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CO oxidation is an important reaction both experimentally and industrially, and its performance is usually dominated by

the surface charge state. For example, CO oxidation on platinum (Pt) surface requires a proper charge state for the balance

of adsorption and activation of CO and O,. Here, we present a “Mott-Schottky modulated catalysis” on Pt nanoparticles

(NPs) via an electron-donating carbon nitride (CN) support with a tunable Fermi level. We demonstrate that

properly-charged Pt presents an excellent catalytic CO oxidation activity, with an initial conversion temperature as low as

25 °C and a total CO conversion below 85 °C. The tunable electronic structure of Pt NPs, which is regulated by the Fermi

level of CN, is a key factor in dominating the catalytic performance. This “Mott-Schottky modulated catalysis” concept

may be extended to maneuver the charge state on other metal catalysts for targeted catalytic reactions.

Introduction

Low-temperature CO oxidation has attracted increasing
attention in the past few years, not only because it is an
important probe reaction for the fundamental understanding
of the catalyst surface properties and reaction mechanism, but
also attributes to its practical applications in emission control
and purifying of hydrogen in fuel cells 6. The low-temperature
CO oxidation is especially imperative when it comes to the
improvement of heat future advanced
combustion engines, which requires a total CO conversion
under 100 °C 7. To this end, the supported metal-based
catalysts have been extensively investigated with the Pt-group
metals being spotlighted °12. On Pt surfaces, CO oxidation is
primarily governed by the adsorption and activation of CO and

efficiency for

0,. For example, the supported Pt catalysts with inert supports
(SiO,, C, Al,0s, etc.) adsorb CO strongly, thus blocking the
dissociative adsorption of O,; consequently, the oxidation
reaction has to take place above the desorption temperature
of CO, and the total conversion temperature is usually higher
than 150 °C 13. This “CO poisoning” is ubiquitous on Pt-group
metal surfaces in a broad range of catalytic reactions!4-16,
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To improve Pt catalysis for CO oxidation at low temperature,
necessary strategies should be adopted to weaken the CO
adsorption and enhance O, adsorption 17 18, Recently, several
groups, including ours, have demonstrated that by employing
either an electron—-donating support, such as hexagonal boron
nitride 1° or electron-donating adjacent components2% 21, such
as organic ligands 2224 or multi-metallic nanoparticles (NPs) 2>
27 the Pt surface would be negatively charged. Once the Pt
surface with the excess negative charge interacts with O,, it
immediately results in a weaker O-O bond and a stronger
Pt-0, bond, leading to enhanced dissociative adsorption of O,.
Meanwhile, regarding the CO adsorption and activation, the
excess negative charge on Pt could be a double-edged sword.
On one hand, the increased back donation introduced by the
excess charge to antibonding 2nt* orbitals of adsorbed CO on
the Pt surface would undoubtedly activate CO; however, this
excess charge could also reinforce the Pt-CO bond. Previously,
the negative charge on Pt has demonstrated a beneficial role
during CO oxidation 1% 28, Nevertheless, the understanding of
this charge effect and how to harness this charge flow to
further improve Pt catalysis remains elusive. In this work, we
found that the negatively-charged Pt species are not always
beneficial to the CO oxidation catalysis. Hence, a critical
element in the pursuit of superior CO catalysis on Pt is to
maneuver the charge state on the surface, reaching a balance
between the adsorption and activation of reactants.

Inspired by the Mott-Schottky effect in solid-state physics, i.e.
once a Schottky junction is formed between the metal NP and
a semi-conductive support, depending on their relative work
functions, a charge flow will be established at the interface to
reach a Fermi level equilibrium. In the case of Pt, it holds the
highest work function among all metal elements, making it
capable of accepting electrons from most of the n-type
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semiconductor supports 2°. With a properly designed Mott-
Schottky interface between Pt NPs and the support with a
tunable work function, here we demonstrate that the degree
of charge transfer to Pt can be adjusted to promote CO
catalysis.

