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ABSTRACT 8 

We report here electro-oxidation of methanol (MeOH) and ethanol (EtOH) onto Platinum (Pt) loaded 9 

reduced graphene oxide/Carbon-felt surface (Pt/rGO/C-felt). Graphene oxide was prepared by 10 

Hummer’s method using exfoliation technique. Apparent activation energies of electro-oxidation of 11 

methanol (MeOH) and ethanol (EtOH) onto Pt/rGO/C-felt and Pt/C-felt surfaces were determined from 12 

cyclic-voltammetry studies at different temperatures. It was observed that apparent activation 13 

energies of MeOH and EtOH oxidation onto Pt/rGO/C-felt surfaces have been reduced compared to 14 

those of Pt/C-felt surface. This indicates rGO surface plays a key role in enhancing electro-oxidation 15 

process providing efficient adsorption and de-protonation sites. 16 
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1.  INTRODUCTION 29 

In continuation of our earlier studies on electro oxidation of Ethanol and Ethylene glycol on to nano Pt 30 
and PtRu  loaded carbon felt electrode [1], we report here similar studies on to Pt loaded reduced 31 
graphene Oxide (rGO) surface. Methanol (MeOH) [2,3] and Ethanol (EtOH) [4,5] are most attractive 32 
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fuels for direct alcohol fuel cells (DAFCs) , because of low-toxicity and less volatile nature of these 33 
alcohols. However, major problems arise such as high cost of noble metals, slow reaction kinetics, 34 
poor selectivity and catalyst poisoning by CO [6,7] make this process unattractive for large scale 35 
application [8]. The transition-metal-based catalysts (Pt, Ru, Mo, Sn etc.) are often susceptible to 36 
poisoning because of their metal carbonyl forming propensity. 37 

The activity of the catalyst and their better utilisation often depend upon the role of support material 38 
used. The support materials should have high specific surface area, good electronic conductivity and 39 
anti-corrosion property [9]. The commonly used catalyst supports are carbon black, nano fibres, 40 
carbon nano tubes, meso-porous carbon, carbon-felt etc [10-12].  However, the main problem of 41 
using C-felt as catalyst support material is that its surface is highly hydrophobic and often need 42 
functionalization [13] for improving hydrophilic character.  43 

In recent  years, Graphene oxide (GO) and partially reduced Graphene Oxide (rGO) are drawing 44 
attention as new generation of catalyst support due to their high specific surface area, with unique 45 
graphitized basal plane structure having excellent electrical, mechanical and thermal properties [14-46 
15]. In spite of several studies on synthesis of graphene/rGO and their applications in different 47 
catalytic reactions, electro-catalytic activities of rGO supported Pt nanoparticles or nano Pt dendrites 48 
[16,17] towards alcohol oxidation are limited. Previously, rGO/Pt composite was prepared by co-49 
reduction of graphene oxide and metal precursor salt by chemical method using NaBH4, hydrazine 50 
hydrate, ethylene glycol, 1, 2-propanediol etc. as reducing agents [16,18-20]. Sharma et al [21] 51 
synthesized reduced graphene oxide/platinum supported electro catalysts by employing a fast and 52 
eco-friendly microwave-assisted polyol process and employed as an anode material for the electro-53 
oxidation of methanol. Qiu et al. [2] successfully synthesised platinum nanoparticles (Pt NPs) with 54 
uniform size and high dispersion on poly (diallyl dimethyl ammonium chloride) functionalized 55 
graphene oxide via a sodium boro-hydride reduction process. They showed a good electro catalytic 56 
activity toward methanol oxidation and oxygen reduction. Chen et al [22] have reported a nontoxic, 57 
rapid, one-pot and template-free synthesis of three-dimensional (3D) Pt nano flowers (PtNFs) 58 
supported on graphene oxide (GO) nano sheets by using ethanol as a reductant. Divya et al. [23] 59 
prepared platinum nanoparticles on graphene sheets by ascorbic acid reduction and employed as 60 
electro catalysts for both oxygen reduction reaction and hydrogen oxidation reaction in proton 61 
exchange membrane fuel cells. However, such preparation method involved tedious purification of the 62 
composite [24]. 63 

