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Figure S1 
1
H NMR spectra of poly(PBAx-ran-PDMS) in CDCl3. 

 

 

Figure S2  FTIR spectra of PBA and poly(PBAx-ran-PDMS). 

 

The characteristic chemical structures of the PBA and poly(PBAx-ran-PDMS) were investigated 

through Fourier transform infrared analyses. The PBA exhibited stretching vibration peaks of C=O 

and C–N at 1725 and 1534 cm
-1

, respectively. The poly(PBA-ran-PDMS) exhibited stretching 

vibration peaks of N–H and –C–Si– at 3340 and 840 cm
-1

, respectively.  
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Figure S3 Photographs of the poly(PBA-ran-PDMS) adhering to various substrates: steel, wood, 

glass, ceramics, plastic and rubber. 

 

 

 

 

 

 

Figure S4 (a) Cross section and (b) surface morphology for graphene film. (c) Surface morphology 

for VAFG. Cross section morphology for (d, e) poly(PBA-ran-PDMS)/VAFG before and after 

compression. (f) surface morphology for poly(PBA-ran-PDMS)/VAFG film. 



 

4 

 

 

The microscopic morphology of graphene films, VAFG and poly(PBA-ran-PDMS)/VAFG 

composites were characterized in Figure S4. The results show that the graphene film has a dense 

structure, the lamellae are arranged in parallel, and the thickness of the film is about 100 µm (Figure 

S4a). In addition, the surface of the graphene film is smooth and no defects (Figure  S4b). The 

surface morphology of VAFG is arranged and folded, with a complete morphological structure and a 

fold width of about 50 µm (Figure S4c). When the poly(PBA-ran-PDMS) was filled to both sides of 

VAFG to obtain the poly(PBA-ran-PDMS)/VAFG composite. The composite is dense and flat, and 

the graphene is completely encapsulated by the polymer (Figure S4d, e). Moreover, the polymer is 

filled into the gap of VAFG and the surface morphology of poly(PBA-ran-PDMS)/VAFG is flat, 

smooth and without obvious defects (Figure S4f). The proportion of VAFG skeleton to the total mass 

of composites (ΔM) was calculated as the mass of the VAFG (mVAFG) divided by the total volume of 

the composite (m) (Equation S1). 

𝜟𝑴 =
𝒎𝑭𝑮𝒇

𝒎
× 𝟏𝟎𝟎%                                      (1) 
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Figure S5 TG spectra of VAFG and poly(PBA-ran-PDMS)/VAFG. 

 

 

 

  

Figure S6 (a) Strain–stress curves of poly(PBA-ran-PDMS). The insert map is the digital 

photograph of the material stretching. (b) Stress-strain curves of the poly(PBAx-ran-PDMS)/VAFG 

with different molars of PBA and PDMS. 
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Figure S7 Thermal conductivity of poly(PBAx-ran-PDMS) with different molar ratios of PBA and 

PDMS (x=1:0, 1:3, 1:2, 1:1, 2:1, 3:1, 0:1). The error line was determined based on the thickness, size 

and multiple testing results of the film. 
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Figure S8 Performance of poly(PBA-ran-PDMS)/VAFG based flexible sensors. (a) Relative 

resistance curves of the poly(PBA-ran-PDMS)/VAFG during different strain. The insert shows the 

test model. (b) Temperature-to-resistance and (c) pressure-to-resistance responses curves of 

poly(PBA-ran-PDMS)/VAFG based sensors. The inset shows the test model. (d) Cyclic 

measurement of relative resistance of poly(PBA-ran-PDMS)/VAFG sensor under different pressures 

(10%-50%). (e) The enantiomeric resistance response of the poly(PBA-ran-PDMS)/VAFG sensor at 

different bending angles (0°, 30°, 60°, 90°) of the index finger (the inserts show the finger schematic). 

(f) The enantiomeric resistance response of poly(PBA-ran-PDMS)/VAFG based pressure sensors 

after different cycles of bending angles (30°, 60°, 90°). 

 

The norm factor (GF) is defined as the slope of the resistance–strain curve and commonly used to 

evaluate the sensitivity of strain sensors. Figure S8a shows that the GF of poly(PBA-ran-

PDMS)/VAFG sensor can reach about 1.1 and 0.8 when the strain is 0-50% and 50-175%, 

respectively. And when the strain is 175%, the resistance of poly(PBA-ran-PDMS)/VAFG is 

basically unchanged without any significant loss, indicating that the electrical properties of the 

poly(PBA-ran-PDMS)/VAFG have good stability. Notably, the poly(PBA-ran-PDMS)/VAFG sensor 

is sensitive to both pressure and temperature due to the fast ion mobility, and subsequent tests of 

pressure/resistance (Figure S8b) and temperature/resistance were tested. Because of the fold 
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structure of poly(PBA-ran-PDMS)/VAFG, the resistance of poly(PBA-ran-PDMS)/VAFG sensor 

tends to be stable at 90 ℃ as the increase of temperature, which indicates that temperature has a 

restraining effect on the resistance. Figure S8c shows the resistance pressure curve of poly(PBA-

ran-PDMS)/VAFG sensor under different pressures. And the resistance of poly(PBA-ran-

