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Methods

Theoretical calculations: The computation was performed using the VASP software
based on first-principles calculation. The projected augmented wave (PAW)
pseudopotential was used, and the exchange - correlation energy was treated with the
PBE functional within the GGA. During geometry optimization, the cutoff energy
was 500 eV, and self - consistency was achieved when the total energy converged to
10-5 eV/atom. The vacuum layer thickness was set to exceed 15 A. For molecular
dynamics simulations of BiOCl and Bi;0,4Cl at 450 K, VASP was also employed. The
simulation lasted 2000 fs with a 1 fs time step to evaluate thermal stability.
Photocatalytic N, fixation: Photocatalytic nitrogen fixation experiments were carried
out in a sealed quartz reactor using a 300 W xenon lamp as the light source. First, the
reactor was purged with high-purity nitrogen gas under dark conditions with
continuous stirring for 30 minutes to fully saturate the reaction system with N,.
Subsequently, the photocatalytic reaction was conducted under light irradiation for 5
hours. After the reaction, 2 mL of the reaction solution was withdrawn and
centrifuged to remove insoluble impurities, and the concentration of the produced
ammonia was determined via the indophenol blue spectrophotometric method.
Product Detection: NH; concentration was determined by the indophenol blue method.
To 2 mL of the reaction solution, 2 mL of a solution containing 5% salicylic acid, 5%
sodium citrate and 1 M NaOH, 1 mL of 0.05 M NaClO, and 50 pL of 1% sodium
nitroferricyanide dihydrate were added. After 2 hours of color development, the
absorbance at 665 nm was measured by UV-Vis spectrophotometry to calculate the
NHj; yield. NO5~ was determined by UV-Vis spectrophotometry. To 5 mL of the
reaction solution, 100 pL of 0.1 M HCI and 10 pL of 0.8 wt.% ammonium sulfamate

were added. After 30 min of dark incubation, the absorbance was measured to



calculate the NOj~ concentration via A p-2A,75 and a calibration curve. NO,~ was
quantified by UV-Vis spectrophotometry. To 5 mL of the reaction solution, 0.1 mL of
Griess reagent (8% p-aminobenzenesulfonamide, 0.4% N-(1-
naphthyl)ethylenediamine dihydrochloride) was added. After 20 min of color
development, the absorbance at 540 nm was recorded to determine the NO;

concentration.
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Figure S1. Schematic representation of the fabrication process of BiOCl. BiOCI/Bi;04Cl and

Bi;0,4C1
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Figure S2. Bi 4f spectrum (a), Cl 2p spectrum (b) and O 1s spectrum (c) of BiOCI.
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Figure S3. Bi 4f spectrum (a), Cl 2p spectrum (b) and O 1s spectrum (c¢) of Bi;O4CI.
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Figure S4. SEM image (a), and elemental distribution mappings Bi (b), O (c¢) and CI (d) of BiOCI.
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Figure S5. SEM image (a), and elemental distribution mappings Bi (b), O (c) and CI (d) of
BiOCl/Biz04Cl.
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Figure S6. SEM image (a), and elemental distribution mappings Bi (b), O (c) and Cl (d) of
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Bi;04Cl.

(a)

=2
-

327.1 nm

Figure S7. AFM images (a) and the corresponding height profile measured (b) of BiOCL

Height (nm)

0.0 0.5 1.0 15

Length (um)
Height Sensor 660.0 nm ot

(a) (b)

w &
=] =]

Height (nm)
8

0.0 0.5 1.0 1.5 20 25

—_ Length (um)
Height Sensor 1.0 um

Figure S8. AFM images (a) and the corresponding height profile measured (b) of BiOCIl/Bi;04Cl.
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Figure S9. AFM images (a) and the corresponding height profile measured (b) of Bi;O4Cl.
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Figure S10. TEM (a), elemental distribution mappings Bi (b), O (c¢) and Cl (d) of BiOCI.
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Figure S11. TEM (a), elemental distribution mappings Bi (b), O (¢) and CI (d) of Bi;04CL
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Figure S12. LDOS of BiOCl (a) and Bi3;04Cl (b).
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Figure S13. UPS spectra of BiOCI (a) and Bi;04ClI (b).
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Figure S14. Transient photocurrent response (a), EIS spectrum (b), PL spectrum (c) and TRPL
decay spectrum (d) of BiOCl. BiOCl/Bi;04Cl and Bi;04Cl.
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Figure S15. Schematic diagrams of BiOCl along thea-axes, b-axes, and c-axes (a-c), and

planar electrostatic potentials along the three respective directions(d-f)

(a) W (b) (c)

e s M

o o
(d) (e) ("
P R e T Sl N e
3.78ev 1.0 5
1
s <05 2.26ev —
0 3 3
-~ ~— ~ 4 1267 ev
%o o 00 o
T = =
\ 05 K
..................... aod s
2 Bi.6,813-xee| Bi,0,C1 b-ixgs] 12 0,
0 5 10 15 2 3 4 5 0 5 10 15 20
Distance (A) Distance (A) Distance (A)

