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Electrocatalytic activity of AuCeO2/C towards ethylene 
glycol oxidation and oxygen reduction reactions
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AuCeO2/C and Au/C catalysts were obtained by adsorption of AuNPs 
on the CeO2/C and pure carbon (C) substrates from an Au colloidal so-
lution. It has been found that AuNPs of ca. 50 nm in size were adsorbed 
on the surfaces of CeO2/C and C; however, electrocatalytic activity of 
the  investigated AuCeO2/C and Au/C catalysts was different. Ethyl-
ene glycol oxidation current density values are ca. 3 times higher on 
the AuCeO2/C catalyst as compared to those of the bare Au/C catalyst. 
Moreover, the AuCeO2/C catalyst showed more positive onset poten-
tials, as well as higher current in the mixed-kinetic-diffusion region 
towards the oxygen reduction reaction in an alkaline medium com-
pared to that of the Au/C catalyst.

Keywords: gold nanoparticles, cerium(IV) oxide, ethylene glycol oxi-
dation, oxygen reduction

INTRODUCTION

Low-temperature polymer electrolyte membrane 
fuel cells (PEMFCs) are undergoing rapid de-
velopment for mobile applications and, in par-
ticular, for the transport sector [1]. Different fuels 
have been used for fuel cells, whereas hydrogen, 
methanol and ethanol have been mostly explored. 
The operation of PEMFCs is based on the oxida-
tion of fuel at the  anode and the  oxygen reduc-

tion reaction (ORR) at the cathode. In the case of 
direct methanol, ethanol or ethylene glycol (EG) 
fuel cells (DMFC, DEFC or DEGFC), acidic or al-
kaline alcohols solutions can be used as fuel. How-
ever, oxidation of fuels like alcohols in an alkaline 
medium is higher than in an acidic one. Moreover, 
PEMFCs that used an alkaline alcohols solution as 
fuel are more attractive and less polluted in com-
parison with the ones that used an acidic solution 
as fuel [2–4]. Forasmuch, oxidation reactions of 
ethanol, methanol or EG in an alkaline medium 
as well as the ORR have drawn increasing interest 
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with the aim to develop active catalysts for DMFC, 
DEFC or DEGFC in an alkaline medium.

Application of DMFC is widely investigated, 
but problems such as the low methanol electro-ox-
idation kinetics and methanol permeation across 
the proton exchange membrane obstruct its com-
mercialization [1, 5]. Although ethanol has been 
recognized as the most suitable fuel for the alka-
line fuel cell, however, usually the main products 
of the  oxidation of ethanol on Au at the  lower 
temperatures are acetaldehyde and acetic acid, 
which complicate to get the clean catalytic process 
[6–8]. In this case, as the  actual and theoretical 
electron transfer numbers per one ethanol mol-
ecule are 4 and 12 for partial oxidation of ethanol 
to acetic acid and complete oxidation of ethanol to 
carbon dioxide, respectively, the electron transfer 
rate (ETR) of ethanol in the alkaline DEFC is only 
33% [8]. EG has been found as another choice for 
alkaline fuel cells. It was determined that the ETR 
of EG in the alkaline DEGFC is ca. 80%. This value 
is much higher than that in the alkaline DEFC. In 
addition, EG owns many remarkable advantages 
including low toxicity, favourable storage, ease of 
transport and production from biomass and in-
dustry [8–10].

In order to improve the  performance of fuel 
cells, it is very important to develop effective and 
selective catalysts for fuel oxidation and ORR. Au 
has been investigated as an excellent catalyst in an 
alkaline medium [5, 11–14]. Comparing peculiar-
ities of the application of Au and platinum (Pt) for 
the  oxidation reaction of alcohols in an alkaline 
medium, a higher oxidation activity shows Au as 
compared with that for Pt. This can be explained 
by the resistance of the Au surface to the poison-
ing by intermediates, which are formed during 
the oxidation of alcohol [2, 14]. Ureta-Zanartu et 
al. compared activity of Au for methanol and EG 
oxidation reactions and explored that EG is oxi-
dized at a higher rate [13]. Au has been found to be 
the best catalyst for the oxidation of EG owing to 
the fact that EG adsorbs strongly onto the surface 
of Au [15–21]. The highly dispersed Au particles 
on the  metal oxides supports, including Co3O4, 
SnOx, MnO2, RuO2, etc., exhibit an extraordinar-
ily high activity for the oxidation reaction of vari-
ous materials at low temperatures [22–26] as well 
as for ORR [27, 28]. Cerium(IV) oxide (CeO2) is 
an attractive co-catalyst for various noble metals 

