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Figure 1 (Color online) (a)—(c) Transmittance spectra of TiO, NRs with different particle sizes; (d) the optical modulation at the wavelength of 400,
600, and 800 nm; (e) the optical photographs of L-TiO, NRs thin film electrodes with different applied voltages (Reprinted with permission from ref.

[16], Copyright©2023, John Wiley and Sons publishing).

114603-3



HRARFL S, PE LY WELE J)% RI¥

2026 4 B 56E 11

FREAE I = 4E 0 U AR R, I8 B F 97 22 1R R
IR TIONMN KA 4 T, K FIHIEAE H R T 4h
FEAE KW 04 PR 7332, BV SEEL T M B W 45 1)
FURSTRE R 4%. X — PR I 22 O 25 A AN SR M 14
TAMEH LRI, AT it 7=
B SRS, 1 B SR R R SO, AR
T BT B S 1 FE R KA, W04
A3 S AR L A A AR A A 3 S 4T AR BRI LSPR R
UAC; T T =5~ JUL 3k W3 A~ WAL S Bt T L' B
FIES]. BT LRI E T, %R gs e
7E633 nmu] W% 51800 nmilt 21 4h ik B 1385 1 2 18 i)
7 N81.4%591.3%, HRE/3E Lt [a] 73 51 29 0.9 A
1.2's, FHAE20000% 8 30 J5 A7) PRFF e R 1l 1 85% LA |
(K2).

SR KA 2 02 5y — PR R R0 B TR D R 4R R
. 540 WangZ5 AU W05 2H,090K Fr ik &,
RGN T G KIEFR T 3508 € PR B8 7 THI I B
H(E3(a)). S5H7KLE G TR T IE S & & i
1, BLY iR BRI B TKWO; 13565, BEREF
TETFIIEHA L. G TR — MRS, Frl&
IR A WO RLR I L 7 B B ke AT
A H FIE90.4%, HEERN322.6cm* C!, HAE

&

Calcination

-)
o

Electrospinning

100

N A
’ '('_‘:’I
:Y/j\\-
/ V.
L ¢ v

500G JG ATy e A3 B R 11193, 7%, %44 Ik BE
(1 e 3 R T S5 K 5N 51 R 1 S PR 45 1 5 v A
TEAERLE R AR, LG T K WOMKHS T Li' 75 8%
i TP ISR AR B T4 )2 S5 MK AR, AR
EWK T RZ AR, OSSR R AL TR T U
VRIS, [FEE AR R TIEEER, AT
BB, X RS MR 32 5 1 e A AL
AR 3 N2 A8 Sy L3R T B 3 2 T A = P PR o 1
Bt/ PR R . 22T 9 A B T B 5 PR e A A AL 2 T
e BH T S5 MK BIVE T, Attt v b e U B rE B A
R 7 5 2R A

T ERKIEZ A, FFRENE— SRR T
W 5 HoAh oo F B R & & SR, BN, WangZs
ANPEWO;-H,OF AR 5] X TNJCE Mot &, 528l
TR AR TE. HrhNT R B s 5 A A E
BT, A3 TR B8R FIRE, MnE
PEBAOR 7 3L FLSPRAGIE LT ANAKIRE 17; Moyt & N
AT MBI EE M, AOURTF T PSR, N
BT T B BRE S, B T A MKER
[ PE B AL B TE 5 2 e B I RS, %A R
TER] WO 5 L0 AN E Bl SEBIL T 75%578% )i 1
R

W
W
\,
\, N,
\, 7~ b Ve
\, s \,
\, s \, /
\, / \, !
\, / S /
\, - N, .
\, / \, /
\,
\, N, /
"\ gn ¢

Solvothermal

=)

L ¢
Pine-needle-like

TS it W,30,,/TiO, heterostructures

@
S

=
o > W,0,
s R 80 Y 9
8 w0 3 )

1 o
g g e — 06V
£ g 60 H —-0.2V
£ T £, ——-08V
'ﬁ 60 0 E
c 5 40 g
© k9 ©
S
= = =2

404 204
400 800 1200 1600 2000 400 800 1200 1600 2000 400 800 1200 1600

Wavelength (nm)

Wavelength (nm)

2000
Wavelength (nm)

B 2 (MR Wis040/ TiO 45 K 1 £ il 5 B E80AR tat: Ae (B A B E SCHR[18], E23REEAN)

Figure 2 (Color online) Synthesis and electrochromic performance of PNL-W,304o/TiO; heterostructure (Reprinted with permission from ref. [18],

Copyright©2022, John Wiley and Sons publishing).
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Figure 3 (Color online) (a) Capacitance and optical modulation performance at NIR band of WO;, WO5-H,0, and WO;-2H,O (Reprinted with
permission from ref. [19], Copyright©2020, American Chemical Society publishing); (b) schematic diagram of the synthesis of N, Mo co-doped WO;
materials (Reprinted with permission from ref. [20], Copyright©2025, Elsevier publishing).
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Figure 4 (Color online) (a) Schematic diagram of an ion-beam assisted e-beam evaporation method for the preparation of 0-WO;_, and s-WO;
films; (b), (c) dual-band electrochromic properties of the 0-WO;_, films (Reprinted with permission from ref. [24], Copyright©2025, John Wiley and

