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The details of carbonated beverage ingredients:

Cola: Water, fructose syrup, sugar, food additives (carbon dioxide, caramel color,
phosphoric acid, caffeine, food flavor).

Sprite: Water, fructose syrup, sugar, food flavorings, food additives (carbon
dioxide, citric acid, sodium citrate, sodium benzoate).

Fanta: Water, fructose syrup, sugar, food flavorings (carbon dioxide, citric acid,
sodium benzoate, sodium hexametaphosphate, stevia glycoside, lemon yellow, brilliant

blue).


mailto:fanghj@xjtu.edu.cn

The detailed steps of the preparation procedure for pure WOs :

3 g AMT powder was added to 27 g deionized water and then stirred for 30 min
until completely dissolved to obtain a dark brown tungsten oxide precursor. The
precursor was aged for 24 h before use. The conductive fluorine-doped tin oxide (FTO)
glasses were ultrasonically cleaned with acetone, ethanol, and deionized water for 15
min, respectively. Air plasma treatment was applied for hydrophilic improvement of
the FTO glass subsequently. Then, the precursor was spin-coated on the cleaned FTO
glass at 1800 rpm for 8 s and dried at 300 °C for 5 min. Spin-coating step was repeated
six times to reach the proper thickness. Next, the spin-coated sample was transferred to
a 350 °C hot plate for 30 min. Finally, the thin film was annealed at 450 °C for2 hin a

muffle furnace to obtain the WOj thin film.

over 30 days

Fig. S1 The digital photographs of the colloidal precursor after being left for different
periods of time.
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Fig. S2 Raman spectra of the FTO substrate and the carbonized sample, inset is a

photograph of the carbonized sample at 350 °C.
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Fig. S3 Raman spectra of the FTO substrate and the annealed V,0s5 film.
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Fig. S4 Raman spectra of the FTO substrate and the annealed MoOj film.

——FTO
NiO
. >80 1092 4459
~ 500 715
>
£ 1200 1580
=
8 LM
=
]
500 1000 1500 2000

Wavenumber (cm™)

Fig. S5 Raman spectra of the FTO substrate and the annealed NiO film.



The characteristic peaks at 145 (lattice vibration), 283 (V=0 bending), 304 (V-O
bending vibration), 405 (V=0 bending vibration), 478 (V-O-V stretching), 526, 698
(doubly coordinated oxygen bonds) and 994 (V=0 terminal bonding) cm™' verify the
formation of vanadium pentoxide (Fig. S2). The typical fingerprint vibration modes at
288 (0=M=0), 663 (3Mo-0), 813(2Mo-0), and 994 (M0%"-O) cm™! are observed on
the molybdenum oxide (Fig. S3). And the peaks of 500, 580, 715, 1092, 1200, 1450,
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and 1580 cm™ relative content of nickel oxide (Fig. S4).
Fig. S6 XRD patterns of WO;_, WO3, and FTO films.

X-ray diffraction (XRD) analysis confirmed the phase of WO;_x and WO; are both
crystallinity state. Except for the typical peaks of FTO, the XRD spectra of WO;_, and
WO; show the diffraction peaks at angles 20=24.1 °, 28.6 °, 33.8 °,41.4 °, 49.6 °, and
55.6 1 °, which associated with the monoclinic tungsten oxide. It also proves that using
Coca-Cola and deionized water as solution to prepare electrochromic thin films has no

effect on tungsten oxide crystal structure by the same prepared processing.



Fig.S7 SEM image of annealed WO; film
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Fig. S8 AFM image of the WO; 4 film.
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Fig. S9 AFM image of the WOj; film.

Fig. S10 The cross-sectional SEM image of WO;_ film.
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Fig. S11 Transmittance spectra of the vanadium pentoxide thin film at colored and

bleached state.
MoO,
80 - A
]
X
°
2 60 T=50 %
S
E
2 40 -
<
S
= bleached
colored
20 -
400 600 800 1000
Wavelength (nm)

Fig. S12 Ttransmittance spectra of the molybdenum oxide thin film at colored and

bleached state.
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Fig. S13 Transmittance spectra of the nickel oxide thin film at colored and bleached
state.
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Fig. S14 XPS spectra of the self-doped WO;_, film.



