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Abstract: A device for the detection and determination ofaetl and acetone was
constructed, consisting of a packed column, a cleambth a sensor head, 2 dc power
supplies, a multimeter and a computer. A commdycaailable TGS 822 detector head
(Figaro Company Limited) was used as the sensat.lid&e TGS 822 detector consists of a
SnQG thick film deposited on the surface of an alumgeamic tube which contains a
heating element inside. An analytical column waspted with the setup to enhance the
separation of ethanol and acetone before they egattie sensor head. Optimum system
conditions for detection of ethanol and acetonesvemhieved by varying the flow rate of the
carrier gas, voltage of the heating coilyfyV voltage of the circuit sensor §) load
resistance of the circuit sensor_[Rnd the injector port temperature. The flow @& tarrier
gas was 15 mL/min; the circuit conditions werg2/5.5V, \c =20 V, R = 68 K2; and the
injection port temperature was 150°C. Under theseditions the retention timesgjtfor
ethanol and acetone were 1.95 and 0.57 minutepectgely. Calibration graphs were
obtained for ethanol and acetone over the cond@mnreange of 10 to 160 mg/L. The limits
of detection (LOD) for ethanol and acetone wer® %@/ and 4.41 mg/L respectively.
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1. Introduction

Semiconductors are used as gas sensors based qurinbgle of the variability of electrical
conductivity of metal oxides when exposed to thgsses [1]. These properties can be utilized toctete
NOy, Hp, volatile organic compounds (VOCs), 9Q0O, and Q, etc [2-11]. Metal oxide semiconductor
(MOS) sensor technology is based on the changesistance of a sensitive metal oxide layer which is
induced by the interaction between a surface andiearh gasesMetal oxide semiconductors
demonstrate good detection sensitivity, robusteessthe ability to withstand high temperatures and
the technique is commonly used to monitor a varatyoxic and inflammable gases in a variety of air
pollution monitoring systems, the food industry,digal diagnosis equipment and gas leak alarms. A
diversity of metal oxides such as Sn@-5, 16-18], TiQ [5, 12], WG; [9-11] and ZnO [12-15] can be
used as sensor heads. Gehgl. [16] have tested the sensitivity of a thin-film tin ogigas sensor to
several organic vapors (methanol, ethanol, isoprolpacetone and acetic acid) in a designed aw flo
system. Leeet al. [18] have studied the fabrication and charactesstf a Sn@ gas sensor array for
many volatile organic compounds (VOCs). A voltaggedting method was used to calculate the
sensitivity of the sensor, which was defined as:

(Rair — Rgag / Rair X 100 (%)

where R; and Raswere the electrical resistances in VOCs and cliearespectively.

Sensor arrays for testing alcohol vapors can be ifradd by integrating them with a gas
chromatograph [19]. When the alcohol vapors carte ¢gontact with the sensor arrays, a decrease in
conductivity of the sensor was observed. The cotnty increased when the alcohol was flushed out
of the chamber by the carrier gas. Although manyamexides are sensitive to volatile organic
compounds (VOCs), in the present work the commiycavailable TGS 822 sensor from Figaro
Company Limited was used for the detection of ethand acetone because of its low cost, durability
and wide dynamic ranges. The TGS 822 sensor isGg 8rick film deposited on the surface of an
alumina ceramic tube which contains a heating eférmmeside. The TGS 822 cannot be used for the
detection of the mixture of ethanol and acetond, [0 in the present work an analytical column was
added into the detection system to separate etlawbohcetone before the gas reached the sensqr head
the principle is the same as in gas chromatograpig.present work represents an attempt to corstruc
a home-made detection device for a mixture of dogaalatile compounds. Ethanol and acetone were
chosen to test the availability of the commercialpailable TGS 822 detector Later on the detector
using metal oxides nanopowders synthesized by dadrmprocesses such as sol-gel, hydrothermal,
oxalate and especially flame spray pyrolysis wigsies primary particles with size ranging from 5-10
nm in a single step. This simple home-made detedievice was capable of separation of organic
volatiles compounds with the aid of a used anayttolumn from a gas chromatograph. The response
data could be collected by a written software paagmwhich converted the resistance signal into a
chromatogram like those shown by expensive equipnsenthe use of a simple detection device to
detect the mixture of organic volatile compoundshsias ethanol and acetone represents an
achievement. We expect to test other organic elaimpounds in the future using this device.
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2. Preparation of the stock standard solution
2.1 Ethanol stock solution (1000 mg/L)

