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FOREWORDS

Dear Colleagues,

as the President of the European Chemistry Thematic Network (ECTN), it is my dis-
tinct pleasure to introduce the new brochure entitled “Core Chemistry.” This compre-
hensive document outlines the curriculum for bachelor's degree programs in chemis-
try at universities across Europe, reflecting our continuous commitment to enhancing
the quality of chemistry education.

Since our inception, the ECTN has championed the importance of a standardized
chemistry curriculum that caters to the diverse needs of students and institutions
while adhering to high academic standards. Our efforts to identify and define core
topics have empowered higher education institutions all over Europe to align their
educational practices and provide students with a robust foundation in chemistry.

The content of this brochure represents collaborative work from dedicated schol-
ars, educators, and practitioners. They meticulously reviewed and updated the core
content to ensure that it meets contemporary educational demands while preparing
graduates for successful careers in a variety of sectors, including the chemical, phar-
maceutical, and environmental industries.

In the context of ever-evolving scientific landscapes, we recognized that flexibility
in our educational framework is paramount. The ECTN's approach allows institutions
to tailor their programs according to national and local contexts while maintaining
high standards of learning outcomes. This brochure delineates key domains and spe-
cific topics that form the cornerstone of chemistry education, from General Chemis-
try principles to specialized areas such as Bioinorganic Chemistry and Experimental
Techniques.

Moreover, we provide a clear outline of the competencies and learning outcomes
that our graduates should achieve. By emphasizing analytical skills, experimental pro-
ficiency, and interdisciplinary collaboration, we aim to prepare students not only to
navigate but to thrive in a global, interconnected scientific community.
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I am confident that this brochure will serve as a valuable resource — one that will
inspire educators, motivate students, and guide institutions in delivering an effective
and inclusive chemistry curriculum. Together, let us advance the future of chemistry
education in Europe and cultivate a new generation of scientists equipped to tackle
the challenges of tomorrow.

Thank you for your dedication to this important initiative.
Warm regards,

Cristina Femoni

President

European Chemistry Thematic Network (ECTN)

May 2026
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Dear Colleagues,

Chemistry has always been a pivotal scientific discipline, acting as a bridge between
the physical sciences, life sciences, medicine, engineering, and emerging technologi-
cal fields. Its central role places chemistry at the heart of many of the most pressing
scientific and societal problems of our time.

In a rapidly changing world, new challenges continuously arise, along with novel
solutions. This constant evolution means that scientific disciplines, and chemistry
in particular, must regularly review and adapt their content, curricula, and teaching
methodologies. A world in perpetual expansion demands the development of new
skills and competences. Chemistry graduates are increasingly expected to address
complex global problems related to energy, health, water, climate change, and human
well-being, all of which are closely aligned with the United Nations Sustainable Devel-
opment Goals (UN SDGSs).

The original Tuning initiative (2000) was developed by members of the European
Chemistry Thematic Network (ECTN), notably Anthony Smith and Terrence Mitch-
ell, with the support of many other dedicated educators. This work introduced the
concept of convergence of chemistry degree programmes across Europe within the
framework of the Bologna Process. The Tuning recommendations provided a core
chemistry curriculum, identifying the essential knowledge, skills, and competences
expected of all chemistry graduates.

During the Bologna transition, universities across Europe drew extensively on the
findings and recommendations of the Tuning project to design and implement new
chemistry curricula. These efforts played a crucial role in harmonizing degree struc-
tures while respecting national and institutional diversity, thereby strengthening the
European Higher Education Area.
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The term Tuning itself was deliberately chosen to emphasize flexibility in curriculum
design across Europe, allowing programmes to be adapted to local contexts while
maintaining shared academic standards.

We owe sincere thanks to these visionary educators, who have left a lasting legacy,
and with it, a responsibility to build upon their work.

Over the past 25 years, the context in which chemistry is taught and practiced has
evolved significantly. The growing importance of ethics, sustainability, global change,
and social responsibility, alongside the rapid digital transformation of science and so-
ciety, highlights the need to revisit and modernize the original Tuning framework. In
particular, artificial intelligence and data-driven technologies present both unprece-
dented opportunities and new challenges offering significant benefits while simulta-
neously introducing the need of a reassessment of teaching and evaluation method-
ologies in chemical education.

The updated version of Core Chemistry is the result of the collective efforts of a
recently constituted ECTN working group. Bringing together academic experts from
across Europe, this group reflects a broad diversity of institutional contexts, discipli-
nary perspectives, and educational traditions. Through extensive consultation, critical
reflection, and consensus-building, the working group has revisited the original Tuning
principles and adapted them to contemporary scientific, societal, and educational re-
alities.

Thus, the redefined Core Chemistry integrates new competences and perspectives,
ensuring that future chemistry graduates are not only scientifically skilled, but also
ethically aware, digitally literate, and prepared to contribute responsibly to a rapidly
changing world.

Sanjiv Prashar
General Secretary of the European Chemistry Thematic Network
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INTRODUCTION

The European Chemistry Thematic Network (ECTN) has been actively involved in
shaping and standardizing chemistry education across Europe, particularly focus-
ing on first-cycle (bachelor's) degree programs in chemistry. Their activities primarily
revolve around identifying core chemistry topics and defining learning objectives for
Chemistry Bachelor programs.

The European Chemistry Thematic Network (ECTN) published a list of core chemis-
try topics and learning objectives for the Chemistry Bachelor alongside the Bologna
Process in April 1999. This work was initially carried out within the first two ECTN Net-
work projects (1996 — 2003) and subsequently in the Tuning Educational Structures
in Europe projects (from 2001). The definition of core areas of chemistry included con-
tent that was taught in at least 80% of bachelor chemistry courses. This was called
core chemistry and it formed an important basis in creating the ECTN Eurolabels®'
and the EChemTest®.2

Higher education institutions, national chemical societies and chemical companies
comprise the ECTN members. Their network has currently over 60 members coming
from 30 different European countries and associate members world-wide.

