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ABSTRACT

Vanadium oxide (V,0,) and 0.25-2.00 mol% Pt-loaded vanadium oxide nanoparticles
(Pt-V,0, NPs) were synthesized by hydrothermal and flame spray pyrolysis (FSP) technique. For
flame spray pyrolysis (FSP) technique, the precursor solution were prepared from vanadium
oxytripropoxide and platinum acetylacetonate in diethylene glycol/toluene/tetrahydrofuran with
ratio of 30/30/20 vol.%. Resulting in crystalline and nanostructured of V,0; and Pt-V,0O, NPs, the
crystalline phase, morphology and size of the nanoparticles were characterized by X-ray
diffraction (XRD), scanning electron microscopy (SEM) and transmission electron microscope
(TEM). The energy dispersive X-ray spectroscopy (EDS) was used to verity Pt NPs addition to
V,0, samples. The specific surface area of the nanoparticles was measured by nitrogen adsorption
(BET analysis). The optical properties of V,0, samples were evaluated in term of UV-vis
absorption spectra. Sensing films were prepared by spin coating onto the aluminum substrates
interdigitated with Au electrodes on the front side. The effect of Pt-loaded on V,O; NPs on the
sensing properties were investigated towards H,, C,H,OH, NH,, NO,, C,H, and H,S gas at the
operating temperature of 250 300 and 350°C. It was found that 1.00 mol% Pt-V,O; sensing film
showed highest response to 1000 ppm C,H.OH at the operating temperature 350°C. At the same
condition the sensing film of Pt-V,O, prepared from hydrothermal method showed the lower
response than the sensing film of Pt-V,0O, prepared from flame spray pyrolysis technique.
Therefore, Pt-loading concentration can be used to effectively tailor the gas-sensing performance

of flame made V,0-based C,J1,OH vapor sensors.

Key words: Vanadium oxide (V,0,), platinum (Pt), environmentally hazardous gas, gas sensor, hydrothermal,

flame spray pyrolysis
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2. unaWY (Toxic gases)
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duuna@a 1W 18 Tasmnnudrduasiendsngeziianududuidesniaanudududigai
o [ =Y = 1 Cgl 3 Y [+ =Y Qs ]
iunada livseszdinld (LEL) aguin dromail anududuveadaiuiagninlumime
& A0 = ¥ o [~ 1 L) 1 S P=} a oa w
anagoen 1 F1lasuinudanazilu diured uadu (Part per million; ppm) W30 fadny
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2.2 weuliie (Ammonia; NH3)™

s A ~

=} : [~ o ==
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sfanmifinan1IzvIneenFIaH (Asphyxiate gas)
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4 w 4 & aad < ' = @ o
a0 320 TuTasnTudegnunadmas wie 0.17 Afey iWuaunde 1 9270 uieluTasu-

laoan leadauramenmunlsemsaanaasluasieh 4

H s [+
M5 4 auanamaammuialszmsvsanalulasioulaesn ladt

aNDAMIMEMN f
wanonialua 46.0055 g/mol
AMUHU LY 2.62 g/dm’
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A1ADA 21°C
AL (ny) 1.449 91 20°C
uialunIgIureImsiimlnie
+34 kJ/mol
(Standard enthalpy of formation)
n Instnasgiuse lua
240 J/mol/K

(Standard molar entropy)
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' Grains boundary

Grains boundary
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2| C,HOH

i Spacce chargeregion
/ E&trlc Potential Space chargeregion Ji

T /\Electric Potential

* 0,(gas)—> O,(abs)
0,(abs) + ¢ —> O, - C,H,OH (gas)+ O —> CH,CHO+H,0 + ¢

+ O,+te — 20 * C,H,OH (gas)— H + C,H.O
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A YY) = = =1 =) o o
uailefinfelan R(g) wivdueenduiiunaliiinsfeenFiausensindinsiasy

uRa draunsh 2 Tuthumgldoonaiauleosu (0) fivnenis Ivavesnszua IWfhanas &

o q ¥ - v o = 1
minanudun uvesdInsnTutaanas nseua lihaanse lva lduniu

R@+0O (s) RO +e

(2)

s s Qs (24 = 9t a ooy 4 '
ﬂﬁu[ﬂmiﬂiﬁﬂﬁl“LI"U’ENFITJGIE’J%‘Uilﬂﬁﬁ”llﬁ'iﬂﬂﬁ‘mﬂh}ﬁiﬂﬂLﬁ"u‘VlNﬂ?‘ilﬂﬂﬂ{]ﬂiﬁn CRIBIN

9 o - P=% o ar ::3.;
lael 2 nsal auwiiauoang fall

1.

