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Abstract: This study focuses on synthesizing ultrafine platinum nanoparticles (Pt/C-E) by irradiating
a mixture of C, and K,[PtCl,] with ethylene glycol (EG) as the reducing agent. The process utilizes
near-ultraviolet (UV) light at a wavelength of 395 nm, along with visible light at 450 and 650 nm. The
composition and morphology of the Pt/C,, catalyst were investigated using characterization techniques
including X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FT-IR), X-ray photoelec-
tron spectroscopy (XPS), and high-resolution transmission electron microscopy (HR-TEM). The results
revealed a well-dispersed distribution of Pt nanoparticles on the C,, surface, with an average particle
size of about 2.6 nm. In the catalytic reduction experiments of p-NP, the Pt/C,-E3 catalyst, prepared
under near-ultraviolet irradiation (395 nm), exhibited superior catalytic activity, with a rate constant (k)
of 0.12 min™'. Furthermore, in the catalyst cycling experiments, the catalysts remained highly active
even after multiple cycles, demonstrating the effectiveness of the photochemical method in synthesizing
precursor Pt catalysts.
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The versatile optical, electrical, and electronic
properties of metallic nanoparticles have led to their
widespread applications in the fields of sensing,
biomedicine, electronics, imaging, and particularly in
catalysis in recent years (Chang et al., 2014). The
catalytic efficiency of nanomaterials is primarily con-
trolled by factors such as size, shape, concentration,
and temperature (Song , 2022). Among these factors,
the size of metal particles plays a crucial role in regu-
lating the catalytic activity of loaded nanocatalysts.

Noble metal nanocatalysts are usually loaded with
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nanoscale or sub-nanoscale metal particles onto
carrier materials that possess a high specific surface
area, which improves catalytic activity.

As a precious metal, Pt is widely used as an
efficient catalyst for chemical reactions, but its high
price and scarce reserves have limited industrial
development. An effective solution to this challenge
is to research and develop high-performance and low-
cost Pt nanocatalysts (Mao et al., 2016). Generally,
the catalytic activity of Pt nanoparticles (NPs)

increases with smaller size and a higher number of
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surface atoms. However, the high surface energy of
small-sized Pt nanoparticles tends to cause agglomera-
tion, which can lead to decreased catalytic activity.
Therefore, to prevent Pt agglomeration, strategies such
as using surface-bound ligands, creating core-shell or
alloy nanostructures, and using chemical deposition
have been implemented. These approaches stabilize
noble metal nanoparticles, leading to highly dispersed
and stable catalysts (Xiang et al., 2011; Guo et al.,
2012; Xie et al., 2012; Din et al., 2020; Zhao et al. ,
2020; Gan et al., 2021; Ortiz-Herrera et al., 2022;
Zhang et al. , 2023a).

Among various carriers, carbon-based materials
are particularly effective in enhancing the dispersion
and activity of catalysts. These include activated car-
bon, porous carbon, carbon nanotubes, and fullerenes
(Shi et al. , 2019; Zhou et al. , 2020; Yoo et al. , 2022;
Sun et al., 2022; Li et al., 2023; Yang et al. , 2023).
In particular, C,, has been used as a new type of cata-
lyst carrier due to its unique properties, including
large specific surface area, porosity, corrosion resis-
tance, high electronic and thermal conductivity,
special mechanical properties, and high -electro-
chemical stability (Lee et al., 2009). The results
showed that the addition of C, had a significant effect
on the final morphology of the nanoparticles, leading
to more uniform dispersion as the C, content
increased (Bhardwaj et al. , 2017).

Conventionally, Pt nanocatalysts have been
prepared using various methods, including chemical
reduction, impregnation, microwave-assisted, atomic
layer deposition, and photochemical reduction (Swain
et al., 2022). Among these methods, photochemical
reduction stands out as a simple, clean, and eco-
friendly approach. It initiates electron transitions in
metal ions through light irradiation, causing them to
react with reducing agents and form metal nanopar-
ticles. Additionally, this method allows indirect
control over the reduction kinetics of K,[PtCl,] by
adjusting the wavelength range, illumination duration,
and light intensity.

