as supports for Pt and PtSn catalysts prepared by the 

polyol method. PtSn catalysts with a Pt loading of 20 wt.% and a 

Pt:Sn atomic ratio equal to 3:1 were evaluated in the ethanol 

electrooxidation reaction. The effects of the oxidizing treatment on 

the surface area and the surface chemical nature were analyzed 

through N2 adsorption, isoelectric point, and temperature-

programmed desorption measurements. Results showed that the 

H2O2 treatment affects the surface area of the carbons to a great 

extent. Characterization results indicated that the performance of the 

electrocatalysts strongly depends both on the presence of Sn and on 

the support functionalization. PtSn/CNT-H2O2 electrocatalyst 

displays a high electrochemical surface area and enhanced catalytic 

activity for ethanol oxidation in comparison to other catalysts in the 

present study.  

Introduction 

The fuel cell is an innovative device that converts chemical 

energy into electrical energy with high efficiency, adaptability, 

and ease of construction. As a result, fuel cells have gained 

significant attention for their potential to promote efficient 

resource utilization and pollution control. They work by utilizing 

catalysts to transform fuel molecules and oxidants into ions that 

migrate through the electrolyte, generating voltage for power 

supply. Developing high-performance anodic fuel oxidation and 

cathodic oxygen reduction catalysts can enhance the catalytic 

performance and accelerate their industrialization. Fuel cells 

have been investigated with various types of fuels, including 

liquid fuels that have advantages such as abundant raw 

materials, convenient transportation, and low cost, making them 

a promising energy carrier for the anodic process. Compared to 

hydrogen fuel, liquid fuels can overcome the limitations of limited 

sources and difficult storage.[1-8] 

The ethanol oxidation reaction (EOR) process involves 12 e- 

transfer and C-C bond cleavage. It features several reaction 

steps with the formation of intermediates and by-products. They 

have been widely studied and recognized as the ''dual pathway'' 

mechanism by the C1 and C2 pathways, respectively. The C1 

pathway mainly involves the cleavage of C-C and the formation 

of COads. The COads would react with OHads to produce CO2. 

Conversely, the C2 pathway refers to the formation of various 

intermediates from (CH3CH2O-)ads, (CH3CO)ads, and other 

species without breaking the C-C bond, yielding acetic acid or 

acetate.[7] Pure Pt catalysts are not efficient for EOR due to the 

fact that Pt is quickly poisoned by the CO intermediate species. 

For this reason, the formulation of bi and trimetallic catalysts 

based on Pt has been extensively studied.[9-32] Selecting Sn as 

the second metal, PtSn over various carbon nanocomposites 

has been investigated. These catalysts have been prepared 

through the use of diverse deposition methods and used as 

anodic electrocatalysts for the oxidation of low molecular weight 

alcohols and other small fuel molecules[13-16,25,33-44] obtaining 

different results.  

Furthermore, to improve the electrocatalytic performance, it is 

desirable to enhance the metallic dispersion in carbon-supported 

catalysts. To achieve this goal, it is possible to employ supports 

with a high surface area showing a high number of anchoring 

sites. Also, oxidative treatments (nitric and citric acids, 

ammonium persulfate, and hydrogen peroxide -H2O2-) could 

improve the performance of electrocatalysts [45-53] and catalysts 

for hydrogenation and oxidation reactions.[54-58] It has been 

observed that the presence of oxygenated surface groups 

influences carbon surface behavior.[40,54,58] For the correct 

fixation of –OH groups, hydrogen peroxide is the most frequently 

used acidic agent. Both Marega et al.[59] and Avilés et al.[60] 

studied the effect of strong and weak acids on the 

functionalization and structural damage of the carbon nanotubes. 

They reported that the use of weak acids such as H2O2 provides, 

in comparison to HCl, HNO3, and H2SO4, better control over the 

shortening and uncapping of the nanotubes avoiding dramatical 

deterioration of the structural integrity. Safo et al.[61] found out 

that not only does H2O2 oxidation generate surface oxygen-

containing groups but it also creates defects on the surface. The 

size of carbon nanotubes gradually decreased with the increase 

of oxidation time as evidenced by scanning electron microscopy 

images. Temperature-programmed desorption measurements 

showed that the oxidation with H2O2 promotes the formation of 

CO-related oxygen groups (phenol, carbonyl quinones and 

ether) rather than the formation of CO2-related oxygen groups 

(lactone and carboxyl). The carboxylic anhydrides formation was 

only detected when the treatment was carried out at 25 ºC for a 

period longer than 4 weeks. Carmo et al.[45] observed a higher 
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activity of the PtRu/H2O2-C catalyst compared to 

PtRu/untreated-C in cyclic voltammetry curves. They attributed 

this result to a better distribution of the metal on the H2O2-

functionalized carbon. 