A Work Group on Core Chemistry reviewed and updated the core content of chem-
istry curricula at European universities based on the now more than 20 years old
recommendations. The revised core chemistry content is summarized in the tables
related to the four sub-discipline areas namely, Inorganic, Organic, Physical and Ana-
lytical along with General Chemistry. Even though in these recommendations, individ-
ual courses are specified and assigned subject names used as usual (e.g., “physical
chemistry”) it is possible that certain content can be spread over several chapters.?
This is especially true for the important laboratory, experimental practice which is
shown in an additional table.

The core chemistry content in the revised recommendations also includes Biological
Chemistry. Depending on universities' research focus, additional topics like material
sciences and/or others can be part of the Bachelor program but are not seen as man-
datory for all universities in Europe.

By focusing on these core topics and competencies, the ECTN aims to create a
standardized framework for high-quality chemistry education across Europe while al-
lowing flexibility for national and institutional differences.




INTRODUCTION

LABORATORY PRACTICE

An important feature of the chemistry degree courses is the interlinking of theoretical
and practical laboratory training in terms of time and content. The ability to conduct
theory-based experiments, observe and evaluate experimental results is essential for
the future professional qualification of chemistry students and elsewhere. The con-
stant increase in detailed knowledge and the high degree of differentiation that Bach-
elor's degree courses have already achieved must not lead to a course of study that is
focused solely on concept and theory reception and where the teaching of theory in
lectures, exercises, seminars and courses pushes back practical laboratory training.
Digital teaching media complement modern chemistry studies, but cannot replace
practical training.

INDUSTRIAL EMPLOYABILITY

According to the Bologna declaration “The degree awarded after the first cycle shall
also be relevant to the European labour market as an appropriate level of education”.
Even though in several countries chemistry Bachelors do not (yet) enter the labour
market the students should be prepared for their later work in industry. 41 percent of
M.Sc. students plan to work in industry.* The European Higher Education Institutions
(HEls) should take this factor into consideration when organizing their respective
chemistry courses.

Besides the core chemistry the students have to develop competences in several
overarching areas, amongst them:

RESEARCH DATA MANAGEMENT (RDM), DATA SCIENCE

The digital transformation of science, economy and society requires modern chem-
istry degree programs, even at Bachelor's level to develop skills in dealing with data
and the digitalization of teaching content. In particular, data science training content
should be combined with application to real chemical problems. At the same time,
the importance of research data management is growing as one of the pillars of data
science concepts at all levels of research and teaching. In this context Electronic Lab-

10
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oratory Notebooks® (ELNs) play a major role in modern chemistry education. Exten-
sive public funding in several countries, e.g. in Germany, for the establishment of a
“national research data infrastructure"® underlines the importance of well structured
and “findable", high-quality data for science. SURF, the Dutch IT cooperative of educa-
tion and research institutions supports an ecosystem approach where members and
the SURF organisation work together to develop, combine and share knowledge about
the optimal use of IT in education and research.5

SUSTAINABILITY AND ETHICAL ISSUES, CHEMISTRY AND
SOCIETY

The UN Sustainable Development Goals defined in 2015 as part of the Paris Climate
Agreement summarize the efforts for a sustainable future in 17 categories. The cen-
tral importance of many of these topics for the chemical sector and industry as well
as the political and social debate require further development of the curriculum. Con-
tent on sustainable development should be integrated into existing courses or taught
in new courses.

In order to raise awareness of ethical issues (see also the Hague Ethical Guide-
lines® and the IUPAC Guiding Principles of Responsible Chemistry®), to sharpen the
responsible handling of (raw) materials, processes and waste, students should be fa-
miliarized with the principles of green chemistry and resource-conserving production
(atom economy, circular economy, sustainable value chains) as well as with central
concepts of catalysis, (environmental) toxicology and biotechnology.

PRESENTATION SKILLS

Successful science communication within and outside the chemical community is
based on the same principles of good scientific practice but also requires the ability
to adapt facts to the respective audience. Imparting the necessary expertise in a cor-
respondingly broad manner is, of course, the core objective of the Bachelor's degree
program in Chemistry.

11
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Linking factual topics with the social context comprehensively sensitizes students
to possible problems and solutions through chemistry, as demonstrated in detail in
the area of sustainability, for example, and generally promotes fact-oriented commu-
nication. A necessary addition, which can be incorporated within the seminars and
exercises of the individual subject areas, is training in presenting itself, i.e., speaking in
front of a group using the various techniques and media.

Artificial intelligence will influence the way of teaching, learning and conducting re-
search in the future. Students should gain a profound understanding of opportunities
but also risks in using artificial intelligence.

In addition to the detailed, content-related features, there are of course also sub-
ject-specific competencies, the successful teaching of which is a quality criterion for
the Bachelor's degree in Chemistry. Subject specific competences are listed in the
core content.

A Bachelor's degree in Chemistry provides graduates with a range of generic (or
transferable) competencies that are valuable in various professional and academic
settings, e.g..

Analytical Skills: The ability to evaluate and manage data, identify patterns, and
draw logical conclusions based on evidence.

Problem-Solving: Proficiency in formulating and testing hypotheses, trouble-
shooting experimental procedures, and applying theoretical concepts to real-world
problems.

Critical Thinking: The capacity to assess the reliability of information, critique
methodologies, and make informed decisions based on scientific reasoning.
Attention to Detail: A meticulous approach in conducting experiments, recording
data, and analyzing results, which is crucial in avoiding errors.

Technical Proficiency: Familiarity with chemicals handling, laboratory techniques,
equipment, instrumentation, and software used in chemical analysis and research.
Research Skills: Ability to design and conduct experiments, analyze data using
appropriate tools, and critically review scientific literature. Synthesize diverse infor-
mation, draw valid conclusions and communicate results clearly.