With the aid of light (such as visible and near-
ultraviolet light), the reduction of platinum ions can

be efficiently achieved using ethylene glycol (EG),

which contains multiple hydroxyl groups. The inter-
action between EG and the precursor facilitates better
control over the average particle size of the metal
nanoparticles (Jiang et al., 2005; Santiago et al.,
2007; de Bortoli et al., 2023). In this experiment,
Pt UPs loaded on C,, (Pt/Cy-E) were synthesized by
irradiating a mixed solution of C, and K,[PtCl,]
precursor with near-ultraviolet and two wavelengths
of visible light, using EG as the reducing agent. The
composition, content, and morphology of the Pt/C,
catalysts were investigated using XRD, FT-IR, XPS,
EDS, TEM, and HR-TEM techniques. Additionally,
the catalytic efficiency of Pt/C,, was evaluated

through the catalytic degradation of p-NP.

1 Experimental

1.1 Materials

Potassium chloroplatinate (K,[PtCl,], =98%) was
purchased from China Aladdin Biochemical Science
and Technology Co. ,Ltd. ; fullerene (Cy,, 99. 5%) was
purchased from Bailing Wei Science and Technology
Co. ,Ltd. ; concentrated nitric acid (HNO,) and con-
centrated sulfuric acid (H,SO,) were purchased from
Sichuan Xilong Chemical Co., Ltd.; p-nitrophenol
(p-NP, = 99%) was purchased from Tianjin Tianxin
Fine Chemical Development Center; sodium borohy-
dride (NaBH,) was purchased from Shanghai Zhongqin
Chemical Reagent Co., Ltd.; ethylene glycol (EG)
was purchased from Sinopharm Group Chemical
Reagent Co., Ltd. LED lamp (12 W, 6 500 K); UV
lamp (12 W, model E27). The solutions used in the
experimental process were prepared with Milli-Q
ultrapure water (18.2 M) +cm), and all the reagents
were analytically pure and could be used directly
without further purification.
1.2 Preparation of Pt/Cy-E
1.2.1 Weigh 0. 075 g of C,,

in a 250 mL conical flask, add 45 mL of concentrated

Pre-treatment of C,,

sulfuric acid, and ultrasonic under the condition of ice
water bath for 30 min to obtain the brown suspen-
sion. Subsequently, 15 mL of deionized water and 15
mL of concentrated sulfuric acid were added while
stirring, and the system was warmed up to 90 °C and

then refluxed in a water bath for 4 h to form a clear
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and transparent brown solution.

After the brown solution was cooled to room
temperature, 2 mol/L NaOH solution was added, and
the pH was adjusted to above 9. At this time, a large
amount of insoluble suspension appeared in the solu-
tion, which was left overnight to make the insoluble
material fully precipitated, and the precipitate was
separated by centrifugation and washed repeatedly
with methanol to pH=7, and the brown powder
product was obtained after drying.

1.2.2 Preparation of Pt/C,-E  Weigh 8 mg of
pretreated C,, add it to 30 mL of EG solution, and
sonicate for 30 min to form a C, suspension. Under
light-avoiding conditions, 30 mL of K, [PtCl,] solu-
tion (2 mmol/L) was added dropwise into the C,
suspension stirring while dropping. Subsequently, the
illuminated with blue-violet (LED
fluorescent lamp plus filter at 450 nm) light and

reaction was

magnetically stirred for 4 h. The suspension was
separated by centrifugation and washed several times
with deionized water, and the black solid particles
were collected after drying and labeled as Pt/Cy-E1.

Under the same conditions, the light condition
was changed to a red lamp (LED fluorescent lamp plus
a filter with a wavelength of 650 nm) for continuous
irradiation and magnetic stirring reaction for 4 h, and
the prepared sample was labeled Pt/C,-E2. The light
condition was changed to the near-ultraviolet lamp
(wavelength 395 nm) for continuous irradiation and
magnetic stirring reaction for 4 h, and the obtained
sample was labeled Pt/C,,-E3.
1.3 Characterization of Pt/Cy-E