UREIA (Reducing gas)

unelaTasion (Hydrogen gas; H,)

H,+O (ads) > H,O+e

H, + 0, (ads) = H,0 +2¢
Llﬁvﬁulﬁ’fﬁmimu{?ﬁ}all“lf\j@{(I-Eydrogen sulfide gas; H,S)
HLS +30 (ads) — H,0 + SO, + 3¢

H,S + 30, (ads) — H,0 + SO, + 6e
Towoseniuoa (Ethanol vapor; C,H,OH)

C,H,OH (gas) + O — CH,CHO + H,O0 + ¢
C,H,OH (gas) — H+ C,H,0

unauey Tl (Ammonia gas; NH,)

2NH, + 30 (ads) = N, + 30,0 + 3¢

2NH, + 30" (ads) —> N, + 31LO + 6¢’
uRaeend lad (Oxidizing gas)
uia'luTasiwulaeonlad (Nitrogen dioxide gas; NO,)
NO, (g) + ¢ = NO, (ads)

NO, (g) + O, (ads) +2e — 2NO, (ads) + 20 (ads)
NO, (ads) + O, (ads) —* 20, (ads) + NO,

(3)
(4)

(6)

(7)
(8)

(9)
(10)

(an
(12)
(13)
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L. @INITABUAUDI (Response time; T,) UALIAIMINAUAUTANINAN (Recovery
time; T )
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NAIMIABDAUBY (Response time; T, ) An ANWaTalunIsaouausdldogiesinta
¢ @ A Y A a ar as ar a Y] a o wey ‘:?d o as
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~ e = R~ {
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90
Tres = liTRC“H - {(TROH ~ TRges )X 100}} T T (14)
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| Gas~in Gas~out
Air l l Air
3 (Rﬁ'\r) : f : (Ra»r)
g : ;
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vy |
8 5 i |
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| 1 p :
1 1 1
TRW? : TR??S] : :]-R:}as'z : TR!:;*z
P ‘P Tim\?
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6.1.1
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AT DINATDUNITATID Sunde (Lab-set gas sensor measurement)
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Tanaa (Screw driver)
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una lalagiau (Hydrogen gas; H))
Townauaniuoa (Ethanol vapor; C,H,0H)

o = R
unaneu Juile (Ammonia gas; NH,)

2% L4 2 ) £
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SEM)
o ar a d a &
SnuarmadugIuineveseymanuuRoyeen laR s gns LazeyMAUIRYY
s Ay a o ow = ¥ g o =
pon laan@earounaniy dauaaalunini 34 naasldiiuneymaianyuziunsinay
g = =t " a = =1
seavu Tu Tavdvuiadszuim 70-100 v lwwas Svwasoudisadiuaue uazinnuilu
A [ 1 ' a @ o [ o oa
ioReriuge uaeyninnoudIumeiuuaznsz1ea AT uv1 LM oynInve WAty
- - 0 ¥ ; 9 sa o ' a A
L@ 115031A31241 199100 IWD10UDINA99a N5 TALDIANATDULV DA DINI 11 11199910
o 3 i ' ) = o Qs o a a o
s ld lifsmedonmsTnnzivinauazdnsuendugIuIngvosuna ity
gw i =9 =] o ow :_-j 3 Y c:; 4 L M Y '
uonnntdimudsnunsRouwamivianududunaiulylalinadevuiaveseynia
Y] ' ' =3 = "
ypanuRoueen leduimin uaedielsnaumsinszduuiavesoynin Lagnsinzngy
o da o ! ¥ = P '
NUYBIOYNINIINNADIFANI TAIDIANATOULVUADINIIAUNIWITAAATIZN 190819M01Y

- Y a 9 a Ja ¥ = 3 ] da &
MUY I@UL!‘V]%Sﬁll'ﬁ?fﬂu'ﬁﬂ')lﬂ'j']z‘ﬁﬂlﬁﬁglaﬂﬂlnﬂs’UuIﬂﬂﬁlvﬁﬂa'ﬂQi}aW53ﬂualﬁﬂﬂiauuuu

'ﬁ'?‘i‘_ldﬁ‘l‘liﬂﬂﬂﬁﬁiL%Uﬂgd (High resolution transmission electron microscope; HR-TEM)