12
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Communication Skills: Ability to clearly communicate scientific concepts to

their peers, both in writing and verbally, including the preparation of reports and
presentations.

Teamwork and Collaboration: Ability to work effectively with fellow students in
groups, often on projects that require collaboration and interaction.

Ethical Considerations/Commitment: Understanding of the ethical issues in
scientific research. The ability to conduct work responsibly and in compliance with
regulations and safety standards.

Time Management: Skills in organizing tasks by balancing assigned time. Ability to
deal with multiple assignments, laboratory work etc.

Adaptability: Flexibility to adjust methods and approaches in response to unex-
pected results or changing priorities.

Interdisciplinary Understanding: An appreciation for how chemistry intersects with
other fields such as biology, physics, environmental science, materials science,
engineering etc.

In addition, there are competencies emerging that are important to Chemistry Bach-
elor graduates:

P Sustainability

Chemistry graduates should possess the competence to understand and actively
contribute to sustainable development, in alignment with the European Sustainabil-
ity Competence Framework (GreenComp”). This includes systems thinking, foresight,
responsibility, and collaboration to design and implement sustainable solutions in
chemical processes and products. Students should develop an awareness of the en-
vironmental and societal impact of their scientific work, apply the principles of Green
Chemistry, and contribute to the circular economy and climate action goals through
responsible innovation and decision-making.

» Digital Competence and Atrtificial Intelligence

Students should understand the growing role of Artificial Intelligence (Al) and da-
ta-driven technologies in chemistry. This includes basic proficiency in using Al tools
for modeling, simulation, and data analysis, as well as a critical awareness of their

13
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limitations, biases, and ethical implications. Chemistry graduates must be prepared
to engage with digital innovation responsibly and integrate Al into laboratory work,
scientific discovery, and industrial applications.

» Diversity and Inclusion

Graduates should demonstrate sensitivity to cultural, social, and individual diversi-
ty within academic, industrial, and societal contexts. Chemistry is a global science,
and inclusivity enhances creativity and collaboration. Students should be able to work
effectively in multicultural and interdisciplinary teams, recognize and challenge bias,
and foster respectful, equitable environments in research, teaching, and practice.

» Chemistry as a Global Enterprise
Graduates should have an appreciation for how international collaboration in academ-
ia and industry can be integral for a chemistry career.

All these competencies enable chemistry graduates to pursue a variety of career
paths in industries such as chemical, pharmaceutical, environmental science, educa-
tion, and more, as well as undertake further studies in advanced chemistry or related
disciplines.

14
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Atomic and Molecular Structure

ATOMIC AND MOLECULAR STRUCTURE

» Atomic models

Details
Historical development of atomic models; Determination of the atomic number via
X-ray emission.

Competences/Learning Outcomes

Describe the evolution of atomic theories and models, including the principles of
guantum mechanics as they apply to the structure of atoms.

Explain the organization of electrons in atoms using quantum numbers and their
impact on chemical behavior.

Understand/apply the concepts of wavefunction, orbital and electron configuration

» Quantum mechanics and atomic orbitals

Details

Electronic structure of atoms based on atomic hydrogen and its discrete emission
spectrum:

* guantization of energy

+ wave-particle duality of the electron

+ wave mechanical atomic model

+ atomic orbitals

+ guantum numbers

Competences/Learning Outcomes

Describe the evolution of atomic theories and models, including the principles of
guantum mechanics as they apply to the structure of atoms.

Explain the organization of electrons in atoms using quantum numbers and their
impact on chemical behavior.

Understand/apply the concepts of wavefunction, orbital and electron configuration

17
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» Electronic configurations

Details

« Electron configuration including noble gas configuration,

« structural principle including Hund's rule and Pauli's prohibition,
* Lewis notation

« valency

Competences/Learning Outcomes

Describe the evolution of atomic theories and models, including the principles of
guantum mechanics as they apply to the structure of atoms.

Explain the organization of electrons in atoms using quantum numbers and their
impact on chemical behavior.

Understand/apply the concepts of wavefunction, orbital and electron configuration

» Periodic trends

Details

Periodic table of the elements:

+ nomenclature,

« periodic properties (atomic radius, ionic radius, ionization energy, electron affin-
ity, electronegativity)

Competences/Learning Outcomes
Interpret the variation of the characteristic properties of chemical elements ac-
cording to the periodic table.

» Chemical Bonding

Details

+ lonic bonding

+ Covalent bonding

+ Metallic bonding

+ Molecular orbital theory
+ Valence bond theory

18



Atomic and Molecular Structure / Chemical Reactivity

Competences/Learning Outcomes

Distinguish between ionic, covalent, and metallic bonds and evaluate their roles in
determining compound properties.

Apply bonding theories like molecular orbital and valence bond theory to explain
the structure and stability of compounds.

CHEMICAL REACTIVITY

Details

+ Stoichiometry

+ solution chemistry

+ equilibrium in homogeneous and heterogeneous systems
+ Spontaneous and non-spontaneous chemical reactions

+ thermodynamic and kinetics

Competences/Learning Outcomes

Utilize stoichiometric principles to balance chemical equations and calculate
quantities in chemical reactions.

Explain the factors influencing chemical equilibria and reaction rates, incorporat-
ing thermodynamic and kinetic concepts.

GENERAL COMPETENCES

1. Analytical Skills:
* Calculate atomic, molecular, and periodic properties of chemical elements.
* Apply theoretical principles to predict reactivity and chemical behavior.

2. Problem-Solving:
* Design and analyze chemical reactions using stoichiometric principles.
* Predict outcomes based on bonding theories and periodic trends.

19
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3. Practical Laboratory Skills:

« Demonstrate proficiency in laboratory techniques related to stoichiometry, solu-
tion preparation, and basic chemical analysis.

« Apply safety protocols and best practices in laboratory environments.

4. Integration of Theory and Practice:
* Relate theoretical concepts to experimental observations, including chemical
reactions and property measurements.

