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Figure S1. (a) XRD patterns and (b) FE-SEM images of MoOj; with different morphologies (Bulk,

Belt, Rod, Sheet).
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Figure S2. N, adsorption-desorption isotherms of (a) MoO; (Bulk, Belt, Rod, Sheet) and (b)

Pt/H:MoOs3., (Bulk, Belt, Rod, Sheet).
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Figure S3. H, Temperature programmed reduction (H,-TPR) profiles of Pt/MoOj; (Bulk, Belt,

Rod, Sheet) and pure MoOj; (Sheet).
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Figure S4. H, Temperature programmed reduction (H,-TPR) profiles of Ru/MoO; (Sheet),

Pt/MoO; (Sheet), Pd/MoOj; (Sheet) and Au/MoOs; (Sheet).



Table S1. Performance comparison of different photocatalysts for CO2 hydrogenation

Gas . o .
Catalyst (CO,+H,) Light Source T (°C) Activity Ref
) 300W Xe e
Pd@WO; 1:1 lamp 250 3mmol g'h 1
R/ALO; 111 OW X 360 96.5% 2
amp
. 1000W metal e
In,O;3.4«(OH)y 1:1 halide bulb 150 1.2 ymol g''h 3
300W UV-
Pt/NaTaO; 1:1 enhanced Xe - 139.1 umol g''h'! 4
lamp
) 300W Xe 1l
Pd@NDb,0s5 1:1 lamp - 1.8 mmol g'' h 5
In,0;_, nanosheet 1:1 300W Xe 340 103.21 mmol g'!' h-! 6
lamp
C-In,04 1:1 300W Xe 340 123.41 mmol g-!' h-! 7
lamp
neSi:H 1:1 300W Xe 150 250 pmol g-'h! 8
lamp
. ) 300W Xe e
Fe@C hybrid 1:1 lamp - 26.1 mmol g'' h 9
500W Hg-Xe This
Pt/HiMoOs_,(Sheet) 1:1 short arc 140 1.2 mmol g'! h-!
lamp work




Figure S5. TEM images of Pt/H,MoOs_,(Sheet) before and after reaction.
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Figure S6. XRD patterns of Pt/H,MoOs_,(Sheet) before and after reaction.
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Figure S7. (a) The stability test and (b) gas-switching test of Pt/H,MoOs3_,(Sheet) for photothermal
catalytic CO, reduction in a flowing system using a fixed-bed reactor system. (Reaction
conditions: catalyst (0.1 g), H,/CO; (10/10 mL/min), Xe lamp (4 > 450 nm), Temp. = 140 °C)
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Figure S8. The activity performance of Pt/H.MoOs_(Sheet) for photothermal catalytic CO,
reduction under different light irradiation.
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Figure S9. Effect of metal on the catalytic efficiency: Pt/HMoOs_,(Sheet), Ru/H,MoOj3_,(Sheet),
Pd/HMoO;_(Sheet), and Au/H,MoOs_,(Sheet). (All of the catalysts were reduced by H, at 200 °C;
Reaction conditions: catalyst (0.1 g), H,: CO; (0.5 atm:0.5 atm), light source: 4 > 450 nm, Reaction

Temperature: 140 °C))

13



T [PtHMoO,,(Bulk)
)
>
by et
(7))
c
Q
c
—  |Pt/MoO,(Bulk) o Exp.
fitted
et
e

Pt*
.

82 80 78 76 74 72 70 68
Binding energy (eV)
Figure S10. Pt 4/ XPS spectra of Pt/H,MoOs_(Sheet), Pt/H.Mo0Os_,(Bulk), Pt/MoOj;(Sheet) and

Pt/MoO;(Bulk).
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Table S2. Summary of the results of XPS measurement for the Pt/MoOs(Bulk), Pt/MoO3(Sheet),

Pt/H,Mo00O;_,(Bulk) and Pt/HMoOs3.,(Sheet).

Mo 3d XPS O Is XPS
Sample 1\/104+ 1\/IO5+ 1\4064r (Mo** + OL O-OH OH20 (O-on +
@%) (@%) (@%) "° ™M @) (at%) (at%) OO
PUMoOyBulk) 0 11 &9 11 661 339 0 339
PtMoOs(Sheet)y 0 81 19 81 58 4 0 42
Pt/l(iéll\ﬁl‘;?} 49 441 51 49 485 431 94 525
y
Pt/gxxgt%- 444 415 141 859 45 485 65 55
y
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Figure S11. In-situ Mo K-edge X-ray absorption near-edge structure (XANES) spectra of (a)

Pt/MoO; with different morphologies before reduction and (b) after reduction.
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Figure S12. Radial distribution functions (RDFs) of (a) Pt/MoO; with different morphologies

before reduction and (b) after reduction.
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Figure S13. Weight changes of the Pt/H,Mo0Os., with different morphologies (a) Bulk, (b) Sheet,

(c) Belt and (d) Rod in a flow of either air or N; measured by TG analysis.

