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Data Subject
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Cycle Grade

ECTS Credits 4.5

Academic year 2024 - 2025

Study (s)

Degree

1110 - Degree in Chemistry

1934 - Double Degree Program in
Chemistry-Chemical Engineering

Subject-matter

Degree

1110 - Degree in Chemistry

1934 - Double Degree Program in
Chemistry-Chemical Engineering

Coordination

Name

SANCHEZ DE MERAS, ALFREDO

SUMMARY

Physical Chemistry | isan obligatory subject taught in the second half of the second year of the grade
studiesin Chemistry. The course has atotal of 4.5 ECTS credits.

Center

Faculty of Chemistry
Faculty of Chemistry

Subject-matter
7 - Physical Chemistry

2 - Segundo curso

Department

315 - Physical Chemistry

Acad. Period
year

2 First term

2  Firstterm

Character
Obligatory
Obligatory

This course aims, essentially, to deepen the knowledge of Chemistry and Physics that the students should
have obtained in the previous year and to learn how to apply them to chemical processes. In thisway, this
course establishes the necessary grounds for the successful study of the future courses of Physical
Chemistry as well as a support of reference for all disciplines of the Chemistry grade.
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PREVIOUS KNOWLEDGE

Relationship to other subjects of the same degree

There are no specified enrollment restrictions with other subjects of the curriculum.

Other requirements

In order to achieve success in the subject, the students should have basic knowledge on:

Nomenclature and formulation chemistry, both inorganic and organic.
Adjustment of chemical reactions.

Stoichiometric calculations.

Basic knowledge of acid-base reactions, precipitation and redox.
Basic knowledge of batteries and the Nernst equation.

COMPETENCES (RD 1393/2007) // LEARNING OUTCOMES (RD 822/2021)

1108 - Degree in Chemistry

Develop capacity for analysis, synthesis and critical thinking.
Show inductive and deductive reasoning ability.
Solve problems effectively.

Demonstrate a commitment to ethics, equality values and social responsibility as a citizen and as a
professional.

Learn autonomously.
Demonstrate the ability to adapt to new situations.

Acquire a permanent sensitivity to quality, the environment, sustainable development and the
prevention of occupational hazards.

Demonstrate knowledge of the main aspects of chemical terminology, nomenclature, conventions and
units.

Demonstrate knowledge of the characteristics and behaviour of the different states of matter and the
theories used to describe them.

Demonstrate knowledge of the main types of chemical reaction and their main characteristics.

Demonstrate knowledge of the principles of thermodynamics and kinetics and their applications in
chemistry.

Demonstrate knowledge and understanding of essential facts, concepts, principles and theories
related to the areas of chemistry.

Solve qualitative and quantitative problems following previously developed models.

Recognise and analyse new problems and plan strategies to solve them.
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- Evaluate, interpret and synthesise chemical data and information.

- Relate theory and experimentation.

- Recognise and evaluate chemical processes in daily life.

- Understand the qualitative and quantitative aspects of chemical problems.
- Develop sustainable and environmentally friendly methods.

- Relate chemistry with other disciplines.

- Students must be able to apply their knowledge to their work or vocation in a professional manner
and have acquired the competences required for the preparation and defence of arguments and for
problem solving in their field of study.

LEARNING OUTCOMES (RD 1393/2007) // NO CONTENT (RD 822/2021)

The previous section includes the competences contained in the document VERIFICA. This subject
addresses part of the learning results of the matter PHY SICAL CHEMISTRY | that allow to acquire
specific knowledge of chemistry, cognitive skills and general skills recommended by the EUROPEAN
CHEMISTRY THEMATIC NETWORK (ECTN) for the Chemistry Eurobachelor® Label. The following
table lists the learning outcomes acquired in the subject PHY SICAL CHEMISTRY | related to the
competences of the degree in Chemistry.

SPECIFIC KNOWLEDGE OF CHEMISTRY

The lear ning process should allow the degree graduatesto demonstr ate:

Competences of the subject PHYSICAL CHEMISTRY |
that contemplate the lear ning outcomes
[EUROBACHELOR®

The characteristics of the different states of | Demonstrate knowledge of the characteristics and
matter and the theories used to describe behaviour of the different states of matter and the theories
them. used to describe them..(CE3).

Demonstrate knowledge of the principles of
thermodynamics and kinetics and their applicationsin
chemistry..(CE6).

The principles of thermodynamics and their
applications to chemistry

The kinetics of chemical change, including | Demonstrate knowledge of the principles of
catalysis, the mechanistic interpretation of  thermodynamics and kinetics and their applicationsin
chemical reactions chemistry..(CES).
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|[COMPETENCES AND COGNITIVE S

KILLS

Thelearning process should allow the degr ee graduates to demonstr ate:

Competences of the subject PHYSICAL
CHEMISTRY | that contemplate the learning
outcomes EUROBACHEL OR®

Ability to demonstrate knowledge and
understanding of the facts, concepts,
principles and fundamental theories
related to the topics mentioned above.