PDMS)/VAFG changes significantly with the increase of pressure, indicating its excellent strain 

sensitivity. In order to verify the pressure change stability, cyclic resistance tests were performed on 

the resistance at different pressures, and the results showed that the resistance remained stable at 

different pressures and the poly(PBA-ran-PDMS)/VAFG sensor had excellent pressure stability. 

 

Heat conduction characteristics of the poly(PBAx-ran-PDMS)/VAFG architecture were investigated 

by transient-state COMSOL multiphysics thermal simulation. The model simulates the heat 

dissipation of the model of VAFG, consisting of a heat source representing the bottom block 

component, poly(PBAx-ran-PDMS)/VAFG as the heat dissipating middle block, and a heat sink part 

at the top. According to the direction of heat flow, it was used to load a heat source with a constant 

temperature of 50 ˚C on the marked surface, the plane of the heat transfer end is set to 10 ℃, which 

with substeps of 20 steps totaling 0.1 s. The composite material and structural parameters of the 

modelled system are shown in Table S1.  

Table S1. The composite material and structural parameters of the modelled system.  

Material Density (kg m
-3

) 
Specific heat capacity 

(J kg
-1

 
°
C

-1
) 

Thermal conductivity 

(k, W m
-1

 K
-1

) 

Poly(PBA-ran-PDMS) 140 1000 0.2 

VAFG 1500 700 2000 

Air 0.00129 1003 0.023 
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Table S2. Summary of data on adhesion of materials reported in the literature. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Materials Adhesion strength (N/m) Ref. 

PBA–UPy7.2 57  1 

DCPD-DNE (10 wt%) 2800 2 

polyurethane 2500  3 

ASHA-C1 5000  4 

PDMS 4000  5 

PDMS 1800 ± 210  6 

DST 600  7 

LCE 3700  8 

PVA/PA 2000  9 

DAE-3 2000 10 

MREs 4640 11 

PTCM-Gly5 125 12 
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Table S3. Theoretical and experimental in-plane thermal conduction properties as function of 

compression ratio. 

Num. Material 
K∥

(W/mK) 

K⊥

(W/mK) 
Filler Content 

Tensile 

strength 

(MPa) 

Ref. 

1 GnP-polymer  12.4 48.5 wt% 0.3 13 

2 rLGO/PVDF-HFP 19.5  27.2 wt% 0.8 14 

3 epoxy/GnP  2.13  6 vol% - 15 

4 PP/PDA/G 2.73 10.93 27 vol% 0.192 16 

5 GNs/GF/NR 11.16 0.15 10.27 vol% 0.7 17 

6 PDA-rGO/SR  1.50 1.46 wt% - 18 

7 PVDF/GnP  13 50 wt% 0.192 19 

8 graphene/TPU  12 45 wt % 11.3 20 

9 
PA6/POE-g-

MAH/PS/graphite 
3.24 5.5 50.0 wt % 

2.6 
21 

10 PE/graphene 3.43 3.43 15 vol % - 22 

11 PLA/graphene ∼1 ∼1 12 wt % 0.1565 23 

12 MC/GN 0.79 0.79 1 wt % 83 24 

13 Al/GNPs 224  1 wt % - 25 

14 EP/GR-Fe3O4 0.28  66.6 wt % - 26 

15 CNF/GP 5.46 0.07 10 wt % 30 27 

16 PEG/MXene/GR  1.64 7.35 wt % 8 28 

17 EP-BaTiO3-GSiCnw 0.64 0.64 0.092 vol% 20 29 

18 PVA/GO ∼2.5  5 wt % 56 30 

19 PVDF/CNT/GNP 1.92 1.92 20 wt % 5.3 31 

20 Poly(PBA-ran-

PDMS)/VAFG 

3.6 13.4 2.17 wt% 2.23 This work 
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Table S4. The coefficients of the fitting equation. 

 T-s R/R0-P 

A B C A B C 

Stainless steel -0.0139 1.064 28.02 14.19 -57.28 91.49 

Glass -0.087 0.731 26.36 11.41 -46.28 93.11 

Wood -0.048 0.44 26.15 10.17 -42.61 96.11 

Rubber -0.002 0.247 25.52 7.73 -31.05 99.9 
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