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A B S T R A C T

In this work, the electrochemical oxidation of a bio-based platform molecule derived from glycerol, namely 
glycidol, was investigated on gold electrodes and compared to the electrooxidation of glycerol, since both are C3- 
based alcohols derived from the same renewable biomass source. Cyclic voltammetry, chronoamperometry, and 
in situ Fourier-transform infrared spectroscopy (FTIR) experiments were performed in alkaline and acidic media 
at room temperature to analyze reaction mechanisms and products formation. Both glycerol and glycidol 
exhibited high reactivity in alkaline conditions. Nevertheless, glycerol oxidation on gold electrodes showed 
higher activity than glycidol, which can be attributed to the highly stable cyclic structure of glycidol and dif
ferences in the acidity of their alcohol groups. FTIR analysis and in situ infrared reflection absorption spec
troscopy of glycidol electrooxidation revealed the formation of various carboxylate anions and also carbonate, 
indicating that in some cases the complete cleavage of the C–C bond has taken place. These findings provide 
valuable insights into the electrochemical behavior of glycerol-derived molecules on gold, contributing to the 
development of more sustainable bio-based fuels.

1. Introduction

Over the last decades, fuel cells (FC) have emerged as one of the most 
promising energy conversion technologies [1–3]. As the demand for 
efficient and sustainable power sources continues to grow, fuel cells are 
expected to play a crucial role in the transition to green energy [4]. The 
electrochemical oxidation of organic molecules presents a great interest 
in electrocatalysis [5,6], not only from a fundamental perspective, but 
also due to its relevance in anodic processes for FC applications [7–11]. 
In this context, alcohols have gained significant attention for Direct 
Alcohol Fuel Cells (DAFCs) due to their high energy density, as well as 
their ease of storage and handling [12–16]. However, beyond the 
technical and performance aspects of DAFCs, the sustainability of the 
fuel source must also be considered. The viability of alcohol-based fuels 
depends on their renewable origin and widespread availability, ensuring 
long-term accessibility and minimal environmental impact [4,17].

Glycerol, a C3-polyol with three hydroxyl functional groups, is 
widely used in food, pharmaceutical, and chemical industries [18]. 

Currently, the primary source of glycerol is the production of biodiesel 
through biomass esterification, where it is generated as a major 
byproduct accounting for up to 90 % of the total weight of products. 
Despite its extensive industrial applications, the global glycerol pro
duction has consistently exceeded demand since 2000, leading to a 
growing surplus [19]. All these facts convert glycerol into one of the 
most easily available renewable materials at present [20]. To address 
this surplus, a number of various glycerol derivatives have been devel
oped and applied across different sectors [19,21]. Among them, 
glycerol-derived molecule platforms, including glycidol, epichlorohy
drin and glycerol carbonate (see Fig. 1), offer a versatile approach to 
glycerol valorization, while overcoming some of its inherent drawbacks 
[22–24]. Compared to glycerol, these derivatives exhibit lower viscos
ity, lower hydrophilicity, and higher volatility, allowing for improved 
control over reaction selectivity, when used in a chemical reaction 
[25–27]. Additionally, sustainable synthetic routes from bioglycerol to 
these compounds are already industrially available [23]. Finally, it is 
important to highlight that both glycerol and, in general, its derived 
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molecules possess minimal ecotoxicity and low environmental impact 
[28], making them promising candidates for fuel cell applications.

Glycerol electrooxidation reaction (GEOR) has been very recently 
proposed as a promising strategy for both glycerol valorization and 
clean energy generation, not only in DAFCs but also in the electro
chemical production of hydrogen by replacing the more energy- 
demanding oxygen evolution reaction [29–31]. In the electrooxidation 
of alcohols, the electrode material plays a crucial role, as a highly effi
cient electrocatalyst is required to enhance the performance. Over the 
last decade, extensive research has focused on controlling the GEOR 
selectivity, with several noble metal electrocatalysts —including plat
inum, palladium, silver, and gold— showing varying degrees of effi
ciency [32–35]. Among all these noble metals, gold has demonstrated a 
superior catalytic activity for glycerol electrooxidation, offering higher 
selectivity and efficiency for its valorization, as well as less sensitivity 
towards deactivating chemisorption of oxidation intermediates such as 
carbon monoxide [36–38]. However, the electrochemical oxidation of 
other glycerol derivatives, such as glycidol or glycerol carbonate, re
mains unexplored today.

