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Abstract

Glycerol, also called glycerin, propanetriol or trihydroxypropane, is an alcohol 
with three -OH groups, which is obtained as a by-product in the production of  
biodiesel and is currently generated in quantities that exceed demand. In addi-
tion, crude glycerol causes significant pollution, as it contains methanol residues, 
which can be toxic to organisms present in aquifers. Glycerol can be transformed 
into other value-added products by chemical or enzymatic catalysis. Its transfor-
mation by electrochemical route is more attractive since it can be applied to the 
development of  alkaline direct glycerol fuel cells (ADGFC). Transition element 
metal nanoparticles and some of  its metallic oxides are commonly used as elec-
trocatalysts in the anode of  ADGFCs due to their high chemical stability and 
excellent catalytic activity. Therefore, the present work deals with the synthesis 
of  metal nanoparticles of  Gold, Platinum, Nickel and their bimetallic combina-
tions to study their electrocatalytic activity in the oxidation of  glycerol and to 
analyze their potential application in the development of  ADGFC fuel cells. The 
electrocatalytic properties of  metal nanoparticles were evaluated by using cyclic 
voltammetry and chronoamperometry coupled to ATR-FTIR spectroscopy (At-
tenuated Total Reflection- Fourier Transform Infrared Spectroscopy). 

Keywords: Metal nanoparticles, alkaline glycerol fuel cells, glycerol oxidation, 
Chronoamperometry coupled to ATR-FTIR.
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1.  Introduction 

Glycerol (C3H8O3) is an alcohol with three hydroxyl groups, at room tempe-
rature it has a viscous, colorless appearance, is odorless, hygroscopic, insoluble in 
hydrocarbons and has a slightly sweet taste, commercially known as Glycerin. It 
is a pH-neutral substance (does not release hydronium or hydroxyl cations when 
dissolved in water) and is chemically stable under stable storage and handling 
conditions [1, 2]. It has a boiling point at 290 °C, at this temperature it decom-
poses generating Acrolein (a highly toxic compound). Generally, glycerol is used 
in medical preparations, pharmaceuticals, cosmetics, food additives and various 
products such as glycolic acid, oxalic acid, acetic acid, formic acid, glyceric acid, 
dihydroxyacetone, tartronic acid, and hydroxypyruvic acid. Glycerol has had a 
growing production over the years, since it is a by-product in the manufacture 
of  biodiesel, therefore, due to these large volumes generated, which are greater 
than those demanded are, it has become an important pollutant of  wastewater 
and aquifers [3, 4]. 

The development of  Alkaline Direct Glycerol Fuel Cells (ADGFCs) is quite 
attractive given their high energy density whose theoretical value is close to 6.4 
kW*h/L, which is advantageous in its application since it also reduces its envi-
ronmental impact by transforming it into additional value-added products. The 
main challenge in the commercialization of  ADGFC cells lies in the kinetics of  
the glycerol oxidation reaction, i.e. the breaking of  covalent C-C bonds and its 
complete oxidation to CO2 [5, 6]. 

Due to their chemical stability and high catalytic activity, Pt nanoparticles are 
commonly used in research works dealing with primary anode electrolysis of  
ADGFCs. However, Pt is a naturally scarce and expensive material and suffers 
from CO poisoning [7]. Moreover, the technological development leading to the 
commercialization of  Anion Exchange Membrane-Direct Glycerol Fuel Cells 
(AEM-DGFCs) is slowed down by technical issues such as high platinum group 
metal loading on the anode electrode, low selectivity and poor long-term stability 
of  the catalyst. In addition, the electrooxidation of  glycerol conducted by plati-
num metal leads to the formation of  several by-products, which are associated 
with multiple reaction steps. For example, several works report the formation 
of  C3 products such as glyceraldehyde, dihydroxyacetone, tartronate, glycerate 
and mesoxalate; C2 products such as glycolate, glyoxylate and oxalate; and C1 
products such as formate and CO3

2- [8 –12]. In this sense, international research 
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groups focused their works on optimizing the catalyst chemical composition, 
particle size and morphology, structure and metal-support interaction to achieve 
excellent electrocatalytic performance of  the glycerol oxidation reaction in an 
alkaline environment [13 – 17]. For instance, an alternative approach is the use 
of  Pt catalysts modified with other metals such as Pd, Cu, Au, Ag and Sn, or by 
combining with metal oxides such as NiO, CuO, MnO2 and CeO2 [18 – 25]. 

