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Prerequisites
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This module partially overlaps (approximately 35%) with the Nanoscience and Nanotechnology (N&N) degree
at UAB and is therefore suitable for this graduation unless the student attended the elective course "Advanced
Crystallography and Diffraction Techniques for Nanomaterials”. In such a case the overlap of the N&N degree
with this module turns out to be around 60%.

Objectives and Contextualisation

This module covers a significant part of the main techniques for characterization of materials and
nanomaterials, but it is not aimed at comprising all the techniques currently used. Most of them are available at
our research facilities (UAB-CIE Sphere). Several laboratory experiments and practical examples are planned
as a key part of the course.

The local probe microscopy techniques and the x-ray absorption spectroscopies, not included in this module,
are covered in modules "Local Probe Microscopies" and "Spectroscopies with Synchrotron Radiation”,
respectively.



Skills

® Communicate and justify conclusions clearly and unambiguously to both specialised and
non-specialised audiences.

® Continue the learning process, to a large extent autonomously

® |dentify the characterisation and analysis techniques typically adopted in nanotechnology and know the
principles behind these, within one's specialisation.

® Show expertise in using scientific terminology and explaining research results in the context of scientific
production, in order to understand and interact effectively with other professionals.

® Solve problems in new or little-known situations within broader (or multidisciplinary) contexts related to
the field of study.

Learning outcomes

1. Choose the most suitable technique for chemical/compositional characterisation: bulk, thin layer,
superficial and interlayer.
Choose the techniques for identifying the functions of surfaces.
3. Communicate and justify conclusions clearly and unambiguously to both specialised and
non-specialised audiences.
4. Continue the learning process, to a large extent autonomously
5. Describe the bases of electron microscopy, image formation and the associated spectroscopic
techniques.
6. Describe the fundamental physical process underlying vibrational spectroscopies, X-ray and
photoelectron emission, etc.
7. Describe the structure of crystalline matter and the bases for X-ray diffraction.
8. Determine the crystalline phase of the material in different morphologies. dust, layer, heterostructure,
particle, nanotube, etc.
9. Identify the techniques for establishing the range of sizes of particles of the material and the surface
area.
10. Interpret the results from the most important techniques.
11. Show expertise in using scientific terminology and explaining research results in the context of scientific
production, in order to understand and interact effectively with other professionals.
12. Solve problems in new or little-known situations within broader (or multidisciplinary) contexts related to
the field of study.

N

Content
Topic I. Structure of materials and X-Ray diffraction

Overview of the fundamentals of crystallography and X-ray diffraction. Experimental diffraction methods for the
characterization of the structure of materials and nanomaterials.

Topic ll. Structural characterization of materials. Microscopy.

Optical and Confocal Microscopy, Electron Microscopy, Scanning Electron Microscopy and Transmission
Electron Microscopy.

Topic lll. Other characterization techniques.

[lIA) Thermal analysis techniques. Thermogravimetry Analysis (TGA) and Differential Scanning Calorimetry
(DSC)

[1IB) Spectroscopic techniques. Solution and Solid State NMR Spectroscopies, Vibrational Spectroscopies,
Optical Spectroscopies and Mdssbauer Spectroscopy.

A total of five practical sessions covering different aspects of each topic are planned.



Methodology
Lectures covering the fundamentals of the main topics of the course

Five practical sessions in UAB research facilities (UAB-CIE Sphere) to acquire experimental skills in
characterization techniques and also to improve cooperation ability (group work). It is planned to carry out
these practices in the Microscopy Service (UAB), XRD Service (UAB), NMR Service (UAB) and ICN2 (Catalan
Institute of N&N). It is expected to conduct a series of activities such as:

® Characterization of nanoparticles by TEM, HRTEM, EDX, electron diffraction and X-ray diffraction
® Characterization of thin film samples by reflectometry, X-ray diffraction, optical microscopy, EDX
® Observation and characterization of biological structures by TEM

® Solid State NMR spectroscopy measurements

Delivery of works and exercises related to the topics of the lectures and practices that could involve the use
of specialized software

Reports of practical laboratory work

Tutorials supervising learning activities

Activities
Title Hours ECTS Learning outcomes

Type: Directed

Lectures 25 1 1,5,6,7

Practical sessions 13 0.52 1,2,8,9, 10,12

Type: Supervised

Tutorials 5 0.2 1

Type: Autonomous

Deliveries: practical reports, exercises, other works 35 1.4 3,11
Self-work 70 2.8 4
Evaluation

The students must attend 90% of the lectures and 100% of the practical sessions in order to pass the module.
It is also compulsory the delivery of practical reports and other works or exercises that are requested by the
professor.

Student's behaviour and attitude during practical sessions will be also taken into account for the module
evaluation.

The final mark will be weighted as follows:

Evaluation activities

Title Weighting Hours ECTS Learning outcomes



Deliveries: practical reports, exercises, other works 30%-50% 0 0 3,4,10, 11

Exam 20%-40% 2 0.08 5,6,7,10, 11
Practical sessions 30%-40% 0 0 1,2,8,9, 10,12
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