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As many as 889 exoplanets have been detected to date and attention has begun to focus on characterising their physical
and chemical properties : What is their temperature”? What is the composition of their atmospheres? Could they sustain life”?
Furthermore, there are objects like Brown Dwarfs, which are classified by the molecular composition of their atmospheres.
This analysis can be done by interpreting the spectra of these bodies’ atmospheres, together with that of their host stars, but
this requires fundamental data for all the species that contribute significantly to their opacity.
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Analysing and modelling planetary and stellar atmospheres is difficult because their .
spectra are extremely rich in structure and their opacity is dominated by molecular
absorbers, each with hundreds of thousands to trillions of spectral lines. It is not practical to
determine line lists of this size experimentally, so the ExoMol project’ (www.exomol.com)

will use very high-accuracy, ab initio theoretical tools to calculate them.
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Phosphine (PH3) is an equilateral pyramidal molecule
(it is the phosphorus analogue to ammonia) and it is
known to be important for the atmospheres of giant-
planets, cool stars and many other astronomical
bodies. Rotational transition features of phosphine
have been found in the far-infrared spectra of Saturn
and Jupiter?3, where it is a marker for vertical
convection zones.

A computed room temperature line list of phosphine is
presented here* as a precursor to a high temperature
equivalent to be produced In the near future,
necessary for the analysis of cool stars and brown
dwarfs. All the transitions’ energy levels and Einstein
A-coefficients were computed using the program
TROVE-.
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Comparison of the intensities (cm/molecule, log scale) and wavenumber
(cm™") of transitions values between TROVE and experimental data
(HITRAN® and CDMS). The full range of calculations (137 million lines
versus the ~20,000 experimental lines) can be seen on the left with two
enlargements on the right giving line-by-line Comparlsons of a section of
the rotational spectrum (above) and the 700 - 800 cm region (below).
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