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Table S1. Estimation of O, C and N contents of as-fabricated samples by XPS.

Samples C N O
CsNy 46.9 50.8 23
COCN-1 16.2 78.7 5.1
COCN-2 44.9 51.5 3.6
COCN-3 38.5 58.9 2.6
Table S2. Binding energy and area ratio of C 1s over as prepared samples
Samples C-H2 Cc=C C-NH N=C-N (O 0)
BE Area BE Area BE Area BE Area BE Area
(eV) ratio (eV) ratio (eV) ratio (eV) ratio (eV) ratio
(o) (o) (%) (o) (o)
CsNy - - 284.6 2637 2863 629 2882 67.34 - -
COCN-1 284.1 54 284.6 18.0 286.0 2.7 2878 645 2874 94
COCN-2 284.1 69 2846 132 286.1 1.8 2878 72.0 2873 6.1
COCN-3 284.1 32 2846 94 2866 23 2879 794 2877 5.7

Table S3. Binding energy and area ratio of N 1s over as prepared samples

Samples C-N=C N-(C3) N-Hx
BE Area ratio BE Area ratio BE Area ratio
(eV) (%) (eV) (%) (eV) (%)




C3Ny 398.3 76.94 399.7 14.64 400.7 8.42
COCN-1 3985 73.44 399.7 14.49 400.9 12.07
COCN-2  398.4 74.65 399.7 15.16 400.9 10.19
COCN-3  398.6 75.05 400.1 16.22 401.1 8.73
Table S4. Binding energy and area ratio of O 1s over as prepared samples
Samples Adsorbed oxygen Adsorbed H,O C-O

BE Area ratio BE Area ratio BE Area ratio
(eV) (%) (eV) (%) (eV) (%)
COCN-1 5315 62.1 532.6 30.6 533.7 7.3
COCN-2 531.6 62.2 532.7 31.5 533.7 6.3
COCN-3  531.6 63.4 532.7 31.5 533.8 5.1
Table S5. Comparison of different catalysts for photocatalytic HER.
Ref. Catalysts Reaction Condition Time Oxidant Conv. Sel.
() () ()
Sl Wrinkled thioanisole (0.5 mmol), 1 Air 60 >99
C3Ny methanol (5 mL), A > 400
nanosheets nm, R.T.
S2 CdS/C3N4  thioanisole (0.3 mmol), 6 0, 61.88 >99
catalyst (5 mg), methanol
(3mL), A>420 nm, R.T.
S3 Ce0/g-C3N4  thioanisole (0.2 mmol), 10 Air 94.35 100
catalyst (30 mg), CH30OH
(5§ mL), A>400 nm, R.T.
S4 Nb,O5 thioanisole (0.25 mmol), 1.3 0, 94 >99

catalyst (25 mg), CH;OH
(0.5 mL), ARS (0.5
mmol), TEMPO (5 mmol),
green LEDs, R.T.
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LED irradiation (A=525
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groups in acetonitrile (2 mlL),

g-C3Ny xenon lamp (50 W)
without filter
This COCN-2 thioanisole (0.5 mmol), 3 Air >99 >99
work photocatalyst ( 20 mg),
acetonitrile (2 mL), A >
420 nm

Table S6. Zeta potentials of the as-prepared photocatalysts.

Test time C3N4(mV) COCN-3 (mV) COCN-2 (mV) COCN-1 (mV)
1 -37.53 -62.28 -71.63 -66.04
2 -42.35 -67.07 -73.29 -68.70
3 -41.04 -68.20 -77.42 -65.52
4 -41.02 -63.24 -75.36 -66.77
5 -42.57 -61.37 -74.94 -64.53
6 -42.32 -60.96 -76.83 -66.63

Average -41.14 -63.85 -74.91 -66.37
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Fig. S1. SEM images of (a) melem, (b) trimethylohmelem, (c) precursor and (d)

COCN-2.
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Fig. S2. XRD patterns of as-fabricated samples.
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Fig. S3. FTIR spectra of as-fabricated samples.

The structure of COCN was analysed through FTIR spectra to confirm carbon
and C-O-C incorporation, as shown in Fig. S3. The signal at 811 cm! is assigned to
the heptazine rings of the conjugated C;N4 heterocycles. The broad peaks between
2900 cm! and 3500 cm! belong to hydroxyl (—OH) and N—H stretching, indicating
that the NH and OH groups exist in the COCN and trimethylolmelem, respectively.
The new bands can be observed at 993 cm™! (C—N), 1495 cm™! (C—H2) and 3126 cm’!
(N—H), implying the generation of N-CH2-N species in the structure of COCN and
precursor.S16-S18 Furthermore, the characteristic mode of the C—-O—C vibration appears
at 1088 cm™!' in COCN and precursor,5!9-520 suggesting the synthesis of materials exist

two forms chains as illustrated in Fig. 1a.
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Fig. S4. O1s high-resolution spectra of (a) trimethylohmelem and (b) precursor.
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Fig. S5. (a) XRD patterns and (b) FTIR spectra of as-fabricated samples.
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Fig. S6. N, sorption isotherms of as-fabricated with the BET surface area data

provided as inset.
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Fig. S7. EDS images of COCN-2.
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Fig. S8. solid-state 13C NMR spectra of COCN-2.
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Fig. S9. The TG curves of COCN-1, COCN-2 and COCN-3
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Fig. S10. High-resolution XPS spectra of COCN-1 and COCN-3: (a) C 1s, (b) N 1s

and (¢) O 1s.