Pipette 1.277 mL of AR grade ethanol (99.7%, Céarlba, France) into a 1-litre volumetric flask and
make up to volume with reverse osmosis (RO) waiec.well.

2.2 Sock standard solution of acetone (1000 mg/L)

Pipette 1.267 mL of AR grade acetone (99.8%, Clarka, France) into a 1-litre volumetric flask and
make up to volume with RO water. Mix well.

2.3 Preparation of the standard ethanol and acetone concentration of 10.00, 20.00, 40.00, 80.00 and
160.00 mg/L

Standard ethanol and acetone solutions with coratémts of 10.00, 20.00, 40.00, 80.00 and 160.00
mg/L were prepared by pipetting equal volumes baeol and acetone (50, 100, 200, 400 and| 800
of 1000 mg/L ethanol and acetone stock solutiot) @ 5 mL volumetric flask, then adjusting the
volume to 5 mL with RO water.

3. Construction of the detection device

The schematic diagram for the device for deteabibethanol and acetone sensitivity measurements is
shown in Figure 1. The system consists of a cag#&s, an injector port, an analytical column, a
chamber with a sensor head, 2 dc power suppliecgcait sensor, a multimeter and a computer. The
optimum conditions of the system for the detectbacetone and ethanol were determined by varying
the flow rate of the carrier gas, voltage of thatimg coil (My), voltage of the circuit sensor )/ load
resistance of the circuit sensor JRand the injector port temperature.

Figure 1. Schematic diagram for the detection device ofrethand acetone
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In order to establish the optimum conditions, Jollisons of ethanol and acetone with concentrations
of 10 mg/L, 20 mg/L, 40 mg/L, 80 mg/L and 160 mgilere mixed together. When the base line
voltage (Mir) was stabilized, the mixture (L) was injected into the injection port and thep@sses
were measured. The chromatograms were dispalyeédeomonitor and the peak areas were recorded.
The optimum conditions for the detection of ethaanad acetone were as follows:

()  The carrier gas flow rate was 15 mL/ min.
(i)  Circuit conditions were M =5.5V, \c =20V and R= 68 Q.
(i) The temperature of the injection port was £80

3.1 Characteristics of the procedure
3.1.1 Linearity range

In order to determine the linearity range, standamigtures of ethanol and acetone prepared by
mixing proportions of equal volume in the rangenird0-160 mg/L were prepared. Then these
solutions (1uL) were injected into the sensor system using fitermm conditions.

3.1.2 Limit of detection (LOD)

LOD was calculated from the linear regression Inighe calibration curve by means of the blank
signal plus three standard deviations of the b[2dk Standard solutions of ethanol and acetort@éen
10-60 mg/L and 5-40 mg/L range were prepared. [nef each concentration was injected into the
sensor system under the optimum conditions. The 8&5Sresponse values in term of peak area were
plotted against concentration of the standard swlufThe limits of detection of ethanol and acetone
were evaluated from these plots.

4. Resultsand discussion
4.1 Optimization of the sensor system.

The optimum conditions of the ethanol and acetysees in terms of 1) flow rate of carrier gas, 2)
Vh 3.Vc 4.R_and 3) temperature of the injector port were deiteed as follows:

4.1.1 Effect of flow rate of carrier gas

The flow rate of the eluent was optimized by mixeqgual volumes of ethanol and acetone standard
solution (1000 mg/L). When 1 puL of these solutiavss injected into the heated injection port, the
vapors of acetone and ethanol reach the columnhegwith the carrier gas. Ethanol and acetone were
swept further through the column by the carrier. & flow rate of the carrier gas passing throtingh
column and chamber were calibrated at room temperawith a soap-bubble flowmeter. The
separation process began as the ethanol and acetoqmnents moved along in the same direction of
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the gas flow with different velocities depending thweir respective partition coefficients betweea th
carrier gas and the stationary phase.