The objective of this work is to functionalize multiwalled carbon 

nanotubes (CNT) and Vulcan carbon (VC) proficiently without 

causing them considerable structural damage in order to employ 

them as supports for Pt and PtSn catalysts in the ethanol 

oxidation reaction. 

Results and Discussion 

Figure 1a presents the temperature-programmed desorption 

(TPD) profiles of the functionalized and non-functionalized 

supports. In the case of both non-functionalized supports, a very 

low (or even non existing) desorption of acid surface groups is 

observed. Functionalization with hydrogen peroxide generates a 

moderate amount of strong acid surface groups that desorb CO2 

at temperatures between 200 and 400 °C, and it also generates 

weak acid surface groups which release CO at temperatures 

higher than 500 ºC.[54] 

 

Figure 1. TPD (a) and TPR (b) profiles of carbon supports. 

Table 1 shows the results of the textural and acid-basic 

characteristics of H2O2-functionalized and non-functionalized 

carbons. As it is observed, the surface area value for CNT and 

VC supports decreases after functionalization treatment in 

approximately 24 and 32%, respectively. 

Table 1. Surface area (SBET) and isoelectric points (IEP) of the carbons.  

Support SBET (m
2
 g

-1
) IEP 

CNT 211 7.0 

VC 240 7.4 

CNT-H2O2 160 6.6 

VC-H2O2 162 6.3 

Some authors[50,62-64] have reported the existence of diffusion 

restrictions in carbon micropores after other different chemical 

treatments. Therefore, the reduction of the surface area after 

H2O2 functionalization could be caused by the blockage of part 

of the micropores. 

The isoelectric point (IEP) indicates the pH at which the surface 

possesses as many positive charges as negative ones. IEP 

results for the non-functionalized supports show an almost 

neutral pH value (7.0 and 7.4 for CNT and VC, respectively), 

which are in agreement with the TPD results that show 

practically no signals of desorption of acid functional groups (Fig. 

1a). After functionalization with hydrogen peroxide, the IEP 

values decreased for both supports (6.6 and 6.3 for CNT and VC, 

respectively), a decline which is compatible with the 

development of acid functional groups detected by TPD (see 

also Fig. 1a). As previously shown[65], oxidation treatments 

generate a large amount of oxygenated groups (such as 

hydroxyl, carboxylic, and lactones) on the surface of the support. 

Such groups are able to modify both the pore structure and the 

acid-base character of the carbon. 

Figure 1b shows temperature-programmed reduction (TPR) 

profiles of both functionalized and non-functionalized 

carbonaceous supports. The profiles of the non-functionalized 

supports do not practically present zones of hydrogen 

consumption, in agreement with the TPD results (Fig. 1a). In 

contrast, the profiles of the functionalized supports show H2 

consumption peaks at high temperatures, as a result of the 

reduction of weak oxygenated functional groups (C[O]). The 

appearance of this reduction zone was previously explained by 

de Miguel et al.[66] 

The inductively coupled plasma–atomic emission spectrometry 

(ICP–AES) results indicates that PtSn/CNT, PtSn/CNT-H2O2, 

PtSn/VC, and PtSn/VC-H2O2 catalysts present Pt:Sn atomic 

ratios equal to 3.03, 3.01, 3.03, and 3.02, respectively. 

Figures 2a and 2b show the temperature-programmed reduction 

profiles of the Pt and PtSn catalysts supported on CNT-H2O2 

and VC-H2O2, respectively. For the sake of comparison, the 

profiles of the Pt/CNT-H2O2 and Pt/VC-H2O2 catalysts prepared 

by conventional impregnation (CI) method[50] are also shown. 

 

Figure 2. TPR profiles of Pt and PtSn catalysts supported on H2O2-
functionalized CNT (a) and H2O2-functionalized VC (b). 

