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Figure S1. The SiO2 NPs can be optimized by considering several parameters onto the Ni-mesh via 
the dip-coating process. (a) Concentration of SiO2 NPs (1wt%, 5wt%, 10wt% and 15wt%), (b) Lifting 
speed (0.1 mm/s, 0.5 mm/s, 1.0 mm/s and 1.5 mm/s), (c) Capillary force during the solvent evaporation 
process (IPA, ethanol and di water). Scale bar: (a-c) 2 µm SEM images.



Figure S2. MoS2 nanosheets (NSs) were synthesized through a heat-up method using an ammonium 
molybdate ((NH4)2MoS4) as a precursor with oleylamine as a reducing solvent).



Figure S3. The characteristics of MoS2 nanosheet. (a) X-ray diffraction (XRD) patterns of the MoS2. (b) 
Raman spectra of the MoS2/SiO2 and bulk MoS2.



Figure S4. In this study, Root mean square (RMS) calculation method used for power measurement.



Figure S5. The instantaneous power of the TENG with external loads ranging from 1 to 30 MΩ with 
different cationic materials: Ni; SiO2/Ni; MoS2/Ni; MoS2/SiO2/Ni. 



Figure S6. 2-dimensional and 3-dimensional AFM images of Ni, MoS2/Ni, and MoS2/SiO2/Ni.



Figure S7. The frequency-dependent dielectric properties of cationic materials. (a) The frequency-
dependent dielectric constant, and (b) dielectric loss properties of the cationic materials over the 
frequency range of 102 to 106 Hz at room temperature.



Figure S8. The state-of-the-art materials resulted charge densities reported recently in top journals, 
compared with this work in this manuscript.



Figure S9. Durability test of the TENG under cycled compressive force of 30 N over 54,000 cycles. 
The Qsc of the TENGs fabricated PFA and Ni, MoS2 /Ni, and MoS2/SiO2/Ni as a function of measuring 
time.



Figure S10. Charging process of the three-layered triboelectric nanogenerator. (a) The real photo with 
scale bar of 3 cm and (b) circuit composed of the three-layered TENG, a rectifier and a capacitor (1000 
µF). (c) Charging process of the 1000 μF capacitor by the different cationic materials such as Ni, 
MoS2/Ni, and MoS2/SiO2/Ni.



Figure S11. Comparison of the XPS spectra of (a) Mo 3d and (b) 2p core-level. 



Figure S12. Side‐view goniometer images during static contact angle measurement at the surface of 
Al, Ni and Ni-mesh. 



 
Figure S13. Power generated by the MoS2/SiO2/Ni based TENG with three-layered structure. (a) The 
instantaneous power and (b) the PRMS of the TENG with different frequency from 3 to 60 Hz at 13 
MΩ.



Figure S14. The Qsc of the TENG with MoS2/Ni and MoS2/SiO2/Ni for saturation under cycled 
compressive force of 30 N over 540 cycles.



Figure S15. (a) Photographs of the humidity system composed of supporter, shaker, humidifier, and 
humidity sensor. (b) Photographs of the RH value from 42 % to 99 % using humidity sensor.



Figure S16. The Voc generated by TENG as a function of relative humidity from 28 % to 99 % (a) 
MoS2/SiO2/Ni; (b) Ni. (c) The normalized Voc.



 
Figure S17. The field-emission scanning electron microscope (FE-SEM) images of Ni-mesh. The 
cross-sectional view of Ni-mesh and EDS result (scale bar: 100 µm).



Supplementary Notes
Supplementary Note 1. The energy conversion efficiency (ECE, η) of the triboelectric 
nanogenerator.

In general, the conversion efficiency is defined as the ratio between the output energy and the input 
energy, in which the output energy is produced by the TENG and the input energy is the energy applied 
to the TENG. Here, as an input energy, kinetic energy (Ek) can be defined with the velocity (v) and 

mass (m) of top layer and calculated as . Assuming that the acceleration is constant, the velocity 

1
2

𝑚𝑣2

(v) of the top layer with the frequency was monitored by using a video camera (2.81 m/s) and the mass 
(m) was estimated as the mass (80 g) of the top layer, in which the mass of Al film and perfluoroalkoxy 
alkanes (PFA) layer are negligible. 

i) Input energy (kinetic energy)

Ekinetic = = 315.8 µJ

1
2

𝑚𝑣2

ii) Output energy (electric energy)

Eelectric = Q =  = 51.9 µJ

𝑡2

∫
𝑡1

𝐼2𝑅 𝑑𝑡

iii) Energy conversion efficiency (η)

η =  = 16.5 %

𝐸𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐

𝐸𝑘𝑖𝑛𝑒𝑡𝑖𝑐
×  100 (%) =  

51.9 µ𝐽
315.8 µ𝐽

 ×  100 (%) 

Thus, the kinetic energy is 315 µJ under a compressive force of 30 N. With an external load resistance 
of 13 MΩ, the calculated energy per a cycle reached approximately 51.9 µJ. The energy conversion 
efficiency was also calculated to be approximately 16.5 % according to the calculation method 
suggested before.1-5 However, the mass of the top layer may be not correct because the top layer was 
contacted by the pushing tester.
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