Carbon nitride (CN), a fascinating conjugated polymer, bears
numerous triazine rings in its structure, making it a natural
electron donating species 3032, CN also encompasses
numerous advantages in practical applications, such as
thermal stability, chemical stability, low cost, flexible structure,
and an adjustable band gap. 3338, Although most of the
applications of CN are in photocatalysis, we believe that the
adjustable band gap, through a controllable synthesis process,
can open up new avenues for heterogeneous catalysis. By
tuning its work function and based on the Mott-Schottky
effect, the Fermi level difference between the Pt and CN can
be adjusted to a proper degree, making the Pt species properly
charged for the targeted catalytic reactions.

To prepare CN with different band gaps, we employed a
temperature-controlled synthesis method. Specifically, the CN
was synthesized by direct calcination of dicyandiamide (DCD)
at different temperatures (600 °C, 650 °C, and 700 °C,
respectively) to obtain CN-n, where n is the heating
temperature. Detailed analysis showed that the valence bands
(VB) of the CNs are fixed, while the conduction bands (CB) are
adjustable, therefore tuning their Fermi levels. The CNs were
further employed as functional supports for the assembly of Pt
NPs. We found that the electronic structure of Pt NPs can be
artificially modified by the CN with different Fermi levels. The
CN supported Pt NPs (Pt/CNs) were further investigated in the
catalytic CO oxidation reaction. The Pt with a proper negative
charge introduced by CN-700 demonstrated superior catalytic
performance with an initial conversion at room temperature
and a total conversion temperature (Tyq) lower than 85 °C at a
space velocity (SV) of 1667 Lg%p; h™%, one of the best catalytic
performances for Pt catalysts on non-redox active supports.
Detailed experimental studies confirmed the role of the Mott-
Schottky effect in tuning the electronic structure of Pt. Ex-situ
X-ray photoelectron spectroscopy (XPS) analysis suggested the
adsorption and activation of CO and O, was on Pt surface
instead of on CN support. The role of the CNs was mainly to
serve as electronic structural tuning supports. This study
provides a new strategy and facile way to modulate the
electronic structure of metals via the Mott-Schottky effect for
catalytic applications.

Experimental

Materials

Oleylamine (OAM, > 90%), Oleic acid (OAC, > 99%),
Octadecene (ODE, > 90%), Platinum 2,4—pentanedionate

(Pt(acac),, > 99.99%), Iron (0) pentacarbonyl (Fe(CO)s, >
99.99%), Dicyandiamide (DCD, > 99%), Ethanol (> 99.99%),
Hexane (> 99.99%), Isopropanol (> 99%). All chemicals were
obtained from Sigma—Aldrich Corporation, USA without
further purification.

2| J. Name., 2012, 00, 1-3

Preparation of catalysts

Preparation of carbon nitride

Carbon nitride (CN) was prepared as follows: 20 g of DCD was
placed in a 50 mL ceramic crucible with a cover. Then, the
ceramic crucible was covered by its cover and then tightly by
an aluminum foil with two layers. Afterward, the crucible was
transferred to a muffle furnace, heated to certain
temperatures with a ramping rate of 10 2C min~, and kept
there for another 2 hrs. Then, the muffle furnace was naturally
cooled down to room temperature. The very hard solids were
carefully taken out of the crucible and ground into a fine
powder for further use. The heating temperatures were 600
°C, 650 2C, and 700 °C, and the corresponding CNs were
denoted as CN—-600, CN—650, and CN-700.

