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Far-Infrared and Infrared Spectroscopy of

Transient Molecules of Astronomical Interest
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Since molecular observations in interstellar space have very important role to
understand physical conditions - density and temperature - and production mechanisms
of molecules, many molecules are studied in laboratory and in astronomical observation.
A lot of information in interstellar space has been mainly obtained by millimeter-wave
astronomical observations, but in millimeter wave region relatively heavy molecules
have their rotational transitions. Observations of small molecules such as hydrides are
limited, although they are important to understand the production mechanism related
hydrogen compounds. Most of hydrides have rotational transitions in submillimeter-
wave or far-infrared region. Recently, the astronomical observation techniques in
submillimeter-wave, far-infrared, and infrared regions are greatly developed, and the
observations in these regions become possible. However, there are a few laboratory data
for molecules in these regions. In the present study, far-infrared and infrared Fourier
transform spectroscopy was applied to measure transient molecules of astronomical
interest in laboratory and the results were applied to astronomically observed data.

The dc discharge cell with multi-reflection system was constructed for far-infrared
absorption measurement. The author applied to observe the pure rotational spectra of the
SH, NHp, NHD, and ND radicals and the vibration rotation spectrum of NH,OH. The
measurement of SH was the first application of far-infrared Fourier transform

spectroscopy to transient molecules, and detection limit of this measurement system was

estimated. About 600 rotational lines of NHy, NHD, ND> and about 5000 rovibrational
lines of NH>OH were observed in high-resolution and wide frequency coverage. By the
-analysis of the observed spectra, precise molecular parameters were obtained. The
information obtained by these measurements is very useful for sub-millimeter and far-
infrared astronomical observation.

The positive column discharge cell was constructed for infrared emission
observation. The author applied to measure the vibration rotational spéctra of the CD

and !80H radicals. By analysis, precise molecular constants in the vibrationally excited
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states were obtained. From intensity analysis using Herman-Wallis effect, the vibration
transition moment of CH was determined, and applied to determination of column
density in infrared astronomical observation. The observed intensity of 130H was
discussed.

Some result of laboratory spectroscopy were applied to astronomical observational
results. The upper limit of column density of SH was estimated from the submillimeter-
wave emission spectrum in Orion-KL. For clarifying the production mechanism of SHy,
it is clear that more deep search for SH is necessary. Using the transition moment of CH
in this study, the column density of CH was determined from infrared absorption
spectrum in late-type star TX Psc. The author found that the column density in envelope
of C-type late star was almost same as diffuse cloud. The rotational spectrum of NHD

was not found in the published millimeter and submillimeter line survey data in Orion-

KL and Sgr B2.
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