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Experimental section

Synthesis of Chl and Ti3C2Tx MXene

Chl was prepared as previously reportedS1,S2. Ti3C2Tx MXene was obtained by etching 

Ti3AlC2 (Forsman, 98%) in 49% HF solution at room temperature as follows. First, 10 mL of 

HF was added to 50 mL of plastic beakers under continuous stirring at 300 rpm for several 

minutes. Then 1 g of Ti3AlC2 MAX powder was slowly added to the etchant solution and 

continuously reacted for 24 h at room temperature. The obtained solution was washed and 

centrifuged with deionized water several times until neutral pH was reached. When the 

neutral solution of Ti3C2Tx was obtained, the Ti3C2Tx sediment was collected after discarding 

the supernatant. Finally, the mixture was dried in a vacuum oven at 50 °C for 12 h to obtain 

Ti3C2Tx MXene nanosheets.

Preparation of Chl@Cu2O/Ti3C2Tx composites

Chl@Cu2O/Ti3C2Tx composites were obtained by a stepwise deposition process of 

Cu2O and Chl as follows. First, 67.87 mL of deionized, 0.75 mL of CuSO4 (0.1 mol/L) 

solution and 3 mg of Ti3C2Tx were added to a beaker and were sonicated for 30 min. Then, 

2.63 mL of NaOH (1 mol/L) was added dropwise to the above solution. After that, 3.75 mL 

of 0.2 mol/L ascorbic acid (AA) was added and the obtained solution was left to stand for 3 h. 

Afterwards, the obtained samples were processed by high speed centrifugation and the solid 

precipitates were washed twice with water-ethanol mixture (Vwater:Vethanol = 1:1). At the same 

time, the Cu2O/Ti3C2Tx samples were obtained by drying at 35 °C for 12 h. Next, 

Cu2O/Ti3C2Tx (3 mg) was added to a tetrahydrofuran (THF) solution of Chl. The mass ratio 
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of Chl to Cu2O/Ti3C2Tx was 1% (30 µg), 2% (60 µg), 4% (120 µg) or 8% (240 µg), 

respectively. The Chl@Cu2O/Ti3C2Tx mixture was stirred at room temperature for 10 h until 

the solvent was completely evaporated. The collected dried sample is the required 

Chl@Cu2O/Ti3C2Tx composite.

Characterization

To characterize Chl, Cu2O, Ti3C2Tx and the composites, an X-ray diffraction (XRD, D8 

Advance, Bruker) was operated at 40 kV and 200 mA with Cu K radiation (λ = 0.15406 

nm). Scanning electron microscopy (SEM, SU8000, Hitachi) was used to observe the 

morphology of the samples. The energy-dispersive X-ray spectroscopic (EDS, Magellan400) 

mapping was measured to investigate the distribution of the composite elements. Fourier 

transform infrared spectroscopy (FT-IR, Vertex70, Bruker) was used to obtain the spectra of 

the samples in a range of 400 to 3100 cm-1. Electronic absorption spectra of samples were 

measured with a UV-visible absorption spectrometer (UV-3600, Shimadzu). X-ray 

photoelectron spectroscopy (XPS) was performed on a Thermo Scientific NEXSA 

spectrometer with Al Kα radiation excitation source. The electrochemical impedance 

spectroscopic (EIS) measurements in the range from 0.1 Hz to 100 kHz and the transient 

photocurrent (TPC) response were carried out with an electrochemical workstation (Bio-

Logic SAS) in a standard three-electrode system. The steady-state photoluminescence (PL) 

was measured on a Shimadzu RF-6000 spectrophotometer. Specific surface area 

measurements (Kubo-X1000) were typically based on N2 sorption with pretreatment at 60 °C 

under the Brunauer-Emmer-Teller (BET) model.
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Photocatalytic activity measurements

Photocatalytic H2 evolution was measured under a 300 W Xenon lamp (PLS-SXE 300, 

Beijing Perfectlight Technology): the light intensity was 100 mW/cm2. A 6 mL photoreactor 

and a cut-off filter (usually λ > 420 nm) were used. Chl@Cu2O/Ti3C2Tx photocatalysts 

composite (3 mg) was added in an aqueous 55 mM AA solution (3 mL). The mixture was 

sonicated for 5 min before light irradiation to fully disperse the composite. Argon was purged 

to remove oxygen in the solution and the reactor for 10 min. The reactants were continuously 

stirred under irradiation for 2 h. The hydrogen production was measured by a gas 

chromatograph (SP-3420A, Beijing Beifen-Ruili Analytical Instrument) with a thermal 

conductivity detector. The carrier gas was argon and the column contained 5 Å molecular 

sieves. The average values were obtained by five independent experiments.

The N2 adsorption-desorption isotherm of Ti3C2Tx is shown in Figure S1. The specific 

surface area of the Ti3C2Tx sample obtained by BET measurements was 6 m2/g. 

Figure S1. N2 adsorption-desorption isotherm of Ti3C2Tx.
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Figure S2. Hydrogen production of Chl@Ti3C2Tx, Cu2O@Ti3C2Tx and Chl@Cu2O/Ti3C2Tx 

composites with different mass ratios (a-c) under white light illumination (λ > 420 nm).

Figure S3. UV-visible absorption spectra in THF before/after Chl@Cu2O/Ti3C2Tx cycle 
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measurement.

Figure S4 shows the reactivation measurements of the photocatalytic HER performance 

of the Chl@Cu2O/Ti3C2Tx sample. First, the Chl@Cu2O/Ti3C2Tx samples after three cycling 

measurements were recovered by high-speed centrifugation. Then, Chl@Cu2O/Ti3C2Tx was 

dried in a vacuum drying oven at 60 °C for 12 h to obtain the required samples. The 

Chl@Cu2O/Ti3C2Tx sample was obtained by redepositing 1% mass ratio of Chl. Finally, fresh 

AA solution was added to Chl@Cu2O/Ti3C2Tx for photocatalytic HER measurements.

Figure S4. Reactivation measurements of photocatalytic HER performance in 

Chl@Cu2O/Ti3C2Tx samples.
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Table S1. Comparison of the performance of photocatalytic hydrogen production with other 

similar efforts.

Composite Sacrificial agent Rate (μmol/h/g) Refs.

SQ/Ti3C2Tx 55 mM AA 28.6 S3

Dye@Ti3C2Tx 55 mM AA 15.5 S4

Chl/Ti3C2Tx 55 mM AA 52 S5

g-C3N4/Ti3C2Tx 10 vol% TEOA 88 S6

EY/Ti3C2Tx 10 vol% TEOA 33.4 S7

Chl@Cu2O/Ti3C2Tx 55 mM AA 174 This work

Table S2. The fitting data of Nyquist plots for Chl@Ti3C2Tx, Cu2O/Ti3C2Tx and 

Chl@Cu2O/Ti3C2Tx.

Sample R1/Ω R2/Ω CPE-T/10−3 CPE-P WO-R WO-T WO-P

Chl@Ti3C2Tx 6.7 110.3 0.75 0.61 4.9 0.15 0.28

Cu2O/Ti3C2Tx 6.6 99.1 1.10 0.57 6.7 0.36 0.29

Chl@Cu2O/Ti3C2Tx 6.3 60.7 1.21 0.54 5.1 0.95 0.22
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