5. Communication:
« Clearly present chemical analyses and interpretations, demonstrating an under-
standing of fundamental chemical principles.

20
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Thermodynamics

THERMODYNAMICS

» Basic laws of thermodynamics

Details

1st, 2nd and 3rd law of thermodynamics. Thermodynamic functions (internal en-
ergy, free energy, enthalpy, free enthalpy, entropy). Equations of state. Ideal and
nonideal gases. Thermodynamics of liquids.

Thermodynamics of solids.

Competences/Learning Outcomes

Explain and apply the first, second, and third laws of thermodynamics to analyze
energy conservation, entropy, irreversibility, and the behavior of systems ap-
proaching absolute zero, including the calculation of work, heat transfer, and
efficiency.

Explain and apply the equations of state, including the ideal gas law and van der
Waals equation, to describe the behavior of ideal and non-ideal gases, and ana-
lyze deviations from ideal behavior.

Create, apply, and analyze the equations of state, including the ideal gas law and
van der Waals equation, to describe and solve problems related to ideal gases,
and evaluate the behavior of non-ideal gases..

Explain the thermodynamic principles of solid-state reactions and phase transfor-
mations, calculate thermodynamic properties, and use free energy and phase
diagrams to predict the stability and transformations of solid phases.

» Phase equilibria. Thermodynamics of chemical reactions.

Details
Equilibrium constants. Endothermic and exothermic reactions. Phase rule. Phase
transitions.

Competences/Learning Outcomes

Apply equilibrium constants to determine the direction and extent of chemical re-
actions, considering how temperature affects reactions that are endothermic or
exothermic.

23
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Explain phase transitions using the phase rule and relate phase equilibria to ther-
modynamic principles.

Kinetic gas theory and statistical thermodynamics

Details
Statistical ensembles (microcanonical, canonical, grand canonical). Partition func-
tions. Calculation of thermodynamic quantities from spectroscopic data.

Competences/Learning Outcomes

Apply the concepts of microcanonical, canonical, and grand canonical ensembles
to explain the statistical foundations of thermodynamics and derive partition
functions for these ensembles.

Use partition functions to calculate thermodynamic quantities and relate them to
spectroscopic data for real systems.

CHEMICAL KINETICS

» Basic concepts of kinetics

Details

* Kinetics of complex reactions
« Catalysis

+ Transport Phenomena

+ Experimental Methods

Competences/Learning Outcomes

Analyse the kinetics of complex reactions, including reaction mechanisms
using both the rate-determining step approximation and the steady state
approximation.

Describe how catalysis impacts reaction rates, focusing on both homogeneous
and heterogeneous catalytic systems.

Explain the principles of transport phenomena and how they influence the move-
ment of mass, energy, and momentum in chemical processes.

24



Thermodynamics / Chemical Kinetics / Electrochemistry

Apply experimental methods to measure and analyze kinetic data, evaluate cata-
lytic efficiency, and study transport properties in chemical systems.

ELECTROCHEMISTRY

» Electrochemical reactions

Details

« Characteristics of electrochemical reactions.

* Kinetics of electrochemical reactions

« Thermodynamics of electrochemical reactions

Competences/Learning Outcomes

Describe the fundamental characteristics of electrochemical reactions, focusing
on electron transfer processes and redox reactions at electrodes.

Analyze the kinetics of electrochemical reactions, including reaction rates and the
factors that influence electron transfer.

Evaluate the thermodynamics of electrochemical reactions, considering cell po-
tentials, Gibbs free energy, and reaction spontaneity, using the Nernst equation
to calculate equilibrium potentials and understand the concentration depend-
ence of electrochemical reactions.

» Electrochemical interfaces

Details

+ Charge separation at interfaces
« Surface layers

+ Mass transport at interfaces

Competences/Learning Outcomes
Explain the process of charge separation at electrochemical interfaces and its im-
pact on electrode potential and current flow in electrochemical systems.

25
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Describe the formation of surface layers at electrodes and analyze how mass
transport across electrochemical interfaces influences reaction rates and over-
all cell performance.

Experimental methods of electrochemistry

Details
Cyclic voltammetry

Competences/Learning Outcomes

Explain the principles and components of cyclic voltammetry, including the analy-
sis of redox reactions using an electrochemical cell.

Interpret cyclic voltammograms to evaluate the kinetics and mechanisms of elec-
tron transfer processes in electrochemical systems.

Design experiments using cyclic voltammetry to investigate redox reactions and
evaluate the experimental setup. Develop and optimize cyclic voltammetry pro-
tocols to obtain accurate and reproducible data.

Application of electrochemistry

Details
* Electroanalysis
« Corrosion

Competences/Learning Outcomes

Apply electroanalytical techniques to quantify chemical species and understand
their behavior at electrodes in various electrochemical processes.

Analyse the mechanisms of corrosion, evaluate the factors influencing corro-
sion rates, and propose electrochemical methods for corrosion prevention and
control.

26
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QUANTUM CHEMISTRY AND SPECTROSCOPY

» Fundamentals of quantum mechanics

Details
Basic principles and methods of quantum mechanics. Schrodinger equation. Sim-
ple models (harmonic oscillator, rotator).

Competences/Learning Outcomes
Explain basic postulates of quantum mechanics,
Solve simple quantum models

» Quantum chemistry

Details

Hydrogen atom. Multi-electron atoms. Electronic structure of molecules. Basic
methods of quantum chemistry (SCF LCAO MO etc.). DFT. Numerical methods
of quantum chemistry.

Competences/Learning Outcomes

Explain the quantized energy levels of the hydrogen atom by solving the Schrodinger
equation, applying orbital shapes and transitions to describe its electronic struc-
ture and spectral lines.

Describe the electron configurations of multi-electron atoms, considering elec-
tron-electron interactions and periodic trends in atomic properties like size and
ionization energy.

