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The Renner-Teller e�ect occurs in polyatomic systems, from three atoms, exploring linearity
with a degenerate electronic state: Π, ∆, Φ... [1]. When the molecule bends in a �xed plane, the
electronic degeneracy is raised and both components split in two distinct irreduscible represen-
tations A' and A� in the Cs point group. Nevertheless the rotational and, from four atoms, the
torsional degrees of freedom break the symmetry associated with any �xed plane and then allow
couplings between both electronic components. As a consequence, the description of stationary
states requires to take into account their delocalization on these electronic components. Thus, this
is an illustration of the Born-Oppenheimer approximation breakdown.

For tetra-atomic systems, the Renner-Teller e�ect can be described with four degrees of free-
dom: two bending angles, the torsion and the third Euler angle [2]. But our aim was to replace
this four-dimensional subspace in relation to all degrees of freedom involved in infrared and mi-
crowave spectra. The �rst part of our work consisted in the development of a variational code
including couplings between vibrational stretching and bending modes, electronic orbital and spin
angular momenta, and rotation [3]. As a �rst application we have chosen the low energy rovibronic
structure from the X2Πu electronic state of HCCH

+, viewed as an important intermediate towards
longer carbon-chain systems in interstellar clouds. We also studied its deuterated isotopomers
DCCH+ and DCCD+ [4].

When we began to apply our methodology to several radicals and molecular ions of astrophysical
interest (HCCS, HCCO, OOMgO+), convergence issues due to the high number of basis functions
appear. Especially, Legendre polynomials are not well adapted for the description of wavefunctions
which are mainly located around the equilibrium geometry. A new kind of basis functions was
built, inpired from the harmonic oscillator eigenfunctions but de�ned in the range [0 : π]. Their
use is not speci�c to Renner-Teller systems. They can be applied to any kind of bending modes,
degenerate or not [5].

Finally, for the determination of low temperature interstellar clouds' composition, microwave
spectroscopy is especially crucial. We then now carry on intensities for pure rotational transi-
tions. HCCS is a good test system, because of its high permanent dipole moment (about 1.22 D
[6])

[1] R. Renner, Z. Phys. 92, 172 (1934)
[2] M. Peri¢, B. Ostoji¢ and J. Radi¢-Peri¢, Phys. Rep. 290, 283 (1997)
[3] L. Jutier, C. Léonard and F. Gatti, J. Chem. Phys. 130, 134301 and 134302 (2009)
[4] L. Jutier and C. Léonard, J. Chem. Theory Comput. 6, 1565 (2010)
[5] L. Jutier, J. Chem. Phys. 133, 034107 (2010)
[6] P. G. Szalay, J. Chem. Phys. 105, 2735 (1996)


