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1. Photocatalytic N2 fixation reaction 

The photocatalytic nitrogen fixation experiments were conducted in a self-built 

photochemical reactor. A 300W Xe lamp (PLS-SXE300C, Beijing ProfectLight Co. Ltd., China) 

was used as the simulated sunlight source. 0.1 g of solid catalyst was added into a 100 mL methanol 

solution (containing 5 mL methanol and 95 mL deionized water) and stirred for 1 h in the dark to 

ensure an adsorption–desorption equilibrium. During light exposure, 7 mL of the liquid was 

extracted from the solution every one-hour interval for ammonia detection. The sample solution was 

centrifuged to obtain the supernatant, and then 30 μL of sodium tartrate and 30 μL of Nessler's 

reagent were added successively. After 12 min of reaction, the ammonia concentration was analyzed 

by measuring the absorbance at 420 nm with a UV-vis spectrophotometer. The photocatalytic N2 

fixation in the presence of different scavengers was conducted similarly, except that the scavenger 

was changed. For the reaction performed in the presence of N2, the bubbling N2 flow rate was 

controlled to 50 mL min-1. For the reaction under vacuum, the reactor was replaced with a closed 

quartz reactor. After the reaction solution and catalyst were added, the air in the reactor was 

evacuated, and the relative pressure to the outside world was maintained at -97kPa (the actual 

pressure was about 4.3kPa). 

 

2. Photocatalytic tetracycline (TC) degradation reaction 

The photocatalytic activities of Pt/CdMoO4 photocatalysts were evaluated by measuring the 

degradation rate of TC in solution at room temperature under simulated sunlight. Briefly, 0.1 g of 

each photocatalyst was dispersed into 100 mL of TC solution (10 ppm) under magnetic stirring. 

After continuous stirring for 1 h, an adsorption-desorption equilibrium was established between the 
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photocatalyst and TC solution. During illumination, 4 mL of the solution was collected at 15-minute 

intervals. The collected samples were centrifuged to remove the photocatalyst, and the supernatant 

was analyzed via a UV-vis spectrophotometer (Beijing Purkinje, TU-1950) to determine the TC 

content. 

The examination experiment process of reactive species was similar to the photodegradation 

experiment. A quantity of scavengers (potassium iodide, ascorbic acid, β-carotene, and isopropyl 

alcohol) was introduced into the TC solution prior to addition of the catalyst. The concentration of 

scavengers was controlled to be 0.01 µmol/L according to the previous studies.  

 

3. Determination of NH3 content by the NMR method 

After 5-hour photocatalytic reaction, the NH4+ content was quantitatively determined by 1H 

nuclear magnetic resonance (NMR, 600 MHz, Bruker AV600) with external standards, taking 

maleic acid (C4H4O4) as a reference. To create the calibration curve, a series of NH4+ solutions 

with known concentration were prepared in 0.01 M HCl as standards. Next, 24.5 mL of the NH4+ 

standard solution was mixed with 0.5 mL maleic acid (25 μg/mL). The mixture was then 

concentrated to approximately 1 mL and identified using 1H NMR spectroscopy (50 μL deuterium 

oxide (D2O) was added in 0.45 mL concentrated solution before NMR detection). The calibration 

was achieved using the peak area ratio between NH4+ and tris-maleate because the NH4+ 

concentration and the area ratio are positively correlated. Similarly, the NH4+ concentration after 

photocatalytic reaction was quantitatively determined using this method. 

 

4. Characterizations of Pt/CdMoO4 photocatalysts 
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X-ray diffraction (XRD) analysis was performed on a D8 Advance (BRUKER AXS GMBH, 

Germany) X-ray diffractometer using Cu Kα radiation (40 kV/40 mA). The Raman spectra of the 

Pt/CdMoO4 catalysts were recorded on a RM1000 spectrometer (Renishaw) via an excitation source 

of an Ar ion laser (514.5 nm). Scanning electron microscopy (SEM) was carried out on a Field 

emission scanning electron microscope (Hitachi S-4800) with the accelerating voltage of 5 kV. 

Transmission electron microscopy (TEM) was employed on a JEM-2010F transmission electron 

microscope via the accelerating voltage of 200 kV. The X-ray photoelectron spectroscopy (XPS) 

spectra of the catalysts were obtained via using a Thermo Scientific ESCALAB 250Xi Microprobe 

instrument using Al-Kα as a ray source. The C 1s signal was adjusted in the location of 284.6 eV. 

UV-visible diffuse reflection spectroscopy (DRS) was actualized on a UV-visible spectrophotometer 

(Agilent Cary5000) and the reference sample was BaSO4. A CHI 660E electrochemical workstation 

with a standard three-electrode cell was employed to perform the photocurrent (PC) responses, 

electrochemical impedance spectroscopy (EIS), and Mott-Schottky measurements. The test was 

operated at room temperature. The photocatalyst, Ag/AgCl (saturated KCl), and a Pt wire were used 

as the working electrode, the reference electrode, and the counter electrode, respectively. The coated 

area of the photocatalyst on the ITO glass was 1×1 cm and Na2SO4 (0.5 M) aqueous solution was 

used as the electrolyte. For PC measurement, a 300 W Xe lamp was served as the light source. 

photoluminescence (PL) spectra of the photocatalyst were recorded on an FLS-920 fluorescence 

spectrometer manufactured by Edinburgh-Instrument, UK.   

