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Experimental section 
[bookmark: _Hlk10300913]Chemicals and materials
[bookmark: OLE_LINK142][bookmark: OLE_LINK143][bookmark: OLE_LINK2][bookmark: OLE_LINK7]Absolute ethanol, acetone, chloroform, tungsten (VI) chloride (WCl6), and glucose (C6H12O6) were purchased from Aladdin Industrial Corporation. All chemicals were used without any further purification. The transparent and electrically conducting FTO film of nominal sheet resistance 10 Ω as a current collector electrode was purchased from Zhuhai Kaivo Optoelectronic Technology Co., Ltd. (China). The FTO conductive glass was serially washed by ultrasonic treatment in detergent, deionized water, acetone, chloroform, and ethanol.
[bookmark: OLE_LINK76][bookmark: OLE_LINK77][bookmark: OLE_LINK78][bookmark: OLE_LINK79][bookmark: OLE_LINK166][bookmark: OLE_LINK167][bookmark: OLE_LINK168][bookmark: OLE_LINK124][bookmark: OLE_LINK765][bookmark: OLE_LINK113][bookmark: OLE_LINK114]Preparation of 3D tungsten oxide nanowires networks on transparent FTO conductive glass（3D WO3-x NWNs/FTO）
[bookmark: OLE_LINK537][bookmark: OLE_LINK538][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK131][bookmark: OLE_LINK144][bookmark: OLE_LINK145][bookmark: OLE_LINK117][bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK173][bookmark: OLE_LINK137]In a typical synthesis, WCl6 (2 mmol) was resolved in absolute ethanol (40 mL) under vigorous magnetic stirring, and a homogeneous yellow solution was formed immediately. Then, 40 mL glucose solution (2mmol glucose in 40 mL absolute ethanol) was slowly dropped into the above solution. The mixture was constant stirring for 0.5 h and then treated with ultrasonic for 0.5 h. Finally, the resultant solution was loaded into a Teflon-lined autoclave with the treated FTO (placed at the autoclave with the conductive side facing down) and maintained at 180 oC for 12 h. After cooling down to room temperature naturally, the FTO glass was taken out and washed with deionized water and ethanol several times before drying in a vacuum oven at 50 oC for 12 h. The as-prepared precursors were calcined at 400 oC for 2 h in air with the heating rate of 5 oC·min-1 to obtain 3D WO3-x NWNs/FTO. 
[bookmark: OLE_LINK75][bookmark: OLE_LINK80][bookmark: OLE_LINK81][bookmark: _Hlk50276572][bookmark: OLE_LINK766]Preparation of V2O5 nanoflowers on transparent FTO conductive glass（V2O5 NFs /FTO）
[bookmark: OLE_LINK468][bookmark: OLE_LINK469]V2O5 (2 mmol) and oxalic acid (2 mmol) were dissolved in distilled water (60 mL) under vigorous stirring for 2 h and ultrasound irradiation for 1 h at room temperature to form a uniform solution. Then, the resultant solution was transferred to a Teflon-lined autoclave with the treated FTO (placed at the autoclave with the conductive side facing down) and maintained at 120 oC for 12 h. After cooling down to room temperature naturally, the FTO glass was taken out and washed with deionized water and ethanol several times before drying in a vacuum oven at 80 oC for 12 h. Finally, the precursor was annealed at 450 °C for 3 h to obtain V2O5 NF /FTO.
Characterization
[bookmark: OLE_LINK162][bookmark: OLE_LINK175][bookmark: OLE_LINK174][bookmark: OLE_LINK310][bookmark: OLE_LINK311][bookmark: OLE_LINK315][bookmark: OLE_LINK316][bookmark: OLE_LINK319][bookmark: OLE_LINK242][bookmark: OLE_LINK243][bookmark: OLE_LINK244][bookmark: OLE_LINK33][bookmark: OLE_LINK34]The crystalline structure of the as-prepared sample was characterized by X-ray diffraction (XRD) patterns on a Bruker D8 Advance X-ray diffractometer using Cu K ( = 1.5418 Å) as the source at a scanning rate of 5° min-1 with a 2θ range of 5~70°. The morphologies of the films were characterized by field emission scanning electron microscope (FESEM, ZISS SUPRA55) and transmission electron microscopy (FETEM, Tecnai G2 F30, 200 kV). Analysis of surface electronic structure by X-ray photoelectron spectroscopy (XPS) was performed on Thermo Scientific ESCAlab 250Xi photoelectron spectrometer. Thermal gravimetric analysis (TGA) was measured in air from 20~800 °C at a heating rate of 5 °C/min by a Shimadzu DTG-60H. The Raman spectra were conducted with a 532 nm laser source (LabRAM HR Evolution). Brunauer-Emmett-Teller (BET) method was used to calculate the specific surface area using the adsorption branch. In these tests, WO3-x NWNs powder was scraped from 3D WO3-x NWNs/FTO.