Apply molecular orbital theory to explain bonding in diatomic and polyatomic mol-
ecules, creating molecular orbital diagrams to predict bond order and molecular
stability.

Explain and apply Self-Consistent Field (SCF), Linear Combination of Atomic Or-
bitals (LCAO), and molecular orbital (MO) methods to compute molecular struc-
tures using quantum chemistry principles.

Describe and apply Density Functional Theory (DFT) to calculate electronic struc-
tures of molecules and solids.

27
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Explain and apply numerical techniques such as basis set expansions and numer-
ical integration to solve quantum chemical problems and simulate molecular
systems.

Atomic and molecular spectroscopy

Details
Matter-light interaction. Electronic spectroscopy. NMR, IR, UV-Vis

Competences/Learning Outcomes

Explain the interaction between matter and light, focusing on how electromagnetic
radiation induces energy transitions in atoms and molecules.

Analyze the principles of electronic spectroscopy to study the electronic transi-
tions within atoms and molecules, particularly in the UV-Vis region.

Use NMR spectroscopy to identify chemical environments by analyzing nuclear
spin transitions in magnetic fields.

Apply IR spectroscopy to identify molecular vibrations and functional groups
through the absorption of infrared radiation.

Evaluate UV spectroscopy to detect electronic transitions in molecules, particu-
larly in conjugated systems.

Use fluorescence spectroscopy to study the emission of light from excited states
and understand molecular dynamics and environments.

Quantum statistics

Details
Fermi-Dirac and Bose-Einstein statistics. Fermi gas. Bose-Einstein condensation.

Competences/Learning Outcomes

Explain the differences between Fermi-Dirac and Bose-Einstein statistics.

Describe the behavior of a Fermi gas, particularly at low temperatures, and its sig-
nificance in quantum statistics.

Analyse Bose-Einstein condensation as a macroscopic quantum phenomenon
that occurs in systems of bosons at low temperatures.

28



Quantum Chemistry and Spectroscopy

GENERAL COMPETENCES

1. Analytical Skills:

* Ability to analyze thermodynamic and kinetic data and interpret information
effectively.

* Proficiency in utilizing various spectroscopic methods for chemical analysis.

2. Problem-Solving:
« Ability to assess and approach complex chemical problems systematically.
« Skills in designing experiments to test hypotheses and optimize conditions.

3. Practical Laboratory Skills:

+ Mastery in conducting experiments, utilizing laboratory equipment, and following
protocols accurately.

« Competence in operating and maintaining laboratory instrumentation relevant to
physical chemistry.

« Ability to accurately record experimental data and maintain proper laboratory
notebooks.

4. Integration of Theory and Practice:
* Relate theoretical concepts to experimental observations.
« Skills in applying mathematical techniques to solve physical chemistry problems.

5. Communication:
« Clearly present chemical analyses and interpretations, demonstrating an under-
standing of fundamental chemical principles.

29



INORGANIC CHEMISTRY




Descriptive Basic Inorganic Chemistry

DESCRIPTIVE BASIC INORGANIC CHEMISTRY

» Main Group Chemistry

Details

* Properties of main group elements
« Boron and carbon chemistry

« Nitrogen and oxygen chemistry

+ Halogens and noble gases

Competences/Learning Outcomes

Explain the properties and behaviors of main group and transition metals, includ-
ing trends and electronic configurations.

Describe the chemistry of boron, carbon, nitrogen, oxygen, halogens, and noble
gases.

P Transition Metal Chemistry

Details

* Properties of transition metals

« Electronic configurations of transition metals

« Magnetism and electronic spectra of transition metal complexes

Competences/Learning Outcomes

Explain the properties and behaviors of main group and transition metals, includ-
ing trends and electronic configurations.

Describe the chemistry of boron, carbon, nitrogen, oxygen, halogens, and noble
gases.
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ADVANCED INORGANIC CHEMISTRY

» Coordination Chemistry 1

Details

+ Coordination compounds

+ Ligands and coordination numbers

* Isomerism in coordination compounds
« Crystal field theory

+ Ligand field theory

Competences/Learning Outcomes
Analyze coordination compounds, including their ligands, coordination numbers,
isomerism, and applications of crystal and ligand field theories.

» Coordination Chemistry 2

Details
+ Organometallic compounds
« Homogeneous Catalysis

Competences/Learning Outcomes

TOF, use 18 electron rule to understand and predict reaction mechanisms of cat-
alytic reactions

explain the principles of catalytic processes in the context of homogeneous
catalysis;

apply catalytic principles to make chemical processes more sustainable

» Bioinorganic Chemistry

Details

+ Metal ions in biological systems

+ Metalloproteins and metalloenzymes
+ Metal ion transport and storage

32



Advanced Inorganic Ch. / Solid State Ch. / Nuclear Ch.

Competences/Learning Outcomes
Evaluate the role of metal ions in biological systems, including metalloproteins,
metalloenzymes, and their transport and storage mechanisms.

SOLID STATE CHEMISTRY

Details

* Preparation

+ Crystal structures

« X-ray diffraction

+ Band theory and electronic properties of solids

« Nanomaterials synthesis, characterization and applications
+ Heterogeneous Catalysis

Competences/Learning Outcomes
Describe methods for preparing and characterizing solids, crystal structures, and
the applications of X-ray diffraction and band theory in electronic properties.

NUCLEAR CHEMISTRY

Details

+ Nuclear reactions

+ Radioactivity

* Nuclear decay processes

Competences/Learning Outcomes
Explain nuclear reactions, radioactivity, and nuclear decay processes with their ap-
plications in various fields.
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INORGANIC CHEMISTRY

EXPERIMENTAL TECHNIQUES

Details

+ Inorganic synthetic techniques Schlenk, electrochemical, etc.

+ Characterization techniques: Spectroscopy (UV-Visible, IR, NMR, Mass Spec)
« X-ray crystallography

« Electrochemistry etc.