Preparation of 3 nm Pt NPs

The preparation of 3 nm Pt NPs was followed from a previous
method3?. 0.1 g of Pt(acac),, 1 mL of OAM, 1 mL of OAC, and
10 mL of ODE were mixed in a four—neck flask. Then, the
mixture was magnetically stirred and heated to 65 2C in N,
atmosphere for dissolution of Pt(acac),. The solution was
further heated to 180 2C with a ramping rate of 6 @C min=.
When the temperature reached 180 °C, 0.1 mL of Fe(CO)s
stock solution (0.1 mL of Fe(CO)s in 1 mL of hexane) was
injected to the solution. Subsequently, the flask was heated to
200 °C and kept for another 1 hr. After the reaction, the
mixture was naturally cooled down to room temperature by
removing the heat source. Then, 30 mL of isopropanol was
added to the mixture and centrifuged with a speed of 8000
rpm for 10 min. The NPs were further re-dispersed in 10 mL of
hexane and then washed by ethanol. Finally, the Pt NPs were
dispersed in 10 mL of hexane for further use.

Preparation of Pt/CN

The CN supported Pt NPs (Pt/CN) were prepared as follows:
0.1 g of Pt NPs was dispersed in 20 mL of hexane, and 1 g of CN
was dispersed in 20 mL ethanol. Then, the Pt NPs solution was
added to the CN dispersion dropwise under sonication. The
mixed solution was further ultrasonically treated for 2 hrs, and
then magnetically stirred overnight at room temperature.
Then, the mixture was centrifuged with a speed of 8000 rpm
for 20 min and washed by 30 mL of mixed ethanol and hexane
(volume ratio is 1: 1) for 3 times each. The samples were
denoted as Pt/CN-600, Pt/CN—650, and Pt/CN-700, depending
on the preparation temperature of CN. The Pt loading amounts
for Pt/CN—600, Pt/CN-650, and Pt/CN-700 were determined
by inductively coupled plasma atomic emission spectrometer
(ICP-AES) to be 1.21%, 1.20%, and 1.21%, respectively.
Preparation of Pt/SiO, and Pt/TiO,

The preparation processes for Pt/SiO, and Pt/TiO, are similar
to that of Pt/CN by replacing CN with SiO, or TiO,. The
accurate Pt loadings for Pt/SiO, and Pt/TiO, were found to be
1.19% and 1.20% respectively.

Characterizations

Scanning Transmission Electron Microscopy (STEM),
resolution STEM (HR-STEM), and Electron energy
spectroscopy (EELS) were performed on a Nion Ultra STEM 100
(operated at 100kV). EELS spectra were collected on a high
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resolution Gatan-Enfina ER with a probe size of 1.3 A. X-ray

diffraction (XRD) measurements were performed on a
PANalytical X'Pert Pro MPD diffractometer using an
X’Celerator RTMS detector. In situ Diffuse

Reflectance Infrared Fourier Transform Spectroscopy (In situ
DRIFT) measurements were performed on a Nicolet 6700
Fourier Transform Infrared Spectrometer (FT-IR) spectrometer
with an MCT detector cooled by liquid nitrogen. All the spectra
were scanned for 32 times with a resolution of 4 cm=. During
the testing process, the samples were initially placed in a
porous ceramic cup and inserted into an in—situ chamber (HC—
900, Pike Technologies), and the in—situ DRIFT spectra of the
samples were taken at different times. Ultraviolet-Visible
Diffuse-Reflectance Spectra (UV—Vis DRS) were determined by
a Shimadzu UV-2450 spectrophotometer, which is equipped
with a spherical diffuse reflectance accessory in the range of
200-800 nm. XPS data were collected using a PHI 3056
spectrometer with an Al anode source operated at 15 kV and
an applied power of 350 W with samples mounted on Al foil.
ICP was carried out on a VISTA— MPX ICP spectrometer from
Varian company. Elemental analysis was performed by a
FLASH1112A Element analyzer from Italy EA company. For the
tests of ex-situ XPS characterization, the Pt/CN—700 catalyst
was placed in a reaction chamber. Then a mixed gas of 1 vol.%
CO and 99 vol.% air was purged and further kept for another
30 min under 25 °C. Then the treated sample was directly
transferred to the XPS analysis chamber avoiding the contact
with air to record the XPS spectra.

