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ABSTRACT

Cesium tungsten oxide (Cs,;, WO;) nanoparticles are widely applied to solar control films on windows of
automobiles and buildings due to their remarkable near-infrared (NIR) light absorption property. In this re-
view, the presence of tungsten deficiency in Cs, 5, WO; nanoparticles through the rapid quenching process of
the spray pyrolysis method is demonstrated for the first time. Notably, the relation between tungsten deficiency in
tungsten bronze crystals and NIR-absorption properties was clarified in detail. In addition, Cs,;, WO, nanopar-

ticles produced through the spray pyrolysis method exhibited the improvement of photochromic stability.
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Fig. 1 Examples of CWO® applications: (a) window film, (b) interlayer glass, (c) IR cut filter, (d) digital printing, and (e)

photothermal conversion.
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Fig. 2 Crystal structure of Cs,3,WO; (a) projection from c axis, (b) projection from b axis.
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K1 CseauWO, KIFDERFTEENMTFY A X, BRICET 5REDHRE
Table 1 Previous researches on the Cs, ;,WO; particle synthesis and their characteristics.
Method Target materials Tungsten and Experimental Size and References
cesium sources conditions morphology
Solid-phase Csy33 WO, Tungstic acid Heated at 650°C in 50-100 nm, Takeda H. and
synthesis (H,WO,), Cesium  H,/N,, and 800°C in N Irregular Adachi K., 2007
carbonate (Cs,CO;)
Thermal Na,Cs, WO, Ammonium In N, heated at 250°C  Average 32 nm, Choi J. et al., 2015
decomposition metatungstate with oleylamine Irregular
hydrate (AMT),
Cesium hydroxide
(CsOH"H,0)
Liquid-phase Csy33WO; Tungsten chloride  Heated at 300°C with ~ 10-30 nm, Mattox T. et al.,
synthesis (WCl,), Cesium oleic acid Hexagonal prisms 2014
chloride (CsCl)
Solution mixing Na,Cs, WO, Cesium sulfate Heated at 260°C with  5-20 nm, Huang X.-J, et al.,
method (Cs,S0,), CsCl, oleic acid Nanorods, Truncated 2018
CsOH"-H,0, cesium tetrahedron
acetate
Hydrothermal — Cs,WO; Sodium Tungstate  Heated at 190°C, and  >1 pm Shi F. et al., 2014
method (Na,WO,-2H,0), 500°C in N,
Cs,CO;
Hydrothermal = Cs,WO,_F, Na,WO,-2H,0, Heated at 190°C, and  20-300 nm, Liu J. et al., 2015
method hydrofluoric acid ~ 60°C for drying Nanorods
(HF), Cs,CO;
Solvothermal Cs,WO, WCl,, CSOH-H,0 Heated at 200°C with  15-50 nm, Guo C. et al., 2010
process ethanol Nanorods
Solvothermal Pt-doped Na,WO,-2H,0, Heated at 190°C with  10-80 nm, LiuJ. etal., 2019
process Cs,WO, Cs,S0,, and citric acid Nanorods
H,PtCl,
Electrospinning Cs,WO; H,WO,, Cs,CO; The voltage was Several pm, Tahmasebi N. et al.,
method applied at 20 kV Nanofiber 2018
Flame assisted  Csy33WO; Ammonium Flame field around 80 nm, Hirano T. et al.,
spray pyrolysis Tungstate 1000°C and heated at ~ Hexagonal prisms 2018
Pentahydrate (ATP), 650°C in Hy/Ar
Cs,CO;
Thermal plasma Cs,3;; WO, ATP, Cesium Plasma field operating 50-500 nm Mamak M. et al.,
method formate (CsCOOH) at 65 kW 2018
Spray pyrolysis  Cs,;;WO; ATP, Cs,CO, Heated at 1200°C, and 20-100 nm, Nakakura S. et al.,
650°C in H,/Ar Hexagonal prisms 2019, 2020

HT) O XRD Ml B R LT ERE R T, HE
B THER L 72K (Before HT) @ F A1
Csy5,WO, (ICDD 04-009-6455, Oi J. et al., 1993) T
HY, EML L T(Cs0),W,0s (ICDD 47-0566),
W,,0,, (ICDD 07-0719), (H,0),;WO, (ICDD 072-
0199), Ammonium Tungstate Pentahydrate (ATP) (ICDD
040-1470), WO, (ICDD 032-1393) % & A TW %,
L2 L, IR ORE % 300°C 205 650°C £ T
BRMICEAIELZZ LTINS ORAIIHEL,

IZITH—D Csy,, WO, FHATER T2 2 L 25 520 &
oTWwWhb,

WS % B THER L 72K T (Before HT) DO#%
T (a=73756 A, c=7.7147 A) &, #EICHLHLIR
JED EFHIZX ) a=74180 A, c=7.5885 A F TEALL
7oo THUZ, WAFERECTER LR T ORTE
BAs, BB X 0 EHAHEE (Reference, ICDD 04-
009-6455) THM SN BT O (a=7.4049 A,
c=7.6098 A) T L2 LMMENL, CsED L
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EUTARLU 7= Csy3,WO, $IF D SEM &
Fig. 3 SEM images of Cs,;,WO; prepared by spray
pyrolysis heated at (a) 900°C and (b) 1200°C.
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(a) XRD spectra and (b) lattice constants of Cs,4,WO; particles prepared by spray pyrolysis before and after heat

Fig. 4
treatment.
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5 BEREAIHEESLCERTLEZIT > Csu,WO; KD (a, b, d, e) HAADF-STEM &, (c, f) B 5(b) FD a-b &

LURI5(e)FDcd ZA4 DI TR MNEE

Fig. 5 (a, b, d, e) STEM images in the HAADF mode and (c, f) scanned spot intensity profiles along a-b in Fig. 5 (b) and
c—d in Fig. 5 (e), respectively, in samples before and after heat treatment.
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Fig. 6 Transmittance spectra of Cs,3,WO; nanoparticles
prepared by spray pyrolysis before and after heat
treatment.
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Fig. 8 (a) STEM images in the HAADF mode and (b, c) illustrates the schematic atomic arrangements (d) scanned spot
intensity profiles along a—b, c—d, and e-f respectively, in samples.
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