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Experimental section

Preparation of CC-X samples. All of the chemical regents were analytical grade
(AR) and were used without further purification. The commercial carbon cloth (CC,
HCP330) was purchased from Shanghai HESEN company, which was composed of
the interwoven carbon fibers and fabricated at high temperature (1500~1800 °C) in
Ar atmosphere. Firstly, the commercial carbon cloth (CC) was rinsed adequately with
ethanol and water for several times, then thermally treated at different temperatures
(250, 350 and 450 °C) in a muffle under air atmosphere for 2 h with a heating rate of
5 °C min’!. After that, the as-fabricated CC samples were collected and denoted as
CC-X, in where X represents the temperature of 250, 350 and 450 °C, respectively.
Characterization. The crystalline phase and structure of the obtained samples were
characterized by X-ray diffraction (XRD, X'Pert Pro Super, Philips Co., the
Netherlands) with Cu Ka radiation (1.5478 °A). The morphology and precise

structure of the samples were characterized by field emission scanning electron
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microscopy (FESEM, Quanta 200FEG) and transmission electron microscopy (TEM,
JEOL 2010) with an energy dispersive X-ray spectrometer (EDS Oxford, Link ISIS).
X-ray photoelectron spectroscopy (XPS) analysis of the samples was performed on
an ESCALAB 250(Thermo, America) equipped with Al Ka,, monochromatized
radiation at 1486.6 eV X-ray source. Raman spectra of the samples were recorded on
a Renishaw invia Raman microspectrometer. N, adsorption—desorption isotherms of
the samples were carried out on Autosorb-iQ-Cx (Quantachrome, United States).
Temperature-programmed desorption (N,-TPD) of N, experiments were conducted
on a Quantachrome ChemBET Pulsar TPR/TPD. Thermogravimetric analysis (TGA)
was carried out on a Perkin-Elmer apparatus (Pyris 1) at a heating rate of 5 °C min!
from room temperature to 700 °C in a flowing air.

Electrochemical measurements. All electrochemical measurements were performed
on a CHI 760E electrochemical workstation (CH Instrumental Corporation, Shanghai,
China). All experiments were performed in a sealed single-compartment reactor with
a configuration composed of the thermally treated carbon cloth (CC, 1x1 cm?)
working electrode, Ag/AgCl reference electrode and pristine CC (1x1 c¢cm?) counter
electrode. 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. The electrochemical impedance spectroscopy (EIS)
measurements were performed by applying an AC voltage with 10 mV amplitude in a
frequency range from 100,000 to 1 Hz and recorded at -0.3 V (vs. RHE). For N,

reduction reaction (NRR) experiments, the potentiostatic test was conducted for 1 h



under the Nj-saturated 0.1 M Na,SO4+0.02 M H,SO,4 solution (20 mL) by
continuously supplying N, into the electrolyte under ambient conditions.
Determination of ammonia. Concentration of the produced ammonia was
spectrophotometrically detected by the indophenol blue method. In detail, 5 mL of
sample was taken, and then diluted with 5 mL of deionized water. Subsequently, 100
puL 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 catalyst solution (0.1g Na,[Fe(CN)sNO]-2H,0
diluted to 10 mL with deionized water) were added respectively to the measured
sample solution. After the placement of 1 h in room temperature, the absorbance
measurements were performed at wavelength of 697 nm. The obtained calibration
curve (Fig. S4) was used to calculate the ammonia concentration.

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, 5 mL of sample with 0.1 M HCI solution was taken, and then 5
mL of the prepared color reagent was added to the above sample solution.
Subsequently, the absorbance measurements were performed after the placement of
20 min at wavelength of 455 nm. The obtained calibration curve (Fig. S5) was used
to calculate the N,H4-H,O concentration.

Calculations of NH; production rate and Faradaic efficiency.

The equation of NH; production rate:



x(ppm) <10~ (g mg™) x V(L)
MrNH4*_N (g mol ™) xt(s)xS(cm™)

R(NH,)(mol cm™s™) =

where R(NHj3) is the ammonia production rate in mol cm? s'; y (ppm) is the
produced ammonia concentration; V' (L) is the electrolyte solution volume; Mr yps*.
=14 (g mol'); 7 (s) is the reaction time; S is the geometric area of the cathodic
electrode in cm?, and in this work two sides of the carbon cloth electrode are
electrocatalytically active for the NRR, thus the NH; production rate is calculated by
dividing the total geometric area of two sides of the carbon cloth electrode.