The flow rate of the carrier gas was adjusted to285 42, 80 and 112 mL/min. Figure 2 shows the
chromatograms of the mixed standard solution witterdnt carrier gas flow rates. A carrier gas flow
rate of 15 mL/min was found to be the optimum aie¢ce as shown in Figure 2a, it shows a larger
peak area of ethanol and acetone. If the carrierhga a high flow rate the responses of ethanol and
acetone will give smaller peak areas because thenel and acetone vapors have a shorter reaction
time at the sensor head. Viceversa, if the flove i@l the carrier gas is low the ethanol and acetone
vapors have a longer reaction time at the sensadt &ed give larger peak areas.

Figure 2. Chromatograms of mixed standard solution shoveffext of the flow rate; a) 15
mL/min, b) 26 mL/min, ¢) 42 mL/min, d) 80 mL/minpé e) 112 mL/min

15
< Acetone  Ethan e
S~ 145
@ M
(=2
8
E 14
13.5
0 0.5 1 1.5 2 2.5 3
Time (min)
15
Acetone Ethar
2 145 d
(5]
g
s 14 e~
>
13.5 - . . : . .
0 0.5 1 1.5 2 2.5 3
Time (min)
15 ~ Acetone
< 145 | N C
-3 ya
[
5 14 o
>
13.5 . : : . . ,
0 0.5 1 1.5 2 2.5 3
Time (min)
15 A
cetone
2 145 b
(5]
&
£ 14
>
13.5 . . : . . .
0 0.5 1 1.5 2 2.5 3
Time (min)
15
Acetone
< 145 a
S
£ 14
>
13.5 : : : . . ,
0 0.5 1 1.5 2 2.5 3
Time (min)




Sensors 2007, 7 207

4.1.2 Optimization of the heating coil VH

The best operating temperature of the TGS 822 sevs® determined by applying a voltage from a
dc source to the heating coil by varying the vatégtween 3.5-7.0 V. When 1 pL of ethanol solution
was injected into the sensor system, the peak areasmeasured. The plot of the peak area vs wltag
is shown in Figure 3. The optimum heating coil ag&, \4;, which gave the largest peak area, was
found to be 5.5 V. When a voltage greater than\b\Wwas applied, the response from the TGS 822
sensor head showed a smaller peak area becausengigvity of the Snethick film depended on the
change of chemisorbed oxygen ion on the Ssidface [22].

Figure 3. Relationship between peak area and voltage oféhériy coil
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Jiaoet al. [22] havereported that the atmospheric chemisorbed oxygerspecies such as,Q O
and G~ presented on the surface of the oxide semicondactorepresented by the following reactions:

0, <—=€> Osad (2)
O 2ad <Se > 2044 (3
O ﬁ% d_ad (4)

According to Hoet al. [23] the type of chemisorbed oxygen ion on the Ss@face is QO When the
resistance is measured in air, the oxygen ionsraddmn the Snfsurface are negatively charged; the
density of the adsorbed oxygen ions are then datednWhen the ethanol vapour passes through the
SnG surface, the Ospecies density is lower at sensor head and tggehin the response at the sensor
head is recorded by the PC system. dfimore than 5.5 V, the heating coil temperatutggber, and
the oxygen ions are then deadsorbed from the,&u@ace. Thus the response of ethanol gives a
smaller peak area.