due to its oxygen vacancy, i.e. oxygen storage ca-
pacity ability, functioning as an oxygen buffer by 
storing/releasing O2 due to the  Ce4+/Ce3+ redox 
couple. This results in supplying sufficient OHads 
at low potential values and the efficient eliminat-
ing of poisoning intermediates during the  reac-
tion. Other positive properties of CeO2, such as 
low price, synergistic effect between CeO2 and 
metal as well as tolerance to the  CO poisoning, 
determine the choice of this oxide as an additive 
in the preparation of various catalysts [22, 29, 30]. 
CeO2 is widely used for combining it with Pt, Pd 
or other oxides [31–33]. However, nanosized Au 
particles supported on metal oxides have been ex-
tensively studied because of their high reactivity 
in a  variety of important catalytic reactions. Al-
though, the  interaction between Au and CeO2 is 
not widely described, the  combination of CeO2 
and Au may lead to the  formation of materials 
that have an enhanced electrocatalytic activity for 
the ORR and EG oxidation [13, 22].

In the  paper presented herein, we investi-
gated the  electrocatalytic activity of AuCeO2/C 
and Au/C catalysts prepared by the adsorption of 
AuNPs on the CeO2/C and C substrates from an Au 
colloidal solution. The composition, morphology 
and structure of the prepared catalysts have been 
characterized using inductively coupled plasma 
optical emission spectroscopy (ICP-OES), field 
emission scanning electron microscopy (FESEM), 
transmission electron microscopy (TEM), X-ray 
photoelectron spectroscopy (XPS) and X-ray dif-
fraction (XRD). Electrocatalytical properties of 
the prepared AuCeO2/C and Au/C catalysts have 
been investigated towards the  oxidation of EG 
in an alkaline medium using cyclic voltammetry 
(CV), whereas the reduction of oxygen has been 
investigated by means of linear sweep voltamme-
try (LSV) using the rotating disk electrode (RDE) 
method.

It has been found that the AuCeO2/C catalyst 
showed an enhanced electrocatalytic activity to-
wards the oxidation of EG and ORR in an alkaline 
medium compared to the bare Au/C catalyst. 

EXPERIMENTAL

Chemicals
HAuCl4 (99.995%), CeO2 powder (99.9%) and 
carbon powder (99.999%) were purchased from 
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Sigma-Aldrich and Alfa-Aesar Supplies. Polyvi-
nylidenefluoride (PVDF), N-methyl-2-pyrroly-
done (NMP), ethylene glycol (CH2OH)2, ethanol 
(96%), H2SO4 (96%), glucose (99.5%), ascorbic acid 
(99%) and NaOH (98.8%) were purchased from 
Chempur Company. Oxygen gas (99.999%) was 
used for the saturation of the NaOH solution. Pt/C 
wt. 46.4% Pt (TEC10E50E) was purchased from 
Tanaka Kikinzoku Kogyo K. K. Supplier. All chem-
icals were of analytical grade. Ultra-pure water with 
a resistivity of 18.2 MΩ cm–1 was used for prepar-
ing the solutions.

Preparation of catalysts
For the  formation of the  AuCeO2/C catalyst, at 
first, CeO2/C substrate was prepared and further 
AuNPs were deposited on the  CeO2/C surface 
from the Au colloidal solution. The CeO2/C sub-
strate was prepared by the  following procedure: 
dry CeO2 powder was mixed with carbon powder 
(mass ratio being 1:1) in a 2-propanol solution by 
ultrasonication for 30 min with further drying of 
the  obtained mixture. The  Au colloidal solution 
was prepared by adding 1 ml of the solution con-
taining 0.1 M glucose and 0.05 M ascorbic acid to 
30 ml of the 0.3 mM HAuCl4 solution. The solu-
tion quickly got cherry red colour indicating re-
ducing of Au3+ to Au0. Then, for the preparation 
of the AuCeO2/C catalyst, 100 mg of the prepared 
CeO2/C powder was added to the  obtained Au 
colloidal solution. The mixture was stirred for 1 h 
until the  solution became transparent. The  ob-
tained AuCeO2/C catalyst powder was filtered and 
dried in a vacuum oven at 80°C temperature for 
2 h. The Au/C catalyst was prepared in the same 
manner by using 100 mg of pure carbon powder 
instead of CeO2/C.

