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1. Determination of NH3

The ammonia produced in the electrocatalytic NORR process was determined by 

UV-vis spectrophotometry with indophenol blue method. Specifically, 2 mL of 

solution after NORR test is added to 2 mL of 1.0 M NaOH solution (containing 5 wt% 

salicylic acid and 5 wt% sodium citrate), 1 mL of 0.05 M NaClO and 0.2 mL of 1 wt% 

C5FeN6Na2O are added, and the absorption spectrum of UV-vis tested after the 

solution was kept away from light for 2 hours in the greenhouse. The concentration of 

indophenol blue was measured at the wavelength of 655 nm in the absorption 

spectrum. The concentration absorption peak curve is calibrated with a series of 

standard NH4Cl (aq) of different concentrations. The standard curve obtained by 

indophenol blue method is y=0.37131x+0.04886, R2=0.9996, as shown in the figure.

Fig. S1. (A) UV-vis absorption spectra of indole phenol determination at different concentrations 

of NH4
+ at room temperature after 2 hours of avoiding light. (B) Calibration curve for estimating 

NH4
+ concentration.



2. Determination of N2H4

N2H4 was determined by UV-vis using the method reported by Watt and Christp. 

Mix 0.599 g C9H11NO, 3 mL HCl and 30 mL C2H5OH as color developing agent for 

standby. Specifically, take 2 mL of experimental solution from the NORR electrolytic 

cell, add 2 mL of developer, mix it at room temperature for 15 minutes, and then 

conduct UV-vis analysis at 455 nm to test the absorbance of the obtained solution. 

Configure N2H4 measurement working curves with different concentrations to obtain 

the relationship between N2H4 with different concentrations and absorbance: 

y=0.77471x+0.02014, R2=0.997.

Fig. S2. (A) UV-vis absorption spectra measured after 20 minutes at different N2H4 concentrations 

at room temperature. (B) Calibration curve for estimating N2H4 concentration.

3. Determination of H2

Determination of gas phase product H2 by gas chromatography.



Fig. S3 The CV curves of (A) Cu NWs and (B) Ti3C2 QDs/Cu NWs at different scanning rates (50, 

60, 70, 80, 90 mV/s).

Fig. S4. The UV-vis absorption spectra of N2H4 were produced at Ti3C2 QDs/Cu NWs at different 

potentials.

Fig. S5. UV-vis absorption spectra at different currents.



Table 1. Comparison of Ti3C2 QDs/Cu NWs and reported NORR performance

Catalyst Electrolyte Potential 

(V vs. 

RHE)

NH3 yield FE (%) Ref.

Ti3C2 QDs/Cu 

NWs 

0.1 M K2SO4 -0.4 5346.30 μg·h-1·mg-

1

95.50 This 

work

Ni2P/CP 0.1 M HCl -0.2 33.47 μmol·h-1·cm-

2

76.9 1

Ru0.05Cu0.95 0.5M Na2SO4 -0.49 17.68 µmol·cm-2·h-

1

64.9 2

CoP/TM 0.2 M 

Na2SO4

-0.2 47.22 μmol·h-1·cm-

2

88.3 3

FeP/CC 0.2 M PBS -0.2 85.62 µmol·h-1·cm-

2

88.49 4

Cu/P-TiO2 0.1 M K2SO4 -0.3 3520.80 μg⋅h-1⋅mg-

1

86.49 5

Cu-Ti hollow 

fiber

0.05M 

Na2SO4

-0.6 400 μmol·h-1·cm-2 90 6

NiNC@CF 0.5 M PBS -0.5 94 μmol·h-1·cm-2 87 7

HCNF/CP 0.2 M 

Na2SO4

-0.6 22.35 μmol·h-1·cm-

2

88.33 8

Ni@NC 0.1 M HCl 0.16 34.6 µmol·cm-2·h-1 72.3 9



NiO/TM 0.1 M 

Na2SO4+0.05 

mM Fe2+-

EDTA

-0.6 2130 μg·h-1·cm-2 90 10

MoS2/GF 0.1 M HCl + 

0.5 mM Fe 

(II)SB

-0.7/0.1 99.6 μmol·cm-2·h-1 76.6 11

a-B2.6C @ 

TiO2/ Ti

0.1 M 

Na2SO4 + 0.5 

mM Fe2+-

EDTA

-0.9 3678.6 µg·h-1·cm-2 87.6 12

Bi NDs/CP 0.1 M 

Na2SO4 + 

0.05 mM 

Fe(II)EDT A

-0.50 1194 µg·h-1·mg-1 89.2 13

Bi@C 0.1 M 

Na2SO4 + 

0.05 mM

Fe(II)EDTA

-0.7/-0.4 1592.5 µg·h-1·mg-1 93 14

Ru-LCN 0.5 M 

Na2SO4

-0.2 45.02μmol·mg-1·h-1 65.96 15

Fe/C 0.5 M PBS — 908μmol·cm-2·h-1 77 16



0.5M H2SO4 — 1239μmol·cm-2·h-1 50.4

MoC/NCS 0.1 M HCl -0.8 1350±15μg·cm-2·h-

1

89%±2

%

17
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