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Table S1 The ratio of components

AAm

(g)

AA

(g)

β-CD

(g)

H2O

(mL)

FeCl3·6H2O

(M)

ANI in

ANI-HCl

(vt%)

HCl in 

ANI-HCl

(M)

Sample

4 1.12 1 11 0.1 3 0.12 PANI-P(AAm-co-AA)@Fe3+ (0.12 M)

4 1.12 1 11 0.1 3 0.25 PANI-P(AAm-co-AA)@Fe3+ (0.25 M)

4 1.12 1 11 0.1 3 0.39 PANI-P(AAm-co-AA)@Fe3+ (0.39 M)

4 1.12 1 11 0.1 3 0.40 PANI-P(AAm-co-AA)@Fe3+ (0.40 M)

4 1.12 1 11 0.1 3 0.41 PANI-P(AAm-co-AA)@Fe3+ (0.41 M)

4 1.12 1 11 0.1 3 0.42 PANI-P(AAm-co-AA)@Fe3+ (0.42 M)

4 1.12 1 11 0.1 3 0.43 PANI-P(AAm-co-AA)@Fe3+ (0.43 M)

4 1.12 1 11 0.1 3 0.5 PANI-P(AAm-co-AA)@Fe3+ (0.5 M)

4 1.12 1 11 0.1 3 1.0 PANI-P(AAm-co-AA)@Fe3+ (1.0 M)

4 1.12 1 11 0.1 3 1.5 PANI-P(AAm-co-AA)@Fe3+ (1.5 M)

4 1.12 1 11 0.1 3 2.0 PANI-P(AAm-co-AA)@Fe3+ (2.0 M)



Fig. S1 FTIR spectra of (a) P(AAm-co-AA) and *P(AAm-co-AA), (b) PAAm and PAAm+β-CD.



Fig. S2 (a-e) SEM images of PANI-P(AAm-co-AA)@Fe3+ with corresponding EDX elemental 

mapping images of C, Fe, O, N; (f) EDX spectrum of PANI-P(AAm-co-AA)@Fe3+.



Fig. S3. TGA curves of P(AAm-co-AA), P(AAm-co-AA)@Fe3+ and PANI-P(AAm-co-AA)@Fe3+.



Fig. S4 1H-NMR spectra of ANI and ANI+β-CD in HCl solution in D2O-DMSO (v/v=5:1) with 

tetramethylsilane (TMS) as the internal standard.



Table S2 Phenomenon of PANI-P(AAm-co-AA)@Fe3+ and solution when prepared at different acidity 

for 24 h.

2 M 1.5 M 1.0 M 0.5 M 0.25 M 0.12 M
Hydrogel Dark green and 

the gel becomes 

a viscous fluid 

rapidly

Dark green 

and  the gel 

becomes a 

viscous fluid 

after 10 min

Dark green 

and the gel 

becomes a 

viscous fluid 

after 2 h

Dark green

and the gel 

becomes a 

viscous fluid 

after 20 h

Dark green 

substance 

attached to the 

surface

Unchanged

Solution - - - - Faint yellow Unchanged



Fig. S5 Tensile strain curves of P(AAm-co-AA), P(AAm-co-AA)@Fe3+ and PANI-P(AAm-co-

AA)@Fe3+.



Fig. S6 The elastic, ultimate tensile strength and fracture strain of (a, c, e) PANI-P(AAm-co-

AA)@Fe3+ prepared by oxidation in 3% ANI-HCl solution with different acidity for 24 h and (b, d, f) 

PANI-P(AAm-co-AA)@Fe3+ prepared in 3% ANI-HCl solution with the acidity of 0.40 M for 

different oxidation time.



Fig. S7 Changes in the appearance of PANI-P(AAm-co-AA)@Fe3+ with different oxidation time. 



Fig. S8 Relative resistance change (ΔR/R0) and sensitivity of PANI-P(AAm-co-AA)@Fe3+ (prepared 

in 3% ANI-HCl solution with the acidity of 0.39 M for 24 h) under strain.



Table S3 Comparison of the performances of PANI-P(AAm-co-AA)@Fe3+ and other PANI-based 

conductive hydrogel materials.

Materials Sensing 
range

Stress Gauge factor Reference

PAAm-PANI hydrogel <300% 0.6 MPa 5.7 (low strain)

1.48 (40%-300%)

1 

PAAm-CSM-PANI hydrogel <85% 

(Compression)

6 MPa 0.35 (<1 kPa)

0.05 (1-10 kPa)

10-5  (>500 kPa)

2

PANI-PSS hydrogel <300% 4 kPa 0.034 3 

PANI-PAA-Phytic acid hydrogel <400% 1.6 MPa 0.116 (100%)

0.047 (100%-400%)

4

PVP/PVA/CNCs-Fe3+  hydrogel <200% 0.25 MPa 0.478 5 

APP hydrogel <140% 2.56 MPa 0.16 (0-100%)

0.39 (100%-130%)

6

BSP-PANI hydrogel <525% 0.218 MPa 0.85 7

PANI-P(AAm-co-AA)@Fe3+ <715.4% 0.071-0.3054 

MPa

0.45 This Work



Fig. S9 Conductivity of PANI-P(AAm-co-AA)@Fe3+ prepared with different Fe3+ concentration.



Fig. S10 Photo of PANI-P(AAm-co-AA)@Fe3+ prepared with different Fe3+ concentration.



Fig. S11 Tensile curves of PANI-P(AAm-co-AA)@Fe3+ prepared with different Fe3+ concentration.



Fig. S12 (a) Infrared spectra of β-CD, *PANI-P(AAm-co-AA)@Fe3+, physical mixture of *PANI-

P(AAm-co-AA)@Fe3+ and β-CD and PANI-P(AAm-co-AA)@Fe3+; (b) XRD patterns of β-CD, 

*PANI-P(AAm-co-AA)@Fe3+, physical mixture of *PANI-P(AAm-co-AA)@Fe3+ and β-CD and 

PANI-P(AAm-co-AA)@Fe3+.



Fig. S13 SEM images of (a) *PANI-P(AAm-co-AA)@Fe3+ and (b) PANI-P(AAm-co-AA)@Fe3+.



Fig. S14 Tensile curves of PANI-P(AAm-co-AA)@Fe3+ and *PANI-P(AAm-co-AA)@Fe3+.



Fig. S15 Resistance and ΔR/R of PANI-P(AAm-co-AA)@Fe3+ and *PANI-P(AAm-co-AA)@Fe3+.



Fig. S16 Comparison of the cycle performance of PANI-P(AAm-co-AA)@Fe3+ and *PANI-P(AAm-

co-AA)@Fe3+.



Fig. S17 Response time of PANI-P(AAm-co-AA)@Fe3+.



Fig. S18 ΔR/R0 signal changes of the volunteer speaking (a) “Hello”; (b) “Strain sensor” and 

“Goodbye”.
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