Characterization of catalysts
XRD patterns of the  studied AuCeO2/C and 
Au/C powders were measured using an X-ray dif-
fractometer SmartLab (Rigaku) equipped with 
an X-ray tube with a  9  kW rotating Cu anode. 
The measurements were performed using Bragg–
Brentano geometry with a  graphite monochro-
mator on a diffracted beam and a step scan mode 
with a step size of 0.02° (in 2θ scale) and count-
ing time of 1s per step. The  measurements were 
conducted in a 2θ range of 20–70°. Phase identifi-
cation was performed using the software package 

PDXL (Rigaku) and the ICDD powder diffraction 
data base PDF4+ (2018 release). The size of crys-
tallites was calculated from XRD peaks broaden-
ing using the  graphical Halder–Wagner method 
in the PDXL software.

A shape and size of AuNPs were examined 
using a  transmission electron microscope Tecnai 
G2 F20 X-TWIN equipped with an EDAX spec-
trometer with an r-TEM detector. For microscopic 
examinations, 10 mg of the sample was first soni-
cated in 1 ml of ethanol for 1 h and then the ob-
tained mixture was deposited on the Cu grid cov-
ered with a continuous carbon film.

The morphology and composition of the  fab-
ricated catalysts were characterized using a SEM/
FIB workstation Helios Nanolab 650 with an en-
ergy dispersive X-ray (EDX) spectrometer INCA 
Energy 350 X-Max 20.

The chemical composition of the prepared cat-
alysts was determined by means of X-ray photo-
electron spectroscopy (XPS) using an ESCALAB 
250Xi Avantage spectrometer (VG Scientific, UK) 
equipped with an Al Kα X-ray radiation source 
(1486.6 eV) and operated at a fixed pass energy of 
40 eV. The base pressure in the analytical chamber 
was better than 8 × 10–7 Pa.

The Au loading in the  prepared catalysts was 
estimated by means of ICP-OES using an ICP 
optical emission spectrometer Optima 7000DV 
(Perkin Elmer).

Electrochemical measurements
Electrochemical measurements were assessed using 
the RDE and the AUTOLAB electrochemical work-
station. A  three-electrode conventional cell was 
used, where the glassy carbon RDE with a geomet-
ric area of 0.07 cm2 was used as the working elec-
trode, a  Pt sheet was used as a  counter electrode 
and an Ag/AgCl/KClsat electrode was used as a ref-
erence. The  catalysts suspensions were obtained 
according to the  following steps: at first, 10 mg of 
the AuCeO2/C and Au/C catalysts were dispersed ul-
trasonically in 100 µl of 2% PVDF in the NMP solu-
tion for 1 h. With the aim to keep a similar amount 
of Au during the measurement, a required amount of 
the prepared catalyst suspension was pipetted onto 
the polished surface of a glassy carbon electrode and 
dried in an oven at 80°C temperature for 4 h.

In order to determine electrochemically active 
surface areas (ESAs) of AuNPs in the  prepared 
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catalysts, the  cyclic voltammograms (CVs) were 
recorded in a 0.5 M H2SO4 solution. The electrode 
potential was cycled in a range of –0.2–1.4 V with 
a scan rate of 50 mV s–1. The oxidation of EG in 
an alkaline medium was investigated by record-
ing CVs in a 1 M (CH2OH)2 + 0.5 M NaOH solu-
tion at a scan rate of 50 mV s–1 from –0.3 to 1.1 V. 
Chronoamperometric measurements (CA) were 
carried out in the same solution at a constant po-
tential value of 0.5  V for 30  min. The  electrode 
potential values are quoted versus the silver/silver 
chloride electrode (Ag/AgCl/KClsat).

