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Fitting procedure
The fitting procedure is based on the black-body radiation equation. First, based on Whitaker and Hayes’s modified Z-score, all the emission data points with an outlier detection method were removed. Then, the adjusted spectrum data was fitted by the black-body radiation equation with Scipy. optimize. curve_fit function. The standard black-body radiation equation was multiplied by a scaling factor A to match the scale of experimentally measured intensity values. Finally, the fitted temperature is ~3500 K, with a R2 value of 0.983, which suggests quite good fitting.
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Figure S1. Schematic illustration of carbon ignited microwave plasma in nitrogen.
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Figure S2. Digital image of carbon nanotube paper (CNTP).
Carbon nanotube paper could ignite argon plasma (Video S2).
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Figure S3. Digital image of carbon cloth.
Carbon cloth could ignite argon plasma (Video S3).
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[bookmark: _Hlk58248222]Figure S4. Digital image of carbon nanotube foam.
Carbon nanotube foam could ignite argon plasma (Video S4).
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Figure S5. Enlarged section of the in-situ spectrum of carbon nanotube paper exposed to argon and microwave irradiation.
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Figure S6. The emission spectrum of Ar plasma based on the CCSD/6-311+g (3d, p) method in Gaussian program at 3500 K.











[image: 图表

描述已自动生成]
[bookmark: _Hlk58277889]Figure S7. Electrical conductivity of nitrogen and argon plasma at different temperature.
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Figure S8. Thermal conductivity of nitrogen and argon plasma at different temperature.
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Figure S9. Mass Density of nitrogen and argon plasma at different temperature.
The argon plasma has a higher mass density of 0.137275 kg m-³ compared to 0.096280973 kg m-³ of nitrogen plasma at different temperature.
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[bookmark: OLE_LINK16]Figure S10. Specific heat capacity of nitrogen and argon plasma at different temperature.
The argon plasma has a lower specific heat capacity of 520.328 J (kg K)-1 compared to 1353.000545 J (kg K)-1 of nitrogen plasma at different temperature.
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[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Figure S11. Viscosity of nitrogen and argon plasma at different temperature.
[bookmark: _Hlk58278210]The argon plasma has a higher viscosity of 0.000126643 kg (m·s)-1 compared to 9.99371E-05 kg (m·s)-1 of nitrogen plasma at different temperature.
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Figure S12. Enthalpy of nitrogen and argon plasma at different temperature.
Enthalpy of argon and nitrogen plasma is 1.821 MJ and -28.322 MJ at different temperature, respectively.
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[bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK14][bookmark: OLE_LINK15]Figure S13. Entropy of nitrogen and argon plasma at different temperature.
The argon plasma has a lower entropy of 5.158 kJ K -1 compared to 20.188 kJ K -1 of nitrogen plasma at different temperature. 
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Figure S14. (A) The initial configuration for Ab initio molecular dynamics (MD) simulation. The supercell contains two intact AgNO3 molecules and one carbon nanotube (CNT). (B) Dissociation of AgNO3 molecules and oxidization of CNT at T = 3500 K. The CNT is oxidized by adsorption of O atoms from AgNO3 molecules, meanwhile reducing AgNO3 molecules to NO, NO2 and Ag atoms.












[image: ]
[bookmark: _Hlk57847194][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: _Hlk132046425]Figure S15. Transmission electron microscopy (TEM) images of CNTP.
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Figure S16. XPS (A) Full spectrum (B) C, (C) Au and (D) Ag spectrums of CNTP. 
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Figure S17. Diagrams of (A) CNTP, (B) metal salt-CNTP, and (C) metal-CNTP.
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[bookmark: _Hlk132047873]Figure S18. Transmission electron microscopy (TEM) images of Ag/CNTP.
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Figure S19. Particle size distribution of Ag NPs on CNTP.
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[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Figure S20. Stress‐strain curves of CNTP and Ag-CNTP.
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Figure S21. The optimized geometry of isolated oxygen atom.
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Figure S22. The optimized geometry of CNTP.
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Figure S23. (A) TEM and (B) HRTEM images of Au-CNTP. (C) STEM image of Au-CNTP and the corresponding elemental mapping images for gold, carbon, chlorine, and their mixture.
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Figure S24. (A) TEM and (B) HRTEM images of Pd-CNTP. (C) STEM image of Pd-CNTP and the corresponding elemental mapping images for palladium, carbon, chlorine, and their mixture.
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Figure S25. (A) TEM and (B) HRTEM images of Pt-CNTP. (C) STEM image of Pt-CNTP and the corresponding elemental mapping images for platinum, carbon, chlorine, and their mixture.


[image: ]
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Figure S26. (A) TEM and (B) HRTEM images of Co-CNTP. (C) STEM image of Co-CNTP and the corresponding elemental mapping images for cobalt, carbon, chlorine, and their mixture.
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Figure S27. (A) TEM and (B) HRTEM images of Ni-CNTP. (C) STEM image of Ni-CNTP and the corresponding elemental mapping images for nickel, carbon, chlorine, and their mixture.
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Figure S28. (A) TEM and (B) HRTEM images of Fe-CNTP. (C) STEM image of Fe-CNTP and the corresponding elemental mapping images for iron, carbon, chlorine, and their mixture.
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Figure S29. On-line gas chromatography (GC) quantification for electrocatalytic CO2 reduction products. (A) FID spectrum which is used to quantify CO and CH4 among gas products. (B) TCD spectrum which is used to quantify H2 among gas products.
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Figure S30. (A) 1H-NMR spectrum for quantifying formate product after performing CO2 reduction electrolysis. A known concentration of benzoate was used as the internal standard. (B) Calibration curve of quantifying formate by comparing its 1H-NMR peak area vs that of benzoate.















Figure S31. 10 h stability test for CO2 reduction catalyzed by Ag-CNTP at -1.0 V. The average formate Faradaic efficiency was quantified after the electrolysis.
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[bookmark: _Hlk77258360]Figure S32. (A) UV-Vis spectra of the NH4+ standard solutions treated with colorimetric method. (B) Calibration curve of quantifying NH4+ after performing NO2- reduction electrolysis.
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Figure S33. Antibacterial activity of Ag-CNTP vs. time compared to CNTP without Ag nanoparticles as control.
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Figure S34. Digital images of the growth of E. coli on plates at different times after CNTP and Ag-CNTP treatment.
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Figure S35. Antimicrobial efficacy of Ag-CNTP when used repeatedly.
















[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Table S1. Young’s modulus of CNTP and Ag-CNTP.
	Sample
	Young’s Modulus
(MPa)
	Failure Strain
(%)
	Breaking Strength
(MPa)

	CNTP
	794 ± 134
	27.37 ± 8.72
	50.81 ± 9.23

	Ag-CNTP
	1298 ± 141
	6.26 ± 1.4
	39.44 ± 2.07
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