It is observed that the TPR profiles of mono- and bimetallic 

catalysts prepared by the polyol method show practically no 

reduction peaks between 150 and 300 ºC, which is the zone 

where the Pt is reduced in the catalysts prepared by CI method. 

This fact could indicate that Pt is mostly found in its metallic 

state in the catalysts prepared by this method after the 

deposition-reduction step in liquid phase with EG. Regarding the 
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degree of Sn reduction, the absence of H2 consumption peaks 

would be indicative that part of the promoter could have been 

co-reduced with Pt during the catalyst preparation. 

The broad signals located at ca. 25º in the X-ray diffraction 

(XRD) patterns (Figure 3) correspond to CNT and VC materials, 

while the peaks located at 2Ɵ = 39º, 46º, and 68º correspond to 

(111), (200), and (220) planes of Pt, respectively.  

Figure 3. XRD profiles of Pt and PtSn catalysts supported on CNT and CNT-
H2O2 (a) and VC and VC-H2O2 (b). 

Table 2 presents the values of the medium crystallite sizes 

calculated according to Scherrer formula based on the (220) 

reflection of Pt. The values of the crystallite sizes are similar for 

all the catalysts, except for PtSn/CNT-H2O2, which is smaller 

than the other samples. 

Table 2. Values of crystallite size determined by XRD from the widening of the 

(220) reflection of Pt, hydrogen chemisorption, and initial activity (RºBz) and 

activation energy (EaBz) in benzene hydrogenation reaction for Pt and PtSn 

catalysts. 

Catalyst Crystallite 

size 

(nm) 

H2 

chemisorption 

(μmol H2 g cat
-1

) 

R
º
Bz 

(mol h
-1

 g Pt
-1

) 

EaBz 

(kcal mol
-1

) 

Pt/CNT 3.6 308 2.33 7.9 

Pt/CNT-H2O2 3.7 75 3.91 9.8 

PtSn/CNT 3.4 318 0.75 11.4 

PtSn/CNT-H2O2 2.4 470 1.70 23.9 

Pt/VC 3.2 268 5.12 11.4 

Pt/VC-H2O2 4.5 199 2.90 11.7 

PtSn/VC 3.3 341 1.87 15.6 

PtSn/VC-H2O2 3.5 395 1.24 16.7 

 

In order to find more information about the Pt and Sn 

reducibilities of the bimetallic catalyst supported on CNT-H2O2, a 

XPS characterization was done as Figure 4 shows. From the 

deconvolution of Pt 4f spectra (Figure 4a) in the bimetallic 

catalyst, a peak at 71.9 eV was obtained for the Pt 4f7/2 signal 

and another peak at 75.2 eV for Pt 4f5/2. These peaks 

correspond to the zerovalent state of Pt. Two additional small 

doublets are also observed in Figure 4a, one at 74.3 eV and 

77.8 eV and the other one at 75.5 eV and 79 eV, these 

corresponding to oxides or oxychlorides of Pt. Concerning the 

reduction degree of Pt in this bimetallic catalyst, most of the Pt 

was in a zerovalent state (60-70%) and a small portion was 

forming oxidized species of Pt (40-30%). From the 

deconvolution of the Sn 3d region of XPS spectra (Figure 4b), a 

small peak located at 485.4 eV is assigned to zerovalent Sn, 

and an important peak at 487.4 eV which is the characteristic 

peaks of Sn II/IV oxidized species. A very low amount of Sn(0) 

(12%) was found, with this small metallic fraction possibly 

forming alloys with metallic Pt. Similar results were found by 

Rodriguez et al.[39] This result indicates that Sn mainly exists in 

the form of SnO, SnO2, or Sn hydroxides. 

Figure 4. Pt 4f (a) and Sn 3d5/2 (b) XPS signals of PtSn/CNT-H2O2 catalyst. 

Table 2 also shows hydrogen chemisorption capacities of both 

Pt and PtSn catalysts. PtSn catalysts supported on CNT-H2O2 

and VC-H2O2 showed higher hydrogen chemisorption values 

than those of the corresponding monometallic ones (470 vs. 75 

and 395 vs. 199 μmol H2 g cat-1, respectively). Such tendency is 

also observed for the PtSn/VC catalyst (341 vs. 268 μmol H2 g 

cat-1). These results are consistent with a decrease in particle 

size. On the contrary, for the bimetallic catalyst supported on 

CNT, hydrogen chemisorption value remains almost constant.  