In order to quantify the amounts of intercalated H* and oxygen vacancies formed in the MoO;
upon H; reduction, thermogravimetric (TG) analysis was carried out in either N, or air gas
environment. For the Pt/H,MoOs., (Bulk, Sheet, Belt, Rod) measured in a N, environment, initial
weight losses of ~1.0wt% are seen at temperatures below ~100 and 200 °C, respectively, which

are due to the evaporation of surface adsorbed water molecules. Subsequently, they show further
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weight losses from 200 °C to 450 °C, which are associated with the thermal dehydration of -OH
groups to form MoOs., suboxides (Pt/H,M00Os., = Mo0Os,..» + 1/2x H,0). By comparing the
losing weight differences of each sample at 450 °C, the stoichiometry of intercalated H" (x) is
calculated to be 1.25, 0.81, 0.8 and 0.9 for Pt/H,MoOj;(Bulk), Pt/H:MoOs3,(Sheet) and
Pt/H,MoOs_,(Belt) and Pt/H,Mo0O;_(Rod), respectively. In comparison, different TG profiles are
observed in a flow of air due to the weight gain associated with the filling of oxygen vacancies
with molecular O, to form MoQOs, in addition to the release of intercalated H™ as water (Pt/H,MoOs;.
y T 02 2 MoO; + 1/2x H,0). For the Pt/H,Mo00Os., (Bulk, Sheet, Belt, Rod) measured in an air
environment, a considerable weight gain is seen at temperatures from 200 to 450 °C due to the
presence of substantial amount of oxygen vacancy in the sample. By comparing the weight gain
differences of each sample at 450 °C, the stoichiometry of oxygen vacancy (y) is calculated to be
0.24, 0.34, 0.4 and 0.29 for Pt/HMoO;_(Bulk), Pt/H.MoOs_(Sheet), Pt/H,MoOs3.,(Belt) and

Pt/H,Mo0Os.,(Rod), respectively.

Table S3. The concentration of intercalated H" and oxygen vacancy in the samples.

Sample .Concentratiori of concentratiop of oxygen
intercalated H" (x) vacancies (y)
Pt/H.MoOs_,(Bulk) 1.25 0.24
Pt/H,Mo0O;_,(Sheet) 0.81 0.34
Pt/H,Mo0O;_,(Belt) 0.8 0.4
Pt/H,Mo00O;_,(Rod) 0.9 0.29
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Table S4. The amount of oxygen vacancy on the surface in Pt/H,MoOs., (Bulk, Belt, Rod, Sheet)

after H, reduction.

The amount of surface oxygen vacancy

Sampl

ampie (umol-g-cat™!)
Pt/H,MoOs.,(Bulk) 446
Pt/H,MoO;.,(Sheet) 664
Pt/H,MoO;.,(Belt) 332
Pt/H,Mo00Os.,(Rod) 270

Determination of surface oxygen vacancy

The oxygen vacancy on the surface of the catalyst can capture the oxygen of the diphenyl
sulfoxide to produce diphenyl sulfide. The oxygen vacancy in MoOj; cannot be regenerated in dark
without H, gas. The reaction will stop when the surface oxygen vacancy of MoOs is exhausted.
Therefore, this reaction can be used to calculate the number of surface oxygen vacancies with
different morphologies of MoO; by counting the yield of diphenyl sulfide. The reaction operation
as follows: First, add 50 mg catalyst to the quartz tube and seal the nozzle for H, reduction with
the temperature of 200 °C, and the hydrogen reduction process was maintained for 30 minutes.
After that, argon gas is introduced into the quartz tube for 20 minutes to expel the hydrogen. And
add the reaction solution into the quartz tube (Diphenyl sulfoxide:0.2mmol; Diphenyl: 0.1mmol;
Methylbenzene: 10mL). Finally, 0.1mL of the reaction solution is taken out and analyzed by GC.

@)
I

S catalyst S
H, 1 atm, toluene
r.t.
Scheme S1. Deoxygenation of diphenyl sulfoxide to phenyl sulfide using molecular H; as a

reductant.
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Table S5. Summary of the results of XPS measurement for the Pt/H,MoO;_(Sheet), Pt/H,MoOs.

(Sheet)—CO, and Pt/H,M00O;_,(Sheet)—CO,—H,.

Mo 3d XPS O 1s XPS
Sample 1\/104+ MOSJr 1\/[0@r (Mo n OL O_OH OHZO (O-on n
@%) (@t%) (@%) —° ™M @) (at%) (at%) OO
P/H,MoOs,,
444 415 141 85.9 45 485 65 55
(sheet)
Pt/H,MoO;.,
223 243 534 46.6 585 337 78 415
(sheet)—CO,
Pt/HXMOO3_y
633 237 13 87 436 482 82 564
(Sheet)—»CO,—H,
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Figure S14. XPS spectra of Pt/HMoOj3.,(Sheet)—CO,+H, and Pt/H,Mo0O;_(Sheet)—CO,: (a)

Mo 3d XPS spectra, (b) O 1s XPS spectra.

Table S6. Summary of the results of XPS measurement for the Pt/H,MoO;_(Sheet), Pt/H,MoOs.

4(Sheet)—CO, and Pt/H,Mo00O;_,(Sheet)—CO,+H,

Mo 3d XPS O 1s XPS
Sample Mo*" Mo’ Mo O O O
p (Mo* N _OH 0 o +
5+ 0

(at%) (at%) (at%) Mo )/Mototal gat/() (at%) (at%) OHZO)/Ototal
Pt/HMoOs.,

444 415 14.1 85.9 45 48.5 6.5 55
(sheet)
Pt/HXMOO3_y

223 243 534 46.6 585 337 7.8 41.5
(sheet)—CO,
Pt/HXM003_y

503 329 168 83.2 47.6 44 8.4 52.4
(Sheet)—CO,+H,
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Figure S15. Diffuse reflectance UV-vis-NIR spectra of MoO; with different morphologies.
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Figure S16. (a) CV test of Pt/H,MoOj3_,(Sheet) with two circles and (b) Photocurrent density of

Pt/HMo00O3_,(Sheet) and Pt/H,MoOs.,(Sheet)-After CV.
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