42 -0 08 06
Potential (V vs. RHE)

04

0.2

12
N 1.0
(a) 1.04 G3Ng " (b)
0.8
< ¥ N
N & 06
S 0.6 =
- -
-’ -
V) 04 Ly 044
=~ S~
] -
0.2 0.2
-1.12
0.0+— T T T T T T T 0.0
‘14 -12 <10 08 06 04 -02 00 14
Potential (V vs. RHE)
(d) 1.2
1.0
)
(a\] .3
308
>
—  0.64
N
o
Q 041
-
0.2
0+ 0.0+—
14 -12 -1.0 08 -06 04 -02 00 14
Potential (V vs. RHE)

12 10 08 06
Potential (V vs. RHE)

04

Fig. S11. Mott-Schottky plots of fabricated samples: (a) CsNy4, (b) COCN-1, (c)

COCN-2 and (d) COCN-3.
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Fig. S12. Cycling test of photocatalytic selective oxidation of sulfides over COCN-2.
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Fig. S13. Contact-angle of thioanisole on the surface of (a) C;Ny4, (b) COCN-1, (c)

COCN-2 and (d) COCN-3.
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Fig. S14. O,-temperature programmed desorption spectra of fabricated samples.
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Fig. S15. Photocatalytic selective oxidation of sulfides over COCN-2 with or without
a scavenger. Ammonium oxalate (AO), Potassium persulfate (KSO), p-benzoquinone
(BQ) and tert-butanol (TBA) as scavengers for hole (h*), electron (e7), superoxide

radical (O,"") and hydroxyl radical (-OH) trapping, respectively.

(a) (b)

CIC,
C/C,

4 —+— COCN-2 with p-benzoquinone

0.2

0 10 15 3 3 % 0 5 10 15 20 25 30
Time (min) Time (min)

Fig. S16. Photocatalytic degradation of (a) Nitro blue tetrazolium (NBT) and (b) 1,3-

diphenylisobenzofuran (DPBF) over different catalysts.

Superoxide radical detection: Briefly, the reaction mixture contained acetonitrile

(10 mL), catalyst (20 mg) and nitro blue tetrazolium (NBT, 20 mg). Prior to



irradiation, the mixture was magnetically stirred in the dark for 30 min to establish
adsorption-desorption equilibrium. The light source was a 300 W Xe-arc lamp
equipped with a 420 nm filter to cut off UV light. The amount of superoxide radicals
was identified by a Cary-100 spectrophotometer to record the absorbance change at
the wavelength of 280 nm. The mole ratio of generated superoxide radicals and

degraded NBT was 4:1 according to the report of Wei et al.5?!
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Singlet oxygen detection: Briefly, the reaction mixture contained acetonitrile (10
mL), catalyst (20 mg), and 1,3-diphenylisobenzofuran (DPBF, 20 mg ). The light
source was a 300 W Xe-arc lamp equipped with a 420 nm filter to cut off UV light.
The concentration of singlet oxygen was identified by a Cary-100 spectrophotometer
to record the absorbance change at the wavelength of 410 nm. The mole of generated

singlet oxygen was calculated by the report of Chen et al.5*
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Fig. S17. In situ FT-IR spectra of COCN-2.
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Fig. S18. Plausible mechanism for the photocatalytic selective oxidation of sulfides

over COCN-2 under visible light irradiation.

Based on the above results and the relevant mechanisms reported in the
literature,523-524 a plausible mechanism for this photocatalytic oxidation over COCN-2

is proposed in Fig. S18. Under light illumination, COCN-2 was easily photoexcited



and produced electrons and holes pairs. Photogenerated electrons will react to the
surface of O, to form a radical species O,"~. Subsequently, then a quantity of O, was
attacked by h* to form the 'O,. Finally, the sulfoxide product could be obtained from
further oxidizing sulfide using the singlet oxygen. Another minor route is that the
surface holes react with sulfide to form the corresponding intermediate which further

reacts with O,"™ to produce sulfoxide.
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Fig. S19. Contact-angle of water on the surface of (a) C3Ny, (b) COCN-3, (¢) COCN-

2 and (d) COCN-1.
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Fig. S20. (a) XRD and (b) FTIR spectra of COCN-2 before and after eight cycles for

photocatalytic H, production.
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