The X-band electron spin-resonance (ESR) spectra were recorded at room temperature using a 

Bruker model ESR JES-FA200 spectrometer. The sample for ESR measurement was prepared by 

adding 5 µL 5,5′-dimethyl-1-pirroline-N-oxide (DMPO) to a 50 µL of 1 g/L catalyst aqueous 
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solution or toluene solution to detect ·O2- radicals, respectively. The photocatalysts were irradiated 

with the aforementioned visible light for 5 min. The ESR measurement was performed immediately 

after the illumination. The hole detection experiment was implemented by the similar process. Only 

DMPO was replaced by 2,2,6,6-tetramethylpiperidine N-oxide (TEMPO). 

 
 

Figure S1 SEM (a) and TEM (b) images of CdMoO4.  

 

   

Figure S2 XRD patterns (a) and Raman spectra (b) of 0.6%Pt/CdMoO4 composite before and 

after the PNF reaction. 
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Figure S3 1H NMR spectra (600 MHz) of various 14NH4+ solutions (a) and the standard curve line 

obtained via the external standard method (b). 

 

 

Figure S4 N2 adsorption-desorption isotherms of CdMoO4 and 0.6% Pt/CdMoO4 composite 
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Figure S5 Effect of TC content on the photocatalytic activity of 0.6% Pt/CdMoO4 catalyst. 

 

 

Figure S6 DRS spectra of Pt/CdMoO4 catalyst with different Pt content. 

 

Table S1 Calculated lattice constants of CdMoO4 and 0.6% Pt/CdMoO4 catalysts 

Catalyst a /Å b/ Å c/ Å V/ Å3 aFWHM Crystalline size/nm 

CdMoO4 5.1505 5.1505 11.1889 296.82 0.105 91.5 

0.6% Pt/CdMoO4 5.1492 5.1492 11.1864 296.59 0.103 93.2 

a Note: the full width at half maximum of the diffraction peak at 2θ=29.2 o 
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Table S2 Summary of some metal molybdate photocatalysts for the N2 reduction to NH3 

Catalyst Nitrogen 

source 

Sacrificial 

agent 

NH3 generation rate/μmol·L-

1g-1·h-1 

Light 

source 

Ref. 

Nessler 

method 

NMR 

method 

Br-Bi2MoO6 N2 CH3OH 400 - 300W Xe  [1] 

Gd-Bi2MoO6 N2 CH3OH 300 - 300W Xe  [2] 

Vo-Bi2MoO6 N2 CH3OH 800 - 300W Xe  [3] 

Bi3FeMo2O12 N2 CH3OH 1156 - 450W Hg [4] 

Co-Bi2MoO6 N2 CH3OH 130 - 300W Xe  [5] 

Cu-Bi2MoO6 air CH3OH 302 265 300W Xe [6] 

Fe-SrMoO4 N2 CH3OH 93.1 - 300W Xe  [7] 

CN/ZnMoO4 N2 CH3CH2OH 3120 - 500W Xe [8] 

Bi-CdMoO4 Air CH3OH 590 272 300W Xe [9] 

Pt/CdMoO4 Air CH3OH 443 286 300W Xe This 

work 

 

Table S3 Comparison of photocatalytic TC degradation efficiency among various heterostructured 

catalysts 

Photocatalyst 
TC 
content 

Light source 
Reaction 
time  

Degradation 
efficiency 

Ref. 

MoO3/g-C3N4 20 mg/L 350 W Xe lamp 90min 43.2% [10] 

CDs/MoO3/g-C3N4 20 mg/L 350 W Xe lamp 90min 88.4% [10] 

Ag/Bi3TaO7 10 mg/L 250 W Xe lamp 90min 85.4% [11] 

Zn1−xCdxS 40 mg/L 300 W Xe lamp 70min 79.0% [12] 

N-g-C3N4 10 mg/L 30 W LED 60 min 60% [13] 

Bi/BiVO4 10 mg/L 250 W Xe lamp 60 min 74.7% [14] 

C-ZnO/A-CN 20 mg/L 300 W Xe lamp 100 min 86.5% [15] 

BiOIO3/BiOBr 20 mg/L 12 W LED lamp 80 min 74.9% [16] 

CDs/H-CN 20 mg/L 300 W Xe lamp 120 min 86% [17] 

MoSe2/AgBr 10 mg/L 300 W Xe lamp 90 min 75.7% [18] 

Pt/CdMoO4 20mg/L 300 W Xe lamp 90 min 77.0% 
This 
work 
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