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Fig. S1 The multilevel structure of PEDOT: PSS.
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Fig. S2 SEM images and pore size of PAA and PPH with different x values after freeze-
drying. (a) pure PAA, (b) x=1: 1, (c) x=1: 3, (d) x=1: 5, (e) stretch the hydrogel (x=1:3)

after 300%, (f) stretch the hydrogel (x=1:3) after fracture (elongation is about 600%).

It can be seen from the SEM images that the pore size of the hydrogel
presents a trend of decreasing with the increase of PEDOT: PSS content.
This may be due to PEDOT: PSS increasing the degree of crosslinking of
hydrogels through providing hydrogen bonds. When the hydrogel is
strained, the internal network tends to order along the stress direction.
However, when the stress is high enough, the internal network of the

hydrogel breaks.
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Fig. S3 ATR-FTIR spectra of PPHs.
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Fig. S4 Rheological test of hydrogels. (a) Forming temperature test of PAA hydrogels
and (b) polymerization tracking of PAA hydrogels at the molding temperature of 65°C.
(c) Forming temperature test of PPH and (d) polymerization tracking of PPH at the

molding temperature of 77°C.

The rheological behavior of the forming hydrogel is monitored as a function of
temperature or time, following the shear storage modulus G’ and the loss modulus G”.
The storage modulus G’ characterizes the elastic and the loss modulus G” the viscous
part of the viscoelastic behavior. The values of G’ represent the stored energy, while G”
stands for the deformation energy lost by internal friction during shearing. Until the
gelation point G” is larger than G'. This crossing point of G’ and G" represents the
transition from liquid-like behavior to solid-like behavior and is taken as the indication
of the gelation temperature or time of the hydrogel. Due to the hydrogen bond between
PEDOT: PSS and PAA, the addition of PEDOT: PSS increases both G’, G” and the
viscosity of the hydrogel precursors. The test gelation time of the hydrogel containing
PEDOT: PSS does not appear to intersect because the machine has an error of 90

seconds, within which time it has already gelated.
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Fig. S§ Dynamic mechanical analysis of (a) PAA hydrogels and (b) PPH (x=1:3).

Higher storage modulus and loss modulus commonly means better elasticity and
stronger viscidity. Obviously, when more PEDOT: PSS was added to the mixed system,
both the storage modulus and loss modulus of the sample increase. This is because the
addition of PEDOT: PSS forms more physical crosslinking points, which increases the
overall crosslinking degree of the hydrogel system and thus increases the elasticity, that
is, the storage modulus increases. Moreover, the increase of intermolecular force leads
to the rise of loss modulus. Also, when the temperature increases, dehydration at high
temperatures improves the rigidity and modulus of the sample, indicating an increasing

modulus.



12%

E

2

o 8%

L=

: 7

© 4%} ‘} %
[7)]

; . b

2 ol *®

5 o

=

I% -4% | @ n= (Epy-Epa) “Epy '%100%

6Q°'I0 \“QB‘G‘LQQQh'b“QOl“&“Qolo \Q‘x\ 19\"(\

Samples

Fig. S6 Energy loss coefficient of different hydrogel samples



Fig. S7 The model is used to test the adhesion strength.
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Fig. S8 The swelling degree of hydrogels in deionized water over time.



Fig. S9 The optical photos of volume change of pure PAA hydrogels and PPH (x=1: 3,

x=1:5) in DI water for 0-5 h.
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Fig. S10 The conductivity of different samples



Tab. S1 Comparison of the main parameters of PPH-based strain sensors in this work

and previous mainstream studies.

400-600% 7.73

Component Mechanical property Strain Sensor Ref.
Tensile strain Tensile Detection Gauge
(%) stress (MPa) strain Factor
range (%) (GF)
MXene/PAA/ACC 450% 300 kPa 0.3-30% 1.51 1]
30-450% 10.79
PAA/PAM/MXene/T | 560.82+£19.56% | 251+50 kPa 0-75% 2.401 [2]
A 75-150% 4.769
150-250% 10.536
CNS/PAA/Fe3* 1800% 104 kPa 0-600% 4.37 [3]
TOCNF/PANI/PAA 982% 74.98kPa 300% 8 (4]
PAA/GO 600% 400kPa 100% 0.31 [5]
500% 1.32
TOCNF-GN/PAA 850% 32kPa 350% 5.8 [6]
PAA/PANI 1160% 0.3MPa 0-800% 0.6 [7]
800- 1.05
1130%
PAA-PDA-Fe** 780.75% 22.78 kPa 0-250% 1.565 [8]
250-600% 4.292
PAANa/PP/PVA 380% 1.97MPa 0-200% 0.57 9]
rGO/CMCNa/PAA 1200% 66.9kPa 0-300% 1 [10]
PAA/PEDOT:PSS 600% 21.48 kPa 0-250% 1.52 This
250-400% 4.33 work
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Supplementary Videos

Video S1 shows in the circuit with PPH as the conductor, the brightness of the LED
gradually decreased with increasing strain from 0 to 300%. (MP4)

Video S2 shows PPH-based sensor can control the movement of the manipulator by the
movement of the human hand. (MP4)

Video S3 shows that PPH-based sensors can replace commercial electrodes for stable
transmission of ECG signals. (MP4)

Video S4 shows that PPH-based TENG can convert machines into electricity and light

LED bulbs. (MP4)



