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Figure S1. The schematic image of dynamic measurement system and the chemiresistor devices.
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Figure S2. XRD of WO3 nanowires prepared on quartz substrate.

The XRD of WO3 nanowires after thermal oxidating W18O49 nanowires (prepared by thermal 

oxidating W film (~500 nm) in a oxygen-deficient atmosphere) in air at 500 ºC for 3 h is shown in 

Figure S2. The diffraction peak of W metal showed in XRD, revealed the incomplete oxidation of 

W film. The (110) at 23.68º and (111) peaks correspond to WO3 nanowires. The (110) at 40.52º and 

(211) peaks correspond to W film. According to the Scherrer formula: D = K/ (cos), in which 

K is constant,  is wavelength of x-ray,  is the half height and width of diffraction peak,  is 

diffraction angle, the grain size of WO3 nanowires and W film are 15.5 nm and 16.9 nm, 

respectively.
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Figure S3. The responses of bridged WO3 NWs to various gases under different heating modes. (a, 

d) SO2, (b, e) TMA, (c, f) acetone, (g, h) toluene. The responses marked by pink rectangles and blue 

rectangles are operated on external heating mode and self-heating mode, respectively. 

The bridged WO3 NWs chemiresistor possesses a worse gas performance to aforementioned 

gases compared with NO2.
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Figure S4. The response (tres) and recovery time (trec) of bridged WO3 NWs and WO3 film NWs 

chemiresistors under different operation modes. (a, b) external heating mode, (c, d) self-heating 

mode. 

Bridged NWs chemiresistor (Figure S3a) exhibits similar response kinetics with film NWs 

chemiresistor (Figure S3b) under external heating mode, inferring a slight variation of gas/ MOS-

surface redox events between the bridegd structure and film structure. For self-heating mode, the 

bridged NWs chemiresistor possesses similar response kinetics with external mode and the trec 

decrease with the increase of applied voltage, implying the temperature of nanojunction of bridged 

NWs increase induced by joule heat with the increase of applied voltage. Inversely, there is no 

obvious change for trec and trev of film NWs chemiresistor with the increase of applied voltage, 

implied little joule heat. 
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Table S1. The pitch, bar width, hole size of Cu shadow mask with the mesh size of 200  2000.

Mesh size Pitch (μm) Bar width (μm) Hole size (μm)

200 125 30 70

400 62 25 37

600 42 6 36

1000 25 6 19

1500 16.5 6 10.5

2000 12.5 6 6.5
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The sensing materials, operation mode, operation temperature (T), power consumption (P), 

NO2 concentration (C) and sensitivity (S) of chemiresistors operating at external heating mode 

(MEMS) and self-heating mode are listed in Table S2.

Table S2. Comparison of the characteristic parameters for chemiresistors operating at external 

heating mode (MEMS) and self-heating mode toward NO2 from previous reports and the present 

work.

Materials
operation 

mode
T (ºC) P C (ppm) S Ref.

a-Fe2O3/C mesoporous nanorods MEMS 225 - 2.5 1.5 1

ZnO–CuO nanoflakes MEMS 300 ~120 mW 5 1.25 2

Au/SnO2:NiO thin films MEMS 500 - 5 185 3

WO3 MEMS 300 65 mW (600 ºC) 0.1 6.25 4

Au/Co3O4 nanoparticles MEMS 136 11.2 mW 0.1 1.33 5

CuO-NWS MEMS 119 - 0.2 1.4 6

WO3 nanorods MEMS 225 80 mW 10 2.02 7

CuO Nanosheets MEMS 180 - 0.05 2 8

3D Ag-rGO MEMS 133 52.8 mW 5 1.25 9

WO3 nanoparticles MEMS 205 23.4 mW 1 18.4 10

ZnO-NWs MEMS - 184 μW 1 7.05 11

ZnO nanorods MEMS - 22 mW 5 ~77 12

SnO2 nanoparticles and MWCNTs MEMS 300 47.6 mW 3.6 4 13

carbon nanotube Self-heating - 2.9 μW 0.9 ~1.9 14

SnO2 NWs Self-heating 175 25 mW 2.5 25.6 15

Au/ZnO NWs Self-heating - 0.37 mW 10 2.9 16

SnO2 NWs Self-heating - 1 μW 0.1 1.1 17

nanocolumnar WO3 film Self-heating ~120 21.6 μW 1 ~13

0

18

SnO2 NW Self-heating - 35 μW 1 ~3 19

Single SnO2 NW Self-heating - 1.6 μW 0.1 3 20

W18O49 NWs Self-heating - 0.13 μW 5 24.6
This

work
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Table S3 showed that the sensing parameters of WOx based chemiresistors on external heating 

mode such as sensing materials, operation temperature (T), NO2 concentration (C), response/ 

recovery time (tres/trec), sensitivity (S) and limit of detection (LoD). 

Table S3. Comparison of the characteristic parameters for WOx based chemiresistors toward NO2 

from previous reports and the present work.

Materials T (ºC) C (ppm) tres/trec (s) S LoD (ppm) Ref.

WO3-x NWs 100 10 - 57.9 - 21

WO3 nanoplates 100 100 ~50/- 131.8 1 22

WO3 NWs 250 5 - 1.9 - 23

Pt/W18O49 NWs 94 100 - 4039.1 - 24

WO3 nanoparticles 50 10 63/28 842.7 - 10

Pt/WO3 thin films 300 4 - 25 0.5 25

Ag/WO3 200 3 ~12.2 0.1 26

C-WO3 150 10 - 206 - 27

NiO/NiWO4/WO3 NWs 300 1 - ~25 - 28

Si/WO3 NWs 200 10 ~170/- 1.5 - 29

IrO2-loaded WO3 NWs 200 1 - ~275 <0.25 30

Sb/WO3 70 5 70/50 1420 0.5 31

graphene/W18O49 nanowire aerogels 140 0.975 - ~1.3 0.2 32

WOX nanosheet 200 0.5 - ~8 0.1 33

Sn-doped WO3 100 0.1 249/519 ~55 0.005 34

WO3-W18O49 250 500 - ~12 - 35

Au-modified PS/WO3 25 1 - ~5 - 36

Si nanowires/WO3 NWs 25 2 - ~2.8 - 37

hexagonal WO3 250 50 - 44 - 38

WO3 lamellae 200 1 - 250 20 39

Bridged WO3 NWs 200 5 - 1089.7 5 ppb
This

work
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