Among the above-mentioned metals, nickel is a low-cost and earth-abundant 
element, and its crystalline structure and lattice parameters are comparable with 
those of  platinum, thereby allowing the facile formation of  well-defined alloyed 
structures. Thus, in this work we focused on the study of  the electrooxidation 
of  glycerol using bimetallic PtNi nanoparticles in alkaline medium. The results 
obtained with this material are compared with those obtained using gold and pla-
tinum nanoparticles. Electrochemical kinetic of  glycerol oxidation was evaluated 
by means of  cyclic and linear hydrodynamic voltammetry techniques. 

2.  Experimental

2.1.  Materials and reagents

Sodium Borohydride NaBH4 (Fluka Analytical ≥99.0 %, Lot # STBC6399V), 
Sodium citrate tribasic dehydrate Na3C6H5O7• 2H2O (Sigma-Aldrich ≥99.0 %, 
Lot # SLBP0031V), Gold (III) Chloride Trihydrate HAuCl4 • 3H2O (Sigma-Al-
drich ≥99.9 % Lot # MKCJ4933), Potassium Iodide KI (Baker ≥99.0 % Lot 
# A39C76), Nickel (II) nitrate hexahydrate Ni (NO3)2 • 6H2O (Sigma-Aldrich 
≥97.0 % Lot # BCBR5231V), Chloroplatinic acid hexahydrate H2PtCl6 • 6H2O 
(Sigma-Aldrich ≥99.9 %), Vulcan Carbon Black VXC-72R (Gently furnished by 
Química Rana S.A. DE C.V. Lot # 4267369, Mizu Técnica), Sílice < 0.5, Isopro-
pilic alcohol (ACS FERMONT, 99.9 % Lot # 039131), Nafión™ 117 containing 
solution ~5 % in a mixture of  lower aliphatic alcohols and water (Sigma-Aldrich 
Lot # BCCF9827). The chemical reagents were used as received and all solutions 
were prepared using bidestilled and deionized water. 

2.2.  Catalysts preparation

For the preparation of  Pt-Ni nanoparticles supported on carbon, a two-step 
method was used. In a first step, a volume of  160 µL of  0.1 M Ni (NO3)2 solution 
and 260 µL of  a platinum standard solution of  concentration 0.0025 g/ml were 
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added to a beaker containing 10 mL of  deionized H2O. This mixture was placed 
on a magnetic stirring plate and stirred with the aid of  a magnetic stir bar. Then, 
0.005 g of  Vulcan charcoal was added into the solution and stirring was conti-
nued until a homogeneous dispersion was obtained. A volume of  250 µL of  0.1 
M sodium citrate was then added as surfactant. Finally, a volume of  250 µL of  
reducing agent sodium borohydride was added. The solution was left to stir for 
30 minutes and the resulting dispersion of  carbon nanoparticles was poured into 
test tubes and centrifuged for 20 minutes to separate the supernatant. The mate-
rial with the NPs was washed repeatedly with absolute ethanol. In a final step the 
carbon supported metal particles were centrifuged and dispersed in only 1 mL 
of  absolute ethanol. This dispersion was used to prepare an ink that was placed 
on the surface of  a rotating glassy carbon disk electrode for electrocatalytic study 
of  the material. The ink was prepared by mixing 250 uL of  the nanoparticles 
dispersion with 50 µL of  Nafion and 150 µL of  acetone. The mixture was homo-
genized in an ultrasonic bath by sonicated for a time of  10 minutes. 

In order to compare the electrokinetic performance of  Pt-Ni bimetallic particles, 
Pt and Au metallic nanoparticles were also synthesized. The synthesis of  Pt particles 
supported on Vulcan carbon was performed in a similar manner than PtNi catalyst 
by adding only the corresponding volume of  precursor solution. On the other hand, 
and like the synthetic route of  bimetallic particles, a volume of  250 µL of  a 0.01 M 
HAuCl4 aqueous solution was used for the synthesis of  Au nanoparticles. 