General procedure for CO oxidation evaluation

The CO oxidation test was conducted in a temperature—
controlled microreactor (Altamira AMI 200) equipped with an
on-line gas chromatograph.30 mg of catalyst was placed in the
U—shape quartz tube, and both inlets were covered by glass
wool. Then, the quartz tube was treated at 200 °C in the air for
1 hr for both catalyst activation and O, adsorption. Afterward,
a mixed gas, consisting of CO (1.0 vol %) and 99.0 vol% dry air,
flowed over the catalyst with a flow rate of 10 mL min=. The
effluent was analyzed by a GC with a thermal conductivity
detector (TCD) detector. For the kinetic measurements, the
amount of catalyst was reduced to 5 mg to ensure the CO
conversions were lower than 15%. The CO conversion was
averaged at 10, 20, 30, and 40 min to calculate the reaction
rate. The reaction rate (r) was calculated by Equation (1).

r = CO conversion rate X [COJ;,/ n(Pt) (1)

where the CO conversion rate stands for the converted
percentage of CO after the CO oxidation reaction, [CO];, is the
total molar flow of CO per second, and n(Pt) stands for total
moles of Pt atoms.

Results and Discussion

Detailed morphologies of the Pt/CNs were investigated by
STEM. As shown in Figure 1a, S1 and S2, the STEM high angle
annular dark field (HAADF) images of the samples showed that
the Pt NPs are uniformly dispersed on the surface of CNs

This journal is © The Royal Society of Chemistry 20xx
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without aggregation. This dispersion behavior in the high angle
annular bright filed (HAABF) STEM image in Figure 1b showed
that the Pt NPs are located not only at the edges but also
spread over the bulk phase of CNs. This dispersion behavior
can be attributed to the existence of triazine rings in the CN
structure. Each triazine ring is highly electron rich, leading to a
favorable interaction with Pt NPs. HR-STEM was carried out on
Pt/CN-700. The HR-STEM image of Pt NPs showed a lattice
distance of ~0.23 nm (Fig. 1c), which is in accordance of the
lattice distance of (111) lattice for Pt. Meanwhile, as shown in
Fig. 1d, the HR-STEM characterization of CN presents a lattice
distance of ~0.34 nm, corresponding to the (002) plane of
graphitic phase carbon nitride. To further analyze the carbon
nitride, EELS of Pt/CN-700 was also performed and shown in
Fig. S3. Both the transitions 1s—>mn* and 1s->0* can be clearly
detected in the carbon K edge and nitrogen K-edge. In
addition, the relative intensities of the two peaks demonstrate
that the prepared CN consists of sp? hybridized carbon and
nitrogen, confirming the formation of graphitic CN phase 3°.

To further characterize the catalysts, a series of spectral
experiments were performed. In Fig. S4, the X-ray Diffraction
(XRD) patterns of the final products clearly demonstrate the
characteristic peaks for graphene-like carbon nitride.
Meanwhile, when the CNs were employed as supports in the
preparation of Pt/CN-n, CN characteristic peaks were retained
(Fig. S5), indicating the stability of CN during the assembly
process. In Fig. S5, the additional peaks can be assigned to the
Pt face—centered cubic (fcc) phase on CN. The broad Pt peaks
indicate Pt NPs remain in their original crystalline sizes without
aggregation after assembly on CN. The FT-IR spectra in Fig. S6
and S7 further confirmed the formation of a carbon nitride
phase with characteristic peaks at 802 and 888 cm™ for the
breathing mode of tri—s—triazine units and a group of peaks in
the range of 1200 cm™ to 1700 cm™ for the typical C-N
heterocycle stretching 39, proving our method is an effective
way to produce CN. It is worth mentioning that compared to
pure CNs in Fig. S6, no additional peaks were detected in
Pt/CNs (Fig. S7), indicating that the surfactants on the Pt NPs’
surfaces have been totally removed during the assembly and
surface activation process, leaving a clean Pt surface for the
following catalytic study.