Electrochemical reduction of graphene oxide to rGO is a greener way of obtaining rGO and electro 64 
deposition of Pt onto rGO. This process is hazardless, effective and controllable method. Shao et al 65 
[25] synthesised electro-chemically reduced graphene oxide (ER-G). The oxygen content was 66 
significantly decreased in ER-G and the sp2 carbon was restored after electrochemical reduction 67 
which exhibited much higher electrochemical capacitance and cycling durability than carbon 68 
nanotubes (CNTs) and chemically reduced graphene. Chen et al [26] reported a direct deposition of 69 
graphene nano sheet onto a glassy carbon electrode through cyclic voltammetric reduction from a 70 
graphene oxide colloidal solution.  71 

The electro oxidation of Ethanol and Ethylene glycol on to nano Pt and Pt/Ru loaded carbon felt 72 
electrode were reported from our laboratory [1].  We observed that the apparent activation energies 73 
for oxidation of EtOH and EG pass through a minimum at about 15–20 at.% of Ru in the PtRu alloy 74 
catalysts. Eda et al. [27] and Zhu et al [14] reported that graphene or rGO will provide a large surface 75 
area for dispersion of Pt catalyst and this composite enhances methanol electro- oxidation rate. Wang 76 
et al [3] reported electro-oxidation of methanol onto Pt loaded rGO, prepare by pulse electro-77 
deposition technique and observed enhancement of oxidation rate.  Very recently methanol and 78 
ethanol electro-oxidation onto  Pt-Ru loaded 3D graphene foam has been reported by Liu et al [27b] 79 
and these authors observed both enhancement of catalytic activity and CO tolerence 80 

The present study is focused on the study of kinetics of electro-oxidation of MeOH and EtOH on to 81 
Pt/rGO/C-felt and Pt/C-felt surfaces for determination of activation energies of these electro-oxidation 82 
reactions in order to understand the role of rGO in the electro-oxidation process. 83 

   84 
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2. EXPERIMENTAL 85 

 86 

2.1 Materials and Methods  87 

Graphite and H2PtCl6 were obtained from Alfa-Aeser (India). All other chemicals such as KMnO4, 88 
NaNO3, H2SO4, HCl, and 30% H2O2 were obtained from Merck (India). 89 

2.2 Preparation of graphite oxide and graphene oxide (G O) 90 

2.2.1 Preparation of graphite oxide  91 

Graphite oxide was prepared in the laboratory by following Hummer’s Method [28]. 3 g of Graphite 92 

flakes were mixed with 1.5 g NaNO3 and 69 ml of concentrate sulphuric acid in a beaker and stirred 93 

vigorously. The mixture was then kept at 0 ºC in an ice bath for 5 minutes.  In the next step, 9 g 94 

KMnO4 was added slowly with small amount at a time under constant stirring keeping the bath 95 

temperature below 20 ºC during addition. The temperature of the reaction bath was raised to 30-35 ºC 96 

and kept at this temperature for 30 minutes. The mixture gradually became pasty with evaluation of 97 

small amount of gas.  20 ml of water was added to the paste and the temperature of the solution was 98 

further increased to 98 ºC and stirred constantly for another 15 minutes. 40 ml of water and 3 ml of 99 

30% H2O2 were further added to ensure reduction of residual permanganate and MnO2 to colourless 100 

soluble manganese sulphate. The suspension was filtered; residue was collected and washed 101 

thoroughly with de-ionised water (DI) water, 3% HCl and EtOH, simultaneously. After washing, the 102 

residue (graphite oxide) was dried in a hot air oven at 40 ºC overnight.   103 

2.2.2 Preparation of graphene oxide (GO)  104 

Graphene oxide was prepared by suspending 0.025 g graphite oxide in 50 ml DI water and 105 

ultrasonicated for 1 hour for exfoliation. The homogeneous mixture was centrifuged at 3000 rpm for 106 

