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Figure S1. Ultraviolet–visible spectra of AgNWs solution (a) and GO solution (b) 

with concentration of 0.05 mg ml
-1
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Figure S2. (a) XPS wide-scan spectrums of AgNWs, GO and their coprecipitation; 

high resolution XPS spectrums of C1s for AgNWs (b), graphene oxides (c) and their 

coprecipitation (d); high resolution XPS spectrums of O1s for AgNWs (e), graphene 

oxides (f) and their coprecipitation (g). 

As illustrated in Figure S2 (a), all the spectrums are referenced to C 1s peak 

(binding energy = 284.6 eV).
1
 High-resolution spectra of C 1s are shown in Figure 

S2b, c and d, the C 1s region in Figure S2b for original AgNWs can be fitted into 

three peaks at 284.6 eV, 285.4 eV, 287.6 eV corresponding to C-C, C-N and C=O, 

respectively, this is due to the absorption of PVP on the surface of AgNWs. The C 1s 

for original GO can also be fitted into three peaks at 284.6 eV, 286.7 eV, 288.5 eV as 

shown in Figure S2c ascribed in C-C, C-OH and C(O)O, respectively. After 

coprecipitation, the peaks assigned to C=O for AgNWs and C-O for GO shift to 287.1 
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eV and 286.4 eV because of the charge transfer from AgNWs to GO (see Figure S2d). 

The XPS spectra of O 1s were also investigated. The O 1s region in Figure S2e for 

AgNWs shows there only one peak at 532.7 eV attributed to C=O group of PVP, The 

O 1s high-resolution spectra for GO can be fitted into three peaks at 531.6 eV, 532.4 

eV, 533.1 eV as shown in Figure S2f assigned to C(O)OH, C-O-C and C-O-H, 

respectively. Similar to the C 1s spectrums, the peaks assigned to C=O for AgNWs 

and C-O-H for GO shift to 533.4 eV and 532.8 eV after coprecipitation (Figure S2g). 

Since there are about 2 nm PVP on the surface of AgNWs and a large number of 

hydroxyl groups on GO nanosheets, hydrogen bonding can be formed between 

AgNWs and GO. It is the reason for easily assembly of AgNWs and GO nanosheets. 

 

 

 

 

 

 

 

Figure S3. FTIR spectrums for AgNWs, GO and their hybrids. 

As shown in Figure S3, for AgNWs, the peaks at 1653 cm
-1

 belongs to the 

stretching vibration of C=O groups on the PVP molecular chain. And for GO, the 

characteristic peaks of –OH groups appear at 3447 cm
-1

 and 1387cm
-1

, corresponding 

to the vibration and deformation peaks of -OH groups.
2
 After coprecipitation, the 
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FTIR spectrum of hybrids is also measured in Figure S3. For hybrids, the peaks for 

C=O groups shift from 1653 cm
-1

 to 1633 cm
-1

. This is because that the hydrogen 

bonding interaction between C=O groups and –OH groups cause the electronic cloud 

density of C=O groups to decrease. Similarly, for hybrids, the vibration and 

deformation peaks for –OH groups shift to 3459 cm
-1

 and 1397cm
-1

, respectively. It 

can also confirm the hydrogen bonding interaction between AgNWs and GO 

nanosheets. 

 

 

 

 

 

 

 

Figure S4. (a) Schematic illustration of a hybrid particle. (b, c) TEM image of hybrid 

particle (b) and the closeup image of the particle edge (c). 



S-6 

 

 

Figure S5. Digital photographers of as-prepared hybrid particles and their 

corresponding optical microscope images with AgNWs and GO proportion of 4:1 (a, 

b), 2:1 (c, d), 1:1 (e, f), 1:2 (g, h), 1:4 (i, j) 
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Figure S6. Digital photographers of as-prepared hybrid membranes with AgNWs and 

GO proportion of 4:1 (a), 2:1 (b), 1:1 (c), 1:2 (d), 1:4 (e) 

 

 

 

 

 

 

 

 

 

 

Figure S7. SEM image of strain sensor under 50% strain shows the micro 

morphologies of SGHPs 
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Figure S8. Change in resistance as a function of strain with different layer thickness 

proportions. 
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Table S1: The comparison of gauge factor under 1% strain between recently reported 

strain sensors and our work 

References Materials Gauge factor(∆ε≤1%) 

3 
Vertically aligned and sparse 

SWCNT thin films 
0.82 

4 
Multi-wall carbon nanotube 

entangled networks 
4 

5 Gold nanoparticles 100 

6 Graphene woven fabrics 800 

7 
Carbon and functionalized 

carbon nanotubes 
5 

8 Multi-wall carbon nanotube 5.39 

9 Cracks-based Pt film 800 

10 
Graphene with “Compression 

spring” structure 
10 

11 Gold films 96 

12 carbonized polyimide 50 

13 Gold nanoparticle 300 

14 Microfluidic 2 

15 Graphene on hair 4.47 

16 Graphite draw by pencil 536.61 

17 
Thickness-gradient films of 

CNTs 
100 

18 Channel cracks-based gold 5000 

19 ZnO piezoelectric fine-wires 1200 

20 Cracks-based graphite 26.9 

21 Graphite 804.9 

This work 
Graphene and Ag nanowires 

hybrid particles 
4000 
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