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Supplementary Figures and Tables
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Fig. S1 Schematic diagram of the gas sensing test system.
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Fig. S2 SEM images of (a) Yb-Bi2S3-0.2%, (b) Yb-Bi2S3-0.5%, (c) Yb-Bi2S3-1.0 %, (d) Yb-Bi2S3-2.0%.
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Fig. S3 TEM images of Yb-Bi₂S₃-1.5%.
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[bookmark: _Hlk228279702]Fig.S4 Comparison of high-resolution C 1s spectra between Yb-Bi₂S₃ derived from CAU-17 and Yb-Bi₂S₃ synthesized by a conventional one-step hydrothermal method. 
 [image: ]
Fig. S5 Work functions measured by Kelvin probe force microscopy (KPFM). (The relationship between the contact potential difference (CPD) and the work function (Φ) is given by CPD sample =CPD Au+(Φ Au−Φ sample), where CPD Au=−0.18, and Φ Au=5.10 eV. The measured CPD values for the Bi2S3 and Yb-Bi2S3 were approximately 0.08 eV and 0.34 eV, yielding corresponding work functions of 4.84 eV and 4.59 eV, respectively.)
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Fig.S6 The optical properties of BS and Yb-Bi₂S₃-1.5%. (a) UV–vis spectra. (b) the calculated band gap.
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Fig. S7 The response curve of Yb-Bi₂S₃-1.5% to 5 ppb H2S.
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[bookmark: _Hlk227768800]Fig. S8 A single-range fitting of the response as a function of concentration within the range of 0.005–5 ppm.
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Fig. S9 Selective response of Yb-doped Bi₂S₃ sensor toward VOCs and VSCs
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Fig. S10 Hysteresis characteristic of Yb-Bi₂S₃-1.5% in the range of 0.1-5 ppm.
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Fig. S11 Repeatability test of Yb-Bi₂S₃-1.5% for Repeated exhalation exposure. (A specific volume of H₂S standard gas was mixed with high-humidity air to prepare simulated oral breath containing 100 ppb H₂S for testing. A dynamic testing method was employed: the gas in the sample bag was first dried to eliminate humidity interference. A small pump connected to a three-way valve at the outlet of the drying tube dynamically delivered gas from the gas bag to a 200-mL detection chamber for gas sensing.)
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Fig. S12 (a) Baseline resistance and response to 100 ppb H₂S for five sensors from the same batch; (b) baseline resistance and response to 100 ppb H₂S for sensors from different batches
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Fig. S13 Bader charge of H2S adsorption on the surface of BS and Yb-Bi₂S₃-1.5%, respectively.
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Fig. S14 H₂S concentration curves in oral exhalation of periodontitis patients (post-dental prophylaxis).
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Table S1 A comparative table of latest representative H₂S sensor based on different sensitive material
	[bookmark: _Hlk228282287]Materials
	Operating temperature
	Detection limit(ppb)
	Response
	tres/trec
	Detection
range
	Humidity 
tolerance
	Selectivity
	Sensor Integration
	Ref.

	Metal Oxides and Heterojunctions

	Amorphous a-SnO2
	100 ℃
	210 ppb
	2.4 (1ppm）
	9 min/-
	400 ppb ~ 1.5 ppm
	~20% reduction
	-
	no
	 [1]

	Rh2O3/ WO3
	157℃
	250 ppb
	~5.2 (1 ppm)
	12/64 s
	0.25-100 ppm
	~75% reduction
	> 22
	no
	 [2]

	Bi2MoO6–CuO
	180 °C
	5 ppb
	4.9 (0.1 ppm)
	213s/1069s
	5-250 ppb
	
	> 7
	yes
	 [3]

	α-Fe2O3/SnO2
	250 °C
	1 ppm
	4.3 (10 ppm)
	13s/104s
	2–10 ppm
	-
	>3
	no
	 [4]

	Co3O4/β-CoMoO4
	160 °C
	10 ppb
	1.25 (10 ppb)
	288/731 s
	0.01–20 ppm
	-
	> 2
	yes
	 [5]

	Cu₂O/NiO
	RT
	10 ppm
	1.39 (20 ppm)
	~100 s
	10–100 ppm
	-
	>10
	no
	 [6]

	In2O3/SnO2
	RT
	100 ppb
	~5.2 (0.1 ppm)
	600/181 s
	0.1-70 ppm
	~53% reduction
	> 15
	yes
	 [7]

	WO3/CuO
	150℃
	0.5 ppm
	0.68 (5ppm）
	24 s / 78 s
	0.5–50 ppm
	-
	>6
	no
	 [8]

	Fe2O3/Ti3C2
	RT
	10 ppb
	1.18 (20 ppm)
	10s/15s
	0.01–500 ppm
	~28% reduction
	>6
	no
	 [9]

	Transition Metal Sulfides and Heterojunctions

	WS2
	RT
	53 ppb
	0.15 (27 ppm)
	175 s/-
	53 ppb-27 ppm
	~400% increase
	> 10
	no
	 [10]

	Bi2S3
	RT
	0.5 ppm
	2.03 (10 ppm)
	27 s/21 s
	0.5–50 ppm
	-
	> 10
	no
	 [11]

	MoSe2/ZnO
	150 ℃
	200 ppb
	2.8 (6 ppm)
	690 s/665 s
	200 ppb–6.1 ppm
	-
	~2
	no
	 [12]

	MoS2/rGO
	RT
	1 ppm
	1.18 (1ppm)
	0.85/12.1 s
	1-100 ppm
	~46% reduction
	>5
	no
	 [13]

	WS2- ZnO
	250 °C
	0.1 ppm
	0.33 (1ppm)
	~120s/
	0.1-5 ppm
	-
	>8
	no
	 [14]

	ZIF-L/SnS2
	125 ℃
	3.6 ppb
	1.11 (1 ppm)
	413s/2276s
	1-50 ppm
	-
	>10
	no
	 [15]

	Other material systems

	Cs2AgBiCl6
	RT
	5 ppb
	0.16 (0.08pm)
	99.6/94.2s
	5 ppb-10 ppm
	-
	>40
	yes
	 [16]

	Co3(HITP)2/Ti3C2
	RT
	92 ppb
	2.41(10 ppm)
	~200 s/-
	0.1–200 ppm
	~12% reduction
	>2
	no
	 [17]

	[bookmark: _Hlk228297471]CsPbBr3
	RT
	<200 ppb
	1.21 (0.2 ppm)
	73/275 s
	0.2-5 ppm
	<5%
	>10
	no
	 [18]

	This work

	Yb-Doped Bi₂S₃
	RT
	5 ppb
	9.13 (1 ppm)
	11 s/141 s
	5 ppb-5 ppm
	~27% reduction
	> 20
	yes
	-
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