As described in Eq. (1), the complete oxidation of glycerol to CO2 
requires the exchange of 14 electrons through a complex, multi-step 
mechanism [39]. This process involves adsorption of glycerol, multi
ple electron transfers, interaction with oxygenated species, and final 
desorption of oxidation products. All these steps, and especially for the 
case of gold, are highly sensitive to the experimental conditions, 
including surface structure and electrolyte composition, which signifi
cantly impact both reaction efficiency and product selectivity [40]. In 
contrast, no mechanism has been proposed so far for the electro
oxidation of any glycerol derivative, including glycidol. Complete 
oxidation of glycidol to CO2 also would require the exchange of 14 
electrons, as described in Eq. (2). 

C3H8O3 +14 OH− ⇌3 CO2 +11 H2O+14 e− (1) 

C3H6O2 +14 OH− ⇌3 CO2 +10 H2O+14 e− (2) 

In this work, the performance and mechanism of the electrochemical 
oxidation of glycerol and glycidol on bulk gold electrodes and supported 
gold nanoparticles have been studied and compared, in both acidic and 
alkaline media, by means of cyclic voltammetry, chronoamperometry, 
and in situ FTIR experiments, thus contributing to the valorization of 
renewable glycerol and its derivatives, as well as to the development of 
more sustainable anodic processes for energy and electrocatalytic 
applications.

2. Experimental section

The working electrodes used in this study were either a gold disc or 
gold nanoparticles supported on a glassy carbon (GC) electrode. The 
gold disc electrode (CH Instruments 101) presents a geometric area of 
0.0314 cm2. Gold nanoparticles supported on carbon (Metrohm, 99.99 
%) were deposited on a GC disc electrode (CH Instruments 104) with a 
geometric area of 0.0707 cm2. Prior to each experiment, both gold and 
GC disc electrodes were mechanically polished with alumina powder 
(0.05 μm) for 3 min, rinsed with ultrapure water, and sonicated in order 

to remove any remaining particles from previous experiments. The 
supported gold nanoparticles were deposited over the abovedescribed 
GC disc by placing 20 μL of the nanoparticles' aqueous suspension 
(concentration 20 mg L− 1, loading mass 4⋅10− 4 mg), and dried under 
argon flow (Alphagaz, 99.995 %). The morphology of the gold nano
particles was characterized using a SEM-FEG Ultra55 scanning electron 
microscope (SEM) from Carl Zeiss. The size of the gold nanoparticles was 
evaluated with a JEOL 2011 transmission electron microscope (TEM) 
from JEOL.

All chemicals used were of analytical grade. Glycerol (≥99.5 %), 
glycidol (96 %), and glycerol carbonate (99 %) were purchased from 
Sigma-Aldrich. The working solutions were prepared using MilliQ ul
trapure water (Purelab Flex, 18.2 MΩ cm) and contained either 0.10 M 
NaOH (Fisher Chemicals, ≥98 %) or 0.10 M HClO4 (Sigma-Aldrich, >99 
%) as the supporting electrolyte, together with different concentrations 
of glycerol (Sigma-Aldrich, ≥99.5 %) or glycidol (Sigma-Aldrich, 96 %).

All electrochemical experiments were carried out in a conventional 
three-electrode glass cell. A graphite rod (diameter 3.05 mm, Thermo 
Scientific 99.9995 %) and an Ag/AgCl electrode (in 3 M KCl solution) 
were used as the counter and reference electrodes. For better compari
son between experiments at different pH values, all the potentials have 
been reported vs. the reversible hydrogen electrode (RHE). Cyclic vol
tammograms were recorded using a CH Instruments 760 (CHI 760) 
potentiostat, typically at 50 mV s− 1. All the experiments were carried 
out at room temperature. In all experiments (using both gold disc and 
supported gold nanoparticles), current densities have been normalized 
by the geometrical surface area of the gold electrode.