4.1.3 Optimization of VC of the circuit sensor

V¢ is the circuit voltage that was applied acrosafd R by a dc power supply operating between 1-
24 V. The \4 at the heating coil was fixed at 5.5 V. Whepllof 1000 mg/L of ethanol solution was
injected into the sensor system, the ethanol resgsoim terms of peak areas were measured. The peak
areas were then plotted against the voltage ofithait sensor, as shown in Figure 4. It was fothat
the optimum voltage ¥ was 24 V. Nevertheless,c\= 20 V was selected because the standard



Sensors 2007, 7 208

specifications of TGS 822 sensor head specify ammam Vcof 24 V. If a V> 24 V were selected the
TGS 822 might have a shorter half-life.

Figure 4. Relationship between peak area and voltage atitcotl ¢ (the circuit of \k)
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4.1.4 Optimization of RL of the circuit sensor

After fixing Vi = 5.5 V on the heating coil and:\# 20 V on the circuit sensor, the peak areas when 1
puL ethanol solution (1000 mg/L) was injected inkt@ tsensor system were measured by varying R
between 6— 240 . The relationship between peak area and ressstahB is shown in Figure 5. It
was found that the optimum_Rvas 68 K .

Figure5. Relationship between peak area and load resist#ncecuit sensor (the circuit of IR
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Normally, R is the load resistance of the circuit sensor wigalised to calculatesPf the TGS 822
sensor head by Ohm’s Law as in the following equmati

Vc _VRL
= — = X
where R is the resistance of sensor
V¢ is the voltage of the circuit sensor
R, is the load resistance of the circuit sensor
VR Is the output voltage in the resistance
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In pure air R is high. In the presence of a detectable gasgHanges proportionally with the gas
concentration. The load resistance on the res{Bqgris measured by a multimeter. The output voltage
(VrL) increases asRlecreases, therefore the change in thddpends on the concentration of ethanol
and acetone.

4.1.5 Optimization of the injection port temperatur

A mixture with equal volumes of ethanol and aceteas injected into the sensor system after fixing
the following parameters, V= 5.5 V of the heating coil, ¥= 20 V of the circuit sensor, R 68 K2.
The injection port temperature was varied betweand 190C°C. The injection port temperature was
operated at a temperature high enough to ensuie vafatilization of the liquid mixtures in ordeo t
avoid the condensation of acetone and ethanolrdlagonship between peak area and of the injection
port temperature is shown in Figure 6. A tempertfr150 °C was selected for the entire testing of
ethanol and acetone with the TGS 822 sensor head.

Figure 6. Relationship between peak areas of ethanol andre@ind the injection port temperature.
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4.2 Characteristics of the procedure
4.2.1 Linearity range

Standard mixtures of equal volumes of ethanol aadome used were in the range from 10-160 mg/L.
When 1 pL of each concentration was injected iheogensor system under the optimum conditions of
Vy = 5.5 V on the heating coil,&/= 20 V on the circuit sensor, R 68 KQ, injection port temperature
= 150 °C, the peak areas of ethanol and acetone pletted versus the concentrations as shown in
Figure 7.
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Figure 7. Calibration graphs of ethanol and acetone withciige volume of 1.QuL
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4.2.2 Limit of detection (LOD)

Standard solutions of ethanol and acetone the r&oge 10-60 ppm and 5-40 ppm, respectively,
were prepared. 1 pL of each concentration was tegeamto the sensor system under the optimum
conditions. The TGS 822 response values in terngeak areas were plotted against concentration of
standard solution for construction of the calilratgraphs as shown in Figures 8 and 9 for ethambl a
acetone, respectively. The limits of detection w&iZ/ mg/L and 4.41 mg/L for ethanol and acetone,
respectively, as shown in Table 1.

Table 1. Detection limit and correlation coefficient of aseé and ethanol (n=3)

Standard | Detection limit (mg/L) | Correlation coefficient (r?)
Acetone 4.41 0.9938
Ethanol 9.27 0.9908

Figure 8. Ethanol calibration curve in the 10-60 mg/L concatibn range
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Figure 9. Acetone calibration curve in the 5-40 mg/L concatibn range
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5. Conclusions

Although many metal oxides are sensitive towartisretl and acetone, the commercially available
TGS 822 sensor head from Figaro Company Limited seéected for the detection of these substances.
TGS 822 by itself cannot be used for the deteabibthe mixture of acetone and ethanol, therefore an
analytical column was added into the detectionesysto separate ethanol and acetone before they
reached the sensor head. The response data catidatet! by a software program on the PC system.

