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[bookmark: _Hlk177051113][bookmark: _Hlk183184391]Fig. S1 Property analysis of Zn2+ and NH4+ charge carriers. a Molecular adsorption model and relative energy. b Energy levels and frontier molecular orbitals. c Scatter plots of IGM. d Schematic interface adsorption model of Zn(OTF)2-NH4OTF hybrid electrolyte. e Size distributions of solvated cation aggregates. f Electrolyte conductivities. g EIS spectra. h Calculated Ea values and i reaction energy comparison
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[bookmark: _Hlk167479363]Fig. S2 Solvation structures of three electrolytes. a 3D snapshots and corresponding enlarged images of solvation structures. b−d RDF and CN plots of b 2 M Zn(OTF)2, c 1 M Zn(OTF)2-1 M NH4OTF and d 2 M NH4OTF electrolytes. Optimized MEP and desolvation energy barriers of e NH4+ and f Zn2+ coordination structures
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Fig. S3 Investigation of PFC cathode-electrolyte interfaces. a Zeta potentials. b The relationship between zeta potential and EDL model. c Area-normalized differential capacitance potential curves. d Adsorption density isosurfaces of various charge carriers in PFC skeleton. e The formula of EDL capacitance and relative model. Spatial charge distributions of f Zn(OTF)2 and g Zn(OTF)2-NH4OTF electrolyte at the cathodic interfaces
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[bookmark: _Hlk169871559]Fig. S4 Electrochemical evaluation of Zn||PFC capacitors. a Schematic of charge-storage mechanism. b GCD profiles. c Rate capabilities. d Ragone plots compared with reported Zn hybrid capacitors. e Cycling performance (insert: morphological evolution). f Schematic diagram of flexible Zn||PFC devices. g Flexible bending performance of FZHCs. h The optical image of an LED display panel powered by FZHCs
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[bookmark: _Hlk158723413]Fig. S5 Charge-storage behavior of Zn||PFC capacitor in Zn(OTF)2-NH4OTF electrolyte. a A GCD profile at 0.5 A g−1. Ex-situ XPS spectra of b O 1s and c N 1s. d Ex-situ FT‐IR spectra. e Zn 2p XPS spectra. Theoretical simulations of Zn2+ and NH4+ charge carriers stored in PFC cathode. Plots of IGMH versus sign(λ2)ρ and corresponding gradient isosurfaces of f Zn2+ and g NH4+ ions. ELF maps of h Zn2+ and i NH4+ ions in optimized carbon skeleton. j Charge storage mechanism of PFC cathode in Zn(OTF)2-NH4OTF electrolyte
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