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Abstract

TiO, nanowires were synthesized by hydrothermal method for the application to ethanol gas sensor. TiO,
nanowires were decorated with Au nanoparticles to improve the sensitivity to ethanol gas. Scanning electron
microscopy and Transmission electron microscopy revealed that the synthesized nanowires had diameters and
lengths of approximately 100 - 200 nm and a few micrometers, respectively. Size of the Au nanoparticles
decorated on the TiO, nanowires was observed to be in the range of 10 - 20 nm. X-ray diffraction confirmed
that the decorated nanowires were composed of anatase-, rutile-TiO,, and Au. The sensitivities of TiO, nanow-
ires sensors decorated with Au were approximately 1.1 - 3.65 times as high as those of as-synthesized TiO,
sensors for the ethanol concentration of 5 - 100 ppm at 200°C. The mechanism of the improved ethanol gas
sensing of the TiO, nanowires decorated with Au nanoparticles is discussed.
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Fig. 1. SEM images of TiO, nanowire arrays decorated
with Au nanoparticles on FTO substrate (a) top
view and (b) side view.
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Fig. 2. (a) XRD patterns of Anatase-, and Rutile-struc-
tured TiO, nanowires decorated with Au nano-
particles. (b) TEM image of TiO, nanowire
decorated with An nanoparticles.
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Fig. 3. Dynamic responses of (a) the as-synthesized
TiO, nanowires and (b) Au nanoparticles
decorated TiO, nanowires sensors to ethanol
gas with the concentration of 5-100 ppm at
200°C.

g 2= Au Yx=A7F ZHE TiO, YA
TEM AR1S Yepd Aol o] ARRS a4
Z, SEM ARl = 2 YehbA] @89k 3ErH A
o] Au Yx=U4A7E 2 YEhd e S0 & 3
ATH ARIAA] FE AR, iedo] P4 o
3L, L FH H2 Aoz FAdE YA7E Au o
EJARRIE], o] UdAke] A7]= #7o] ¢F 10 -
20 nm =2 FHEATH

I8 38 - ]/]-h—_/\'].g- vlgo 2 oEke 7t
AZS T 2Ezolnt. o] AFE s T
=) TiO, Y=d3 o] Y=o Au Y=YAE
AT Urlw‘—/}_% FH] AT 9] A]?igi IDE %
= Els



242 A A e A

2 dARE AX|sle], IDE Fo] 259} AA AA
257F dAsk=A] FRlsT) o] AdS sl
st FFE oeke k== ZH2b Sppm, 10 ppm,
20 ppm, 50 ppm, 100 ppm 2.2 A3\t B 7}
9] FFol o vkg-3 F77ke] 9 3 E-2
ZzF 100 %2} 300 22 AA3IHE=d], o)+ o] Al
Aol whgoll QloA, ERAl 7kt HE REE-

Lol Hlsl], F717k=Re] 35 Aj7te] EA A
Elyt7] wjEolth 29 3(a)= o]EA AXH F
of 93] 4% T FAE Tio, Y= AlA
oebE 7k AE 54 Zefjzolt}. o] Lol w
29 B3 sx9] 7tavF FFE wet AlA e
e ZH7E 41.64%, 64.02%, 78.42%, 89.96%,
115.93% W3}ttt 18 3(b)e TiO, U=d &
Holl Au UxUAE IHE & e 7t A
548 SHe agzolt) o] AS 7t FEE
of wat 2 A3 S 4580%, 80.08%, 11542%,
228.16%, 423.33% RHE W3lsiSlth o] AxE v}
go=z ALt FaEE 7Hs F%7F 5 ppmoll A
100 ppme = F7F P& v, = A3} 7] wsh=
7}7} 1.10, 1.25, 1.47, 2.54, 3.65 v} o+ 1 x}o]
7 e Aoz yeidt webd =7t 71
weh oeke Wkg EAS Au Y UdA7F IS A
$-ofl B wuzs] Aoks 2 g 4 Ak

Uk o2 Ti0, Y=ol 7] Tl AL o,

ot

=

a3 079 e steEs P4 "k 1
3L o] REgo] dojub= A A, Y FHORE
FE AR A7 TiO,o A=del Exlske Ak
= wjokA H YA Fdols Aol vt o
AYA ==, Tio,o] A% AAE carrier® AHE-
Sl= n-type AHSHE WEEA R O] carrier?] A
A= ied 9 3335S s |k o] o,
Ao i EAskE Au WAkl 5] U
A g9 e AAe] FFo] 4L 7k H o,
] 330 AkA Qake o] AAE SEste o
S WE S22 o]23) HA "ok 1 A, YA
xH e g8 B2 AR A YRR F2HE
of AFFA|AL, YA e 3RS 05 Iy
Al =W, o]z F7] Fol EAleh=s Y=o A
< g 7= 881w Agsity. 1 A3
=9 FH Au =Rt SR8k A, T
E Yiedol Hlste] 1 A 3ko] B F7EH
=, ol ¥ 39 = oA AT F At
o] EjazollN T FAE TIO, YA A4S ¥
7] FollA 2 A Fo] 15727 MQ2lH ¥k, Au U}
=URE ZEE Yieade] As 2 Aol 373.17

o

of

C,H;OH (gas) — C,H;OH (ads) (N
C,H;OH (ads) + 60" (ads)
— 2CO, (gas) + 3H,O (gas) + 6e” )

o] Wkgo] dojik= AN, A= 719 A
2AHE AASHA Ha, o] Ak oAl Uied 2
O 2HE UxAoz TFE o YA carriers
AdsiAl Flok olg st vk Axt v Aol I
T2 s =L, AE2 oA RolA A H= A
ojt}, o] W, Y9 wHe Au Y=YR7F E4Y
sl |9, ] EAlahe ke HeE ARl 4
7F Bold W ooz}, JderEe] &3l vk Au o
EJATY Fej A 2EeHAl Ha, 1 A3 ok
o] At} w2 US EFXHA Eoh wEba A4
He ARel o 9A Be el Bz, Ui

o FBF 22 9N O% Sk 2o,

a9 45 2w B Vedel oEe A3 u
SAE Uehd aezoln. Itz o oeE 7t
28] HAEE feiAe 7hed W2 2x0A 2
< &= Ao fFEsith. 2571 ZoAW Uie
A AR e] Wzt o] opd oA 9 ofekEdt 4b
o) gl o3 Fwl ek % £ A, e
N e AR B¢y Fol ¥AT & ot wet
A AES AT e 7HaFolE B2 Al o,
E3 HAES Q9 7P A 2eE dAse A

;\? 500 O Au nanoparticle decorated TiO, nanowire sensor

- QO As synthesized TiO, nanowire sensor

"§ 007 / :\)\

-1
[+4
30300 -

lﬂ
& 200

n

[}

£

£ 100+ O/O/}\O\O
(="

7]
& 0

150 175 200 225 250
Temperature (°C)

Fig. 4. Responses of the as-synthesized TiO, nano-
wires sensor and Au nanoparticles decorated
TiO, nanowires sensor to ethanol gas of 100 ppm
as a function of the operation temperature.
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