Demonstrate knowledge and understanding of
essential facts, concepts, principles and theories
[related to the areas of chemistry..(CE13).

Ability to apply this knowledge and
understanding to the solution of common
qualitative and quantitative problems.

Solve qualitative and quantitative problems
[following previously developed models..(CE14).

Recognise and analyse new problems and plan
strategies to solve them..(CELS).

Understand the qualitative and quantitative aspects
of chemical problems..(CE24).

[Competences to present and argue
scientific issues orally and in writing to a
Specialized audience.

Relate chemistry with other disciplines.(CE26).

Demonstrate ability to communicate information,
ideas, problems and solutions to both specialist and
non-specialist audiences and using information
echnology, as appropriate. (CG6).

Students must be able to communicate information,
lideas, problems and solutions to both expert and lay
audiences..(CB4).

Ability to calculate and process data,
|related to information and chemistry data.

Solve qualitative and quantitative problems
[following previously developed models..(CE14).

Recognise and analyse new problems and plan
strategies to solve them..(CELS).

34193 Physical Chemistry |




~ Course Guide
5 34193 Physical Chemistry |

VNIVERSITAT G D VALENCIA

COMPETENCESAND COGNITIVE SKILLSRELATED TO THE PRACTICE OF
CHEMISTRY

The lear ning process should allow the degree graduatesto demonstr ate:

Competences of the subject PHY SICAL
CHEMISTRY | that contemplate the learning
outcomes EUROBACHELOR®

|IGENERAL COMPETENCES

The lear ning process should allow the degree graduatesto demonstr ate:

Competences of the subject
[PHYSICAL CHEMISTRY |
that contemplate the learning
outcomes
[EUROBACHELOR®

Solve problems
effectively..(CG4).

Solve qualitative and
quantitative problems following
previously devel oped
models..(CE14).

Ability to apply practical knowledge to solve problems related to Relate theory and
|qualitative and quantitative information. experimentation..(CE22).

Recognise and evaluate
chemical processesin daily
life..(CE23).

Understand the qualitative and
guantitative aspects of chemical
problems..(CE24).

|Calculation and arithmetic capabilities, including aspects such as Develop capacity for analysis,
analysis error, estimates of orders of magnitude, and correct use of the |synthesis and critical thinking..
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lunits.

(CG1).

Show inductive and deductive
reasoning ability..(CG2).

Solve problems
effectively..CG4).

Ability to adapt to new situations and make decisions.

Demonstrate the ability to adapt
to new situations..(CG9).

Recognise and analyse new
problems and plan strategies to
solve them..(CEL5).

Students must have the ability to
gather and interpret relevant data
(usualy intheir field of study) to
make judgements that take
relevant social, scientific or
ethical issuesinto
consideration..(CB3).

|Planning and time management skills.

Develop capacity for analysis,
synthesis and critical thinking.
(CG1).

Solve problems
effectively..CG4).

Study skills necessary for professional development. These will
|include the ability to work autonomously.

Demonstrate ability to work in
teams both in interdisciplinary
teams and in an international
context..(CG5).

Learn autonomously.(CG8).

Demonstrate the ability to adapt
to new situations..(CG9).

Students must have developed
the learning skills needed to
undertake further study with a
high degree of autonomy.(CB5).
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Ethical commitment to the European Code of Conduct:

http://ec.europa.eu/research/partici pants/data/ref/h2020/ other/hi/h2020- make judgements that take
ethics_code-of-conduct_en.pdf

Students must have the ability to
gather and interpret relevant data
(usudly in their field of study) to

relevant social, scientific or
ethical issues into consideration.
(CB3).

Regarding the Sustainable Development Goals (SDGS), it is expected that students will be able to know
in this subject how to apply the knowledge learned to guarantee an inclusive, equitable, and quality
education and promote learning opportunities for everyone (SDG 4), as well as to sustainable and
environmentally compatible development (SDGs 11, 12, 13, 14 and 15).

At the end of the course students should be able to:

Get the order and rate constant of simple and complex chemical reactions from experimental data
and use different methods of determination. Using the knowledge acquired in Computer
Applications.

Use approximations of the limiting step and the steady state to determine whether a proposed
mechanism for achemical reaction.

Know some complex reaction mechanisms and understanding the catalysis.

Extract information from a phase diagram of a pure substance.

Use Clapeyron’ s equation to derive an approximate expression for the solid-liquid equation and
Clausius-Clapeyron eguation (equation no condensed-phase condensed phase), and use this last
expression to deduce the dependence of vapor pressure on temperature.

Calculate melting and boiling points from thermodynamic quantities and vice versa.