Electrochemical Measurements
[bookmark: OLE_LINK1][bookmark: OLE_LINK15][bookmark: OLE_LINK146][bookmark: OLE_LINK147][bookmark: OLE_LINK470][bookmark: OLE_LINK471][bookmark: OLE_LINK675][bookmark: OLE_LINK676][bookmark: OLE_LINK152][bookmark: OLE_LINK153][bookmark: OLE_LINK156][bookmark: OLE_LINK157][bookmark: OLE_LINK404][bookmark: OLE_LINK155][bookmark: OLE_LINK154][bookmark: OLE_LINK539][bookmark: OLE_LINK540]The electrochemical and optical property of a bifunctional electrode and bifunctional device were synchronously carried out by a combination of the Chen Hua CHI660E working station and the VIS-NIR fiber optic spectrometer (MAYA 2000-Pro, Ocean Optics, 200 nm~1100 nm). For the three-electrode configuration, 3D WO3-x NWNs/FTO, Pt sheet and Ag/AgCl electrode were used as the working electrode, the counter electrode, and the reference electrode, respectively. To simultaneously studying the related properties of the capacitive and optical performance, the optimal electrochemical window is determined by the discoloration voltage, the energy storage voltage of the electrode and the decomposition voltage of the electrolyte. The bifunctional properties of the electrodes were realized by simultaneous energy storage (cyclic voltammetry (CV), electrochemical impedance spectroscopy (EIS), chronopotentiometry (CP) and optical performance testing in 1 mol/L AlCl3 aqueous solution. Among them, CV performance and the corresponding spectral changes were carried out at different scanning rates. CP measurements and the corresponding spectral modulation were studied at different current densities. EIS tests were conducted in the frequency range of 100 kHz to 0.01 Hz with ac signal amplitude of 10 mV. The impedance data provide frequency dependence of the real ZR and imaginary ZI impedances. Electrochemical measurements of asymmetrical supercapacitors composed of 3D WO3-x NWNs/FTO electrode and V2O5 NF /FTO electrode were performed in a two-electrode cell.
[bookmark: _Hlk55049701][bookmark: OLE_LINK346][bookmark: OLE_LINK347]In the three-electrode configuration system, the areal capacitance Cs (mF cm-2) of the single electrode was derived from the CV curves according to the following equation1,2: 
                                     (1)
where A is the effective area of the single electrode,  (V s-1) is the potential scan rate, and V (V) is the window.
Similarly, the areal capacity Cs (mF cm-2) of the single electrode was calculated from CP curves using the following equation3,4: 
                                         (2)
where I is the discharge current (A), A is the area of the electrode (cm2), V (V) was the potential window, and ∫Vdt is the area under the discharge curve.
[bookmark: _Hlk70626725][bookmark: OLE_LINK769][bookmark: _Hlk50277790]The area capacitance CAISC of the device was calculated from the CP curves3,4
                                      (3)
where I is the discharge current (A), A is the total area of the device (cm2), V (V) was the running potential window of the AISC device, and ∫Vdt was the area under the discharge curve.
[bookmark: OLE_LINK767][bookmark: OLE_LINK768][bookmark: _Hlk70626743][bookmark: OLE_LINK770]The energy density (E) and power density(P) of the asymmetrical supercapacitor were calculated according to the following equations1-4:
                                        (4)
                                             (5)
where CAISC is the specific capacitance Δt is the discharge time, and V is the voltage window of the as-assembled asymmetric supercapacitor. 
[bookmark: _Hlk55415800][bookmark: OLE_LINK771][bookmark: OLE_LINK772]In situ electrochemical measurements were conducted in a polytetrafluoroethylene (PTFE) electrochemical cell containing WO3-x NWNs/FTO as the working electrode, platinum plate as the counter electrode, and Ag/AgCl electrode as the reference electrode. The electrochemical cell was assembled and 1 mol/L AlCl3 solution was used as the electrolyte. Schematic diagram of in-situ XRD test under three-electrode mode is shown in Figure 3a. XRD characterizations of WO3-x NWNs/FTO were tested during CV scans from -0.6 to 0.8 V (vs Ag/AgCl) at a scan rate of 0.5 mV s-1. GSAS-II software was used to study the changes of crystalline structure within 2θ region (5° ~ 70°) during the charge/discharge processes. 

