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Fig. S1 A photograph depicts (a) s-MOF-5 crystals dispersed into ethanol, (b) Dried s-Mof-5 powder, (c) the two 
designed electrodes,  (d) front view and (e) the back view of the fabricated TENG device based after adding both the 
tribopositive and tribonegative layers and the encapsulation using PET. 



Fig. S2 XRD patterns and corresponding SEM images of surfactant-mediated MOF-5 synthesized using different 
PEG:DMF ratios: (a) 0:1 (no PEG), (b) 1:1, (c) 2:1, and (d) 3:1.

Varying the PEG:DMF ratio revealed that moderate PEG content (1:1) yields the most crystalline 
and morphologically uniform MOF-5, whereas PEG-free or PEG-rich conditions (0:1 and ≥1:2) 
induce structural irregularities and reduced crystallinity, confirming 1:1 as the optimal ratio for 
enhanced porosity and TENG performance.



Fig. S3 The open circuit voltage ( using PTFE as a tribonegative layer and (a) MOF-5 and (b) 𝑉𝑜𝑐) 𝑜𝑓 𝑇𝐸𝑁𝐺 𝑑𝑒𝑣𝑖𝑐𝑒𝑠 
s-MOF-5 as tribopositive layer. 

Fig. S4 Output performance of the PEG-mediated MOF-5-based TENG under different operating frequencies (4, 7, 
and 10 Hz) at a fixed contact force of 20 N: (a) short-circuit current (ISC) and (b) open-circuit voltage (VOC).

Both ISC and VOC increase with frequency due to the enhanced contact–separation rate, which 
promotes faster charge accumulation and transfer at the interface. The output reaches a steady 
maximum at 10 Hz, selected as the working frequency for all subsequent analyses to ensure stable 
and reproducible signal generation.



Fig. S5 Comparison of the short-circuit current ISC output signals of (a) MOF-5 based TENG with (b) s-MOF-5 
TENGs at 20 N (10 Hz) and their counterparts with reduced line width (c), (d), respectively.  (e) A 9-s window for 
both samples. (f) Zoomed-in view of the first 1 s showing distinct pulse shapes and amplitudes. (g) Zoomed-in view 
of the last 1 s showing additional non-identical fluctuations.



Table 1. Statistical comparison of s-MOF-5 and MOF-5 (0–1 s) through a two-sample t-test exported from Origin 
software. 

Table 2. Statistical comparison of s-MOF-5 and MOF-5 (8–9 s) through a two-sample t-test exported from Origin 
software. 



Fig. S6 Zeta potential analysis under neutral pH of 7 for (a) s-MOF-5 and (b) MOF-5. (c) Variation of zeta potentials 
with pH values for both samples. 

Zeta potential measurements have been conducted for both MOF-5 and s-MOF-5. Under neutral 
pH condition (~7), s-MOF-5 exhibits a more positive ζ-potential (+12 mV) than pristine MOF-5 
(+2 mV), as shown in the following Figure S4(a, b). The variation of ζ-potentials under wider 
range of pH conditions is presented in Figure S4(c). These results prove that surfactant-mediated 
MOF-5 (s-MOF-5) films are more tribopositive than pristine MOF-5, leading to enhanced charge 
trapping and overall improved TENG output. 

Fig. S7 Kelvin probe measurements of surface potential and the CPD profile of (a) Au reference, (b) pristine MOF-5, 
and (c) s-MOF-5.



Fig. S8 Output voltage for 2000 bending cycles with a fixed bending angle of about 30° to show the mechanical 
flexibility and electric stability of the s-MOF-5-based TENG sensor.

The bending stability of the s-MOF-5-based flexible TENG sensor was conducted for 2000 
bending cycles with a fixed bending angle of ~30°. As shown in Figure S8, no obvious decay is 
found in VOC, which is kept at 200–250 V during bending test, showing the excellent stability and 
flexibility of this TENG device towards bending deformations.
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Video TENG Application (Tapping by Hand).mp4 (Command Line)

Video TENG Application (Dampping Video).mp4 (Command Line)

Fig. S9 Videos and photographs illustrate the working mechanism of the as-synthesized MOF-5 triboelectric 
nanogenerator by repetitively applying (a, b) hand force and (c, d) using the damping system. 