FT-IR was performed on a Satellite 5 000 infrared
spectrometer with a wave number range of 4 000 ~
1 000 cm™. UV-Vis was performed on a UV-1200 UV
spectrophotometer. The elemental composition of the
samples was characterized on an XPS Kratos AXIS
Ultra DLD with an Al Ka lamp as the excitation
source and the Cls peak (at 284. 8 eV) was used as an
internal reference for the absolute binding energy of
the XPS peak. Finally, XPS Peak software is used for
spectral analysis and data processing. XRD patterns
of the samples were obtained using an ARL XTRA
X-ray diffractometer (Switzerland) with Cu Ka -rays

as the radiation source over an angular range of 10° ~
90° (26) at a rate of 2°/min and were analyzed by
XRD-MDI Jade 6. Transmission electron microscopy
(TEM, JEM 2100 Jeol (Japan) characterized the
catalysts' morphology and distribution. Before the
TEM test, the samples were mixed with ethanol and
then sonicated before being dropped on micro sand
and air-dried at room temperature. The samples' SEM
images and energy dispersive X-ray (EDS) spectra
were obtained by EVOI18 scanning electron micros-
copy.
1.4 Catalytic Performance Experiment

The catalytic performance of the prepared Pt/C,-E
catalysts was evaluated by catalytic reduction of
p-NP at room temperature in the presence of NaBH,
excess. First, 5 mL of a 0.2 mmol/L p-NP solution
was mixed with 5 mL of a freshly prepared 10 mmol/L
NaBH, solution. Subsequently, 2 mg of the catalyst
was added to this mixture. The supernatant was taken
every 2 min and the peak change of UV-Vis absorp-
tion spectrum at 275 ~ 500 nm was monitored. After
the reaction was completed, the sample was separated
via centrifugation, collecting the solid particles at the
bottom. These particles were washed several times
with deionized water, air-dried, and then subjected to

cyclic stability testing.
2 Results and discussion

2.1 XRD characterization

Fig. 1(a) and (b) show the XRD patterns of
Pt/C,-E1, Pt/C,-E2, and Pt/C,-E3. Both C,, and Pt
metal diffraction peaks appeared in the XRD pattern
of Pt/C,-E, indicating the successful preparation of
the Pt/C-E sample and the successful loading of the
carrier with Pt’ metal. Fig. 1(b) Diffraction peaks at
260 of 10. 8°, 17. 7°, and 20. 8° can be attributed to the
(002), (101), and (102) facets in C, (Tol et al. , 2005);
five peaks at 39. 8°, 46. 3°, 66. 8°, 81. 9°, and 86. 1°
are the characteristic peaks of the face-centered-cubic
(fcc) crystals Pt, which are distributed at (111), (200),
(220), (311) and (222) facets (Tuo et al., 2018).
Compared to Pt/Cy-1 (Xian et al., 2022), the Pt
characteristic peaks are significantly higher, and the
sharp diffraction peaks in the XRD pattern of Pt/C-E3
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(a) XRD patterns of Pt/C-E1, Pt/Cg-E2
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indicate that the generated platinum metal has good
crystallinity and the Pt Ups loaded on the surface of
the carriers are present in smaller sizes (Shi et al.,
2016; Liet al. , 2017).

The average grain size of Pt in Pt/C-E was
calculated using the following Scherrer equationl
(Xue et al. , 2019)

D = kA/(Bcos 0) , (1)

D: average crystal size, k: Scherrer's constant
(0. 89), A: X-ray wavelength (0. 154 06 nm), £: half-
peak width in radians, 6: diffraction angle. The
average particle sizes of Pt/Cy-El, Pt/Cy-E2, and
Pt/C-E3 were deduced from the half peak width of
the Bragg peak to be 3. 1, 3. 48, and 2. 5 nm, respec-
tively, and the size of the Pt/Cy-E3 sample was
smaller than that of the other two samples, which
indicates that near-ultraviolet light is more suitable
for the preparation of ultrathin platinum nanoparticles
than the other two kinds of light in the experimental
conditions.

2.2 TEM characterization

Fig. 2 shows the transmission electron micros-
copy (TEM) image and the histogram of the grain size
distribution of Pt/Cy-E3, which can clearly and intui-

