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Abstract: Electrochromic materials have been applied in energy-saving buildings, intelligent displays, and other
fields, recognized as one of the most promising intelligent materials for research. Liquid phase method for
preparation of WOs; electrochromic thin filmscan construct complex polychromies structures, showing great
potential in modulation amplitude and short response time, especially in large area and low cost preparation. This
study aims to develop a low-cost, easy-to-scale WO; nanocrystalline liquid phase coating process, and improve
cycle stability and preparation process. WO; electrochromic films with high modulation amplitude, rapid response
and fatigue resistance were prepared. Optimized the annealing process, WO; nanopowders were synthesized with low
aggregation and high crystallinity, and then WO; nanocrystalline coating solution was prepared by ball milling
dispersion. Thin film microstructure and coating solution crystallinity were optimized. The obtained thin

electrochromic films of WO; show high tuning amplitude (82%), short response time (¢/t,: 8 s/4.2 s), high colouring
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efficiency (81.5 cm>C "), and high cycling stability (> 1000 times). In this work, the crystallization and dispersion

properties of WO; nano-powder were modified to comprehensively improve the performance of WO,

electrochromic films prepared by nanocrystalline liquid phase coating technology. All results above demonstrate

that the WOj; electrochromic film prepared by the liquid phase method is expected to be used in the future with high

color-changing performance and cycle stability.
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Fig.1  Thermogravimetric analyses of different samples

(a) Thermogravimetric analysis curves of samples; (b) DSC curve of WOj; precursors
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Fig.2 Morphology analyses and XRD patterns of WO; powders after annealed at different temperatures
(a-d) Digital photographs; (e) XRD patterns and (g-j) SEM images of WO; powders; (f) SEM image of WO; powders without CTAB
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Fig. 4 XRD patterns of WO; powders after drying
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Fig. 5 Pictures of WO; annealed at different temperatures

(a-d) Digital photographs of WO; dispersions and (e-g) TEM images at
(a, g) 500, (b, 1) 600, (c, ) 700, and (d) 800 C



i %38 %

1360 T Bl #
8 EN
g 3
s 3
g
<
10 15 20 25 3035 40 45 50
hv/eV
300 450 600 750 900
Wavelength / nm

Bl 6 WO, o8l WOs RIS i 75 br
Fig. 6 UV-Vis absorbance spectrum of the WO; dispersion

held in a quartz cell

Inset: plot of (ahv)"? against hv to achieve the bandgap
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Fig. 7 Measured digital photos of three electrode system films
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Table 1 Electrochromic properties of tungsten oxide films
annealed at different temperatures
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Fig. 8 Electrochemical performances of thin film W700
(a) Transmittance spectra; (b) Coloring efficiency plot; (c) Cyclic transmittance curves; (d) Chronograph current curve
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Fig. 9 Dynamic scattering results of dispersions before (a) and
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Fig. 10 Optical performance of thin films made from dispersions before (a, b) and after (c, d) hydrothermal treatment
(a, ¢) Cyclic transmittance curves ; (b, d) Coloring efficiency plots
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