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The electron density of a molecular  system can be rearranged upon the interaction of the
molecule  with  light  (absorption  or  emission  of  a  photon).  This  reorganization  can  be
theoretically probed. In this work, we use the one-particle difference   density matrix in order
to determine  the nature  of  electronic  transitions  (locally  excited,  charge transfer,  Rydberg
state).  Such  theoretical  insights  are  of  great  interest  to  various   research  fields  such  as
sustainable  energy  or  nano-optoelectronics  among  others.  For  instance  dendrimers  are
systems made of building blocks of different size capable of ultrafast unidirectional excitation
energy transfer along shorter to longer blocks[1].

We introduce a method providing a straightforward way to quantitatively evaluate the locality
of the charge density rearrangement [2,3]. This is achieved by considering a descriptor that
during the excitation,  evaluates the overlap between the detachment (hole) and attachment
(particle) densities.  

Some excited-state calculation methods might overestimate the charge-transfer character of an
electronic  transition.  This  issue  is  often  encountered  with  hybrid  functionals  in  time-
dependent density-functional theory for example. In order to tackle this problem, one can use
the so-called z-vector[4]. In this context we designed quantities accounting for this post-linear
response treatment of the excitation, and aiming at relaxing the hole/particle pair. In this talk
we will bring the details of their construction and discuss their properties.

When a chromophore is in an excited state, it can either be pictured by interacting adiabatic or
diabatic  states  giving  avoided  crossings  or  conical  intersections.  In  particular  a  conical
intersection is a place where two electronic states cross. We will present how density-based
descriptors may prove useful for characterizing of non-adiabatic conversion between states of
different type.
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