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Herein, we fabricate an embedding structure at the interface between Pt nanoparticles (NPs) and CeO,-
{100} nanocubes with surface defect sites (Ce0,-SDS) through quenching and gas bubbling-assisted mem-
brane reduction methods. The in-situ substitution of Pt NPs for atomic-layer Ce lattice significantly in-
creases the amount of reactive oxygen species from 133.68 pmol/g to 199.44 umol/g. As a result, the
distinctive geometric structure of Pt/Ce0,-SDS catalyst substantially improves the catalytic activity and
stability for soot oxidation compared with the catalyst with no quenching process, i.e., its Tsp and TOF
values are 332 °C and 2.915 h!, respectively. Combined with the results of experimental investigations
and density functional theory calculations, it is unveiled that the unique embedding structure of Pt/CeO,-
SDS catalyst can facilitate significantly electron transfer from Pt to the Ce0,-{100} support, and induce
the formation of interfacial [Ce-Ox-Pt;] bond chains, which plays a crucial role in enhancing the key
step of soot oxidation through the dual activation of surface lattice oxygen and molecular O,. Such a
fundamental revelation of the interfacial electronic transmission and corresponding modification strategy
contributes a novel opportunity to develop high-efficient and stable noble metal catalysts at the atomic

level.

© 2024 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Auto-exhaust carbon (soot) particles with adsorbed toxic sub-
stances have imperiled human health and environmental sustain-
ability [1,2]. The after-treatment technology is still an indispens-
able section for soot abatement, where the high-efficient oxidation
of soot particles by catalysts coated on diesel/gasoline particulate
filters (G/DPFs) is always a major focus in this field [3]. The cat-
alytic oxidation of soot particles is a typical heterogeneous oxi-
dation, which takes place at the triple-phase contact among solid
carbon particles, gaseous reactants (O, and NO) and solid catalysts
[4-7]. To achieve top oxidation performance, the majority of re-
search focuses on the surface modulation of catalysts to increase
the amount of reactive oxygen species (ROSs), which play a dom-
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inant role in soot oxidation. Oxide-supported noble metal (Pt, Pd,
Ag, etc.) catalysts have received extensive attention in this field [8-
11], where the adjustable metal-support interaction (MSI) is gen-
erally accepted as one of the key factors for enhancing catalytic
activity.

Platinum (Pt) supported on CeO,, known for its exceptional cat-
alytic performance in various reactions, is a highly attractive cata-
lyst system, particularly in the field of environmental remediation
[12]. It was reported their MSI can be modulated by the following
factors, including the morphology or exposed crystal facet [13-15],
the density of defects [16,17], and temperature and atmosphere of
heat treatment [18,19]. These factors contribute to both the ge-
ometric and electronic effects of the catalysts. Among them, the
embedding structure where the Pt atoms enter the CeO, surface
has attracted much attention. Since the binding energy of Pt atoms
in metals is lower than their binding energy with CeO,, single-
atom Pt can be easily embedded or adsorbed onto CeO, surface
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[20]. However, the intrinsic activity of atomic dispersed Pt atoms
in heterogeneous oxidation is often lower than that of Pt NPs [21].
Recently, it was reported that the exposed crystal facets impose
great influence on the embedding structure of Pt particles or clus-
ters [22,23]. Through the equal volume impregnation method, Pt
clusters can easily form an embedded structure with the CeO,-
{110} surface, but not with the CeO,-{100} surface [23]. Thereby,
the Pt/CeO,-{100} catalyst exhibits inferior stability during long-
term reaction. The high mobility of Pt NPs also poses a huge chal-
lenge to establishing stable Pt NPs on CeO,-{100} support.