The optimum conditions of the system for the dédecbf acetone and ethanol were achieved by
varying the flow rate of the carrier gas,,Wc¢, R. and the injection port temperature. It was foumat t
the best flow rate of the carrier gas was 15 mL/mwith circuit settings of M=5.5V, =20V, R =
68 k2 and an injection port temperature of 150 °C.

The oxide semiconductor sensor detection princiglebased on the chemical adsorption and
desorption of gas on the sensor surface. Underalatmospheric condition, the types of chemisorbed
oxygen ion on the surface of the oxide semiconduate Q , O, and G~ The type of chemisorbed
oxygen ion on the SnOsurface is found to be Q Therefore, the change in density of the oxygen
negative ion on the Sn@®urface is used to determine the amount of ethemdblacetone quantitatively
while the retention timesg} of ethanol and acetone were 1.95 and 0.57 mpestsely. The limits of
detection were 9.27 mg/L for ethanol and 4.41 nigfLacetone.

Acknowledgements

The authors would like to thank the Postgraduatackton and Research Program in Chemistry
(PERCH) and the Graduate School, Chiang Mai Unityerd hailand for financial supports and
Nanoscience Research Laboratory, Department of @hem Faculty of Science, Chiang Mai
University for research facilities.

Referentes

1. Capone, S.; Forleo, A.; Francioso, L.; Rellg, Biciliano, P.; Spadavecchia, J.; Presicces.D.
Taurino. A. M. Solid State Gas Sensors: State ef At and Future ActivitiesJ. Electron.
Mater. 2003, 5, 1335 — 1348.



Sensors 2007, 7 212

2.

10.

11.

12.

13.

14.

15.

16.

Jie, Z.; Huo, L.-H.; Gao, S.; Zhao, H.; Zhae(GJ Alcohols and acetone sensing properties of
SnQG thin films deposited by dip-coatin§ens. Actuators B: Chem. 2006, 115, 460-466.

Tianshu, Z.; Hing, P.; Li, Y.; Jiancheng Z.l&a¢ive detection of ethanol vapor and hydrogen
using Cd-doped Sntbased sensorSens. Actuators B: Chem. 1999, 60, 208-215.

Mandayo, G. G.; Castano, E.; Gracia, F. J.er@irA.; Cornet A.; Morante J. R. Strategies to
enhance the carbon monoxide sensitivity of tin exigin films.Sens. Actuators B: Chem. 2003,

95, 90-96.

Tan, O. K.; Cao, W.; Zhu, W.; Chai, J. W.; PanS. Ethanol sensors based on nano-gized
Fe0Os; with SnQ, ZrO,, TiO, solid solutions.Sens. Actuators B: Chem. 2003, 93, 396-401.

Yoon, J. W.; Grilli, M. L.; Bartolomeo, E. DRPolini, R.; Traversa, E. The N@esponse of solid
electrolyte sensors made using nano-sized Lakd€atrodesSens. Actuators B: Chem. 2001,

76, 483-488.

Korotcenkov, G.; Brinzari, V.; Cerneavschi, Aanov, M.; Cornet, A.; Morante, J.; Cabot, A.;
Arbiol, J. InOs; films deposited by spray pyrolysis: gas responseragducing (CO, K
gasesSens. Actuators B: Chem. 2004, 98, 122-129.

Korotcenkov, G.; Brinzari, V.; Cerneavschi, Aanov, M.; Cornet, A.; Morante, J.; Cabot, A.;
Arbiol, J. InOs films deposited by spray pyrolysis as a materialdmone gas sensor&ens.
Actuators B: Chem. 2004, 99, 297-303.

lonescu, R.; Hoel, A.; Granqvist, C. G.; Llgbet; Heszler, P.Low-level detection of ethanol
and BS with temperature-modulated W@anoparticle gas sensorSens, Actuators B: Chem.
2005, 104, 132-139.

