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1.1. Characterization

X-ray diffraction (XRD) measurements were performed on a D8-ADVANCE
instrument with Cu Ka radiation. Fourier transform infrared (FTIR) spectra were
recorded on a Nicolet6700 spectrophotometer. X-ray photoelectron spectroscopy (XPS)
were obtained by AXIS UltraDLD. The UV-vis absorption spectra were obtained using
a Lambda 950 UV/VIS/NIR spectrophotometer. Nitrogen adsorption-desorption
isotherms were collected on a Quadrasorb Sl at liquid N2 temperature. The
photoluminescence (PL) spectra were recorded on a RF5301PC spectrometer. Scanning
electron microscope (Ultra-high resolution SEM, GAIA3) coupled with TOF-SIMS
was used to characterize the morphology and microstructure of the samples.

1.2. Photoelectrochemical measurements

The photocurrent response (I-t) and electrochemical impedance (EIS)
measurements were conducted with a CHI 660c electrochemical workstation in a
conventional three electrode system. The Pt plate was used as the counter electrode and
Ag/AgCl was used as the reference electrode. The electrolyte was 0.5 M Na2SOs
aqueous solution. The working electrode was prepared as follows [1]: 0.1 g
photocatalyst and 0.01 g ethyl cellulose were mixed in ethanol to make a fine slurry.
The slurry was coated onto an indium-tin oxide glass by a doctor blading method and
then dried at 80 °C for 2 h. The simulated sunlight came from a 300W Xe lamp with an
AM 1.5 cutoff filter. For EIS measurements, the perturbation signal was 10 mV and the
frequency ranged from 100 kHz to 10 mHz. The applied potential was 0.6 V vs

Ag/AgCI for the I-t and EIS experiments. Mott-Schottky plots were measured using the



same electrolyte. The ac amplitude was 5mV and the frequency was 1 kHz.

1.3. Photocatalvtic activity experiments

The photocatalytic H> evolution experiments were conducted in a quartz device
(LabSolar-111AG, Perfect Light, China). 0.1 g catalyst was dispersed in 100 ml of
aqueous solution (10 vol% triethanolamine). Then, the solution was degassed and
irradiated with a 300 W Xe lamp with an AM 1.5 cutoff filter as the simulated sunlight
source. Magnetic stirring of the solution was maintained through the experiment. The
photocatalytic H> evolution rate was quantified by using an online gas chromatograph
(GC2010plus, Japan, Ar as carrier gas). The recyclable photocatalytic activity tests
were also performed, and the photocatalyst was collected by centrifugation after each
run and used for next run.

The photocatalytic RhB degradation activities of various photocatalysts were
also evaluated. 0.05 g catalyst was suspended in 50 mL of RhB solution (10 mg/l). The
mixture was magnetically stirred for 60 min in dark to reach complete
adsorption/desorption equilibrium. Then, the suspension solution was irradiated under
simulated sunlight irradiation using a 300 W Xe lamp with an AM 1.5 cutoff filter. At
the given time, 3 mL of the suspension were withdrawn from the reactor and analyzed
by a UV-vis spectrophotometer (Perkin-Elmer, USA). To probe the active species in
the photocatalysis, triethanolamine (TEOA, 1 mM), 1, 4-benzoquinone (BQ, 1 mM)
and isopropyl alcohol (IPA, 1 mM) for RhB degradation were conducted. The trapping
experiments were like the photodegradation experiment except that a quantity of

scavengers was added to the RhB solution prior to adding photocatalyst. In addition,
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the photocatalytic stability of photocatalyst was also evaluated by performing cycle
runs. The photocatalyst was collected by centrifugation after each run and washed with

deionized water several times, and dried for the next run.

