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Theoretical details:

The theoretical calculation part was completed by the CASTEP code using ultrasoft
pseudopotential. The geometric optimization process used the Perdew-Burke-Ernzerh
equation originating from generalized gradient approximation (GGA). The
convergence criterion for energy and force are 1.0*e> eV/atom and 0.03 eV/A. The
Grimme method was adopted to describe the van der Waals interaction63. Cut-off
energy and the value of K-point mesh were determined to be 500 eV, and 3*3*]1 after
convergence tests. The slab models of TCN and HCN were obtained by cleaving (002)
crystal planes of bulk TCN and bulk HCN. The monolayer slab model of TCN and the
monolayer slab model of HCN are geometrically optimized accompanied by a
vacuum layer thickness of 15 A. The information on the work function is then
obtained by property calculations. The crystallized carbon nitride homojunction
model was constructed using a monolayer slab of TCN and a monolayer slab of HCN
crystalline surfaces and the lattice mismatch was within 5%. The vacuum layer
thickness of the homojunction model is set to 20 A. The optimized structural
parameters for the homojunction model are as follows, a=b = 8.0234 A, ¢ = 25.1154
A. Light irradiation conditions were simulated by an applied electric field in the

z-direction!!!.



Supplementary Figure 1. (A and B) SEM images of BCN (bulk phenazine-based
C3Nj after calcined melamine at 500 °C for 4 h); (C and D) SEM images of HCN

(homojunction carbon nitride after calcined melamine at 500 °C for 2 h).



Intensity (a.u.)

Survey

0 1s
by %) -

N 1s

- —————

600

400

Binding erergy (eV)

200

Supplementary Figure 2. The XPS survey spectra of HCN (homojunction carbon

nitride after calcined melamine at 500 °C for 2 h) and BCN (bulk phenazine-based

C3Nj after calcined melamine at 500 °C for 4 h).
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Supplementary Figure 3. (A) Comparison of UV-vis spectra before and after the

addition of NaBH4; (B) Comparison of UV-vis spectra at different time intervals after

adding NaBHg; (C) Comparison of UV-vis spectra at different time intervals after

addition of HCN (homojunction carbon nitride after calcined melamine at 500 °C for

2h).
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Supplementary Figure 4. UV-vis absorption spectra for different concentrations of

4-NP reduction with 5.0 mg of HCN under visible light irradiation: (A) 50 mg/L, (B)
100 mg/L, (C) 150 mg/L, (D) 200 mg/L.



A
5 1.0 mg ——-30.0 min
T ——-15.0 min
—_ —— 0.0 min
E 5] —— 2.0min
5 4.0 min
‘é’_ 6.0 min
9 14 8.0 min
£0
<
04
300 400 500
Wavelength (nm)
C
3]10.0mg =l R
——-15 min
— ——0.0 min
;; 2 2.0 min
_E ——3.5 min
2
217
Qo
<
04

300

400 500

Wavelength (nm)

(o]

Absorption (a.u.)

15.0mg

——-30.0 min
——-15.0 min
—— 0.0 min
—— 2.0min
4.0 min
5.0 min

o

300

400 500

Wavelength (nm)

Absorption (a.u.)

120.0mg

——-30 min
——-15min
——0.0 min

2.0 min
——3.5min

300

400 500

Wavelength (nm)

Supplementary Figure 5. UV-vis absorption spectra for 150 mg/L 4-NP reduction

with different amounts of HCN under visible light irradiation: (A) 1.0 mg, (B) 5.0 mg,
(C) 10.0 mg, (D) 20.0 mg.
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Supplementary Figure 6. UV-vis absorption spectra for 150 mg/L 4-NP reduction
with 10.0 mg of HCN in different pH under visible light irradiation: (A) pH = 3.5, (B)

pH=5.1,(C)pH=46.5, (D) pH=9.5, (E) pH=11.0.
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Supplementary Figure 7. UV-vis absorption spectra for 150 mg/L 4-NP reduction

with 10.0 mg of HCN after 4 times recyclability under visible light irradiation: (A)

first, (B) twice, (C) thrice, (D) fourth.



Supplementary Figure 8. TEM image of the cycled HCN (homojunction carbon

nitride after calcined melamine at 500 °C for 2 h).

] ~—— HCN
0.6 - —— BCN

Tl =0.0245 ms

0.24 % 2 =0.0214 ms

Intensuty (a.u.)

o
o
]

-0.2 . ; . . . . .
0.00 0.05 0.10 0.15 0.20

Time (ms)

Supplementary Figure 9. TPV curves and charge attenuation time of HCN
(homojunction carbon nitride after calcined melamine at 500 °C for 2 h) and BCN

(bulk phenazine-based C3Nj after calcined melamine at 500 °C for 4 h).
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Supplementary Figure 10. Taut plots for band gap determination of HCN
(homojunction carbon nitride after calcined melamine at 500 °C for 2 h) and BCN

(bulk phenazine-based C3Ns () after calcined melamine at 500 °C for 4 h).
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Supplementary Figure 11. EPR detection of DMPO--O> and DMPO--OH species

during calcined melamine at 500 °C for 2 h using HCN (homojunction carbon nitride)
under visible light irradiation for 10 min.
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Supplementary Figure 12. Work functions for (A) TCN and (B) BCN, and the insets
show the top view of the corresponding slab models. (C) The schematic illustration of
the electron transfer mechanism under a dark environment. Color scheme: N, blue; C,

gray; CI, green; and, Li*, pink.



Supplementary Table 1. Comparison of apparent rate constants (k) of different

photocatalysts under visible light irradiation

4-NP Reaction
Light
Catalyst concentration Reducer time Ref.
source (min™)
(mg/L) (min)
CdS-0.03(MoS:- 500 W Xe HCOON
20 18 0.084 [2]
0.01rGO) lamp Hy
250 W Hg
NrGo/g-g PSCN 15 No 180 0.024 [3]
lamp
N-GQDs 140 NIR light NaBH4 8 0.704 [4]
M@A-16% 20 NO NaBH4 25 0.101 [5]
300 W Xe
TNOS-1-Agl6 20 NaBH4 12 0.828 [6]
lamp
300 W Xe
TNOS-1-Au8 20 NaBH4 4 1.165 [6]
lamp
Pd NSs/CNNSs 20 No NaBH4 6 0.760 [7]
250 W Xe
ZnCdSe/CuS 10 NaBH4 120 0.014 [8]
lamp
250 W Xe
DCM-TPA-Pt 1 NaBH4 3 1.83 [9]
lamp
365 nm
Ti0,/CdS 1 NaBH4 20 0.1269 [10]
UV light
400 W Xe This
BCN 100 NaBH4 9 0.630
lamp work
400 W Xe This
HCN 100 NaBH4 3.5 1.440

lamp work




Supplementary Table 2. Apparent rate constants (k) for photocatalytic reduction
of 4-NP with HCN under visible light at different concentrations, catalyst

amounts, and different pH values

Different conditions k (min™)
50 2.84
¢ (4-NP)/mg-L"! 10 18
150 1.20
200 0.75
1.0 0.11
5.0 1.23
m (HCN)/mg 10.0 1.49
20.0 1.35
3.5 1.72
5.1 1.02
pH (4-NP) 6.5 1.49
9.5 1.24

11.0 1.23
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