For ORR measurements, an O2-saturated 0.1 M 
NaOH solution was used. Linear sweep voltam-
metry curves (LSVs) were recorded in the  elec-
trode potential range from 1 to 0.2  V in the  ca-
thodic direction at a  scan rate of 5  mV  s–1 and 
varying the  rotation speed from 0 to 2000  rpm. 
CA for ORR were recorded at a potential value of 
0.5 V in the O2-saturated 0.1 M NaOH solution for 
30 min. The electrode potential values for ORR are 
quoted versus the  reversible hydrogen electrode 
(RHE).

Koutecky–Levich (K–L) equations (1–3) were 
used for calculation of the electron transfer num-
bers per oxygen molecule (n) in ORR:

j–1 = jk
–1 + jd

–1, (1)

jd = 0.62nFD2/3 Co2ν
–1/6 ω1/2, (2)

j–1 = jk
–1 + ω–1/2 × A. (3)

Here j, jk and jd are the measured current density, ki-
netic current density and the diffusion-limiting cur-
rent density (mA cm–2), respectively; n is the number 
of electrons transferred in the reaction; F is the Far-
aday constant (F = 96.485 C mol–1); D is the diffu-
sion coefficient of the reactant (1.9 × 10–5 cm2 s–1); 
Co2 is the concentration of the reactant in the bulk 
electrolyte (1.2 × 10–3 mol L–1); ν is the kinetic vis-
cosity of the electrolyte (1.13 × 10–2 cm2 s–1); ω is 
the rotation rate; A is the slope of the linear plot of 
j−1 versus ω−1/2 (K–L plot) [34].

All measurements were carried out at 25°C 
temperature. All solutions were dearated with Ar 
before each measurement, except ORR measure-
ments. The presented current densities are normal-
ized with respect to the geometric area of the work-
ing electrode.

RESULTS AND DISCUSSION

Figure 1 presents the XRD profiles of the Au/C (pat-
tern a) and AuCeO2/C (pattern b) catalysts. As evi-
dent, the  XRD pattern of the  Au/C catalyst shows 
diffraction peaks at 2θ  =  38.18, 44.39 and 64.58° 
which were assigned to the (111), (200), and (220) 
crystallographic planes of cubic Au phase (ICDD # 
00-004-0784). The received Au diffraction peaks are 
rather broad, which indicates that the Au crystallites 
are quite small with an average size of 9.8 ± 0.5 nm 
(Fig. 1, pattern a). In the case of AuCeO2/C (Fig. 1, 
pattern b), the obtained diffraction peaks were as-
signed to the same crystallographic planes of cubic 
Au phase at the same 2θ values. The characteristic 
diffraction peaks obtained at 2θ = 28.58, 33.12, 47.54 
and 56.41° were assigned to the (111), (200), (220) 
and (311) crystallographic planes of cubic CeO2 
phase (ICDD  #  00-034-0394) (Fig.  1, pattern  b). 
The Au and CeO2 crystallites ca. 4.5 ± 0.4 nm and 
ca. 16.2 ± 0.6 nm in size, respectively, were estimated 
in the AuCeO2/C catalyst. The theoretical cubic Au 
lattice constant A is 4.0786 Å, while that of CeO2 is 
5.4113 Å. For both Au/C and AuCeO2/C catalysts, 
no changes in the  lattice parameters for Au and 
CeO2 were observed. Therefore, it can be assumed 
that solid solutions did not form in the synthesized 
AuCeO2/C catalyst. However, the size of Au crystal-
lites in the  AuCeO2/C catalyst was approximately 
2-fold smaller than those in the pure Au/C catalyst.

X-ray photoelectron spectroscopy was used for 
the  determination of surface elemental composi-
tion and chemical state of the  prepared catalysts. 