30 minutes to get non-sediment supernatant solution [29]. After decanting the supernatant solution, 107 

the residue was washed, dried and characterized by Fourier transform infrared (FTIR) spectroscopy 108 

using Shimadzu FT-IR 8400 S (Fig. 2a).  109 

2.3 Preparation of rGO from GO  110 

GO ink was sprayed by using sprayer over carbon felt (C-felt) surface (1 cm length × 1 cm width, ca. 111 
2.4 mm thickness, 0.95 porosity, mean fibre diameter of ca. 20 µm, electrical conductivity 10 S/m) and 112 
the C-felt was vacuum dried overnight. The loading of GO over C-felt electrode was approximately 113 
1%. GO over the C-felt surface was reduced to rGO electrochemically in a bath containing 0.5 M 114 
H2SO4 solution, by passing a current of 1 mA/cm2 for 30 minutes (Figure 1a), and washed thoroughly 115 
by DI water. Fourier transform infrared (FTIR) spectroscopy of rGO was carried out using Shimadzu 116 
FT-IR 8400S (Fig. 2b).  117 

2.4 Preparation of working electrode for electroche mical studies 118 

Pt was deposited electro-chemically onto rGO/C-felt and bare C-felt surfaces, galvanostatically by 119 
passing a current of 2 mA/cm2 for 900 seconds (Fig. 1b). Both electrodes were kept in two separate 120 
baths in series, each of which contains plating electrolyte of 3 mM H2PtCl6 in 0.5 M H2SO4. Those Pt 121 
loaded C-felt and rGO/C-felt electrodes was washed thoroughly with de-ionized water and used as 122 
working electrodes for MeOH and EtOH oxidation reaction. Considering smooth (noise free) Pt 123 
deposition curve (Fig. 1b), the Pt loading over C-felt surfaces was calculated assuming 100% faradic 124 
deposition. Pt deposition onto rGO surface was further confirmed from EDX analysis (Fig. 3d) 125 
In fact C-felt has a micro-porous structure, it easily adsorbs colloidal GO particles by physisorption 126 
mechanism, the latter upon electro-reduction forms more conducting rGO-Cfelt surface. Electro-127 
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deposited Pt binds to this surface by atom to atom binding mode similar to its electro-deposition onto 128 
graphite surface. On the other hand Pt electro-deposited onto C-felt surface are less rigidly bound.  129 
 130 

The electro-catalytic activities of Pt/rGO/C-felt and Pt/C-felt electrodes toward electro-oxidation of 131 
methanol and ethanol were examined using 1M MeOH and 1M EtOH in 0.5 M H2SO4 solution. The 132 
apparent activation energies for methanol and ethanol oxidation reaction were calculated from the 133 
CVs measured at different temperatures (288 – 318 K). 134 

 135 

 136 

3. CHARACTERIZATION 137 

Fourier Transform Infra-red Spectroscopy (FT-IR) graphs of GO and rGO were taken using Shimadzu 138 
FT-IR 8400S (Fig. 2.). The surface morphology of the electrodes was recorded by transmission 139 
electron microscope (TEM) (FEI TECNAI 200 KV) (Fig. 3.) and scanning electron microscope (SEM) 140 
(Hitachi S-3000N) (Fig. 3.). For TEM analysis, Pt/rGO/C-felt electrode was dispersed in ethanol and 141 
ultrasonicated for 10 minutes. A few drops of the suspension was deposited onto TEM grid and 142 
evacuated before analysis. 143 

Electrochemical measurements were carried out using a three electrode cell configuration by a 144 
potentiostat–galovanostat (PAR, VersaStatTM II). A Pt-foil was used (1 cm2) as a counter electrode 145 
and a saturated calomel electrode as reference electrode. The electrolytic solutions taken in the cell 146 
were 1 M MeOH or 1 M EtOH in 0.5 M H2SO4. Cyclic voltammetry experiments were carried out at 147 
five different scan rates, 10, 30, 50, 70 and 90 mV/s and at four different temperatures, 288, 298, 308, 148 
and 318 K.  149 

