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Ion concentration detection method (Product analysis.)

Use the colorimetric method to determine the concentrations of nitrite and 

ammonia1–3.  Use a UV visible spectrophotometer (UV-VIS spectroscopy) to detect 

the absorbance of the electrolyte diluted to the appropriate concentration, and 

compare the calibration curve to calculate the ion concentration. The specific 

detection method is as follows:

Determination of NO2
−

The concentration of NO2
− in the electrolyte was evaluated using the Griess test. 

First, Griess reagent was prepared by adding 1 mL of H3PO4, 0.02 g of N-(1-

naphthalene)-ethylenediamine dihydrochloride, and 0.4 g of sulfanilamide to 10 mL 

of deionized water. 0.1 mL of electrolyte was taken and diluted to 5 mL with 

deionized water (50 times), and 0.1 mL of color developer was added. After standing 
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for 20 min, the absorbance curve was measured in the wavelength range of 400 ~ 700 

nm and the absorbance value of 540 nm was selected. The standard curve was 

measured with a series of NaNO2 solutions of different concentrations to calculate the 

NO2
− yield and FE. 

Calculation of NO2
− yield and Faradaic efficiency
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where n is the number of electrons transferred (n=2), F =96485 C mol-1 is the 

Faraday constant, (μg mL-1) is the measured NO2
− concentration, V (mL) is the 

2
c

NO 

volume of NO2
− cathodic reaction electrolyte, M=46 is the relative molecular mass of 

products, Q (C) is the total quantity of applied electricity. 

Determination of NH3：

The concentration of ammonia produced was determined by the indophenol blue 

spectrometer method. Then, 2 mL of diluted electrolyte, 2 mL of 1 M Na OH solution 

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

sodium nitroferricyanide (III) dihydrate (C5FeN6Na2O·2H2O) solution were mixed. 

After standing for 2 h away from light, the absorbance was recorded on a UV-visible 

(UV-VIS spectroscopy) spectrophotometer at an absorption spectrum at a wavelength 

of 655 nm. The standard curve was determined with a series of NH4Cl solution of 

different concentrations to calculate the NH3 yield and FE.

Calculation of NH3 yield and Faradaic efficiency:

NH3 yield (mol h-1 mg-1) = 3
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where n is the number of electrons transferred (n=8), F=96485 C mol-1 is the 

Faraday constant, (μg mL-1) is the measured NH3 concentration, V (mL) is the 
3

cNH



volume of  NH3 cathodic reaction electrolyte, M=17 is the relative molecular mass of 

products, m is the amount of catalyst supported, Q (C) is the total quantity of applied 

electricity and t (h) is the reduction time.

Fig. S1 SEM images of (a) CoMoO4, (b) CoMoO4@MoS2/CoS2-5 and (c) MoS2/CoS2.

Fig.S2 SEM images of (a) CoMoO4@MoS2/CoS2-3, (b) CoMoO4@MoS2/CoS2-

5, (c) CoMoO4@MoS2/CoS2-7, and (d) MoS2/CoS2.



Fig.S3 The high-resolution TEM image on the edge of CoMoO4@MoS2/CoS2-5.
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Fig.S4 EDX spectra for CoMoO4@MoS2/CoS2-5.
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Fig.S5 XPS survey spectrums of CoMoO4, CoMoO4@MoS2/CoS2-3, 

CoMoO4@MoS2/CoS2-5, CoMoO4@MoS2/CoS2-7, and MoS2/CoS2.
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Fig.S6 High-resolution XPS spectra of (a) Mo 3d, (b) O 1s for 

CoMoO4@MoS2/CoS2-3, CoMoO4@MoS2/CoS2-5, and CoMoO4@MoS2/CoS2-7.
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Fig.S7 LSV curves of (a) CoMoO4@MoS2/CoS2-3, (b) CoMoO4@MoS2/CoS2-5 

and (c) CoMoO4@MoS2/CoS2-7 in 0.5 M Na2SO4 with 0.1 M NaNO3.

0.0 0.5 1.0 1.5 2.0 2.5

0.0

0.4

0.8

1.2

A
bs

or
ba

nc
e 

(a
.u

.)

Concentration NH3 (g mL-1)

y=0.46127x+0.0855

R2=0.9997

(b)

550 600 650 700 750

0.0

0.4

0.8

1.2

1.6

A
bs

or
ba

nc
e 

(a
. u

.)

