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SUMMARY

The objective of this subject is to ensure that all the students share a certain degree of knowledge on
Chemistry and Physics needed to understand the basic concepts of Nanoscience, regardless of the
previous training that could have previously acquired.

PREVIOUS KNOWLEDGE

RELATIONSHIP TO OTHER SUBJECTS OF THE SAME DEGREE

There are no specified enrollment restrictions with other subjects of the curriculum.

OTHER REQUIREMENTS

Previous knowledge of chemistry, physics or materials science as taught in the degrees indicated in the
recommended entry profile to the master's degree is required.

COMPETENCES / LEARNING OUTCOMES
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2208 - Master's Degree in Molecular Nanoscience and Nanotechnology

For students from field of knowledge (e.g. chemistry) to be able to scientifically communicate and interact
with colleagues from another field (e.g. physics) in the resolution of problems laid out by the Molecular
Nanoscience and Nanotechnology.

Students should apply acquired knowledge to solve problems in unfamiliar contexts within their field of
study, including multidisciplinary scenarios.

Students should be able to integrate knowledge and address the complexity of making informed judgments
based on incomplete or limited information, including reflections on the social and ethical responsibilities
associated with the application of their knowledge and judgments.

Students should demonstrate self-directed learning skills for continued academic growth.

Students should possess and understand foundational knowledge that enables original thinking and
research in the field.

To know the fundamentals of solid state physics and supramolecular chemistry necessary on molecular
nanoscience.

To know the methodological approaches used in Nanoscience.

To possess the necessary knowledge and abilities to continue with future studies in the PhD program in
Nanoscience and Nanotechnology.

DESCRIPTION OF CONTENTS

Basics concepts in chemistry.
1. Principles of reactivity: Chemical equilibria (4 hours)
1.1. General concepts in aqueous solutions

1.2. Introduction to acid-base, oxidation-reduction, complex formation and precipitation
reactions

2. Coordination Chemistry (9 hours)
2.1 Introduction
2.2. Structures of the coordination compounds
2.3 Bond theory
2.4. Kinetics and reaction mechanisms in coordination compounds

3. Organic Chemistry (9 hours)

3.1. Constitution of organic compounds: hydrocarbon backbone and functional groups. Basic
rules of nomenclature. Basic concept son stereochemistry: Chirality and optical activity.
Conformation and configuration. Enantiomers and diastereoisomers.
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3.2. Electronic delocalization. Resonance. Aromaticity. Acid-base properties of organic
compounds. Structure-acidity relationship.

3.3. 3D structure: Stereochemistry and chirality.

4. Structure determination (4 hours)
4.1. Concepts on symmetry. Symmetry groups.

4.2. Vibrations in molecules. Infrared and Raman spectroscopies. IR spectra of organic and
inorganic compounds. Characteristic vibration zones. Factors controlling frequency groups. Main
functional groups and characteristic frequencies. Hydrogen bonding. Characteristic frequencies of
coordination and organometallic compounds. Ligand coordination. Stereochemistry around a
central atom.

4.3. Other spectroscopies and spectrometries. Nuclear Magnetic Resonance (NMR) spectroscopy.
General aspects. Basic description of NMR phenomena. Chemical shift. Mass Spectrometry.
Fundamentals. Experimental techniques in mass spectrometry.

Basics concepts in physics.

1. Crystal structure and reciprocal space (6 hours)
1.1. Interactions among the atoms in a solid
1.2. Crystal structure: unit cell and Bravais lattices.

1.3. Diffraction techniques and reciprocal space.

2. Vibrations in molecules and crystals (4 hours)
2.1. Small oscillations around the equilibrium
2.2. Normal vibrational modes in molecules
2.3. Infinite systems. Wave equation. Phonons in crystals.

2.4. Damped and forced oscillations. Resonances.

3. Electronic structure of solids (8 hours)

3.1. Introduction to Quantum Physics. Wave function. Operators and states. Probability
amplitudes. Schrodinger equation.

3.2. Quantum confinement and bound states.

3.3. Bands in solids. Effective mass. Density of States.
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4. Electromagnetism is materials (8 hours)

4.1. Electric and magnetic forces on charges in motion

4.2. Electrotatics: Gauss; Law.

4.3. Magnetostatics: Ampere;s Law

4.4. Electromagnetic induction: Faraday;s law.

4.5. Maxwell equation and electromagnetic waves.

4.6. Dielectric constant and electric polarization in materials: Conductors and dielectrics.

4.7. Magnetic susceptibility and magnetic properties of solids.

5. Physical properties of solids (4 hours)

5.1. Charge transport: Drude;s model and Ohm;s law.

5.2. Optical properties of solids. Absorption and emission of light. Interband transitions.

Plasmons.

5.3. Mechanical properties of solids. Elasticity and Young;s modulus.

5.4. Seminar.

WORKLOAD

PRESENCIAL ACTIVITIES
Activity Hours
Tutorials 8,00
Theory 40,00
Seminar 12,00
Total hours 60,00
NON PRESENCIAL ACTIVITIES
Activity Hours
Attendance at other activities 0,00
Individual or group project 60,00
Independent study and work 0,00
Preparation of lessons 30,00
Preparation for assessment activities 0,00
Resolution of case studies 0,00
Total hours 90,00

TEACHING METHODOLOGY
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The classes of this subject will be given at the university of registration of the students prior to the classes
of the basic module, which will take place in January.

During the theory classes, the lecturers will give an overview of the subject under study, emphasising new
or particularly complex aspects. These topics will be worked on in class through the presentation and
discussion of scientific articles.

The student will carry out one or more individual assignments related to the concepts explained in the
course. This work will consist, preferably, in the presentation by the student of one or several scientific
articles from among those proposed by the teacher. Subsequently, the work presented will be discussed in
class.

During the seminars, practical cases will be presented and discussed, and problems related to the
theoretical content will be posed and solved.

The lecturers will hold tutorials with the students to resolve any doubts and questions they may have.
These tutorials will be mainly face-to-face, although they may also be held remotely (email,
videoconference, telephone, etc.).

Through all these activities, students will acquire the competences described in the corresponding section.
The basic competences will be worked on mainly during the debate and discussion activities

EVALUATION

The acquisition of the competences by the student will be assessed preferably by means of the completion
and oral presentation of the assignment by the student.

If the student is unable to do the assignment, he/she will take a written or oral exam on the contents
taught in the subject.

This part will represent 70% of the final grade.

Students' attendance and participation in discussions and in the resolution of questions and problems will
also be assessed. This part will represent 30% of the final grade.

In order to pass the course, it will be necessary to have attended 80% of the face-to-face training activities.
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