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Synthesis procedure

Pretreatment of copper foam involves cutting it to a size of 2x3cm? and then ultrasonic
treatment. Then, the copper foam was immersed in dilute nitric acid (volume ratio of nitric
acid to deionized water =1:5), ethanol and deionized water successively for 10 minutes each
time.

According to the sequence of 0.5g Urea, 0.5g HONH,HCI, 1g (CH3COO),Co-4H,0, it
was dissolved in 100mL deionized water and stirred for 10min. Then the pre-treated copper

foam base was taken and electrodeposited for 20min at an applied voltage of -1.6V. After

electrodeposition, vacuum drying in a vacuum drying oven at 60°C.
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Chemicals and materials

Sodium nitrite (NaNO,, 99%), Phosphoric acid (H3PO4 >85%), Sulfonamide
(CcHgN,0O;8S, 99.5%), Naphthalene ethylenediamine hydrochloride (C;,H4N,-2H,0, 98%),
Ammonium chloride (NH4CI, >99.5%), Sodium nitroprusside (CsFeN¢Na,O-2H,0, 99%),
Salicylic acid (C;H¢O;, 99.5%), Sodium citrate dihydrate (C¢Hs;Naz;O7;-2H,0, 99.0%),
Sodium hydroxide (NaOH, 96%), Sodium Hypochlorite Pentahydrate (NaClO-5H,0, >40%) ,
Potassium hydroxide (KOH, >90%), Potassium nitrate (KNO;3;, 2>99%), Ethanol
(CH3CH,0H, 99.7%), Nitric acid (HNO3, 65%~68%), methanol (CH30H, 99.5%), Dimethyl
sulfoxide (C,HeSO, =99%), Sodium formate (CHNaO,, 99.5%), Cobalt(Il) acetate

tetrahydrate ((CH;COO),Co-4H,0, 99%), Hydroxylamine hydrochloride (HONH,HCI,

99%), Urea (CO(NH,),, =99.0%), Potassium dihydrogen phosphate (KH,PO,;, =99%),

Dipotassium hydrogenphosphate (K,;HpOy4, 99.0%)

Material characterization



The crystal structures of the prepared materials were identified by X-ray diffraction
(XRD). The morphological information of the samples was revealed by scanning electron
microscopy (SEM) and transmission electron microscopy (TEM). The chemical
compositions were analyzed by energy dispersive X-ray (EDS) and X-ray photoelectron
spectroscopy (XPS). The absorbance data of the spectrophotometer are obtained on the

ultraviolet-visible (UV) spectrophotometer.

Electrochemical test

Electrochemical measurements were made in a Type H cell separated by a treated
bipolar membrane using a CHI 760E electrochemical workstation. The electrolyte solution
(20mL) was 0.1M KOH with or without 0.1M NO;5;~ (KNO;). Carbon rod and Hg/HgO
electrodes were used as the opposite electrode and reference electrode, respectively, and
carbon cloth of 1x1cm? load material was cut as the working electrode. According to Nernst
equation, all potentials are converted to reversible hydrogen electrode (RHE) potentials
(Erue=Esce0.059xpH+0.098V). Linear sweep voltammetry (LSV) scans were performed at
a scanning rate of 10mV-s*! from -0.5 to -1.8V in the electrolyte containing and without 0.1M

NOj in 0.1M KOH, respectively.

Product quantification:

The UV-VIS spectrophotometer is used to detect the ion concentration of the electrolyte
after dilution to the appropriate concentration test to match the range of the calibration curve.