es of P/C-E3

0.23 nm

(b) XRD patterns of Pt/Cq,-E3
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tively observe the microscopic morphology and distri-
bution of Pt UPs. Fig. 2(a) HR-TEM results show
that the grain spacing is 0. 23 nm, which is related to
the (111) plane of Pt. This result is in agreement with
the above XRD results and was able to confirm the
presence of Pt nanoparticles on the carrier surface
(Cho et al. , 2008). From Fig. 2(b), it can be seen that
the Pt/C-E3 catalysts all exhibit a low degree of
agglomeration, and the slight agglomeration may be
attributed to the occurrence of platinum autocatalytic
reaction around the platinum grains, which results in
the formation of an inhomogeneous morphology of
the surface distribution. By measuring the particle
size of more than 200 particles in Fig. 2(c), the average
particle size of the nanoparticles was calculated to be
(2. 6+0. 1) nm, and the particle sizes obtained by
TEM were slightly larger than the values of the grain
sizes obtained by XRD. Since XRD only measures
grain size, the discrepancy could be caused by a slight
agglomeration of the Pt UPs, which is reflected by the
TEM grain size. However, the values obtained by the
two algorithms show similar results and agree with
each other to a large extent. These results clearly

show that the Pt Ups are uniformly distributed on Cq,,

(d) Histogram of the particle size
distribution of PUC-E3

0
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45
Diameter/nm

Fig.2 TEM images and histogram of the particle size distribution of Pt/C-E3
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with a notably small size. Under experimental condi-
tions using near-UV and visible light as sources, the
K,[PtCl,] precursor solution changed from orange to
black after 4 hours of irradiation. This color change
indicated the reduction of [PtCL]* in the aqueous EG
solution and the formation of black Pt metal in the
presence of light (Xian et al. , 2022).

In analyzing the mechanisms behind Pt nanopar-
ticles' formation, it's noted that C,, being
semiconductor-like, can facilitate the diffusion of
photogenerated electrons on its surface. This sug-
gests the presence of photogenerated electron-reduced
platinum complexes in the system. Alcohol reduction
is also a factor, attributed to the presence of EG in the
reaction solution. Under light exposure, Pt complexes
are first excited. These excited complexes then

react with alcohol molecules to form free radical

(a) SEM image of PVC-E3

2

(b) Face-scan EDS images of elements C

complexes, which are reduced to
elemental platinum Pt’ (Ma et al. , 2013).
2.3 SEM and EDS characterization

Elemental measurements were carried out to

subsequently

investigate the presence and distribution of Pt, O, and
C in the Pt/C(-E3 composite. Fig. 3(a) shows the
SEM image of Pt/C,-E3, and Fig. 3(b-d) shows
the elemental C, O, and Pt face-scan EDS maps of
Pt/C,-E3. It can be seen that elements C (Fig. 3(b))
and Pt (Fig. 3(d)) are well distributed on the surface
of the composite material, indicating the existence of
Pt UPs on the surface of C,, and the successful
preparation of Pt/C-E3 composite material. The Pt
content is 40. 6% (wt), which is higher than that of
Pt/Cy-1 (Xian et al., 2022), indicating that more

platinum was reduced in the presence of EG.

(c) Face-scan EDS images of elements O (d) Face-scan EDS images of elements Pt

Fig.3 SEM image and face-scan EDS images of elements of Pt/C,-E3

2.4 FT-IR characterization

Fig. 4 shows the FT-IR spectra of purified C,
and Pt/C,-El, Pt/C,-E2, and Pt/C,-E3. The IR
absorption peaks at 3 439 and 3 448 cm™ correspond
to the —OH stretching vibration in the interlayer
water molecules (Zhu et al., 2008). The peaks at
2 918 cm™, as well as 2 920 cm™', are C-H stretching
vibrations. The peak at 2 356 cm™ is a characteristic
CO, peak, which may be formed due to the adsorption
of CO, molecules by the material during the testing
process (Fang et al., 2006). The absorption peaks at
1627and 1626 cm™, aswellasat1 108 and 1 103 cm™,
correspond to the telescopic vibrations of the C—O
groups in carboxyl and the C—O groups. In addition,
the peaks at 1 366, and 1 375 cm™ are due to the
torsional vibration of the O—H bond (Subhan et al. ,
2021). These results indicate that the obtained C,,
was modified by oxygen-containing groups such
as —OH and C—0O through acid oxidation. Further-

more, the synthesis techniques, such as ultrasound
used in producing Pt/C-E3, did not alter the original
structure of the C, carrier. It can be seen from Figure
4 that Pt/C,-E3 has a small shift compared to the
peak position of C,, which may be caused by the
interaction of Pt ions with functional groups on C,.
2.5 XPS characterization

