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Figure S1 Output characteristics of the triboelectric nanogenerator (TENG) device:
open-circuit voltage and short-circuit current generated by the TENG at a rotational

speed of 180 rpm.
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Figure S2 High-speed photographs of triboelectric plasma at different discharge times.
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Figure S3 Current and voltage curves of triboelectric plasma at TENG rotational speeds

of 60, 90, 120, 180, and 210 rpm. Reaction conditions: discharge distance, 0.8 mm; CO»

1

flow rate, 10 mL min '; room temperature; and atmospheric pressure.
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Figure S4 Current and voltage curves of triboelectric plasma at CO> flow rates of 0.2,
1.0, 5.0, 7.5, 10, and 12.5 mL min"!. Reaction conditions: TENG rotational speed, 180

rpm; discharge distance, 0.8 mm; room temperature; and atmospheric pressure.
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Figure S5 Influence of CO: flow rate on the CO2 decomposition performance. a)
Average power versus CO; flow rate. b) CO evolution rate versus CO; flow rate. c)
Conversion efficiency from electrical to chemical energy (1eie—chem) Versus COz flow
rate. d) CO selectivity at different CO> flow rates. €) CO> conversion rate at different
CO: flow rates. Reaction conditions: TENG rotational speed, 180 rpm; discharge
distance, 0.8 mm; room temperature; and atmospheric pressure. Note: SEI is the molar

ratio of specific energy input to reaction gas.
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Figure S6 Current and voltage curves of triboelectric plasma at discharge distances

0f 0.2, 0.4, 0.6, 0.8, 1.0, and 1.2 mm. Reaction conditions: TENG rotational speed,

180 rpm; CO; flow rate, 10 mL min~!'; room temperature; and atmospheric pressure.
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Figure S7 Stability of the CO, decomposition performance. a) Average power within
300 min of reaction. b) CO and O evolution rates within 300 min of reaction. Reaction
conditions: TENG rotational speed, 180 rpm; CO, flow rate, 10 mL min'; discharge

distance, 0.8 mm; room temperature; and atmospheric pressure.



Table S1 Conversion efficiencies from electrical to chemical energy (Mere—chem) I

CO; decomposition via different types of nonthermal plasma

References Plasma types SEI (eV/molec) Nele—chem (%0)
5b Pulsed corona discharge 0.1-05 17.0-25.0
5¢c Pulse corona discharge 1.9-18.7 3.4-105
5d Corona discharge 5.6-14.0 3.4-3.9
12b Corona discharge 5.8-46.7 2.0-8.0
12c DBD 7.0x103%-17.7x10°® 2.2-3.7

12d DBD 0.6-0.8 7.1-9.6
12e DBD 2.8 3.4

12f DBD 4.4-16.8 2.8-3.3
12j DBD 1.5-3.9 12.5-23
12h Nonthermal plasma 2.3 2.2-6.3
12j Nanosecond-pulsed discharge 0.1-0.3 7.3-115

This work Multiple pulse, flow-type 1.33 x 10%-3.32 x 10°2 30.5-31.9
triboelectric plasma

DBD: dielectric barrier discharge; SEI: the molar ratio of specific energy input to reaction gas.



Table S2 CO selectivities in CO> decomposition via different types of nonthermal

plasma
References Plasma types Nele—chem (%0) CO selectivities (%0)
5d Pulse corona discharge 2.1-31 16.0-20.0
82 Corona-type triboelectric 50 100
plasma
12a Pulsed corona discharge 4.4 42.0
12b Corona discharge 2.0 90.0
12h Nonthermal plasma 2.2-6.3 58.0-60.0
12j Nonthermal plasma 14.3-19.4 36.4-39.0
12k Pulse corona discharge 6.8 80.0
121 Pulse corona discharge 0.9 60.0
Thiswork  ultiple pulse, flow-type o o ) g 90.8-92.4

triboelectric plasma
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Figure S8 Conversion efficiency from mechanical to chemical energy (Mmech—chem) N
the triboelectric plasma-driven CO; reduction system. a) Separated triboelectric layers
of the TENG. b) Contacting triboelectric layers of the TENG. ¢) Measured TENG
rotational speed and power of mechanical energy (Pumecn) provided for the TENG with
contacting triboelectric layers. d) CO; reduction activities and energy efficiencies
(Nmech—chem) at 3 runs.