Calculate the change in melting point with pressure

Calculate partial molar quantities.

Calculate thermodynamic quantities of mixing for ideal solutions

Calculate the vapour pressure using Raoult and Henry laws.

Calculate Henry's law constant using vapour pressures of dilute solutions.

Calculate the boiling point elevation and freezing point depression data from temperature-
composition.

Calculate the osmotic pressure in ideal dilute solutions.

Calculate the activity coefficients from vapour pressure measurements using the two conventions
(symmetrical and asymmetrical).

Calculate excess thermodynamic functions for real solutions

Calculate the activity coefficients of a non-volatile solute data from the solvent vapour pressure and
colligative properties, using the Gibbs-Duhem equation.

Construct and interpret P-x and T-x diagrams of binary solutions.

Use atemperature-composition diagram to analyze the distillation of a mixture

Know the application of Gibbs-Duhem-Margules.

Calculate mean ionic activity coefficients from vapour pressures and colligative properties.
Know the validity of the theoretical expressions to calculate mean ionic activity coefficients
(extended and limiting laws of Debye-Huckel, Davies equation).

Calculate the equilibrium constant and free enthal py change from the equilibrium composition.
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* Calculate the equilibrium constant from free enthalpy change.

» Cadculate the quantities of different substancesin a system when it reaches steady state.

* Predict the movement of a chemical equilibrium when subjected to a change in the equilibrium
conditions.

 Calculate equilibrium constants of non-ideal systems based on free enthalpy change.

» Cadculate the equilibrium molalities of electrolyte balance (ionization of acids, dightly soluble
salts) using the Davies equation to estimate the activity coefficients.

» Cadculate the free enthalpy change of acell reaction relating it to standard potentials

» Cadculate cell standard potentials from the table of standard electrode potential

» Cdculate the standard potential of areversible galvanic cell using Nernst equation.

 Calculate thermodynamic properties of areaction from the dependence of standard potential on
temperature.

» Caculate equilibrium constants from standard potential data.

» Cdculate activity coefficients from the potential of electrodes of a cell by using the electrochemical
equilibrium condition at the electrodes.

DESCRIPTION OF CONTENTS

1. Formal kinetics

Introduction. Complex reactions: reversible reactions, competitive reactions, consecutive reactions.
Reaction mechanisms. Molecularity. Limiting-step approximation. Steady-state approximation. Influence
of temperature on reaction rate. Variation of rate constant with temperature. Catalysis.

2. Open systems and changes in composition. Partial molar properties and chemical potential

Introduction. Properties of the Gibbs function (free energy). Dependence of the Gibbs function with the
temperature. Dependence of the Gibbs function with the pressure. Thermodynamic description of
mixtures. Quantities (properties) partial molar. Partial molar Gibbs function or chemical potential.
Material balance. Gibbs-Duhem equation. Relation between partial molar quantities. Thermodynamic
functions of mixing. Chemical potential of ideal gas and ideal gas mixtures.
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3. Simple applications of material equilibrium

Changes of state of pure substances and Thermodynamics of ideal solutions. Concepts of phase and
component. Phase rule. Phase diagrams of one component systems. Examples. Phase equilibrium.
Stability of the phases, curves of chemical potential versus T. Dependence curves of chemical potential
versus T with pressure. Clapeyron equation. Variation of equilibrium pressure with temperature. Solid-
liquid equilibrium. Equilibrium liquid / gas. Equilibrium solid / gas.

4. Colligative properties. Activity coefficients

Chemical potential of liquids (solutions). Ideal solutions, Raoult's law. Thermodynamic properties of
solutions. Dilute ideal solutions: Henry's law. Thermodynamic properties. Colligative properties. The
common feature of colligative properties. Lowering of the vapor pressure. Boiling point elevation.
Freezing point depression. Osmotic pressure. Real solutions: activities and activity coefficients. The
activity of the solvent. Symmetric Convention (I). The activity of the solute. Asymmetric Convention (I1).
Conventions, scales and reference states. Determination of activities and activity coefficients.
Determination of activity coefficients from measurements of vapor pressure. Determination of activity
coefficients from colligative properties. Gibbs-Duhem-Margules. Excess thermodynamic functions.

5. Phase equilibria of binary systems

Introduction. Phase diagrams for binary solutions. Diagrams vapor pressure-composition. Temperature-
composition diagrams. Representation of the distillation. Distillation of real solutions: azeotrope.
Distillation of immiscible liquids.

6. Electrolyte solutions

Electrolyte solutions. Introduction. Electrolyte solutions. Chemical potential of a compaosite electrolyte.
Chemical potential of an electrolyte. Determination of activity coefficients of electrolytes. The practical
osmotic coefficient of solvent. Determination of ionic activity coefficient from measurements of colligative
properties. Empirical behavior of solutions of electrolytes. Debye-Hiickel model for electrolyte solutions.

