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(2) LEARNING OUTCOMES

The course offers to the student the necessary knowledge for the understanding of basic concepts of
physics of molecules and nanomaterials with emphasis on fundamental aspects of molecular bonding
and molecular spectra as well as the electronic structure of nanomaterials (graphene and carbon
nanotubes). With the completion of the course the student is able to:

Apply the adiabatic Born-Oppenheimer approximation in order to determine the electronic
structure of the hydrogen molecule-ion and hydrogen molecule using molecular orbital (linear
combination of atomic orbitals —LCAQ) and valence bond theories.

Analyze the electronic structure (energy diagrams, bonding-antibonding molecular orbitals
and terms, HOMO-LUMO, bond order and spin) of diatomic and polyatomic molecules and
construct the sp” hybrid orbitals.

Describe analytically nuclear motion (rotation, vibration) in diatomic molecules taking into
account the effects of centrifugal distortion and anharmonicity and analyze the corresponding
molecular spectra (rotational, vibrational and vibration-rotation) in order to calculate
experimentally physical quantities of the molecules, such as the moment of inertia and
equilibrium bond length.

Distinguish the fine structure of electronic transitions due to vibrations-rotations and the
spectral intensity variation based on the Franck-Condon principle.

Apply the tight binding method to calculate the energy band structure of one-dimensional
chain of atoms, polycatelyne and graphene (n and ¢ energy bands, linear energy dispersion
relation, density of states).

Describe the electronic band structure of carbon nanotubes (direct-reciprocal lattice, 1°
Brillouin zone, zone folding-energy dispersion relation, metallic condition) classify them to
metals and semiconductors according to their structural characteristics. Also, distinguish the
density of states (Van Hove anomalies) of metallic and semiconducting nanotubes and the
corresponding electronic transitions in relation to their diameter.

The course aims at the following general competences:

Search for, analysis and synthesis of data and information, with the use of the necessary
technology

Working independently

Analytical and synthetic thinking

Critical thinking

Problem solving




(3) SYLLABUS

e  Electronic structure of molecules. The hydrogen molecular ion: Method of linear combination
of atomic orbitals. The hydrogen molecule: Molecular orbitals-valence bond method.

e Diatomic molecules: Homonuclear-heteronuclear. Polyatomic molecules. Delocalization.
Hybridization.

e Nuclear motion of a diatomic molecule. Rotation. Vibration. Vibration-rotation. Molecular
spectra. Raman effect. Electronic transitions: Franck-Condon principle.

e Tight binding method with many orbitals/unit cell. Electronic structure of polyacetylene.
Graphene: t and o energy bands, dispersion relation.

e Carbon nanotubes: Electronic structure (band folding, metallicity condition). Density of states.
Energy transitions. Size effects.

e Imaging methods for nanomaterials: Atomic Force Microscopy (AFM), Scanning Tunneling
Microscopy (STM), Scanning Near-field Optical Microscopy (SNOM).




(4) TEACHING and LEARNING METHODS - EVALUATION

Face-to-face

Live streaming (distance learning in special circumstances)

Yes

eclass platform

Electronic communication with the students using ICT
(Information and Communications Technology)
Computer-aided lectures, use of Overhead Projectors,

Activity Semester workload
Lectures 39
Tutorials 13
Individual Study/ Study and 50
Analysis of bibliography /
Preparation
Writing reports/ essays 45
Exams 3
Course Total 150

Final written exams in Greek (90%)
Writing essays (10%)
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