2.3.  Working electrode preparation

The surface of  a disk carbon glass of  1.2 cm2 diameter was used as substrate for 
the electrochemical test. First, the carbon electrode was previously polished with 
a commercial silica alumina solution (Masterpolish) and after this, the surface was 
then rinsed with distilled water and with isopropyl alcohol. The dry and clean elec-
trode was weighed on an analytical balance and then coated with 50 µL of  the ink 
containing carbon supported nanoparticles. The solvents of  the ink were evapora-
ted, and the electrode was coated a couple of  times with the ink. Once the excess 
of  solvents was evaporated the coated electrode was used for electrochemical test. 

2.4.  Electrochemical Test and Product Analysis

Cyclic voltammetry (CV) and Electrochemical Impedance Spectroscopy (EIS) 
were carried out on an AUTOLAB potentiostat/galvanostat PGSTAT302 N, in 
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a three-electrode configuration cell using an ink-coated glass carbon electrode 
as the working electrode, a platinum wire as the counter electrode, and a Silver/
Silver Chloride (Ag/AgCl) as the reference electrode in a 0.1 M KOH aqueous 
electrolyte. For Cyclic Voltammetry (CV): scans were performed in the potential 
range from -0.7 to + 0.5 V vs SHE. 

Chronoamperometry coupled to ATR-FTIR spectroscopy was used to 
analyze glycerol oxidation products. This test was carried out on an AUTOLAB 
potentiostat/galvanostat PGSTAT302 N but with a different cell arrangement. 
A custom-made three electrode cell that fitted on top of  the ATR crystal was 
machined from polytetrafluoroethylene (PTFE) fitted with a glassy carbon rod as 
counter electrodes and quasi-reference. The working electrode was a 3 mm dia-
meter graphite electrode (GE). Since inorganic nitrate ions provide a broad and 
intense IR band near 1400 cm-1, resulting from out-of-phase stretching for nitra-
te-containing compounds, for these spectro electrochemical tests the electrolyte 
was 0.1 M KOH electrolyte, since the spectrum obtained will not have interfering 
bands. It is indeed worth mentioning that a background was subtracted before 
collecting the ATR-FTIR scans. An aqueous solution containing 0.1 M KOH 
electrolyte was degassed beforehand under sonication for 20 min, and then N2 
was bubbled into the electrolyte for 20 minutes to purge O2. This N2-saturated 
solution was transferred to the custom-made PTFE three-electrode cell and a 
background spectrum was collected at this point. 

2.5.  Structural samples characterization

The morphology of  the samples was observed using a transmission electron 
microscopy (JEM-ARM200CF) which was operated in TEM or STEM mode 
with acceleration voltages of  80–200 kV. It was installed with a cold electron gun 
cathode and spherical aberration corrector for the STEM mode. The microscope 
had coupled detectors for surface chemical analysis of  the selected area by X-ray.

3.  Results and discussion

3.1.  Electrocatalytic activity of  gold nanoparticles (Au-NPs)

The Au-NPs were applied as a conductive ink on a glassy carbon disk electro-
de as described in the experimental part and adapted as a working electrode in a 
three-electrode electrolytic cell. An Ag/AgCl electrode was used as reference and 
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a platinum wire as auxiliary electrode. 0.1 M KOH solution was placed in the cell 
as the supporting electrolyte and saturated with nitrogen gas to displace dissolved 
oxygen. After purging with N2 gas, a voltammogram was plotted starting from an 
initial potential (Ei) of  -698 mV to an intermediate potential (E1) of  +500 mV 
(anodic sweep) from which the direction of  the applied potential was reversed 
in the cathodic direction to a final potential value (Ef) identical to Ei. In Figure 1 
were shown the different voltammograms obtained from the scans varying, for 
each test, the potential sweep rates from 5 to 20 mV/s. This figure also shows 
the voltammogram obtained from the support electrolyte (KOH 0.1M) in which 
the evolution of  the anodic capacitive current in the range -0.698 to +0.5 V is 
observed. For this anodic zone it is deduced that, when increasing the potential, 
only a slight oxidation of  the nanoparticles appears at 0.5 V which determines 
the anodic limit of  the working electrode. However, when the direction of  the 
applied potential is changed to cathodic scanning, a reduction wave between -0.2 
and -0.5 V is observed, which is related to the reduction of  surface gold ions in 
the metallic nanoparticles. 