7. Chemical equilibrium

Introduction. Spontaneous chemical reactions. The minimum Gibbs function. Thermodynamic condition
for chemical equilibrium. Affinity. Chemical balance in a mixture of ideal gases. Equilibrium constants
based on concentrations and mole fractions. Variation of equilibrium constant with temperature and
pressure. Le Chateliers principle. Chemical equilibria in real gases. Fugacity of a real gas. Chemical
equilibrium in ideal non-electrolyte solutions. Actual chemical balance in non-electrolyte solutions.
Heterogeneous equilibrium. lonic equilibria (solutions of electrolytes). lonization equilibria of weak acids.
Solubility equilibria.
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8. Electrochemical equilibrium

Electrochemical equilibrium. Electrode potential. Electrochemical potential properties. Types of
electrodes. Electromotive force. Thermodynamics of a stack. Measurement of thermodynamic quantities
from the potential difference between electrodes of a battery. Liquid junction potential. Applications of the
FEM as d: activity coefficient, pK, solubility product, and predicting the spontaneity of redox reactions
and metal corrosion.

ACTIVITY Hours % To be attended
Theory classes 38,00 100
Tutorials 7,00 100

Study and independent work 30,00 0
Preparation of evaluation activities 16,00 0
Preparing lectures 6,50 0
Preparation of practical classes and problem 15,00 0

TOTAL| 112,50

TEACHING METHODOLOGY

Development of the course is structured around three areas: theoretical and practical classes, seminars and
other activities in the non-attending hours. Theoretical and practical classeswill give an overview on the
topic and will have an impact on those key concepts for understanding it. It will a'so provide more
recommended resources for further preparation of the subject in depth.

In some sessions the student will explain a number of problems-type through which learn to identify the
essential elements of the approach and solve the problems posed by thisissue. In other sessions, however,
ownership will pass completely into the hands of the student, asit will be he who will face similar
problems and more complex. Students are allocated to groups and the teacher will guide them and help.

With respect to tutorials, there will be 7 sessions in the semester. In them, the teacher will guide students
on al elements of the learning process, both in regard to global approaches as to specific issues. Also,
students will receive them alist of questions and additional problems that will reinforce their knowledge
and exercise in each of the matters covered in the class sessions. The student must submit unresolved
issues and questions that the Professor indicates.

EVALUATION
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The following assessment systems will be used:

» Tests consisting of Written, Oral and/or Practical Exams.

» Evaluation of group tutorial sessions, seminars, preparation of assignments and/or oral
presentations. Due to their nature these activities can not be evaluated again.

* Continuous assessment of each student based on face-to-face activities, participation and degree of
involvement in the teaching-learning process. Due to their nature these activities can not be
evaluated again.

The assessment of student learning will take into account all the aspects set out in the methodol ogy
section of thisteaching guide.

Modality A
FIRST CALL
The final grade will consist of:

The exam (70%), which will consist of a series of theoretical questions and numerical problems, which
will deal with the basic concepts taught in class. The exam will be the same for al groups. Continuous
assessment (30%), which includes assessment tests carried out throughout the course in the form of
multiple or brief choice tests, the evaluation of group tutorial sessions, through the completion and/or
delivery of exercises and questions, and the continuous assessment of each student based on participation
and degree of involvement in the teaching-learning process. Only in exceptional cases and within the
period established by the professors, may modality A be waived.

The minimum grade of the written exam must be equal to or greater than 4.5 out of 10 in order to average
with the grade of the continuous assessment. The minimum overall grade to pass the subject is 5.0 out of
10.

Modality B

This modality will only be accepted in those very exceptional cases in which the teacher has accepted the
student's application.

FIRST CALL

Thefinal grade will consist of the exam (90%) and the continuous assessment activities (10%). The
minimum grade of the written exam must be equal to or greater than 4.5 out of 10 in order to average with
the grade of the continuous assessment. The minimum overall grade to pass the subject is 5.0 out of 10.

The default modality will be A. Accessing modality B will require ajustification of the non-possibility of
attending face-to-face activities and approval by the professor who teaches the subject.
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SECOND CALL

In the second call, students will take an exam consisting of a series of theoretical questions and numerical
problems, which will deal with the basic concepts taught in class. The exam will be the same for all
groups. The final grade, including the continuous assessment, will be carried out using the same
weighting asin the first call. The minimum overall grade to pass the subject is 5.0 out of 10.

Final Warning

The copying or manifest plagiarism of any task that is part of the evaluation will make it impossible to
pass the subject, then submit to the appropriate disciplinary procedures.

It should be noted that, in accordance with article 13 d) of the University Student Statute (RD 1791/2010,
of December 30th), "it is the duty of a student to refrain from using or cooperating in fraudulent
procedures in assessment tests, in the work carried out or in official documents of the University".
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