To further confirm the formation of Pt/C-E3, its
chemical composition and valence state were investi-
gated using XPS spectroscopy. Fig. 5(a) shows the
complete XPS spectrum of Pt/C,-E3. The binding
energy peaks at 284. 8, 531.2, and 71.2 eV are the
chemical binding energies of Cls, Ols, Pt4d, and Pt4f
states, respectively (Zhao et al., 2005), revealing the
presence of C, O, and Pt elements. The Cls XPS
spectrum of Cg, is shown in Fig. 5(b), and the peaks
of the fitted curves are 284. 8, 286. 6, and 288. 5 ¢V,
respectively. These peaks correspond to the func-

tional groups C—C, C—O0, and C—0. As mentioned
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Fig.4 FT-IR spectra of C, and
Pt/Cg-E1, Pt/C-E2 and Pt/C-E3

above, the oxygen-containing functional

groups
bound on the surface of carbon carriers play an impor-
tant role in the deposition of Pt, which may be the
nucleation site of Pt Ups (Nie et al. , 2012).

Fig. 5(c) represents the binding energy spectra of
the Pt 4f region of the studied Pt/Cy-E3 catalysts,
with spin-orbit splitting of Pt 4f,, and 4f;, at binding
energies of 71.0 and 74.4 eV, respectively. The
bimodal can be decomposed into three components:
Pt’ in the metallic state, and Pt** and Pt* in their
respective oxidized states. The fitted peaks of Pt in
the Pt/C,-E3 catalyst at 71.3 and 74.5 eV corre-
spond to the characteristic peaks of Pt’ 4f;, and Pt’
4f.,, at 72. 6 and 75. 6 eV correspond to the charac-
teristic peaks of Pt 4f;, and Pt 4f,,,, and at 75. 0 and
78. 1 eV correspond to the characteristic peaks of Pt*
4f., and Pt" 4f,, characteristic peaks (An et al.,
2002). From the figure, it can be seen that the inten-
sity of the XPS characteristic peak corresponding to
Pt° is higher, indicating that EG enhances the conver-
sion of Pt™ and Pt*" to Pt°. This observation aligns
with the findings from the XRD analysis. In addition,
a small portion of Pt still exists as PtO or Pt(OH),,
and a small portion of Pt is oxidized to Pt* by air
and exists as PtO, (Kertalli et al. , 2017; Ismail et al. ,
2021).

2.6 Catalyzing the degradation of p-NP
2.6.1

performance

Effect of different wavelengths on catalyst
The catalytic degradation of p-NP to
p-AP was monitored by UV-Vis spectrophotometry,

(a) Full XPS spectrum of Pt/C-E3

Pt4f

Pt4d
Ols Cls

Intensity/a.u.

700 600 500 400 300 200 100 0
Binding energy/eV

(b) XPS spectrum of Pt/C -E3 Cls
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’ I
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2 I
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Binding energy/eV

(c) XPS spectrum of Pt/C, -E3 Pt 4f

Pt
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82 80 78 76 74 7270 68 66
Binding energy/eV

Fig. 5 XPS spectrum of Pt/C-E3

and the UV spectral range was maintained at 275 ~
400 nm. In the aqueous phase, p-NP is light yellow,
displaying a strong absorption peak at 317 nm in the
UV-Vis spectrum. Upon the addition of NaBH,, the
solution turns bright yellow, and the peak shifts
from 317 to 400 nm, indicative of the formation of the
p-nitrophenolate anion (Dai et al. , 2016). Upon addi-
tion of Pt/C,, UPs to the p-NP reaction solution,
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Pt/C4-E3 reduced the p-NP dye to p-AP within
18 min, with a rapid decrease in the absorption spec-
trum at 400 nm (shown in Fig. 6a). The spectra of
the catalytic degradation of p-NP by Pt/Cy-E1 and
Pt/C,,-E2 are shown in Fig. 6(c,d). During the conver-
sion of p-NP to p-AP, Pt UPs facilitate the rapid transfer
of electrons from the nucleophilic BH,™ to the electro-
philic p-NP molecules (Bathula et al. , 2020; Zhang et
al., 2023b). To understand the reaction kinetics of
catalytic reduction of p-NP, the catalytic reaction rate