Sons publishing).
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Figure 5 (Color online) Optical transmittance spectra of thin films with different oxygen vacancy contents at different bias potential. (a) Thin film

with low oxygen vacancy content; (b) thin film with high oxygen vacancy content (Reprinted with permission from ref. [25], Copyright©2023, John
Elsevier publishing).
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Figure 6 (Color online) Spectro-electrochemical characterization of investigated films in 1 M LiClO, in PC. (a) WO;_,; (b) TiO,; (¢) TiOy/WO;_,
mix; (d) TiO,@WO;_, (Reprinted with permission from ref. [26], Copyright©2023, John Elsevier publishing).
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Figure 7 (Color online) (a)—(f) Characterization of NIR regulatlon performance of WO; film in the hybrid electrolyte; (g)-(i) key state
characterization of four-mode photothermal regulation for electrochromic smart windows (Note: the four modes are “bright-warm”, “dark-warm”,
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Figure 8 (Color online) (a) Crystal structures of Li,TisOy, and Li;TisO,; (b) MIR thermographic characteristics; (c) visible-to-infrared spectral
reflectance R(1) of LiyTisO;, and Li;TisO,, nanoparticles deposited on Al foil and covered by barium fluoride (BaF,); (d) band structure modulation
mechanism; (e), (f) schematic diagram of LTO-based device structure (Reprinted with permission from ref. [17], Copyright©2018, John Wiley and

Sons publishing).
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Figure 9 (Color online) (a), (b) Structural design and physical demonstration of the electrochromic smart window based on the high reflectivity of
ITO; (c), (d) investigation of the optimal thickness of the ITO layer; (e), (f) spectroscopic characteristics of the smart window (Reprinted with
permission from ref. [32], Copyright©2025, John Wiley and Sons publishing).
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Figure 10 (Color online) (a) The spectra of PE/Au grid/Graphene and other types of TCE from 0.2 to 20 um; (b) the comparison of the TCE
performance in terms of sheet resistance between this work and previously reported works in the literature; (c) schematic of the electrochromic device
working principle; (d) solar and MIR absorptivity/emissivity spectra (Reprinted with permission from ref. [33], Copyright©2021, American Chemical

Society publishing).
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Figure 11 (Color online) Multi-mode performance display, cyclic voltammetry curves and corresponding state photos of the PB combined with
electrodeposited Cu device (Reprinted with permission from ref. [35], Copyright©2024, John Wiley and Sons publishing).
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Figure 12 (Color online) (a) Design of the VO,-WOj3-based tri-band electrochromic device; (b) schematic of hot-stage experiment and thermal
imaging comparison (Quartz/ITO, 0.1 mm PE/ITO, 0.05 mm PE/ITO, ITO/quartz); (c) transmittance spectra (0.35-2.5 um) of the optimizing-
multispectral EC device (Reprinted with permission from ref. [39], Copyright©2024, Springer Nature publishing).
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Figure 13 (Color online) (a) The transmittance of the highly crystalline PANI film in the visible and NIR ranges of the solar spectrum in response to
an applied potential at selected wavelengths (Reprinted with permission from ref. [42], Copyright©2018, American Chemical Society publishing); (b)
transmittance curves changes versus time for TMP-based gel electrochromic device (Reprinted with permission from ref. [44], Copyright©2020, John
Wiley and Sons publishing); (c) the digital photographs and electrochromic schematic of PVTPA-CL films and its spectroelectrochemistry of
electrochromic device (Reprinted with permission from ref. [46], Copyright©2021, Elsevier publishing).
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Figure 14 (Color online) (a) Schematic for visual and thermal camouflages on the terrestrial environment underinternal heat expulsion of
camouflage surface; (b) experimental results for dual-band dual-environmental camouflage (Reprinted with permission from ref. [50],

Copyright©2023, De Gruyter publishing).
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Figure 15 (Color online) (a) Device structure and operation principle; (b) visible and infrared images of the device in fully discharged and charged
states (Reprinted with permission from ref. [51], Copyright©2021, Springer Nature publishing).
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Electrochromic devices enable reversible modulation of optical properties under an applied electric field, allowing for
dynamic control of solar heat and infrared radiation characteristics This review systematically summarizes recent
progress in multi-band electrochromic devices, focusing on modulation mechanisms and device architectures. It
elaborates on the physical principles of band-specific modulation: including polaronic absorption in the visible range,
localized surface plasmon resonance in the near-infrared, and emissivity modulation in the mid-infrared. The evolution of
device designs, spanning from dual-band (synchronized/independent) to triple-band systems, is thoroughly discussed,
highlighting strategies such as single-component defect engineering, heterostructure construction, electrolyte
engineering, and structural innovation. Finally, the application prospects in smart windows and adaptive camouflage
are evaluated, and future challenges in decoupled spectral control, cycling stability, and scalable fabrication are outlined.

electrochromic materials, multi-spectral compatible response, collaborative modulation, intelligent thermal
management
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