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Physical chemistry
Course Syllabus

1. Basic Course Information

Total Hours M Theoretical Course
Course Type oPractice oCourse Design
Total Weeks ) )
oGraduation Design
Course Code 7266401 Total Hours 64 Credit 4
Course Name Physical Chemistry

Applicable Major Materials Science and Engineering

(7030701 and 7030702 ) Higher Mathematics, (7016302 and

Prerequisite Course )
7016401) College Physics

School of Mechanical and Materials Engineering
Department of Course

Materials Science and Engineering

2. Course Goals

This course is a basic course in materials science and engineering, and is also a
compulsory course for students. Physical chemistry is the principle and method of
research chemistry, as well as the most general law and theory of chemical system
behavior, and is the theoretical basis of chemistry. Through the study of this course,
students will firmly grasp the basic theoretical knowledge of physical chemistry and its
calculation methods, get further training of general scientific methods, and cultivate
students' ability to find problems, analyze problems and solve problems. Its goals include:

(1) Systematically understanding the basic knowledge and principles of physical
chemistry;

(2) Based on the experimental phenomena and the results, learn to analyze and solve
problems;

(3) Cultivating the ability of independent learning and innovation.

3. The contents and requirements of the course

(1) The relationship between gas pressure, volume and temperature

Understand and apply the ideal gas state equation, understand the van der Waals
equation of real gas, understand the concept of saturated vapor pressure, critical state,
critical parameters, and contrast parameters; understand the principle of corresponding
state.

(2) The First law of thermodynamics

Understand the basic concepts of thermodynamics: equilibrium state, state function,
thermodynamic standard state, reversible process. Understand the narrative and
mathematical expressions of the first law of thermodynamics. Master thermodynamic
properties, enthalpy and standard molar combustion enthalpy, standard molar formation




enthalpy, standard molar reaction enthalpy and other concepts. Master the principles and
methods for calculating changes in heat, work, and state functions during pressure, volume,
and temperature changes, phase changes, and chemical changes in matter.

(3) The Second law of thermodynamics

Understand the second law of thermodynamics, the narrative and mathematical
expression of the third law; master the concepts of entropy, Helmholtz function, Gibbs
function, standard molar entropy, etc.; master the calculation of AS and AG in pressure
volume temperature change, phase change and chemical change; Master the entropy
increase principle and entropy criterion, Helmholtz function criterion, Gibbs function
criterion; understand the basic equation of thermodynamics and Maxwell relationship;
understand the applicable conditions of thermodynamic formula; deduct Clapeyron and
Clapeyron-Clausius from phase equilibrium conditions Equations, and can apply these
equations for correlation calculations to understand the concepts of partial molarity and
chemical potential.

(4) Multicomponent system thermodynamics

Master Raoult's Law and Henry's Law and their applications. Understand the
expression of the chemical potential of each component in an ideal system (ideal gas, ideal
liquid mixture, and ideal dilute solution). Understand the concept of fugacity and activity.
Understand the standard state of fugacity and activity and the simple calculation method
of component activity factor.

(5) Chemical equilibrium

Master the definition of the standard equilibrium constant. Master the relationship
between standard equilibrium constants and temperature. Thermodynamic data can be
used to calculate the standard equilibrium constant. It will analyze the effects of
temperature, pressure, and composition on the balance.

(6) Phase equilibrium

Understand the derivation and significance of the phase law, use the phase law to
analyze the degree of freedom of the system; master the characteristics and applications of
various types of phase diagrams (T-x-y, p-x-y) of one-component systems, two-component
(ideal and actual) systems; The phase diagram is analyzed by phase and calculated using
the leverage rule. (Indicates the stable phase of each zone, line, point, the balance of
existence and the number of degrees of freedom).

(7) Electrochemistry

Understand the physical quantities of electrical conductivity (conductivity, molar
conductivity, ion mobility). Understand the phase difference between the phases.
Understand the average activity and average activity factor of the ions of the electrolyte
solution. Understand the concept of ionic strength and the Debye-Shocker limit formula.
Understand the concept of a reversible battery. Master the Nernst equation. Master the
calculation and application of battery electromotive force. Understand the concept of
electrolysis and understand the concepts of overpotential and electrode polarization.

(8) Interface phenomenon

Understand the concept of surface tension and surface Gibbs function and its
connection to contact angle, wetting, and spreading. Understand the effects of bending
fluids on thermodynamic properties. Understanding the Laplace formula and the Kelvin



formula will apply. Understand the relationship between metastable state and new phase
generation. Understand the adsorption at the solution interface and the role of surface
active substances. Learn about the Gibbs adsorption formula. Understand the meaning and
difference of physical adsorption and chemisorption. Master the Langmuir monolayer
adsorption theory.

(9) Chemical dynamics

Master the concepts of chemical reaction rate, reaction rate constant, reaction order,
elemental reaction, and number of reactive molecules. Master the first, second and zero
order reaction rate equations and applications. Understand the method of establishing a
reaction rate equation by experiment. Understand the characteristics of typical composite
reactions (parallel reactions, parallel reactions, and series reactions). Master the concepts
and applications of steady-state approximation, equilibrium approximation, and reaction
rate determination steps. Understand the characteristics of the chain reaction. Master the
Arrhenius equation and apply it. Understand the definition of activation energy and
pre-exponential factors. Understand the basic characteristics of catalysis, photochemical
reactions, and reactions in solution. Understand the basic ideas, related concepts and basic
formulas of effective collision theory and transition state theory.

4. Arrangement and Requirements of Practical Teaching

Content and requirements Contact hours
Determination of relative molecular weight by freezing point 4
reduction method
2 Drawing of a metal phase diagram 4

5. Academic hours assignment of each chapter (section) of the course: (academic
hours: 64)

Chapter Content Total class hours | Academic hours Experimental hours

Introduction

The relationship
Chapter | 3 3 0
between gas  pressure,)

volume and temperature

The First law of

Chapter 11 6 6 0
thermodynamics
The Second law of
Chapter 111 8 8 0
thermodynamics

Multicomponent  system
Chapter [V 10 6 4
thermodynamics

Chapter V Chemical equilibrium 6 6 0




Chapter VI Phase equilibrium 12 8 4
Chapter VII Electrochemistry 8 8 0
Chapter VII Interface phenomenon 5 5 0
Chapter IX Chemical dynamics 6 6 0

Summation 64 56 8

6. Teaching and Learning Strategy

This course is based on classroom explanations and courseware demonstrations,
supplemented by practical teaching, teaching students the basic theoretical knowledge of
physical chemistry, and cultivating students' practical ability.

7. Text and Learning Support books

1. Text book

Physical Chemistry, Department of Physical Chemistry, Tianjin University, etc.
Higher Education Press, 2010, 1st edition.

2. Learning Support book

Physical Chemistry Study Guide, Feng Xia, etc. Higher Education Press, 2012, 1st
edition.

8. Grading
Assessment Weighting % Type/Duration/Wordcount (indicative only)
Regular grade 20% Class performance and assignment
Lab report 20% Hand-written reports
Final Examination 60% 2 hours

Program writer: Jiao Zhiwei
Program reviewer: Zhu Yuanzhi
Department leader: Cui Yan
Head of the school: Liu Dong
Date of revision: 2022.02
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