Figure 1. Cyclic Voltammograms obtained from the analysis of  glycerol catalyzed by Au NPs. Me-
asurement conditions: 0.1M KOH, Ei=-0.698 V, E1=+ 0.5 V, Ef=-0.698 V, [Glycerol]=2.4 mM.

Once the glycerol is added to the supporting electrolyte, Figure 1 shown that 
between Ei and -0.2 V a shift of  the glycerol measurement currents with respect 
to the target occurs. This is caused by a capacitive current which is not associated 
with the electrochemical reaction itself, but with the formation of  an electrical 
double layer on the electrode surface. For voltammograms with glycerol, in the 
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anodic zone a peak appears at 0.35 V indicating that its oxidation is taking place 
as an electroactive species, while, when the potential sweep is reversed at 0.1 V, a 
very pronounced peak appears corresponding to the decomposition of  the pro-
duct formed on the electrode surface. 

Cyclic voltammetry was used to explore the ranges of  sweep speed and wor-
king potential intervals in which oxidation or reduction of  the gold nanoparticles 
does not occur. Moreover, with this technique is seen that the system behaves 
irreversibly since the ratio between its anodic and cathodic peak intensities is di-
fferent from the unit. Furthermore, it was evidenced that the glycerol oxidation 
product formed decomposes when trying to reduce it by reversing the sweep 
potential direction. Electrode mechanisms are commonly described by using the 
Testa and Reinmuth notation [26], where letter E is used to denote a heteroge-
neous electron transfer step, and the letter C to indicate a homogeneous chemical 
step. In some cases, an electron transfers yields a product that is unstable, and 
this should be involved in a homogeneous irreversible reaction yielding an elec-
trochemically inactive product: 

      (1)
           (2)

Such a case is defined as an EC reaction and its electrochemical analysis is cha-
racterized by voltammograms such as those shown by glycerol electrooxidation 
using the carbon supported Au-Nps. 

The results obtained with cyclic voltammetry indicate that it is possible to fo-
llow only the glycerol oxidation process. Then, for this process, the electrodynamic 
kinetic parameters such as the diffusion coefficient and the number of  electrons 
transferred can be determined by using the Randles-Sevcik equation [27]:

            Ip = 0.496 √α nFA[G]bulk √    (3)

     Where:

Ip = peak current intensity [A]

F = Faraday constant [96485.33 C/mol]

n = number of  transferred electrons

A=Electrode surface area [cm2]
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D = Diffusion coefficient of  the electroactive species [cm2s-1]

[G]bulk= Bulk concentration of  electroactive species [mol cm-3]

v = sweep speed [Vs-1]

α = Transfer coefficient (~0.5)

The linear voltammetry technique using a rotating disk electrode (RDE) pro-
vides the means to vary the concentration profile at the electrode, since the faster 
the rotation, the thinner the diffusion layer becomes and the greater the trans-
port-limited flux. The Levich equation models the diffusion and flow conditions 
of  the solution around a rotating disk electrode (RDE), which is characterized by 
the dependence on the rotational velocity ϖ0.5 according to the Eq.4 [26]:

  Ilim = 0.62nFAD   ρ-    ϖ  [G]bulk……… (4)

Where:

Ilim = limit current intensity [A ]

A = electrode surface area [cm2 ]

ρ = dissolvent kinematic viscosity  [        ]

ω = electrode angular rotational speed [        ]

and the rest of  the constants that have already been defined. 