4. RESULTS AND DISCUSSIONS 150 

4.1 Electrochemical reduction of GO to rGO and Pt el ectro-deposition 151 

GO onto C-felt was reduced to rGO galvanostatically in a bath containing 0.5 M H2SO4 solution, by 152 
passing a current of 1 mA/cm2 for 30 minutes (Fig. 1a). The reduction of GO to partially reduced GO 153 
can be seen from the potential vs. time graph (Fig. 1a). Pt was electro-deposited onto rGO/C-felt 154 
surface and bare C-felt surface, galvanostatically by passing a current of 2 mA/ cm2 for 900 seconds 155 
(Fig. 1b). Pt deposition onto rGO/C-felt has taken place at lower potential compared to bare C-felt 156 
surface and this is due to higher interfacial resistance at bare C-felt surface. 157 
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 158 

Fig. 1a) Galvenostatic reduction of GO in 0.5 M H 2S04 at 1 mA/ cm 2. b) Galvenostatic deposition 159 
of Pt from chloro platinic acid at 2 mA/ cm 2 onto i) rGO/C-felt ii) rGO/C-felt and C-felt in se ries. 160 

4.2 FT-IR spectra of GO and rGO  161 
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FT-IR spectra of graphene oxide (GO) and reduced graphene oxide (rGO) are shown in Fig. 2a and 162 
Fig. 2b, respectively. The appearance of peaks at 3600-3400 cm-1 (-OH stretching vibrations), 1753 163 
cm-1 (C=O stretching vibration), 1581 cm-1 (skeletal vibration from un-oxidized graphitic domains), 164 
1421 cm-1 (aromatic C=C stretching), 1226 cm-1 (C-OH stretching vibrations), 839 cm-1 (epoxy) 165 
indicates the formation of graphene oxide (Fig. 2a). Comparison between the FT-IR spectra of 166 
graphene oxide (Fig. 2a) and reduced graphene oxide (Fig. 2b) clearly shows that the –OH stretching 167 
vibrations of GO at 3600-3400 cm-1 are suppressed and -C=O stretching vibration at 1753 cm-1 is 168 
almost disappeared. However the appearance of the C=C stretching vibrations at 1620 -1680 cm-1 169 
observed in FT-IR spectra of rGO (Fig. 2b) indicates the partial recovery of sp2 graphitic network. The 170 
peaks obtained at 1050-1150 cm-1 might be due to the C-O stretching vibration of the hydroxyl moiety. 171 
From the FT-IR study, it is cleared that graphene oxide (GO) was partially reduced to rGO by the 172 
electrochemical method. The formation of rGO from GO can be further evidenced from our earlier 173 
study [29] and also from the studies of Choi et al. [29] and Dreyer et al [31]. 174 

a  175 

 176 

b 177 

 178 

Fig. 2. FT-IR spectra of a) Graphene Oxide (GO) b) Reduced Graphene Oxide (rGO). 179 

4.3 HR-TEM, SEM Images and EDX spectra 180 

The HR-TEM image of electro-deposited Pt nano particles onto rGO surface is shown in Fig. 3a. TEM 181 

images clearly show that the formation of agglomerated particles, which are spherical in shape, but 182 

size varied from 40-50 nm. 183 

 184 
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SEM images of Pt nano particles decorated onto rGO/C-felt support are illustrated in Fig. 3b. From 185 

the image it is cleared that the Pt nano particles were uniformly distributed onto rGO/C-felt surface 186 

and they took almost spherical shape within 40-50 nm range. The SEM image of exfoliated rGO onto 187 

