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Supplementary Figures 

 

Supplementary Figure 1. Scanning electron microscopy (SEM) image of double network 

(DN) hydrogel. The scale bar is 10 μm. The experiment was repeated 3 times independently 

with similar results. 
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Supplementary Figure 2. Photographs of pristine DN hydrogel (DNH) at 0% and 400% 

tensile strains. 

  



4 
 

 

Supplementary Figure 3. Transmittance spectra of pristine DNH. Inset is the photograph 

of a piece of pristine DNH placed on a word “H2S”.  
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Supplementary Figure 4. Photographs showing the morphology evolutions of pristine 

DNH and organohydrogels (DNOs) when stored at 25°C, 40% relative humidity (RH) for 

a series of time. 
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Supplementary Figure 5. Relative weight change of pristine DNHs and DNOs when 

stored at 25°C, 40% RH for a series of time. n = 3 for each group. The error bars denote 

standard deviations of the mean. 

  



7 
 

  

Supplementary Figure 6. Differential scanning calorimetry (DSC) spectra of pristine 

DNH and DNOs obtained by soaking in glycerol (Gly) for different time. 
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Supplementary Figure 7. Fourier transform-infrared (FTIR) spectra of pristine DNH 

and DNOs obtained by soaking in Gly for different time. 
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Supplementary Figure 8. Mechanical properties of pristine DNH and DNOs obtained by 

soaking in Gly for different time. a stress-strain curves; b Young's modulus. n = 3 for each 

group. The error bars denote standard deviations of the mean. 
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Supplementary Figure 9. A physical picture of the self-powered sensor (Zn/Ag/DNH).  
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Supplementary Figure 10. OCV of battery-sensor complexes with different metal 

electrodes.  
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Supplementary Figure 11. Dynamic change in the Open-circuit voltage (OCV) of the 

device with Zn-DNH-Ag structure to H2S gas with reduced concentration from 4 to 0.8 

ppm.  
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Supplementary Figure 12. Baseline correction. a The original OCV of Zn/Ag/DNH sensor 

to H2S before baseline correction. b The procedure of baseline correction: b1 The 1st derivative 

curve of the voltage in a. b2 The original dynamic OCV and its 1st derivative curve of 

Zn/Ag/DNH sensor to H2S. b3 The extracted data and corrected baseline of dynamic OCV. b4 

The baseline correction of the dynamic OCV to H2S. c Corrected response curve of Zn/Ag/DNH 

sensor to H2S. 

        The process of baseline correction is as follow. Firstly, the first order derivative of the 

original OCV data was obtained (b1). Secondly, the original data points whose corresponding 

first derivative values were located in the recovery period and were closest to 0 were selected 

(marked in cyan in b2). Then, the extracted data were used for polynomial fitting to obtain the 
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baseline (b3). Lastly, the corrected response curve was obtained by subtracting the baseline from 

the original dynamic OCV (b4).  
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Supplementary Figure 13. Dynamic OCV change of different sensors made of different 

electrode materials to H2S gas with reduced concentration from 4 to 0.8 ppm. a 

Zn/Cu/DNH; b Fe/Cu/DNH.  
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Supplementary Figure 14. OCVs of Zn/Ag/DNH and Zn/Ag/DNO sensors were 

intermittently recorded over 96 h, showing the stability of the OCV. 
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Supplementary Figure 15. H2S sensing properties of the Zn/Ag/DNO sensor with different 

numbers of Ag wire turns (diameter: 0.05 mm). a Dynamic responses to H2S gas with 

reduced concentration from 4 to 0.8 ppm after baseline corrections. b Sensitivity derived from 

data in a. c Dynamic OCV change of the sensor in cyclic tests of 0.8 ppm H2S. d Response 

histogram extracted from c. n = 5 for each group. The error bars denote standard deviations of 

the mean. 
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Supplementary Figure 16. H2S sensing properties of the Zn/Ag/DNO sensor with different 

diameter of Ag wire. a Dynamic responses to H2S gas with reduced concentration from 4 to 