The sweep speed parameter is fixed at 5 mV/s for measurements using the 
RDE voltammetry and by varying the concentration of  glycerol in the cell. The 
results are shown in Figure 2a where it is observed that the diffusion limit cu-
rrent increases with the addition of  glycerol in the electrolytic cell. As is shown 
in Figure 2b, an absolute standard calibration curve was plotted by taking values 
in each curve where the limit current is minimum. From this plot, it is conclu-
ded that the maximum concentration of  glycerol that can be used for working 
linear hydrodynamic voltammetry is up to 0.7 mol/cm3. Then, a concentration 
of  0.662 mol/cm3 of  glycerol is chosen for the hydrodynamic voltammetry expe-
riments but now varying the angular velocity ϖ (see the Figure 3a). According to 
Levich’s postulate, the limiting current densities, j (mA/cm2*g) should be plotted 
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as a function of  the root of  the angular velocity in rad/s, as shown in Figure 
3b. Calculating the linear regression of  the points in Figure 5 gives a correlation 
coefficient of  0.9934, which leads to the conclusion that the system behaves li-
nearly according to Levich’s equation. By using the eq. 4, the slope of  Figure 3b 
is consistent with n =2 and D=5.75x10-6 cm2/s 

 Figure 2. a) RDE Voltammograms obtained by varying the concentration of  glycerol and  
catalyzed by using Au NPs. Measurement conditions: Ei=-0.7 V, Ef=0 V, ω=1500 rpm, 
υ=0.005 V/s. b) Glycerol calibration curve obtained from the limiting diffusion current 

values of  RDE voltammograms.

Figure 3. a) RDE Voltammograms obtained by varying the rotational speed of  the electrode 
and catalyzed by using Au-NPs. Measurement conditions: Ei=-0.7 V, Ef=0 V, υ=0.005 V/s, 

[Glycerol]=6.62 mM. b) The Levich curve obtained from the current limit values. 

3.2.  Electrocatalytic activity of  platinum nanoparticles (Pt-NPs)

For this study, the conductive ink applied to the glassy carbon electrode con-
tained Platinum nanoparticles, with which the cyclic voltammograms of  Figure 4 
were obtained. For each test, the potential sweep rates were increased for a range 
from 5 to 20 mV/s. The voltammogram of  the supporting electrolyte (0.1M 

-2.E-04
-2.E-04
-1.E-04
-1.E-04
-1.E-04
-8.E-05
-6.E-05
-4.E-05
-2.E-05
0.E+00
2.E-05

-0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0

i (
A)

E (V vs Ag/AgCl)

0.1M KOH 0.166 mol/m3 0.332 mol/m3

0.497 mol/m3 0.662 mol/m3

a) b)

b)

a)

a)



GLYCEROL ELECTROOXIDATION FOR ENERGY CONVERSION  
USING METAL NANOPARTICLES

165

KOH) from a potential value (Ei )=-698 mV to potential (E1 )=+500 mV is seen 
flat, without any curvature since there is no oxidation or reduction alteration in 
the material in that potential range. On the other hand, in the measurements 
with glycerol we observe that the electro-oxidation takes place in a range of  -0.1 
to -0.2 V when the anodic sweep is being carried out, which is a lower voltage 
compared to the NP’s-Au. The big difference between the first and subsequent 
sweeps is that from a sweep speed value of  10 mV/s a second oxidation peak 
is seen at a voltage of  -0.2 V, which is evidence that a step transfer of  electrons 
from the glycerol takes place, which is not observed in the case of  electrodes 
modified with the Au-NPs. When the sweep changes to cathodic direction and 
the applied potential approaches to -0.3 V, only one cathodic peak is observed, 
which results from an irreversible mechanism. It is evident that the mechanism 
of  glycerol oxidation catalyzed by supported Pt particles is not a simple EC 
mechanism. As will be discussed later, this electrocatalysis process involves the 
formation of  more than two products.

A 0.662 mM concentration of  glycerol is also chosen for the linear hydrod-
ynamic voltammetry experiments by varying the angular velocity. As shown 
in Figure 5a, the increase of  the diffusion current limit is observed with the 
increase of  the angular velocity of  the electrode given a correlation coefficient 
of  0.9933. The slope of  plot shown in Figure 5b is consistent with n=6 and 
D=6.95x10-6 cm2/s.

Figure 4. Cyclic voltammograms obtained from the electrocatalysis of  glycerol using the Pt-
NPs. Measurement conditions: Ei=-0.698 V, E1=+0.5 V, Ef=-0.698 V, [Glycerol]=2.4 mM.
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   Figure 5. a) RDE Voltammograms obtained by varying the rotational speed of  the electrode 

and catalyzed by using the Pt NPs. Measurement conditions: Ei = -0.7 V, Ef = 0 V, υ =0.005 V/s, 
[Glicerol] = 6.62mM. b) The Levich curve obtained from the current limit values.