J. Name., 2013, 00, 1-3 | 3
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Fig. 1. Characterizations of Pt/CN-700 catalyst. (a) HAADF STEM image of Pt/CN-700;
(b) HAABF STEM image of Pt/CN-700; (c) HR-STEM image of Pt in Pt/CN-700, (d)
HR-STEM image of CN in Pt/CN-700.
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Fig. 2 Mott-Schottky effect on regulating the electronic structure of Pt/CNs. (a) Pt 4f
core-level XPS spectra; (b) in situ DRIFTS of CO adsorption; the analysis temperature in
Fig. 2b is 25 °C, and features from gas phase CO have been subtracted.

To clarify how the Mott-Schottky effect regulates the
electronic structures of Pt NPs in Pt/CNs, additional
characterizations were carried out. For comparisons, a
covalent and inert SiO, support without a significant charge
transfer to Pt was employed. As shown in the XPS in Fig. S8,
the results verified the chemical composition and structure of
Pt/CNs. Regarding the Pt4f core—level XPS spectra (Fig. 2a), the
Pt 4f;/, peak from Pt/SiO, is at 71.4 eV (Fig. S9), while the Pt
4f,;, peaks from the Pt/CNs range from 70.6 to 71.0 eV (Fig.
2a). This indicated that the Pt NPs on CN were more negatively
charged than the Pt/SiO,. Meanwhile, the Pt 4f;;, binding
energy for the Pt/CNs increases as the CN preparation
temperature increases. The results suggest that the Pt NPs on
CNs are negatively charged, and the degree of negative charge
decreases with the increasing support preparation
temperature. This result was further confirmed by in situ
DRIFTS following CO adsorption. As shown in Fig. 2b, the
linearly adsorbed CO on Pt NPs showed a clear blueshift (from
2076 to 2085 cm™l) with the increasing CN preparation
temperature. Since the NPs in all Pt/CNs held the same sizes
and similar loading, such a shift is representative of a less

4| J. Name., 2012, 00, 1-3
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negatively charged Pt surface on CN-700 compared to Pt
supported on CN prepared at a lower temperature °.
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Fig. 3 Band gaps of CNs from UV-Vis DRS spectra. Inset in Fig. 3a is the measured
valance band positions of CNs.

Fig. 4 Scheme illustration of Mott-Schottky effect between Pt NPs and CNs.

In solid-state physics, charge transfer is often detected at the
interface of the heterojunction with different Fermi levels, i.e.
the electrons flow from the component with a higher Fermi
level to the one with a lower Fermi level to reach an
equilibrium?® 41, Pt holds the highest work function (lowest
Fermi level) among metal elements?®, while the CN is a typical
n-type semiconductor whose Fermi level is close to its
conduction band (CB). The difference between the work
functions of Pt and CN induces the formation of a Schottky
barrier between Pt NPs and CNs. Furthermore, such difference
of Fermi level leads to the bending of energy bands and
electrons transfer from CN to Pt to reach equilibrium?°. The
charge transfer between Pt NPs and CN would produce hot
electrons in the Schottky heterojunction, which are in favor of
the activation of O for a boosted catalysis*? 3.

