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INTRODUCTION

Phosphorus monoxide (PO) is a very important
interstellar species found1, for instance, in the
circumstellar envelop of the VY CMa star and of
the asymptotic giant branch oxygen star IK Tau,
either characterized as rich oxygen environment.
Despite of its relevance, little is known about the
chemistry of PO formation. To understand it in the
interstellar space, the rate coefficients for radiative
association of P and O atoms is a need, for which
the transition dipole moment function is a key
information. In this work, the lowest-lying
electronic states of PO and the most relevant
electronic transitions were investigated by ab initio
calculations at the MRCI level with extended basis
sets. For the first time, transition dipole moment
functions were also computed, which will be of
great value for understanding the chemical aspects
of PO formation in interstellar environments.
METHODS
Potential energy curves and transition dipole
moments were calculated at the multireference
configuration interaction (MRCI) level and full
electron cc-pVQZ2 basis sets, augmented with3
three s, three p, three d, and three f diffuse functions
on the P atom. All P and C valence electrons and
orbitals, plus one extra set of  and π orbitals, were
included in the active space. The calculations were
carried out in the C2v point group symmetry, with
the MOLPRO4 software.
RESULTS AND DISCUSSION
The computed potential energy curves and
transition dipole moment function are plotted in
Figure 1. The X2 is the ground electronic state (Re
= 1.489 Å, e = 1243 cm-1), with the B2Σ+
electronic state being the lowest-lying doublet
excited state (Te = 3.75 eV, Re = 1.494 Å, e = 1042
cm-1), in agreement with experimental findings5.
As to the transition dipole moment, its value at the
asymptotic atomic limit is zero, because both

electronic states dissociate into the same atomic
dissociation channel.

Figure 1. Potential energy curves for the lowestlying electronic states of PO and the B2+ ̶ X2
dipole transition moment function.
CONCLUSIONS
The results presented in this contribution are
relevant for the computing the rate coefficients for
radiative association of P and O atoms, from which
the chemical aspects related to P and O association
can be better understood. Franck-Condon factors,
Einstein coefficients, and radiative lifetimes for the
first excited electronic states.
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