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Table. S1 State of the art in electrocatalytic ammonia synthesis and our self-powered synthetic method.
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frameworks. PC, phosphorus-doped carbon.
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Chemical Reagents

Hydrochloric acid (Beijing Chemical Works, HCI, 36.0-38.0%), ammonium sulfamate (Aladdin, H¢N,O3S,
AR, 99.0%), sulfanilamide (Aladdin, CgHgN,O,S, standard for GC, >99.8%), N-(1-naphthy)
ethylenediamine dihydrochloride (Aladdin, C;,H;4N,-2HCI, ACS, >98%), potassium nitrate (Aladdin,
KNOs3, 99.99% metals basis), potassium nitrite (Aladdin, KNO,, AR, 97%), sodium hydroxide (Beijing
Chemical Works, NaOH, AR, 99%)), salicylic acid (Aladdin, C;H¢O3, AR, 99.5%), sodium citrate dihydrate
(MACKULIN, Na;C¢Hs507-2H,0, AR, 99.0%), ammonium nitrate-15N (Aladdin, NH4'>NO3, 99atom%,



>98.5%), sodium hypochlorite solution (Aladdin, NaClO, available -chlorine, >5.0%), sodium
nitroferricyanide dihydrate (Aladdin, CsFeNgNa,O-2H,0, 99.98% metals basis).

Determination of NOj-

A 5 mL of original or diluted solution is removed as the test sample. A 100 pL of 1 M HCI solution and a
400 pL of 5 wt% HgN,O3S aqueous solution are added into the sample in order, followed by 4.5 ml pure
water. The mixed solution is measured by an ultraviolet-visible spectrophotometer (UV-3600, SHIMADZU
Ltd.). The characteristic absorption of NOs™ is at the wavelength of 210 nm. In addition, the absorbance at

275 nm is used to eliminate the potential interference. The absorbance calculation formula is as follows.

A =Ay10- 2% Ay

NO3

Determination of NO,-

A 5 mL of original or diluted solution is removed as the test sample. A 100 uL of 10 g L-! sulfanilamide
solution containing 10% concentrated HCI solution is added into the sample. After 5 minutes, a 100 pL of
1 g L' C1,H14N,-2HCl is also added into to the sample. After 15 minutes, the mixed solution is measured.
The characteristic absorption of NO," is at the wavelength of 543 nm.

Determination of NHj;

NH; is determined by the indophenol blue method. A 2 mL of original or diluted solution is removed as the
test sample. Then, a 2 mL of mixed solution containing 1 M NaOH, 5 wt% C;HO; and 5 wt% Na;CsH507
is added into the sample, followed by a 1 mL of 0.05 mol L-! NaCIO and a 0.2 mL of 1 wt% CsFeN¢Na,O
solution. After 2 h, the solution is measured. The characteristic absorption of NHj is at the wavelength of

655 nm.
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Fig. S1 Rectified current and peak power of (a) TENG-1 and (b) TENG-2.
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Fig. S2 Schematic diagram of the basic working principle of ten-stage voltage multiplier circuit.

Description of the principle

Since the output signal of TENG is alternating, diode D1 will be on and D2 will be off when the signal is in
one half cycle as shown in the process (i). Meanwhile, capacitor C1 will be charged and the maximum
voltage of C1 can reach to the same value U of TENG. In the process (ii), the output signal is in another
half cycle, D2 will be on and D1 will be off. Similarly, Capacitor C2 can be charged with the maximum
voltage value U. Then C3 and other capacitors will be charged gradually until all of them reach the same
condition, as shown in process (iii) and (iv). Since each capacitor has the same voltage polarity, the voltage
in the circuit is the sum of the voltages of ten capacitors. The voltage at end a is negative and end b is

positive.
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Fig. S3 Standard calibration curve of different concentrations of (a) NO5 and (b) NO,~.
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Fig. S4 Residual solution volume in the gas-washing bottle after 6 h air discharge when using needle as the

positive or the negative electrode.
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Fig. S5 CV curves in (a) 100 mg L-! NOs- solution and (b) 100 mg L-! NO," solution.
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Fig. S6 Concentration variations of (a) NO3~ and (b) NO, using 100 mg L' NOjs- as electrolyte in a single

cell with a DC power (-3 V) drive.
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Fig. S8 Concentration variations of (a) NOs-, (b) NH3 and (¢) NO, using 10 mg L-! NO;™ as electrolyte in a
single cell with a DC power (-3 V) drive.
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Fig. S9 Concentration variations of (a) NOj3", (b) NH3 and (¢) NO,™ using 100 mg L' NOj;- as electrolyte in
a constant current condition with -0.25 mA by an electrochemical station.
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Fig. S10 Concentration variations of (a) NOj, (b) NO," using 100 mg L' NOs" as electrolyte in a single cell
with rectified TENG-2 drive.



Fig. S11 (a) Voltage variation and (b) current variation of the single cell using different concentrations of
NOj- with voltage regulating and rectified TENG-2 drive.
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Fig. S12 Comparasion of NH; in mass yield per hour by DC (-3 V), DC (-0.25 mA), TENG-2 and TENG-
2 with transformer.

N [
© o

[
o

ey
Qo

Faraday efficiency (%)
@ o

0
DC (-0.25 mA) TENG-2

Fig. S13 Comparison of Faraday efficiency by DC (-0.25 mA) and TENG-2.
Calculation process

mntF
Faraday ef ficiency (%) =

- x 100%

idt
o

m is the number of electrons of reducing NO;™ into NHj, 7, is the average mole yield per unit time of NHj,
t is the reaction time, F is Faraday constant, i is the current.

Since the output of TENG after rectification is pulsed signal, the current data are integrated.
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Fig. S14 Absorption curves in (a) ultraviolet and (b) visible region of electrolyte solution after 6 h reaction
with or without dilution in a single cell driven by voltage step-down (350:12) and rectified TENG-2.

Fig. S15 Pictures of (a) a piece of TiO,/carbon cloth, (b) an assembly of nafion membrane (NRE-211) and

TiO,/carbon cloth with silicone seal, (c) a graphite electrode and d) a dual-compartment electrocatalytic
cell.

3.54
¥ 20
< <
=251 £ 15
= =
812.0 =
215 210
o 5
> 1.0 o
5
0.5
o'n-‘i"‘.“.'.'?“'ﬂ?!‘.":ﬁg o‘:‘;’".‘é‘.”.‘.’.'ﬁ‘.'!?!ﬁg
2SBRBR2888s 8 2EERBE8RBB88 s s
= . :
Transformer ratio Transformer ratio

Fig. S16 (a) Voltage variation and (b) current variation of the dual-compartment electrocatalytic cell using
100 mg L' NOs- as electrolyte with voltage regulating and rectified TENG-2 drive.
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Fig. S17 Concentration variation of NH; from 1 to 6 h in the cathode with voltage step-down (350:4) and
rectified TENG-2 drive.
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Fig. S18 (a) Voltage variation and (b) current variation of the dual-compartment electrocatalytic cell using
electrolyte from air discharge with voltage regulating and rectified TENG-2 drive at a gas flow rate of 3.5
m? min!.
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Fig. S19 (a) Concentration of NOj;- in the cathode compartment by self-powered synthesis for 10 h. (b)
Concentration of NO,™ in the cathode compartment by self-powered synthesis for 10 h.



