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Figure S1. (a) Optical transmittance of CKF in the wavelength range from 210 to 900 nm. (b) 

Differential thermogravimetric and TGA thermograms of CKF in an air atmosphere. 

Figure S2. (a) Surface SEM images of CKF and (b) its distribution of potassium.
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Figure S3. Optical transmittance of CKF-0 in the wavelength range from 210 to 900 nm, the 

inset is the photograph of CKF-0.

Figure S4. (a-b) Surface SEM image of CKF-0. (c-d) Surface SEM image of CF-0. (e) A 

gathering place of KOH on the surface of CKF-0 and (f) its distribution of potassium. 



 S-4

Figure S5. (a) Relative resistance variation (ΔR/R0) of CKF maintained as temperature changed 

from 10 to 70 oC. (b) ΔR/R0 of CKF maintained as pressure increased step-wise from 0 to 20 N 

(applied force area of 1.67 cm-2).

Figure S6. Adsorption/desorption curves of CKF before (a) and after (b) 1000 bending cycles.
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Figure S7. Adsorption/desorption curves with and without 20 % tensile strain.
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Figure S8. Weight change of CKF in air with different RH at room temperature. 
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Figure S9. Current–voltage (I–V) characteristics of CKF under different RHs, within the 

voltage of 3V.
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Figure S10. The detection of adult breathing after strenuous exercise.

Table S1. Comparison of the response and recovery times, and hysteresis of the humidity sensor 

devices based on various nanomaterials.
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Sensing materials Response 
time [s]

Recover 
time [s]

Hysteresis 
[%] Device Transparent Ref.

Silicon-nanocrystal 0.04 0.04 - Current Yes but colored 1

LiCl-C3N4 0.9 1.4 3.5 Resistive Not mentioned 2

LiCl loaded HPPMs 2 32 4 Resistive Not mentioned 3

Ag@mpg-CN 3 1.4 0.6 Resistive Not mentioned 4

In–SnO2 loaded g-
C3N4

3.5 1.5 0.7 Resistive Not mentioned 5

PEDOT:PSS/PUD 3.5 7 - Resistive Yes 6

WS2 5 6 - Current Yes but colored 7

CKF 6.0 10.8 <0.57 Resistive Yes This 
work

CVD-graphene 6 20 - Resistive Not mentioned 8

MgO-KCl/SiO2 6 26 4 Resistive Not mentioned 9

MoS2 9 17 - Resistive Not mentioned 10

MgO/SBA-15 10 20 2 Resistive No 11

WS2 ~12 ~13 - Current Yes but colored 12

MoS2/GO 
nanocomposite 43 37 3~30 Current Not mentioned 13

GO/PSS composite 60 50 - Capacitive Not mentioned 14

Li/SBA-15 60 180 3 Resistive Not mentioned 15

Gallium-doped ZnO 70 90 4.8 Resistive Yes but colored 16

VS2 30~40 12~50 - Resistive Not mentioned 17

SnO2/RGO hybrid 
nanocomposite 6~102 6~9 - Capacitive Not mentioned 18

SnO2 nanowire 120~170 20~60 - Resistive Not mentioned 19

Graphene oxide 
resistive humidity 

sensor
189±49 89±5 5 Resistive Not mentioned 20

V2O5 nanosheet ~240 ~300 - Resistive Not mentioned 21

Perovskite 
CH3NH3PbBr3

250 30~70 - Fluorescence Not mentioned 22

Black phosphorus 255 10 - Resistive Not mentioned 23

Table S2. Electrical resistance (MΩ) of CKF within 5 weeks in 11.3 % – 97.3 % RH range.
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Week

% RH

0 1 2 3 4 5
Average 

change per 
week [%]

11.3 435.23 440.12 423.43 435.71 423.22 428.27 2.38

23.0 144.72 148.23 148.95 152.96 140.46 145.41 3.46

32.8 78.67 80.36 85.81 87.81 75.38 78.38 5.88

40.0 48.07 50.81 45.32 48.32 45.72 42.72 7.01

43.2 39.25 39.78 39.58 39.48 39.17 39.22 0.60

53.0 15.24 15.55 15.74 16.74 15.14 16.04 5.02

67.0 6.91 6.91 6.74 6.94 6.91 6.96 1.27

75.3 3.27 3.28 3.25 3.56 3.29 3.21 3.96

85.1 1.84 1.84 1.86 1.96 1.89 1.91 2.21

97.3 0.33 0.32 0.38 0.38 0.34 0.36 7.44

Table S3. Comparison of data measured by CKF-based skin moisture detector with that by 

commercial skin moisture detector, in the “sweating” experiment. 

Time after running
Measurement 

method
Parts of 

body
About to 
running

0 min 1 min 2 min 3 min 4 min 5 min 6 min

Palm 40 % 45 % 46 % 47 % 46 % 45 % 42 % 41 %

Back 46 % 55 % 61 % 57 % 50 % 46 % 42 % 37 %
CKF-based 

skin moisture 
detector

Forehead 20% 47 % 42 % 36 % 35 % 33 % 33 % 32 %

Palm 38.51 % 45.22 % 45.95 % 47.03 % 46.41 % 45.33 % 42.14 % 40.85 %

Back 46.34 % 55.23 % 61.65 % 57.12 % 50.18 % 46.78 % 42.47 % 37.04 %
Commercial 

skin moisture 
detector

Forehead 20.52 % 47.15 % 42.69 % 36.82 % 34.93 % 33.67 % 33.86 % 31.05 %

Table S4. Comparison of data measured by CKF-based skin moisture detector with that 

measured by commercial skin moisture detector, in the “moisturizing” experiment. 

Time after washing and wiping
Measurement 

method Moisturizer About to 
washing

0 min 0.5 min 1.0 min 1.5 min 2.0 min 2.5 min 3.0 min

Without 20 % 58 % 48 % 36 % 28 % 26 % 24 % 21 %CKF-based 
skin moisture 

detector With 24 % 51 % 50 % 49 % 43 % 36 % 35 % 36 %

Without 20.61 % 58.30 % 48.02 % 36.62 % 28.38 % 26.07 % 24.14 % 21.17 %Commercial 
skin moisture 

detector With 24.61 % 51.36 % 50.10 % 49.53 % 43.09 % 36.55 % 35.04 % 36.43 %
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