Wavelength (nm)

  0    μg/mL
  0.5 μg/mL
  1.0 μg/mL
  1.5 μg/mL
  2.0 μg/mL
  2.5 μg/mL

(a)

Fig.S8 (a) UV-Vis absorption spectra and (b) calibration curve for determining 

NH3.
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Fig.S9 (a) UV-Vis absorption spectra and (b) calibration curve for determining 

NO2
–.
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Fig.S10 NH3 yield rate and FE of CoMoO4@MoS2/CoS2-3, 

CoMoO4@MoS2/CoS2-5, and CoMoO4@MoS2/CoS2-7 at -0.8 V.
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CoMoO4@MoS2/CoS2-5
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Fig.S11 CV results for the (a) CoMoO4, (b) MoS2/CoS2, and (c) 

CoMoO4@MoS2/CoS2-5 at scan rates of 10, 20, 30, 40, and 50 mV s−1, and (d) the 

electrochemical double-layer capacitance (Cdl).
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Fig.S12(a) UV−vis absorption spectra and (b) Time-dependent current density 

curves of CoMoO4@MoS2/CoS2-5 for NO3RR at different given potentials.
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Fig.S13 Time-dependent current density curves of (a) CoMoO4 and (b) MoS2/CoS2 

for NO3RR at different given potentials.
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Fig.S14 UV-Vis absorption spectra of NH3 after 1 h of NO3RR at different conditions.
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Fig.S15 (a) UV-Vis absorption spectra and (b) Time-dependent current density 

curves of CoMoO4@MoS2/CoS2-5 for recycling test.
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Fig.S16 UV-Vis absorption spectra of CoMoO4@MoS2/CoS2-5 for long-time test.



Fig.S17 SEM of CoMoO4@MoS2/CoS2-5 before and after long-time test.
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Fig.S18 The NH3 yield rate and FE for CoMoO4 in 0.1 M NO3
− and 0.05 M NO2

− 

electrolyte at -0.8 V.
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Fig.S19 LSV curves of physical mixed sample and CoMoO4@MoS2/CoS2-5 in 0.5 M 

Na2SO4 and 0.1 M NaNO3 solution.



Table S1. Summary of some recent electrocatalysts reported for NH3 synthesis by 
NO3

−RR.

Catalyst Electrolyte NH3 yield rate FE (%)
Potential

(V vs RHE)
Ref.

CoMoO4@MoS2

/CoS2

0.5 M Na2SO4

(0.1 M NO3
−)

0.45 mmol h-1mg-1 96.11 -0.8
This 

work

Bi2S3/MoS2
0.1 M Na2SO4

(0.1 M NO3
−)

0.15 mmol h-1 cm-2 88.4 -0.8 4

Co–NCNT
0.1 M NaOH

(0.1 M NO3
−)

6 mg h-1cm-2 92.08 -0.6 5

MoO2-C NBF
1 M KOH

(0.1 M NO3
−)

0.11 mmol h-1 cm-2 99.05 -0.3 6

MoS2/CoS2
1 M KOH

(600 ppm NO3
−)

0.44 mmol h-1 cm-2 97.07 -0.25 7

CoMoO4
0.1 M Na2SO4

(200 ppm NO3
−)

0.16 mmol h-1 cm-2 93.33 -0.7 8

Co3O4@CoBi
0.1 M PBS

(0.1 M NO3
−)

4.13 mg h-1 cm-2 97 -0.7 9

Ce-MoS2−x/CC
0.5 M Na2SO4

(0.1 M NO3
−)

7.3 mg h-1 cm-2 96.6 -0.7 10

CuCo2O4/CFs
0.1 M KOH

(0.1 M NO3
−)

0.39 mmol h-1 cm-2 81.9 -0.3 11

Table S2. Calculation method for theoretical performance of the physical mixed 

sample

Yield rate (Y, mmol h−1 mg-1) FE (%)

NH3 NO2
− NH3 NO2

− H2

CoMoO4 0.21688 0.01328 70.11 1.62 28.27

MoS2/CoS2 0.34554 0.12006 85.87 7.46 6.67

Calculation 0.303 0.084 80.62 5.51 13.87

4 2 2alculation o o o / o
1 2
3 3C C M O M S C SY Y Y 

4 2 2alculation o o o / o
1 2
3 3C C M O M S C SFE FE FE 
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