C-felt was shown in Fig. 3c. The energy dispersive X-Ray pattern (EDX) of Pt/rGO composite is 188 

shown in Fig. 3d. The EDX spectrum shows the peaks corresponding to C, O, and Pt elements, which 189 

confirmed the deposition of Pt nano particles onto rGO nano sheets. From the spectrum it can be 190 

further demonstrated that peaks at 0.3 keV, 0.5 keV and 2.1 keV respectively indicated the C (79 191 

atom %), O (20.24 atom %) and Pt (0.025 atom %). There is a combined peak of C and Pt at 0.3 keV 192 

indicated Pt deposition on to reduced graphene oxide surface. This can be further evidenced from the 193 

works of He et al. [32]. 194 

a    b    195 

 c    d  196 

   197 

 198 

Fig. 3. TEM image of a) Pt nano particles onto rGO surface b) SEM image of Pt nano particles 199 
onto rGO/C-felt surface c) SEM image of exfoliated rGO onto C-felt surface d) EDX spectra of 200 
Pt/rGO composite. 201 

4.4 Electrochemical Studies 202 

 203 
4.4.1 Determination of effective surface area (EAS)  of working electrodes  204 
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Effective surface area (EAS) of the working electrodes (Pt/rGO/C-felt and Pt/C-felt) was determined 205 
by under potential deposition of copper (Cu-UPD) [33]. EAS of these electrodes were 109.4 cm2/ mg 206 
for Pt/rGO/C-felt and 65 cm2/ mg for Pt/C-felt. It was observed that the surface area of Pt onto rGO 207 
was enhanced up to 40.6 % compared to that of Pt deposited onto C-felt surface under identical 208 
condition. 209 

4.4.2 Cyclic-voltammetry studies  210 

CVs of 1 M MeOH and 1 M EtOH in 0.5 M H2SO4 onto Pt/rGO/C-felt and Pt/C-felt electrodes at a scan 211 
rate of 50 mV/s at 308 K are shown in Fig. 4a and Fig. 4b, respectively. It is seen that both MeOH and 212 
EtOH showed similar anodic peaks in the forward scan and reverse scan. The peak appeared in 213 
reverse scan are due to oxidation of CO or residual carbonaceous species present on the electrode 214 
surface. Comparing the CV diagrams of MeOH and EtOH onto Pt/rGO/C-felt and Pt-C-felt   surface, it 215 
is found that the forward peak current densities are enhanced by 5 times for MeOH and 1.5 times for 216 
EtOH (Table 1). Thus, enhancement of anodic peak currents on to Pt/rGO/C-felt electrode primarily 217 
indicates better catalytic behaviour. The forward peak current to back peak current (IF / IB) ratios for 218 
MeOH are 1.4 (Pt/rGO/C-felt) and 1.35 (Pt/C-felt) and for EtOH 2.2 (Pt/rGO/C-felt) and 1.77 (Pt/C-felt) 219 
(Table 1). This indicates that for EtOH oxidation the Pt/rGO/C-felt electrode shows better tolerance 220 
towards CO poisoning. 221 
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  222 
Fig. 4. cyclic voltammograms of 1 M Methanol and 1 M ethanol in 0.5 M H 2SO4 at scan rate 50 223 
mV/ s at 308 K, (a) Methanol and (b) Ethanol oxidat ion onto (i) Pt/rGO/C-felt (ii) Pt/C-felt. 224 

Table 1: Peak currents ( IF and IB) values of MeOH and EtOH electro oxidation onto Pt /rGO/C-felt 225 
and Pt/C-felt surfaces from CV study at scan rate 5 0 mV/ s at 308 K. 226 

                                    Pt/r GO/C-felt                                                                    Pt/C-felt 

               IF                         IB                       IF / IB                                         IF                            IB                            IF / IB 

MeOH    31.2              22.8              1.4                         6.1                4.5                 1.35 

EtOH       9.9               4.6                2.2                         6.3               3.55                1.77 