In our case, the various degrees of charge transfer from CN
to Pt mainly originates from the different properties of the
prepared CNs. Elemental analysis of the CNs in Fig. S10
showed that the higher preparation temperature gives rise to
a lower nitrogen content, which is related to the band gap of
CNs 32, We should note here that based on the previous report,
no Fermi level pinning would be formed between the Pt NPs
and CN supports 2°. The calculations from Fig. 3a confirmed
that the band gaps, obtained from ultraviolet-visible diffuse
reflection spectra (UV-Vis DRS), for CN-600, CN-650 and

This journal is © The Royal Society of Chemistry 20xx
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CN-700 were 2.74, 2.70 and 2.55 eV, respectively. In addition,
their valence bands (VB) were determined by XPS valence
band spectra and shown in the inset of Fig. 3a, indicating that
the VBs were all located at 2.20 eV. The results demonstrate
that the preparation temperature of CNs controls their CBs,
thereby, modifying the location of Fermi level3®> “#%*and
consequently regulating the degree of charge transfer from
CNs to Pt.
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Fig. 5 The CO oxidation activities of Pt/CNs, Pt/TiO, and Pt/SiO,.

To visually illustrate the Mott-Schottky effect on the charge
transfer between CN and Pt NPs, a scheme was proposed in
Fig. 4. As shown in Fig. 4, the CN prepared at all temperatures
has a higher work function than that of Pt, indicating that Pt
can accept electrons from CN until their Fermi levels reach
equilibrium. For the CN-600, CN-650, CN-700, a narrower
band gap represents a lower work function, reducing the
difference in Fermi levels between CN and Pt, resulting in less
charge transfer to Pt in the sequence of CN-600> CN-650>CN-
700. The high-resolution XPS peaks of Pt (Fig. 2a) and in situ
DRIFTS of CO adsorption (Fig. 2b) indicate the
negatively-charged degree of Pt NPs on CNs is in the order of
Pt/CN-600 > Pt/CN-650 > Pt/CN-700, in favor of the
controllable charge transfer over the Mott-Schottky
heterojunction at the interface of Pt and CN. Collectively, our
results show that the Pt NPs on carbon nitride can be
controllably charged by controlling the pyrolysis temperature
of the CNs.

All samples with a similar Pt loading amount (~1.20 wt.%) were
evaluated by CO oxidation as a probe reaction with an SV of
1667 Lg%p; h™! to investigate their catalytic performance. As
shown in Fig. 5, the Pt/CN-700 showed the best catalytic
performance with an initial conversion temperature as low as
~25 °C, lower than that of most platinum-based catalysts on
non-redox-active supports °. Meanwhile, the total
conversion starts at a reaction temperature lower than 85 °C,
which is much lower than Pt on other inert supports and
comparable to the redox-active support TiO, (Fig. 4). While for
other samples, although the initial conversion temperatures
for Pt/CN-650, Pt/CN-600 are lower than 30 °C, their Tigo
increased to 135 °C and 145 °C, respectively. The apparent
activation energies (E,) for Pt/CN-700, Pt/CN-650, and
Pt/CN-600 were calculated to be 27.1, 41.8, and 47.6 kJ mol-1
(Fig. 6), respectively, indicating Pt NPs on CN-700 holds the

This journal is © The Royal Society of Chemistry 20xx
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lowest reaction barrier among the prepared samples. The Tig
for Pt/SiO, (155 °C) was higher than those of the Pt/CNs.
Additionally, the Ea for Pt/SiO, was 60.8 kJ mol~! (Fig. 5), also
much higher than those for Pt NPs on CN.

C E, = 41.8 kd/mol
R? = 0.9978 E, = 27.13 kdJ/mol
-3.6 R? = 0.9987
*'-;' -4.0 /
- E, = 60.8 kJ/mol
R? = 0.9938
4.4 -
= PY/CN-600
® PY/CN-650 -
48] 4 PUCN-700 E, = 47.6 kJ/mol
v PUSIiO, R? = 0.9999
2.0 22 24 26 2.8 3.0 3.2 3.4
1000/T (K™

Fig. 6 The calculated apparent activation energies for different samples. The catalysts
amounts were reduced to 5 mg to make the CO conversion rate lower than 15%, mixed
gas flow rate 10 ml min%.

Feedstocks
purged in

Intensity (a.u.)

77 76 75 74 73 72 71 70 69
Binding energy (eV)
Fig. 7 The ex-situ Pt 4f core-level XPS spectra of Pt/CN-700.