* Reactivity

Competences/Learning Outcomes

Perform synthetic techniques such as Schlenk methods and use character-
ization techniques like spectroscopy (UV-Vis, IR, NMR, Mass Spec) and X-ray
crystallography.

see also Chapter Experimental Chemistry

COMPETENCES

1. Analytical Skills:

« Ability to measure, predict, and calculate physical and chemical properties of
inorganic substances.

« Competence in using characterization techniques to identify and analyze
compounds.

2. Problem-Solving:

« Design synthetic pathways for inorganic compounds and predict their reactivity
and stability.

* Apply theoretical models like crystal and ligand field theories to solve structural
and spectral problems.
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Experimental Techniques

3. Practical Laboratory Skills:

* Proficiency in safely conducting laboratory experiments involving inorganic syn-
thesis and analysis.

 Use advanced techniques such as electrochemistry and X-ray crystallography
effectively.

4. Interdisciplinary Awareness:
+ Connect inorganic chemistry concepts with their applications in catalysis, biologi-
cal systems, and material science.

5. Communication and Collaboration:
* Report findings accurately and collaborate effectively in research or industrial
teams focusing on inorganic chemical solutions.
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ANALYTICAL CHEMISTRY




Overall Analytical Process / Analytical methods of detection and determination

OVERALL ANALYTICAL PROCESS: BASIC IDEA,
OBJECTIVES AND BASIC TERMS

» Analytical problem from sampling to evaluation

Details

Object under investigation, analysis principle, methods of analysis, experiment and
evaluation, dealing with small amounts of samples, concentration ranges, valida-
tion, quality assurance

Competences/Learning Outcomes

To acquire basic knowledge and skills in analytical chemistry and ability to work
independently on analytical questions with the problem-oriented selection of
suitable methods. To acquire basic knowledge on how to validate an analytical
method.

ANALYTICAL METHODS OF DETECTION AND
DETERMINATION

» Sampling and sample treatment

Details
Sampling strategies. Theory of sampling. Examples of international guidelines.
Sample reduction and sample preparation for gases, liquids and solids.

Competences/Learning Outcomes

To acquire basic knowledge on the different approaches to get a sample (being it
gas, solid or liquid). To acquire basic knowledge on the statistical theory of sam-
pling. Ability to choose and apply a sample strategy. Ability to get a subsample
and how to treat it.
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ANALYTICAL CHEMISTRY

» Separation based analytical methods and enrichment processes

Details

Fundamentals of compounds separation (gases, liquids and solids). Concept of
affinity. Principles governing the separation of compounds.

Digestion, extraction, enrichment, matrix

effects, chromatography (GC, HPLC, TLC, electrophoresis)

Competences/Learning Outcomes

Ability to choose and apply adequate separation-based experimental methods and
interpret the results.

Ability to preconcentrate and/or separate an analyte (several) of interest from the
main sample matrix

» Determination Analytical Methods

Details

Gravimetry, titrimetry, surface analysis, electrochemical analytical methods (po-
tentiometry, electrogravimetry, coulometry, voltammetry, conductimetry), atomic

spectroscopy (AAS, AES, ICP), molecular spectroscopy

(UV-VIS, fluorescence, IR, Raman), mass spectrometry [structure, ionization,

fragmentation, detection, coupling techniques: (LA) ICP MS, (D)ESI MS, GC MS,
HPLC MS]. Sensors and biosensors. Automation and miniaturization.

Competences/Learning Outcomes

To know the fundamentals, applicability and limitations of analytical methods of
determination.

Ability to use the different techniques. Ability to forsee how to streamline an ana-
lytical method.

» Performance analytics parameters

Details

Sensitivity, limit of detection, limit of quantification, uncertainty, robustness, selec-
tivity/specificity, trueness and precision (repeatability and reproducibility), false
positive and false negative, resolution, signal, types, noise.
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Analytical methods of detection and determination / Chemometrics

Competences/Learning Outcomes
Understand the potential and limitations of different methods.
Ability to calculate critical performance parameters of analytical methods

CHEMOMETRICS

» Design of experiments, univariate and basic multivariate chemometrics

Details

Design of experiments: sequential optimization, factorial designs.

Statistical evaluation of data, data analysis, calibration methods, least squares
adjustment, linear regression, confidence intervals, study of the regression line,
basic pattern recognition, classification

Competences/Learning Outcomes

Design experiments, evaluate and interpret results.

Ability to perform basic statistical analysis of univariate results. Ability to perform
basic pattern recognition of experimental data.

COMPETENCES:

1. Analytical Skills:

« Ability to use the different analytical techniques to detect and determine
compounds.

* Ability to establish critical performance parameters.

2. Problem-Solving:
* Design analytical protocols for detection and determination of compounds.
* Provide problem-oriented selection of suitable analytical methods.
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ANALYTICAL CHEMISTRY

3. Practical Laboratory Skills:

* Proficiency in safely conducting laboratory experiments involving experimental
techniques and compound analysis.

« Competences in sampling strategies, compound separation and enrichment
processes.

4. Interdisciplinary Awareness:
+ Connect analytical chemistry concepts with their applications in biological and
environmental systems, etc.

5. Communication and Collaboration:
* Report findings accurately and collaborate effectively in research or industrial
teams focusing on analytical chemical solutions.
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ORGANIC CHEMISTRY




Molecular Structure and reactivity

MOLECULAR STRUCTURE AND REACTIVITY

» Structural properties: carbon hybridization isomers, conformers, chirality.
Conjugation and resonance structures. Polarity and acidity in organic
compounds.

Details

Understanding organic structures and its tridimensional conformations through
different representations (condensate, perspective, Newma). Free organic chain
rotation in C-C bonds vs C=C. Chirality, R and S configurations.

Competences/Learning Outcomes
Understand the structure of organic molecules as well as their properties and their
tridimensional configuration.

