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Table S1. Layout features of the SAW-DL devices [1].
	Design parameters of the SAW-DL devices

	Wavelength: λ 
	34 µm

	Electrode width: λ/4
	8.5 µm

	IDT aperture: 70·λ
	2380 µm

	Spacing between IDTs: 100·λ
	3400 µm

	Spacing between IDTs and sensing area
	190 µm

	Sensing area
	9 × 10 6 µm2
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Figure S1. The technological flow of the SAW devices.

Open packages (OPs) made on FR-4 substrate as printed circuit boards (PCBs) with two metal layers (Figure S2) were used for chips’ encapsulation.
The geometry and dimensions of these OPs ensure their full compatibility with previously used packages [2, 3], made of low thermal expansion alloys and provided with glass feedthrough terminals.
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Figure S2. Top and bottom views of the open package (OP).
Legend: PTH - plated-through hole; PGW - pad for gold wire assembly; GCM - ground connection mark
Each OP has four through-hole pads (PTH) on each Cu layer for the assembly of metal terminals using low melting temperature alloy bonding. Additionally, there are four pads (PGW) on the top layer, for thermal Au wire bonding to each signal pad of the SAW sensor. A Cu path defined in the top layer connects each PTH to the nearest PGW. The OP terminals used as ground connections for the input and output signal ports are positioned on the same side, marked as GCM in Figure S2. 
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[bookmark: _Ref122009778]Figure S3. The functionalization protocol of SAW device using the S-Gr-based nanomaterial.

Powder X-ray diffraction (XRD) patterns were acquired with a 9 kW Rigaku SmartLab diffraction system with rotating anode, equipped with a CuKα1 radiation (λ = 1.5406 Å), operated at 45 kV and 100 mA, with θ/2θ from 10 to 70, at a scanning rate of 4 min–1 and a 0.01 step width. Crystalline phases were identified using standard International Centre for Data Diffraction (ICDD) files and the average crystallite size of the phases was calculated by using the Scherrer equation:
where D is the mean crystallite size, K is the shape factor of the crystallites, taken as 0.93,  is the Cu K1 X-ray wavelength (1.5406 Å),  is the Bragg diffraction angle, and  is the full width at half maximum (FWHM) of the diffraction line, in radians. 
The interplanar distance for the carbonic phases was calculated using Bragg’s law: n = 2dsin, where n is the diffraction order,  is the X-ray wavelength, d is the interplanar distance, and  is the Bragg diffraction angle. 
The XRD pattern of the S-doped Gr material used on the SAW sensor revealed two intense peaks at 2 = 24.40 and 25.92, corresponding to a rGO phase and a multi-layer graphene (MLG) phase, respectively (Figure S4) [4, 5]. Using Bragg’s law, the interlayer distance for rGO was evaluated to be 0.365 nm, which was higher when compared to the interlayer distance of 0.337 nm found in graphite, due to the presence of oxygen functional groups [6]. The interlayer distance between the graphene-like layers in the MLG phase was also calculated, obtaining an interlayer distance of 0.344 nm, close to a crystalline graphite phase. This indicates an increase in interlayer spacing in the MLG phase, owing to the lattice doping with larger sulphur atoms. The lattice strain in the MLG phase was obtained from the following equation: , resulting a lattice strain of around 2%. In addition, the broadness of the peak in XRD profile can be attributed to the presence of α-S phase with diffraction peaks at 2 = 28.80, 31.67, 34.25 and 36.14, which correspond to the (313), (044), (137) and (244) reflection planes, respectively, as identified for standard phase of orthorhombic sulphur (ICDD card no. 08-0247) [7]. For the phases found in the S-Gr material, the crystallite size was evaluated at around 8.6 nm for the rGO phase, 3.4 nm for the MLG phase and 3.7 nm for the sulphur phase. The dislocation density (), indicative of the number of defects in the material, can be calculated using the following formula:  = 1/D2, where D is the crystallite size of the phase [8]. A dislocation density for the graphene phase in the S-Gr material of around 8.8  1012 cm-2 was obtained, a value close to the one resulting from Raman analysis.
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Figure S4. The XRD pattern of the S-Gr material.
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Figure S5. (a) Reproducibility of Bl-Gr (blue) and S-Gr (red) based sensors in presence of 2 ppm NO2 at RT; (b) Response stability in time of Bl-Gr (blue) and S-Gr (red) based sensors.



[bookmark: _Hlk163661402][bookmark: _Hlk163586702]Table S2. NO2 gas sensing properties of different graphene SAW-based sensors reported in previous literature.
	No.
	Substrate
	Sensing material
	Target gas
	Limit of detection (ppb)
	Sensitivity
	Sensor configuration
	Operating temperature (ᵒC)
	Linear range
(ppm)
	Reference

	1
	36ᵒ YX LiTaO3
	SWCNTs-CdA
	NO2
	160
	0.3ᵒ/ppm
	SAWR
	RT
	2-10
	[9]

	2
	ST-Quartz
	Graphene ink
	NO2
	300
	25 Hz/ppm
	SAWR-based dual oscillator
	RT
	0.2-3
	[10]

	3
	Y-cut 128ᵒ LiNbO3
	PPy-rGO /Ag
	NO2
	2370
	127.68 Hz/ppm
	SDL
	RT
	10-100
	[11]
	4
	Langasite
	GO-PEDOT-PSS
	NO2
	175
	57 Hz/ppm
	SAWR
	RT
	5-100
	[12]
	5
	Langasite
	B@GCN QDs
	NO2
	7.9
	35.9 kHz/50ppm
	SAWR
	RT
	0.5-50
	[13]
	6
	Langasite
	GCN NRs
	NO2
	42
	2.3 kHz/ppm 
	SDL
	RT
	0.5-10 
	[14]
	7
	ST-Quartz
	MXene/GO
	NO2
	-
	260 Hz/ ppm
	SAWR
	RT
	1-200 
	[15]
	8
	36ᵒ YX LiTaO3
	Bl-Gr
	NO2
	68
	0.3ᵒ/ppm
	SDL
	RT
	0.5-2.4
	This work

	9
	36ᵒ YX LiTaO3
	S-Gr
	NO2
	140
	0.2ᵒ/ppm
	SDL
	RT
	0.3-2
	This work


Legend: SAWR – SAW resonator; RT – room temperature; SWCNTs- single-walled carbon nanotubes; CdA – cadmium arachidate; PPY - polypyrrole; rGO - reduced graphene oxide; SDL – SAW delay line; GO - graphene oxide; PEDOT – Poly(3,4-ethylenedioxythiophene); PSS- polystyrene sulfonate; B@GCN QDs -Boron doped graphitic carbon nitride; GCN NRs - graphitic carbon nitride nanoribbons; MXene/GO - MXene-activated GO.
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