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Experimental Section

Materials and Reagents:

The corn gel (CG) was provided by the Anhui Institute of Product Quality
Supervision and Inspection, China. Copper sulfate (CuSO4 5H,0) were purchased
from Sinopharm Chemical Reagent Co., Ltd. All of the chemical regents were

analytical grade and were used without further purification.

Synthesis of Cu NCs/CCG::

First, the corn gel was immersed in a 400 mL aqueous solution containing 40 mmol
CuSOy4 5H,0 for 8 hours. After the adsorption of Cu?*, the corn gel was freeze-dried
and subjected to pyrolysis at 400 °C for 2 h, and then carbonized at 700 °C for 3 h in
Ar atmosphere to obtain a metal Cu nanoparticles anchored on corn gel derived

graphitic carbon substrate (Cu NPs/CCG). Subsequently, the obtained Cu NPs/CCG
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was dried at 80 °C under a vacuum condition for 8 hours, and then subjected to acid
etching treatment using 9.2 M H,SO, at a temperature of 120 °C for 6 hours to remove
metallic Cu NPs. The obtained Cu nanocrystals anchored carbonized corn gels (Cu
NCs/CCQ) after acid etching were dried at 80 °C under a vacuum condition for 10
hours. For comparison, carbonized corn gels (CCG) was obtained from carbonization
of corn gels as the same fabrication procedure as Cu NPs/CCG except for no addition

of CUSO45H20

Characterizations:

The Fourier transform infrared (FT-IR) spectrum of samples were measured on a
Nicolet-Nexus FT-IR spectrometer with the KBr pellet technique ranging from 400 to
4000 cm! at room temperature. Raman spectra were recorded by Renishaw Micro-
Raman Spectroscopy (Renishaw inVia Reflex) with 532 nm laser excitation. The
crystalline structures of samples were identified by X-ray diffraction analysis (XRD,
Philip X’pert PRO) using Nifiltered monochromatic CuKa radiation (AKal = 1.5418
A) at 40 kV and 40 mA. The morphologies of materials were characterized by
Scanning electron microscopy (SEM, SU 8020) at an acceleration voltage of 5.0 kV,
and High-resolution transmission electron microscope (HRTEM, JEMARM 200F) at
an accelerating voltage of 200 kV. X-ray photoelectron spectroscopy (XPS) analysis
was performed on an ESCALAB 250 X-ray photoelectron spectrometer (Thermo,
America) equipped with Al Kal, monochromatized radiations at 1486.6 eV Xray
source. The Cu L-edge NEXAFS soft X-ray absorption spectroscopy (sXAS) spectra
were measured at the photoemission end-station at beamline BL10B in the National
Synchrotron Radiation Laboratory (NSRL) in Hefei, China. A bending magnet was
connected to the beamline, which is equipped with three gratings covering photon
energies from 100 to 1000 eV. In this experiment, the samples were kept in the total
electron yield mode under an ultrahigh vacuum at 5x107'% mbar. The resolving power
of the grating was typically E/AE = 1000, and the photon flux was 1 x10!° photons
per s. Spectra were collected at energies from 100 to 1000 eV in 0.2 eV energy steps.

The NEXAFS raw data were normalized by a procedure consisting of several steps.
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First, the photon energy was calibrated from the 4f spectral peak of a freshly sputtered
gold wafer. Then substrate a line to set the pre-edge to be zero. Finally, the spectra

were normalized to yield an edge-jump to one.

Electrochemical measurements:

Electrochemical measurements were performed on an electrochemical workstation
(CHI 660E, CH Instruments, Inc., Shanghai, China). All electrochemical
measurements were performed on a CHI 660E electrochemical workstation (CH
Instrumental Corporation, Shanghai, China) using a two-compartment cell, which was
separated by Nafion 117 proton exchange membrane. Different catalyst inks were
prepared by dispersing 5 mg sample into 100 pL of ethanol and 5.0 pL of Nafion (5
wt.%.) under ultrasonic, and were then dropped on carbon cloth with 1x1 ¢m? for
fabrication of the working electrode. Ag/AgCl electrode and Pt net were used as
reference electrode and counter electrode, respectively. The polarization curves were
measured with a scan rate of 5.0 mV s™! at room temperature and all polarization
curves were obtained at the steady-state ones after several cycles. For electrochemical
N, reduction reaction (ENRR) experiments, the potentiostatic test was conducted for 2
h in Nj-saturated 0.1 M Na,SO, solution (30 mL, pH=5.9) by continuously supplying
N, into the electrolyte under ambient conditions. Prior to ENRR measurements, N,
feeding gas was first purged through a 1.0 mM H,SO, solution and distilled water to
eliminate the potential NO, and NH; contaminants. In this work, all measured
potentials (vs. Ag/AgCl) were transformed into the potentials vs. reversible hydrogen

electrode (RHE) based on the following equation:

