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Experiment

2.2 Characterization of catalysts

In this work, the crystal structure and quality of the nanomaterials were determined using X-ray
powder diffraction (XRD, D8 ADVANCE, Bruker-AXS, Germany). The specific surface area of
the nanomaterials was measured using the BET method in a nitrogen atmosphere with a fully
automatic surface analyzer (ASAP 2020M, Micromeritics, USA). The morphologies of different
catalyst samples were observed using scanning electron microscopy (SEM, Merli, Panaco,
Netherlands). The microstructure of all samples was examined using transmission electron
microscopy (TEM, JEM-2010F, JEOL, Japan). H,-temperature programmed reduction, O,-
temperature programmed desorption, and NHj-temperature programmed desorption experiments
were conducted on various catalysts using BSD-Chem C200 (Beishide Instrument Technology,
Beijing). These experiments aimed to investigate the reducibility of the nanomaterials and the
relationship between the oxygen species and acidic sites on the catalyst surface. The surface defect
structure and oxygen vacancy content of different samples were measured using visible/UV-
Raman spectroscopy with a LabRAM HR Evolution Laser (HYJ, France). In situ tracking and
detection of intermediate species adsorbed on the catalyst surface during the catalytic reaction
were performed using Fourier infrared spectroscopy (INVENIO-S, Bruker, Germany). The Pt
content on all catalyst surfaces was quantified using an iCAP 6300 inductively coupled plasma
emission spectrometer (PerkinElmer, USA). The densities of Bronsted and Lewis acids were
determined by the pyridine adsorption infrared (Py-IR) method with the Nicolet-380 (Bruker
tensor27) apparatus.
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Fig. S1. Schematic diagram of preparation of PCH catalytics.
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2 Fig. S2. Curves of TGA over (a) CeO,; (b) PCH catalytics.



a b
W A A o PCHS00 ® " [ecus o
2 zm
PCHA450 PCH450 C-H
2 o Ap oy R
& A A A PCH400 g |PCH400 OH 668
E : N BT
w —
s g
£
F | CeO, c-0
ﬁ—vw'v"—"\')\
‘ PDF#34-0394-Ce0, v 1RO
1 o Bl s
10 20 30 40 50 60 70 80 4000 3000 2000 1000
20/° Wavenumber/cm™!
©) (d)190 7=
y boraq PCH350
PCHS500 co, = § i pieresio
2349 == 804 o0
3 g Wi —4— PCH450
& PCH450 C=0 C-H ; éo.onﬁ L —v— PCH500
@ 4= 0.
g -OH 1644 o8 £ s
& 2981 E
g |RCH400  cH C-H_C-0 < 40
g 2896 1534 1065 £
- =
= -OH g 20+
1404
r : . 0+ . : . r
4000 3000 2000 1000 0.0 0.2 0.4 0.6 0.8 1.0
Wavenumber/cm! Relative Pressure (P/P)

1
2 Fig. S3. (a) XRD patterns of PCH catalysts after reaction; FT-IR spectra of (b) Before reaction, (c)

3 After reaction on PCH catalysts; (d) BET of PCH catalysts.
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Fig. S4. Tests of durability for (a) Toluene, (c) CO, and (e) Toluene + CO conversion on PCH450
catalyst. Tests of multiple cyclicity for (a) Toluene, (c) CO, and (e) Toluene + CO conversion on
PCH450 catalyst.
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2 Fig. S5.Tests of resistance to water vapor interference for (b) Toluene, (d) CO, and (f) Toluene +
3 CO conversion on PCH450 catalyst.



