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S1. Results and Discussion

Scheme S1. Schematic diagram of humidity sensing experimental setup.

Figure S1. XRD patterns of pure SiO2, SiO2/[Bmim]Br, SiO2/[Bmim]BF4, SiO2/[Bmim]PF6.
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Figure S2. SEM images of ionogels: (a) SiO2, (b) SiO2/[Bmim]BF4, (c and d) SiO2/[Bmim]PF6.

Figure S3. FT-IR spectra of SiO2/[Bmim]BF4 and SiO2/[Bmim]PF6.



Figure S4. The dependence of impedance on RH for ionogel humidity sensors measured at 
various frequencies: (a) pure SiO2; (b) SiO2/[Bmim]Br; (c) SiO2/[Bmim]BF4; (d) SiO2/[Bmim]PF6.

Figure S5. Long-term stability of SiO2/[Bmim]Br humidity sensor.



Figure S6. Equivalent electrical circuit of the ionogel-based humidity sensor.

Figure S7. Nyquist plots of SiO2/[Bmim]Br humidity sensor at different RH. The points represent 
measured data, and the solid lines represent simulated value using the equivalent circuit.



Figure S8. (a) The effect of interfering gases on the humidity performance of the SiO2/[Bmim]Br 

ionogel sensor. (b) Response of the ionogel humidity sensor under exhaled breath and dry exhaled 

breath at 10 breaths/min.
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Figure S9. The effect of ethanol on the humidity performance of the SiO2/[Bmim]Br ionogel 

sensor. 

Table S1. Performance of the presented ionogel humidity sensor in this work compared with 
previous work.

Type Sensing material Fabrication method Range (%RH) aRs/Rc (s) Reference

Impedance Poly-AMPS/SiO2
Co-polymerization

100 °C, 1 h
30 ~ 90 60/120 1

Impedance Poly-MAPTAC/SiO2
Co-polymerization

100 °C, 1 h
7 ~ 86 60/120 2

Impedance mesoporous SiO2
MWD 150 °C
1.3MPa, 5 min

11 ~ 95 40/100 3



Optical Fe3O4@SiO2/PEGDA
High-temperature 

hydrolysis
120 °C, 1 h

22 ~ 100 540/180 4

QCM SnO2/SiO2
sol-gel

40 °C, 24 h
11.3 ~ 96.1 14/16 5

Impedance Fe2O3/SiO2
synchronous assembly 

strategy
11 ~ 95 20/40 6

Impedance ZnO/SiO2 situ method 11 ~ 98 15/16 7

Resistance Mn/SBA-15 situ method 11 ~ 92 110/170 8

Conductance ZnO2@SiO2 QDs situ method 5 ~ 98 10/15 9

Impedance SBA-15-PSS situ method 11 ~ 95 5/106 10

Impedance Li/SBA-15 sol-gel/heat treated 11 ~ 95 21/51 11

Impedance Fe(NO3)3/MCM-41 sol-gel/heat treated 11 ~ 95 10/180 12

Impedance LiCl/PETMP-DVB situ loading 11 ~ 95 3.5/63 13

Impedance AuNPs/GO/MPTMOS sol-gel 15 ~ 90 119/125 14

Impedance [Bmim]Br/SiO2
sol-gel

25°C, 24 h
11 ~ 98 3/10 this work

a. Rs represents the response time, and Rc represents the recovery time.

Table S2. Parameters of the equivalent circuit components.

Table S3. The performance parameters of the as-prepared PIL-based humidity sensors.

IL used Working range 

(%RH)

R2 of 

linear fit

Sensitivity Maximum 

hysteresis (%)

Response 

time (s)

Recovery 

time (s)

[Bmim]Br 11-98 0.99847 37.98 1.83 3 10

[Bmim]BF4 11-98 0.99429 29.06 2.01 2 20

[Bmim]PF6 11-98 0.99081 1.81 3.66 16 18

RH Component Parameter

(%) Rs(Ω) R1(Ω) ZCPE(Ω) ZW(Ω)

Br BF4 PF6 Br BF4 PF6 Br BF4 PF6 Br BF4 PF6

11 6.75 6.8 6.85 4.15E+05 4.31E+05 2.59E+05 1.63E+05 4.54E+06 1.88E+08 1.79E+04 2.20E+04 1.05E+06

33 6.8 6.85 6.9 5.90E+04 1.20E+05 2.16E+05 1.48E+05 4.41E+06 1.77E+08 9.65E+02 5.04E+03 9.68E+05

43 6.85 6.9 6.95 3.26E+04 6.95E+04 1.96E+05 1.53E+05 4.36E+06 1.75E+08 6.76E+02 3.68E+03 9.21E+05

59 6.8 6.85 6.9 1.72E+04 3.71E+04 1.69E+05 1.56E+05 4.83E+06 1.72E+08 6.19E+02 3.59E+03 8.60E+05

75 6.85 6.9 6.95 8.44E+03 1.80E+04 1.35E+05 1.55E+05 4.57E+06 1.52E+08 6.24E+02 2.13E+03 7.57E+05

85 6.85 6.9 6.95 6.02E+03 1.31E+04 1.19E+05 1.51E+05 4.53E+06 1.69E+08 5.05E+02 1.74E+03 6.99E+05

98 6.75 6.8 6.85 3.95E+03 9.63E+03 9.69E+04 1.41E+05 4.34E+06 1.75E+08 4.17E+02 1.45E+03 6.05E+05
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