Figure S16. Schematic diagrams of Bi;04Cl along thea-axes, b-axes, and c-axes (a-c), and planar
electrostatic potentials along the three respective directions(d-f)
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Figure S17. Schematic diagrams of BiOCl/Bi;04Cl along thea-axes, b-axes, and c-axes (a-c), and
planar electrostatic potentials along the three respective directions(d-f)
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Figure S18. Standard curve for detecting ammonia with indophenol blue.
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Figure S19. Standard curves of NO;™ (a) and NO,™ (b), and production rates of NO;- and NO,™ of
BiOCl1/Bi;04Cl (c).
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Figure S20. XRD patterns of BiOCl/Bi;04Cl before and after the photocatalytic nitrogen fixation
test

Figure S21. SEM image of BiOCI/Bi;04Cl before (a) and after (b) the photocatalytic nitrogen
fixation test.
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Figure S22. 'H NMR spectrum of the product solution after the photocatalytic nitrogen fixation

reaction
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Figure S23. The NH; generation rate under simulated sunlight of BiOC1/Bi;04Cl and direct
mixing of BiOCI and Bi;04Cl in different proportions
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Figure S24. Schematic diagram of the direct dissociation pathway for nitrogen reduction to
ammonia.
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Figure S25. Schematic diagram of the of the distal dissociation pathway for nitrogen reduction to

ammonia.

*Nm * NH,

photocatalyst

Figure S26. Schematic diagram of the of the the alternating dissociation pathway for nitrogen
reduction to ammonia.
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Figure S27. Schematic diagram of the BiOC1/Bi;04Cl heterojunction.
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Figure S28. Schematic diagram of the nitrogen reduction structure for the distal pathway on
BiOCl/Bi;O4CL
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Figure S29. Schematic diagram of the nitrogen reduction structure for the distal pathway on
BiOCl.
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Figure S30. Schematic diagram of the nitrogen reduction structure for the distal pathway on
Bi;04Cl.
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Figure S32. Growth experiment of pennywort in solution containing nitrogen reduction

products (a); growth experiment of pennywort in water (b).
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Supporting Tables:

Table S1 Content ratio of various elements in BiOCl.

Element Family Atomic Feaction (%) Atomic Error (%)
O K 50.59 6.13
Cl K 24.24 8.06
Bi L 25.27 4.69

Table S2 Content ratio of various elements in BiOCl/Bi;O4CL.

Element Family Atomic Feaction (%) Atomic Error (%)
o K 67.38 13.93
Cl K 9.98 3.83
Bi L 22.64 4.85

Table S3 Content ratio of various elements in Bi;O4Cl.

Element Family Atomic Feaction (%) Atomic Error (%)
0] K 78.87 9.77
Cl K 5.84 1.57
Bi L 15.19 2.56

TRPL spectral data fitting
TRPL is fitted by a double exponential fitting curve:

—i/t —i/t
f)=Are T+Ae  E+f(xy)
The average carrier lifetime is calculated as follows:

2 2
A1T1 + Azrz

T

average =
ATy + AT,
Table S4 Parameters fitted from TRPL spectra of BiOCl, BiOCI/Bi;04Cl, and Bi;04CI
nanosheetsb
Sample Ay T1 A, T2 Taverage
BiOCl 89.48 0.38 10.52 3.94 0.76
BiOCI/Bi;04C
79.18 0.39 20.80 4.30 1.18
1

Bi;0,4C1 91.00 0.37 9.00 4.18 0.71
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Calculation of Apparent Quantum Yield (AQY)
The calculation formula for AQY is as follows:
N, 10°(vXN,xK)x (hXc)

e

AQY_N_p_ (IxAXA) x 100%
Table S5 Apparent Quantum Yield at different wavelengths
Wavelength 400 nm 420 nm 450 nm 475 nm 520 nm
AQY (%) 0.176 0.117 0.052 0.023 0.029
Table S6 Comparison of catalysts for photocatalytic nitrogen fixation
Ammonia
Reaction Light generation
Catalyst . Scavenger . reference
medium condition rate
(umol/g/h)
500W Xe
Mo0O,/BiOCl H,0 No lamp, 35 !
full range light
300W Xe
. lamp,
Fe-BiOCl H,0O No 30 2
A=200~800
nm
200W Xe
Ce-BiOCl H,O No lamp, 46.7 3
full range light
300W Xe
r-PW12/BiOCI-OVs  H,0 No lamp, 33.53 4
full range light
S500W Xe
) lamp,
OVs-Bi,0;,Cl, H,0 No 23.43 >
A=200~800
nm
300W Xe
BiOB1/BiOI/Bi H,O No lamp, 221.9 6
full range light
300W Xe
BiOBr1/Bi4OsBr; H,O No lamp, A>420 66.87 7

nm
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