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Experimental Section

The output voltage from the devices under mechanical load and applied heat were 

measured under different resistances. Similarly, power output was also calculated from these 

results. After making the device using the spin-coating method, AFM measurements have been 

carried out. From the results (see Figure S14), we have shown that most of the sheets are 

distributed throughout the substrate. Since we observe multiple layers with also some of them 

overlapping, we can confirm that the most oriented flakes are in one direction in order to obtain 

maximum efficiency. Therefore, the cancelation of the piezoelectric property of the CoTe2 

sheets due to overlapping is negligible. SEM image was also done for the cell to observe the 

coating of the sample (Figure S15). The mechanical force was applied on these flexible 

nanogenerators by finger tapping, hitting with constant pressure, and bending (Figure S16). 

Detailed calculation of power and energy conversion efficiency of PTNG cell:

Output power of the cell:

The maximum power output (P) for a cell of 9 cm2 area was calculated using equation (1) as 

mentioned below,

P =                                                                                                                               (1)
LR

V
A
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where A is the surface area (9 cm2) of PTNG, Vo is the maximum output voltage (~5V) and R 

is load resistance of the circuit which was calculated from a rectifier circuit and is 9 MΩ [1]. 

Energy conversion efficiency of the cell:

The energy conversion efficiency can be obtained by the ratio of output electrical energy (Eelec) 

and input mechanical energy (Emech) [2]

η =                                                                                                                              (2)

𝐸𝑒𝑙𝑒𝑐

𝐸𝑚𝑒𝑐ℎ

Further output electrical energy for each cycle of the PTNG was calculated using the formula
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Eelec =                                                                                                                    (3)∫𝑉(𝑡)2 𝑑𝑡
𝑅

where V(t) is the output voltage and R is the the load resistance of ~9 MΩ. The values for varied 

temperatures are tabulated in Table S1. Similarly, input mechanical energy was calculated 

using the formula,

Emech =Fεt                                                                                                                                  (4)

where F is applied force 1N, t is the thickness of the substrate 0.6 mm and ε is the axial strain 

in the PTNG.

Current density of the cell at varying temperatures:

From theoritical calculations we were able to deduce piezoelectric coefficients (Table 1) for 

temperatures 300 K and 320 K. Equation for current density is as shown below

Isc =                                                                                                                           (5)

4𝑓𝑉𝑜𝑐𝑑𝑖𝑗

𝐿𝑔3𝑗

The values suggest that the current density increases with increasing temperature. With this we 

can concur that the cell can be used to monitor temperature fluctuations in the range of 300 to 

320 K and can be implemented on a working electronic device (laptop in our case) to sense 

overheating temperatures.

Charge generation mechanism:

A net polarization and charge generation was obtained. When the pressure was applied, the 

dipolar momentum and overall polarization in the pressed state is changed from the initial state; 

thus an electric current (IP) is generated as a response to the induced applied pressure. After 

that, when the pressure is released, the opposite electrical potential change is induced, and the 

structure returns to its original state. The output electrical potential depends on the deformation 

of the lattice structure of CoTe2, and it is due to the applied stress, as charges appear on the 

opposite faces in the 2D CoTe2. The figure also shows the triboelectric model, which depicts 
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the generation of charges through a triboelectric effect in two materials with a difference in 

electron affinities. The change in the electrostatic momentum is obtained when two charged 

materials under applied pressure produce a change in electrical potential
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Supporting Figures

Fig. S1: (a) Phase transition observed in exfoliated crystal structure, (b) SEM image and  (c) 

EDX compositional analysis of Bulk CoTe2.
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Fig. S2: SEM image of exfoliated layered CoTe2 with multilayer stacks. The inset shows the 

optical contrast as a function of the thickness of the sample, measured using a line scan profile 

(grayscale value).
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Fig. S3: Elemental composition analysis by EDX of 2D CoTe2.
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Fig. S4. (a) Side view and (b) Front views of the optimized structure of 2D CoTe2 exfoliated at 

the [120] crystal direction from CoTe2 bulk, (c) Electronic band structure, and (d) the 

corresponding projected density of states (PDOS) of the structure.
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Fig. S5: (a) Circuit diagram of bridge rectifier circuit and (b) Hybrid cell output across bridge 

rectifier circuit, positive cycle voltage output
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Fig. S6: Current density of PTNG cell under continuous pressure.

Fig. S7. LED was lit up using the PTNG cell.
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Fig. S8: (a) Proposed schematic representation of (I, Ⅱ) piezoelectric, (Ⅲ) triboelectric and 
combined (Ⅳ-V) piezo-tribo response of the hybrid cell. (b) Contributions of different 
mechanisms affecting charge generation in PTNG cells.
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Fig. S9. Surface charge as a function of layer number
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Fig. S10. (a) Output performance under continuous pressure on the cell and (b) Stability of the 

cell after 30 min of continuous pressing.

Fig S11: Fatigue test of PTNG cell
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Fig. S12. Comparison graph for piezo-coefficient S3, S8

Fig. S13: Laser power dependent Raman spectra and lines indicating the shifting of Raman 

mode. 



15

Fig. S14. Typical AFM image and the corresponding estimated thickness of the CoTe2 samples 

in the PTNG cell.

Fig. S15: SEM image of the cell

Fig. S16: Schematic of cell bending
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Table S1: Efficiency calculation at different tempertaure conditions

Temperature (K) Eelec (J) Emech (J) η (%)

304 2.6 x 10-8 7.96

311 7.8 x 10-8 14.89

321 9.7 x 10-8 18.51

343 1 x10-7 19.08

363 1.12 x 10-7

5.24 x 10-7

21.37
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