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1. Experimental section

1.1 Chemicals and materials

Cu(NO3),-6H,0, Co(NO3),-6H,0, NaNO;, Na,SO, and 2-Methylimidazole were
purchased from Aladdin Industrial Corporation. The other chemical reagents were
analytical reagent grade without further purification.

1.2 Synthesis of Cu(OH), and Co(OH),

The 22 mL NaOH solution (0.1 M) was added into 10 mL CuCl,-2H,0 (1 mmol)
solution with continue stirring for 30 mins. After the blue precipitate is formed, the
achieved products were washed with water and ethanol, and finally dried in a vacuum
oven for 12 h. The Co(OH), was achieved based on similar procedures.

1.3 Characterization

The achieved nanocomposites were characterized by X-ray powder diffraction (XRD,
Rigaku Ultima IV), Transmission electron microscopy (TEM, Hitachi H-7700), high
resolution TEM (HRTEM), high angle annular dark field scanning transmission
electron microscopy (HAADF-STEM) and elemental mapping by energy-dispersive
X-ray spectrometry (EDS, JEOL JEM-2100F), X-ray photoelectron spectroscopy
(XPS, Thermo Fisher Scientific ESCALAB 250Xi). The metal contents in achieved
product were detected by ICP-OES (Agilent 720). The products were determined by
Nuclear magnetic resonance hydrogen spectrum ('"H NMR, AVANCE 400).

1.4 Electrochemical Measurement

All electrochemical measurements were tested by CHI 660E electrochemical
workstation via the three-electrode systems in a typical H-type electrolytic cell
separated by a membrane. The catalyst located on carbon paper (1.0x1.0 cm?),
saturated Ag/AgCl electrode and platinum wire were employed as the working
electrode, reference electrode and counter electrode, respectively. The electrochemical
experiments were conducted in 1.0 g-L-! Na,SO, solution (15 mL) without and with
NaNO; (50 ppm). In this work, all electrochemical data was calculated vs. the
reversible hydrogen electrode (RHE) according to the following the equation. E (RHE)
= E (Ag/AgCl) + 0.059 x pH + 0.197 V. The double-layer capacitance was

evaluated at overpotential from 0.25 V to 0.35 V vs. RHE at different scan rate in 1.0



g-L-! Na,SOj, solution.

2. Determination of ion concentration

The generated products were detected by ultraviolet-visible (UV-Vis)
spectrophotometer with calibration curves. The specific detection methods are as
follow:

2.1 Determination of nitrate-N

Firstly, 1.0 ml electrolyte was diluted to 5 mL. Then, 0.1 mL HCI (1 M) and 0.01 mL
sulfamic acid solution (0.8 wt%) were added into the above solution. The absorption
spectrum was measured by using an ultraviolet-visible spectrophotometer and the
absorption intensities at a wavelength of 220 nm and 275 nm. The final absorption
value was calculated by following equation: A = Asonm - 2A275nm- The concentration-
absorbance curve was achieved by using the standard potassium nitrate solutions.

2.2 Determination of nitrite-N

The color developer was configured as follows: p-aminobenzenesulfonamide (20 g)
was added to a mixed solution of 250 mL of ultrapure water and 50 mL of phosphoric
acid (p=1.70 g-mL"), and then N-(1-Naphthyl)ethylenediamine dihydrochloride (1.0
g) was dissolved in the above solution. Finally, the above solution was transferred to a
500 mL volumetric flask and diluted to the mark. 1.0 mL electrolyte was diluted to 5
mL. Next, 0.1 mL color reagent was added into the aforementioned 5 mL solution.
After shanking and standing for 20 minutes, the absorbance was tested by UV-Vis
spectrophotometry at 540 nm. The concentration-absorbance curve was calibrated by
using the standard sodium nitrite solutions.

2.3 Determination of ammonia-N

The produced ammonia was spectrophotometrically determined by the indophenol
blue method. Typically, 1.0 mL electrolyte was diluted to 5 mL. Afterwards, 2 mL
(1.0 M NaOH) containing 5 wt% salicylic acid and 5 wt% sodium citrate was added,
followed by 1 ml NaClO solution (0.05 M) and 0.2 mL sodium nitroferricyanide (1
wt%) were added. After standing at room temperature for 2h, the UV-Vis absorption
spectrum was collected at a wave-length of 655 nm. The concentration-absorbance

curve was calibrated by using standard NH4Cl solution for a series of concentrations.