78

) 0.25 moi% Pi-v,0,

[(7) 0.35 mol% Pt-V,0, (9) 0.50 mol% Pi-V,,0, |

H 9 da d | A w ]
fﬂ‘l"lﬁ 34 mwmnﬂam@amﬁﬁuamﬂmi‘ammuﬁmmmwmmmaw 100,000 11 U4 (n)

1

o g

4
oynrnu lunuudowesn laduigns (v-n) auninn lunundovesn ladidedas

unaniiu S uannudududosas 0.25 0.35 0.50 1.00 uag 2.00 Iae lua MuaIAY



79

= = o s a d " &
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ray spectroscopy; EDS)
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2.5 HAN1INAADIINNADIPANIIAUDIANAITOUNVUTOINIY (Transmission electron

microscope; TEM)
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1 B ity 050 mo% PLVO;
5 T = RN ~ — 1.00 mol% PLV,0,
LO0E+09 3 N _~) — - O 1.0E+10
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Gas
Authors/Ref. Method Materials Sensing performance
concentration
Liu et al., 2005 [65] | Hydrothermal VZ0, 10-1000 ppm | Ethanol
method Response: 2.2 to 1000 ppm
at 200°C
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Gas
Authors/Ref. Method Materials Sensing performance
concentration

Shimizu et al., 2009 | Impregnation V,0, 100-500 ppm | NH,

[66] method Response: 2.4 to 500 ppm
at 500°C

Huotari et al,, 2013 | Pulsed laser V,0, >40 ppm NO,

[67] deposition Response: 0.6 to 80 ppm
at 290°C

. Sol gel-based

Modafferi et a;., electrospinning process V205 0.1-0.8 pPpn NH3

2013 [68] Response: <1 to 0.8 ppm
at 260°C

This work Flame spray Pt-loaded V,0; 50-1000 ppm | Ethanol

pyrolysis

Response: 3.27 to 1000 ppm

at 200°C
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Abstract

In the present work, vanadium pentoxide (V,0s) nanoparticles have
been investigated for monitoring ethanol (C,HsOH) at ppm levels in air. A one-
step flame spray pyrolysis (FSP) process has been applied for the synthesis of
unloaded vanadium pentoxide (V,0s) and platinum-loaded vanadium pentoxide
(Pt-V,05) nanoparticles. The samples have been studied to characterize their
morphological and microstructural properties by X-ray diffraction, scanning
electron microscopy and transmission electron microscopy investigations. Pt
addition to V,05 samples were verified by energy dispersive X-ray spectrometry
mode. The specific surface area of the nanoparticles was measured by nitrogen
adsorption. The application of the produced nanoparticles in sensitive and
selective ethanol resistive sensors has been demonstrated. Pt-loaded samples
have shown higher response toward ethanol at ppm concentrations compared to
unloaded samples.

Keywords: vanadium pentoxide, platinum, ethanol, gas sensor, flame spray
pyrolysis

© The 5" RMUTP International Conference on Science, Technology and
Innovation for Sustainable Development:

the road towards a green future (Abstract)



108

Gas-sensing Properties of Pt-V,0, Thin films for Ethanol Detection

Viruntachar Kruefu” , Pusit Pookmaneeb, Anurat Wisitsoraat', Sukon Phanichphamtd

"Program in Materials Science, Faculty of Science, Maejo University, Chiang Mai 50290, Thailand
hProgmm in Chemistry, Faculty of Science, Maejo University, Chiang Mai 50290, Thailand
‘National Electronics and Computer Technology Center, Pathumthani 12120,

Thailand
‘Nanoscience Research Laboratory, Department of Chemistry, Faculty of Science, Chiang Mai
University, Chiang Mai 50200, Thailand

v_viruntachar@hotmail.com,

Keywords: Vanadium pentoxide, Platinum, Ethanol, Gas sensor

Vanadium pentoxide (V,0;) nanoparticles have been investigated for monitoring ethanol (C,H,OH) at
ppm Jevels in air. A one-step flame spray pyrolysis (FSP) process has been applied for the synthesis
of vanadium pentoxide (V,0,) and platinum-loaded vanadium pentoxide (Pt-V,0,) nanoparticles. The
samples have been studied to characterize their morphological and microstructural properties by X-
ray diffraction and transmission electron microscopy investigations. Pt addition to V,0, samples were
verified by energy dispersive X-ray spectrometry mode. The specific surface area of the nanoparticles
was measured by nitrogen adsorption. The application of the produced nanoparticles in sensitive and
selective ethanol resistive sensor has been demonstrated. Pt-V,0, has shown higher response toward

