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1. Supporting Experimental Section

1.1 Electrochemical Measurements
The electrochemical experiments were conducted on a Squidstat Plus
electrochemical workstation to characterize photoelectric current and the Mott—
Schottky plots. A Pt plate and a standard Ag/AgCl electrode served as the counter and
reference electrodes, respectively. The electrolyte used was a 0.5 M Na,SO, aqueous
solution.
1.2 Nitrogen-Reduction Apparent Quantum Efficiency Measurements
The experiments for determining AQE were performed in 50 mL ultrapure water
in the same nitrogen fixation condition with different monochromatic filters (i.e.,
420, 450, 500, 520, and 600 nm), and the irradiation area was 28.26 cm?. 50 mg of
as-synthesized catalysts were used as the photocatalysts, and the reaction time was
1 h. The average intensity of irradiation was measured to be 29.04, 28.24, 21.14,
15.66, and 19.9 mW cm™, respectively. The AQE was calculated from the following
equation?:

Ne 6 Nam B 67114MN4

No N, WAt
hv

x100%

AQE =

1.3 15N, isotope labelling experiments

IH NMR spectroscopy analysis was measured using AVANCEAV 111 400 (Bruker,
Germany). 5 mL reaction liquid was filtrated by a 0.22 um membrane to remove solid
catalysts. the obtained solution was adjusted by 6 mol L'? HC solution to pH=1.2.

Add 100 pL DMSO-d6 to 500 plL acidized solution and mix adequately.

2. Characterization Methods

The crystalline phases of the samples were characterized by X-ray powder
diffraction (XRD) instrument (Rigku, Japan) with the 26 range of 5° to 80°. The surface

compositions were analyzed using X-ray photoelectron spectroscopy (XPS, Thermo
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Scientific ESCALAB 250Xi, USA). The morphologies of samples were observed by
scanning electron microscopy (SEM, JSM-7200F, Japan). Fourier transform infrared
spectroscopy (FTIR) spectra were recorded in the range of 400—-4000cm™! using KBr
pellets (Nicolet iS50, USA). The thermostability of the samples was characterized by
Thermogravimetric (TGA, TG209 F3, Germany). UV—vis diffuse reflection spectra (DRS)
was recorded on a UV-vis spectrophotometer (SU-3900, Japan). Inductively coupled
plasma (ICP) was carried out with Varian 720 (Japan). Electron spin resonance (EPR,
JES FA200, Japan) was utilized to detect iron species. Photoluminescence spectra (PL)
were obtained on a Fluorescence Spectrophotometer (FLS980, UK) at room
temperature. The in situ FTIR experiments were performed with Tensor Il instrument

(Bruker, Germany).
3. Theoretical Calculations

Density functional theory (DFT)?2 simulations computations were performed using
the Vienna ab initio simulation package (VASP) software® with the projector-
augmented plane wave (PAW)* to calculate the adsorption of N,. The generalized
gradient approximation (GGA) °> was expressed by the Perdew, Burke, and Ernzerhof
(PBE)® functional. 450 eV cutoff energy for the planewave basis was set for all
computations. The van der Waals interaction was described by using the
semiempirical DFT-D37 approach. The Brillouin zone was sampled by 1x 1x 1 k-points
within the Monkhorst-Pack scheme for structural optimization. We set the

convergence criteria for energy and force to be 1 x 10-5 eV and 0.02 eV/A, respectively.
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4. Supporting Data
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Fig. S1 UV-vis absorption spectra of ammonia standard curve for ammonia detection with

Nessler's reagent
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Fig.S2 XRD patterns of MIL-101(Fe"/ Fe'"') and MIL-101(Fe) samples

S5



Fe2p fe2p3/2 Fe2p Fe 2p3/2 Fe 2p Fe2p3/2
Fe 2p1/2 | A Fe2p1/2 A
—_ fl - Fe2pyz [ - o
=3 //\ B 3 i f 2 / \724.6 711
8 Lasdat I k71 & - ' { It =/ /
Z \,/*J i e A U e\
‘» v fin B B e B ) N
= ~—d AL c N { [ { |
o ~a 2 & | @ Ly
£ ' = \ | E \
EG:DMF=0 EG:DMF=1:4 \\ EG:DMF=3:4
.
740 735 730 725 720 715 710 705 700 74p 735 730 725 720 715 710 705 700 740 735 730 725 720 715 710 705 700
Binding energy(eV) Binding energy(eV) Binding energy(eV)
Fe2p Fe 2p3/2 Fe2p FEI%WJ' 2
- Fe 2p1/2 i _ Fe2p1/2 I
3 4 = / \., J|I |-
< A s yue  Jn
- WS o ~ T <A
c X i c (A f
@ Al 2 W
= a \ < A\
‘\sll_. )
EG:DMF=1:1 b EG:DMF=4:3 -
740 735 730 725 720 715 710 705 700 740 735 730 725 720 715 710 705 700
Binding energy(eV) Binding energy(eV)

Fig.S3 Fe 2p XPS spectra of different EG dosage
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Fig.S4 NH,* generation rate of MIL-101(Fe"/Fe") in the long-term photocatalytic

experiments
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Fig.S5 (a) EPR spectra at different experimental stages, (b) Fe 2p XPS spectrum of MIL-
101(Fe'"/Fe") after nitrogen fixation reaction
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Fig.S6 (a) XRD pattern and (b) FTIR spectra of MIL-101(Fe"/ Fe'"') before and after nitrogen
fixation reaction
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Fig.S7 The coordinated N, models of side-on and end-on in Fe';Fe"", system and Fe''; system,

respectively
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Table S1 Catalyst performance of different EG dosage

MIL-101(Fe) MIL-101(Fe"/ Fe")
EG: DMF 0 1:4 3:4 1:1 4:3 4:1
NH,* ducti
4 production 93.8 326.9 466.8 376 367 -
rate(umol ht g?)
the ratio of Fe /Fe!! 0.8 1.24 1.4 1.47 1.4 -

Table S2 Specific values of AQE of MIL-101(Fe"/Fe"') and MIL-101(Fe)

Wavelength(nm) 420 450 500 520 600
AQE(%)
MIL-101(Fe'/Fe') 0.52 0.22 0.11 0.07 0.024
MIL-101(Fe) 0.29 0.02 0 0 0

Table S3 Adsorption energy of different iron sites in Fe'';Fe'', system and Fe''; system

Fellll:elll2 Fellll:elll2 FelllFelll2 Fe|II3 FeIII3 Felll3
system 1 system 2 system 3 system 1 system 2 system 3
Adsorption End-on -0.3272 -0.1973 -0.3409 -0.1761 -0.2327 -0.0054
energy(eV) Side-on 0.18343 0.0042 0.0060 -0.1761 0.0186 -0.0054
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