Attenuated total reflection absorbance infrared (ATR-FTIR) spectra 
for glycidol and the possible reaction products were recorded using a 
Nexus8700 spectrometer from Thermo Scientific equipped with an 
MCT-A detector. The measurements were performed using a ZnSe prism 
bevelled at 45◦ with a resolution of 8 cm− 1, averaging 20 interferograms 
per spectrum. These spectra were referred either to that collected under 
the same conditions for pure water or that for an aqueous sodium hy
droxide solution. In situ infrared reflection absorption spectroscopy 
(IRRAS) experiments were carried out using a Nicolet iS50 FTIR spec
trometer equipped with a narrow-band DC-coupled MCT-A detector. 
The spectroelectrochemical cell had a prismatic CaF2 window bevelled 
at 60◦. The experiments were carried out at room temperature. A RHE 
electrode and a gold wire were used as the reference and counter elec
trodes, respectively. The IR spectra were collected with p- or s-polarized 
light and with a resolution of 8 cm− 1. Single-beam infrared spectra were 
recorded during a linear potential scan at 2 mV s− 1 in the range from 
0.10 to 1.30 V. To increase the signal-to-noise ratio, 114 interferograms 
were co-added for the obtaining of each spectrum, which corresponds to 
a potential interval of 0.02 V. The spectra are depicted as the ratio –log 
(R2/R1), where R2 and R1 represent the single-beam sample and refer
ence reflectance spectra, respectively. In this way, positive bands in the 
spectra correspond to species formed at the sampling potential, whereas 
negative bands indicate species consumed relative to the reference po
tential, which was selected at 0.10 V (i.e., well below the onset for 
glycidol electrooxidation).

Fig. 1. Structure of glycerol and glycerol-derived platform molecules.
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3. Results and discussion

3.1. Cyclic voltammograms of glycidol and glycerol oxidation on Au 
electrodes

To investigate the activity of the aforementioned alcohols to be 
electrochemically oxidized as possible bio-based fuel candidates, glyc
erol and its derived platform molecule, glycidol, were selected for this 
study (Fig. 1). Glycerol carbonate, another typical platform molecule 
from glycerol, was discarded as a fuel candidate from the beginning of 
this study due to its high chemical stability against oxidation. Like 
glycidol, glycerol carbonate contains an alcohol functional group sus
ceptible to be oxidized to aldehyde and carboxyl groups. However, the 
increased stability of the carbonate ring likely hinders notably its 
oxidation.

Therefore, the electrochemical oxidation of those two bio-alcohols 
was initially investigated on a gold disc electrode using cyclic voltam
metry at different pH conditions. Fig. 2 presents the cyclic voltammo
grams for the oxidation of glycerol and glycidol in strong alkaline (2a) 
and acidic (2b) media at a concentration of 0.1 M.

As shown in Fig. 2, both molecules exhibit significantly lower reac
tivity in acidic media (2b) compared to alkaline media (2a). In alkaline 
conditions, the onset potential for glycerol oxidation appears at 
approximately 0.70 V vs. RHE, while glycidol oxidation begins at ca. 
0.85 V vs. RHE, indicating that glycerol is a priori more reactive. 
Following its onset potential, the current for glycerol oxidation increases 
linearly, reaching a maximum at 1.13 V, which coincides with the onset 
of gold oxide formation (dashed vertical line in Fig. 2(a)). Beyond this 
potential, the current decreases due to the formation of an oxide/hy
droxide layer on the gold electrode. During the backwards scan, the 
current increases again as the oxide layer is reduced, achieving a sec
ondary maximum for glycerol oxidation at ca. 1.30 V vs. RHE. However, 
due to the irreversible oxidation/reduction processes undergone by the 
gold surface, the currents observed in the backwards scan are lower than 
those shown in the forward scan.

For the case of glycidol oxidation, the onset potential is higher than 
that of glycerol, indicating lower reactivity as previously discussed. The 
current initially increases in a similar manner to glycerol oxidation, 
reaching a maximum at 1.20 V vs. RHE before gradually decreasing up 
to 1.40 V. This current decay demonstrates that the formed gold oxide is 

inactive for the oxidation of glycidol as is also the case for glycerol. 
During the reverse scan, no electrooxidation activity is observed be
tween 1.40 and 1.20 V. Nevertheless, a sharp increase in oxidation 
current occurs at ca. 1.10 V, coinciding with the reduction of surface 
gold oxides back to metallic gold, which reactivates the glycidol elec
trooxidation. Notably, the decay in oxidation current is more pro
nounced for glycidol, and the reactivation of the surface due to oxide 
reduction occurs at a lower potential, close to the oxide reduction po
tential in the blank voltammogram. These differences suggest that the 
oxidation of these species influences the OH adlayer. In the case of 
glycerol, the likely participation of adsorbed OH in the oxidation 
mechanism results in lower OH coverages and delayed surface oxidation 
[37]. In contrast, for glycidol, the lower observed oxidation currents 
lead to a lesser impact on both the OH coverage and the gold oxide 
formation.

