Quantitative FTIR spectroscopy of corrosive and unstable atmospheric gases: application to HNO3, HONO and HOBr
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ABSTRACT 
Nitric acid (HNO3), nitrous acid (HONO), or hypobromous acid (HOBr), are known to play an important role in the complex chemical reactions that occur in the Earth atmosphere.  Remote IR sensing satellites such as IASI, its successor IASI-NG, and FORUM$ can, possibly, provide quantitative identifications on these species. However, to take full advantage of the spectra recorded by these satellite measurements, it is necessary to have at one’s disposal, good quality spectroscopic parameters for these molecules. These data are achieved during theoretical investigation of high-quality laboratory spectra. However, getting “absolute” line intensities is quite a challenge for chemically unstable or highly reactive molecules like those investigated here.
In recent years, the far-infrared (FIR) and THz spectroscopy AILES beamline at synchrotron SOLEIL has developed equipment dedicated to the study of such unstable molecules. The beamline couples the high-brilliance IR beam from the synchrotron to a high-resolution Bruker IFS125HR FTIR spectrometer whose ultimate spectral resolution is 0.001 cm-1. The sample gas environment installed on the spectrometer consists in a White optical system embedded in a three-walled coolable glass cell. [1] Its non-glass parts in contact with the gas are carefully protected in order to prevent reactions at their surface. As a result, corrosive gas samples can be held as long as needed for averaging long high-resolution FTIR measurements. On the other hand, a special dual-channel detector [2] capable of recording two simultaneous spectra in the FIR and mid-infrared (MIR) regions has been designed for dealing with (polar) molecules in a mixture like HONO and HOBr. Provided the dipole moment of the target molecule is known, the pure rotational spectrum in the FIR region gives access to its partial pressure in the mixture. Hence, the relationship between the latter and the intensities of bands recorded simultaneously in the MIR region can be determined.
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