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1. Characterizations

X-ray diffraction (XRD) patterns of as-made samples were captured via a Rigaku X-ray
diffractometer with Cu K radiation source (A = 1.5 A). Fourier transform infrared (FTIR) spectra
of the samples with KBr pellets were characterized via Nicolet Nexus FTIR spectrometer. The
actual content of CN and TiN in the composite CN/TiN photocatalysts were measured by
inductively coupled plasma optical emission spectroscopy (ICP-OES, ICAP 7400, Thermo
Scientific). The as-prepared photocatalysts were digested according to the following steps before
the ICP-OES measurements. 5 mg sample was dissolved in 1 mL mixed solution (H,O, : HNO; =
2 : 8, v/v) and 9 mL deionized water, and then transferred into a 25 mL Teflon-lined autoclave.
The autoclave was kept in an oven and heated at 150 °C for 3 h. The light absorption characteristics
of the as-synthesized photocatalysts have been investigated by UV-vis diffuse reflectance spectra
(DRS) (Shimadzu UV-2501 PC spectrometer). The electron paramagnetic resonance (EPR)
spectrum of the samples were obtained by a Bruker model A300 spectrometer. Scanning electron
microscopy (SEM, JEOL SM—6601F), transmission electron spectroscopy (TEM, HITACHI H-
7650), and HAADF—STEM with corresponding EDS elemental mapping (HAADF-STEM JEOL—
2010) were employed to evaluate the surface properties of the as-made samples. The X-ray
photoelectron (XPS) spectra of the samples have been investigated via Perkin-Elmer RBD
upgraded PHI-5000C ESCA technique. The photoluminescence (PL) spectra of the samples were
recorded on a JY Fluorolog—3—-Tau technique. The time-resolved photoluminescence (TRPL)
spectra of the samples were collected on a 914—photomultiple detection system. Multiple point
Brunauer-Emmett-Teller (BET) procedure was used to obtain specific areas of the samples.

2. Photoelectrochemical measurements



The photoelectrochemical tests, such as transient photocurrent response (TPR) and
electrochemical impedance spectroscopy (EIS) were conducted in a typical three-electrode cell
through a CHI 760 electrochemical analyzer (Chenhua Shanghai, China), using Ag*/AgCl, Pt-
wire, and ITO glass electrode as the reference, counter, and working electrode, respectively. The
Na,SO4 (0.5 M) aqueous solution was used as the electrolyte with a xenon lamp (300 W) as a light-
source. For preparation of working electrodes, 0.002 g of sample was spread in 1 mL ethanol and
15 uL Nafion solution via sonication. Then well-mixed solution (100 pnL) was drop-casted onto a
piece of ITO glass with a = 1 cm? exposed area and followed by drying in the microwave oven at
60 °C for 3 h. The TPR of the samples were analyzed via on/off switch phenomena through a bias
voltage of 0.5 V under visible light irradiation, while the EIS of the samples was measured through
a bias potential of —0.2 V.

3. Photocatalytic Hydrogen evolution measurements

The photocatalytic H, was evolved under visible and NIR light illumination (A > 420 and 700
nm). The reaction was taken place in a 500 mL quartz cell connected with a water splitting
assembly (Labsolar 6A, Beijing Perfect Light Co. Ltd, China). For each test, 0.05 g of the catalyst
was dissolved in a mixed solution of distilled water (90 mL) and TEOA (10 mL, sacrificial agent)
with 1 wt% Pt (H,PtCls.6H,0 solution). The obtained solution was sonicated for 30 min before
the photocatalytic H, evolution reaction. The solution was vacuumed with N, gas for 45 min to
eradicate the internal air before being exposed to light. Afterward, Pt was successfully deposited
on the catalyst surface via a photo deposition process under stirring. A xenon lamp (300 W) was
used as a light-source with an optical filter (A > 420 and 700 nm) throughout the experiments. The
evolved H, was analyzed by connected gas chromatograph (GC 1120, HTCD, with N, carrier gas).