3.3.  Electrocatalytic activity of  platinum-nickel nanoparticles (PtNi-NPs)

In the voltammogram obtained from the supporting electrolyte (see the Fi-
gure 6) the evolution of  the anodic capacitive current from a potential of  -698 
mV to 698 mV shows slight oxidation of  the bimetallic nanoparticles. However, 
when the direction of  the potential changes to a cathodic sweep, unlike the Pt 
NP’s, a significant reduction of  one of  the elements composing the PtNi nano-
particles is seen at a potential range of  -0.2 to -0.5 V. As soon as glycerol was 
added to the electrolysis cell and the scanning starts, an anodic peak at -0.18 V 
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Figure 6. Cyclic Voltammograms obtained from the analysis of  glycerol catalyzed by  
using the Pt-Ni NPs. Measurement conditions: 0.1M KOH, Ei=-0.698 V,  

E1=+ 0.5 V, Ef=-0.698 V, [Glycerol]=2.4 mM.
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is observed, indicating that the oxidation of  glycerol as an electroactive specie is 
taking place. At the highest sweep speed of  20 mV/s, a slight curvature is evi-
dent in the anodic zone at approximately 0.1 V, which it can be assumed as an 
additional oxidation peak, which can involve a second reaction mechanism. Also, 
when applied potential is inverted to cathodic direction none cathodic signals of  
glycerol products were observed in voltammogram which is associated with an 
irreversible chemical mechanism. 

As shown in Figure 7a, the increase of  the diffusion current limit is observed with 
the increase of  the angular velocity of  the electrode given a correlation coefficient of  
0.995. The slope of  Figure 7b is consistent with n=2 and D=1.75x10-7 cm2/s.

    
Figure 7. a) Cyclic voltammograms obtained by varying the rotational speed of  the electrode and 
catalyzed by using the Pt-Ni NPs. Measurement conditions: Ei = -0.7 V, Ef  = 0 V, υ = 0.005 V/s, 

[Glicerol] = 6.62 mM. b) The Levich curve obtained from the current limit values.

3.4.  Comparison of  Glycerol electro-oxidation kinetics

The glycerol oxidation process using the different synthesized metal nano-
particles materials (Au, Pt, and PtNi) is shown in the Figure 8. In this figure, the 
peak current density values were taken from voltammograms of  Figures 1, 6 and 
7 were plotted against the sweep speed ν1/2 (mV/s). The slope of  this plot is rela-
ted to the standard electrochemical rate constant by means of  the dimensionless 
parameter proposed by Matsuda and Ayabe [28]:

 Λ√       υ  = k0(5)

From the Figure 8 is appreciated that Pt-Nps shown the highest slope and 
hence the highest kinetic reaction constant. In addition, as is shown in table 1, 
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the highest diffusion coefficient of  glycerol is obtained by using platinum nano-
particles supported on carbon. 

Figure 8. Forward peak current (ip)versus scan rate for the glycerol oxidation by using the Pt-
Nps. The insert corresponds to results obtained by using the Au-Np and PtNi-Nps. 

Table 1. Electrochemical parameters of  glycerol electrooxidation using the metal nanoparticles.

Metal nanoparticle n (e-) D [cm2s-1]
Au-NPs 2 3.8296x10-7

Pt-NPs 6 4.4852x10-7

PtNi-NPs 2 4.48x10-7

The values of  glycerol diffusion coefficient shown in Table 1 are within the 
range of  those reported by D’Errico and co-workers in ref. [29] that were measu-
red by using the Taylor dispersion and Gouy interferometric techniques. 