1.4. DFT calculation

The DFT computations were conducted using the Vienna ab initio Simulation
Package (VASP) code with a projector augmented wave (PAW) method [2-4]. The
exchange-correlation function used the Perdew-Burke-Ernzerhof (PBE) [5, 6]. The
energy cutoff was set 500 eV. Ionic relaxations were carried out until the atomic forces
were converged to 0.05 eV/A. The van der Waals (vdW) correction was included by
using the DFT-D2 calculations [7]. Spin-polarized was used in the Li-Cl-Co regulated
g-C3N4. We first relaxed a 1 x 1 x 2 supercell of bulk g-C3N4. The obtained lattice
constants were a = 7.12 A, b=7.12 A and ¢ = 12.61 A, which well agreed with the
previous results [8, 9]. Then, Li-Cl-Co atoms were introduced in interstitial (cave and
interlayer) according to the previous studies [10-12]. By structure optimization, the Co
was in the cave position (among the adjacent tri-s-triazine units) and Cl and Li were in
the interlayer position. After obtaining the stable structure, the electronic structure was
further calculated. The 4x4x2 and 5x5x3 k-points were applied in the structure

optimization and electronic property calculations, respectively.



Fig. S1. The top side view of stable LiCICo-C3N4 structure after DFT calculation (It
clearly that the Li, Cl and Co were stabilized in g-C3N4 through Co-N, CI-C, Cl-Li and

Li-N bonds)
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Fig. S2. The typical images for the select area to simultaneously detect the Li and Co



elements during the TOF-SIMS examining process (the area was gradually destroyed).

The coordinate dimensions of the other images were the same as those of the first image.
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Fig. S4. The recyclable photocatalytic activity for RhB degradation.



Table S1 Recent studies on anion or cation doped g-C3Ns photocatalysts for H»

evolution.
Performance compared to ) . Reference
Photocatalyst Reaction condition @
g-C3Ny (Year)
O doped g-C3N4 5.2 times higher than that 300 W, A >400, TEOA [13] (2016)
of g—C3N4
P doped g- 2.1 times higher than that 300 W, simulated [14] (2020)
C3N4/AgzPO4 of g-CaN4 sunlight, methanol
Na-P doped g-C3Ns 2.2 times higher than that 350 W, methanol [15](2017)
of g—C3N4
K doped g-C3N4 5.4 times higher than that 300 W, 2>400, [16] (2018)
of g—C3N4 TEOA
C doped g-C3Ny 6.6 times higher than that 300 W, 2>420 [17] (2020)
of g—C3N4 TEOA
B-F doped g-CsNy 5 times higher than that of 300 W, TEOA [18] (2018)
2-C3Na4 monochromatic light
Eu doped g-CsNy 7.3 times higher than that 300 W, TEOA [19] (2019)
of g—C3N4
K" and cyano 12 times higher than that of 300 W, 2>420 [20] (2020)
decorated g-C3Ny g-C3Ny TEOA
Co doped g- 4.7 times higher than that 300 W, simulated [217 (2019)
C3N4/MoS; of g-C3Ny4 sunlight, TEOA
Li-Cl1-Co doped g- 12.6 times higher than 300 W, simulated This work
C3N4 that of g-C3N4 sunlight, TEOA

Note: (a) the light source was a Xenon-arc lamp.



Table S2 Recent studies on anion or cation doped g-C3Ns photocatalysts for RhB

degradation
Performance compared to Light source @ Reference
Photocatalyst
2-C3Ny (nm) (Year)
Li doped g-C3N4 2.8 times higher than that 300 W, Visible light [22](2019)
of g—C3N4
CI-S doped g-C3N4 5.3 times higher than that 300 W, A>400 [23] (2020)
of g-C3N4
Na doped g-CsNy 3.2 times higher than that 500 W, A>400 [24] (2020)
of g—C3N4
Na-S doped g-C3N4 3.4 times higher than that 300 W, A>420 [25](2019)
of g—C3N4
Fe doped g-C3Ny4 2 times higher than that of 300 W, A>420 [26] (2019)
g2-C3N4
K-Fe doped g-C3N4 4.38 times higher than that 300 W, A>420 [27] (2019)
of g—C3N4
C-Ce doped g-C3Ny4 2.4 times higher than that 300 W, A>420 [28] (2020)
of g—C3N4
P doped g-C3N,4 5 times higher than that of 300 W, A>420 [29] (2018)
g-C3Ny
Co doped g-C3sN4/MoS, 6.4 times higher than that 300 W, simulated [21](2019)
of g-C3Ny sunlight
Li-Cl-Co doped g-C3N4  15.3 times higher than 300 W, simulated This work
that of g-C3N4 sunlight

Note: (a) the light source was a Xenon-arc lamp.
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