0.8 ppm after baseline corrections. b Sensitivity derived from data in a. c Dynamic OCV of the 

sensor in cyclic tests of 0.8 ppm H2S. d Response histogram extracted from c. n = 5 for each 

group. The error bars denote standard deviations of the mean. 
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Supplementary Figure 17. Response/recovery time of Zn/Ag/DNO sensor. a Analysis of 

response/recovery time to 2.4 ppm H2S. The curve is a segment extracted from Fig. 2c. b 

Response/recovery time of sensor to varying concentrations of H2S. n = 3 for each group. The 

error bars denote standard deviations of the mean. 
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Supplementary Figure 18. Repeatability and stability of Zn/Ag/DNH sensor. a Dynamic 

OCV and b response histogram of Zn/Ag/DNH sensor to 0.8 ppm H2S cycling for the first time 

and after 20 days of placement.  
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Supplementary Figure 19. Dynamic response curves of Zn/Ag/DNO to H2S gas with 

relatively low concentrations (from 0.4 to 0.08 ppm). 
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Supplementary Figure 20. Plots of the 5th order polynomial fitting graphs of OCV of the 

sensor at the baseline before exposure to H2S, aiming at calculating the noise level. 
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Supplementary Figure 21. Selectivity of Zn/Ag/DNO sensor. a Plot showing the process that 

controlled the periodic “on” and “off” of target gases to Zn/Ag/DNO sensor in (b-l). b-l OCV 

of the Zn/Ag/DNO sensor in the cyclic detection of b 40000 ppm O2, c 1.9 ppm NO, d 200 ppm 

CO2, e 10 ppm NH3, f 1000 ppm ethanol, g 1000 ppm isopropanol, h 1000 ppm acetone, i 1000 

ppm methanol, j 1000 ppm isoprene, k 1000 ppm trichloromethane, and l 1000 ppm dimethyl 

sulfide. 
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Supplementary Figure 22. Electrochemical impedance spectroscopy (EIS) analysis of the 

Zn/Ag/DNO sensor under different gas atmospheres. a Impedance spectra; b CPE-T values 

obtained by fitting. The insert is an equivalent circuit diagram of the Zn/Ag/DNO sensor. 

  



25 
 

 

Supplementary Figure 23. Elimination of humidity interference on response. a Schematic 

diagram of Zn/Ag/DNO sensor with Ecoflex membrane encapsulation. b Response of the 

encapsulated sensor to 0.8 ppm H2S under varying RH conditions (37%, 58%, 80%). Inset is a 

physical picture of the Zn/Ag/DNO sensor with Ecoflex membrane encapsulation. n = 3 for 

each group. The error bars denote standard deviations of the mean. 
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Supplementary Figure 24. X-ray photoelectron spectroscopy (XPS) analysis of hydrogel 

sample close to the electrodes after 10 h exposure to 2 ppm H2S, showing S 2p data. a 

hydrogel sample near the Ag electrode; b hydrogel sample near the Ag electrode. 
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Supplementary Figure 25. SEM images and Energy dispersive spectroscopy (EDS) 

element analysis of Ag and Zn wires from the device after exposure to H2S for 10 h. a SEM 

image of Ag wire; b EDS of Ag wire; c SEM image of Zn wire; d EDS of Zn wire. The 

experiment was repeated 3 times independently with similar results.  
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Supplementary Figure 26. SEM images before and after keeping the Zn/Ag/DNO in open-

circuit (OC) state for 96 h. a Zn wire before test; b Zn wire after test. The experiment was 

repeated 3 times independently with similar results. 

 

  



29 
 

 

Supplementary Figure 27. EDS element analysis before and after keeping the Zn/Ag/DNO 

in OC state for 96 h. a Zn wire before test; b Zn wire after test; c Ag wire before test; d Ag 

wire after test. 
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Supplementary Figure 28. SEM images before and after keeping the Zn/Ag/DNO in 

short-circuit (SC) state for 8 h. a Zn wire before test; b Zn wire after test; c Ag wire before 

test; d Ag wire after test. The experiment was repeated 3 times independently with similar 

results. 