» Reaction mechanism. Nucleophiles and electrophiles. Steric hindrance

Details
Nucleophile and electrophile definition, SN1, SN2, E1, E2, rearrangements. Carbo-
cations and carbanions stability

Competences/Learning Outcomes
Predict the possible mechanism of a reaction
» Functional groups, aromatic and heteroaromatic chemistry.

Details

Functional groups: Structure and properties. Reactivity as a tool to create molec-
ular complexity: How to introduce a functional group and how to transform it.
Aromaticity rules, specific transformations in aromatic systems

Competences/Learning Outcomes
Predict possible transformations or syntheses of a molecule based on its structure

Spectroscopy may be introduced as a part of the functional group description.
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ORGANIC CHEMISTRY

» Natural products

Details
Aldoses, oligo- and polysaccharides, a-amino acids, oligo- and polypeptides. Ri-
bose and deoxyribose.

Competences/Learning Outcomes
Be able to identify different natural products and know their basic reactivity.

P Metals in organic reactions

Details

Grignard Reagents, Organo-Lithium reagents, Lithium bases, and Organo-Copper
reagents.

Heterogenous Catalyst: Hydrogenation Catalyst, Lindlar catalyst,

Homogeneous Catalyst: Pd(ll), Pd(0) (Heck, Stille, Suzuki)

Competences/Learning Outcomes
Design synthetic transformations involving the use of metals
» Basic enantioselective transformations.

Details
Felkin Anh Model, CBS reduction,

Competences/Learning Outcomes
Understand and predict the possible outcome of a reaction involving chirality.

APPLIED SPECTROSCOPY

» UV-Vis and fluorescence, IR spectroscopy, NMR (H, C, P), mass spectrometry

Competences/Learning Outcomes

Confirm the structure of a molecule by means of the analysis of different
techniques.

see also Chapter Experimental Chemistry
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Molecular Structure and reactivity / Applied Spectroscopy / Synthesis

SYNTHESIS

» Applied retrosynthesis

Details
Functional group interconversion, group protection, common C-C, C-N and C-O dis-
connection. Retrosynthetic analysis, Umpolung

COMPETENCES

1. Analytical Skills:

* Ability to understand and visualize organic structures.

« Ability to predict chemical properties and reactivity of organic substances based
on functional groups.

2. Problem-Solving:

* Design synthetic pathways for organic compounds and predict their reactivity and
spectroscopical properties.

* Provide reactions mechanisms that justify experimental evidences.

3. Practical Laboratory Skills:

* Proficiency in safely conducting laboratory experiments involving experimental
techniques and compound synthesis.

« Competences in compound isolation, purification and characterization.

4. Interdisciplinary Awareness:
+ Connect organic chemistry concepts with their applications in catalysis, biological
systems and material science.

5. Communication and Collaboration:
* Report findings accurately and collaborate effectively in research or industrial
teams focusing on organic chemical solutions.
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BIOLOGICAL CHEMISTRY




Basics of Biochemistry / Biomolecules

BASICS OF BIOCHEMISTRY

» Structure of the Cell (animal and plant)

Details

Important structures within the cell

Functions of these structures: e.g., nucleus, mitochondria, ribosomes
Cell Division: mitosis, meiosis and binary fission

Competences/Learning Outcomes
Describe individual parts of a cell and their functions and explain all steps of cell
division

BIOMOLECULES

p» Proteins

Details
Amino acids, peptides, Ramachandran plot, protein folding, structural motifs, pro-
tein purification

Competences/Learning Outcomes
Describe and explain the structure, properties, function, and (bio-)synthesis of ma-
jor classes of biomolecules (Proteins, nucleic acids, carbohydrates, lipids)

» Nucleic acids

Details
Nucleotides, Watson-Crick-base pairing, PCR, sequencing, genetic code, epige-
netic, genome editing

Competences/Learning Outcomes
Describe and explain the structure, properties, function, and (bio-)synthesis of ma-
jor classes of biomolecules (Proteins, nucleic acids, carbohydrates, lipids)
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BIOLOGICAL CHEMISTRY

» Carbohydrates

Details
Sugars, glycosidic linkage, nomenclature of carbohydrates, glycosylation,
cell-cell-recognition Lipids

Competences/Learning Outcomes
Describe and explain the structure, properties, function, and (bio-)synthesis of ma-
jor classes of biomolecules (Proteins, nucleic acids, carbohydrates, lipids)
» Lipids

Details
Structure and properties, micelles and vesicles, membranes

Competences/Learning Outcomes
Describe and explain the structure, properties, function, and (bio-)synthesis of ma-
jor classes of biomolecules (Proteins, nucleic acids, carbohydrates, lipids)

Maybe some partial overlap with organic chemistry.

METABOLISM

» General principles

Details
Enzymes, coenzymes, enzyme kinetics, regulation of enzyme activity

Competences/Learning Outcomes
Understand and explain molecular structures and pathways involved in metabolic
changes in a living cell
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Biomolecules / Metabolism

p» Carbohydrate degradation

Details
Glycolysis, pentose phosphate pathway, pyruvate degradation, respiratory chain,
citric acid cycle

Competences/Learning Outcomes
Understand and explain molecular structures and pathways involved in metabolic
changes in a living cell

» beta-Oxidation of fatty acids

Competences/Learning Outcomes
Understand and explain molecular structures and pathways involved in metabolic
changes in a living cell

» Photosynthesis

Details
Dark and light reaction

Competences/Learning Outcomes
Understand and explain molecular structures and pathways involved in metabolic
changes in a living cell

» Biosynthesis

Details

* Gluconeogenesis

« Amino acids

+ Fatty acids

+ Nucleic acids: replication, transcription, translation

Competences/Learning Outcomes
Understand and explain molecular structures and pathways involved in metabolic
changes in a living cell
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BIOLOGICAL CHEMISTRY