To probe the active sites of Pt/CN-700, an ex-situ XPS
characterization was carried out. The spectra were collected
by placing the Pt/CN-700 in the reaction chamber and treating
it with a mixed gas of 1 vol.% CO and 99 vol.% air for 30 min at
room temperature. Afterward, the sample was directly
transferred to the analysis chamber avoiding contact air to
record the XPS spectra (Fig. 7 and Fig. S11). No noticeable
change was detected in the Cls and N1s spectra in Fig. S11,
indicating that when the catalyst contacted with feedstocks;
there were no significant interactions between reactants and
CN. As shown in Fig. 7, the Pt 4fs;, and Pt 4f;, peaks,
corresponding to only a single state of metallic Pt, were
detected prior to gas treatment. Following the gas exposure,
another two sets of peaks, whose Pt 4f;/, peaks were located
near 71.6 eV and 70.7 eV, were detected. These may be
attributed to interactions between Pt NPs and O,, Pt NPs and
CO, respectively*>46, Although Pt-CO is generally observed on

J. Name., 2013, 00, 1-3 | 5
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the single crystal Pt surface, a few recent works found that Pt-
CO can be also detected on non-single-crystal Pt NPs during CO
oxidation processes*’*°. This result indicates that the Pt NPs
functioned as active sites for activation of CO and O,
molecules, and the CN worked as the electron tuning support.
Taken cumulatively, Pt NPs with charge transfer from CNs can
effectively adsorb O, molecules, favoring CO and O, activation,
exemplified by the promoted catalysis on Pt/CN-700 However,
this excess charge on Pt does not continuously improve
catalysis. As the extraneous electrons on Pt increase, the back
donation from 5d orbital to 2mn* of the CO molecule
strengthens, potentially leading to a stronger CO adsorption,
counterbalancing the positive effect on O, adsorption and
activation, evidenced by the lower performance of more
negatively-charged Pt/CN-600 and Pt/CN-650.

The stability test of the best-performing catalyst, Pt/CN-700,
was carried out in a time-on-stream experiment in at 30 °C, 45
°C, and 65 °C respectively for 10 hrs, at 100 °C for 30 hrs, and
was shown in Fig. 8. The result illustrates that Pt/CN-700
showed stable CO catalytic conversions of 10%, 20% and 50%
at 30 °C, 45 °C, and 65 °C respectively for 10 hrs. Additionally,
the total CO conversion was maintained at 100 °C after 32 hrs.

100 °C
10 VY YV VY VY YV YV VYV Y VYV VYV VYVYYYYYYY

;\? 80
<
c
o
RCE
o 65°C
g AAAAAAAAAAL
Q 404
o]
(3]
45 °C
20 ° (LA X XXX RN T )
EEEEEEEEEER
0 T T T T T T T
0 4 8 12 16 20 24 28 32

Time (h)
Fig. 8. The stability tests of Pt/CN-700 under different reaction temperatures.

Conclusions

In conclusion, we demonstrate a “Mott-Schottky modulated
catalysis” scenario, exemplified by CO oxidation catalysis on Pt.
Different synthesis temperatures endow CNs with tunable
Fermi levels. Once acting as an electron-tuning support, the CN
can properly adjust the electronic structure of Pt via the Mott-
Schottky effect. On Pt/CN-700, a balance between reactant
adsorption and activation could be obtained. Such properly-
charged Pt surface demonstrated a remarkable CO oxidation
catalysis with an initial conversion at room temperature and a
total conversion temperature < 85 °C at a SV of 1667 Lg 1 h™™.
This work provides a general strategy for tuning metal
electronic structure via the Mott-Schottky effect for enhanced
catalytic performance.
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Mott-Schottky modulated catalysis
A “Mott—Schottky modulated catalysis” on Pt nanoparticles was reported to promote Pt

catalysis for CO oxidation.