Fig. S15 The model of Li* insertion in pure WOs.
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Fig. S16 a) Ols XPS spectrum of the annealed WOs; films (Sprite). b) Transmittance

spectra of the self-doped WO;_, thin film (Sprite) at colored and bleached states. c)



The switching behavior of the WO;, thin film  (Sprite) at 800 nm. d) The

chronoamperometry curve of WOs, thin film  (Sprite) during the switching test.
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Fig. S17 a) Ols XPS spectrum of the annealed WO;_, films (Fanta). b) Transmittance
spectra of the self-doped WO;_ thin film (Fanta) at colored and bleached states. c)
The switching behavior of the WO;, thin film  (Fanta) at 800 nm. d) The

chronoamperometry curve of WOs, thin film (Fanta) during the switching test.
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Fig. S18 Characterization of the morphology and properties of annealed self-doped

WOs;_ film thin films (Cola: H,O = 2:1): a) SEM image. b) Transmittance spectra. c)

The switching behavior at 800 nm. d) O1s XPS spectrum.
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Fig. S19 Characterization of the morphology and properties of annealed self-doped
WO;_ film thin films (Cola: H,O = 1:2): a) SEM image. b) Transmittance spectra. c)
The switching behavior at 800 nm. d) O1s XPS spectrum.
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Fig. S20 The switching behavior of WO;_.,/V,0s., electrochromic device at 680 nm.

Table S1 Performance summary of the tungsten oxide based electrochromic materials

CE (c
Materials Fabrication method AT (%) m2C- th(s) tc(s) D(cm?s!) references
D)
bonated b 81.2@800 1.1x10710
WO, carbonated beverages @ 987 230 115 - This work
solution method nm (Li")
62.57@700 1.01x10?
WOj; nanosheets solution-phase synthesis @ - 6.97 10.74 X 1
nm (Li")
78.1@630
coral-like nanostructure WO; hydrothermal synthesis @ 56.5 6.0 5.0 - 2
nm
97.8@633 5.59x10
WO; quantum-dots solution-based deposition @ 76.8 4.5 4.0 X 3
nm (Li%)
66.71 @680
Tb-doped WO, hydrothermal synthesis @ 48.33 3.70 9.99 - 4
nm
67.6@0633 4.42x107°
Ti-doped WO; wet bath @ 106.6 5 15 ) 5
nm (HY)
WO; nanotree-like structures solvothermal 74.7@630 7535 2.64 7.28 - 6




nm

72.5@1000 9.8x10°10
WO; magnetron sputtering @ 80.5 3.0 53 X, 7
nm (Li")
93.9@633
WO, eletrodeposition and nm ; 9.3 16 3.0 ) g
magnetron 89.6@1500
nm
hexagonal/amorphous tungsten hydrothermal treatment 67.7@800 101 21 15 8.08x10-10 9
oxide core/shell nanorod arrays and spin coating nm (HY
55.8@633 7.21x107
P-doped WO; ignition reaction @ 55.9 2.5 6.1 X 10
nm (Li")
WO;@AgNW -shell 72@550
@Ag ‘core She hydrothermal synthesis @ 78.64 8 11 - 11
nanowire nm
WO5/PEDOT /shell hybrid lvoth 1 and in sit 72@0633
3 core/shell hybri solvotherma an. 1n.s1u @ 1635 3.6 3.8 ) 1
nanorod arrays electropolymerization nm
l-gel method and inkjet-  75.4@633
WOj; nanoparticle sol-gelme ,0 ancmiae @ 131.9 13.1 10 - 13
printed nm
layer-by-1 1f- 61.4@1060
PsWas/ W 13040 Nanowires AyerbyTayerse @ 121.03 78 86 . 14
assembly nm
tr tteri d 89.7@w633
Porous a-WOy/Ag NFs/WO, | oncion SPUtieting an @ 5895 19 9 ; 15
electrospinning nm
ball-milli d 50@660 . 13
MoOs, /WO a .ml 1112(?I an @ ) 15 4 2.13x10 16
spin-coating nm (AP
74.4@0670
WO; reactive sputtering @ 7645 2.2 7.7 - 17
nm
70@680 1.0x10-1°
WO, spin-coating @ 62 15 7 X, 18
nm (Li")
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