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Fig. S1 (a) optical image of the as-fabricated micro-heater; (b) the heater temperature and 
power vs. applied voltage curves24; (c) The schematic diagram of testing system for gas 

sensing.

A pair of exposed platinum interdigital electrodes (IDEs) was fabricated on the 

center of the microheater to bridge the sensing material electrically. The sensing 

material needs to be casted on these three white stripes in the middle. The width of the 

platinum electrode was 20 µm, and the separation distance between the co-planar 
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platinum electrodes was 10 µm (Fig. S1g). In order to provide necessary heating for 

gas sensing, the pare of IDEs were surrounded by the serpentine micro-heater. The 

heater temperature and power vs. applied voltage curves are shown in Fig. S1h. For 

example, the power consumption is nearly 39 mW for achieving a working 

temperature of ~ 400 ℃.

Fig. S2 SEM images of ZIF-8.

Fig. S3 Raman spectra of the ZnO/rGO sample.

Table. S1 The XPS fitting of C 1s spectra of the ZnO/GO and ZnO/rGO composites.
C-C C-O C=O C(O)O

Sample Binding 
energy 
(eV)

%Area
Binding 
energy 
(eV)

%Area
Binding 
energy 
(eV)

%Area
Binding 
energy 
(eV)

%Area

ZnO/rGO 284 55.84 284.9 27.52 286.0 4.13 289.1 12.52
ZnO/GO 284 46.51 284.7 35.79 285.9 14.50 288.7 3.19



Fig. S4 High resolution XPS spectra for (a) Zn 2p and (b) C 1s regions of the ZnO/GO.

Table. S2 The XPS fitting of O 1s spectra of the ZnO/GO and ZnO/rGO composites.
O1 O2 O3

Sample Binding 
energy 
(eV)

%Area
Binding 
energy 
(eV)

%Area
Binding 
energy 
(eV)

%Area

ZnO/rGO 530.5 63.37 531.9 32.99 532.8 3.64
ZnO/GO 530.6 65.27 532.0 24.01 533.3 10.71

Fig. S5 Current vs. Voltage behaviors of the ZnO, ZnO/GO and ZnO/rGO sensors at room 
temperature.



Fig. S6 Gas sensing response versus operating temperature of the ZnO and ZnO/GO sensors 
upon exposed to 200 ppm hydrogen.

Fig. S7 The linear fitting regarding the response of the ZnO/rGO toward variable 
concentrations (0.1 to 5 ppm) of H2 at 400℃.

“The limit of detection (LOD) was calculated from the sensor’s signal processing 

performance by the common Root Mean square (RMS) method. According to the 

IUPAC (International Union of Pure and Applied Chemistry) definition, the signal 

could be considered as a true signal when the signal-to-noise ratio equals 3. 

Therefore, the LOD could be calculated using the following equation

𝐿𝑂𝐷＝3
𝑁𝑟𝑚𝑠
𝑠𝑙𝑜𝑝𝑒

Where Nrms is the RMS noise formula, and slope is extrapolated from the linear 

calibration curve as shown in Fig. S7. The limit of detection here is calculated to be 

60 ppb.”



Fig. S8 Response-recovery times of the ZnO/rGO to 200 ppm hydrogen gas at different 
temperatures: (a) 300 ℃, (b) 330 ℃, (c) 360 ℃ and (d) 450 ℃.

Table. S3 Comparison with recent studies of ZnO based H2 sensors.
No. Materials LOD (ppm) Response (R) Ref.
1 Hierarchical ZnO

inverse opal
7.5 1.21 [S1]

2 0.75 wt % rGO-4% Ni-ZnO  1 1.3 [S2]
3 Pd-decorated ZnO nanosheet 0.5 1.004 [S3]
4 ZnO nanoparticles/rGO 

composite
50 1.1 [S4]

5 rGO/ZnO nanocomposite 10 1.1 [S5]
6 Pd-functionalized ZnO 

nanowires
0.1 1.33 [S6]

7 0.2 wt% CNF/ZnO 
nanostructures

1 1.3 [S7]

8 ZnO/rGO composite 0.1 2.67 This work
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