The photocatalytic reaction time for each experiment was set as 4 h.



The AQE of CN/TiN-2 at different monochromatic light (A = 420, 450, 500, 550, and 600 nm +
5 nm) was calculated via the following equation:

number of evolved H, molecules x 2
AQE =

— x100%
incident photons number

The solar-to-hydrogen (STH) conversion efficiency was calculated from equation as follows:

R(H,) x AGr

STH=——————x100%
PxS

R(H,), AGr, P, and S indicates H, evolution rate, Gibbs free energy for the water splitting

reaction, AM 1.5G solar illumination energy intensity (100 mW/cm?), and the illuminated sample

area (1 cm?), respectively.
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Figure S1. The schematic synthesis path of g-C;N,4, Ni@C, and CN/Ni@C-x samples.
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Fig. S2. Enlarged FTIR spectra of plasmonic metallic TiN nanoparticles.

Table S1 Elemental analysis and ICP-OES results of the CN/TiN-x samples.

Photocatalysts g-C3Nywt. % TiN wt. %
CN/TiN-1 99.188 0.812
CN/TiN-2 97.397 2.603
CN/TiN-3 96.626 3.374
CN/TiN-4 95.625 4375
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Fig. S3. UV-DRS spectra of plasmonic metallic TiN nanoparticles.
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Fig. S4. SEM images of g-C;N,4 nanosheets (a), TiN NPs (b), and CN/TiN-2 nanocomposite (c).
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Fig. S5. High-resolution XPS spectra of Ti 2p of CN/TiN-4 sample.
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Fig. S6. Photocatalytic H, evolution rate under visible light over CN/TiN-2 nanocomposite using

different sacrificial agents.



Table S2. Comparison of our study H, evolution rate over plasmonic CN/TiN-2 photocatalyst with

previous reported metallic plasmon-based photocatalysts.

S.# Photocatalysts Reaction conditions Light source H, Refs
evolution
rate (umol
ht gl
1 CN/TiN-2 TEOA (10 vol. %) 300 W Xe-lamp, A > 1308.80 This
,1 wt% Pt 420 nm (visible-light) work
2 CN/TiN-2 TEOA (10 vol. %) 300 W Xe-lamp, A > 169.20 This
,1 wt% Pt 700 nm (NIR light) work
3 Pt/CNU TEOA (10 vol. %) 300 W Xe-lamp, A > 300.0 1
,3 wt% Pt 420 nm (visible-light)
4  Au/g-C3N,4 TEOA (10 vol. %) 300 W Xe-lamp, A > 565.0 2
,1 wt% Au 400 nm (visible-light)
5 Au/PtO/g-C5N; methanol (25 vol. 350 W Xe-lamp, A > 338.0 3
%) ,0.6 wt% Au, 0.6 400 nm (visible-light)
wt% Pt
6  CN-Au-Pt methanol (50 vol. 300 W Xe-lamp, A > 139.0 4
%) ,0.3 wt% Au, 420 nm (visible-light)
0.3 wt% Pt
7  0.5-Pt-Au-CN  TEOA (10 vol. %), 300 W Xe-lamp, A > 51.60 5

10 mg/L Au, 0.5
wt% Pt

700 nm (NIR light)
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Fig. S7. N, adsorption-desorption isotherms of pristine g-C;N4 and CN/TiN-2 photocatalysts (a).

Pore size distribution curves of g-C5Ny and CN/TiN-2 samples (b).
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Fig. S8. Time course of H, evolution over CN/TiN at AM 1.5G simulated sunlight. Reaction
parameters: 50 mg sample; distilled water (100 mL); Xe lamp (300 W) fitted with standard filter

(AM 1.5G); 1 wt.% Pt as cocatalyst.
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Fig. S9. XRD spectra of CN/TiN-2 nanocomposite photocatalyst before and after recycling

experiment.
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Fig. S10. The calculated Kubelka-Munk energy band gap plot of g-C;N, nanosheets.
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