In order to characterize the metallic phase of catalysts, benzene 

hydrogenation, a structure-insensitive reaction, was used. In this 

test reaction, a probable modification of the activation energy 

could be due to an electronic change in the nature of the metallic 

site.[67] Table 2 shows the comparative values of initial activity 

(Rº
Bz) measured at 110 ºC and activation energy (EaBz) for the 

mono and bimetallic catalysts. It can be noted that the catalysts 

prepared on VC-H2O2 show lower values of initial activities, 

when compared to the corresponding ones prepared on VC. 

This fact could suggest that there is an important change in the 

interaction between the active metals and the support for Pt/VC-

H2O2 and PtSn/VC-H2O2 catalysts, probably due to the influence 

of the groups generated during the functionalization with H2O2, 

which modify the adsorption mechanism of the metallic 

precursors on the support. However, this effect was not 

observed for the catalysts with the H2O2 functionalization on 

CNT support. For both catalyst series, a decrease in the 

activities of the bimetallic catalysts with respect to the 

corresponding monometallic ones is observed in Table 2, which 
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could be due to both geometric and electronic effects of the 

promoter (Sn) on the active metal (Pt). 

An increase in EaBz values is observed for the CNT-H2O2 and 

VC-H2O2 supported catalysts (mainly for the CNT-H2O2) 

compared to the non-functionalized ones. These changes 

suggest a modification in the active site-support interaction 

induced by the functionalization. In addition, the activation 

energy values of the PtSn catalysts are higher than those of the 

corresponding Pt catalysts. This fact would indicate the 

existence of electronic effects of Sn on the Pt active sites with 

probable alloy formation. Based on these results and taking into 

account that it is a test reaction of the metal phase insensitive to 

the structure, the existence of electronic effects could be inferred 

in these bimetallic catalysts prepared on carbon functionalized 

with hydrogen peroxide. 

Transmission electron microscopy (TEM) was used to determine 

the particle size of the synthesized electrocatalysts. For each of 

them, a micrograph and the particle size distribution are shown 

(Figs. 5 and 6). The mean values of the particle size in each 

distribution are also presented. Bimetallic catalysts prepared on 

functionalized carbons show a homogeneous and narrow 

distribution of particle sizes. The mean diameters of the particles 

of PtSn/CNT-H2O2 and PtSn/VC-H2O2 catalysts are 2.3 and 3.4 

nm, respectively. These results are in accordance with the 

crystallite sizes calculated by XRD and with the increase in the 

quantities of chemisorbed hydrogen found for the functionalized 

PtSn catalysts with respect to the corresponding monometallic 

ones (Table 2). It can be noted that both bimetallic catalysts 

prepared on functionalized carbons exhibit a decrease of the 

metallic particle in comparison to the corresponding 

monometallic catalyst. This fact would be in concordance with 

the results of the reaction tests of these catalysts, which 

exhibited a change in the promoter-active site-support 

interaction caused by the H2O2 functionalization treatment 

(Table 2). 

CO stripping, as a structure-sensitive reaction[68-70] was adopted 

to evaluate the resistance to CO and electrochemical surface 

area (ECSA) of different catalysts. The ECSA values were 

calculated from the cyclic CO stripping voltammograms (see 

Figure S1) and are shown in Table 3. For monometallic catalysts 

prepared on functionalized supports, the CO oxidation initiation 

potentials appear at 0.27 and 0.28 V vs. Ag/AgCl (for CNT-H2O2 

and VC-H2O2, respectively), while those for bimetallic catalysts 

are displaced towards lower values (0.14 V vs. Ag/AgCl, for both 

functionalized carbons). A clear promoter effect of Sn is 

observed in both cases, which shifts the CO oxidation peak to 

lower potentials. The presence of electronic effects of Sn on Pt, 

observed mainly in the test reaction of the metallic phase, would 

be responsible for this promoter effect. Note that CO oxidation 

occurs at a somewhat more negative potential for catalysts 

based on functionalized CNT and VC supports. These 

differences could be ascribed to changes in the surface 

characteristics of the catalysts. 

 

Figure 5. TEM images (A-D) of Pt and PtSn catalysts prepared on CNT and CNT-H2O2 with the corresponding particle size distribution histograms. 
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Figure 6. TEM images (A-D) of Pt and PtSn catalysts prepared on VCT and VC-H2O2 with the corresponding particle size distribution histograms.