Fig. 1. XRD patterns of the Au/C (a) and AuCeO2/C (b) catalysts
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The XPS spectra of the Au 4f, O 1s, Ce 3d and C 1s 
regions for AuCeO2/C and Au/C are given in Fig. 2. 
The  binding energy values (BEs) of spin-orbital 
splitting peaks are listed in Table 1. The Au4f XPS 
spectra of the Au/C and AuCeO2/C catalysts showed 
doublets assigned to the 4f7/2 and 4f5/2 phases for me-
tallic Au with binding energy differences of 4.03 and 
3.6 eV, respectively (Fig. 2a) [35, 36]. For the O 1s 
XPS spectra, the BE peak at 532.22 eV was attrib-

uted to the presence of the surface of adsorbed O2, 
H2O or CO2 for both Au/C and AuCeO2/C catalysts 
(Fig. 2b) [37]. The BE peak at 529.62 eV in the O 1s 
spectrum for the AuCeO2/C catalyst was assigned to 
lattice oxygen species (Fig. 2b, a dashed line) [37]. 
The Ce 3d spin-orbital splitting peaks were attrib-
uted to the 3d5/2 and 3d3/2 transitions of Ce, which 
correspond to Ce4+ (Fig. 2c, Table 1) [38, 39]. Fig-
ure 2 d shows XPS spectra of the C 1s region with 

Fig. 2. XPS spectra of the Au 4f (a), O 1s (b), Ce 3d (c) and C 1s (d) regions for the Au/C (a solid line) and 
AuCeO2/C (a dashed line) catalysts

Table  1 .  XPS analysis of the elemental composition of catalysts

Sample
Au 4f Ce 3d O 1s C 1s

Eb, eV at.% Eb, eV at.% Eb, eV at.% Eb, eV at.%
AuCeO2/C 87.36 0.60 916.40 9.96 532.22 27.38 284.49 62.06
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a spin-orbital splitting peak at 284.49 eV, which is 
assigned to carbon [40, 41].

In order to evaluate the size and shape of AuNPs 
in the  prepared catalysts, TEM analysis was car-
ried out (Fig.  3). It is clearly seen that spherical 
AuNPs were deposited on the surfaces of CeO2/C 
(Fig. 3a) and carbon (Fig. 3b). The size of AuNPs is 
ca. 40–50 nm in both prepared catalysts. SEM im-
ages of the AuCeO2/C and Au/C catalysts (Fig. 4) 
confirmed the data obtained by the TEM analysis. 
It is evident that spherical AuNPs of ca. 50 nm in 
size were deposited on the CeO2/C (Fig. 4a) and 
carbon (Fig. 4b) substrates.

Electrochemically active surface area val-
ues of AuNPs in the  AuCeO2/C and Au/C cata-
lysts were determined from CVs recorded in 
a 0.5 M H2SO4 solution (Fig. 5) and by integrating 
the area of the peak associated with the reduction 
of AuO at about 1.0  V with a  charge density of 
400 μC cm–2 [42]. The summarized data are pre-
sented in Table 2. The Au loading in the prepared 
catalysts determined by ICP-OES are also listed in 
Table 2.

Fig. 3. TEM images of the AuCeO2/C (a) and Au/C (b) catalysts

Fig. 4. SEM images of the AuCeO2/C (a) and Au/C (b) catalysts

AuCeO2/C

Au/C

I,
m

A

–0.02

0.00

0.02

0.04

E, V vs Ag/AgCl

0.0 0.4 0.8 1.2

Fig. 5. CVs of AuCeO2/C (a solid line) and Au/C (a dashed line) recorded 
in a 0.5 M H2SO4 solution at 50 mV s–1

The electrocatalytic activity of the  AuCeO2/C 
and Au/C catalysts were examined for the oxida-
tion of EG in an alkaline medium by cyclic vol-
tammetry. Long-term CVs for the  investigated 
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Fig. 6. CVs of the Au/C (a) and AuCeO2/C (b) catalysts recorded in a 1 M 
(CH2OH)2 + 0.5 M NaOH solution at 50 mV s–1; 25°C. (c) Stabilized posi-
tive potential-going scans of the same catalysts at the same conditions

catalysts recorded in a  1 M (CH2OH)2  +  0.5  M 
NaOH solution at a  sweep rate of 50  mV  s–1 are 
shown in Fig. 6. As evidence, two anodic current 
peaks I and II in the  forward and reverse scans, 

respectively, were recorded at both AuCeO2/C and 
Au/C catalysts (Fig. 6a, b). These anodic peaks are 
related to the oxidation reaction of hydrocarbons 
in the  forward scan and with incompletely oxi-
dized carbonaceous residues on the  catalyst sur-
face during the reverse scan [43]. The maximum 
current density of anodic peaks I was reached at 
ca. 0.5  V at both AuCeO2/C and Au/C catalysts, 
whereas anodic peaks II appear at ca. 0.25  V in 
the  reverse scan (Fig.  6a, b). It should be noted 
that during long-term scanning, EG oxidation 
current density values corresponded to the  peak 
I on both catalysts increase, indicating a high ac-
tivity and stability of catalysts.