 227 

4.4.3 Determination of the apparent Activation Ener gy for MeOH and EtOH oxidation  228 

Arrhenius plots for electro-oxidations of MeOH and EtOH were drawn by calculating apparent rate 229 
constant (k) values using the equation [1] [40], where n = no of electrons involved in the oxidation 230 
process (n = 6 for MeOH, n = 12 for EtOH, assuming complete oxidation), F = Faraday constant, i = 231 
average current density over all scan rate at the selected potentials.  232 
 233 
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[1]                                                            i = n F k      234 
 235 

The forward anodic current values for the electro-oxidation of MeOH and EtOH onto Pt/rGO/C-felt and 236 
Pt/C-felt were taken at a fixed potential of 0.7 V under the temperature range of 288–318 K. All the 237 
current values are normalized with respect to effective surface area (EAS) and the catalyst loading 238 
factor is expressed as i / cm2.mg.  239 
  240 
                          241 
Typical Arrhenius plots for MeOH and EtOH were obtained by plotting log k (k/ mol cm-2 s-1 mg-1) vs. 242 
1/T (Fig. 5.). Average linear plots were drawn using the linear fit application of Origin 8.5 software 243 
(UK). From the slopes of the curves, the apparent activation energy for the electro-oxidation of MeOH 244 
and EtOH were calculated and presented in Table 2. From Table 2, it is cleared that activation 245 
energies for electro oxidation of MeOH onto Pt/rGO/C-felt is lowered by 4 kJ/mol (at E = 0.7 V) as 246 
compared to Pt/C-felt electrode. Similarly, for EtOH oxidation activation energy values of Pt/rGO/C-felt 247 
are lowered by 7.5 kJ/mol (at E =0.7 V) in comparison with Pt/C-felt electrode. This is a clear 248 
indication of a better catalytic activity on to Pt/rGO/C-felt electrode compared to Pt/C-felt electrode.   249 
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 251 
Fig. 5. Arrhenius plots for a) Methanol and b) Etha nol electro-oxidation onto i) Pt/rGO/C-felt 252 
and ii) Pt/C-felt catalyst at potential of 0.7 V. 253 
 254 
Table 2: Apparent Activation energy values of MeOH and EtOH electro oxidation ( E= 0.7 V) 255 
onto Pt/rGO/C-felt and Pt/C-felt surfaces. 256 

 257 

Apparent Energy of Activation  
(E=0.7 V) 

 Pt/rGO/C-felt Pt/C-felt 

Methanol 32.5 36.4 

Ethanol 18 25.5 

 258 
4.4.4 Effect of Scan Rate  259 
 260 
The kinetic studies of the MeOH and EtOH electro-oxidation on to Pt/rGO/C-felt and Pt/C-felt are 261 
recorded at different scan rates (10, 30, 50, 70 and 90 mV/s). The relationship between the forward 262 
peak current (Ipa) and √v (Fig. 6a, 6b) and forward peak potential (Epa) and log ν (v = scan rate) (Fig. 263 
6c, 6d) are taken for both MeOH and EtOH on to Pt/rGO/C-felt and Pt/C-felt electrodes. The linear 264 
relationship for the plot of Ipa vs √v indicated that electro-oxidation of MeOH and EtOH are controlled 265 
by the diffusion process. Further the linear correlation for the plot of Epa vs log v indicated that 266 
oxidation of MeOH and EtOH are irreversible process. 267 
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Fig. 6. (a) (b) I pc vs √ν and (c) (d) E pc vs log ν plots of i) Pt/rGO/C-felt and ii) Pt/C-felt at dif ferent 270 
scan rates (10, 30, 50, 70 and 90 mV/s) for MeOH (a , c) and EtOH (b, d). 271 

4.4.5 Amperometric Study of EG on to Pt/C-felt and Pt/rGO/C-felt electrodes  272 

Steady state amperometric study has been carried out for electro-oxidation of EtOH onto Pt/rGO/C-273 

felt and Pt/C-felt electrodes at potentials of 0.5 V (Fig. 7a) and 0.15 V (Fig. 7b), respectively. Those 274 

curves for EtOH oxidations clearly indicate better oxidation features onto Pt/rGO/C-felt surface 275 

compared to Pt/C-felt surface. 276 
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 277 

