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Fig. S1. Morphological changes of the water droplet on the uncharged surface before and after contact with the grounded needle tip.
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Fig. S2. (a) Charge signal produced when a grounded needle tip touches the water droplet on an uncharged and charged surface. (b) Photograph of in-series ~230 LEDs lighting up when the water droplet on a charged surface is touched by a grounded needle tip.

[image: image3.png]3cm

3cm





Fig. S3. Surface potential distribution of the PTFE film (a) uncharged and (b) charged by liquid–solid contact electrification.
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Fig. S4. (a) Instantaneous morphological change of water droplets impacting the PTFE surface. (b) Charge amount on PTFE surface after the impact of water droplets. (c) Charge amount carried by water droplets after impacting PTFE surface. The volume and drip height of droplets are 35 μL and 14 cm, respectively.
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Fig. S5. Effect of Weber (We) number on the maximum covering area of the water droplet impacting PTFE surface.
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Fig. S6. Effect of Weber number on surface potential distribution of PTFE film after the impact of 5 droplets.
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Fig. S7. Effect of NaCl concentration on surface potential distribution of PTFE film after the impact of 10 droplets.
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Fig. S8. Effect of (a) pH value and (b) liquid type on generated tribo-charge amount at water droplet-PTFE interface. The volume and drip height of droplets are 35 μL and 14 cm, respectively. The charge amount is averaged over 10 droplets.
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Fig. S9. Charge amount calculated from (a) induced charge on the bottom electrode and (b) charge carried by droplets.
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Fig. S10. Effect of (a) back electrode and (b) the grounded back electrode on the generated tribo-charge amount at water droplet-PTFE interface. (c,d) Effect of the grounded back electrode on the surface potential distribution of PTFE film. The volume and drip height of droplets are 35 μL and 14 cm, respectively. The charge amount is averaged over 10 droplets.
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Fig. S11. Accumulation and retention of surface tribo-charge generated by water-PTFE contact electrification. (a) Influence of impact number on post-impact charge carrying capacity of water droplets. (b) Schematic diagram of the surface tribo-charge accumulation process. (c) Effect of environmental humidity on retention of surface tribo-charge.
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Fig. S12. Effect of water droplet volume on surface potential distribution of PTFE film. The charge amount is averaged over 5 droplets.
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Fig. S13. Morphological change of a water droplet on the charged surface when it is (a) untouching, (b) just touching, (c) fully touching, and (d) completely detaching from a grounded needle tip.
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Fig. S14. Correlation of contact angle and surface tribo-charge density. Droplet volume was 10 μL and surface charge density was controlled by droplet impact number.
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Fig. S15. Spontaneous movement of a water droplet on a charged surface after touching a grounded needle. Impact number of droplets was 1000 and volume of the droplet on surface was 10 μL.
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Fig. S16. Contact angle of the water droplet before and after the touch of grounded needle tip.
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Fig. S17. (a) Illustration of the electric field between the charged surface and grounded needle tip. (b) Induced charge on the needle tip at different heights from charged surface.
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Fig. S18. Contact angle of the water droplet before and after the touch of grounded needle tip at different bias voltages.
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Fig. S19. Effect of the insertion depth into a water droplet on the transferred charge amount. (a) Schematic diagram of needle insertion into a water droplet. (b) Correlation between transferred charge amount and insertion depth. (c) Potential distribution on the PTFE surface with an insertion depth of 1 mm. (d) Potential distribution on the PTFE surface with an insertion depth of 3.5 mm.
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Fig. S20. Effect of (a) lower electrode and (b) needle tip being grounded or connected lower electrode on surface tribo-charge transfer.
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Fig. S21. (a) Signal of solid–solid induced charge transfer. Surface potential distribution of PTFE (b) before and (c) after water droplet-induced charge transfer. (d) Signal of air ionization induced charge transfer. Surface potential distribution of PTFE (e) before and (f) after water droplet-induced charge transfer.
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Fig. S22. Effect of charge polarity on tribo-charge transfer.
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Fig. S23. Surface potential after charge transfer induced by droplets with different shapes.
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Fig. S24. (a) Schematic diagram of the continuous act of generating and transporting tribo-charge by the same droplet. (b) Amount of the charge transferred by water droplets when dripping at different heights. (c) Surface potential of charged PTFE surface after transferring charge by water droplet.
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Fig. S25. (a) Output transferred charge of DD-TENG and SD-TENG. (b) A photograph of 52 in-series LEDs lit by DD-TENG.
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Fig. S26. Morphology changes of the water droplet impacting the horizontally placed DD-TENG and time span of the corresponding transfer charge signal.
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Fig. S27. Difference in charge carried by water droplets after impacting SD-TENG and DD-TENG. (a, b) Schematic diagram of measuring charge carrying capacity of water droplets after impact on SD-TENG and DD-TENG. (c) Difference in charge carried by water droplets after impacting SD-TENG and DD-TENG.
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Fig. S28. Transferred charge amount of SD–TENG and DD–TENG in the initial state.
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Fig. S29. Effect of additional charges on PTFE surface on DD-TENG’s output. (a) Transfer charge signal of DD-TENG after being injected charge of different amount on the PTFE surface. (b) Transfer charge signals of DD-TENG before and after charge injection during stable work state.
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Fig. S30. Effect of drip height on the (a) voltage and (b) current of DD-TENG.
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Fig. S31. Effect of water volume on the (a) transfer charge amount, (b) voltage, and (c) current of DD-ETNG.
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Fig. S32. Effect of flow velocity on the (a) transfer charge amount, (b) voltage, and (c) current of DD-TENG.
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Fig. S33. Effect of the placement angle on (a) transferred charge, (b) voltage, and (c) current of DD-TENG.
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Fig. S34. Effect of the electrode width on the amount of charge transferred when the upper electrode is located at (a) the lower edge and (b) the middle of the droplet during impact.
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Fig. S35. Effect of (a) substrate material type and (b) PTFE thickness on the transferred charge amount of DD-TENG.
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Fig. S36. Effect of (a) NaCl solution concentration and (b) liquid type on transferred charge and output current of DD-TENG.
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Fig. S37. Effect of (a) relative ambient humidity and (b) temperature on the transferred charge amount of DD-TENG.
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Fig. S38. (a) Reproducibility, (b) stability and (c) long-term stability of DD-TENG’s output.
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Fig. S39. (a) Instantaneous power density and voltage of DD-TENG under different loads. (b) Output energy of DD-TENG. (c) Effect of drip height on the energy conversion efficiency of DD-TENG.
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Fig. S40. Electrical output performance of DD-TENG. (a) Instantaneous power density of DD-TENG at different loads when solution concentration varies. (b) Maximum output energy of DD-TENG at different solution concentrations. (c) Instantaneous power density of DD-TENG driven by rainwater and tap water at different loads. (d) Effect of droplet type on the maximum output energy and energy conversion efficiency of DD-TENG.