Particular current density values of the  an-
odic peaks of forward (jF) and reverse (jR) scans 
are given in Table  2. The  ratio (jF/jR) of forward 
anodic peak current density to the reverse anodic 
peak expresses an index of the catalysts tolerance 
to the poisoning species accumulated on the sur-
face of the  electrode. For AuCeO2/C and Au/C 
jF/jR ratios were calculated and they are equal to 
3.42 and 2.13, respectively. Higher jF/jR ratio in-
dicates a more efficient oxidation of EG with a lit-
tle accumulation of carbonaceous residues during 
the  forward scan [43, 44]. According to the  jF/jR 
data, the  CeO2 supported AuNPs catalyst shows 
its better tolerance to the  poisoning of carbona-
ceous residues as compared with that of the car-
bon supported AuNPs catalyst.

The stabilized positive potential-going scans 
(10th cycle of scan) of AuCeO2/C and Au/C are 
presented in Fig.  6c. It was found that the  onset 
potential for the oxidation of EG on the AuCeO2/C 
catalyst starts at ca. –0.2  V. Moreover, this value 
is more negative compared to that of the  Au/C 
catalyst, which is ca. –0.1  V. EG oxidation cur-
rent density that corresponds to the peak I is 2.5 
times higher at the AuCeO2/C catalyst, compared 
with that for the bare Au/C catalyst. These results 
greatly highlighted the enhanced catalytic activity 
and better stability of the  AuCeO2/C catalyst, 
which may be attributed to the  synergistic cata-
lytic effects of AuNPs and CeO2.

Figure  7 illustrates the  EG oxidation current 
densities, which were normalized by the electro-
chemically active surface areas of AuNPs in the cat-
alysts and the Au loading for each catalyst. The val-
ues obtained represent the  mass (mA  mgAu

–1) 
(Fig. 7a) and specific (mA cm–2) (Fig. 7b) activities 
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Table  2 .  Electrochemical parameters of the Au/C and AuCeO2/C catalysts

Catalyst ESA, cm–2 Au loading, µg cm–2 jF, mA cm–2 jR, mA cm–2

Au/C 0.018 56.00 13.81 6.47
AuCeO2/C 0.006 81.00 34.99 10.24
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Fig. 7. Comparison of the mass (a) and specific (b) activities towards 
the oxidation of EG under peaks I for AuCeO2/C and Au/C recorded in 
1 M (CH2OH)2 + 0.5 M NaOH at 50 mV s–1

of the  AuCeO2/C and Au/C catalysts towards EG 
oxidation. The mass and specific activities for EG 
oxidation were ca. 2 and 8 times higher, respective-
ly, at the AuCeO2/C catalyst compared with those 
for the Au/C catalyst (Fig. 7a, b).

The  electrochemical stability of as-prepared 
catalysts for the oxidation of EG was investigated 
using CA (Fig. 8). The potential was firstly held at 
open circuit for 10 s, then set to 0.5 V for 1900 s 

in a  1  M (CH2OH)2  +  0.5  M NaOH solution at 
25°C. As seen in Fig. 8a, a current density decay 
was observed at first 5 min. Then it gradually sta-
bilizes and reaches the current density values ca. 5 
and 13 mA cm–2 for Au/C and AuCeO2/C, respec-
tively. As evident, the  AuCeO2/C catalyst shows 
a higher current density at the end of experiment 
as compared to that at Au/C (Fig. 8a). The mass 
and specific activity values were calculated from 
the current densities obtained at the end of the ex-
perimental period (t  =  1900  s) and are given in 
Fig. 8b and c. It is evident that mass (Fig. 8b) and 
specific (Fig. 8c) activity values of the AuCeO2/C 
catalyst are ca. 2 and 8 times higher as compared 
to those for Au/C, respectively. These data con-
firm the results obtained by CV.