Herein, we fabricate an embedding structure at the inter-
face between Pt nanoparticles (NPs) and CeO,-{100} nanocubes
with surface defect sites (CeO,-SDS) through quenching and gas
bubbling-assisted membrane reduction (GBMR) methods, where
Pt NPs (~4.21 nm) are embedded within 5-6 atomic layers of
the Ce0,-{100} surface lattice. The unique embedding structure of
Pt/Ce0,-SDS catalyst presents superior catalytic activity and stabil-
ity for soot oxidation compared with the catalyst with no quench-
ing process. Through a systemic combination of experimental re-
sults and DFT calculations, the inner reasons for enhancing inter-
facial electronic transmission and reaction mechanisms were elab-
orately revealed. The modulated strategy for anchoring Pt NPs on
the CeO, {100} facet provides a promising opportunity to develop
high-efficient and stable Pt-based catalysts for thermal heteroge-
neous catalysis.

In Fig. S1 (Supporting information), XRD patterns confirm the
crystal structure of cubic CeO, (JCPDS No. 34-0394, Fm-3m) [9].
The grain size calculated through Scherrer equation is between 28
nm and 32 nm, indicating that the influence of quenching on the
bulk phase is negligible. The characteristic diffraction peak of Pt
NPs (39.8°) was not detected, which indicates the high dispersion
and small size of Pt NPs. The actual loading amount of Pt NPs
over Pt/CeO, and Pt/Ce0,-SDS catalysts is close to their theoretical
value, which are 1.2 wt% and 1.3 wt%, respectively (Table S1 in Sup-
porting information). The specific surface area (Sggr), pore volume
(Vp), and pore diameter (Dp) of CeO,-based catalysts are main-
tained at 23-26 m?/g, 0.17-0.18 cm3/g, and 13.6-15.3 nm, respec-
tively (Fig. S2 and Table S1 in Supporting information). As shown
in Fig. S1, the strong Raman peak centered at 454 cm! is desig-
nated to the first-order F,g symmetry of CeO, [24]. Other peaks at
254, 585, and 1170 cm™! are ascribed to the second-order trans-
verse acoustic mode, defect-induced mode, and second-order lon-
gitudinal optical mode of the fcc CeO,, respectively [25]. The peak
intensity ratio at 585 cm™! to at 454 cm™! (Isgs/l4s4) can be used
to calculate the concentration of oxygen vacancies (Oys). As sum-
marized in Table S1, the Isgs/l454 value increases from 0.05 to 0.10
after quenching, which can promote the adsorption and activation
of molecular O,. After supporting Pt NPs, a vibrational peak be-
longing to the Pt-O bond appears at 657 cm™' [26]. The Isgs/lss4
value of Pt/Ce0,-SDS (0.21) catalyst is higher than that of Pt/CeO,
catalyst (0.12), indicating the embedding structure further boosts
the formation of Oys.

Aberration-corrected STEM images (Figs. 1a and b) demonstrate
that the CeO, catalyst presents a cubic morphology with exposed
{100} facet [13]. The smooth surface implies perfect crystallization.
After quenching, abundant surface steps directly confirm the in-
crease in surface defects (Figs. 1c and d), supporting the above Ra-
man results. As can be seen from Figs. 1e, f, i and j, and Fig. S3
(Supporting information), Pt NPs are evenly distributed on both
supports, whose mean particle sizes (dmean) over Pt/CeO, and
Pt/Ce0,-SDS catalysts are 5.02 and 4.21 nm, respectively (Fig. S4
in Supporting information). Additionally, it is notable that the mi-
cromorphology of Pt NPs on Pt/CeO, catalyst is semi-ellipsoidal,
and an easily distinguishable interface between Pt NPs and CeO,
support is observed (Fig. 1g). With the aid of the correspond-
ing bright field STEM image (Fig. S3c), surface and interior lat-
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tice fringes are identified as Pt (111) and CeO, (220) facets, re-
spectively. In contrast, benefiting from the quenching-induced sur-
face steps, both flathead and semi-ellipsoidal Pt NPs coexist on the
Pt/Ce0,-SDS catalyst and form an embedding structure (Fig. 1Kk).
The bottom few layers of the Pt NPs are trapped in CeO,-SDS sup-
port, which can enhance the MSI, thus boosting the catalytic per-
formance. Then, the electron energy loss spectroscopy (EELS) of Ce
My 5-edge and O K-edge were further collected, where the spectra
1-3 in Figs. 1h and | correspond to the regions 1-3 in Figs. 1g and
k, respectively. Two peaks of 891.5 and 910.2 eV were detected in
the interior (region 1) of both Pt/CeO, and Pt/Ce0,-SDS catalysts.
Combined with the corresponding O K-edge EELS spectra (Fig. S3),
they are identified as the characteristic peaks of CeO, (Ce*t ions)
[27]. Moreover, the predominant form of Ce elements at the in-
terface of CeO, support and Pt NPs (region 2) is still Ce** ion. At
region 3 of the Pt/CeO, catalyst, the signal of Ce M, s-edge was not
detected on the surface of Pt NPs, which is in good agreement with
the easily distinguishable interfacial structure described above. For
the Pt/Ce0,-SDS catalyst, the increased intensity ratio of Ms/My
and the energy shift to the low energy side indicate the forma-
tion of the low-valent Ce3* ions [27]. The transformation can be
summarized as follows: Ce*t-0% -Ce**+-02-Ce*t — Ce3+-0y-Pt?+-
Oy-Ce3*. It further confirms the embedding structure that the bot-
tom layers of the Pt NPs are anchored by the surface defects of
the Ce0,-SDS support, enhancing the electron transfer and boost-
ing the formation of surface oxygen vacancies.

