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Characterization

The particle size and shape of the samples were characterized by scanning electron microscopy
(SEM) using in a Zeiss Auriga microscope (Carl Zeiss, Jena, Germany) with an energy-dispersive
X-ray spectroscopy (EDS) detector at 20 kV to study the composition and transmission electron
microscopy (TEM) using a ZEISS LIBRA 120, operating at 120 kV. High-resolution TEM
(HRTEM) studies were conducted using a field emission gun FEI Tecnai F20 microscope at 200
kV with a pointto-point resolution of 0.19 nm. Powder X-ray diffraction (XRD) patterns were
collected directly from the as-synthesized nanoparticles dropped on Si(501) substrates on a Bruker
AXS D8 Advance X-ray diffractometer with Nifiltered (2 pm thickness) Cu Ko radiation (A =
1.5406 A) operating at 40 kV and 40 mA. A LynxEye linear position-sensitive detector was used
in reflection geometry. Characterization of the surface was done by X-ray photoelectron
spectroscopy (XPS) on a SPECS system equipped with a XR50 source operating at 250 W and a
Phoibos 150 MCD-9 detector. The pass energy of the hemispherical analyzer was set at 20 eV, and

the energy step of high-resolution spectra was set at 0.05 eV. The pressure in the analysis chamber
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was always below 1077 Pa. The specific surface area and analysis of the pore size distribution were
obtained from nitrogen adsorption/desorption isotherms on Tristar I 3020 Micromeritics system.
Fourier transform infrared (FTIR) spectra were recorded on an Alpha Bruker spectrometer. The
optical properties of samples were analyzed by a UV-—vis spectrophotometer (UV-2600,
Shimadzu). Photoluminescence (PL) spectra of aqueous photocatalysts suspension (0.1 g/L) were
collected on a fluorescence spectrophotometer (F-7000, Hitachi), and the wavelength of excitation
light is 370 nm. The decay time measurements were carried out on a compact fluorescence
lifetime spectrometer (Quantaurus-Tau, C11367, HAMAMATSU), and an LED lamp (365 nm)
was used as an excitation source.

Electrocatalysis measurement

The photocurrent and electrochemical impedance spectroscopy (EIS) investigations were carried
out on a CHI-760 electrochemical analyzer using a three-electrode cell system with indium tin
oxide (ITO)/sample as the working electrode, platinum net as the counter electrode and standard
calomel electrode (SCE) as the reference. A 300 W Xe lamp with a cut-off filter of 420 nm was
utilized as the light source. Furthermore, the ITO/sample electrodes were fabricated as follows:
first, samples (5 mg) were added into solutions containing DI water (0.5mL), ethanol (0.5 mL) and
Nafion (20ul) and ultrasonicated for 20 min. Then, the resultant sample slurry (0.1 mL) was
casted onto pre-cleaned ITO glass and then dried at 60°C for 2 h.

Apparent quantum efficiency (AQE) calculations

The apparent quantum efficiency can be evaluated from following equation:
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AQE = =2

ny, is the number of evolved H, molecules, N, is Avogadro number (6.02x10%) and N

represents the number of incident photons, which can be calculated from following equation :

__ light intensity (W cm™2) x illumination area (cm?)

N e
A

h is plank constant (6.626 x 103* J-s = 4.136x10°13 €Vs), c is the speed of light (3.0x10% m-s™1),
A is the wavelength of light (380 nm, 420 nm).

Test method for light with wavelengths of 380 and 420 nm. The photocatalytic systems with 200
mg catalyst and 100 mL solution (90 mL DI water, 10 mL methanol and 1 wt% Pt cocatalyst). The

mixed solution was bubbled with N, for 30 min to ensure anaerobic condition and illuminated 30
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min with ultraviolet light before simulated solar light irradiation to measure H» evolution.The test
time was 1h and irradiated area is 28.26 cm?.

The light intensity and resulting ny, are listed in the table S2.

SAAOf BCN : 463 m’/g

‘3253_ SAAof uCN : 85.7mi/g
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Figure S1. SEM image of (a) bulk g-CsN4 and (b) ultrathin g-CsN4, (c) N2 adsorption-desorption
isotherms of bCN and uCN.
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Figure S2. FTIR spectra of OAC, OLMA and TiO; before and after ligands remove.
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Figure S3. Zeta potential distribution spectrum of TiO; after ligands removal (a) and uCN (b).
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Figure S5. SEM image of T1/uCN2 and corresponding EDS spectrum
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Figure S7. SEM image of T1/uCN2 and corresponding EDS spectrum
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Figure S8. Chromatogram plots for 0.5 ml of standard hydrogen injected every half hour

Table S1. Gas Chromatography Peak Processing Data based on fig S8

Peak (#) Peak time | Peak height Peak area
(min) (uv) (Uv*s)

61.760 10599 50777
2 121.765 18080 88649
3 181.771 28023 139827

4 241.786 36981 191326
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Figure S9. Standard hydrogen curve for gas chromatography

Table S2. Exponential decay-fitted parameters of fluorescence lifetime of uCN, TiO; and T1/uCN;

Sample uCN TiO, T1/uCN;y
T (ns) 3.51 3.15 4.72
T1 (ns) 1.04 0.96 1.49
12 (ns) 6.03 5.47 6.93
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Figure $10. Photocatalytic hydrogen generation amount on bCN, TiO; and T1/bCN; during 4 h

under simulated solar light irradiation
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Table S3. Photocatalytic hydrogen production about TiO,/g-C3N4 based catalysts

Photocatalyst Additional Light source Activities Sacrificial Ref.
co-catalyst (umol htg?) Agent
Ag/TiO,/g-C3Na4 1% Pt 400 nm 1707 TEOA [1]
filter
B-Ti02/Si02/gC3N4 Pt AM 1.5G 572.6 Methanol [2]
filter
MoS,/g-C3N4/GO No AM 1.5G 1650 Na,SO; [3]
filter (0.25 M).
TiO2/g-C3Na4 3% Pt 300 W 1820 TEOA [4]
N-TiO2/g-C3Na/NixP No 300 W 5438 TEOA [5]
NiS/TiO, Pt 300W 698 Lactic acid [6]
Au/TiO2-g-C3N4 No 150W 350 Methanol [7]
g-CsNa/MMT/TIO; Pt 350 W 2213 Glycerol [8]
ZnS- g-C3N4/TiO2 No 300W 422 TEOA [9]
Sheet TiO, / ultrathin 1% Pt AM 1.5G 3875 Methanol This
g-C3N4 filter work

Table S4. The AQE values with different incident light wavelengths for T1/uCN;

Wavelength Light intensity T1/uCN;
(nm) (mW/cm?) n H; AQE
(umol) (%)
380 4.51 58.3 7.16
420 12.14 55.8 2.67
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FFigure S11. (a) Stability cycles of the T1/uCN; for H> evolution under simulated solar light irradiation;
(b) TEM image of T1/uCN; after 20 h photocatalytic H, evolution reaction and (c) XRD pattern of

T1/uCN; before and after 20 h photocatalytic H,0; evolution reaction.
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