The equation of Faradaic efficiency:

3x R(NH,)(mol cm™s™")x S(cm?)x F
0

x100%

FE(NH,)(%) =

where F'is the Faradaic constant (96485.34); Q is the total charge during the NRR.

Supplementary Tables and Figures

Table S1. Elemental composition analysis of the pristine CC and CC-X samples by

XPS technique.
Sample C (at.%) O (at.%)
Pristine CC 98.49 1.51
CC-250 98.67 1.33
CC-350 97.77 2.23

CC-450 98.99 1.01




Table S2. The comparable results of our work and other recently reported carbon-

based NRR electrocatalysts.
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Fig. S1 Low- and high-magnification SEM images of (a), (b) the pristine CC and (c),

(d) the thermally treated CC-450.
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Fig. S2 The surface survey XPS spectra of the pristine CC and CC-X samples.
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Fig. S3 The high-resolution N 1s XPS spectra of (a) the pristine CC; (b) CC-250; (c)

CC-350; (d) CC-450 samples before the NRR.
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Fig. S4 The high-resolution C 1s and O 1s XPS spectra of (a),(b) pristine CC; (c), (d)
CC-250; (e), (f) CC-350.



a 1.0 b
08] Y=0.01448+1.068x
08 _ R'=0.999
= >
g 3 064
@ 06' N’
:
£ -
5 0.4 '=§ .
2 2
<« =
o -/_\ 0.2
00 650 700 750 800 00 - -
Wavelength (nm) 0.0 0.2 0.6 0.8

0.4 0.
NH4+ -N (ugmL")
Fig. S5 (a) UV-Vis absorption spectra of various NH;"-N concentrations (0, 0.1, 0.2,

0.4, 0.6 and 0.8 pg mL') after incubated for 1 h at room temperature. (b) The
calibration curve used for calculation of NH4"-N concentration; the inset in (b) of the

corresponding photographs of different concentrations of NH,"-N solutions.
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Fig. S6 (a) UV-Vis absorption spectra of various N,H4-H,O concentrations (0, 0.5, 1,
2, 4 and 6 pg mL') after incubated for 20 min at room temperature. (b) The
calibration curve used for calculation of N,H,-H,O concentrations. The inset in (b) of

the corresponding photographs of different concentrations of N,H4-H,O solutions.
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Fig. S7 Linear sweep voltammogram (LSV) curves of the pristine CC and thermally

treated CC electrocatalysts in Ar- or Nj-saturated 0.1 M Na,SO,+0.02 M H,SO,

electrolyte with a scan rate of 5.0 mV s
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Fig. S8 Time-dependent current density curves of (a) pristine CC and (b) CC-450 for

the NRR at different potentials in 0.1 M Na,SO4+0.02 M H,SO, electrolyte.
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Fig. S9 The current density-time curves of the CC-450 at -0.3 V (vs. RHE) in N»-
saturated 0.1 M Na,SO4+0.02 M H,SO, electrolyte for two times 10 h of NRR

measurements. (a) First durability test; (b) Second durability test.
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Fig. S10 The NHj yield obtained at -0.3 V (vs. RHE) in Nj-saturated 0.1 M
Na,S04+0.02 M H,SO, electrolyte for two times 10 h of NRR measurements.
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Fig. S11 The high-resolution N 1s XPS spectra of (a) pristine CC; (b) CC-250; (c)

CC-350; (d) CC-450 samples after the NRR for 10 h of reaction.
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Fig. S12 UV-Vis spectra of N,-saturated 0.1 M Na,SO4+0.02 M H,SO, electrolyte

(blank electrolyte) for a placement time of 2 h.
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Fig. S13 UV-Vis spectra of N,-saturated 0.1 M Na,SO,+0.02 M H,SO, electrolyte

under the open-circuit condition using the CC-450 for a placement time of 2 h.
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Fig. S14 UV-Vis spectra of Ar-saturated 0.1 M Na,S04+0.02 M H,SO, electrolyte at

-0.3 V (vs. RHE) using the CC-450 for a reaction time of 2 h.
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Fig. S15 The electrochemical impedance spectroscopy (EIS) analysis of pristine CC

and CC-450 at -0.3 V (vs. RHE) in Nj-saturated 0.1 M Na,S0O4+0.02 M H,SO,

electrolyte.
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Fig. S16 The NH; yield and Faradaic efficiency of pristine CC, CC-250, CC-350 and
CC-450 at -0.3, -0.5 and 0.7 V (vs. RHE) in Nj-saturated 0.1 M Na,S0O,+0.02 M

H,S0, electrolyte for 1 h of reaction.