The chemical and coordination environments of Ce atoms were
investigated by Ce L3 XANES and EXAFS spectroscopy. As shown in
Fig. S5a (Supporting information), CeO,, Ce0,-SDS, and Pt/CeO,-
SDS catalysts present a double absorption line at energies of 5729
and 5736 eV, which is typical of the characteristic peaks of Ce**
ions [28]. After quenching or supporting Pt NPs, the obtained
XANES spectra almost overlap. It can be attributed that the weak
variation of surface structure is masked by the stable conformation
of bulk structure. Thereby, the above three catalysts exhibit identi-
cal coordination information in subsequent EXAFS spectra (Fig. S5b
in Supporting information) and Wavelet-transformed k3-weighted
EXAFS spectra (Fig. S5c in Supporting information). Three peaks
located at 1.87, 3.62, and 4.28 A are attributed to the Ce-O;, Ce-
Ce, and Ce-0, scattering paths, respectively. And the wavelet trans-
forms (WT) in Fig. S5c are in good agreement with the EXAFS re-
sults, where the WT maximum at 4-6 Al and 8-10 A-! is assigned
to the Ce-O and Ce-Ce paths, respectively.

Subsequently, the surface elemental distribution and corre-
sponding electronic state were investigated by X-ray photoelec-
tron spectroscopy (XPS). In Fig. 2a, U’ (901.9 eV) and V' (884.2
eV) are designated for Ce3* ions, and other peaks are assigned
to Ce** jons [29]. The relative ratios (R) of Ce3* to Ce*" ions
were calculated and summarized in Table S2 (Supporting informa-
tion). Generally, the appearance of low-valent Ce3+ ions is accom-
panied by the generation of Oy, strongly affecting the catalytic
performance of deep oxidation. After introducing surface defects,
the fractions of Ce3+ ions rise from 16.8% to 20.8%, which implies
an increase in surface Oy, corresponding to an enhancement of
oxidation ability. Comparatively, the R? value of Ce0,-SDS catalyst
declines (26.3% — 22.2%) after supporting Pt NPs, which can be at-
tributed to the generated Oys promoting the adsorption and acti-
vation of O, molecules, resulting in the transformation from Ce3+-
Oy-Pt2+-0y-Ce3+ to Ce*+-0 -Pt2+-0 -Ce?*.