It is noteworthy to remark that the experimental current densities for 
glycerol oxidation in alkaline media are comparable to, or even exceed, 
those reported in the literature for palladium, platinum, and other gold- 
based catalysts [41,42]. More interestingly, while both alcohols exhibit 
a similar reactivity in acidic media, under alkaline conditions, the cur
rent density for glycerol oxidation is approximately three times higher 
than that of glycidol oxidation.

These observed differences in reactivity between acidic and alkaline 
media for the two alcohols can be attributed to differences in their 
oxidation mechanisms. It should be noted that in the oxidation of al
cohols, the first step is always the adsorption of the molecule through 
the oxygen atom of the alcohol group [43,44]. Koper et al. reported that, 
in strongly alkaline media, the initial deprotonation of the alcohol is 
catalyzed by the base, rather than the metal surface [45]. Consequently, 
the main reactive species in glycerol oxidation is glycerolate, formed by 
the initial deprotonation of the α-hydroxy group. Oxidation then pro
ceeds via the deprotonation of the β-hydroxy group, which has been 
identified as the rate-determining step in glycerol oxidation on gold 
[46]. In contrast, glycidol contains only one α hydroxyl group, which is 
significantly less acidic than the hydroxyl groups in glycerol [25]. As a 
result, the deprotonation step that initiates oxidation is considerably 
more difficult for glycidol than for glycerol, explaining the lower reac
tivity observed in Fig. 2(a). Indeed, the experimental glycerol pKa value 
is 14.15, which is 2.8 times less acidic than the estimated glycidol pKa, 
thus keeping the same proportion as the oxidation current densities 

Fig. 2. Cyclic voltammograms of 0.1 M glycidol (blue line), 0.1 M glycerol (red line), and in the absence of any alcohol (black line) on a gold disc electrode in 0.1 M 
NaOH (a) and 0.1 M HClO4 (b). Scan rate 50 mV s− 1. The dashed line in the (a) panel shows a 10-times enlargement of the curve in absence of alcohols. The dotted 
line indicates the onset potential for gold oxide formation. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version 
of this article.)
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difference between glycerol and glycidol. In the case of glycerol and 
glycidol oxidation in acidic media, the acidity of the substrate hydroxyl 
groups does not seem to play any role in the oxidation mechanism.

The effect of the scan rate on the electrooxidation of glycerol and 
glycidol was investigated under alkaline conditions to determine 
whether diffusion of reactants was affecting the oxidation currents. 
Fig. 3(a) presents the cyclic voltammograms for the oxidation of 0.1 M 
glycerol (Fig. 3(a1)) and 0.1 M glycidol (Fig. 3(a2)) on a gold disc 
electrode, recorded at scan rates ranging from 10 mV s− 1 to 200 mV s− 1. 
As observed, the oxidation peak current increases with increasing the 
scan rate, accompanied by a shift in peak potential to higher values.

To determine the rate-controlling step of the reaction, the peak 
current was plotted against v1/2. As shown in Fig. 3(b), a quasi linear 
relationship is observed between the anodic peak current and v1/2 for 
both alcohols, indicating that the studied irreversible electrooxidation 
reactions are diffusion-controlled. For glycerol oxidation, the voltam
metric profile exhibits characteristics typical of an irreversible process 
controlled by diffusion with a current decay beyond the peak current 
following the Fick's law. It should be highlighted that these voltam
metric profiles already provides insight into the interplay between ki
netics and mass transport. As shown in Fig. 3(a1) for glycerol oxidation, 
the rising part of the forward scan displays overlapping currents across 
different scan rates, indicating a kinetically limited regime where 
diffusion does not control the rates. After the oxidation peak, the current 
drops due to surface passivation by the formation of gold oxide. This 
process is slow and thus, depending on the scan rate, the oxide coverage 
is different. The extent of the surface oxidation at the upper potential 
affects the reactivity observed in the reverse scan. At scan rates below 

50 mV s− 1, voltammograms overlap, and thus currents are controlled by 
the kinetics. At higher scan rates, partial oxidation occurs, and the 
current becomes scan-rate-dependent, reflecting mixed kinetic and mass 
transport control.

In contrast, for glycidol oxidation, the observed currents are smaller, 
and it is likely, based on the peak symmetry, that adsorption steps also 
influence the reactivity, contributing to a more complex oxidation 
mechanism.

