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[bookmark: _Hlk166071780][bookmark: _Hlk165558137]Time-resolved in-situ DRIFTS spectra collection
DRIFTS spectra were collected on a Nicolet 6700 FT-IR spectrometer with MCT/A detector cooled by liquid nitrogen. The spectra were displayed in absorbance units and acquired with a resolution of 4 cm-1, using 128 scans. To monitor the real test condition, all the spectra were collected under synthetic air (79% nitrogen, 21% oxygen). Data collection was performed on OMNIC software.
The KBr was heated to 100 °C under a stream of high-purity Ar for 2 h, after which the reaction cell was cooled to room temperature and purged with dry synthetic air. After that, a raw absorbance spectrum was collected as background. The AgBDT sample was processed with the same procedure and the raw spectrum was also collected after that. The sample spectrum was then subtracted by taking the KBr spectrum as background. All spectra were obtained from 650 to 4000 cm-1.
The powder of AgBDT nanosheets was heated to 100 °C under the high-purity Ar flow at a rate of 200 mL/min for 2 h. Then a spectrum of the pristine sample was collected using the aforementioned KBr background. Then under the lifted temperature synthetic air was introduced at a rate of 100 mL/min. Difference spectra were collected every 15 min continuously for 150 min. All spectra were obtained by 128 scans with a resolution of 4 cm-1 from 650 to 4000 cm-1.
[bookmark: OLE_LINK6]DFT calculation
DFT calculations within Cambridge Serial Total Energy Package (CASTEP) module implemented in the Materials Studio package were performed for the electronic band structure of AgBDT. The Generalized Gradient Approximation (GGA) functional with the Perdew-Burke-Ernzerh (PBE) of functional was selected to describe the exchange-correlation interaction. The interactions between the ionic cores and the electrons are described by the norm-conserving pseudopotential, in which the orbital electrons of Ag: 4s24p64d105s1, S: 3s23p4, C: 2s22p2 and H: 1s1 are treated as valence electrons. The primitive lattice was used and the numerical integration of its Brillouin zone was performed utilizing a Monkhorst-Pack mesh of 3×3×4 k-points. A plane-wave cutoff energy of 517 eV was used. The band structure and density of states (DOS) calculations were performed with a plane-wave basis set and OTFG ultrasoft pseudopotential. A Monkhorst-Pack grid of 108×36×225 k-points and 3×3×4 k-points were used for band structure and DOS calculation, respectively. The Fermi level (Ef = 0 eV) was chosen as the reference. The geometrically optimized energy convergence tolerance was 9.4 × 10-3 eV/ Å, the maximum force was 2.0 eV/Å, and the maximum displacement was 3.4 × 10-2 Å. For static electronic structure calculations, the self-consistent field (SCF) tolerance was set to 2 × 10-6 eV/atom to give us good accuracy in the total energy obtained.
HOMO and LUMO of AgBDT were performed using the Dmol3 code of the Materials Studio package, and the Perdew-Burke-Ernzerhof (PBE) within the generalized gradient approximation (GGA) was used in the module for geometry optimization. The 1 × 1 × 1 cell was built to perform all calculations, consisting of 12 C, 8 H, and 4 Ag/S atoms. 1 × 4 × 1 k-point lattices were sampled for optimization using double numerical atomic orbits enhanced by d-polarization functions (DNP basis sets). 
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[bookmark: _Toc166341395][bookmark: _Toc166656798]Figure S1. SEM image of AgBDT nanosheets.
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[bookmark: _Toc166230438][bookmark: _Toc166231752][bookmark: _Toc166341396][bookmark: _Toc166656799][bookmark: _Hlk166188945]Figure S2. TEM image of AgBDT nanosheets (a) and projections of reconstructed 3D reciprocal lattice viewed along the c-axis (b) b-axis (c) and a-axis (d) respectively. The space group could be assigned P21/c.
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[bookmark: bookmark4][bookmark: _Toc166230439][bookmark: _Toc166231753][bookmark: _Toc166341397][bookmark: _Toc166656800]Figure S3. EDS images of AgBDT nanosheets.
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[bookmark: _Toc166230442][bookmark: _Toc166231756][bookmark: _Toc166341400][bookmark: _Toc166656801]Figure S4. Band structure diagram of AgBDT.
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[bookmark: _Toc166656803]Figure S5. High symmetric path for the DFT calculation of AgBDT (the right figure represents the unit cell in real space). 
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[bookmark: _Toc166230443][bookmark: _Toc166231757][bookmark: _Toc166341401][bookmark: _Toc166656804]Figure S6. The valence band maximum (a) and conduction band minimum (b) of AgBDT.
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[bookmark: _Toc166230448][bookmark: _Toc166231762][bookmark: _Toc166341404][bookmark: _Toc166656805]Figure S7. Four consecutive cycles for detecting 10 ppm NO2 at room temperature. 
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[bookmark: _Toc166231763][bookmark: _Toc166341405][bookmark: _Toc166656806][bookmark: _Toc166230449]Figure S8. Long-term stability of AgBDT to 10 ppm NO2 within 20 days (inset curves are the real-time measurement). 
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[bookmark: bookmark7][bookmark: _Toc166230451][bookmark: _Toc166231765][bookmark: _Toc166341407][bookmark: _Toc166656807]Figure S9. Time-resolved in-situ DRIFTS difference spectra of AgBDT during oxidation.
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[bookmark: _Toc166230452][bookmark: _Toc166231766][bookmark: _Toc166341408][bookmark: _Toc166656808]Figure S10. Relative response of AgBDT sensor to 100 ppb NO2 after oxidation for different time.
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[bookmark: _Toc166656809]Figure S11. TG curve of AgBDT. 
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[bookmark: _Toc166656812]Table S1. Crystallographic data for AgBDT.
	Chemical formula
	C12H8Ag4S4