ethanol at ppm concentrations compared to unloaded samples.
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Abstract. In the present work, vanadium pentoxide (V,0s) nanoparticles have been investigated for
monitoring ethanol (C,HsOH) at ppm levels in air. A one-step flame spray pyrolysis (FSP) process
has been applied for the synthesis of vanadium pentoxide (V,0s) and platinum-loaded vanadium
pentoxide (Pt-V,0s5) nanoparticles. The samples have been studied to characterize their
morphological and microstructural properties by X-ray diffraction and transmission electron
microscopy. Pt addition to V,0s samples were verified by energy dispersive X-ray spectrometry
mode. The specific surface area of the nanoparticles was measured by nitrogen adsorption method.
The application of the produced nanoparticles as sensitive and selective ethanol resistive sensor has
been demonstrated. The Pt-loaded V,0s sensor has shown higher response towards ethanol at
ppm-level concentrations compared to unloaded one.

Introduction

Vanadium pentoxide (V,Os) is an n-type semiconducting metal oxide with d° electron
configuration, which contains active sites for adsorption of gaseous molecules on their surface.
From the electrical point of view, it can be reduced from v species to V¥ to from oxygen
vacancies on the surface during the interaction with reducing gases resulting in an increase in
electric conductivity [1]. Due to these properties, vanadium oxide (V,0s) is a potential candidate for
gas sensing. The nanoparticles of V,0s can be synthesized by different methods including
electrospinning process [1], hydrothermal [2], flame spray pyrolysis [3] and precipitation [4]. Flame
spray pyrolysis (FSP) is a promising technology for systhesis of metal oxide nanoparticles with high
surface area in a single-step process [5]. Nanostructured materials show high surface area, leading to
strongly enhanced sensing efficiency.

In this work, we synthesized V,05 nanoparticles and Pt-V,0s nanoparticles by a single step
of flame spray pyrolysis (FSP) process. The nanoparticles were characterized by X-ray diffraction
(XRD), scaning electron microscopy (SEM), high resolution-transmission electron microscopy
(HR-TEM) and energy dispersive X-ray spectrometry (EDXS). The specific surface area of the

nanoparticles was measured by nitrogen adsorption method (BET analysis). Resistive sensors were
fabricated by spin coating of V,0s nanoparticles and Pt-V,0s nanoparticles on an alumina substrate
provided with interdigitated Au electrodes and tested for ethanol sensing at ppm levels. The effects

of Pt loading and operating temperature on the sensing properties of V,Os nanoparticles were
investigated.

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans
Tech Publications, www.ttp.net. (ID: 202.28.38.122-05/06/15,02:26:18)
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Methods

Synthesis and characterization of nanoparticles

The unloaded V,0s and 1.00 mol% Pt-V,0s nanoparticles were synthesized by FSP
technique. The precursor solutions were prepared from vanadium (V) oxytripropoxide (Aldrich,
98%) and platinum (II) acetylacetonate (Aldrich, 99.99%) dissolved in diethylene glycol (Fluka,
209.5%)/toluene (Riedel deHaen, 99.5%)/tetrahydrofuran (Fluka, 299.5%) with a ratio of 30/30/20
vol.%. Precursor solutions were fed into a FSP reactor by a syringe pump (Inotech) with a constant
feed rate of 5 mL/min through the inner reactor capillary while 5 L/min O; is being dispersed (5/5
flame). The gas flow rates of methane and O, supporting flamelets were 1.19, and 2.5 L/min,
respectively. The pressure drop at the capillary tip was kept constant at 1.5 bar by adjusting the
orifice gap area at the nozzle. The flame height was about 11 ¢cm. After evaporation and combustion
of precursor droplets, particles are formed by nucleation, condensation, coagulation and coalescence
then resulting in Pt deposited on V,Os support. Finally, the nanoparticles were collected on glass
microfiber filters (Whatmann GF/D, 25.7 cm in diameter) with the aid of a vacuum pump. After
flame synthesis, it was found that V;Os nanoparticles had the bright yellow color and 1.00 mol%
Pt-V,0s nanoparticles had the yellow-green color. From this result, it can be concluded that Pt have
an effect on V05 appearance.