The as-prepared Au/C and AuCeO2/C catalysts 
were also investigated towards the oxygen reduc-
tion reaction. Figures 9a and b show the ORR po-
larization curves recorded on the investigated cat-
alysts in the O2-saturated 0.1 M NaOH solution. 
The  electrode potential was scanned in the  ca-
thodic direction from 1.0 to 0.2 V at a scan rate of 
5 mV s−1. The rotation speed was varied from 400 
to 2000 rpm (Fig. 9a, b). From the data obtained, 
it is seen that AuCeO2/C and Au/C demonstrate 
a typical view of ORR curves with the onset poten-
tial of ca. 0.80 V. According to the literature data, 
at potential values between 0.7 and 0.9 V (vs RHE) 
the ORR response is dominated by the kinetics of 
electrocatalysts [45]. The  Koutecky–Levich plots 
were obtained from the RDE data on oxygen re-
duction at potentials from 0.2 up to 0.5 V for both 
catalysts and are shown in Fig. 9c and d. In gen-
eral, the K–L curves display a  linear relationship 
between j–1 and w–1/2 indicating the first-order de-
pendence of the ORR kinetics at different poten-
tials (0.2–0.5 V). According to the K–L equations 
(1–3), the  calculated number of electrons trans-
ferred (n) on both Au/C and AuCeO2/C catalysts 
was obtained ca. 2.5 (Fig. 9c, d, the  insets). This 
indicates that the both AuCeO2/C and Au/C cata-
lysts favour a  2-electron transfer reaction path 
and O2 is reduced to HO2

– and OH– [46, 47].
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Fig. 8. CA data for AuCeO2/C and Au/C studied in 1 M (CH2OH)2 + 0.5 M 
NaOH at 0.5 V vs Ag/AgCl for 1900 s. Bar columns of EG oxidation cur-
rent densities obtained at the  end of experimental period and nor-
malized by the  Au loading (b) and electrochemically active surface 
areas of AuNPs (c) for each catalyst
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Figure  10a compares the  LSV scans of 
AuCeO2/C, Au/C and the commercial Pt/C cata-
lyst that has the  Pt loading of 0.071  mg  Pt  cm–2 
at a rotation speed of 1600 rpm. The determined 
onset potential for Pt/C was equal to 0.95  V. It 
is clearly seen that the  AuCeO2/C onset poten-
tial should be more positive compared to that of 
the Pt/C catalyst. Nevertheless, LSVs display that 
AuCeO2/C demonstrated higher current density 
in the mixed-kinetic-diffusion region as compared 
with that at the Au/C catalyst. It can be assumed 
that the  CeO2 supported AuNPs catalyst shows 
an enhanced electrocatalytic activity towards 
the oxygen reduction reaction. The ORR current 
densities were also normalized by the  electro-
chemically active surface areas of AuNPs and Au 
loadings for both catalysts at a potential value of 
0.75 V at a rotation speed of 1600 rpm (Fig. 10b). 
As seen from the  data obtained, the  mass and 
specific activity is 1.5 and 6 times higher, re-
spectively, at the  AuCeO2/C catalyst compared 
with that at Au/C (Fig.  10b). The  data received 
confirms the  synergetic action between present 
metal and metal oxide in the  catalyst composi-
tion. Although the  mixed-kinetic-diffusion cur-
rent densities are not low, the  onset potential 
should be at least of 0.1 V more positive for the ef-
ficient oxygen reduction reaction. The  durability 
of the  prepared Au/C and AuCeO2/C catalysts 
was evaluated by CA measurements at a potential 
value of 0.5  V (vs RHE) for 1900s (Fig.  10c). It 
is seen that after approximately 200 s the current 
density settled down and only slightly increased 
with time. Figure  10c’ presents the  normalized 
ORR current densities (%) for each catalyst af-
ter 200  s. It is seen that the  Au/C, AuCeO2/C 
and commercial Pt/C catalysts maintained 82.2, 
78.5 and 80.1%, respectively, of their initial sig-
nals. This manifests that the as-synthesized cata-
lysts demonstrated a similar stability to commer-
cial Pt/C during the  ORR process in an alkaline 
medium.

