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Section S1. Sensor measurement

All characteristic curves of humidity sensing were measured on a CHS-1 Humidity
Sensing Analysis System (Beijing Elite Tech. Co. Ltd. China) at room temperature. The
voltage in the humidity test was an alternating current (AC) of 1 V, and the testing
frequency varied from 10 Hz to 10° Hz. The relative humidity (RH) gradient was
achieved at room temperature (~20 °C) using different saturated salt solutions of LiCl
(11%), MgCl, (33%), Mg(NOs), (54%), NaCl (75%), KCI (85%) and K,SO4 (97%),

respectively.
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Fig. S1. Flowchart for moisture sensing test.



Section S2. Limit of detection and tolerance factor
The limit of detection (LOD) is calculated by Eq. S1, where y is the response under
air humidity, y; is the average response, N is the number of points, and k is the slope of
linear fitting of response at different humidity, respectively.
LOD = 3[}(yi-y)*/N]"?/k (S1)
The tolerance factor (t) of Cs,SnClg, Cs,SnBrg and Cs,Snlg can be calculated by Eq.
S2, where ra, 1B, and rx correspond to the radii of Cs and Sn cations, as well as Cl, Br

and I anions, respectively.

(ry+7y)
1= W2 (g +1y) (S2)
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Fig. S2. Particle size distributions of (a) Cs,SnClg, (b) Cs,SnBrg and (c) Cs,Snlg,

respectively.
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Fig. S3. Typical N, absorption-desorption isotherms of (a) Cs,SnClg, (b) Cs,SnBrg and

(c) Cs,Snlg, respectively. Insets in (a-c): pore size distribution.
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Fig. S4. PL spectrum of Cs,SnClg.
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Fig. S5. Real-time impedance changes of (a) a blank Al,O; substrate without a Cs,SnXg

layer and (b) the substrate covered with a non-conductive colloidal coating.
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Fig. S6. Dynamic wetting-drying curves of (a) Cs,SnCls, (b) Cs,SnBrg and (¢) Cs,Snls,

respectively.
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Fig. S7. Response diagram of the Cs,SnClg sensor to 200 ppm different gases at room

temperature.
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Fig. S8. The dynamic impedance and enlarged curves of monitoring (a, b) human

respiration and (c, d) water evaporation from the finger using the Cs,SnBrg sensor.
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Fig. S9. The dynamic impedance and enlarged curves of monitoring (a, b) human

respiration and (c, d) water evaporation from the finger using the Cs,Snlg sensor
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