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CHIMICA GENERALE (MT000003)

1. language

Italian.

2. course contents

Coordinator: Prof. MONICA ORSINI

Year Course: 1st

Semester: 1st

UFC: 6

Modules and lecturers:

- CHIMICA GENERALE (MT000003) - 6 CFU - SSD CHIM/03 - Prof. Monica Orsini

3. BIBLIOGRAPHY

The student can choose a text on general chemistry at university level.

Suggested texts:

Atkins P., Jones L., Laverman L. Principi di Chimica Zanichelli, Bologna, Quarta edizione, 2018
Whitten K.W., Davis R.E., Peck M.L., Stanley G.G. Chimica, Piccin, Decima Edizione, 2014
Tro N.J. Chimica un approccio molecolare Edises, Terza Edizione, 2022

In-depth texts
Stechiometria di Bertini I., Luchinat C., Mani F., Ravera E. ediz. Zanichelli.

4. LEARNING OBJECTIVES

The General Chemistry course has the following learning objectives

Knowledge and understanding (Dublino 1) The course aims to provide the student
with knowledge of the main concepts of general chemistry in order to understand the
molecular basis of the biochemical sciences. The course introduces the student to the
knowledge of the structure, properties and chemical behaviour of the main classes of
inorganic compounds. It also aims to provide the student with an introduction to the basic
concepts of organic compounds, polymers and major biomolecules. The course allows the
student to obtain a solid background for the study of biochemical processes and to address
some fundamental aspects of innovative biomedical technologies.

Applying knowledge and understanding - (Dublino 2) The course aims to provide
students with the basic knowledge to understand some of the methodologies commonly
used in research laboratories involved in the development of new biochemical technologies.
Making judgements - (Dublino 3) The course aims to prepare the student to illustrate
the topics covered independently. It also provides the student with the critical ability to
evaluate and solve proposed chemical problems. These skills will be implemented through
classroom exercises in which students will be invited to actively participate.
Communication skills — (Dublino 4) The course will prepare the student to be able to
present the learned chemical knowledge with scientific accuracy and propriety of language.
Learning skills — (Dublino 5) Students will be encouraged to improve their knowledge
by using in-depth texts on specific topics, including through online resources.

5. prerequisites

A basic school education and fundamental knowledge of chemistry, physics, and mathematics is
required.



6. TEACHING METHODS

Knowledge and understanding - (Dublino 1): The teaching will be delivered through
lectures with the support of slides. This support will allow the fundamental concepts of the
course to be transmitted to the student in a more immediate way through images, diagrams
and schemes.

Applying knowledge and understanding - (Dublino 2): Classroom exercises will be
performed on the theoretical topics covered during the lectures.

Making judgements - (Dublino 3): The student will achieve a broad autonomy of
judgement on the course topics through interaction during lectures and classroom
exercises.

Communication skills - (Dublino 4): During lectures, students will be invited to interact
with the lecturer to facilitate understanding of the topics covered and to implement the
acquisition of a chemical language. In classroom exercises, students will be asked to solve
exercises on the blackboard to stimulate presentation skills

Learning skills - (Dublino 5): Lectures on specific topics will be given during the course.
These lectures will enable the student to acquire the basic knowledge necessary to deal
with topics that will then be deepened and extended in subsequent courses in biochemistry
and biomedical engineering.

7. OTHER INFORMATION

The course lecturer will be available for information and clarification on the topics covered both in
the lectures and during the tutorials by agreeing an appointment by e-mail.

8. METHODS FOR VERIFYING LEARNING AND FOR EVALUATION

Learning is assessed by means of a written test. The test comprises six open questions with
numerical exercises and theoretical questions on the topics covered during the course. Five points
are awarded for each question answered correctly and the test is passed with a minimum mark of
18/30. It will be possible to request an oral discussion in order to increase the mark obtained in the
written test.

9. program

Definition of substance, chemical elements and their symbols, atomic number, mass number,
isotopes, periodic table, compounds, molecules and chemical formula.

Atomic mass unit, atomic weight, formula weight, mole, Avogadro's number; calculation of mass
percent composition of a compound, calculation of the empirical formula of a compound. Chemical
reactions (stoichiometry): symbolism, stoichiometric coefficients, balancing simple reactions,
reaction yield, limiting reagent, indirect analysis.

