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This indicates that the Au/7-ZnO sensor exhibited the highest sensor response. Therefore, the Au
nanoparticles doping would result in the higher reaction rate constant and exhibits an excellent
catalytic ability [10, 17-19].
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Conclusion

The hexagonal wurtzite 7-ZnO has successfully synthesized by thermal oxidation technique.
The enhancement of the sensor response of the Au/7-ZnO sensors is considered in terms of an

increase of the adsorbed oxygen density, O", and the reaction rate coefficient, kz;,(T) in the rate

S

equation for an ethanol adsorption reaction on the ZnO surface.
Acknowledgements

This work was supported by Thailand Research Fund (TRF). Chawalit Bhoomanee would
like to acknowledge the financial support via Graduate school, Chiang Mai University. The authors
gratefully acknowledge Dr. S. Phadungdhitidhada for helpful discussions.

References

[1] K.L. Chopra, S. Major, and D.K. Pandya: Thin Solid Films. Vol. 102 (1983), p.1-46.

[2] K.S. Leschkies, R. Divakar, J. Basu, E.E. Pommer, J.E. Boercker, C.B. Carter, U.R. Kortshagen,
D.J. Norris, and E.S. Aydil: Nano Lett. Vol. 7 (2007), p. 1793—-1798.

[3] Y.N. Xia, P.D. Yang, Y.G. Sun, Y.Y. Wu, B. Mayers, B. Gates, Y.D. Yin, F. Kim, and H.Q. Yan:
Adv. Mater. Vol. 15 (2003), p. 353-389.

[4] M. Fu, G. Du, X. Fu, B. Liu, Y. Wan, and L. Guo: Materials Research Bulletin. Vol. 43 (2008), p.
912-918.

[5] L. Liao, H.B. Lu, J.C. Li, H. He, D.F. Wang, D.J. Fu, and C. Liu: J. Phys. Chem. C. Vol. 111
(2007), p. 1900-1903.

[6] C. Bose, P. Thangadurai, and S. Ramasamy: Mater. Chem. Phys. Vol. 95 (2006), p. 72-78.

[7] N. Hongsith, C. Viriyaworasakul, P. Mangkorntong, N. Mangkorntong, and S. Choopun: Ceram.
Int. Forum Vol. 34 (2008), p. 823-826.

[8] C. Xiangfeng, J. Dongli, A.B. DjuriSic, and Y.H. Leung: Chem. Phys. Lett. Vol. 401 (2005), p.
426-429.

[9] N. Hongsith, and S. Choopun: IEEE Sens. J. Forum Vol.10 NO. 1 (2010), p. 34-38.

[10] T. Santhaveesuk, D. Wongratanaphisan, and S. Choopun: Sens. Actuators B Vol.147 (2010), p.
502-507.

[11] S. Choopun, A. Tubtimtae, T. Santhaveesuk, S. Nilphai, E. Wongrat, and N. Hongsith: Appl.
Surf. Sci. Vol. 256 (2009), p. 998-1002.

[12] C. Li, L. Li, Z. Du, H. Yu, Y. Xiang, Y. Li, Y. Cai, and T. Wang: Nanotechnology Vol. 19
(2008), p. 035501-035504.

[13] C. Bhoomanee, N. Hongsith, E. Wongrat, S. Choopun, and D. Wongrataphisan: Chiang Mai
Journal of Science, in press.

[14] T. Santhaveesuk, D. Wongratanaphisan, and S. Choopun: IEEE Sens. J. Vol. 10 NO. 1 (2010),
p. 39-43.

[15] Q. Wan, Q.H. Li, Y.J. Chen, T.H. Wang, X.L. He, J.P. Li, and C.L. Lin: Appl. Phys. Lett. Vol.
84 (2004), p. 3654-3656.

[16] N. Hongsith, E. Wongrat, T. Kerdcharoen, and S. Choopun: Sens. Actuators B Vol. 144 (2010),
p. 67-72

[17] E. Wongrat, P. Pimpang, and S. Choopun: Appl. Surf. Sci. Vol. 256 (2009), p. 968-971.

[18] M.E. Franke, T.J. Koplin, and U. Simon: Small Vol. 2 (2006), p. 36-50.

[19] N. Yamazoe, G. Sakai, and K. Shimanoe: Catal. Surv. Asia Vol. 7 (2003), p. 63-75.




Eco-Materials Processing and Design XII
doi:10.4028/www.scientific.net/MSF.695

I
c
3
w
£
'
3
3
&
'
-

b
-
M
D
;Q.
ey
Qo
(@]
~

Enhancement of Sensor Response by Au Nanoparticles Doping on ZnO Tetrapod
Sensor
doi:10.4028/www.scientific.net/MSF.695.565




ae b

Bt ¥ P

LR PR TR P R A

Copyright © 2011 American Scientific Publishers
All rights reserved .
Printed in the United States of America

i

SENSOR LETTERS
Vol. 9, 936939, 2011

Sensitivity Improvement of Ethanol Sensor Based on
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Chemical sensors based on ZnO nanostructure were fabricated and studied toward ethanol vapour.
The adding metal by metal impregnation technique was used for sensitivity improvement of ethanol
sensor based on ZnO nanostructure. ZnO nanostructures were prepared by thermal oxidation
technique under normal atmosphere and exhibited diameter of 40-300 nm and length of several
micrometers. The ethanol sensing properties of sensor based on ZnO nanostructure with platinum
and gold nanoparticle were investigated. The improvement of sensitivity due to metal adding was
observed and found that adding metal with both Au and Pt resulted in the highest sensitivity of
85 at 1000 ppm. The sensitivity improvement by metal impregnation Is due to catalytic properties
of metal in both ethanol adsorption reaction kg, (7) and oxygen adsorption reaction Koxy (T} &t the

surface as described in sensitivity formula.

