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Figure S1. XRD spectra of a ZnO-paper piece confirming the crystalline structure. The inset 

is its digital camera photograph, indicating its high flexibility. 
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Calculation of the manually given strain 

 

Assume the plastic board (PB) is bent into a circular arc with a radius of R, accordingly the 

bending radius of the ZPNG fixed on the PB is also R, as shown in Figure S2. Thus we can 

easily create the following formula and calculate R from it 

h = 2Rsin2(θ/2) = 2Rsin2(L/2R)                            (1)        

where h and L are the height of the gasket and the length of the PB, respectively. Then the 

bending radius R of ~99.7 cm is estimated for an h of 2cm and a L of 20cm. The thickness of 

the PB is 0.2 cm. As a result, the maximum strain applied on the ZPNG is calculated to be 

~0.25 % according to the formula ε= h/2R. 

 

Figure S2. Schematic diagram of the bending of the PB applied an external force at its free 

end. 
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No voltage or current output generated from the common paper 

 

Figure S3. The electric outputs of a common paper under FS and FR, no voltage or current 

was observed except of noise, confirming that the electric outputs of a ZPNG generated from 

the piezoelectric ZnO NRs on the paper.  
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Figure S4. Voltage outputs of a ZnO-paper nanogenerator (ZPNG) at different strain rate 

under a constant applied strain (h=2 cm). (a) Voltage output generated under fast stretching 

(FS) and fast releasing (FR). (b) Voltage output generated under FS and SR. (c) Voltage 

output generated under slow stretching (SS) and FR. (d) Voltage output generated under SS 

and SR. 
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Figure S5. Current outputs of a large-size of ZnO-paper nanogenerator (ZPNG) subjected to 

repeated cycles of fast stretching (FS) and fast releasing (FR).  
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