Table S3 CO, decomposition driven by mechanical energy

Sources of Methods of Products
ethods o -
Reference mechanical . Products evolution rate  1™ech—chem
CO; reduction 1 (%)
energy (umol h!)
Ocean 0.05
7 wave Electrocatalysis HCOOH 0.12 (measured
energy value)
C -t 1.2
Mechanical 9rona ype )
8a triboelectric CO 0.6 (theoretical
energy
plasma value)
Multiple pulse, 230
This Mechanical flow-type )
) i CO 16.8 (measured
work energy triboelectric
value)

plasma




Table S4 Dissociation pathways for triboelectric plasma-driven CO, decomposition

Dissociation . ) Energy barriers
Entry Reaction equation
pathway (eV)
Electroni itati
co Election impact e+ CO, — CO'(XIN,) + 2e 13.8
20 ionization CO," - CO"+0 0.4
o Vibrational excitation e+ COx('Z") — CO,'(*By) — 5s
2 dissociation CO('T*) + OCP) '
Electron attachment e+ CO,— COy 0.8
CO2(E)

dissociation CO; > CO+0 39




Table S5 Main transition peaks detected by optical emission spectroscopy in the CO»

dissociation via triboelectric plasma

Species  Wavelength (nm) Transition Reaction Entry

e + CO, — CO(a%1) + O(P) COxp)

(0] 777.5, 844.7 3p—3s
e +CO, — CO + O(CP) COzwy
co 206-258 PTI-X'S e+ COy— CO@I)+0CP)  COxp

CO;"  351.1,367.4,434.2 XAI-AI e+ CO; — COx"(XI) + 2e COx
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Figure S9 Detection of CO»-derived reactive species in the triboelectric plasma. a)
Curves i and ii are the electron paramagnetic resonance (EPR) spectra without and with
the triboelectric plasma, respectively. b) Simulated EPR spectra of the reactive species,
where curves I-III are the simulated sum of EPR spectra, the simulated EPR spectra of
DMPO-OH, and the simulated EPR spectra of DMPO—CO., respectively.
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Figure S10 Triboelectric plasma simulation at different discharge distances at 4 ns. a)
Evolution of the electron density (#.) distribution. b) Evolution of the reduced electric

field intensity (E/N) distribution. ¢) Evolution of the average electron energy (E.)
distribution.




o
=
[ o )
L
&
0
0.2 0.4 0.6 0.8 1.0

Distance (mm)

Figure S11 Total amount of charge transferred per cycle of TENG when the gas was
discharged at different discharge distances.
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Figure S12 Triboelectric plasma simulation at a discharge distance of 0.8 mm. a) Time
evolution of the electron density (n.) distribution. b) Time evolution of the reduced
electric field intensity (E/N) distribution. c¢) Time evolution of the average electron
energy (E.) distribution.
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Figure S13 Electron energy distribution function (EEDF) of the point at 8 um from the
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tip at an evolution time of 6.0 ns and a discharge distance of 0.8 mm.
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Figure S14 a) Electron energy distribution function (EEDF) at different points (i—v) at
a discharge distance of 0.8 mm. b) Time evolution of the average electron energy (E.)
distribution at a discharge distance of 0.8 mm.
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Figure S15 Electron energy distribution function (EEDF) of the point at 0.1 mm from
the tip at an evolution time of 6.0 ns and a discharge distance of 0.8 mm.



Table S6 Effective energy levels of CO; included in the model

Model notation  States Energy (eV) Model notation  States Energy (eV)
COz 000 0.00 CO2vs 008 2.24
COz 000 0.80 CO2vo 009 2.51
CO2* 010 13.8 CO2v10 010 2.77
COzva 010 0.08 COav11 011 3.03
CO2zwp 020 + 100 0.17 COuv12 012 3.29
CO2vd 030 + 110 0.25 COov13 013 3.55
CO2vd 040 +120+200 0.23 COov14 014 3.80
CO2v1 001 0.29 COuv1s 015 4.04
COazv2 002 0.58 COavis 016 4.29
COavs 003 0.86 COav17 017 4.53
COav4 004 1.14 COavis 018 4,77
COuavs 005 1.43 CO2v19 019 5.01
COavs 006 1.70 COazv20 020 5.24
COazvr 007 1.97 COazv21 021 5.47

The levels denoted by letters correspond to the symmetric modes of vibration and the
levels denoted by numbers correspond to the asymmetric mode of vibration.



Figure S16 Four field tests of triboelectric plasma driven by mechanical energy in a
natural environment.
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Figure S17 CO yield as a function of time in a field experiment.