Keywords: Sensors, ZnO, Nanostructure, Metal impregnation.

1. INTRODUCTION

Zn0 nanostructures have potential for various applica-
tions such as gas sensor,' solar cell® and optoelec-
tronic device.’ Gas sensor based on ZnO nanostructure has
been widely investigated. However, ethanol sensor based
on Zn0O nanostructure exhibited typically low sensitivity
unless the nanostructure size was less than about 10 nm.*
Thus, the techniques for sensitivity improvement were
intensively studied, Adding noble metal such as platinum
(Pl).’ pnlladmm (pd)'l—lﬂ silver (Ag)." and gold (Au)u-u
is also ane of the techniques commonly used to improve
sensor seasitivity. Typically, the metal acts as 3 catalyst
to modify surface reactions of metal oxide semiconductors
toward sensing gas and results in higher sensitivity than
that of pure ZnO.

Many researchers have reported the seasitivity improve-
ment of ZnO nanostructure by adding noble metal. Wang
et al. have reported the sensitivity improvement of ammo-
nia sensor with Pd-doped Zn(Q) nanotetrapods that was bet-
umﬂnezaﬁ."mudﬁ." mmm
ZnO nanorods of 15 nm diameter and found an increase
enhancement of ethanol seasor by impregnatiag platinum

*Corresponding suthor; E-mail: supab® @ gmail com
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on surface of ZnO tetrapods and found that the sensitiv-
ities of platinum impregpated ZnO tetrapod sensors were
higher than that of pure ZnO tetrapod sensors.” Also, we
have found that the sensitivity of the sensor based on Au-
doped ZnO panowires ¢xhibited higher value than that of
the sensor based on undoped ZnO nanowires,'>1?

Thus, in this work, adding metal by metal impregnation
technique was used for sensitivity improvement of ethanol
sensor based on ZnO nanostructure. The ethanol sensing
mﬁudmmbmdmwnmmmwmm
iuummdgoldmopaﬁcbminmﬁpud.

99.9%) was evaporated on alumina substrate under pres-
sure of 4 x 10°* Torr. Then, the film was thermal oxi-
dized ot the temperature of 500 *C for 24 b under normal
mmmmwwwm
and platioum colloid. Gold colloid was prepared by wes
chemical method as described in our previcus repor.

gen hexachloropiatinate Hydeste, CI H P -3q (38%
g brwEa seeputill
1540 V90208 LAVE ORI ke 5 SRR L
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The ethanol sensor based on pure ZnO nanostructure
is called ZnO sensor. While, sensor based on ZnQ nano-
structure dropped by 0.1 ml of gold colloid and platinum
colloid onto the area of 5 x 5 mm? is called ZnO:Au
sensor and ZnO:Pt sensor, respectively. Moreover, sensor
based on ZnO nanostructure dropped by 0.1 ml of gold
colloid and again dropped by 0.1 ml of platinum colloid
is called ZnO:Au + Pt sensor. After dropping, all sensors
were heated at the temperature of 300 °C for 48 h. The
morphology was observed from field emission scanning
electron microscopy (FE-SEM). The sensors were fabri-
cated by putting gold paste interdigital electrodes on the
top of ZnO surface with a heater putting underneath the
alumina substrate. The ethanol sensing characteristics of
Zn0, ZnO:Au, ZnO:Pt and ZnO:Au + Pt were tested in
ethanol atmosphere at the ethanol concentration of 50, 100,
500 and 1000 ppm at the operating temperature ranging
from 280400 °C.

3. RESULTS AND DISCUSSION

After thermal oxidation, the color of thin film changed
from grey to white color indicating change of zinc to zinc
oxide under the chemical reaction as 2Zn+ 0, — 2Zn0.
From FE-SEM image with magnification of 10,000, the
nanostructure of ZnO was observed with diameter of 40~
300 nm and length of several micrometers as shown in
Figure 1(a). After metal impregnation, it was observed that
Zn0O:Av, ZnO:Pt, and ZnO:Au+ Pt had the different mor-
phology comparing to ZnO as shown in Figures 1(b-d).
This is due to acidic propenty of metal colloid solution
that corroded the surface of ZnO. However, the diame-
ter of nanostructures after metal impregnation was about
the same. The diameter was in range of 50-350 am,
50-270 nm, and 80-300 nm for ZnO:Av, ZnO:Pt, and
Zn0:Au + Pt, respectively.

