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Spectrum Investigations of Chloro-Alkoxide Sol-Gel Nanostructured

Tungsten Oxide Thin Films
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Abstract: Vermicular mesoporous nanostructured WO; thin films were prepared from a chloro-alkoxide sol-gel
method via controlled EISA (evaporate induced self-assembly) process using TMDD (HO(EO),C,,(EO),OH) surfactant
as the structure-directing template. This template was eliminated by calcination of 300 ‘C. The as-prepared films could
be continuous, uniform, and transparent. SEM, TEM, and Raman spectra were used for the nanostructural examinations.
Spectrophotometric, XPS, and ellipsometry methods were also introduced to determine the electrochromic behaviors of
the nanostructured films. The results showed that the cyclic reversible transmittance modulation range more than 75%
has been realized above wavelength of 633 nm, and the electrochromic mechanism of the nanostructured WO; films
exhibited double-inserted absorbing characteristics.

Key Words:

Nanostructured; WO,; Thin film; Electrochromic

FUR, A TTE A B HAT B B0 (R0 Ak
A ZRIA, LR R T AR R AR, i
TN — AP KRR AR b, SRR A
1969 4F 4 Deb! & LR AT HUBUE B E LK, — B A&
SR H R — U 42 AT RERT SMART WIN-
DOWS g B2 (8 )2 Y B B e bR 2 —, [ATi B

EEPN DY VAL B NITTR AV =R a7/
JEETT TRT, P SIEP . CVD YA PN -8 I V26 1 7 T
N HCBA TR A A R . s A e - 1 o o
AU B, FEITARARARAT T, A
N — PRV I S s BoR, HoAT —E R MR R
#r{H.

Received: August 4, 2008; Revised: September 24, 2008; Published on Web: November 18, 2008.
*Corresponding author. Email: yzzhang @mail.sic.ac.cn, lejun@mail.sic.ac.cn; Tel: +8621-52412359.
[ K B RPHA 5645 (59932040-2) K 15 5 8 5 FERIBIFST & SR LI (973)51 H (2009CB939900) ¥ Bl

© Editorial office of Acta Physico-Chimica Sinica



268 Acta Phys. -Chim. Sin., 2009

Vol.25

HR 2T 2 B F 5T 45 2R, T A FLAE 9K 45 4
A7 Bl 4 v P 0 € S 1 2 /5 g iy 5 AR R
SRR T A B T ) SRR VA - R R 1, 1Rl A L
BAALAOKGER 0 AL YRR, T IR R 238 k3R
- BB G RE. B 1998 45 LK, M fLgK
S0 AL IR A T A8 AR T A, IR B
T RIETE R LU FRASAAE, H—M A Z IR0
FHL R BT s, A6 25 JLAE T — B 2 T
il B 1k U 4 T8 SR A L JHE P 10 85 ) S T A A 751 .
Hrr, TMDD((HO(EO),C1(EO), O — Rk i+
T Gemini 2% A1V 14711, 143 22 1016 DAL = AR AUA
O FE (cme)B/NEIL AT, FBF & T HF AL
RGBSR T BE . (o R X 245 4 5 ) SR A S
i il 5 AN K S50 SE AL B A FL RS, LRI R T
FENFLHEA T TR AR,

ASCE S LUK FREE R+ Gemini 2% [AITE PE 7
TMDD h 2546 St T2k BISA (3545
AP T 00 il 5 T sk Y — OGRS
T B A £L 94 K 25 40 A Ak S v . AR 5 i ) SEM,
TEM I Raman S35 55 7 15X AR 1 4K G5 /b 267 7
FAE, F R GIE H AbF XPS FH i 15 627y 1k
o T R A1, ST B AL,

1 SEIGERSy
1.1 #REE
— B, - T A ) S T T

modified sol-gel
RH=30%—50% controlled EISA

N

~ initial sol |

calcination

VA IRE ), L2 YR PSS o) 5 1 &7 SRSk PO 2 1 L
SEARSRAN AT 280 1. AR SCR FH —Fhielc gk (%) EISA 1)
PR T2 3 A FLAN K 285 40 SR AL A v, 20
FE S IE BT AL AN ] 1 FR.

FERR R BT, Je4 — 8 ot 19 2% 18 T 7 7
TMDD(M,,~ 1250, 434, Aldrich, 3% )% T 10 mL
TeIK ZWEG T 4E, 99.5%, [ 2y ik #5023 7))
W TR N HERE 2 h, IR —FhE IR 3 — AR
R ARG, VDR HIN AL g JC/KWCI(43 B4,
99.9%, Aldrich, ZE[E)Z IR T, R
TFYRSEIREE Y 2 h. O TR R 74 S TP B
BHUICHLE AL, B mr IR e a2 1A, B
THEFE P 40 TTHEFRIL 24 h BIERAGH A5 BT
VA I HT SR AR (initial sol). 38 5 1 S AL A ISR VA IS il 75
)T e Y S R0 R T B 1 R D, UK i 4 5 3
ARk, T L RRAS B 17 B I 22 1 TS,
T LA T Ay ol P 5 o 5 e ol PSS 35 2 ™ Ak 1)
PEAG. R T DX — R84S SCR et () EISA
BB S T 25 il A5 a8 B A A LA K &5 4 SR Ak
. B e A S IR AR A (RH)30%0—50% 4%
T, SRR #E ) F 2 (dip-coating) 7E 44 IS 9% i,
FI N7 RIVRE 0 T LA v T, TR AE 120
CLAT . WA TR s 00 A N T 25 &, TR AR 43 i
I AN ) B A 11 375 BH TSRS HE b, 540 AR A5 ik
o T 5 B i USRS TR L, K RU(RH
80%—100%)4bFH 1 min, 58 B (RO LY 7K g4

WCI(OEt),
3, WCL(OFH),

/? TMDD

l RH~80%—100%

extended hydrolysis-condensation

1 NILGKREHRNEHERAFE RV IEREEE
Fig.1 Simplified schematic representation of the mechanism proposed for formation of mesoporous tungsten oxides
RH: relative humidity, TMDD: HO(EO),C,,(EO),OH
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images of nanostructured WO; calcined at 300 °C
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Fig.3 Raman spectra of the nanostructured
tungsten oxide thin films
(a) as-synthesized, (b) calcined at 300 C, (c) calcined at 400 C
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Insert in Fig.b is optical density (OD) at 633 nm as a function of
charge density in the 5th cycle.
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n: refractive index, k: extinction coefficient
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