Table 3. Onset potential of CO oxidation (ECO,Onset) and 

electrochemical surface area (ECSA) from CO oxidation, and 

electrochemical performance of Pt and PtSn catalysts in EOR 

(peak potential and forward peak current from cyclic 

voltammetry). 

Support ECO,Onset 

 

(V vs 

Ag/AgCl) 

ECSA 

 

(m
2
 g Pt

-1
) 

Peak 

potential 

(V vs 

Ag/AgCl) 

Forward peak 

current 

 (mA mg Pt
-1

) 

Pt/CNT 0.43 12.2 0.73 50 

Pt/CNT-H2O2 0.27 18.9 0.75 89 

PtSn/CNT 0.17 30.0 0.77 175 

PtSn/CNT-H2O2 0.14 67.8 0.82 380 

Pt/VC 0.38 16.9 0.74 59 

Pt/VC-H2O2 0.28 17.4 0.78 141 

PtSn/VC 0.16 37.0 0.89 234 

PtSn/VC-H2O2 0.14 44.4 0.88 296 

 

The electrochemical surface area was estimated by calculating 

the areas of the peaks and the desorption amount of CO.[71] With 

the charge quantity QCO-adsorption, the ECSA value is calculated 

according to Eq. 1:  

𝐸𝐶𝑆𝐴 =
𝑄𝐶𝑂−𝑎𝑑𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛(𝑚𝐶)

0.42 (𝑚𝐶 𝑔𝑃𝑡−1) × 𝑃𝑡 𝑙𝑜𝑎𝑑𝑖𝑛𝑔 (𝑔 𝑐𝑚−2)
    (Eq. 1) 

where 0.42 (mC gPt-1) represents the CO value of the amount of 

charge at the time the monolayer was adsorbed onto the Pt 

surface.[72] 

Typically, the ECSA of PtSn/CNT-H2O2 catalyst was 67.8 m2 g 

Pt-1, which was 3.59, 2.26, and 5.56 times higher than the 

Pt/CNT-H2O2 (18.9 m2 g Pt-1), PtSn/CNT (30.0 m2 g Pt-1) and 

Pt/CNT (12.2 m2 g Pt-1) catalysts, in sequence. Considering VC 

support, the ECSA values of PtSn/VC-H2O2 catalyst was 44.4 m2 

g Pt-1, being 2.55, 1.20, and 2.63 times higher than the Pt/VC-

H2O2 (17.4 m2 g Pt-1), PtSn/VC (37.0 m2 g Pt-1) and Pt/VC (16.9 

m2 g Pt-1) catalysts, respectively. From the results shown in 

Table 3, it can be inferred that the bimetallic catalysts supported 

on functionalized carbons have higher values of electrochemical 

areas than those of the corresponding monometallic ones, which 

agrees with the smallest nanoparticle size obtained in each 

series. 

The catalytic activity of the catalysts was studied employing the 

cyclic voltammetry technique for the electrooxidation reaction of 

ethanol (Figure 7). The typical double irreversible wave is 

observed, associated with primary oxidation of ethanol and 

oxidative desorption of COads and intermediate species 

generated at 0.82 and 0.88 V (vs. Ag/AgCl) for PtSn/CNT-H2O2 

and PtSn/VC-H2O2, respectively, in the first wave.[73]  
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The presence of oxidized Sn species that form an oxide layer 

can produce a substantial modification of the electronic 

properties of the active sites. For PtSn/CNT-H2O2, PtSn/CNT, 

Pt/CNT-H2O2, PtSn/VC-H2O2, PtSn/VC, and Pt/VC-H2O2, a 

shoulder and an oxidation peak are observed in the backward 

scan, suggesting that the oxidation of two dissimilar species 

occurs in these electrocatalysts along with the ethanol direct 

oxidation. Nevertheless, these two oxidation peaks could also be 

related to ethanol oxidation at two different catalytic sites.[19] 

 

Figure 7. Cyclic voltammograms for EOR on Pt and PtSn catalysts prepared 

on CNT and CNT-H2O2 (a) and VC and VC-H2O2 (b), recorded in 0.5M H2SO4 

+ 1M C2H5OH electrolyte. 