[bookmark: OLE_LINK19]Fig. S1. TGA curve of the WO3-x NWNs precursor powder at a heating rate of 5 °C min-1 in air atmosphere.

[bookmark: OLE_LINK200][bookmark: OLE_LINK201][bookmark: OLE_LINK202]Fig. S2. TEM image and diameter distribution of WO3-x NWNs.



Fig. S3. A high-resolution TEM image of WO3-x NWNs.


[bookmark: OLE_LINK194][bookmark: OLE_LINK195][bookmark: OLE_LINK196][bookmark: OLE_LINK160][bookmark: OLE_LINK161][bookmark: OLE_LINK163]Fig. S4. (a) Full-scan XPS survey spectrum, narrow-scan XPS of (b) W 4f, and (c) O 1s for 3D WO3-x NWNs/FTO.

[bookmark: OLE_LINK256]Fig. S5. CV curves and in situ corresponding spectral changes of WO3-x NWNs/FTO dual-functional electrode at different scan rates: (a1 and a2) 5 mV s-1, (b1 and b2) 10 mV s-1, (c1 and c2) 20 mV s-1 and (d1 and d2) 40 mV s-1.

Fig. S6. CV curves and in situ corresponding spectral changes of the WO3-x NWNs/FTO electrode at different scan rates: (a1 and a2) 50 mV s-1, (b1 and b2) 60 mV s-1, (c1 and c2) 80 mV s-1, and (d1 and d2) 100 mV s-1.

[bookmark: _Hlk66049084][bookmark: OLE_LINK681][bookmark: OLE_LINK682]Fig. S7. The corresponding transmittance at 750 nm of WO3-x NWNs/FTO electrode at different scan rates from 5 to 100 mV s-1.

[bookmark: _Hlk66049735][bookmark: OLE_LINK689][bookmark: _Hlk71316566]Table S1. The ΔT of WO3-x NWNs/FTO electrode at different scan rates from 5 to 100 mV s-1.


Fig. S8. A power law dependence of the peak current versus the scan rate to estimate the b-value at different scan rates.

Fig. S9. b-values for the WO3-x NWNs/FTO electrode at different potentials.

Fig. S10. In-situ XRD pattern of the WO3-x NWNs/FTO electrode based on the CV process in Figure 3c.

Fig. S11. (a) XPS full survey, and (b) Al 2p spectra of colored 3D WO3 NWNs/FTO.

Fig. S12. The CP curves and in situ corresponding spectral changes for the WO3-x NWNs/FTO electrode at different current densities: (a1 and a2) 2 mA cm-2, (b1 and b2) 3 mA cm-2, (c1 and c2) 4 mA cm-2, (d1 and d2) 5 mA cm-2, and (e1 and e2) 6 mA cm-2. 

Fig. S13. (a), (b) and (c) Cycling performance curves of in-situ corresponding spectral changes for the WO3-x NWNs/FTO at the scan rate of 20 mV s-1 after different cycles, (d)Nyquist plots of the WO3-x NWNs/FTO before and after 10000 cycles. 