As can be seen in Fig. 2b and Table S2, the fractions of Pt*+
ions (76.0 and 72.7 eV) and Pt® (74.3 and 71.0 eV) on the Pt/Ce0,
catalyst are 59.1% and 40.9%, respectively. After introducing surface
defects by quenching, positive Pt?* ions (84.6%) are dominant on
the Pt/Ce0,-SDS catalyst. Combined with previous results of Ce 3d
XPS, it can be deduced that there is a transformation from Ce*t-
02--Ce**t-0%-Ce*t to Ce3+-0y-Pt2t-0y-Ce3* after introducing Pt
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Fig. 1. Secondary electron scanning transmission electron microscopy (SE-STEM) images of (a) CeO,, (c) Ce0,-SDS, (e) Pt/CeO, and (i) Pt/CeO,-SDS catalysts. High resolution
annular dark filed STEM (ADF-STEM) images of (b) CeO, and (d) CeO,-SDS catalysts. EDS maps of Pt element over (f) Pt/CeO, and (j) Pt/CeO,-SDS catalysts. ADF-STEM
images of the Pt NPs on (g) Pt/CeO, and (k) Pt/CeO,-SDS catalysts and corresponding (h, 1) EELS spectra of Ce Mys-edge acquired across the Pt-CeO, interface.
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Fig. 2. Ce 3d (a), Pt 4f (b), O 1s (d) XPS and EPR (c) spectra of CeO, and Pt/CeO, catalysts: (1) CeO,, (2) CeO,-SDS, (3) Pt/CeO,, (4) Pt/Ce0,-SDS.

NPs, well consistent with the above EELS results. Then, electron
paramagnetic resonance (EPR) spectroscopy was further employed
to investigate the distribution of Oy and Ce3* ions. As shown in
Fig. 2c, all catalysts exhibit two main peaks at g factors of 1.964
and 1.946, which further confirms the existence of paramagnetic
Ce3+ species in fcc CeO, [30]. The density of Ce?*+ and Oy, can be
increased by quenching, while it is decreased after supporting Pt
NPs, indicating the transformation from Ce3*-Oy-Pt2t-Oy-Ce3* to
Ce*t-0-Pt2+-0"-Ce**. According to previous literatures [30], the
absence of Oy, signal in all catalysts is attributed to the contribu-
tion of isolated Oy, on the {100} facet to the Ce3+ paramagnetic
signals. The charge derived from isolated Oys is localized on Ce
ions in the second coordination shell, resulting in two paramag-
netic Ce3* ions [31].

In Fig. 2d, O 1s spectra were deconvoluted to adsorbed oxy-
gen (Oa: 0,7, 533.0 eV; 0,2, 531.2 eV) and lattice oxygen (O,
529.0 eV) [32]. The relative ratios (R®) of O, to O species were
also calculated and collected in Table S2. After quenching, R¢ val-
ues increase from 38.8% to 44.0%, corresponding to the increase
of Ce3* ions (16.8% — 20.8%). Thus, Oy, are the main active sites
on pure CeO,. The introduction of Pt NPs significantly increases
the R¢ value from 38.8% to 52.3%. By comparing Pt/CeO, (52.3%)
and Pt/Ce0,-SDS (59.3%) catalysts, it can be deduced that the ge-
ometric and electronic effects of the embedding structure signifi-
cantly promote the formation of interfacial Oys, thereby facilitating
the adsorption and the activation of O,. Benefiting from the real-
time replenishment of ROSs, the Pt/CeO,-SDS catalyst performed
the best oxidation capacity in all as-prepared samples.
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Fig. 3. Catalytic activity (a), cyclic stability (b), reaction rate (Ry) of soot particles at 280 °C (c) and Arrhenius plots of In[-In(1-a) T2] vs. T at soot conversion of 5%-15%

(d) of CeO,, Pt/CeO, and Pt/Ce0,-SDS catalysts during soot oxidation.

