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Abstract

Nowadays, material, energy and information technologies are three pillar
industries. The materials that have close relation with our life have also been
the foundation for the development of energy and information technologies.
As the new member of the material family, functional molecular materials have
become increasingly important for many applications, for which the design
and characterization by the theoretical modeling have played the vital role.
In this thesis, three different categories of functional molecular materials,
the endohedral fullerenes, the fullerene derivatives and the self-assembled
monolayers (SAMs), have been studied by means of first principles methods.

The non-metal endohedral fullerene N@C60 is a special endohedral fullerene
that is believed to be relevant to the construction of future quantum computer.
The energy landscape inside the N@C60 has been carefully explored by density
functional theory (DFT) calculations. The most energy favorable potential
energysurfaces (PESs) for the N atom to move within the cavity have been
identified. The effect of the charging on the PESs has also been examined.
It is found that the inclusion of dispersion force is essential in determining
the equilibriumstructure of N@C60. Furthermore, the performance of several
commonly useddensity functionals with or without dispersion correction
has been verified for ten different endohedral fullerenes A@C60 with the
atom A being either reactive nonmetal or nobel gases elements. It shows that
the inclusion of the dispersion forcedoes provide better description for the
binding energy (BE), however, none ofthem could correctly describe the energy
landscape inside all the ten endohedral fullerenes exclusively. It thus calls for
the further improvement of current density functionals for weak interacting
systems.

Soft X-ray spectroscopy is a powerful tool for studying the chemical and
electronic structures of functional molecular materials. Theoretical calculations
have been proven to be extremely useful for providing correct assignments
for spectraof large systems. In this thesis, we have performed first principles
simulations forthe near-edge X-ray absorption fine structure (NEXAFS) and
X-ray photoelectron spectra (XPS) of fullerene derivatives and aminothiolates
SAMs. Our calculatedspectra can accurately reproduce experimental results
available for all the systemsunder investigations, and identify the species
or structures that are responsible for those unexpected spectral features
observed in experiments. We have suggested a modified building block
(MBB) approach that allows to calculate NEXAFS spectraof a large number of
fullerene derivatives with very small computational cost, and resolved the long
standing puzzle around the experimental XPS and NEXAFS spectra of SAMs
with aminothiolates.
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