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Characterization 

Morphologies of all photocatalyst samples were observed using a scanning electron microscope 

(SEM; JSM-7800F, JEOL). Microstructures of materials were characterized by a transmission 

electron microscope (TEM; JEM-2100). High-angle annular dark-field scanning transmission 

electron microscopy (HAADF-STEM) was carried out using a high-resolution transmission electron 

microscope (HRTEM; FEI Titan G2 60–300). Element analyses of samples were conducted on the 

FEI Tecnai G2 S-Tw instrument equipped with an energy dispersive X-ray spectrometer (EDX). 

The content of Cu was quantified by an Optima 7300 DV inductively coupled plasma atomic 

emission spectrometer (ICP-AES). X-ray diffraction (XRD) patterns were measured using a 

D/MAX-2500 diffractometer taking Cu Kα as a radiation source (λ = 0.15418 nm). The scanning 

range was 5°‒80° at 40 kV and 40 mA, with the scanning rate of 6(° )/min. An ESCALAB 250Xi 

instrument was used to carry out X-ray photoelectron spectroscopy (XPS), measuring analytical 

compositions and surface properties. Photogenerated electron‒hole pair recombination rates of 

prepared catalysts were measured through photoluminescence (PL) spectroscopy using a 

fluorescence spectrophotometer (F-4600, Hitachi, Japan). Brunauer‒Emmett‒Teller (BET) specific 

surface area (SSA) values were determined using a ASAP 2020 M micromeritics system. Diffuse 

reflectance spectroscopy (DRS) was performed on a TU-1901 ultraviolet‒visible (UV‒Vis) 

spectrophotometer using BaSO4 as the reflectance standard. Photoelectrochemical (PEC) 

measurements were conducted on a CHI660 electrolysis workstation using 0.1 mol⸱L−1 sodium 

sulfate as the electrolyte. 

 

 
Fig. S1 SEM images of (a) NCN, (b) Fe-MOF, (c) Cu@MIL, and (d) Cu@MIL-NCN-3. 
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Fig. S2 Total spectrum of EDX surface of Cu@MIL-NCN-3. 

 

 

Fig. S3 XPS survey spectra of (a) NCN and (b) Fe-MOF. 

 

 
Fig. S4 Production of NH3 on Cu@MIL-NCN-3 corresponding to the recycling run. 

 

 
Fig. S5 SEM image of Cu@MIL-NCN-3 after nitrogen fixation reaction. 
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Fig. S6 Control experiment results for photocatalytic N2 fixation reactions. 

 

Table S1 Comparison of N2 photofixation rates with various photocatalysts 

Photocatalyst Scavenger N2 photofixation rate/(μmol⸱g−1⸱h−1) Ref. 

Cu@MIL-NCN-3 None 175.83 This study 

MIL-125@TiO2 None 102.70 [1] 

Au@UiO-66 None 18.90 [2] 

Ti3C2-QD/Ni-MOF Na2SO3 88.79 [3] 

ZIF-67@PMo4V8 None 149.0 [4] 
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