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Figure S1. Based on PPy/PU-CNTs nano-through-hole conductive film flexible 

multiresponsive sensors packaging process diagram.

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry C.
This journal is © The Royal Society of Chemistry 2023



2

Figure S2. SEM images of three kinds of nano-through-hole AAO formwork (AAO-440, 

AAO-400 and AAO-380 ). a) SEM images of AAO-440. b) SEM images of AAO-400. c) 

SEM images of AAO-380. d) The pore diameter of three kinds of nano-through-hole AAO. e) 

The pore depth of three kinds of nano-through-hole AAO.
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Figure S3. SEM images of PPy/PU-CNTs nano-through-hole conductive film and PPy/PU-

CNT planar conductive film. a) SEM images of the nano-through-hole array conductive film. 

b) SEM images of the planar conductive film.
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Figure S4. Raman spectra of PPy/PU-CNTs nano-through-hole film and PPy/PU film.

Table S1. Sensitivity of PPy/PU-CNTs multiresponsive sensors in a certain temperature range 

Temperature 20-50 ℃ 50-80 ℃

Hole-380 sensor Sensitivity（%℃-1） 0.51 0.44
Hole-400 sensor Sensitivity（%℃-1） 0.56 0.66
Hole-440 sensor Sensitivity（%℃-1） 0.72 0.58

 
 

Figure S5. The resistance change rate image of the Hole-440 sensor during 100 cycles of 

heating and cooling at temperatures range from 20 °C to 80 °C.
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Table S2. Humidity sensitivity of PPy/PU-CNTs multiresponsive sensors in a certain 

humidity range

Humidity（RH%） 20 35 50 65 80

Hole-380 sensor Sensitivity（%RH-1） 0.18 0.26 0.49 0.68 1.28
Hole-400 sensor Sensitivity（%RH-1） 0.13 0.19 0.40 0.82 1.71
Hole-440 sensor Sensitivity（%RH-1） 0.19 0.32 0.57 1.33 3.51

 

Figure S6. The resistivity change rate image of Hole-440 sensor during 100 loading and 

unloading cycles under humidity of 20–80% RH.

Table S3. Sensitivity of PPy/PU-CNT multiresponsive sensors in a certain pressure range 

(kPa-1)

Pressure 0.2 kPa 0.5 kPa 1 kPa 5 kPa 12 kPa

Hole-380 sensor Sensitivity（kPa-1） 102.99 85.84 64.57 16.10 7.15
Hole-400 sensor Sensitivity（kPa-1） 72.66 55.6 12.26 3.02 0.78
Hole-440 sensorSensitivity（kPa-1） 42.55 27.81 11.66 3.67 0.71
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Figure S7. Comparing the sensitivity of recently reported flexible multi-response sensors：(a) 

pressure response sensitivity comparison; (b) temperature response sensitivity comparison; (c) 

humidity response sensitivity comparison
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Table S4. Comparison of recent reported flexible multiresponsive sensors.

 

Active material
Electrical 

response signal

Sensitivity
SP

ST

SH

Range
Pressure

Temperature
Humidity

Reference

Organohydrogel based on 
hyaluronic acid and poly 

(acrylic acid-co-acrylamide)
Resistance

10.79%kpa-1

0.46%℃-1

0.39%RH-1

0-800%Strain
25-100℃

11-98%RH
[1]

Carbon nanotube-
polydimethylsiloxane

Resistance
53.7%kpa-1

/
2.42%RH-1

0-50kpa
/

15-85%RH
[2]

Citric acid (CA) and sodium
polystyrene sulfonate (PSS)-
thermoplastic polyurethane

Resistance
10.53%kpa-1

/
2.15%RH-1

0-26kpa
/

20-90%RH
[3]

Single-walled carbon 
nanotubes/polydimethylsiloxan

e mixture
Resistance

77.78%kpa-1

/
11.145%RH-1

0.024-230kpa
/

25-80%RH
[4]

Nickel networks on 
polyurethane sponge

Resistance
2.576%kpa-1

1.77%℃-1

0.69%RH-1

0.1-12kpa
20-100℃

11-97%RH
[5]

Soak-drying Melamine foam 
with the conducting aqueous 

RGO-CNT ink
Resistance

22%kpa-1

0.6%℃-1

0.12%RH-1

0-5kpa
-7-140℃

25-82%RH
[6]

Silver nanowires, carbon 
nanotubes, zinc oxide, and 3,4-

ethylenedioxythiophene 
polystyrene sulfonate

Resistance
53.7%kpa-1

0.24%℃-1

0.25%RH-1

0-180kpa
0-25℃

0-40%RH
[7]

poly(3,4-
ethylenedioxythiop)hene:poly(s

tyrenesulfonate) (3-
glycidyloxypropyl)

Resistance
/

0.77%℃-1

/

/
25-50℃

/
[8]

Single-walled carbon 
nanotubes/polydimethylsilox

Resistance
7.76%kpa-1

/
/

0-400kpa
/
/

[9]

piezoelectric polyvinylidene 
fluoride nanofibrous 

membrane doped with zinc 
oxide nanoparticles carbon

nanofibers

Resistance
/

0.38%℃
/

4.9-45kpa
25-100℃

/
[10]

Polydimethylsiloxane film 
embeddedwith single-walled 

carbon nanotubes and a 
polyimide film

Resistance
10.6%kpa-1

0.13%℃-1

/

0-3.2kpa
25-105℃

/
[11]

MXene (Ti3C2Tx) colloidal 
flexible polyurethane foam

Resistance
34.24%kpa-1

0.22%℃-1

/

1.47-3.16kpa
25-100℃

/
[12]

laser-induced graphene (LIG) 
and graphene oxide (GO）

Resistance
/
/

1.11%RH-1

/
/

11-97%RH
[13]

Laser-induced graphene (LIG) 
produced by irradiation of 

paper
Resistance

/
0.28%℃-1

0.001%RH-1

/
10-60℃

23-85%RH
[14]

Polypyrrole/polyurethane-
carbon nanotubes

Resistance
102.99%kpa-1

0.72%℃-1

3.51%RH-1

0-12kpa
20-80℃

20-80%RH
This work
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