In addition to gold disc electrodes, the electrooxidation of glycidol 
and glycerol was also studied and compared using polycrystalline gold 
nanoparticles (Au NPs) supported on carbon and deposited on a GC 
electrode. Electron microscopy analysis of these supported nano
particles showed a typical average size of 40–70 nm (Fig. 4(b) and (c)). 
Fig. 4(a) presents the characteristic voltammetric profiles for both 
studied bioalcohols in 0.1 M NaOH solution. When using the supported 
gold nanoparticles in alkaline medium, the difference in reactivity be
tween glycerol and glycidol became significantly more pronounced 
compared to the gold disc electrode. Although glycidol exhibited a more 
favorable oxidation peak potential (less positive, at 1.21 V vs. RHE), the 
sharp oxidation peak at over 1.30 V in the forward scan of glycerol in
dicates a much higher reactivity for glycerol oxidation compared to 
glycidol. These differences can be attributed to the porous nature of the 
nanoparticle-modified electrode. During the oxidation of both mole
cules, several intermediate products are formed. On a planar electrode, 
these intermediates diffuse away from the surface, whereas on a porous 
nanoparticulated Au electrode, they can be retained within the structure 
and undergo further oxidation. The greater relative increase in current 
for glycerol under these conditions suggests that its intermediate 

Fig. 3. (a) Cyclic voltammograms of 0.1 M glycerol (a1) and 0.1 M glycidol (a2) oxidation in 0.1 M NaOH on gold disc electrode at different scan rates. (b) Plots of 
anodic peak currents for glycerol (b1) and glycidol (b2) oxidation vs. the square root of the potential scan rate. (For interpretation of the references to colour in this 
figure legend, the reader is referred to the web version of this article.)
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oxidation products are more readily oxidized than those of glycidol, 
which means that both alcohols do not share the exact same in
termediates during electrooxidation. Interestingly, the difference in the 
potential required for reducing the gold oxide layer in the reverse scan 
remains unchanged on Au NPs.

Finally, the electrooxidation of glycerol and glycidol was also studied 
by chronoamperometric experiments on a gold disc electrode in alkaline 
solution (Fig. 5). Interestingly, no electrooxidation activity is observed 
for glycidol at 1.20 V and 1.30 V vs. RHE (red plots), due to inhibition 
provoked by the formation of gold oxides at the mentioned potentials, 
but significant activity is still observed for glycerol, particularly at 1.20 
V (black plots). This would confirm that the formation of gold oxide is 
retarded in the presence of glycerol, as previously described by cyclic 
voltammetry in Fig. 2(a). Nevertheless, both alcohols exhibit significant 
electrooxidation activity at 1.00 V, with small progressive decays.

3.2. ATR-IR spectra of glycidol in solution and its possible oxidation 
products

To identify, for the first time, the products formed during the elec
trooxidation of glycidol on gold electrodes, ATR-IR spectroscopy was 
employed to analyze both glycidol in solution and its potential oxidation 
products. As shown in Fig. 6, ATR-IR spectra were recorded for two 
glycidol concentrations, 0.10 M (black line) and 0.50 M (red line), to 
assess concentration-dependent spectral variations and to ensure the 

detection of key functional groups involved in the oxidation process. The 
recorded spectra exhibit negative absorption bands corresponding to the 
characteristic vibrational modes of water, including O–H stretching 
(ν(OH)) at 3600–3000 cm− 1 and H–O–H bending (δ(HOH)) at 1616 
cm− 1. These bands increase in intensity as the glycidol concentration 
increases, indicating a rearrangement of bulk water molecules in the 
glycidol-containing solution due to molecular interactions with glycidol. 
A small band at 2900 cm− 1 and a medium band at 905 cm− 1 are assigned 
to ν(C–H) and δ(epoxy) modes of glycidol, respectively [47]. Addi
tionally, a small band at 1262 cm− 1 corresponds to the δ(CH2) mode, 
while the most prominent absorption peak, appearing at 1040 cm− 1, is 
attributed to the ν(CO) mode of the α-alcohol group. A small band at 
1105 cm− 1 is commonly associated with ν(C–O) stretching in alcohols, 
whereas the band at ca. 959 cm− 1 is assigned to the δ(CH) mode of al
dehydes [48].

To further characterize the possible oxidation products formed dur
ing glycidol electrooxidation on gold electrodes, ATR-IR spectra of the 
salts of several reference organic acids were recorded. These salts 
include sodium oxalate, sodium acetate, sodium formate, and sodium 
glycolate. Note that the latter was obtained by dissolving glycolic acid in 
a concentrated sodium hydroxide solution. Also, the spectrum for gly
colic acid in water was also included in the study. The spectra of all these 
compounds, gathered in Fig. 7, were analyzed to compare key vibra
tional features with those observed in glycidol oxidation. Notably, the 
absorption bands between 1300 cm− 1 and 1600 cm− 1, attributed to 

Fig. 4. (a) Cyclic voltammograms of glycerol and glycidol electrooxidation on Au polycrystalline nanoparticles supported on GC in 0.1 M NaOH solution. Scan rate 
50 mV s− 1. (b) TEM and (c) SEM images of the supported Au NPs.