was quantitatively analyzed. The absorbance ratio of

(a) UV-Vis spectra of Pt/C -E3 catalyzed
degradation of p-NP

0 min

1.8 1 7N

/

Absorbance

Wavelengh/nm

(c) UV-Vis spectra of Pt/C -E1 catalyzed
degradation of p-NP

0 min

1.8 1
1.6 1
1.4 1
1.2 1
1.0 1
0.8 1
0.6 1
0.4 1
021

8 min

Absorbance

0.0 T T T T T T T T
275 300 325 350 375 400 425 450 475 500
Wavelengh/nm

A/A, and the reaction time (¢) were plotted on a nega-
tive logarithmic scale, and linear fitting was applied
to the relevant data in Fig. 6(a). The pseudo-first-
order kinetic diagrams calculated by the rate constants
of Pt/C,-E1, Pt/C,-E2, and Pt/C,,-E3 obtained from the
rate equation In(4/4,) = -kt are shown in Fig. 6(b).
The k-value of Pt/C,-E3 was 0. 12 min™', whereas the
k-values of Pt/C,-E1 and Pt/C,-E2 were 0. 10 and
0. 08 min™, respectively. These results indicate that
Pt/C,,-E3 is more active and faster than Pt/C,-E1 and
Pt/C,,-E2 in p-NP catalytic reduction in water.

(b) Curves of -In(4,/4,) versus time for
catalyzed p-NP reduction
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(d) UV-Vis spectra of Pt/C-E2 catalyzed
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Fig. 6 Degradation and reduction of p-NP

In the precursor K,[PtCl,] solution, the hydrolysis
products of [PtCl,]* and the hydrolysis rate affect the
dynamic nucleation and growth of metal atoms,
which in turn affect the distribution and morphology
of metal nanoparticles. Different wavelengths of light
irradiation can influence the rate of hydrolysis and
the distribution of its products. Generally, shorter
wavelengths result in faster hydrolysis rates (Liu et

al., 2016; Xian et al., 2021). Therefore, it can be

concluded that when using EG as a reducing agent,
near-UV irradiation accelerates the hydrolysis rate of
K,[PtCl,]. This results in a more favorable formation
of Pt’, leading to an increased reaction rate. The k
values of Pt/C-E3, as demonstrated in this experi-
ment, were compared with various other catalysts
documented in the literature, as shown in Table 1.
These comparisons show that the Pt/C-E3 prepared in

this experiment has good catalytic reduction activity.
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Table 1 The magnitude of k values of different catalysts for catalytic p-NP reduction at room temperature
Catalyst Catalyst addition /mg Concentration of p-NP /(mol*L™")  k/min”' References
Pt/C,-E3 2.0 2.0x10™ 0.12 This work
Au 6.0 1.0x10™ 0.02 Panigrahi et al. ,2007
RGO-Ni,,Co,; 6.0 5.0x107 0. 093 Baietal. ,2012
Ag NPs 2.0 3.0x10™ 0. 003 Lietal. ,2015
Hydrazine-free copper anowires 0.02 2.0x10™ 0.075 Ranjana et al. , 2023

2.6.2 Measurement of cyclic stability Catalytic
stability is an important characteristic of nanocata-
lysts for practical applications. To assess the catalytic
stability of Pt/Cy, nanocatalysts, the representative
Pt/C,,-E3 nanocatalyst was chosen for multiple cycle
tests in the reduction of p-NP by NaBH,. Fig. 7
shows that the conversion rate marginally decreases
with each additional cycle. The observed decrease in
catalyst performance may be attributed to two factors:
the agglomeration of Pt nanoparticles during cycling
experiments (Zhou et al., 2023), and potential loss
of the catalyst due to the inefficient recovery of
small-sized Pt nanoparticles during centrifugation.
The conversion of the original catalyst was still
maintained at 86% in the 7th cycle, and the results
confirmed the high catalytic stability of the prepared
Pt/C4-E3 nanocatalysts.

3 Conclusions

In this experiment, uniformly dispersed platinum
nanocatalysts (Pt/C,-E) were synthesized on C,
using a photochemically assisted ethylene glycol
(EG) reduction method. The elemental composition
and morphology of the Pt/C-E3 sample were
analyzed using various techniques, including XRD,
FT-IR, XPS, EDS, SEM, and TEM tests. The results
showed that the Pt UPs were uniformly distributed on

the C,, surface, with the Pt/Cy-E3 catalysts having an
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