 

  



31 
 

 

Supplementary Figure 29. EDS element analysis before and after keeping the Zn/Ag/DNO 

in SC state for 8 h. a Zn wire before test; b Zn wire after test; c Ag wire before test; d Ag wire 

after test. 
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Supplementary Figure 30. PH changes of hydrogels near Zn (left) and Ag (right) 

electrodes explored by Neutral red-Methylene blue indicator. a The color of Neutral red-

Methylene blue indicator corresponding to PH. b-c Photographs showing the color evolutions 

of Zn/Ag/DNHs after being stained with Neutral red-Methylene blue indicator and kept in SC 

state or OC state, in air (b) and H2S (1 ppm) atmospheres (c).  
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Supplementary Figure 31. Dynamic responses of the Zn/Ag/DNO sensor to the exhaled 

breath of a healthy volunteer/halitosis sufferer and simulated halitosis gas: a Exhaled 

breath of a healthy volunteer; b simulated halitosis gas; c Exhaled breath of a halitosis sufferer. 
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Supplementary Figure 32. Real photographs and schematic of the wireless H2S sensing 

system. a Close-up of the sensing device. The size of a coin is larger than that of the hydrogel 

sensor and slightly smaller than that of the whole wireless sensing system. b Wearable 

demonstration of the sensing device. c Configuration of the H2S sensing system consisted of a 

Zn/Ag/DNO sensor, a customized BLE module, and real-time monitoring App. 
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Supplementary Tables 

The LOD can be expressed as: 

𝐿𝑂𝐷 =
3𝑅𝑀𝑆𝑁𝑜𝑖𝑠𝑒
𝑆𝑙𝑜𝑝𝑒

(1) 

where 𝑅𝑀𝑆𝑁𝑜𝑖𝑠𝑒 is the root mean square deviation of the noise from the dynamic OCV curve 

and Slope is the sensitivity of the sensor here. As for the Zn/Ag/Gly1h-DNO, the sensitivity 

was experimentally measured to be 25.6 mV/ppm and the 𝑅𝑀𝑆𝑁𝑜𝑖𝑠𝑒  was calculated to be 

0.006214 mV according to the data in this table. Thus, the theoretical LOD is calculated as 0.73 

ppb. 

 

Supplementary Table 1. The 5th order polynomial fitting data used to calculate the LOD of 

the sensors at the baseline before exposure to H2S. 

Time (s) Vi-V (Vi-V)2 

310 -0.00376 1.41E-05 

320 5.43E-03 2.95E-05 

330 -0.00653 4.26E-05 

340 0.00325 1.06E-05 

350 0.00719 5.17E-05 

360 -0.00432 1.87E-05 

370 -0.00332 1.1E-05 

380 0.00912 8.32E-05 

390 0.00846 7.16E-05 

400 -0.00382 1.46E-05 
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Supplementary Table 2. Comparison in the LOD, operating temperature, self-powered 

capacity, flexibility, maximal strain, and transparency of various H2S sensors. 

 

Sensing materials LOD  

(ppb) 

Operating 

temperature 

(°C) 

Self-

powered 

Flexible Maximal 

Strain 

Transparent 

2D NbWO6 1 500 150 No No / No 

WO3-coated SnO2 

nanowires2 

100 200 No No / No 

TiO2 thin films3 100 100 No No / No 

CuO/In2O3 4 200 70 No No / No 

2D MoO3 nanoflakes5 500 300 No No / No 

Cu-doped ZnO/RGO 

nanocomposites6 

136 24 No No / No 

null-Fe2O3 

nanoparticles7 

50 300 No No / No 

SnO2/rGO/PANI 

ternary 

nanocomposite8 

50 25 No Yes 0% No 

MOF-5/CS/IL 

membrane9 

1000 25 No Yes 0% No 

Co2SnO4-SE10 100 510 No No / No 

Mesoporous SnO2 11 0.5 92 No No / No 

porous ZnFe2O4 

nanosheets12 

1000 85 No No / No 

Zn/Ag/DNO[This work] 0.73 -10~40 Yes Yes 358% Yes 
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