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Experimental section

Materials

All reagents were prepared for use and did not require any further purification.
Nickel acetylacetonate (Ni(acac),), oleylamine, 1,3,5-trimethylbenzene, and lithium
perchlorate were purchased from Aladdin. Toluene, n-hexane, acetone, and anhydrous
ethanol were acquired from Sinopharm Reagent. Propylene carbonate (PC) was
purchased from McLean's Reagent. The FTO glass was procured from South China
Hunan City Technology Co., Ltd. The pure tungsten target was acquired from

Zhongnuo New Material (Beijing) Technology Co., Ltd.

Characterization

Structural characterization was studied by transmission electron microscopy
(TEM, JEM-1400 flash) and field emission transmission electron microscopy
(FETEM, JEM-2100F). Surface morphology was analyzed by high-resolution
scanning electron microscopy (FESEM, Regulus 8230) and atomic force microscopy
(AFM, Dimension Icon). X-ray photoelectron spectroscopy (XPS, ESCALAB250Xi)
was performed using a spectrometer. Electrochemical properties were measured by an
electrochemical workstation (CHI760E) and three-electrode system, where the
electrolyte was 1M LiClO4/PC, the reference electrode was Ag/AgCl, the counter
electrode was Pt wire, and area of the working electrode was 3 x 0.6 cm?. The optical
transmittance was measured in the wavelength range of 400-1000 nm by UV-visible

near-infrared spectrophotometer (UV 3600).



Supporting Equations
Equation S1. Formula of optical modulation

AT=T,-T, (1)

Equation S2. Rayleigh scattering theory:
B 8n*Ma’ |n2 -1 |2

L= A'r? ‘n2+2‘

(1+cos® O)1. (2)

If the incident light is unpolarized, the irradiance is denoted by I; and the
scattered irradiance by I;. The relevant parameters in this context are as follows: M is
the number of particles, r is the distance from the observation point to the particles, 6

is the scattering angle, n is the refractive index, and a is the radius of the particles.



Supporting Tables

Table S1. The roughness average (R,) and the root mean square roughness (R,) of

NiO NCs film and W-NiO NCs film

Sample R, (nm) R, (nm)

NiO 5.40 6.74

W-NiO 4.74 6.03




Table S2. Transmittance of bleached NiO films compared to peers
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Table S3. Chromatogram and transmittance of NiO NCs film and W-NiO NCs film

Samlpe State L* a* b* Ty (%) T (%) AT (%)
bleached 71.34 -1.40 2.85
NiO 87.68 36.18 51.50
colored 4393 2.82 5.85
bleached 74.30 -2.64 0.83
W-NiO 94.58 28.97 65.61
colored 40.80 3.76 8.27
FTO 85.53 -2.06 -2.60 100

In the CIE chromaticity coordinate space, the L* represents the brightness,

ranging from 0 to 100. The a* represents the red-green axis, with more positive values

representing red and negative values representing green. The b* represents the

yellow-blue axis, with more positive values representing yellow and more negative

values representing blue.



Table S4. Corresponding values of the XPS patterns of the NiO NCs film and W-NiO

NCs film
Atomic Binding FWHM Atomic
Sample Element Assignment energy
(%) (eV) (V) (%)
2p3pn NiZt 853.62 1.18 2.29
NiO Ni 46.48
2p3, Ni%* 855.28 3.01 6.20
2p3p NiZt 854.06 1.28 2.39
Ni 42.15
2p3, Ni%* 855.70 2.87 5.76
4f;, W3+ 33.68 1.29 0.12
W-NiO
4fs, W3+ 35.80 1.29 0.19
w 2.93
4f;, WOt 35.09 1.16 1.33

4fs;, WOH 37.25 1.16 1.29




Table S5. Comparison of the optical properties after cycling

Samlpe Number  State L* a* b* Ty (%) T, (%) AT (%)
bleached 72.63 -2.78 2.33

NiO 2500 88.05 50.17 37.88
colored 54.13 1.48 5.22
bleached 73.88 -2.79 1.01

W-NiO 5000 92.17 34.34 57.83
colored 43.15 3.49 7.78

FTO 85.53 -2.06 -2.60 100
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Fig. S1. Elemental content for different sputtering time
By adjusting the sputtering time, we explored the effect of different W
concentrations on the electrochromic performance. XPS was used to measure the
composition of films corresponding to different sputtering time (Fig. S1). With the

extension of sputtering time, the W content in the NiO films gradually increased.
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Fig. S2. Spectra of NiO films corresponding to different sputtering time
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From 20s to 60s, both the optical modulation amplitude and the transmittance in the

bleached state gradually decreased (Fig. S2 (a)-(d)), which indicates excessive W

accumulation on the surface of the W-NiO film and hinders the insertion and

extraction of Li" ions, ultimately leading to poor performance.



Fig. S3 (a) and (b) FETEM images of NiO NCs

To determine the size of the nanocrystals, the film was scraped from the FTO
substrate followed by dispersing the powder film in a toluene solution. After
sonication, the nanoparticle size distribution image was obtained as shown in Fig. S3

(a) and (b).
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Fig. S4. XRD pattern of NiO and W-NiO in FTO glass

Due to the deposition on FTO, characteristic peaks corresponding to FTO are
prominently observed. The diffraction peaks of NiO NCs are compared with the
standard (JCPDS # 47-1049), and indexed as (200), (111), and (220) of the face-
centered cubic (FCC) NiO structure, which demonstrates the high crystallinity of NiO
NCs.!! After the W doping, the diffraction peaks still correspond to the FCC NiO,

indicating well-miantenance of the phase structure.



b) Colored NiO

Fig. SS. Discoloration images of the films before and after the W doping



Fig. S6. Discoloration images of the films before and after the cycling process

As shown in Fig. S6, the electrochromic films did not peel after thousands of

cycles, indicating the superior adhesion between the films and the FTO glass substrate.
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