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Stand-off detection of ethanol by laser absorption spectrometry with

interference-based internal standard

Liu Xin, Du Zhenhui’, Wang Xiaoyu, Yuan Liming, Huang Lu, Li Yongjian
(School of Precision Instrument and Opto-Electronics Engineering, Tianjin University, Tianjin 300072, China)

Abstract: Ethanol is a macromolecular volatile organic compound (VOC) with broadband absorption
characteristics, which is always disturbed by the air background absorption for remote sensing. In this paper, it
was proposed that a novel differential absorption spectroscopy for stand-off detection of VOCs with broadband
absorption, in which accurately measured the interference spectrum and used as internal standard to correct the
possible baseline offset and nonlinearity in the spectrometer. The method has been successfully applied to stand-
off detection of gaseous ethanol. An open-air experimental system was constructed with a DFB diode laser under
laboratory conditions for the near-infrared characteristic absorption (7180 cm™) of ethanol. The results showed
that the measurement error of ethanol concentration was less than 3.5 ppm, and the detection limit of 2.6 ppm
with the integration time 15.1 s by Allan variance evaluation, which was nearly 2 orders of magnitude lower than
the lowest detection limit reported at present. The proposed method laid a foundation of highly sensitive
miniaturized optical system for VOCs stand-off detection.
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Fig.4 Schematic diagram of experimental setup
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Fig.5 Physical drawings of the experimental setup
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Tab.1 Absorbance deviation of peaks

No. Theoretical Measured Abs‘ol}lte Relhati_ve
absorbance absorbance deviation deviation
1 2.48344 2.48344 0 0
2 0.14914 0.15087 0.00174 1.164%
3 0.10572 0.10415 —0.00157 —1.482%
4 0.03309 0.03490 0.00181 5.46%
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Tab.2 Measurement results of ethanol standard gas with different concentrations

Volume/pL 0.50 1.00 1.50 2.00 2.50
Theoretical concentration/ppm 8.9795 17.959 26.9385 35918 44.8975
Measured concentration/ppm 12.462 19.022 25.575 34.939 45.514
Absolute error/ppm 3.4825 1.063 -1.3635 -0.979 0.6165
Relative error 38.783% 5.919% 5.062% 2.726% 1.373%
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