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Figure S1 SEM images of 2D GO sheets (a) and 3D RGO hierarchical structures (b)

respectively.

Figure S2 TEM images of SPS-synthesized RGO sheets, which exhibited the wrinkled

and corrugated morphology.
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Figure S3 TEM selected area electron diffraction (SAED) patterns of GO (a) and RGO (b)

respectively.
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Figure S4 Energy-dispersive X-ray (EDX) spectra of RGO.
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Figure S5 a) Responses to 70% RH of the RGO synthesized at two different temperatures:

900 and 1050 <C. b) Plot of the contact angle of water droplet on RGO versus SPS

temperature.

Table S1 Comparison of the contact angles of water droplet on RGO that reduced from

GO by different methods
GO SPS™* | Hydrazine | Caffeic | Hydrothermal | Aluminum | Thermal
reduction | "o reduction® | acid® | reduction reduction® | reduction
method with

oleylamine®
Contact 154< 127< 54.8< |130° 90.5° 72.8°
angle 93.3°
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Figure S6 Dynamic responses of the GO sensor (black) and SPS synthesized RGO sensor

(red) to 1 ppm NO;, (a) and 70% RH (b), respectively.
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Figure S7 Dynamic responses of the SPS obtained RGO (SPS-RGO) (black) and
hydrothermal synthesized RGO (H-RGO) (red) to 1 ppm NO; (a) and 70% RH (b),
respectively. The H-RGO was synthesized according to our previously reported work.®
Briefly, 100 mg hydroquinone was mixed with 10 mL 2 mg mL™ GO aqueous dispersion.
The mixture was put into a 16 mL sealed Teflon-lined autoclave, followed by heating the

system at 100 C for 10 hours.



Figure S8 Characterization of the microheater. a) SEM image of a microheater (left).
Two Au electrodes were fabricated on the two ends of serpentine Pt heating line. The
magnified SEM image of the serpentine Pt heating line with the line width of 30 pm was
shown in right side. b) An optical image captured by an infrared camera showing
temperature distribution on the sensor chip when a DC voltage of 13 V was applied on

the microheater. An average temperature of 140 <C was obtained.
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Figure S9 Plot of the recovery percent of this RGO based NO, sensor versus temperature.
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Figure S10 a) Dynamic responses of the superhydrophobic RGO to 70% RH at 25 C

(black) and 140 <C (red) respectively. b) Dynamic response variation of the

superhydrophobic RGO sensor to 1 ppm NO, at 140 <T when the relative humidity

increased from 0% (black) to 70% (red).
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Figure S11 Plot of the response decrease of the RGO sensor from 0% to 70% RH versus

substrate temperature in 1 ppm NO, detection.



Calculation of noise level (RMSnoise) and limit of detection (LOD) of the RGO
sensor”®
1) Perform linear fit for the response versus NO2 concentration curve. The sensitivity
(slope) can be obtained from the linear fit (Figure S12a).
2) Take 11 data points at the baseline of response versus time curve before exposure
to NOz2 (Yi).
3) Plot the response versus time curve and then implement 5" order polynomial fit
(Figure S12b).
4) Take the regular residual (Yi-Y) from polynomial fit and calculate the root-mean
squared deviation (RMSneise) and LOD with below Equation S1 and S2:

RMSnoise (ppm ™) = V(V,&/(N-1)), in which V,2= Y (Yi-Y)?  (Equation S1)

LOD (ppm™) = 3%RMSypise/Slope (Equation S2)
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Figure S12 a) Plot of experimentally obtained (black dashed) and linearly fitted (red)
response versus NO2 concentration. b) The 5" order polynomial-fitted response of the

RGO sensor versus time at the baseline before NOz2 exposure.
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Table S2 5™ order polynomial fitting data for the SPS-RGO based NO, sensor

Time (sec) Yi-Y (Yi-Y)"2
40 0.053 2.81E-03
80 -0.07706 5.94E-03
120 0.16078 2.59E-02
160 -0.05588 3.12E-03
200 -0.03304 1.09E-03
240 0.02978 8.87E-04
280 0.04239 1.80E-03
320 0.11791 1.39E-02
360 0.01843 3.40E-04
400 0.04664 2.18E-03
440 0.03839 1.47E-03

Table S3 Calculation of sensitivity, RMSnoise and LOD

Material for NO; | Slope Standard V2 RMShoise LOD

Sensing (Sensitivity) | Error (ppm)
(ppm*) (ppm’*)

Superhydrophobic

3D RGO 25.5 1.78 0.0594 0.0771 0.00907




Table S4 Comparison of different carbon nanomaterial-based NO, sensors in LOD

Sensing 3D- | RGO | RGO/Cu,0" | CMG" | GO* | SWCNT" | superhydrophobic 3D

materials | RGO- | on 3D RGO (This work)
Sno,’ | pillars’

LOD | 2000 | 1200 64 3600 | 20 44 9.1

(ppb)
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Figure S13 Plot of recovery percent variations of the RGO sensor versus NO,

concentration in the reversible detection of NO, with reduced concentration from 1000 to

200 ppb.
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Figure S14 Dynamic responses of the superhydrophobic RGO to 500 ppm CO, (a), 50
ppm NH; (b), 100 ppm H,S (c), 60 ppm SO, (c), 10 ppm CO (c) and various saturated
volatile organic compounds (VOCs), including methanol (d), ethanol (e) and acetone (f),

respectively.
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