Off-axis integrated cavity output spectroscopy enhanced Faraday
rotation techniques for OH detection at 2.8 um
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Abstract

OH radical is known as a major atmospheric oxidant playing a central role in the degradation of trace gases and pollutants in the atmosphere [1]. Measurement of total OH reactivity is crucial
for understanding of the atmospheric oxidation capacity. In this paper, we report on the development of an optical instrument for interference-free measurement of OH radicals in laboratory
based on a combination of off-axis integrated cavity output spectroscopy (OA-ICOS) and Faraday Rotation Spectroscopy (FRS) operating at 2.8 um (OA-ICOS-FRS). OH radical concentrations in
the range of ~10'? molecule.cm were generated by microwave discharge of water vapor at low pressure and monitored by the OA-ICOS-FRS instrument, providing a limit of detection of ~101°
molecule.cm™ within an integration time of 20 s. The performance of the system was evaluated by optical monitoring of the reaction of OH with CH,. The oxidation rate coefficient k.
cha=(4.8£0.5) X 101> cm3.molecule.st was obtained by measuring the decay time of the OA-ICOS-FRS signal during the oxidation of CH, by OH and this value is in good agreement with values
reported in the literature. The developed instrument provides a suitable analytical tool for study of total OH reactivity in simulation chamber [2,3].

Faraday effect and Cavity — enhanced absorption technique OA-ICOS enhanced FRS setup for OH measurement

Polarizing beam splitter (PBS) In fast scan mode 1 : the balance signal (A-B) was
amplified and detected in AC mode (bandwidth BW:

300 Hz-10 kHz) to reduce 50-Hz and 1/f noises.

In mode 2 : filter BW was set 10 kHz — 30 kHz
D1

Spectral selectivity detection by FRS Water vapor

The interaction of right-handed (RHCP) and left-handed Microwave
(LHCP) circularly polarized light with the Zeeman split discharge
transitions results in the circular birefringence (MCB)
around the absorption line of paramagnetic species, which
causes a rotation of a linearly polarized laser light [4].
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Experimental details

Characterization of FRS signal from balanced detection based on ICOS approach

Time-integrated signal (ICOS signal) of two polarized cavity outputs, recorded by FRS signal by Balanced detection

detectors D1 and D2 when the laser frequency was scanned across OH lines (BD-FRS) v’ Light source : DFB interband cascade laser (ICL) at 2.8 um. Signal-mode,
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Fast measurement of OH concentration in millisecond time scale can be performed by fixing laser current at center absorption v’ Direct absorption (OA-ICOS) for absolute OH concentration determination
frequency of the OH Q(1.5f) line and monitoring the peak BL-FRS signal value. As the BL-FRS signal is obtained in AC mode with fast => Study of the atmospheric OH reactivity with greenhouse gases and VOCs in
laser scanning => it is necessary to apply wavelength modulation to BL-FRS and make demodulation using a LIA. atmospheric simulation chamber.
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