Specific detection methods are as follows:

Detection of NH,"-N:

The concentration of NH3 was determined by indigo blue spectrophotometry. After the
reaction, the diluted electrolyte was first added to it by drops of 2mL 1M NaOH solution
containing 5.0wt % sodium citrate and 5.0wt % salicylic acid, and then added to it by drops

of 0.2mL solution containing 1wt% sodium nitroprusside. Finally, 0.05M NaClO-5H,0



solution ImL was added to it by drops, and the colorimetric tube was shaken to make the
solution mixed evenly. The solution was kept in a dark and draftless place for 1~2 h to make
the color develop completely. The absorbance was measured by UV-vis spectrophotometry
at 655nm, and the standard NH,4Cl solution was used to draw the NH; standard absorption
curve according to the absorbance corresponding to different concentrations of 0.01~0.1M,

thus fitting the curve y = 7.5887x + 0.1411, as shown in the figure below.
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Fig.T1 The full spectrum and standard curve of NH,* using UV-visible spectroscopy.

Detection of NO,-N

The configuration of the color developer is as follows: dissolve 4g sulfonamide in a
mixture of 50mL deionized water and 10mL phosphoric acid, and then dissolve 0.2g
naphthalene ethylenediamine hydrochloride in the above solution. Finally, the solution was
transferred to a 100mL volumetric bottle to obtain nitrite color developing agent. The reaction
electrolyte was removed from the electrolytic cell and diluted to the detection range. SmL of
the diluted electrolyte solution was put into the colorimetric tube, and 0.2mL of the above
chromogenic agent was added to it. The colorimetric tube was shaken to make the solution
evenly mixed, and the solution was kept in a dark and draft-free place for 1~2 hours until the
color development was complete. The absorbance was measured by UV-vis
spectrophotometry at 540nm. Standard NaNO, solution was used to draw the NO,-N
standard absorption curve according to different concentrations of 0.01~0.025M

corresponding to absorbance, so as to fit the curve y =41.023x+0.0229, as shown in the figure



below.
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Fig. T2 The full spectrum and standard curve of nitrite (NO,") using UV-visible spectroscopy.

Calculation of yield, selectivity and Faraday efficiency:

FE for NOj reduction is defined as the amount of charge used to synthesize NH; divided
by the total charge passing through the electrode during electrolysis.

The total amount of NH; produced was measured using colorimetry. FE towards NHj
via NOs;RR is calculated by the following equation:
8xFxCx*V

Q

NHj; yield was calculated using the following formula:
17xC*V
txA
Where, F is Faraday constant (96485 C-mol-!), C is the concentration of NH; measured

NH; yield =

in the electrolyte after the antisense, V is the volume of the electrolyte measured in the
cathode chamber (0.02L), 17 is the molar mass of NH3, Q is the total charge passing through
the electrode per unit time, t is the electrolytic time, A is the loading area of the catalyst

(0.1x0.1 cm?).

Calculation of Faradaic Efficiency for H, and N,:

To determine the Faradaic efficiency of H, and N, during the NO;RR reaction, we employed

a gas collection method to gather H, and N,. The Faradaic efficiency for NO3;RR was



calculated using the following formula:

N gas volume

FE =
Qtotal/(z X F)

X 100%

Where Q.1 is the total charge passed through the electrode during the reaction, Z is the

number of electrons required for the generation of gas molecules (Zy; is 2, Zn; is 10), and F

is the Faraday constant (96485 C mol™!).
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Fig. S1 NO; reduced ammonia production pathway
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Fig.S2 XRD diffraction patterns of Co@CF, Co@CC and Co@NF.



Fig.S3 The EDS spectra for Co@CF under transmission electron microscopy.
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Fig.S4 The EDS spectra for Co@CC under SEM.
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Fig.S5 The EDS spectra for Co@NF under SEM.



Fig.S6 SEM image of Co@CF.



Fig.S7 SEM image of Co@CC.
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Fig.S8 SEM image of Co@NF.
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Fig.S11 Self-assembled H-type electrolysis cell.
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Fig.S12 The LSV of Co@CF in 0.1 M KOH and 0.1 M PBS solutions.
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Fig.S13 FEs and NH; yield of Co@CF in 0.1M KOH and 0.1M PBS.
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Fig.S14 FEs and NH; yield of Co@CF in different nitrate concentrations.
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Fig.S15 The Chronoamperometric curves of Co@CF at various potentials (-0.4 V vs RHE to -0.8 V vs.