Fig. S14. (a) and (b) SEM images, (c) XRD pattern of the V2O5 NF/FTO and (d) CV curves of the V2O5 NF/FTO at a scan rate of 20 mV s-1
[bookmark: OLE_LINK20][bookmark: OLE_LINK27][bookmark: OLE_LINK72][bookmark: OLE_LINK121][bookmark: OLE_LINK133][bookmark: OLE_LINK134][bookmark: OLE_LINK141][bookmark: OLE_LINK454][bookmark: OLE_LINK455]SEM, XRD, and electrochemical characterizations of V2O5 NFs/FTO are presented in Supplementary Fig. S14. The SEM images show that the nanoflower-like V2O5 material with average diameters of 2 ± 0.5 μm consist of individual nanosheets connected to a central core. XRD pattern of V2O5 NF/FTO can be indexed to orthorhombic V2O5 (JCPDS card no. 89-2482) with Pmmn59 space group.

[bookmark: _Hlk50220102]Fig. S15. (a) CV curves of WO3-x/FTO and V2O5 /FTO electrode tested in three-electrode system at the scan rate of 20 mV s-1, (b) CV curves of the ESC device at different potential windows during the scan rate of 20 mV s-1.
[bookmark: OLE_LINK275][bookmark: OLE_LINK290][bookmark: OLE_LINK294][bookmark: OLE_LINK592][bookmark: OLE_LINK593][bookmark: OLE_LINK295][bookmark: OLE_LINK296][bookmark: OLE_LINK297][bookmark: OLE_LINK298][bookmark: OLE_LINK299][bookmark: OLE_LINK300][bookmark: OLE_LINK301][bookmark: OLE_LINK302][bookmark: OLE_LINK303][bookmark: OLE_LINK304][bookmark: OLE_LINK305][bookmark: OLE_LINK306][bookmark: OLE_LINK307][bookmark: OLE_LINK312][bookmark: OLE_LINK313][bookmark: OLE_LINK314][bookmark: OLE_LINK317][bookmark: OLE_LINK318][bookmark: OLE_LINK320][bookmark: OLE_LINK324][bookmark: OLE_LINK325][bookmark: OLE_LINK330][bookmark: OLE_LINK331][bookmark: OLE_LINK181][bookmark: OLE_LINK182][bookmark: OLE_LINK149][bookmark: OLE_LINK150][bookmark: OLE_LINK186][bookmark: OLE_LINK187]The charge balance () between the cathode and anode is necessary to construct the ESC device due to the different specific capacitances of WO3-x NWNs/FTO and V2O5 NFs /FTO. The mass ratio of WO3-x NWNs/FTO and V2O5 NFs /FTO was determined by the following equation: and (where C is the specific capacitance of the active material, ΔV is the potential window at the discharge process and m is the loaded mass of the active material.).4,5 In Supplementary Fig. S15a, the stable voltage ranges for the WO3-x NWNs/FTO and V2O5 NFs /FTO electrodes are -0.6 ~ 0.8 V, and -0.2 ~ 0.8 V, respectively, at a scan rate 20 mV s-1. Hence, based on the specific capacitance and the operating voltage windows of the electrodes, the optimal mass ratio of WO3-x and V2O5 is about 0.07, indicating the electric quantity of the prepared WO3-x NWNs/FTO cathode is basically consistent with that of the V2O5 NFs/FTO anode. Supplementary Fig. S15b shows CV curves of the ESC device is measured at different potential windows during the scan rate of 20 mV s-1. With the increase of voltage potential from 1.5 to 1.8 V, the specific capacitance of the ESC device increases from 5.48 to 10.18 mF cm-2. However, when the potential reaches 1.9 V, the AlCl3 aqueous electrolyte begins to decompose. Hence, the optimal electrochemical potential window of the ESC device is 0~1.8 V. 



[bookmark: OLE_LINK380][bookmark: OLE_LINK381][bookmark: OLE_LINK382][bookmark: OLE_LINK383]Fig. S16. Galvanostatic discharging curves and corresponding areal specific capacitance of the ESC device at a current density of 1 mA cm-2 (inset: digital photos of the ESC show different colors at different discharge states). 
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