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MODULE OF PHYSICS 

1. PHYSICAL QUANTITIES AND DIMENSIONAL ANALYSIS  

Learning goals: 

 Understand the concepts of physical observables and units of measurements 

 Recognize the difference between base units and derived units 

 Identify the importance of scale factors 

 Recognize and apply the concept of dimensional analysis 

 Clarify the difference between scalars and vectors 

 Understand and use the operations of adding and subtracting vectors 

 Distinguish between scalar and vector products 
 

 
2. THE CONCEPTS OF TEMPERATURE AND HEAT  

Learning goals: 

 Understand the concepts of temperature and temperature scales 

 Recognize the phenomenon of thermal equilibrium and thermal expansion 

 Recall the definition of heat and the difference between heat capacity and specific heat 

 Review the concept of temperature and its microscopic interpretation 

 Recognize the different mechanisms of heat transfer 

 Identify the process of phase transitions and apply the concept of latent heat 
 

 
3. THERMODYNAMIC SYSTEMS AND THE FIRST LAW OF THERMODYNAMICS 
Learning goals: 

 Understand the definition of isolated, closed, and open thermodynamic systems 

 Recognize the different types of thermodynamic variables and processes 

 Understand the operation of a heat engine  

 Evaluate the thermophysical properties of an ideal gas 

 Recognize and apply the First Law of Thermodynamics  

 Explain the properties of the thermodynamic potential U (internal energy) with respect to the definition 
of state functions and the case of an ideal gas 

 Recognize the different types of specific heat for an ideal gas with respect to polytropic transformations 
 

 
4. SECOND LAW OF THERMODYNAMICS AND THERMODYNAMIC POTENTIALS 
Learning goals: 

 Understand the microscopic description of entropy  

 Understand the definitions of the Second Law of Thermodynamics 

 Review the macroscopic definition of entropy with respect to reversible and irreversible processes 

 Evaluate the Second Law of Thermodynamics to the analysis of a Carnot cycle 

 Understand the microscopic description of entropy and apply this concept to the description of 
macroscopic phenomena such as the expansion of an ideal gas and phase changes 

 Analyze and implement the thermodynamic potentials with respect to a closed system 

 Understand the definition of an open thermodynamic system 



 

 Familiarize with the thermodynamic potentials H (enthalpy), F (Helmholtz free energy) and G (Gibbs free 
energy)  

 Analyze and implement the thermodynamic potentials with respect to an open system 

 Understand the concepts of ideal gas mixtures and liquid solutions 
 

 
5. KINEMATICS AND DYNAMICS OF A MATERIAL POINT 
Learning goals: 

 Familiarize with the definition of displacement, velocity, and acceleration 

 Recognize the basic types of linear motion: motion with constant velocity and with constant acceleration  

 



 

MODULE OF GENERAL CHEMISTRY 

1. THE STRUCTURE OF MATTER, PART A: ATOMS AND MOLECULES 

Learning goals: 

 Describe the atomic structure of an atom according to the quantum model 

 Know the differences between the s, p and d orbitals 

 Enunciate and apply the Pauli exclusion principle 

 Apply the Aufbau principle to the determination of the 



 

3. STOICHIOMETRY 
Learning goals: 

• Describe the quantitative aspects of chemical reactions through the relationships between moles 
and the weight of compounds 

• Understand the meaning of the percent composition of a chemical compound and recognize its 
relationship with the empirical formula 

• Balance a given chemical equation by assigning the correct stoichiometric coefficients 
• Perform calculations on weight relationships between reagents and products (mass of reagent 

consumed, amount of product formed, …) 
• Understand the concept of limiting reagent and excess reagents and correctly label the starting 

materials 
• Perform stoichiometric calculations based on the limiting reagent 
• Understand combustion reactions (in excess of oxygen) and be able to predict the empirical formula 

of a given compound based on the masses of the combustion products 
• Understand and apply the concept of reaction yield to chemical transformations 
• Be able to apply the ideal gas law to gaseous systems 
• Learn the value of the general constant R based on the system of units of measurement employed 

in the proposed exercises 
• Understand and apply the concepts of percentage, mole fraction and partial pressure in the context 

of gaseous mixtures 
 
 

4. CHEMICAL THERMODYNAMICS 
Learning goals: 

• Define the standard conditions for state functions (H, S, G) 
• Recognize enthalpy (H) as a form of energy to identify exothermic and endothermic reactions 
• Understand and apply the concept of molar enthalpy Hm to physical transformations (evaporation, 



 

• Establish the temperature intervals where a reaction is spontaneous, reversible or prohibited. 
• Predict the amount of heat released during a reaction (thermochemistry) 
• Define the equilibrium state for a reaction and be able to associate an equilibrium constant Keq. 
• Be able to express the equilibrium constant in terms of concentrations (Kc) or partial pressures (Kp) and 

derive its expression from the chemical equation in homogeneous systems 
• Be able to interconvert K