RHE).
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Fig. S16 Ammonia production rates for CC, NF and CF and FE.
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Fig.S17 The energy efficiency for nitrate reduction to ammonia based on Co@CF, Co@CC and Co@NF.
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Fig.S18 Tafel plots of Co@CF, Co@CC and Co@NF.
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Fig.S19 CV curves of Co@CF, Co@CC and Co@NF with different scan rates from 20 to 100 mV/s.
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Fig.S20 Capacitive current as a function of the scanrates.
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Fig.S21 Nyquist plots of Co@CF, Co@CC and Co@NF
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Fig.S22 Chronoamperometric curves of Co@CF in nitrate-N solution (with NO;") and blank solution

(without NOy3") for six times.
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Fig.S23 Cyclic stability tests of Co@CF: Chronoamperometry curves for twelve times at -0.8V vs.RHE.
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Fig.S24 LSV of Co@CF before and after 36h reduction reaction
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Fig.S25 Evolution of current density over time for continuous electrolysis of 60 h.
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Fig.S30 SEM of Co@CF after 50h of NO;RR reaction
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Fig.S31 LSV of Co@CF before and after 60h of NO;RR reaction



Table S1. Results of ICP analyses of cobalt on different substrates

Test the solution for

. Sample element
Sample Sample quality Test the elemental tent Sample element
conten
number my (g) elements concentration content W%
Cx (mg/kg)
Co (ug/L)

1-CC 0.0582 Co 20.1286 3.46 0.0003%
2-NF 0.0714 Co 39.1449 5.48 0.0005%
3-CF 0.0536 Co 4.2666 0.80 0.0001%




Table S2. Summary of published performance plots of materials for ammonia production by

electrocatalytic nitrate reduction

Current
Cathode FE to  Density NH; production . Potential
. Condition Ref.
Material NH; mA-cm- Repoted V vs.RHE
2
0.1IM KNO
Co@CF 92.5% -104.5 5.99 mg-h'!-cm™ ’ -0.8 This work
0.1IM KOH
0.1IM KNO
Co@CC  83.8%  -65.2 3.40 mg-h'-cm? ’ 0.7 This work
0.1IM KOH
0.1IM KNO
Co@NF  82.1%  5I.1 3.35 mg-h!'-cm? ’ 0.5 This work
0.1IM KOH
Cufoil  30% 036 oohemEwh 10mM KNO; 0.15 1]
0 ~=V. =V.
(3.9 pg-ht-cm?) 0.1M KOH
0.26 mmol-cm?-h’! 0.1M KNO;
Cu SAC 84.7% ~=75 -1.00 [2]
(12.5 mol-gc, !"h!) 0.IM KOH
Cu-
incorpora 0.1mM PBS,
77% - 0.0256 mmol-h-'-cm2 -0.4 [3]
ted 36mM NO;-
PTCDA
0.1IM KNO
FOSP-Cu 93.9% - 101.4 umol-h!-cm2 > -0.266 [4]
0.5M Na,SO,
200ppm KNO
CuNS/CC  935%  21.6  0.03 mmol-h'-cm? PP S 065 5]
0.5M K,SO4
Mo,C/RG 0.1M KNO;
852%  59.8 4.8 mg-h!-cm? 0.6 [6]
(0] 0.5M Na,SO,
> 0.0071mg-L"!
. mg-L-
modified  78.4% 1.2 95.1 pg-h-!-cm? NO s 0.67 [7]
FeSAC ’
CuSANP 0.01M PBS
u
c 94.1% - 2602 pg-h'-cm? 500mg-L-! -1.1 [8]
NO3'
Fe SAC  86% 60.7 4812 pgh-em?  0.5mg-L! NOy ; [9]
IM KOH
CusNisy  82.0% - 80.7umol-h-!-cm-2 0.1 [10]

100mM KNO;
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