The phase and crystallinity of the flame-made (5/5) nanoparticles were analyzed by X-ray
diffraction (XRD) using CuKg, radiation at 26 = 10-80° with a step size of 0.06° and a scanning speed
of 0.72°%min. The fundamental parameter approach and the Rietveld method were applied to
determine the crystallite size of nanoparticles (dyxp). The morphology and size of the nanoparticles
were characterized by transmission electron microscopy (TEM). The specific surface area (SS4ggt) of
the nanoparticles was measured by nitrogen adsorption at 150°C, using Brunauer-Emmett-Teller
(BET) analysis. The BET-particle diameter (dg;7) can be calculated according to:

dypp = 60/, XSSAy X WI%V,05 + )y, X SSAy X wit%o Pt) (1)

where dy;y is the particle diameter, pvoos and pp are the weight density of V205 (3.35 g/cmj) and Pt
(21.45 g/cm3), respectively.

Sensing film fabrication

An Al,O3 substrate (0.4 cm x 0.55 cm * 0.04 ¢cm) equipped with interdigitated Au electrode
(0.24 cm x 0.5 cm) was used as sensor substrates. 200 nm-thick Au layers were deposited by DC
sputtering in argon gas at a pressure of 3x107° mbar. The mixtures of 60 mg V,0s and | mol%
Pt-V>0s nanoparticles in an organic paste composed of ethyl cellulose and terpineol (0.25 mL) were
spin coated on alumina substrates and then annealed at 450°C for 3 h with a heating rate of 1°C/min
for removal of binder from sensing films.

Gas sensing characterization

The sensor characteristics of sensing films were characterized towards C;HsOH vapor in the
concentration range of 50-1000 ppm at the operating temperature ranging from 250-350°C. The
external NiCr heater was used to adjust the temperatures. The gas-sensing measurement setup is
reported in our previous work [5]. The CoHsOH vapor was flowed at different flow rates to desired
concentrations by mass flow controllers (Brook Instrument). The resistances of sensors were
continuously monitored with a computer-controlled system by voltage-amperometric technique with
10 V dc bias and current measurement through a 6487 Keithley picoammeter. The gas sensing
properties of V,0s and 1.00 mol% Pt-V,0s5 sensors are characterized in terms of response and
response time as a function of gas concentration and operating temperature. The gas-sensing
response (S) is given by S = Ry/R,, where R, and R, are the electrical resistances of the sensor
measured in the presence of pure dry air and C;HsOH vapor, respectively. The response time is
defined as the time taken to reach 90% of the response when gas is introduced. The recovery time is
defined as the time taken to reach 90% of the recovery when the gas is turned off.
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Result and Discussion

Particle properties

XRD analysis was carried out to identify the crystalline structures of V,0s nanoparticles.
Figure 1 shows the typical XRD patterns of V,05 and 1.00 mol% Pt-V,0s nanoparticles. All the
diffraction peaks can be indexed to orthorhombic crystalline phase of vanadium pentoxide (JCPDS
file no. 41-1426, Space group: Pmmn, a = 11.51 A, b = 3.565 A, c=4.372 A). Pt peaks at 26 =
39.763°, which can be matched well with cubic phase crystalline structures (JCPDS file no.
04-0802), is also found in the pattern of Pt-V,0s. From diffraction peaks at position 26 = 20.279
degrees on the (001) plane, crystallite sizes of V;0s nanoparticles and 1.00 mol% Pt-V;,05
nanoparticles is calculated using Sherrer's equation to be ~22.1 and 21.0 nm, respectively.
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JCPDS file No. 41-1426 (V,0,)

PRS0 Tl VO

JCPDS file No. 04-0802 (Pt)
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10 20 30 40 50 60 70 80

20 (degrees)
Fig. 1 XRD patterns of unloaded V,0s and 1.00 mol% Pt-V,0s nanoparticles.

The SSAggt of V205 and 1.00 mol% Pt-V,0s nanoparticles were measured to be 56.2 and 61.2
mzfg respectively. The corresponding dper of V205 and 1.00 mol% Pt-V,0s nanoparticles are
calculated using Eq. 1 to be about 31.9 and 27.8 nm, respectively. It can be seen that SSAggT increased
while dggr decreased with Pt loading. The calculated particle diameters by BET are in the same range
as XRD data.