	Formula weight
	711.88

	Temperature
	15 K

	Crystal system
	Monoclinic

	Space group
	P21/c

	Cell parameters
	a = 9.10 Å, b = 7.17 Å, c = 6.07 Å
α = 90°, β = 104.02°, γ = 90°

	Cell volume
	392.5 Å3

	ρcalc
	9.907 g cm-3

	F (000)
	211.8

	Z
	1

	Data reduction
	XDS (merged from 3 datasets)

	Index ranges
	–12 ≤ h ≤ 12, –10 ≤ k ≤ 10, –8 ≤ l ≤ 8

	Reflections collected
	7504

	Independent reflections
	1038

	Completeness
	87.6% (to 0.70 Å)

	Solution method
	Superflip

	Refinement method
	Full-matrix least-square on F2 in Jana2020

	GOF on F2
	1.463

	Final R indexes [I>=2σ (I)]
	R1 = 0.1783, wR2 = 0.4918

	Final R indexes [all data]
	R1 = 0.2154, wR2 = 0.4918


aR1 = Σ ||F0 |–|Fc|| / Σ |F0 |; bwR2 = [Σw(F02–Fc2)2 / Σw(F02)2]1/2
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[bookmark: bookmark14][bookmark: _Toc166656813][bookmark: _Toc166230457][bookmark: _Toc166231772][bookmark: _Toc166341414]Table S2. Sensing performance of the no-light irradiation material-based RT chemiresistive NO2 sensors
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	[bookmark: _Toc166656643][bookmark: _Toc166656818]Ref. in main text

	[bookmark: _Toc166656644][bookmark: _Toc166656819]Te Nanofibers
	[bookmark: _Toc166656645][bookmark: _Toc166656820]100 ppb
	[bookmark: _Toc166656646][bookmark: _Toc166656821]10 ppm / 6.2%
	[bookmark: _Toc166656647][bookmark: _Toc166656822]84 s @ 10 ppm
	41

	[bookmark: _Toc166656649][bookmark: _Toc166656824]LaFeO3 nanocubes
	[bookmark: _Toc166656650][bookmark: _Toc166656825]317 ppb
	[bookmark: _Toc166656651][bookmark: _Toc166656826]1 ppm / 29.6%
	[bookmark: _Toc166656652][bookmark: _Toc166656827]24 s @ 1 ppm
	42

	[bookmark: _Toc166656654][bookmark: _Toc166656829]SnO-SnO2
	[bookmark: _Toc166656655][bookmark: _Toc166656830]100 ppb
	[bookmark: _Toc166656656][bookmark: _Toc166656831]100 ppb / 160%
	[bookmark: _Toc166656657][bookmark: _Toc166656832]57 s @ 100 ppb
	43

	[bookmark: _Toc166656659][bookmark: _Toc166656834]BP-In2O3
	[bookmark: _Toc166656660][bookmark: _Toc166656835]10 ppb
	[bookmark: _Toc166656661][bookmark: _Toc166656836]100 ppb / 1220%
	[bookmark: _Toc166656662][bookmark: _Toc166656837]130 s @ 5 ppm
	44

