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Figure S1. Photographs of CNC/PVA-PA films treatment with 30 wt% (a), 50 wt% (b), and 90 

wt% (c) PA solution.
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Figure S2. UV–vis reflectance spectra of CNC/PVA-PA films treatment with 30 wt% (a), 50 

wt% (b), and 90 wt% (c) PA solution.
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Figure S3. Photographs of CNC/PVA film before and after wet with water.
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Figure S4. POM images of CNC/PVA and CNC/PVA-PA0.7 films.
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Figure S5. ATR–FTIR spectra of CNC/PVA and CNC/PVA-PA0.7 films.
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Figure S6. The overall XPS spectra(a), C 1s region (b), O 1s region (c), and P 2p region (d) of 

CNC/PVA-PA0.7 films.



S8

Figure S7. XRD patterns of CNC/PVA and CNC/PVA-PA0.7 films.
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Figure S8. Amplified in situ FTIR spectra of CNC/PVA-PA0.7 films treated from 20 to 60 °C.
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Figure S9. Photographs of CNC/PVA-PA0.7 films after bending (a), folding(b), and twisting 

(c).
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Figure S10.Comparison of stress and toughness values with similar materials reported in the 

literature.1–5
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Figure S11. The adhesive strength of the CNC/PVA and CNC/PVA-PA0.7 films after pressing 

on pig skins that wetted by 10 μL sweat.
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Figure S12. CIE chromaticity diagram versus different sweat volumes.
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Figure S13. RGB changes of colorimetric detection units during the detection of sweat 

volumes.
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Figure S14. Image of RGB analysis about nine points at different positions based on a 

smartphone application.
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Figure S15. Wavelength of the OEDS patch versus different sweat volumes.
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Figure S16. The conductivity of CNC/PVA, CNC/PVA-PA0.7, and other similar.1,6,7
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Figure S17. Correlation of resistivity and sweat volume of CNC/PVA-PA0.7 films.
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Figure S18. The response time curve of the OEDS patch under quick inject 0.1 μL sweat at the 

60th second and the 120th second.
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Figure S19. Colorimetric change (a) and relative resistance variations (b) of the CNC/PVA-

PA0.7 patches in response to varying volumes of water.
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Figure S20. Cross-section images of the OEDS patch before and after swelling in sweat.
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Figure S21. Relationship between resistance change rate (ΔR/R0) and pH (a), the concentration 

of Ca2+ (b), lactate (c), urea (d) in 10 μL sweat.
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Figure S22. Stress and strain values of patches stored for 0, 10, 20, and 30 days in a dry 

environment at room temperature.
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Figure S23. Photograph of the OEDS patch connecting with a multimeter.
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Figure S24. Comparing the calculated sweat volume amount of rope skipping and climbing 

stairs. from ΔR/R0 and RGB.
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Figure S25. Color and resistivity changes of detection units during running and the 

corresponding RGB images.
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Figure S26. (a) Colorimetric changes observed in the patch under varying humidity and 

temperature conditions without sweat exposure. (b) Changes in resistance of the patch across 

different humidity and temperature levels without sweat treatment.
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Figure S27. Comparing the volume amount of sweat calculated from ΔR/R0 and RGB with the 

measurements from the commercial sweat sensor for 8 minutes of running.
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Figure S28. Comprehensive performance comparison with other sweat sensors.8–12
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Figure S29. Schematic of the preparation of the CNC/PVA-PA patches
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Table S1. Multiplication results of the signs of each cross-peak in 2Dcos synchronous and 

asynchronous spectra of the CNC/PVA-PA system.

1138 - +

1640 -

3440

3440 1640 1138
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Table S2. Comparison of stress and toughness values with similar materials reported in the 

literature.

Name of material Stress (kPa) Toughness (kJ∙m
-3

)

CNC/PVA-PA
0.7 54600 1404

ACTC elastomer1 113.5 1160

PVA/CS-PA hydrogel2 197 600

PVA−PA hydrogel3 1500 637.5

OE-skin4 38.8 157.1

PAAm/Cel hydrogel5 124.1 990
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Table S3. Demonstration form of comprehensive performance for different sweat sensors.

Name of 

sweat 

sensor

Sensing modality

Minimu

m 

detection 

limit 

(μL)

Maximu

m 

detection 

limit 

(μL)

Repeatabilit

y

Breathabilit

y

Biodegradabilit

y

Biocompatibilit

y

OEDS 

patches

Optical and 

electrical dual-

signal

1 50 √ √ √ √

Wearable 

analytical 

platform8

Colorimetric 

signals and 

spectrophotometr

ic detection

4 8.5 × × × ×

Colorimetri

c sweat 

sensor9

Colorimetric 2.4 16 × × √ √

Microfluidi

c device10
Colorimetric 2 15 × × √ ×

Perspiratio

n-rate 

sensor 

system11

Electrochemical  

impedance
0.6 170 × × × ×

Self-

powered 

monitoring 

system12

Voltage and 

current
2.7 5.9 × × × ×
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Participation

I agree to participate in this research by wearing the OEDS patch to collect sweat and further 

detect sports activities.

15th, March,2024
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