Fig. 5. Chronoamperometric profiles of 0.1 M glycerol (black lines) and 0.1 M glycidol (red lines) on gold disc electrode in 0.1 M NaOH solution at different applied 
potentials. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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O–C–O stretching (ν(OCO)) vibrations in carboxylates, exhibit distinct 
shifts and relative intensities, depending on the molecular structure of 
the corresponding salt. These variations allow for the differentiation of 
specific oxidation products and provide insights into the selectivity of 
glycidol oxidation pathways on gold electrodes. For instance, ATR-IR 
spectrum of the glycolic acid solution shows a characteristic band at 
ca. 1726 cm− 1 that can be ascribed to the C–O stretching of the 
carbonyl group. Besides, additional bands are observed at ca. 1430 and 
1242 cm− 1, which can be related to the C–(OH) stretching and OH 
bending modes of the carboxylic group [49]. Finally, mentioning that 
the spectra for glycolic acid and glycolate anion shares a common 
feature at ca. 1090 cm− 1 that can be assigned to a combination of the OH 
stretching and bending modes of the hydroxymethyl moiety [50].

3.3. IRRAS spectra of glycidol-Au(polycrystalline) in alkaline medium

The electrooxidation of glycidol on polycrystalline gold surfaces in 
alkaline media was also investigated using in situ infrared reflection 
absorption spectroscopy (IRRAS) experiments. The aim was to identify 
reaction intermediates and oxidation products formed during the elec
trochemical oxidation process. Fig. 8(a) presents, in the wavenumber 
range of 1100–2500 cm− 1, a selection of the IRRAS spectra collected 
during a slow potential scan from 0.1 to 1.3 V (see the experimental 
section for details). Note that all these spectra are referred to the single 
beam spectrum recorded at 0.1 V in order to highlight spectral changes 
associated with the oxidation of glycidol at increasing potentials.

Before reaching the oxidation onset potential, which is approxi
mately 0.80 V, specific absorption bands can already be identified in the 
spectra. In particular, bands appearing at 1547 cm− 1 and 1430 cm− 1 can 
be respectively attributed to the asymmetric and symmetric stretching 
vibrations of the carboxylate functional group. The exact frequency of 
these bands depends on the molecular structure of the different 
carboxylate species, which allows for the identification of different 
products based on the corresponding carboxylic acids (see the ATR-IR 
spectra shown in Fig. 7). In fact, the presence of these bands suggests 
that glycidol interacts with the gold surface, even before the epoxy ring 
is cleaved, leading to the formation of oxidation products. This initial 
interaction between glycidol and the electrode surface may play an 
important role in directing the oxidation pathway by stabilizing reaction 
intermediates prior to full electrooxidation.

Upon surpassing the oxidation onset potential, new absorption bands 
become visible in the spectra, indicating the formation of oxidation 
products. A sharp and intense band appears at 1590 cm− 1, which grows 
in intensity as the applied potential increases. Based on the precise po
sition of this 1590 cm− 1 band, it can be reliably assigned to the forma
tion of formate by oxidation of glycidol. This assignment is also 
consistent with the observation of the corresponding symmetric 
stretching band at ca. 1329 cm− 1 (see Fig. 7).

As the potential is further increased, up to a maximum at 1.30 V, an 
additional spectral feature emerges in the form of a new absorption band 
at 2343 cm− 1. This sharp band is indicative of the formation of CO2, 
suggesting that some of the oxidation products undergo complete 
mineralization at higher potentials. The observation of CO2 production 
implies that, due to the thin-layer configuration used in the experiment 
and the consumption of hydroxide ions during the oxidation process, the 
local pH at the electrode–electrolyte interface has significantly 
decreased. This local acidification effect has been experimentally veri
fied as in similar electrochemical systems, and it plays a crucial role in 
the determination of the final oxidation products formed during glycidol 
electrooxidation. In this line, the hydrolysis of carbon dioxide to form 
some amount of carbonate and bicarbonate anions also contributes to 
the absorption bands appearing at around 1400 cm− 1 [51].