	[bookmark: _Toc166656664][bookmark: _Toc166656839]MnPS3
	[bookmark: _Toc166656665][bookmark: _Toc166656840]50 ppb
	[bookmark: _Toc166656666][bookmark: _Toc166656841]2 ppm / 8%
	[bookmark: _Toc166656667][bookmark: _Toc166656842]96 s @ 2 ppm
	45

	[bookmark: _Toc166656669][bookmark: _Toc166656844]WS2/ZnS
	[bookmark: _Toc166656670][bookmark: _Toc166656845]10 ppb
	[bookmark: _Toc166656671][bookmark: _Toc166656846]5 ppm / 3250%
	[bookmark: _Toc166656672][bookmark: _Toc166656847]4 s @ 5 ppm
	46

	[bookmark: _Toc166656674][bookmark: _Toc166656849]MoS2 film
	[bookmark: _Toc166656675][bookmark: _Toc166656850]120 ppb
	[bookmark: _Toc166656676][bookmark: _Toc166656851]0.5 ppm / 57.5%
	[bookmark: _Toc166656677][bookmark: _Toc166656852]54 s @ 0.5 ppm
	47

	[bookmark: _Toc166656679][bookmark: _Toc166656854]Vc-reduced GO
	[bookmark: _Toc166656680][bookmark: _Toc166656855]400 ppt
	[bookmark: _Toc166656681][bookmark: _Toc166656856]10 ppm / 6%
	[bookmark: _Toc166656682][bookmark: _Toc166656857]120 s @ 10 ppm
	48

	[bookmark: _Toc166656684][bookmark: _Toc166656859]Cu2O-rGO
	[bookmark: _Toc166656685][bookmark: _Toc166656860]64 ppb
	[bookmark: _Toc166656686][bookmark: _Toc166656861]2 ppm / 89%
	[bookmark: _Toc166656687][bookmark: _Toc166656862]200 s @ 2 ppm
	49

	[bookmark: _Toc166656689][bookmark: _Toc166656864]In(OH)3-rGO
	[bookmark: _Toc166656690][bookmark: _Toc166656865]1 ppm
	[bookmark: _Toc166656691][bookmark: _Toc166656866]1 ppm / 19.79%
	[bookmark: _Toc166656692][bookmark: _Toc166656867]＜ 180 s @ 5 ppm
	50

	[bookmark: _Toc166656694][bookmark: _Toc166656869]Ag(SPh-NH2)
	[bookmark: _Toc166656695][bookmark: _Toc166656870]0.9 ppb
	[bookmark: _Toc166656696][bookmark: _Toc166656871]10 ppm / 852.6%
	[bookmark: _Toc166656697][bookmark: _Toc166656872]60 s @ 10 ppm
	40

	[bookmark: _Toc166656699][bookmark: _Toc166656874]PbBDT
	[bookmark: _Toc166656700][bookmark: _Toc166656875]0.509 ppb
	[bookmark: _Toc166656701][bookmark: _Toc166656876]400 ppb / 5056%
	[bookmark: _Toc166656702][bookmark: _Toc166656877]16.2 s @ 40 ppb
	36

	[bookmark: _Toc166656704][bookmark: _Toc166656879]AgBDT
	[bookmark: _Toc166656705][bookmark: _Toc166656880]0.22 ppb
	[bookmark: _Toc166656706][bookmark: _Toc166656881]10 ppm / 5977%
	[bookmark: _Toc166656707][bookmark: _Toc166656882]9.6 s @ 10 ppm
	[bookmark: _Toc166656708][bookmark: _Toc166656883]This work
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[bookmark: _Toc166656885]Table S3. Vibrational assignments of AgBDT DRIFT spectrum during oxidation time.
	Wavenumber (cm-1)
	Bond
	Reference

	833
	ν(S–O(H)) in Ar–SO2H
	1

	900
	ν(S–O(H)) in Ar–SO3H
	1

	951
	ν(S=O) in sulfoxide
	2

	993
	   ν(S–O) in sulfoxide and sulfone
	3,4

	1030
	   ν(S–O)sym. in aromatic sulfinates
	1

	1072
	ν(S=O) in Ar–SO2H
	1

	1153
	   ν(–SO2–) in sulfone and Ar–SO3H
	1,3–5

	1201
	   ν(S–O)asym. in aromatic sulfonates
	1,6
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