E..=E +0.059pH + E°

RHE Ag/AgCl Ag/AgCl

Determination of ammonia :

Concentration of the produced ammonia was spectrophotometrically detected by the
indophenol blue method. In detail, 2.0 mL of sample was taken, and then diluted with
8.0 mL of deionized water. Subsequently, 100 pL of oxidizing solution (sodium
hypochlorite (pCl=4~4.9) and 0.75 M sodium hydroxide), 500 pL of colouring

solution (0.4 M sodium salicylate and 0.32 M sodium hydroxide) and 100 pL of
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catalyst solution (0.1g Na,[Fe(CN)sNO]-2H,0 diluted to 10 mL with deionized water)
were added to the measured sample solution, respectively. After the placement of 1 h
at room temperature, the absorbance measurements were performed at wavelength of
697.5 nm. The obtained calibration curve was used to calculate the ammonia

concentration in the samples.

Determination of hydrazine :

The hydrazine present in the electrolyte was estimated by the method of Watt and
Chrisp. A mixture of para-(dimethylamino) benzaldehyde (5.99 g), HCI (concentrated,
30 mL) and ethanol (300 mL) was used as a color reagent. In detail, 2 mL of sample
was taken, and then diluted with 8 mL HCI solution (0.1 M). Subsequently, 5.0 mL of
the as-prepared color reagent was added to the above sample solution. Finally, the
absorbance measurements were performed after the placement of 20 min at
wavelength of 455 nm. The obtained calibration curve was used to calculate the

N,H,4-H,O concentration.

Calculations of NH; yield rate (R(NH3)) and Faradaic efficiency (FE(NH3)) :
R(NH3)(ug h ~'mg™_)

_ C(NHs)(ug mL™") x V(mlL)
B t(h) x m(mg)

Where, Cyys and V are the measured NH; concentration and the electrolyte solution
volume, respectively, t is the ENRR reaction period and m. is the amount of the

loaded catalyst.

3 xXn(NH;)(mol) X F
FE(NH3)(%) = 0 x 100%

Where F is the Faradaic constant (96485.34); Q is the total charge transferred during

the ENRR.



Supplementary Tables and Figures

Table S1. The comparison of our work and other recently reported ENRR

electrocatalysts.
Catalyst System /Conditions NH; Production Rate FE (%) Ref.
(ng h”' mg™)
Cu NCs/CCG 0.1M Na,SO, 1514 pg h''mgc,! 25.89 This work
(-0.3 Vvs. RHE)
Cu-Ce0>-3.9 0.1 M Na,SO, 8.109 pg h™' mg™! 19.1 1
(pH=6.3) (-0.1 V vs. RHE)
CuO/RGO 0.1 M Na,SO, 3.15 pgh mg, 3.9 2
(-0.75 V vs. RHE)
Cu/AC-S 0.1 M Na,SO, 9.7 pg h'' mg, 159 3
(pH=6.3) (-0.3 V vs. RHE)
Cu/PI-300 0.1 M KOH 344 pg bl mg 'y, 6.56 4
(-0.4 V vs. RHE)
CuSAC 0.1 M KOH ~533 ugh' mg o ! 13.8 5
(-0.35 V vs. RHE)
Cu NPs-rGO 0.5 M LiClO, 24.58 pg h™' mg'ey 15.32 6
(-0.4 V vs. RHE)
Ag;Cu BPNs 0.1 M Na,SO, 24.59 pg h™l mg e, 13.28 7
(-0.5 V vs. RHE)
BCC PdCu 0.5 M LiCl 35.7 pgh'' mg ¢! 11.5 8
(-0.1 V vs. RHE)
Au /TiO, 0.1 M HC1 214 pgh' mg ', 8.11 9
(-0.2 Vvs. RHE)
Au nanorods 0.1 M KOH 1.648 ug h™' mg', 3.87 10
N,H,; H,0: 0.102 pg h™' mg™'
(-0.2 V vs. RHE)
Ru SAs/N-C 0.05 M H,SO, 120.9 pgh' mg ', 29.6 11
(-0.2 V vs. RHE)
BCN 0.1 M HC1 7.75 pg h! mg,.! 13.79 12
nanosheets (-0.3 V vs. RHE)
SA-Mo/NPC 0.1 M KOH 34.0+3.6 uygh' mg ! 14.6 £1.6 13
(-0.3 V vs. RHE)
PCN 0.1 M HC1 8.09 pg h™' mg ., . 11.05 14
(-0.2 V vs. RHE)
Fega-N-C 0.1 M KOH 7.48 pgh ' mg, . 56.55 15