EXPERIMENTAL TECHNIQUES

» Treatment, maintenance, cultivation and sterile handling of microbes

Details
Working with E. coli

Competences/Learning Outcomes

Perform synthetic techniques necessary to handle biological material and apply
important methods like enzyme assays, PCR, electrophoresis and immunologi-
cal assays

» Principles of preparation and purification of biomolecules

Details
Proteins and nucleic acids

Competences/Learning Outcomes

Perform synthetic techniques necessary to handle biological material and apply
important methods like enzyme assays, PCR, electrophoresis and immunologi-
cal assays

» Principles of recombinant methods

Details
Transformation, selection, overexpression

Competences/Learning Outcomes

Perform synthetic techniques necessary to handle biological material and apply
important methods like enzyme assays, PCR, electrophoresis and immunologi-
cal assays

» Enzyme assays

Details
Enzyme application as biocatalysts, enzymatic analysis
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Experimental techniques

Competences/Learning Outcomes

Perform synthetic techniques necessary to handle biological material and apply
important methods like enzyme assays, PCR, electrophoresis and immunologi-
cal assays

Methods in DNA analysis

Details
PCR

Competences/Learning Outcomes

Perform synthetic techniques necessary to handle biological material and apply
important methods like enzyme assays, PCR, electrophoresis and immunologi-
cal assays

Electrophoretic analysis

Details
Proteins and nucleic acids

Competences/Learning Outcomes

Perform synthetic techniques necessary to handle biological material and apply
important methods like enzyme assays, PCR, electrophoresis and immunologi-
cal assays

Immunological assays

Details
Qualitative and quantitative detection of proteins

Competences/Learning Outcomes

Perform synthetic techniques necessary to handle biological material and apply
important methods like enzyme assays, PCR, electrophoresis and immunologi-
cal assays
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BIOLOGICAL CHEMISTRY

» Operation of bioreactors

Competences/Learning Outcomes

Perform synthetic techniques necessary to handle biological material and apply
important methods like enzyme assays, PCR, electrophoresis and immunologi-
cal assays

see also Chapter Experimental Chemistry

COMPETENCES:

1. Analytical Skills:

* Ability to measure, predict, and calculate physical and chemical properties of
biomolecules.

« Competence in using characterization techniques to identify and analyze
biomolecules.

2. Problem-Solving:

« Design processes to isolate biomolecules from biological materials and use these
compounds for other transformations.

* Manipulate microorganisms to use them as compound factories.

3. Practical Laboratory Skills:

* Proficiency in safely conducting laboratory experiments involving biological
materials

+ Use advanced techniques such as PCR and different types of biological assays
effectively.

« Design, strain generation and bioreactor cultivation for the production of an
enzyme

4. Interdisciplinary Awareness:
+ Connect biological chemistry concepts with their applications in catalysis, biologi-
cal systems, and material science (e.g. polymer produtions PLA).
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Experimental techniques

5. Communication and Collaboration:
* Report findings accurately and collaborate effectively in research or industrial
teams focusing on biological chemistry solutions
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EXPERIMENTAL CHEMISTRY




Security / Preparation / Practical Transfer / Experimental Characterization Techniques

SECURITY AND SAFETY IN CHEMISTRY LABORATORIES
AND WASTE MANAGEMENT.

Details
Risk prevention, NFPA codes, common security standards, solvent separation.

Competences/Learning Outcomes
Work in a chemical laboratory safely and being aware of risks

COMPOUND PREPARATION

Details
Reproducing standard experimental procedures involved in analytical and syn-
thetic work, in relation to organic and inorganic systems

Competences/Learning Outcomes
Conceive, apply and monitor a chemical process using the optimal techniques,
conditions and material for the process.

THEORY TO PRACTICAL TRANSFER

Details
Understand the different approaches towards the experimental observation of the-
oretical concepts, such as kinetics, electrochemistry,

Competences/Learning Outcomes
Relate theory to experimentation

EXPERIMENTAL CHARACTERIZATION TECHNIQUES

Details
Spectroscopy (UV-Visible, IR, NMR)
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EXPERIMENTAL CHEMISTRY

X-ray crystallography
Electrochemistry, Chromatography Competences/Learning Outcomes

Competences/Learning Outcomes
Correctly use the different instrumentation and material for the performance of
chemical processes and the different techniques of separation and purification.

QUALITATIVE ANALYSIS

Details
Direct qualitative analysis of samples

Competences/Learning Outcomes
Perform and interpret common inorganic cation and anion identification assays
frequently used in the context of analytical work

QUANTITATIVE ANALYSIS

Details

Measurement of concentration or abundance of different analytes providing sta-
tistical analysis employing different techniques such as Spectroscopy (UV-Visi-
ble, IR, Fluorescence) HPLC, GC, polarography, flame absorption ...

Competences/Learning Outcomes
Determine the concentration of an analyte and the margin of error of the measure-
ment by the selection of an appropriate methodology.

BIBLIOGRAPHY

Details
Find synthetic protocols for compound preparation.
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Experimental Characterization Techniques / Qual. analysis / Quant. analysis / Bibliography

Competences/Learning Outcomes
Proficiency in the correct use of different databases for chemical reactions (Sci-
finder, Reaxys etc.)

COMPETENCES

1. Analytical Skills:

« Efficiency in bibliography research for reported reactions.

* Experimental observation of chemical reactions, their physical consequences and
practical exploitation for diagnostic purposes

2. Problem-Solving:

« Solve numerical problems on the topics covered

« Devote particular attention to awareness of errors related to experimental meas-
urements, interpretation of experimental observations and critical treatment of
the results obtained.

3. Practical Laboratory Skills:
« Demonstrate proficiency in laboratory techniques.
« Apply safety protocols and best practices in laboratory environments.

4. Integration of Theory and Practice:

* Relate theoretical concepts to experimental observations, including chemical
reactions and property measurements.

* Reproduce reported experimental protocols

5. Communication:
* Clearly present chemical experimental protocols, interpretations both orally and in
writing.
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