In H,-TPR profiles (Fig. S6 in Supporting information), two main
reduction peaks are observed in both CeO, and Ce0,-SDS cata-
lysts, which are attributed to the reduction of surface Ce** ions
and bulk Ce*t ions to Ce3* ions, respectively [29]. The former peak
shifts to low temperature (503 °C— 493 °C) after quenching, and
the corresponding H, consumption increases from 87.6 umol/g to
98.8 umol/g (Table S3 in Supporting information). It indicates that
the surface defects induced by quenching improve the reactivity
of surface Oj,. After supporting Pt NPs, additional peaks are ob-
served in 100-200 °C, belonging to the reduction of chemisorbed
oxygen species on Pt NPs (Pt2* ions) [33]. Compared with Pt/CeO,
catalyst, Pt/Ce0,-SDS catalyst consumes more H, (75.4umol/g) at a
lower temperature (132 °C), which indicates more Pt2* ions on the
Ce0,-SDS support, well consistent with the above results of Pt 4f
XPS spectra. In addition, the temperatures of both reduction peaks
belonging to CeO, shift to low temperatures and the H, consump-
tion is higher than the corresponding support, attributing to the
hydrogen spillover from Pt® to CeO,. Among as-prepared catalysts,
Pt/Ce0,-SDS catalyst consumes the most H, (116.2 pmol/g) at low-
est temperature (371 °C), which further verifies the enhanced MSI
by embedding structure. Similar to previous results of H,-TPR, both
surface defects and the resulted embedding structure can signifi-
cantly improve the oxidation ability and capacity for NO (Fig. S7
in Supporting information). Among as-prepared catalysts, Pt/CeO,-
SDS catalyst produces the most gaseous NO, at relatively low tem-
peratures, which will significantly promote the oxidation of soot
particles. Thus, it can be concluded that: After quenching, abun-
dant surface defects (Oys) formed on the surface of CeO, cubes,
which improve the adsorption and activation of molecular O,. In
addition, it can also anchor Pt NPs, thus enhancing the interfacial
electronic transmission between Pt NPs and CeO, {100} facet. Sub-
sequently, it can significantly contribute to the replenishment of
ROSs through interfacial the Ce3+-Oy-Pt?+-Oy-Ce3* bond chains,
thus facilitating the formation of gaseous NO,.

The catalytic performance of CeO, and Pt/CeO, catalysts for
soot oxidation was evaluated by soot-TPO tests. As displayed in Ta-
ble S4 (Supporting information), the spontaneous oxidation of soot
particles is extremely difficult, with Tsg and Sco,™ values of 572
°C and 67.9%, respectively. CeO, nanocubes present superior cat-
alytic performance during soot oxidation, whose Tsqy value is 405
°C (Fig. 3a and Table S4). After quenching, the Tsy value further
declines by 20 °C, and the CO, selectivity is maintained at 100%.
It can be ascribed that quenching induces the distortion of sur-
face [CeOg] units and the increase of surface Oy, boosting the ad-
sorption and activation of molecular O, and NO. The Tsy values
of Pt/CeO, and Pt/Ce0,-SDS catalysts are 360 and 332 °C, respec-
tively. The discrepancy is attributed that the enhanced interfacial
electronic transmission by embedding structure boosts the forma-
tion of interfacial Ce**-O"-Pt2*-0"-Ce*t bond chains, significantly
promoting the redox ability and capacity. In addition, the unique
geometric structure also improves the subsequent cyclic stability of
the Pt/Ce0,-SDS catalyst. As displayed in Fig. 3b, the Tsy value of

Pt/Ce0,-SDS catalyst always stabilizes at 335 °C. And the Pt load-
ing (1.3 wt%) and embedding structure are well maintained after
ten cycles, as confirmed by the ICP-OES and high-resolution STEM
images (Fig. S8 in Supporting information). In addition, both the
conversion rate of soot particles and CO, stability are stable during
long-term soot-TPO experiments (Fig. S9 in Supporting informa-
tion), which further confirm the superior stability of Pt/Ce0,-SDS
catalyst. The superior catalytic activity and stability ensure that the
Pt/Ce0,-SDS catalyst (Table S5 in Supporting information) can be a
promising candidate for industrial applications.

