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1. Raman shift of ZnCl2 solutions with different concentrations

Figure S1. a) characteristics of O-H stretching vibration. b) solvation structure.



2. Fitted peaks of ZnCl2 solutions with different concentrations

Figure S2. a)2 M ZnCl2. b)7.5 M ZnCl2. c)10 M ZnCl2.



3. Solvation structure diagram of ZnCl2 solution

Figure S3. Solvation structure diagram of ZnCl2 solution.



4. Molality of ZnCl2 aqueous solution as a function of the weight ratio of ZnCl2 

solutions to H2O

Figure S4. Molality of ZnCl2 aqueous solution as a function of the weight ratio of 

ZnCl2 to H2O



5. Fabrication flowchart of NbWOx

Figure S5. Fabrication flowchart of NbWOx.



6. High resolution SEM of NbWOx

High resolution SEM analysis revealed the highly ordered porous structure 

characteristics of the film, with uniform and interconnected pore size distribution. 

Figure S6. High resolution SEM of NbWOx.



7. CV and transmittance changes of NbWOx in different voltage ranges

Through CV and in-situ optical monitoring, the electrochemical behaviors and 

transmittance evolution of niobium-tungsten oxide electrodes under different potential 

windows were systematically investigated, and the optimal operating voltage window 

of the NbWOx electrode was determined to be -0.9 to 1.1 V.

Figure S7. a) CV. b) transmittance.



8. Transmittance of NbWOx in 300-850 nm wavelength range under various    

ZnCl2 concentrations

Figure S8 illustrates the evolution law of the electrochromic performance of 

NbWOx electrodes in ZnCl2 electrolyte systems with different concentrations within 

the wavelength range of 300-850 nm. Through systematic characterization of the 

dynamic change characteristics of film transmittance under different applied voltage 

conditions, the structure-activity relationship between the optical modulation behavior 

of the electrode material and the electrolyte concentration is revealed.

Figure S8. a) 5M ZnCl2. b) 7.5M ZnCl2. c) 10M ZnCl2.



9. Transmittance of PANI in 300-850 nm wavelength range under various ZnCl2 

concentrations

Figure S9 demonstrates the electrochromic behavior of PANI electrodes in 

ZnCl2 electrolyte solutions with varying concentrations across the 300-850 nm 

spectral range. The study systematically investigates the voltage-dependent 

transmittance modulation of the polymer films, elucidating the correlation between 

the optical switching properties and electrolyte composition.

Figure S9. a) 5M ZnCl2. b) 7.5M ZnCl2. c) 10M ZnCl2.



10 Electrochromic Properties of PANI in ZnCl2 solutions of different 

concentrations

Through multi-concentration comparative experimental studies, the 

electrochromic performance of the PANI electrode in electrolyte systems with 

different ZnCl2 concentrations was systematically characterized, specifically 

including transmittance spectral evolution, optical modulation amplitude, and cyclic 

stability within the wavelength range of 300-850 nm.

Figure S10. a) Bleached and colored state transmittance. b) In-situ transmittance 

response. c) Cyclic stability.



11. High resolution SEM of NbWOx after 2000 cycles in ZnCl2 solutions of 

different concentrations

Furthermore, high resolution SEM was employed to characterize the morphological evolution 

of the thin films after 2000 electrochemical cycles, systematically investigating the influence of 

ZnCl2 WIS electrolytes with varying concentrations (2 M, 7.5 M, and 10 M) on the structural 

stability of the films.

Figure S11. a) 5M ZnCl2. b) 7.5M ZnCl2. c) 10M ZnCl2.



12. Electrochemical performance of NbWOx in 5 M ZnCl2 solution

Figure S12. a) CV curves. b) surface at a scanning chamber rate of 5 mV/s 

contribution of capacitance to total current. c) percentage of diffusion control and 

surface capacitance behavior.



13. Electrochemical performance of NbWOx in 10 M ZnCl2 solution

Figure S13. a) CV curves. b) surface at a scanning chamber rate of 5 mV/s 

contribution of capacitance to total current. c) percentage of diffusion control and 

surface capacitance behavior.



14. Electrochemical performance of PANI in 5 M ZnCl2 solution

Figure S14. a) CV curves. b) surface at a scanning chamber rate of 5 mV/s 

contribution of capacitance to total current. c) percentage of diffusion control and 

surface capacitance behavior.



15. Electrochemical performance of PANI in 7.5 M ZnCl2 solution

Figure S15. a) CV curves. b) surface at a scanning chamber rate of 5 mV/s 

contribution of capacitance to total current. c) percentage of diffusion control and 

surface capacitance behavior.



16. Electrochemical performance of PANI in 10 M ZnCl2 solution

Figure S16. a) CV curves. b) surface at a scanning chamber rate of 5 mV/s 

contribution of capacitance to total current. c) percentage of diffusion control and 

surface capacitance behavior.



17. Schematic about the in-situ measurement of devices

Figure S17. Schematic about the in-situ measurement of devices.



18. Transmittance modulation of the device with PANI electrode at different 

voltages

Figure S18. a) Temperature at 60℃. b) temperature at 80℃.



19. Output voltage at temperatures of 60 ℃ and 80 ℃

Figure S19. a) Temperature at 60℃. b) temperature at 80℃.



20. Output voltage at temperatures of 40% RH and 90% RH

Figure S20. a) Humidity at 40%RH. b) humidity at 90%RH.



21. Complete device color display

Figure S21. Complete device color display



22. Transmittance change of dual-parameter sensing

Figure S22. Transmittance change of dual-parameter sensing.



23. More details on the color changes of the ZECDs 

Video S1 and Video S2 recorded the dynamic color evolution process of the 

device under the conditions of “fixing the PANI electrode potential and regulating the 

NbWOx electrode potential” and “fixing the NbWOx electrode potential and 

regulating the PANI electrode potential”, respectively, confirming the multicolor 

modulation capability of the as-prepared ZECD.
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