(0.0 V vs. RHE)




FL-BP NSs 0.01M HCI1 31.37 pg h'! mg! 5.07 16
(-0.7 V vs. RHE) (-0.6 V vs. RHE)
BP@SnO». 0.1M Na,SO, 48.87 ug h'' mg! 14.6 17
nanotube (-0.4 V vs. RHE)
Fe;04/Ti 0.1 M Na,SO,4 12.51 pg h'! mg! 2.6 18
(-0.4 V vs. RHE)
Mn,0, 0.1 M Na,SO, 11.6 pg h™' mg ey 3.0 19
nanocubes (-0.8 V vs. RHE)
Zr-TiO, 0.1 M KOH 8.9 ugh' mg'.,. 17.3 20
(-0.45 V vs. Ag/AgCl)
Fe-TiO, 0.5 M LiCIO, 25.47 pg hl mg ey 25.6 21
(-0.40 V vs. RHE)
NiO/G 0.1 M Na,SO, 18.6 pg h™' mg™' e, 7.8 22
(-0.7 V vs. RHE)
Vo-WO, HCI (pH=1) 42 pgh' mgly,. 6.8 23
(-0.12 V vs. RHE)
S-rich MoS, 0.1 M Li,SO, 434 ngh' mg . 9.81 24
nanosheets (-0.45 V vs. RHE)
Fe;S, 0.1 M HCI 75.4 pgh™ ' mg . 6.45 25
nanosheets (-0.4 V vs. RHE)
CoP/CNs 0.1M Na,SO, 48.9 pg h'! mg! 8.7 26
(-0.4 V vs. RHE)
VN NPs 0.05M H,SO, 40.392 pg h'! mg! 6.0 27
(-0.1 V vs. RHE)
NPC-500 0.005 M H,SO4 22.3 pg h'! mg! 9.98 28
(-0.4 V vs. RHE)
B4C nanosheet 0.1 M HCl1 26.57 pg h™' mg o, . 15.95 29
.(-0.75 V vs. RHE)

Fig. S1 (a) SEM image and (b) TEM image of Cu NPs/CCG
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Fig. S2 Raman spectrum of Cu NCs/CCG.
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Fig. S3 The surface survey XPS spectrum of the Cu NCs/CCG.
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Fig. S4 (a) The calibration curve used for calculation of NH;*-N concentration. (b)
UV-Vis absorbance spectrum of the indophenol blue indicator with various

concentrations of NH4"-N (0, 0.05, 0.1, 0.25, 0.5, 1, 2 ug/mL) after incubating for 1 h

at room temperature.
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Fig. S5 (a) UV-Vis absorption spectra with various concentrations of N,H4-H,O (0,
0.05, 0.1, 0.25, 0.5, 1.0, 2.0 pg/mL) after incubated for 20 min at room temperature.

(b) The calibration curve used for calculation of N,H4-H,O concentrations.
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Fig. S6 The N,H;*H,O UV-Vis absorption spectra of samples after ENRR

measurement at different potentials in 0.1 M Na,SO, electrolyte.
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Fig. S7 (a) Time-dependent current density curves of Cu NCs/CCG at different

potentials in 0.1 M Na,SO, electrolyte and (b) corresponding UV-Vis absorption

spectra of electrolytes colored with indophenols indicator after electrolysis at different

potentials for 2h.
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Fig. S8 (a) UV-Vis absorption spectra of samples after ENRR reaction in 0.1 M

Na,S0; electrolyte. (b) UV-Vis absorption spectra of CCG, Cu NPs/CCG and Cu

NCs/CCG after ENRR reaction at -0.3V(vs. RHE) in 0.1 M Na,SO, electrolyte.
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Fig. S9 The 'H NMR spectra of the NRR sample using '’N, as the feeding gas and

I5NH," standard.
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Fig. S10 (a) Time-dependent current density curves and (b) UV-Vis absorption
spectra of the different cycle numbers of Cu NCs/CCG in 0.1 M Na,SO; electrolyte
for 1 h.

—— CuNCs/CCG after NRR

c

Intensity (a.u.)

10=20=3'0.-l'0‘5[0‘6[0,7[0l80
2 Theta (degree)

Fig. S11 (a) XRD patterns and (b) HADDF-STEM image of Cu NCs/CCG catalyst
after durability test.
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Fig. S12 The N,-TPD profiles of CCG, Cu NPs/CCG and Cu NCs/CCG.
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