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A Nano—Co;0,~Based Low Temperature Cataluminescence Sensor for
the Detection of Gaseous Ethyl Ether

Liu, Jiging Zhang, Yantu* Yuan, Yafei Zuo, Weiwei
(College of Chemistry and Chemical Engineering, Yan’an University, Yan’an 716000)

Abstract Based on the cataluminescence (CTL) reaction of ethyl ether on nano-Co;0,, we developed a direct gas sensor for
monitoring ethyl ether in air. According to the high CTL intensity and well selectivity of ethyl ether on chain-ball
nano-Co;04 at low temperature, a stable and high sensitive gas sensor for ethyl ether was constructed. In our work, we syn-
thesized the nano-Co;0, material, which was characterized by XRD and SEM. For the fabrication of the sensor, Co;0,
nanomaterial was directly coated on the heating ceramic chip to form a layer of catalysts with a thickness of 0.1 mm. Then,
the Co30, coated heating ceramic chip was inserted into a quartz tube with an inner-diameter of 12 mm, and the temperature
of Co;04 layer was controlled by the digital heater. When gas samples passed through the Co;O4 material in the quartz tube
by the air flow, the CTL was generated during the catalytic oxidation on the surface of Co;04. The CTL signals were re-
corded by BPCL Ultra Weak Chemiluminescence Analyzer, and the data was processed by Origin 6.0. The optimized condi-
tions were as follows: the heated temperature was at 176 C, the wavelength was 440 nm, and the air flow rate was 180
mL/min. The linear range of CTL intensity versus concentration of ethyl ether vapor was 4.0~ 1500 ppm (R=0.9993) with a
detection limit of 1.67 ppm (30). In addition, the response time was less than 2 s, and recoveries of artificial samples by this
method were 97.3%~103.0%. Furthermore, another eleven volatile organic compounds including ammonia, benzene, for-
maldehyde, trichloromethane, acetonitrile, acetaldehyde, acetic acid, ethanol, acetone, tetrachloromethane and ethyl acetate
were detected by this sensor, which indicated the little disturbance by ethanol, acetone, tetrachloromethane and ethyl acetate
(<<0.8%), while no remarkable signals were observed for the other seven compounds. After a continuous analysis of more
than 140 h, the CTL signals remained stable, which demonstrated the longevity and steady performance of this sensor. At
last, the products were analyzed to demonstrate the possible mechanism of the CTL oxidation of ethyl ether on the surface of
C0304,
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Table 1 The analysis features of ethyl ether in different nanomaterials
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Materials Linear range LOD Response time Work temperature/'C Ref.
Borate Glass 0.12~51.7 pg/mL 0.04 pg/mL <<30s 245 [9]
ZnWO, 20~3500 ppm 8.7 ppm <3s 330 [1]
ZnO nano-rods 10~2000 ppm 4.8 ppm 2s 264 [10]
Co304 4~1500 ppm 1.67 ppm 2s 176 This work
F2 PEAMCRIE
Table 2 Recovery experiments
Sample number Composition Actual ¢/ppm Average of five measurements ¢/ppm RSD/% (n=5) Recovery/%
C,H;00 30.0 30.9 4.9
1 CH;COCH; 60.0 — — 103.0
CeHs 60.0 — _
C4H;00 200.0 194.6 2.0
2 CCly 200.0 - - 97.3
HCHO 200.0 - -
C,H;00 500.0 508.1 1.8
3 C,HsOH 300.0 - - 101.6
CHCl; 300.0 - -
C4H;00 800.0 792.6 1.8
4 CH;COOC,Hs 500.0 - - 99.1
CH;CN 500.0 - -
C,H;00 1100.0 1109.8 1.5
5 CH;CHO 550.0 - - 100.9
NH; 550.0 — —
6 C4H;00 1400.0 1379.7 1.3 98.6
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