Then, turnover frequency (TOF) and apparent activation en-
ergy (Ea) were further employed to investigate the intrinsic oxi-
dation activity. TOFg is defined as the quotient of the reaction rate
(Rw) and the amount of ROSs (O* amount), which were obtained
through the isothermal reaction at 280 °C. Additionally, TOFp, is
also considered, which is defined as the ratio of reaction rate (Ry)
to the Pt content. As can be seen in Fig. 3c and Table S4, the or-
der of Ry values is well consistent with catalytic performance dur-
ing soot-TPO tests. Surface defects increase the R, value of the
Ce0, catalyst from 1.43 pmol g'! min! to 2.64umol g™! min~!. And
the resulting enhanced MSI increases the Ry value further to 9.69
pumol g min!, supporting its lowest ignition activity (T;g =280
°C) mentioned above. Additionally, the O* amount is another cru-
cial index to quantify the intrinsic activity. As summarized in Fig.
$10 and Table S4 (Supporting information), surface defects induced
by quenching indeed improves the storage capacity of ROSs on the
Ce0,, deriving from the dissociation of molecular O, on the surface
Oy, well consistent with the above results. Among the four cat-
alysts, the Pt/Ce0,-SDS catalyst possesses the highest O* amount
(199.44 pmol/g), almost 1.5 times as much as the Pt/CeO, cata-
lyst. It is further confirmed that the interfacial Ce3*-Oy-Pt2t-Oy-
Ce3+ bond chains induced by embedding structure can significantly
promote the adsorption and activation of molecular O,, supporting
the above H,-TPR and CO-TPSR results. Both TOFy and TOFp, val-
ues also present a similar trend to the above results, where the
Pt/Ce0,-SDS catalyst performs the highest TOF, (2.915 h'!) and
TOFp; (8.725 h'1) values. Arrhenius plots and the resulting E; val-
ues also support the results mentioned above (Fig. 3d and Table
S4), it is extremely hard to oxidize soot particles with pure O, and
NO, whose energy barrier is 185 kJ/mol [34]. After introducing as-
prepared catalysts, the corresponding energy barrier decreases to
63.7 k]/mol, corresponding to their best catalytic performance dur-
ing soot oxidation. According to above TOF and E, values, the en-
hanced interfacial electronic transmission by embedding structure
presents the best adsorption-activation ability and capacity for O,
and NO, thus promoting the oxidation of soot particles.

As a strong oxidizer with high mobility, NOx plays a crucial role
in boosting the high-efficient conversion of soot particles at low
temperatures (Fig. S11 in Supporting information). Thus, the in-
situ DRIFTS were further performed to elucidate the role of surface
defects and embedding structure during NO oxidation. Firstly, the
adsorption behavior of NO was investigated at 20 °C (Fig. S12 in
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Fig. 4. In-situ DRIFTS of NO oxidation over CeO,, Pt/CeO, and Pt/Ce0,-SDS catalysts: (a) CeO,, (b) Ce0,-SDS, (c) Pt/CeO,, (d) Pt/Ce0,-SDS.

Supporting information). For CeO, and Ce0O,-SDS catalysts, the two
sets of peaks at 1633-1627 and 1253-1246 cm™! are respectively
designated to bidentate and bridging nitrates (Table S6 in Support-
ing information) [35], which is relatively stable and unaffected by
0, adsorption. In addition, the introducing of O, also produces two
new peaks at 1422-1417 and 1368 cm’!, which are attributed to
nitro compound M-NO, (Table S6) [36,37]. In contrast, the main
forms of adsorbed NOx species on Pt/CeO, and Pt/Ce0,-SDS cat-
alysts are monodentate nitrates (1557-1458 cm™') and the nitro
compound M-NO, [32,35]. The intensity of adsorbed NOx species
is significantly weakened after supporting Pt NPs. Combined with
the result of NO-TPO, the surface defects can promote the adsorp-
tion of NOx on pure CeO,, which gradually decomposes into NO,
with rising temperature. After introducing Pt NPs, the adsorption
and desorption of NO are no longer the rate-determining steps dur-
ing NO oxidation. Then, in-situ DRIFTS of NO oxidation at elevated
temperatures were performed to prove the above results. As can
be seen from Figs. 4a and b, the signal of bridging nitrate and nitro
compound is obviously enhanced by surface defects but gradually
attenuated with the increasing temperature. It well supports the
NO-TPO result that the gaseous NO, on pure CeO, catalysts orig-
inates from the decomposition of surface nitrites. As for Pt/CeO,
and Pt/Ce0,-SDS catalysts (Figs. 4c and d), there is a little differ-
ence in surface nitrate species. In light of the results of H,-TPR,
XPS, and anaerobic titration, it is verified that the adsorption and
activation of molecular O, is rate-determining step in the present
system.

