
ACTA PHYSICA DEBRECENIENSIS XLI, 113 (2007)

CONICAL INTERSECTIONS INDUCED BY THE RENNER
EFFECT IN POLYATOMIC MOLECULES
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Abstract

Characterizing and localizing electronic energy degeneracies
is important for describing and controlling electronic energy
flow in molecules. We show [1], using topological phase consid-
erations, that the Renner effect in polyatomic molecules with
more than three nuclei is necessarily accompanied by ‘satellite’
conical intersections. In these intersections the non-adiabatic
coupling term is on average half an integer.

The dynamics triggered in a molecule after absorbing a photon is usu-
ally discussed in terms of the Born-Oppenheimer theory [2], where the fast
electronic degrees of freedom are treated separately from the slow nuclei.
In this picture, electrons and nuclei do not easily exchange energy. Yet,
in some nuclear configurations called conical intersections (CIs) energy ex-
change can become significant [2]-[7]. It is widely recognized today that
were it not for CIs, important photo-biochemical processes such as vision
[8]-[10] and photosynthesis of vitamin D [11] could not take place. CIs af-
fect other important processes as well, such as photosynthesis in plants [12],
photochemistry of DNA [13], fluorescence of proteins [14, 15], molecular
electronics [16, 17] and chemical dynamics [5],[18]-[20]. A major theoreti-
cal effort for the research of photochemistry and molecular light-harvesting
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processes is invested in the identification and localization of CIs [15],[20]-
[26]. While numerical work is indispensable, there is still a fundamental
need for understanding more on the ways CIs form. In few known cases
CIs can be attributed to simple symmetry considerations [26]. Still, most
CIs identified numerically seem to appear accidentally. In this communica-
tion, we report for the first time an unexpected connection between CIs and
another type of electronic intersection, namely the Renner or Renner-Teller
(RT) intersection [27]. We show, using their unique topological character-
istics, that certain CIs must exist in a polyatomic molecule exhibiting the
RT effect when these molecules are distorted from a linear configuration so
that they lose both their axis and their plane of symmetry. These topolog-
ical features can be revealed by considering a computationally accessible
quantity, namely the line integral of the non-adiabatic coupling (NACT)
vector along a closed contour in nuclear configuration space.
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