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This course is one of the core educational activities in the Master's degree in Science and Technology of Bio and
Nanomaterials, that describes some of the common approaches to characterise materials.

The aim of the course is to give the basic of crystallography and diffraction as a tool to characterize solid state materials.
Learning objectives involve understanding of basic principles of crystallography and X-ray diffraction and applying these
principles to master the underlying concepts of structural characterisation.

The basic principle of symmetries in solids will be outlined and developed in order to have a quantitative tool in the
characterisation of materials. These knowledges will be then used to interpret the X-ray diffraction data. At the end of the
course the students will be able to identify crystalline phases present in any kind of material, to determine the mean particle
size, o understand the structural modifications due, for example, to doping.

Learning objectives involve developing an understanding of electron microscopy principles, and applying these principles to
master the underlying concepts of image interpretation. The basic principle of electron microscopy will be outlined and
developed in order to understand the characteristic and properties of these modern instruments used in the characterisation
of nanostructured materials.

The course will start from the basic principle of geometrical optics and then the new knowledge necessary to understand
the functioning of an electron microscope will be built step by step. At the end of the course the students will be able to
interpret an electron microscopy image and to obtain from it the atomic and structural-morphological properties of interest.
The practical part (laboratory end exercises) will be mainly focused on the study of nanoparticles and of nanostructured and
hybrid materials.
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FEDEEBZE Learning Objectives

H

& | to understand basic principles of crystallography and X-ray diffraction and to apply these principles to master the underlying
concepts of structural characterisation
to learn the basic principle of symmetries in solids and to utilize it as a quantitative tool in the characterisation of materials
for interpretation of the X-ray diffraction data.
to understand electron microscopy principles and to apply these principles to master the underlying concepts of image
interpretation.

3 BAZDERE O S / Fulfillment of Course Goals (JABEE BS:&ERIB D &)

H

£

REETEIER Course Plan

No. 18 H Topics AZA Content
1 H
% | Introduction to crystallography | Bravais lattices, point groups, space groups
(1)
2 H
% | Introduction to crystallography | Definition of Zone Axis, Weiss law
(2)
3 H
Z | Introduction to crystallography | Reciprocal space, reciprocal lattice, Ewald sphere
(3)
4 H
& | X-ray technique (1) Interaction X-photon-matter, Instrumentation
B H
% | X-ray technique (2) X-ray technique (2)
6 H
Z | X-ray technique (3) Application of X-ray diffraction in the study of hard and soft matters
7 H
| | X-ray technique (4) Scherrer equation, Rietveld method.
8 H
% | Methods used in materials | The Human eye: how it works and its limitation
characterisation (Theoretical
1
9 H
% | Methods used in materials | Geometrical optics: thin lens equation, lens aberration, lens systems
characterisation (Theoretical
2)
10 H
Z | Methods used in materials | Light-optic Microscopy
characterisation (Theoretical
3)
11 H
Z | Methods used in materials | Practical lessons of various microscopic instruments
characterisation (Practical)
12 H
Z | Electron microscopy | Electron Optics; properties of a thin magnetic lens, defect of electron lenses;Electron
(Theoretical 1) gun: thermoionic and field emission
13 H
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2)

% | Electron microscopy | Kinematic of scattering by an atomic nucleus; electron-electron scattering; the
(Theoretical 2) dynamic of scattering
14 =]
Z | Electron microscopy (Practical | Transmission electron microscopy: types of contrast: scattering contrast, diffraction
1) contrast. Electron diffraction; bright field and dark field images; phase contrast. High
resolution TEM. TEM specimen preparation.
15 H
Z | Electron microscopy (Practical | Scanning electron microscopy: operating principles, secondary electrons,

backscattered electrons. The environmental SEM; SEM specimen preparation.
Analytical electron microscopy.

m >E* ‘

This is a math-intensive course, and it is expected that students have previous

experience with calculus. In addition, students should be familiar with the concepts learned in calculus-based physics.

‘

Christopher Hammond, The Basic of Crystallography and Diffraction, 4th edition, Oxford science publication, 2015.

Pecharsky Vitalij, Zavalij Peter, Fundamentals of Powder Diffraction and Structural Characterization of Materials,Springer.

Berlin, 2008.

Fultz Brent, Howe James, Transmission Electron Microscopy and Diffractometry of Materials, Springer 4th edition 2013.

‘

The knowledge acquired by the students will be verified through oral examinations.

The students will be asked to solve some numerical exercises related to the arguments explained during lessons. Furthermore

the students will be asked to answer some theoretical questions about topics developed during classes.

w



