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2.1 Chemicals

Titanium aluminum carbide (TizAlC,, 99%) was purchased from Jilin Province Yiyi Technology Co.,
LTD. Lithium fluoride (LiF, 99%) was purchased from Shanghai Aladdin Biochemical Technology Co.,
LTD. Hydrochloric acid (HCI, 99.8%) was purchased from Sinopharm Group Chemical Reagent Co.,
LTD. Urea (CH4N,0, 99.8%) was purchased from Beijing Inokai Technology Co., LTD. High-purity
carbon dioxide gas was purchased from the Air Liquide Group's Fulian plant. Deionized (DI) water
was used in all experiments. All chemicals were purchased from commercial corporation with no

further purification.

e
Ti,AIC, gt
LiF ) — Centrifugal ) m Ti;C, MXene

A BO ' 28]1 24h

HCl1
‘”””””‘ > Ultrasound '1 — Urea

Under argon

)
Ti;C, MXene 1h M;Tm'“ -
Hvdrothermal
— Centrifugal ¢————
160 °C
N-TTC 2 4 h 12h

Fig. S1 Schematic illustration of the fabrication process of the N-doped Ti;C, MXene-TiO,

composite

2.2 Characterizations

2.2.1 The instrumental characterizations

The crystal structure of the catalyst was obtained using an X-ray diffraction (XRD) instrument
(Rigaku D/MAX 2550 diffractometer) with Cu-Ka radiation, under conditions of 40 kV operating
voltage and 100 mA operating current. The morphological characteristics of the samples were
studied using scanning electron microscopy (SEM, S-4800) and transmission electron microscopy
(TEM, JEM-1400). Additionally, elemental distribution analysis was conducted using the STEM
mode of the Talos F200X field emission transmission electron microscope (200 kV) combined with
four SuperX energy spectrum detectors. XPS data were collected using an Al Ka radiation source,
with a pass energy of 150 eV and a step size of 1 eV. The valence band position of the catalyst was
measured through valence band XPS (VB-XPS), allowing for quantitative determination of the
valence band edge energy value of the catalytic material, and deriving its band gap width and
conduction band position information in conjunction with semiconductor characteristic

parameters. The ultraviolet-visible diffuse reflectance spectroscopy (UV-vis DRS) was measured



using a Shimadzu UV-3600i Plus spectrometer with an integrating sphere accessory to determine
the light absorption capability of the catalyst and calculate its band gap width. Information on
chemical structure and molecular interactions was obtained using surface-enhanced Raman
spectroscopy (SERS). The specific surface area and pore size distribution were measured by
nitrogen adsorption/desorption at 77 K using the Brunauer-Emmett-Teller (BET) model and
Barrett-Joyner-Halenda (BJH) method (ASAP 2020). The isoelectric point of the photocatalyst was
obtained using a zeta potential analyzer (Malvern, ZS90). The photoelectrochemical performance
of the catalyst was tested on a Zahner Zennium electrochemical workstation using a standard
three-electrode system: a platinum sheet as the counter electrode, a saturated calomel electrode
(Hg/HgClI2) as the reference electrode, and the working electrode prepared by coating a sample
film on a conductive substrate. The fluorescence properties of the samples were studied by
fluorescence spectrophotometer (PL, Hitachi, F-4500). When the samples were irradiated by the
excitation light source, the molecules in the samples were excited, causing them to transition to
the excited state and then return to the ground state to emit fluorescence.

2.2.2 Apparent quantum efficiency (AQE) calculation

The apparent quantum yield (AQY) measurement for CO, photoreduction to CO was carried out
under irradiation by monochromatic light (A=400 nm). The incident light intensity was measured
to be 300 mW cm=2 using a PL-MW2000 photoradiometer (Beijing Perfectlight Technology Co,
LTD.) The effective irradiation area of the catalyst-coated glass fiber membrane was measured to
be 19.63 cm?. The electron consumption rate can be calculated from the CH, generation rate
during the first hour of irradiation, which was 17.1 umol-g*-hl. Therefore, the AQY can be

estimated according to the following formula:

AQY(%) = electron consumption rate < 100%
¥ T incident photon rate °
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= X 100%
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8% 6.02x10%3x17.1x107°

300 X 1073 x 19.63 X 3600 x 400 x 10~°
6.626 x 10734 x 3 x 108

X 100%

=0.05%
where N, is Avogadro's constant, n (CH4) denotes the molar amount of CH4, and P, A ,t, A represent
the light power density (W-cm2), effective irradiation area (cm?), reaction time (s), and incident

light wavelength (nm), respectively. h and C denote the Planck constant and the speed of light.
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Fig. S2 Labsolar-6a All-glass automatic on-line trace gas analysis system form Beijing Perfect light

Technology Co., Ltd
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Fig. S3 SEM images of (a) TizAIC,, (b) multi-layer Ti5C, and (c) single-layer TisC, nanosheets; (d) XRD

spectra of TizAIC, and multi-layer TisC, MXene.
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Fig. S4 (a) Long-term stability test plot of photocatalytic CO, reduction evolution for 2N-TTC; (b)

Cycling stability test plot of photocatalytic CO, reduction evolution for 2N-TTC
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Fig. S5 XRD patterns of 2N-TTC before and after the light reaction
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Fig. S6 The chromatogram obtained by the FID detector of the GC9790II chromatography system
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Fig. S7 PL spectra of TTC and N-doped TTC




Table S1 Comparison of the photoreduction activity of structurally related materials

Yield
Reaction o
Photocatalysts . Products | (umol-g'-h- | Selectivity Ref.
conditions )
NiAl-LDH@TiO,/Ti;C,-30 Gas-Solid CO 86.52 99% [1]
iAl- i i3C,- .
A H,0, €O, °
Co-CuS4,/Ti3Cy/TiO Gas-Solid co 30.8 87.9% [2]
0-CuS,.,/Ti i . .
1-x/ 11302 2 H,0, CO, o
) ] Gas-Solid
Pt-TiO,NW/Ti3C, CH4 3.61 79.2% [3]
H,0, CO,
Znin,S4/TiO,/TisC Gas-Solid co 7.48 91.2% [4]
nin i i . .
294, 2/ 11302 H,0, CO, 0
Gas-Solid
0D-2D NT@2ZIS co 76.2 92.9% [5]
H,0, CO,
TiO,/TisC,/C Gas-Solid CH4 12.5 97.7% 6]
[ [ u . .
S H,0, CO, °
Gas-Solid-Liquid
Ti3C,-TiO,-2 H,0, TEOA, Cco 7.8 - [7]
MECN, CO,
. . Gas-Solid
Au NP/ TiO,/TisC, CH4 14.0 86.0% (8]
H,0, CO,
Gas-Solid This
2N- TiO,-Ti3C, CH4 17.1 92.3%
H,0, CO, work
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