Finally, DFT calculations were performed to prove the regen-
eration path of ROSs. It can be seen from the diagram of dif-

ferential charge density (Fig. S13 in Supporting information) that
more pronounced interfacial charge accumulation is observed on
the Pt/CeO,-SDS catalyst compared with the Pt/CeO, catalyst. It
can facilitate the activation of interfacial O, and the adsorp-
tion of O, [38,39]. Thus, the formation energy of interfacial Oy
in Pt/Ce0,-SDS catalyst (—0.78 eV) is slightly lower than that of
Pt/CeO, catalyst (—0.38 eV) (Fig. 5). Then, O, can be captured by
the interfacial Oys of Pt/Ce0,-SDS catalyst and Pt/CeO, catalyst
with an energy of —0.42 eV and —0.19 eV, respectively. The lower
0, adsorption energy of oxygen (E,qs(0,)) implies higher oxygen
storage, well consistent with the above results of H,-TPR and O*
amount. The Bader charges (Fig. S14 in Supporting information)
of adsorbed O, also support the results, which are respectively
+0.94 |e| and +0.66 |e| for Pt/CeO,-SDS catalyst and Pt/CeO, cat-
alyst. Subsequently, the chemisorbed O, will dissociate into two
active O* atoms, whose energy barrier (E;’) can reflect the refresh
rate of ROSs. Here, E,’ values of Pt/Ce0,-SDS catalyst and Pt/CeO,
catalyst are 0.33 eV and 0.68 eV, respectively. Combined with the
optimized structures, it is obvious that the embedding structure
facilitates the formation of [Ce-Ox-Pt;] bond chains. In this way,
PtOy species are indirectly formed with the aid of interfacial [CeOy]
units, thus substantially promoting the adsorption and activation
of O,. The real-time replenishment of ROSs can be achieved, pre-
senting superior redox performance during NO oxidation and soot
oxidation.

In summary, we have developed a highly active and stable
Pt/Ce0,-SDS catalyst for carbon oxidation. The Pt-NPs are anchored
by surface defect sites of CeO, nanocubes, forming a unique em-
bedding structure. AC-STEM images, EELS, and XPS spectra con-

| — pvceo,-sps
— PUCeO,

AG (eV)

e O ® O,y inadsorbed O,
Oor () cCe
IS

Frae

Fig. 5. The renewal paths for ROSs over Pt/CeO, and Pt/Ce0,-SDS catalysts.
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firmed the formation of distinctive geometric structure, which en-
hance the MSI between Pt NPs and Ce0,-{100} support, facilitat-
ing more significant electron transfer with the formation of [Ce-
Ox-Pt;] bond chains. As a result, the high-active PtOx species are
indirectly formed with the aid of interfacial [CeOx] units, which
significantly activate the surface lattice oxygen and boost the dis-
sociation of chemisorbed O,. This leads to a notable increase in
the amount of ROSs from 133.68 pmol/g to 199.44 pmol/g. The
real-time replenishment of ROSs greatly promotes the formation
of gaseous NO, and the conversion of soot particles. The combined
geometric and electronic effects of the embedding structure en-
sure that Pt/Ce0,-SDS catalyst exhibited superior catalytic activity
during soot oxidation (T5o =332 °C, TOF=2.915 h'! and E,=63.7
kJ/mol). In addition, the superior catalytic performance was supe-
rior performance is well maintained after 5 cycles, positioning this
catalyst as a promising candidate for future applications. This study
sheds light on the crucial role of surface defects in enhancing in-
terfacial electronic transmission, offering a promising strategy to
enhance the activity and durability of supported noble metal cata-
lysts.
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