Another significant spectral change occurs with the appearance of a 
shoulder at around 1730 cm− 1 in the spectra reported in Fig. 8, which 
could be ascribed to the carbonyl group of glycolic acid. Another band 
corresponding to this formed species, appearing in Fig. 7 at around 1430 
cm− 1, overlaps with the symmetric O–C–O stretching vibration of 
carboxylate anions, whereas those observed at 1242 cm− 1 and 1099 
cm− 1 could be below the detection limit in the in situ experiments. As 
discussed above for carbon dioxide, the detection of acidic species can 
be justified as an effect of the consumption of hydroxide ions associated 
to the glycidol oxidation, which causes a significant decrease of the 
solution pH in the thin solution layer between the electrode surface and 
the infrared window. Glycolic acid is known to be a key intermediate in 
the alkaline electrooxidation of glycerol, which shares important 
structural similarities with glycidol [37,52]. The appearance of these 
bands supports the idea that glycidol follows an oxidation pathway that 
involves cleavage of its carbon–carbon bonds, leading to the generation 
of multiple oxidation intermediates, most of which are carboxylate- 
containing species as has been demonstrated above.

Fig. 6. ATR-IR absorbance spectra of 0.10 M (black line) and 0.50 M (red line) 
glycidol aqueous solution. Pure water was used as the background spectrum, 
details can be found in experimental section. (For interpretation of the refer
ences to colour in this figure legend, the reader is referred to the web version of 
this article.)

Fig. 7. ATR-IR absorbance spectra of aqueous 0.50 M solutions of sodium ox
alate, glycolic acid, sodium glycolate, sodium acetate, and sodium formate.
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To further investigate whether the detected species were present in 
solution or remained adsorbed on the electrode surface, additional 
IRRAS spectra were recorded using different polarization modes. By 
using s- or p-polarized light, the interaction of glycidol and its oxidation 
products with the gold surface could be assessed. The resulting spectra, 
gathered in Fig. 9, show no significant differences between the two 
polarization modes, indicating that all detected species are present in 
solution rather than being strongly adsorbed onto the electrode surface. 
This finding suggests that the oxidation intermediates and products 
formed during glycidol electrooxidation are largely soluble and do not 
accumulate on the gold surface, which may have positive implications 

for the long-term stability and efficiency of the electrooxidation process.
Overall, the results of this study demonstrate that the electro

oxidation of glycidol on polycrystalline gold electrodes follows a com
plex mechanism that involves carbon–carbon bond cleavage and the 
formation of multiple oxidation intermediates. The primary products 
identified by FTIR spectroscopy include formate, carbonate, and glycolic 
acid, as well as the signal associated with the CO2 formation, which only 
appears at high applied potentials due to some local pH distortion. In 
contrast, the main products identified from the electrooxidation of 
glycerol on a gold electrode also include glyceric acid, besides glycolic 
and formic acids [37,52].

Fig. 8. (a) In situ IRRAS spectra (p-polarization) for the electrooxidation of glycidol on a gold disc electrode in 0.10 M (aqueous) NaOH +0.10 M glycidol. (b) Cyclic 
voltammogram of gold electrode in 0.10 M NaOH +0.10 M glycidol. (For interpretation of the references to colour in this figure legend, the reader is referred to the 
web version of this article.)

Fig. 9. In situ IRRAS spectra ((a) p-polarization) and ((b) s-polarization) for the electrooxidation of glycidol on a gold electrode in 0.10 M NaOH +0.10 M glycidol. 
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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4. Conclusions

