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Figure S1. Photocatalytic CO2 reduction device (a), in situ CO2 production (b),

CO2 photoreduction reaction (c).
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Figure S2. SEM image of Ti3AlC2 (a) and Ti3C2Tx (b), showing that the morphology of bulk Ti3AlC2 changed to accordion-like Ti3C2, as a consequence of the eliminated of Al layer via HF etching. 
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Figure S3. X-ray photoelectron spectroscopy (XPS) survey spectra (a) and high-resolution XPS spectra of Al 2p (b) of Ti3AlC2, TT-5-u and TT5.
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Figure S4. SEM images of TiO2/Ti3C2 samples prepared with different usage of HF. 

The synthetic method for (001) TiO2/Ti3C2Tx samples is highly variable-dependent and delicate, requiring fine control of the amount of HF added within a narrow range (3-5 mL). From TT-3 to TT-5, the thickness of TiO2 nanosheets could be adjusted from ca. 300 nm to 100 nm via controlling the HF addition. Noteworthily, excessive or insufficient HF could not trigger the formation of TiO2 nanosheets during the hydrothermal process.
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Figure S5. Nitrogen adsorption/desorption isotherms and the corresponding pore-size distribution curves (inset) of theTT-2, TT-5 and TT-8 samples.

All the samples showed type IV isotherms according to the Brunauer-Deming-DemingTeller (BDDT) classification, corroborating the existence of mesopores (2-50 nm). The isotherms show H3 hysteresis loop at relatively high pressures (0.8-1.0), suggesting the presence of slit-like pores were formed. The corresponding pore-size distribution curves (inset) show that TT-5 and TT-8 have more micropores (<2 nm) compared to TT-2, which may favor the adsorption of CO2 gas molecules. It is worth pointing out that TT-5 has more mesopores and macropores. Accordingly, precise control of HF addition is essential for optimizing the physical properties of the (001) TiO2-Ti3C2 composite.
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Figure S6. The control experiments of photocatalytic CO2 reduction performance over TT-5 under altered conditions.

Table S1. Synthesis conditions of (001)TiO2/Ti3C2 composites

	Sample
	Application
	Synthesis Process
	nF : nTi *
	Ref.

	(001)TiO2/Ti3C2

	Photocatalytic CO2 reduction
	After pretreatment of 2 g Ti3AlC2 with 5 mL HF (40 wt%), the whole system is directly undergone hydrothermal process (180 oC for 12h). (without adding morphology control agent, while avoiding washing process)
	4 : 1
	This

work

	
	Photocatalytic removal of dye  methyl orange
	Etching process：10 g Ti3AlC2, 100 mL HF (49 wt%) for etching, then wash to remove HF.

Hydrothermal process: 100 mg Ti3C2, 15 mL 1.0 M HCl (containing 0.165 g NaBF4), 160 oC for 12h.  
	21 : 1
	[1]

	
	Photocatalytic degradation of  antibiotic carbamazepine
	Etching process：0.5g Ti3AlC2, 10 mL HF (30 wt%), 40 oC for 10 h.

Hydrothermal process: 200 mg Ti3C2, 30 mL 1.0 M HCl (containing 0.330 g NaBF4), 160 oC for 12h.
	25 : 1
	[2]

	
	Photoelectrochemical detection of dopamine
	Etching process：1.0 g Ti3AlC2, 20 mL HF (48 wt%), 60 oC for 20h.

Hydrothermal process: 100 mg Ti3C2, 15 mL 1.0 M HCl (containing 0.165 g NaBF4), 200 oC for 24h.  
	30 : 1
	[3]

	
	Photocatalytic hydrogen production
	Etching process: 1.0 g Ti3AlC2, 200 mL HF (40 wt%), at room temperature for 72h.

Hydrothermal process: 100 mg Ti3C2, 15 mL 1.0 M HCl (containing 0.165 g NaBF4), 160 oC for 12h.
	297 : 1
	[4]

	
	Photocatalytic hydrogen production
	Etching process: 1.0 g Ti3AlC2, 120 mL HF (40 wt%), room temperature for 72h.

Hydrothermal process: 100 mg Ti3C2, 15 mL 1.0 M HCl (containing 0.165 g NaBF4), 160 oC for 12h.
	179 : 1
	[5]

	
	Photocatalytic hydrogen production
	Etching process: 1.0 g Ti3AlC2, 120 mL HF (40 wt%), stir for 72h.

Hydrothermal process: 400 mg Ti3C2, 60 mL 1.0 M HCl (containing 0.660 g NaBF4), 160 oC for 12h.
	179 : 1
	[6]

	
	Photocatalytic NO removal
	Etching process: 2.0 g Ti3AlC2, 2.0 g LiF were suspended in 100 mL 9.0 M HCl solution, and stirred for 24 h at 35 oC.

Hydrothermal process: 100 mg Ti3C2, 15 mL 1.0 M HCl (containing 0.165 g NaBF4), 160 oC for 12h.
	6 : 1
	[7]

	
	Photosynthesis of chemical fuels
	Etching process: 2.0 g Ti3AlC2, 20 mL HF (40 wt%) for etching.

Hydrothermal process: 200 mg Ti3C2, 30 mL 1.0 M HCl (containing 0.330 g NaBF4), 160 oC for 12h.
	14 : 1
	[8]


* The molar ratio of F to Ti during the synthesis process.

Table S2. BET surface area and the corresponding pore volume and pore size of samples.
	Sample
	SBET（m2·g-1）
	Pore Volume（m3·g-1）
	Average Pore Size（nm）

	TT-2
	13.45
	0.10
	12.11

	TT-5
	24.01
	0.18
	12.45

	TT-8
	25.81
	0.13
	14.46
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