The concentration-absorbance curve was calibrated can be obtained through NH4Cl
solutions and the NH4Cl chloride crystal, which was dried at 105 °C for 2 h in
advance.
2.4 Calculation of the yield, selectivity, and Faradaic efficiency
The potential (vs. saturated Ag/AgCl) was converted to RHE by using the following
equations:
Eruie = Eagiager +0.0592 pH + E%g/aqci
The conversion of NO3~ was calculated as follows:
Crnoy = ACno,- / Cox100%
The selectivity of ammonia was calculated using the equations:
Sy = Cany / ACno,%100%
The yield of NH; was calculated using the equations:

Ynu,y = (Crny @ V) / (tmear)
The Faradaic efficiency was calculated using the equations:
FE = (8FxCn,xV) / (Myns xQ)*100%

In these equations, E’ s = 0.197 V, ACnos™ is the concentration difference
of NO;™ before and after electrolysis, Cy is the initial concentration of NOj5-, CNH3 is
the generated concentration of ammonia, V' is the electrolyte volume of cathode cell,
t is the electrolysis time, m.,, is the mass of catalyst, FE is the faradaic efficiency of

product , F' is the Faradaic constant (96,485 C mol!), Myy; is the molar mass of

NH;, Q is the total charge (C) passing the electrolytic cell.
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Fig. S1 (A) The structure and (B) full XPS spectrum of Co,-Cu(OH),.
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Fig. S2 (A) N, adsorption-desorption isotherms of Co,-Cu(OH),, (B) Aperture distribution curve
of COz-Cu(OH)z.



Fig. S3 (A) TEM image of Co;-Cu(OH), and (D) TEM image of Co;-Cu(OH),.
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Fig. S4 (A) XRD pattern and (B) TEM image of Cu(OH),.
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Fig. S5 (A) XRD patterns and (B) TEM image of Co(OH),.
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Fig. S6 The LSV curves of Cu(OH), and Co(OH), with (solid lines) and without (dash line)
NaNOj; in Na,SO, solution.
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Fig. S7 The i-t curves of (A) Cu(OH),, (B) Co(OH), and (C) Co,-Cu(OH);, at different potential.
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Fig. S8 (A) The UV-Vis absorption spectra of NH4Cl solutions with different concentrations, (B)

the standard calibration curve for the determination of ammonia.
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Fig. S9 (A) The UV-Vis absorption spectra of NaNOj solutions with different concentrations, (B)

the standard calibration curve for the determination of NO5-N.
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Fig. S10 (A) The UV-Vis absorption spectra of NaNO, solutions with different concentrations, (B)

the standard calibration curve for the determination of NO,-N.
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Fig. S11. The NO;~ conversion rate of Co,-Cu(OH),, Cu(OH), and Co(OH), at different given
potential.
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Fig. S12. The NO; selectivity of Co,-Cu(OH),, Cu(OH), and Co(OH),.
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Fig. S13 The CV curves of (A) Cu(OH),, (B) Co(OH), and (C) Co,-Cu(OH), at different scan

rates.
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Fig. S14. The Nyquist plots of Co,-Cu(OH),, Cu(OH), and Co(OH),
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Fig. S15 (A) 'H NMR spectra of the standard '“NH,* solutions with different concentrations; (B)

The standard curve of integral area ('*NH,"-*N/C4H40,) against '“NH,*-'“N concentration.
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Fig. S16 (A) 'H NMR spectra of the standard '"NH," solutions with different concentrations
and (B) The standard curve of integral area ('*NH,"-"N/C,H;0,) against NH,"-'SN

concentration



Table S1. Comparison of ammonium synthesis from nitrate electroreduction over Co,-Cu(OH),

with other reported catalysis.

Catalysis Electrolyte YNH3 S 13 FE \u3 Ref.
50 ppm NaNO5; + 1.0 g 223.7 ug- h'! 93.2% 91.6% )
Co,-Cu(OH), This work
L! Nast4 lngcat-1
1600 mM NOs + 0.1 0.854 mmolh-  33.6%
CO304 1
M K,S04 I'ecm?
. 200 ppm NO;"+0.5M  0.00693 mmol 62.29%  54.97%
CO304@NIO 2
Na2804 h_l n’lgcat_1
. 200 ppm NO; +0.5M  0.1143 mmol h-  73.56%  81.34%
10Cu/Ti0,.4 3
Na,SO,4 I'cm?
100 ppm NO;"+0.5M 0.1l mmolh! 88.44% 6473 %
PdBP NAs/NF 4
KQSO4 cm?2
1 M KOH+ 75 mM 0.5496 mmolh-  65.0% 94.5%
Cug 25Nig 25 5
NO5 I'em?
0.1 M Na,SO4+ 3.2 0.1940 mmolh-  91.2% 93.8% 6
Co/Co0O NAs
mM NOj I'ecm?
0.5 M K,SO4+50 ppm  784.37ug: h'! 77.49%  90.02%
Cll3Pd1 7
NO3_ mgcat_l
1 MKOH + 75 mM 1.19 mmol h™! 79% 96.7%
FesC/NC 8
NOs- mg~!
100 mg L' NO5-+ 44% 54.5%
CuO-Co504/Ti 99
0.05 M Na,SOq4
) ) 200 ppm NOs+0.1M 0216 mmolh-!  91.3%
Ni,Fe; hydroxide 100
KQSO4 cm?
200 ppm NO5; + 0.1 M 97% 95%
CU40CO] 11
K,SOq4
500 ppm KNOs+ 0.1 282.9ug: h! 74.2%
CusCos/OMC ’ 12
M PBS Mgy
100 ppm NO; + 0.1 M  1.17 mmol h ! 93.3%
CuCoSP 13
KOH cm?
100 ppm NO3"+ 0.5 M 98.6%
CuCl_BEF 64.4 h! 14

Na2804
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