The highest current intensities are observed for PtSn catalysts 

supported on functionalized carbons, suggesting that the surface 

groups generated during the hydrogen peroxide treatment and 

the presence of a promoter like Sn can significantly improve the 

reaction rate. The PtSn/CNT-H2O2 catalyst current intensity is 

the highest of all prepared catalysts (380 mA mg Pt-1), followed 

by the other bimetallic catalyst supported on functionalized 

Vulcan carbon (296 mA mg Pt-1). The anodic peak current for 

both functionalized bimetallic catalysts occurs at 0.82 V and 0.88 

V (vs. Ag/AgCl), respectively.  

Chronoamperometric measurements were conducted to analyze 

the electrocatalytic activity and long-term stability. An initial 

period can be observed where the current decreases rapidly 

before 5 min followed by a slower decay, reaching a quasi-

stationary within 60 min. Not only do bimetallic catalysts on 

H2O2-functionalized carbons have the highest current intensities 

but also good stability over time. 

 

Figure 8. Chronoamperometry curves for EOR on Pt and PtSn catalysts 

prepared on CNT and CNT-H2O2 (a) and VC and VC-H2O2 (b), recorded in 

0.5M H2SO4 + 1M C2H5OH electrolyte. 

Conclusion 

The polyol method was employed to prepare PtSn nanoparticles 

supported on multiwalled carbon nanotubes and Vulcan carbon. 

In addition to studying the influence of the promoter (Sn) on the 

active metal, the effect of functionalization of the supports with 

hydrogen peroxide was analyzed. 

Specific surface areas of CNT and VC supports were reduced 

by 24% and 32%, respectively, after functionalization. H2O2 

treatment led to substantial changes in the carbon structures. 

XRD results indicated that there was a change in the location of 

the peaks after functionalization. This effect can possibly be 

referred to the formation of oxygenated groups in the carbon 

structure. The modification of the surface of the carbon supports 

with H2O2 can increase the number of functional groups on the 

surface, thereby increasing the metallic dispersion of the 

bimetallic catalysts and hence decreasing metal particle size. In 

this sense, TEM images show a very homogeneous and uniform 

particle distribution for the PtSn/CNT-H2O2 and PtSn/VC-H2O2 

catalysts. 

The results of cyclic voltammetry reveal that the presence of 

functional groups in the supports and the addition of a good 

promoter such as Sn to Pt improve the electrocatalytic activity 

towards the oxidation of ethanol. 

The bimetallic catalysts supported on H2O2-functionalized CNT 

and VC showed higher electrochemical surface areas than those 

of the corresponding catalysts prepared on non-functionalized 

supports. The changes in the metal-support interaction due to 

the presence of functional groups in the carbons and the Pt-

promoter interaction could lead to a better electrochemical 

behavior, not only in activity but also in stability. 

Carbon functionalized with H2O2 developed acid sites and 

presented a strong interaction with the metal precursors during 

the preparation. This fact enhances (in the bimetallic catalysts) 

the metallic dispersion and consequently the electrocatalytic 
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behavior. The best performance for the ethanol electrooxidation 

was obtained with the PtSn/CNT-H2O2 catalyst, achieving a 

current intensity of 380 mA mg Pt-1. 

Experimental Section 

Materials 

Multiwalled carbon nanotubes (CNT) from Sunnano and Vulcan XC-72 

(VC) from Cabot were used as supports. The precursors employed to 

prepare the anode catalysts were H2PtCl6.6H2O (Merck) and SnCl2.2H2O 

(Cicarelli). Ethylene glycol (EG) from Merck was used as reducing agent. 

Nafion® (DuPont) and acetone (Merck) were employed to make catalyst 

ink. Ethanol and H2SO4 (both from Merck) were used as fuel and 

electrolyte for electrochemical measurements. 

Support Purification 

Prior to synthesis, CNT were purified to remove all inorganic impurities 

according to the procedure presented by Vilella et al.[74] Vulcan carbon 

was not purified because the amount of impurities present in the support 

was negligible. 

Support Functionalization 

Both CNT and VC supports were functionalized. Carbons were added 

into an H2O2 solution (30 %v/v) at room temperature and maintained for 

48 h under stirring. Samples were filtered, washed with plenty of water 

and dried overnight at 110 °C in order to obtain the H2O2-functionalized 

carbons, which were named as CNT-H2O2 and VC-H2O2. 