Fig. 7. Amperometric i–t curves of EtOH electro-oxidation onto i) Pt/rGO/C- felt and ii) Pt/C-felt 278 
catalysts in 1 M EtOH and 0.5 M H 2SO4 at a) 0.5 V b) 0.15 V. 279 

4.5 Proposed Model of Electro-oxidation 280 

The enhanced electro-catalytic activity of MeOH and EtOH onto Pt/rGO/C-felt compared to Pt/C-felt 281 
can be explained by considering the primary steps [35] of electro-oxidation of EtOH which involve 282 
series of de-protonation and de-electronation reactions. 283 
 284 
In general, the major reaction products of EtOH electro-oxidation are acetaldehyde [34,35] and acetic 285 
acid [35]. Primarily, EtOH adsorbs onto Pt either through C-adsorbing or O-adsorbing centre and 286 
subsequently de-protonates as shown below, 287 

Pt + CH3CH2OH           Pt-CHOH-CH3 + H+ +e 
288 

 Pt + CH3CH2OH           Pt-OCH2-CH3 + H+ + e- 
289 

It was shown that acetaldehyde is formed at low potential 41. 290 
Pt-CHOH-CH3                 Pt +CH3-CHO + H+ + e- 

291 
   Pt-OCH2-CH3              Pt + CH3-CHO + H+ + e- 

292 
When acetaldehyde is formed, it adsorbs on Pt and forms a CH3-CO-Pt species which undergoes 293 
further de-protonation and de-electronation. 294 

Pt + CH3-CHO           Pt-CO-CH3 + H+ + e- 295 
It was observed that C-C bond dissociation occurs at a potential of E< 0.4 V vs. saturated hydrogen 296 
electrode (SHE). 297 

Pt-CO-CH3 + Pt           Pt-CO + Pt-CH3 298 
At potential higher than 0.6 V vs. SHE the dissociation of adsorbed water can occur on Pt, forming the 299 
hydroxyl radicals, which assists oxidation of adsorbed CO to CO2 as follows, 300 

Pt-CO + Pt-OH           2 Pt + CO2 + H++ e- 
301 

It is reported [1] that oxidation of Pt-CH3 to CO2 may occur at low potential with complete oxidation of 302 
EtOH. 303 
It is expected that negatively charged surface of rGO (zeta potential is negative) will accelerate de-304 
protonation steps of EtOH electro-oxidation. Admittedly, our current research is limited to predict the 305 
exact role of Pt/rGO composite in improving electro catalytic activity of (lowering the energy of 306 
activation) the catalyst towards MeOH and EtOH oxidation. Further research is essential to 307 
understand the mechanism behind the improved activity of Pt/rGO composite catalyst . However a 308 
qualitative model (Fig. 8.) indicating attachment of EtOH on to Pt/rGO surface followed by its H bond 309 
assisted deprotonation, similar to hydroxyl ion assisted deprotonation of ethanol on to nano gold 310 
surface [36] has been proposed assuming it is rate determining step of the multi- steps oxidation 311 
mechanism  . It has been reported that electro-oxidation of methanol [3] onto these surfaces is also 312 
enhanced.  313 
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 314 
Fig. 8. Proposed model indicating attachment of EtO H on to Pt/rGO/C-felt surface followed by 315 
its H-bond assisted deprotonation. 316 

5. CONCLUSIONS 317 

In the present study, we have shown that apparent activation energies of electro- oxidation of MeOH 318 

and EtOH onto electro-chemically synthesized Pt/rGO/C-felt electrodes are appreciably lowered than 319 

those onto Pt/ C felt. This has been explained on the basis of adsorption of MeOH and EtOH onto 320 

rGO-Pt composite surface. Similar calculations for the activation energies of CO oxidation (back peak) 321 

show that there is practically no change in activation energies for CO oxidation onto these surfaces. 322 

  323 

 324 
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