3.5.  Infrared/ATR spectro-electrochemical characterization

The goal of  synthesizing bimetallic NPs with Nickel was due to the possibili-
ty of  making cheaper catalysts and with less amount of  precious metals such as 
Platinum. Although the electrocatalytic performance of  NiPt bimetallic particles 
followed a very similar pattern to that shown by platinum particles, the electro-
catalytic kinetics of  the latter turns out to be far superior to that of  the former 
material. Therefore, in this section we focus on the structural characterization 
of  the reaction products on the electrode surface using platinum nanoparticles. 
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For the identifi cation of  the products, infrared spectroscopy tests were per-
formed on the molecules resulting from the anodic reaction of  Glycerol with 
Platinum NPs. Thus, every 5 minutes a spectrum of  the oxidized solution was 
taken for comparison with the initial spectrum at zero time. As can be seen in 
Figure 9, in the fi rst spectrum is appreciated the signal of  the unreacted glycerol 
solution (t=0), and as the oxidation progresses is shown how progressively a peak 
appears at a wave number of  1654 cm-1, which is attributed to the formation of  a 
carbonyl group (C=O tension). On the other hand, we also observe the broade-
ning of  a tension signal representative of  the -OH group from 3654 to 3123 cm-1

due to the formation of  hydrogen bridges. In addition, we can notice another 
characteristic absorption band of  C-O stress vibrations at 1315 cm-1. 

Figure 9. ATR-FTIR spectra of  glycerol reduction reaction by using Pt-Nps +0.2 V vs. Ag/
AgCl. The acquisition time in minutes was indicated in each spectrum.

From this spectra analysis, and by using a transfer of  6 electrons with the pla-
tinum nanoparticles; it is deduced that the glycerol did not only form an aldehyde, 
but the produced specie was full oxidized to form a carboxylic acid. The proposed 
electrooxidation mechanism can be similar as that proposed by Coutanceau et. al. 
[30] which is depicted in the Figure 10. In the initial step, the glycerol in solution 
travels toward the solution and comes in contact with the electrode surface. Once 
the glycerol arrives to electrode surface, the oxidation of  the primary alcohol by 
transferring fi rst 2 electrons to form glyceraldehyde. In a second step, this aldehyde 
formed at the electrode-solution interface is oxidized to glyceric acid via a second 
transfer of  another two electrons. Finally, the Tartronic acid was formed by the 
oxidation of  the glyceric acid via a third transfer of  two electrons. 
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Figure 10. The reaction pathways proposed by Coutanceau et al. [30]  
for electro-oxidation of  glycerol on Pt.

3.6.  TEM nanoparticles characterization

The images obtained by Transmission Electron Microscopy and the analy-
sis performed in the Digital Micrograph Software to measure the interplanar 

Figure 11. a) TEM micrograph of  PtNi 
NPs b) Selected atomic plane section c) 
Measurement of  the interplanar distance 

(1.961 Å) corresponding to Pt.

a) b)

c)
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distances of  the Platinum nanoparticles are shown in Figures 11. The Figure 11c) 
show interplanar distances of  1.961 and 2.244 Å, which according to the crysta-
llographic chart of  Platinum, correspond to 2ϴ of  46.2° and 39.76, with which 
we obtain the diffraction planes of  (200) and (111) of  Pt respectively. 

4.  Conclusions

The electrochemical activity of  nanoparticles of  three metallic nanoparticles 
(Pt, Au and PtNi) in the electro-oxidation of  glycerol was studied to determine 
which of  these materials was the best catalyst for this purpose. The synthesis 
of  such NPs was carried out by a simple chemical method where the precursor 
solutions of  each metal were reduced in situ on to vulcan carbon substrate. The 
characterization by electroanalytical techniques such as Cyclic Voltammetry and 
Hydrodynamic Voltammetry (RDE) allowed to visualize the behavior of  the NPs 
in a potential range from -0.7 to 0.7 V(vs Ag/AgCl). It was obtained that all ma-
terials shown an irreversible electrode kinetics reaction giving the decomposition 
of  the as formed oxidation product of  Glycerol. The diffusion coefficients of  
glycerol were estimated by hydrodynamic voltammetry whose graphical analysis 
fitted well to Levich’s model, obtaining a number of  exchanged electrons of  2 
for Au particles, 6 for Pt and 2 electrons by using PtNi bimetallic particles. The 
reaction mechanism for the electrooxidation of  Glycerol was proposed from 
results obtained by using Pt-NPs and ATR spectroscopy coupled to chronoam-
perometric analysis. It was deduced that the product formed is a carboxylic acid, 
which could be tartronic acid. 
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