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Fig. 1 Characteristic spectrum of O-fluorobromobenzene at 730 ~880 nm
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Fig. 2 Characteristic spectrum of o-fluorobromobenzene in 310 ~450 nm
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Fig. 3 Characteristic spectrum of o-fluorobromobenzene in 450 ~700 nm
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Fig. 4 Comparison of Raman spectra between experimental result and theoretical calculation result
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Online Detection of VOCs Based on LIBS and Raman Spectra
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Abstract As the main substance of air pollution, volatile organic compounds (VOCs) have attracted wide attention because of
their strong destructive and physiological toxicity to the atmospheric environment. On-line detection of volatile organic
compounds in the atmosphere is a very challenging work. In this study, laser-induced breakdown spectroscopy (LIBS) was
combined with Raman spectroscopy to analyze volatile organic compounds from the perspective of atomic emission spectroscopy
and molecular structure information, respectively. The elements contained in the air, such as Br characteristic lines and N, O, H
were observed in the LIBS spectra obtained by in-situ online detection. The experimental results reflect the detection effect of
o-fluorobromobenzene in the air. For the detection of bromine in the atmosphere, LIBS reflects the presence of bromine in the
atmosphere and provides a good reference for the study of its reaction mechanism. The mechanism of CN and C2 radical
molecules produced by high energy laser was analyzed. The laser pulse can ionize and decompose nitrogen in the air and benzene
of o-fluorobromobenzene. The carbon atom in o-fluorobromobenzene reacts with nitrogen in the air to form a high-temperature
plasma. The carbon and nitrogen atoms in the plasma can be combined freely to form CN radical and spontaneous emission. The
molecular spectrum of spontaneous emission of the free radical can be collected by the optical spectrometer. The
o-fluorobromobenzene molecule of the sample to be tested contains a benzene ring, and there are many carbon atoms in the
molecule. Under the action of the intense laser, o-fluorobromobenzene is photodissociated, which is easy to form C2 radical
molecule, and the spectrum of C2 radical, as shown in the figure is produced by radiation. We can know that C2 radical comes
from benzene ring group in o-fluorobromobenzene sample through experimental verification and data analysis. As a supplement to
the molecular structure information of volatile organic compounds, the on-line detection of volatile organic compounds was
improved by introducing Raman spectra. On the basis of the experimental results of the sample Raman spectrum, the vibration
mode and distribution are calculated and fitted with density functional theory (DFT). The characteristic peaks generated by the
vibration are calibrated, and the characteristic spectral fingerprints are obtained. The four peaks (310, 833, 1 036, 1 244 cm™ ')
with higher intensity showed C-Br bond and C-F bond vibration characterization, especially the former two (310, 833 cm ') had
bromine and fluorine atom shifts at the same time, which could be used as the characteristic spectral fingerprint to identify the
molecule. The experimental results showed that the combination of LIBS and Raman spectrum was applied to the VOCs on-line

detection, which has reference significance and value in its related detection work.
Keywords Laser-induced breakdown spectroscopy (LLIBS); Raman spectroscopy; Volatile organic compounds
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