The electrochemical oxidation of a renewable glycerol-derived 
platform molecule, namely glycidol, was studied for the first time on 
gold electrodes using cyclic voltammetry, chronoamperometry and IR 
spectroscopy. Glycidol and glycerol electrooxidation reactions were 
analyzed and compared in both alkaline and acidic media. Both studied 
alcohols exhibited high reactivity in alkaline conditions, with glycerol 
exhibiting approximately three times more oxidation current than gly
cidol at the peak potential from cyclic voltammetry. This difference in 
reactivity can be attributed to the presence of the epoxy group in gly
cidol and, more importantly, to the lower acidity of glycidol's hydroxyl 
group compared to glycerol. Therefore, the deprotonation of the α-hy
droxy group in glycidol appears to be a crucial step in its oxidation 
mechanism. Under acidic conditions, the reactivity of both glycerol and 
glycidol was significantly lower than in alkaline media, but with similar 
oxidation behavior for both molecules. These results suggest that 
oxidation activation is strongly dependent on the presence of hydroxyl 
groups, which are more abundant in the case of glycerol than in glycidol. 
The electrooxidation process leads to the cleavage of the glycidol C–C 
bonds, resulting in the formation of various carboxylic acids and CO2, as 
demonstrated by in situ IRRAS experiments. Among the oxidation 
products, formate, carbonate, and glycolic acid were identified in so
lution, confirming the complete fragmentation of the glycidol molecule 
during electrooxidation. Overall, these results indicate that protected 
forms of glycerol, such as glycidol, are generally more resistant towards 
electrochemical oxidation. However, despite its lower reactivity 
compared to glycerol, glycidol oxidation on gold in alkaline media still 
represents an interesting molecule for more sustainable fuel cell appli
cations. With its low viscosity, renewable origin, wide accessibility, and 
improved handling and storage properties, glycidol could serve as a 
viable alternative biofuel, contributing to the valorization of glycerol 
and their derived compounds, as well as to the development of more 
sustainable energy and electrochemical technologies.
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membrane fuel cells (PEMFCs): advances and challenges, Polymers 13 (2021) 
3064, https://doi.org/10.3390/polym13183064.

[3] X. Zhang, S.H. Chan, G. Li, H.K. Ho, J. Li, Z. Feng, A review of integration strategies 
for solid oxide fuel cells, J. Power Sources 195 (2010) 685–702, https://doi.org/ 
10.1016/j.jpowsour.2009.07.045.

[4] I. Sebbani, M.K. Ettouhami, M. Boulakhbar, Fuel cells: a technical, environmental, 
and economic outlook, Clean. Energy Syst. 10 (2025) 100168, https://doi.org/ 
10.1016/j.cles.2024.100168.

[5] C.A. Martínez-Huitle, M.A. Rodrigo, I. Sirés, O. Scialdone, A critical review on 
latest innovations and future challenges of electrochemical technology for the 
abatement of organics in water, Appl. Catal. B Environ. 328 (2023) 122430, 
https://doi.org/10.1016/j.apcatb.2023.122430.

[6] A. Leal-Duaso, L. Salvatella, J.M. Fraile, Physical-chemical transformations for the 
remediation and valorization of hexachlorocyclohexanes (HCHs) including 
lindane: a review, J. Environ. Manag. 375 (2025) 124262–124300, https://doi. 
org/10.1016/j.jenvman.2025.124262.

[7] S.-G. Sun, Y. Lin, Kinetics of isopropanol oxidation on Pt(111), Pt(110), Pt(100), Pt 
(610) and Pt(211) single crystal electrodes - studies of in situ time-resolved FTIR 
spectroscopy, Electrochim. Acta 44 (1998) 1153–1162, https://doi.org/10.1016/ 
S0013-4686(98)00218-7.

[8] I.A. Rodrigues, F.C. Nart, 2-propanol oxidation on platinum and platinum–rhodium 
electrodeposits, J. Electroanal. Chem. 590 (2006) 145–151, https://doi.org/ 
10.1016/j.jelechem.2006.02.030.
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F. López-Gallego, Selective oxidation of alkyl and aryl glyceryl monoethers 
catalysed by an engineered and immobilised glycerol dehydrogenase, Chem. Sci. 
11 (2020) 12009–12020, https://doi.org/10.1039/d0sc04471g.

[22] P. Prete, D. Cespi, F. Passarini, C. Capacchione, A. Proto, R. Cucciniello, Glycidol 
syntheses and valorizations: boosting the glycerol biorefinery, Curr. Opin. Green 
Sustain. Chem. 35 (2022) 100624, https://doi.org/10.1016/j.cogsc.2022.100624.
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[34] M. Guschakowski, U. Schröder, Direct and indirect Electrooxidation of glycerol to 
value-added products, ChemSusChem 14 (2021) 5216–5225, https://doi.org/ 
10.1002/cssc.202100556.

[35] H. Inoue, S. Kimura, Y. Teraoka, M. Chiku, E. Higuchi, B.T.X. Lam, Mechanism of 
glycerol oxidation reaction on silver-modified palladium electrode in alkaline 
medium, Int. J. Hydrog. Energy 43 (2018) 18664–18671, https://doi.org/ 
10.1016/j.ijhydene.2018.05.076.

[36] J. Zhang, Y. Liang, N. Li, Z. Li, C. Xu, S.P. Jiang, A remarkable activity of glycerol 
electrooxidation on gold in alkaline medium, Electrochim. Acta 59 (2012) 
156–159, https://doi.org/10.1016/j.electacta.2011.10.048.
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