Atomic structure: Bohr model and quantization, quantum numbers and energy levels; stationary
wave, wave-particle dualism for the electron, Heisenberg uncertainty principle, wave functions,
orbitals, probability; shape of orbitals and graphical representation; energy of orbitals, electronic
configuration and aufbau, periodic properties, atomic size, ionization energy, electronic affinity,
electronegativity.

Chemical bonding: definition of chemical bonding according to Lewis theory, ionic bonding,
covalent bonding, bond energy, bond distance, bond order; rules for constructing molecular
structure (octet rule), formal charge, resonance and resonance energy, exceptions to octet rule;
spatial arrangement of molecules, VSEPR theory; valence bonding (VB) theory, -type and -type
bonding, hybrid orbitals.

Classification and nomenclature of inorganic compounds: elements, monoatomic ions, basic
oxides, acid oxides, hydroxides, hydracides, oxoacids, salts and reactions producing them.
Crystalline and amorphous solids; metallic solids, metal bonding, properties; ionic solids,
properties; molecular solids, intermolecular forces, hydrogen bonding; covalent solids.
Definition of pressure, volume and temperature and their units, perfect gas model and equation,
molar volume, absolute and relative density; gas mixtures, Dalton's law, partial pressures.
Definition of thermodynamic system: type and state; thermodynamic variables; reversible and



irreversible transformations; graphical representation; thermal equilibrium; heat capacity and
specific heat.

First Principle of Thermodynamics: definition of state function; Internal Energy Function U; Energy
transfers: heat and work; Mechanical work: expansion of a perfect gas, work for reversible and
irreversible processes, graphical representation. Isochore and isobar transformations.
Thermochemistry: definition of state function enthalpy H; the enthalpy of physical changes;
Enthalpy of a chemical reaction; molar enthalpy and standard state; standard molar enthalpy of
elements. Hess's law. Estimation of binding energy. Born-Haber cycle.

Second Principle of Thermodynamics: qualitative description; definition of Entropy; increase in
entropy. Criterion for spontaneity (statistical interpretation). Definition of free energy G. Third
principle of thermodynamics.

Liquid state: factors influencing aggregate state; vapor pressure: qualitative description and
temperature dependence (Clapeyron's eq. and its thermodynamic demonstration). State diagrams
for pure substances: transformations from one state to another, triple point, critical point, cooling
curve at constant pressure, measurement of variance. Solutions: definition and types of solutions,
Henry's law, definition of ideal liquid solution; measurement of concentration: molarity, molality,
molar fractions, percentage by weight.

Properties of solutions: Raoult's law for mixtures of completely miscible liquids and temperature
versus concentration state diagram (calculation of relative quantities); colligative properties for non-
volatile solutes strong electrolytes and non-electrolytes, osmotic pressure, cooling curve for
solutions.

Chemical equilibrium: definition of chemical equilibrium, equilibrium constant (Kp and Kc),
thermodynamic definition of chemical equilibrium; reaction quotient, meaning of K, relationship
between Kp and Kc, principle of mobile equilibrium (influence of pressure and concentrations),
Van't Hoff's law (dependence of K on temperature); heterogeneous equilibrium. Dissociations: gas
dissociation, degree of dissociation, weak electrolytes in solution.

Heterogeneous solid-liquid equilibrium in an agqueous environment: solubility of a salt, saturated
solution, poorly soluble compounds, common ion effect.

Acids and bases according to Arrhenius and Brénsted-Lowry; strength of acids and bases; ionic
product of water; definition of pH; conjugate acid-base pair and relationship between Ka and Kb;
calculation of pH of a solution of a strong acid and a strong base (even very dilute), a weak acid
and a weak base. Salt hydrolysis: calculation of pH for salts producing neutral solutions, salts
producing acid solutions and salts producing basic solutions; buffer solutions.
Electronegativity, definition of oxidation number and rules for its determination; oxidation-reduction
reactions and their balancing.

Electrochemistry: galvanic cell, salt bridge, Nernst's Equation, calculation of cell potential, standard
hydrogen electrode, standard reduction potentials, concentration cells and other types.

Chemical kinetics: reaction rates; concentration and time; elementary reactions; catalysis.
Introduction to radioactivity and Nuclear Chemistry.

Introduction to organic chemistry: hydrocarbons; common functional groups; stereoisomers;
polymers; biomolecules: proteins, carbohydrates, nucleic acids and lipids.