Guérin, J.; Aguir, K.; Bendahan, M.; Lamber&diat, C. L.Thermal modelling of a W&ozone
sensor responsgens. Actuators B: Chem. 2005, 104, 289-293

Blo, M.; Carotta, M. C.; Galliera, S.; Ghelia S.; Giberti, A.; Guidi, V.; Malagu, C.;
Martinelli, G.; Sacerdoti, M.; Vendemiati B.; ZanA. Synthesis opure and loaded powders
of WO; for NO, detection through thick film technologysens. Actuators B: Chem. 2004, 103,
213-218.

Zhu, B. L.; Xie, C. S.; Wang, W. Y.; Huang, K; Hu, J. H. Improvement in gas sensitivity of
ZnO thick film to volatile organic compounds (VOdsy adding TiQ. Mater. Lett, 2004, 58,
624-629.

Anno, Y.; Maekawa, T.; Tamaki, J.; Asano Yaydshi, K.; Miura, N.; Yamazoe, N. Zinc-
oxide-based semiconductor sensors for detectingpraeeand capronaldehyde in the vapour of
consommk soupSens. Actuators B: Chem. 1995, 25, 623-627.

Cheng, X. L.; Zhao, H.; Huo, L. H.; Gao, Shad, J. G. ZnO nanoparticulate thin film:
preparation, characterization and gas-sensing projgens. Actuator B: Chem. 2004, 102, 248-
252.

Zhu, B. L.; Xie, C. S.; Wang, A. H.; Zeng, WV.; Song, W. L.; Zhao, X. Z. The gas-sensing
properties of thick film based on tetrapod-shaped hanopowdersMater. Lett. 2005, 59,
1004-1007.

Gong, H.; Wang, Y. J.; Teo, S. C.; Huang,rtetaction between thin-film tin oxide gas sensor
and five organic vaporsSens. Actuators B: Chem. 1999, 54, 232-235.



Sensors 2007, 7 213

17.

18.

19.

20.

21.

22.

23.

Varghese, O. K.; Malhotra, L. K.; Sharma, GHigh ethanol sensitive in sol -gel derived $SnO
thin films. Sens. Actuators B: Chem. 1999, 55, 161-165.

Lee, D.-S.; Kim, Y. T.; Huh, J.-S.; Lee, D.-Babrication and characteristics of Sr§as sensor
array for volatile organic compounds recogniti®dhin Solid Films 2002, 416, 271-278.
Wanekaya, A. K.; Uematsu, M.; Breimer, M.; &ad. A. Multicomponent analysis of alcohol
vapors using integrated gas chromatography wite@earrays.Sens. Actuators B: Chem. 2005,
110, 41-48.

TGS 822 for the detection of Organic Solvenpdfa. Figaro Company Limited, USA.

Miller, J. C.; Miller, J. N. Ratistics for Analytical Chemistry”, 3" ed.; Simon & Schuster: New
York, 1993; pp. 115-118.

Jiao, Z.; Gang, Y.; Chen, F.; Li, M.; Liu, ad preparation of ZnG@, nanocrystals by spray
coprecipitaton and its gas sensitive charactesissensors 2002, 2, 71-78.

Ho, J. J.; Fang, Y. K.; Wu, K. H.; Hsieh, W; Then, C. H.; Chen, G. S.; Ju, M. S.; Lin, J.-J.;
Hwang, S. B. High sensitivity ethanol gas senstegrated with a solid-state heater and thermal
isolation improvement structure for legal drinkwdyilimit detecting.Sens. Actuators B: Chem.
1998, 50, 227-233.

© 2007 by MDPI (http://www.mdpi.org).Reproducticnpermitted for non-commercial purposes.