Fig. 2 (a) and (b) show the SEM micrographs of flame-made V,0s5 and 1.00 mol% Pt-V,05
nanoparticles. The nanoparticles have agglomerated nanosphere morphology with an average
diameter of 20-30 nm. Accurate morphology of V,0s and Pt dispersion was examined by TEM.
TEM bright-field images of V205 and 1.00 mol% Pt-loaded V205 nanoparticles are shown in Fig. 2
(¢) and (d). Spherical and oval V,0s nanoparticles (~20-40 nm) are clearly observed in the TEM
images. For Pt loaded V,0s sample, smaller spherical nanoparticles with an average diameter of
~1.5 nm can be seen on the surface of V,0s5 nanoparticles as the darker spots as indicated in Fig. 2
(d). These nanoparticles are confirmed to be Pt nanoparticles on V,05 support by EDXS analysis as
shown in Fig. 3. The chemical compositions of V,05 and 1.00 mol% of Pt-V,0s nanoparticles were
analyzed from EDXS spectra (Figs. 3 (a)-(b)). The signal of EDXS spectra confirm the presence of
Pt, V and O elements in V;Os nanoparticles loaded with 1.00 mol% Pt.
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o 100 mm

Fig. 2 SEM micrographs (a) unloaded V,0s and (b) 1.00 mol% Pt-V,0s and HR-TEM bright-field
image of nanoparticles (c) unloaded V,>0s and (d) 1.00 mol% Pt-V,0s nanoparticles.
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Fig. 3 EDXS analysis of (a) V205 and (b) 1.00 mol% Pt-V,05 nanoparticles.

Gas sensing properties

The sensing properties of unloaded V,0s and 1.00 mol% Pt-V,Os-based ethanol sensors
have been investigated in terms of response, response time and recovery time. When V,Os
nanoparticles are exposed to ethanol (C;HsOH) vapor, C;HsOH vapor reacts with the adsorbed 0.,
O~ and O” ions on the surface of V105 nanoparticles. The oxygen anions, O, , O and O are
stable below 100°C, between 100 and 300°C and above 300°C, respectively. The interactions
between ethanol vapor and surface-adsorbed oxygen species such as superoxide ion O, and
peroxide ion O,* can be described according to the reaction in Eqs. 2-5. The reactions increase the
concentration of electrons on the surface of V,0s nanoparticles, leading to the decrease of resistance
of V105 layer.

0, + C2H5OH(g) — HzO(g) & ZCOZ(g) + e (2)
30, + CszOH(g) — 3H20(g) g 2C02{g) + 3¢’ (3)
02" + C;HsOH(g) — HyOggy + 2C00q + 2¢° (4)
305" + C2HsOH g — 3H,0() + 2COyq + 6¢ (5)

Figure 4 (a) shows the dynamic response of V,0s and 1.00 mol% Pt-V,0s 84s Sensors versus
the ethanol concentrations ranging from 50 to 1000 ppm at the operating temperature 350°C. It is seen
that 1.00 mol% Pt-V20s sensor exhibits much higher response to ethanol vapor at various
concentrations up to 1000 ppm than unloaded V,0s one. Thus, Pt is the effective catalysis for
enhancement of ethanol interaction for V,0s-based sensors. In addition, 1.00 mol% Pt-V,05 sensors
exhibits shorter response time (~1.8 min) than unloaded V,0s (~5.5 min). Thus, Pt-V,Os sensors
possesses the desired high sensitivity and fast response requirements.

Figure 4 (b) shows the response of unloaded V,0s and 1.00 mol% Pt-V,0s based sensors to
1000 ppm of ethanol vapor as a function of the operating temperature. The presented results
demonstrate that the response of 1.00 mol% Pt-V,0s sensor is higher than that of unloaded V,0s one
at any operating temperature. [n addition, the sensor response monotonically increases with
increasing operating temperature from 250 to 350°C. At the optimum operating temperature (3 50°C),
the response of 1.00 mol% Pt-V,0s sensor is about 3.2 times as high as the unloaded V,0s one.
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Fig. 4 (a) Dynamic response of unloaded V,0s and 1.00 mol% Pt-V,0s gas sensors to ethanol pulse
with concentration ranging from 50 to 1000 ppm at 350°C and (b) sensor response vs. operating
temperature for unloaded V,05 and Pt-V,05 sensors toward 1000 ppm ethanol vapor.

Conclusion

In conclusion, unloaded V,0s and 1.00 mol% Pt-V,0s nanoparticles were successfully
synthesized by a single-step flame spray pyrolysis technique. The crystallite sizes of unloaded V,0s
and 1.00 mol% Pt-V,0s nanoparticles were found to be ranging from 20 to 30 nm. The gas-sensing
results indicate that 1.00 mol% Pt-V,0s has good potential for ethanol-sensing applications.
However, more work including the variation of Pt loading concentration and application of other
loading materials is still needed in order to optimize the sensing performances of V,0s-based sensors.
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