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Abstract:

The course will provide a general introduction to first principles modeling of materials, going from a overview
of the field to more specialized and current topics of research. The presentation of the fundaments will be
focused on the topics of Molecular Dynamics simulations, and of Density Functional Theory. Then,
applications of these techniques to several topics of current interest wil be discussed, addressing both the
theoretical tools developed to describe specific physical processes and to compute the relevant properties,
and showing their use in the context of experimental results. These topics will include electronic transport in
nanoscale devices (for nanoelectronics and molecular electronics), thermal transport of materials, and the
interface between electrolytes and electrified electrodes (relevant for electrochemistry applications such as
batteries). Other topics and applications can be discussed according to the interests of the students.

Lectures Program (tentative): five Lectures of 2h each.

Lecture 1: Fundaments of Computer Simulations in Materials: Overall View.
- Sampling the configuration space: Monte Carlo and Molecular Dynamics

- Solving the quantum mechanical problem: approximations

- Density Functional Theory and beyond

Lecture 2: Electronic Transport in Nanoscale Devices

- Landauer Formulation

- Non-Equillibrium Green's Functions and Density Functional Theory
- Applications to molecular electronics and nanoscale devices

Lecture 3: Thermal transport in Materials: Thermal conductivity

- Approaches to compute Thermal Conductivity from First Principles
- Application to bulk crystals and disordered materials and liquids

- Applications in nanostructures

Lecture 4: Simulations of the electrochemical interface

- Complexity of the interface between electrolytes and electrodes

- Approaches to address electrochemical processes from first principles
- Application cases

Lecture 5: Open topics (to be discussed with the students)

Tentative calendar:

Week1 MondayJune17,10to 12 am, room L1.4 Wednesday June 19, 10to 12 am, room L1.4
Week2 MondayJune 24,10to 12 am, room L1.6 Thursday June 27, 10to 12 am, room L1.6
Week 3 ThursdayJuly 4,10to 12 am, room L1.6

In addition to the above lectures, Professor Ordejon will give a Department/Cnr Seminar on Tuesday, June 11
at 4 pm. Title: “DFT and QM/MM simulations of the electrochemical interface”. More details will follow.
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