8 ¢
P
=g
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The resistance change of sensors based on ZnO at
300 °C, ZnO:Au at 340 °C, ZaO:Pr at 380 *C, and
Zn0:Au+ Pt at 380 °C in air and in ethanol atmosphere
of 1000 ppm at optimum temperature were shown in
Figure 2, A decrease of resistance was observed in ethanol
atmosphere. It should be noted that the optimum temper-
ature of ZnO:Au, ZnO:P1t and ZnO:Au 4+ Pt sensors arc
higher than ZnO.

The sensitivities as a function of operating tempera-
ture were plotted in Figure 3. It can be scen that metal
impregnation resulted in improvement of sensitivity and
ZnO:Au + Pt exhibited the highest sensitivity. The sensi-
tivities of ZnO:Au, ZaO:Pt and ZnO:Au + Pt sensors at
optimum temperature were 27, 75, and 85, respectively
while the sensitivity of ZnQ sensor was 9,

The improvement of sensitivity due to metal adding can
be considered by using sensitivity formula from our pre-
vious report® as:

Ru _ Dken(D)[OGT
Ny

S= C:'i-] (1)

P

where [, is proportional constant, kg, (T) is a reaction rate
constant between adsorbed oxygen species and the ethanol
vapor that depends on the operating temperature, [OX2]" is
adsorbed oxygen species concentration, C; is the cthanol
Fon?emration. and ny is electron concentration of sensor
in air,

The improvement of sensitivity due (0 metal adding may
be explained by using two parameters in sensitivity for-
mula: reaction rate constant kg, (T) and adsorbed oxygen
species concentration {05 ]°. First, metal can act as a cata-
lyst to enhance reaction rate constant in ethanol adsorption
reaction kg, (T) as given in Eq. (2)

CH,CH,0H,, +0% B C,H,04+H,0+2c~ (2)
and resulted in enhancement of sensitivity as seen in
Eq. (1). The evidence for having higher kg, (T) can be

e Z00_300 °C
—— ZarAu_HOC
—p— ZnOP_380°C
~—— Zu(rAnePr_380 °C

¥ L

0 500
Time (3)

. ITOLHV HOHVISIY

i
Bos,

.

A

T Ay e

-

!

Fig 2. The resistance change of scasors based on 200 m O °C.
Fig. 1. FE-SEM images of pure ZnO (a), Zn0:Au (b), ZaOPt ) and Zn0:Au at 340 *C, ZaOxPt a1 380 *C, and Zo0:Au+ Pt & 380 °C in aic
ZoCrAu+ P (d). and in cthancl ammosphere of 1000 ppm.
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D0 -
80 4

10+ i
R0 300 A0 MO 360 3O 400
Operating temperature (°C)

Fig. 3. Sensitivities as a function of operating temperature for sensors
based on pure Zn0, Au:ZnO, PtZnO, and Au + PtZn0 sensors under
ethanel concentration of 1000 ppm.

observed by the sensor resistance in the ethanol ambient.
It is clearly seen in Figure 4(b) that the sensor resistance
in the ethanol ambient of the metal adding sensor is lower
than that of ZnO sensor suggesting the higher reaction rate
constant in ethanol adsorption reaction.

(.) 1
0] v
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Je 1o
g .
]
5. - - . x
2 3 4
3| @ zn0:au 3
24 | & ZnOi - ®
' ¥ Zn0:Auet » ™
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1.2+ ® In0Au
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pu{w & * ¢
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M : & - L) b L4 s T.f' Ll = o8
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Fig. 4. Scnsor resistance versus the operating wagperature for ali sen-
sors in air (a) ad under ethanel concenteation (D) & e stine) concen-

teation of 1000 ppen.
938
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Second, metal can also act as a catalyst to enhance reac-
tlon rate constant in oxygen adsorption reaction kg,,(7)
as given in Eq. (3).

1 koxy

501+ 2e~ & 05 3)

The increase in Ko, (7) resulted in an increase of [Og5]°
and finally, resulted in enhancement of sensitivily as seen
in Eq. (1). The evidence for having higher ko, (7") can
be observed by the sensor resistance in the air. As seen
in Figure 4(a), the sensor resistance in air of the metal
adding sensor is higher than that of ZnO sensor suggest-
Ing the higher reaction rate constant in oxygen adsorption
reaction. Therefore, the sensitivity improvemnent by metal
impregnation is due to catalytic properties of metal in both
ethanol adsorption reaction and oxygen adsorption reaction
at the surface.

4. CONCLUSIONS

The adding metal by metal impregnation technique was
successfully used for sensitivity improvement of ethanol
sensor based on ZnO nanostructure. The improvement of
sensitivity due to metal adding was observed and found
that adding metal with both Au and Pt resulted in the high-
est sensitivity of 85 at 1000 ppm. Therefore, the sensitiv-
ity improvement by metal impregnation is due to catalytic
properties of metal in both ethanol adsorption reaction
and oxygen adsorption reaction at the surface. The evi-
dences for the enhancement of kg, (T") and ko,,(T) can
be observed from sensor resistance that indicated by the
resistance decrease in ethanol ambient and the resistance
increase in air, respectively, after metal impregnation.
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