We compared the  electrocatalytic activity to-
wards the oxidation of EG and ORR of our pre-
pared catalysts with other Au or CeO2 supported 
catalysts recently reported in the  literature (Ta-
ble  3). From the  data in Table  3, it is seen that 
the as-prepared AuCeO2/C catalyst exhibits high-
er electrocatalytic activity towards the  ethylene 
glycol oxidation reaction.
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Fig. 10. (a) Comparison of LSVs of the Au/C, AuCeO2/C and commercial Pt/C catalysts recorded 
in an O2-saturated 0.1 M NaOH solution at 1600 rpm. (b) Bar columns of the ORR mass and 
specific activities for Au/C and AuCeO2/C calculated from LSVs at 0.75 V. (c) CA data of Au/C, 
AuCeO2/C and Pt/C recorded in a O2-saturated 0.1 M NaOH solution at 0.5 V vs RHE. Inset c’ 
represents chronoamperometric responses (percentage of current density retained vs opera-
tion time) of all the catalysts

Fig. 9. LSVs of the Au/C (a) and AuCeO2/C (b) catalysts recorded in an O2-saturated 0.1 M NaOH 
solution at 5 mV s–1 and varying the rotation speed from 0 to 2000 rpm. Koutecky–Levich plots 
of ORR collected for Au/C (c) and AuCeO2/C (d). The insets show the calculated electron trans-
ferred number for each catalyst
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CONCLUSIONS

In summary, AuCeO2/C and Au/C catalysts have 
been prepared by the  adsorption of AuNPs on 
the CeO2/C and pure C substrates from an Au col-
loidal solution. The  oxidation of ethylene glycol 
and the  reduction of oxygen have been investi-
gated in an alkaline medium.

The obtained results suggest that the AuCeO2/C 
catalyst showed ca. 3 times enhanced electro-
catalytic activity towards the  oxidation of ethyl-
ene glycol compared to that of Au/C. Moreover, 
AuCeO2/C showed a  more positive onset poten-
tial, as well as higher current density in the mixed-
kinetic-diffusion region towards ORR in an alka-
line medium compared to that at the  bare Au/C 
catalyst. The enhanced electrocatalytic activity of 
AuCeO2/C catalyst should be attributed to the syn-
ergistic catalytic effects of AuNPs and CeO2.
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AuCeO2/C ELEKTROKATALIZINIŲ SAVYBIŲ 
ĮTAKA ETILENGLIKOLIO OKSIDACIJOS IR 
DEGUONIES REDUKCIJOS REAKCIJOMS

S a n t r a u k a
Tirtas elektrokatalizinis AuCeO2/C ir Au/C katalizatorių 
aktyvumas etilenglikolio oksidacijos ir deguonies reduk-
cijos reakcijoms. Minėti katalizatoriai buvo gauti adsorb-
cijos būdu, nusodinant aukso nanodaleles (AuNPs) ant 
cerio (IV) oksido / anglies (CeO2/C) ir grynos anglies (C) 
pagrindų iš koloidinio aukso tirpalo. Ant abiejų naudotų 
pagrindų nusodintos apie 50 nm dydžio AuNPs.

Nustatyta, kad AuCeO2/C katalizatorius pasižymi di-
desniu elektrokataliziniu aktyvumu tirtose etilenglikolio 
oksidacijos ir deguonies redukcijos reakcijose, palyginti 
su Au/C katalizatoriumi. Etilenglikolio oksidacijos metu 
AuCeO2/C katalizatorius rodė apie tris kartus didesnes 
srovės tankio vertes, palyginti su Au/C katalizatoriumi. 
Deguonies redukcija naudojant AuCeO2/C katalizatorių 
prasideda esant teigiamesnėms elektrodo potencialo ver-
tėms nei su Au/C katalizatoriumi. Be to, išmatuotos ki-
netinės-difuzinės srities srovės tankio vertės taip pat yra 
didesnės naudojant pastarąjį elektrodą.

AuCeO2/C katalizatoriaus aktyvumas siejamas su 
sinergetine sąveika tarp Au nanodalelių ir CeO2. Gau-
ti rezultatai leidžia manyti, kad šiomis sąlygomis gautas 
AuCeO2/C katalizatorius yra tinkamesnis atliekant etilen-
glikolio oksidacijos tyrimus.
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