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Preparation of WO: Thin Film from Tungsten-Carboxylate Solution
and Its Electrochromic Properties

Youichi SHIMIZU, Kazuhiko NODA, Katsumi NAGASE, Norio MIURA
and Noboru YAMAZOE

WOs thin films for electrochromic display (ECD) device were prepared by a spin-coating method from the
organic tungsten solutions obtained by refluxing a mixture of tungsten hexachloride, a carboxylic acid (typically

n-butylic acid) and benzen.
heat-treated at 100C for 1 h.

Amorphous WOs3 «+ H20 films were obtained when the spin-coated films were
The electrochromic characteristics of the films depended on the carboxylic acids

used for the starting solutions; n-Butylic acid gave a film having higher coloring and bleaching efficiency
(injected charge of 4mC/cm? for an optical density change of 0.5) as well as faster response (ca. 200 ms), as

compared with those films obtained with acetic acid, propionic acid and none.

SEM observation revealed that

the film obtained with n-butylic acid was ca. 3 g#m thick and composed of small WOs particles (ca. O.Ipm).
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Fig. 1 Schematic view of the ECD cell using WOs
film.
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Fig. 2 Optical and electrochromic set-up for the ECD
experiments.
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Fig. 3 X-ray diffraction patterns of WOs films tre-
ated at various temperatures. (a) 100T ,
(b) 200T, (c) 470C, (d) 600TC.
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Fig. 4 Infrared spectra of WOs films treated at va-
rious temperatures. (a) room temperature,

(b) 100C, (c) 200C, (d) 600C.
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Fig. 5 TG curve of as-deposited film.
ing rate: 10C - min™")

(In air, heat-

) |
~-1.0 -0.5 0 0.5 1.0
Potential vs. Ag/AgCl/ Vv

Fig. 6 Cyclic voltamograms of as-deposited film (a),
and the films treated at 100°C (b) and 200C
(c). (Sweep rate: 100 mV - s77)




—370—

BREICLDL WO BEQ(ER L 20T L s busu sy 854

05} (b)
R C)
04 F
[m]
o 03F
< (c)
_ e — -
02 |
o1 r
0 | | |
0 10 20 30 40 50
Time/ s
Fig. 7 Coloration characteristics for various ECD
cells. (Applied voltage: —1.8 V) (a) room
temperature, (b) 100C, (c) 200C.
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Fig. 8 AOD as correlated with the electric charge
injected (2) and extracted (b) for various WOs
thin films. The carboxylic acid used: (1)
acetic acid, (2) n-butylic acid, (3) propionic
acid, (4) none.
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Fig. 9 » Cyclic voltamograms of various WOs films.

(Sweep rate: 100 mV + s71)

Carboxylic acid used; (a) acetic acid, (b)
n-butylic acid, {¢) none.
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Fig. 10 Coloration and decoloration characteristics
of wvarious WOs films in ECD cells.
Carboxylic acid used; (a) acetic dcid, (b)
propionic acid, (c) n-butylic acid.
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(a) acetic acid,

(b)

Fig. 11 SEM photographs of the surface and the cross section of various WOs films.

(b) n-butylic acid.
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