 

problems 
• Describe the phenomenon of osmotic pressure 

• Be able to calculate the osmotic pressure of a solution 
• Define isotonic, hypertonic and hypotonic solutions 
• Describe the reverse osmosis technology 

 

 

7. THE CHEMISTRY OF SOLUTIONS 



 

• Calculate the resulting pH after a neutralization reaction 
• Discuss the relationship between the acid/base properties of a given molecule and its molecular 

structure 
• Describe a buffer solution and discuss its properties in terms of Le Chatelier principle 
• Derives the Henderson-Hasselbalch equation and apply it to the calculation of the pH of a buffer 

solution 
• Be able to calculate the variation  of pH of buffer solutions after the addition of strong acids/bases 
• Define the buffer capacity of a buffer solution 
• Describe how to prepare a buffer of a given concentration and pH 
• Analyze the properties of the hydrogen carbonate/carbonic acid buffer 
• Discuss the Henderson-Hasselbach calculation of the pH of the hydrogen carbonate/carbonic acid 

buffer and describe the pH regulation in the human body 
 
 

9. REDOX CHEMISTRY 
Learning goals: 

• Define the oxidation number and describe how to calculate it for each atom in a chemical species 
• Define what is an oxidation reaction and what is a reduction reaction. Explain why usually we talk 

about RedOx reactions. 
• Learn to balance the Redox reactions 
• Examine the redox reaction between Cu2+ and Zn as an example of a spontaneous redox process 
• Describe how a Daniell’s cell in standard conditions is built and discuss its production of electric energy 
• Employ the cell notation for describing voltaic (or galvanic) cells 
• Define the standard reduction potential (E°) of single electrodes 
• Describe a standard hydrogen electrode ad use it as an example for gas electrodes 
• Apply the E° table employing the NE-SW rule and predict if a given redox reaction is spontaneous or 

not. 
• Discuss how some standard potentials vary with pH; in particular, describe what happens to the 

reduction/oxidation of water when the pH changes 
• 



 

MODULE OF ORGANIC CHEMISTRY 
 

1. INTRODUCTION TO ORGANIC CHEMISTRY AND ALKANES 
Learning goals: 

• 



 

of the atom bearing the negative charge 

• Evaluate the position of organic acid-base equilibria based on pKa values and assess the spontaneity 

of the relative reaction 

• Describe the deprotonation of terminal alkynes and remember the most common bases to carry out 

the reaction 

• Calculate the degree of unsaturation of an organic compound starting from the molecular formula 



 

5. THE CHEMISTRY OF ALCOHOLS 
Learning goals: 

• Recognize an alcohol and distinguish between primary, secondary and tertiary alcohols 



 

• Apply the IUPAC nomenclature to amines 

• Discuss the molecular features of amines and the consequences on physicochemical parameters (e.g. 

solubility, boiling point,…) 

• Describe the acid-base reaction of amines with water 

 

 

8. THE CHEMISTRY OF CARBOXYLIC ACID DERIVATIVES 
Learning goals: 

• Recognize acyl chlorides, anhydrides, esters and amides 

• Apply the IUPAC nomenclature to acyl chlorides, anhydrides, esters and amides 

• Describe the reactivity of carbonyl compound against nucleophiles highlighting the structure of the 

tetrahedral intermediate and discussing how the overall reaction may be considered as a nucleophilic 

substitution 

• Discuss the order of reactivity of the four derivatives based on the basicity of the leaving group 

• Describe all the possible interconversions between all the four derivatives together with the chemical 

relations to carboxylic acids 

• Discuss the differences between acid and basic hydrolysis of the esters in terms of reversibility and 

necessity of a catalyst 

• Describe the reaction between esters and Grignard reagents 

• Discuss the reaction between esters (or amides) and lithium aluminium hydride 

• Describe the general synthesis of amides 

 

 

9. AMINOACIDS, PEPTIDES AND PROTEINS 
Learning goals: 

• Identify amino acids and distinguish between alpha-, beta- and gamma-compounds 

• Discuss the chirality in amino acids and represent the relative stereocenter (for instance applying the 

Fischer projection) 

• Understand the acid-base characteristics of amino acids and the pH range of existence of zwitterions 

• Describe what the isoelectric point (pI) is 

• Establish the protonation state of an amino acid at a given pH and calculate its pI 

• Describe how a device for electrophoresis works 

• Describe the peptide bond between two amino acids 

• Correctly employ the terms dipeptide, tripeptide, tetrapeptide (and so on), oligopeptide, polypeptide 

and protein 

• Describe oligopeptides using the three-letter code and the N-C direction 

• Define the primary structure of a protein sequencing 

• Understand the fundamental techniques of sequence analysis: complete hydrolysis, reaction with 

cyanogen bromide, chymotrypsin- and trypsin-mediated degradation and Edman degradation. 

• Reconstruct the primary sequence of an oligopeptide from degradation data 

• Determine the chemical structure of an oligopeptide with the aid of the provided tables 

• Calculate the pI of an oligopeptide with the aid of the provided tables 

 

 

 

 