Catalyst Preparation 

Supported Pt and PtSn catalysts were prepared by polyol method.[75] 

Carbon supports were dispersed into a 75:25 (v/v) mixture of EG and 

water and ultrasonicated for 30 min to afford a homogeneous suspension. 

Then, Pt and Sn precursors were added under stirring. Such suspension 

was transferred into a flask with a condenser and maintained under reflux 

for 2 h. Finally, the catalysts were filtered, thoroughly washed with plenty 

of water, and dried overnight at 70 ºC. For each of the samples, Pt and 

Sn contents were 20 wt.% and 4.06 wt.%, respectively. For the sake of 

comparison, Pt and PtSn catalysts over non-functionalized carbons were 

also prepared. 

Structural Characterization 

The specific surface area values of the carbons were measured by N2 

gas adsorption at -196 ºC with an automated adsorption sortometer 

(Quantachrome Corporation NOVA-1000). Isoelectric points of carbons 

were determined by neutralization at constant pH in a KNO3 solution 

under N2 atmosphere. Temperature-programmed desorption and 

temperature-programmed reduction experiments were carried out in an 

apparatus described elsewhere.[33] For TPD measurements, carbon 

supports were heated from 25 to 750 ºC (6 ºC min-1) under He flow (9 mL 

min-1). For TPR measurements, samples were reduced by a reductive 

mixture (10 mL min-1 of H2 (5 vol%)-N2) from 25 to 800 ºC (6 ºC min-1). 

The catalyst morphology, distribution, and particle sizes were obtained 

using JEOL 100CX-TEM (high-resolution transmission electron 

microscopy). X-Ray Diffraction profiles were collected using a Shimadzu 

XD3A diffractometer with CuKα radiation (1.542 Å, 30kV and 40 mA). 

The X-ray photoelectron spectroscopy (XPS) analysis was performed on 

a Multitecnica Specs equipment, with a dual Ag/Al monochromatic X-ray 

source and a PHOIBOS 150 hemispherical analyzer. Spectra were 

obtained with AlKα monochromatic radiation at 300 W. The step energy 

was 30 eV and the fixed analyzer transmission mode (FAT) was used. 

The chemisorption of hydrogen was performed in a static glass 

volumetric apparatus at room temperature. The sample was previously 

outgassed at 100 ºC for 30 min. Details of the method are described in 

Veizaga et al.[40] Catalytic activity for benzene (Bz) hydrogenation 

reaction was determined in a differential flow reactor at 90, 100, and 110 

ºC, using an H2/Bz molar ratio equal to 26 with a volumetric flow of 600 

mL min−1. Benzene and cyclohexane were analyzed by gas 

chromatography. Actual content of Pt and Sn in the electrocatalysts was 

obtained using inductively coupled plasma–atomic emission 

spectrometry (ICP–AES) technique with an OPTIMA 3000 (Perkin Elmer 

Co.).  

Electrochemical Measurements 

For electrochemical characterization, a three-electrode test cell (Pine) 

was employed. The working electrode consists of a thin layer of Nafion 

impregnated catalyst composite cast on a vitreous carbon disk electrode. 

A Pt foil was used as counter electrode and an Ag/AgCl electrode as 

reference electrode. Oxygen was removed in the electrolyte solution 

before measurements by means of an ultra-pure N2 flow during 15 min. 

To achieve a thin and uniform dispersion of catalysts on the vitreous 

carbon substrate of 4 mm diameter, the following procedure was 

employed. Each catalyst powder (20 mg) was dispersed in a 

Nafion/acetone dispersion (7 %v/v) and ultrasonicated for 15 min. The 

resulting dispersion (8 µL) was cast on the working electrode substrate 

and dried for 5 min. Cyclic voltammetry measurements were conducted 

in 0.5M H2SO4 + 1M C2H5OH solution with a scan rate of 0.025 V s-1. 

Chronoamperometric tests were carried out in 0.5M H2SO4 + 1M C2H5OH 

solution at 0.35 V vs. Ag/AgCl for 60 min. In CO stripping measurements, 

CO was adsorbed on each electrode by immersing them in a 0.5M 

H2SO4 solution saturated with CO for 1 h at a constant potential of 0.2 V 

vs. Ag/AgCl. The excess CO was eliminated by N2 bubbling. Stripping 

charge was evaluated from a voltammogram between -0.2 and 1.2 V vs. 

Ag/AgCl at a sweep rate of 0.025 V s−1. 
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