
Identification Subject  

(code, title, 

credits) 

Physical Chemistry (6  ECTS  credits) 

 

Department Chemistry Chemical Engineering 

Program  Undergraduate 

Term FALL 2019 

Instructor Dr. Rasoul Moradi 

E-mail: rmoradi@khazar.org 

Phone: +994 555613482 

   

Prerequisites Chemistry 2 & Calculus 1 

Language  English 

Compulsory/Elective Compulsory 

Required textbooks 

and course materials 

Core textbooks:  

Physical Chemistry, Gilbert Castellan (1983) Third Eds. 

Physical Chemistry A Molecular Approach, Mcquarrie 

Course website This course is based on traditional face-to-face classes 

Course outline Fundamental concepts in chemistry, state of matter (properties of matter) and 

Thermodynamics: introduction to the laws of thermodynamics (first, second 

and third) 

Course objectives  This course is a prerequisite for “Chemical Engineering  courses studied 

further. 

General objective of the course 

To meet curriculum requirements of the School of Engineering and Applied 

Sciences (SEAS) 

Specific objectives of the course 

-To support student academically, to improve their chances of realizing their 

potential. 

-To develop problem solving and derivations skills using fundamental 

mathematical principles. 

-To develop understanding the fundamentals of physical chemistry. 

-To build background for the students further studying Thermodynamics 1 

AND 2 

Learning outcomes By the end of the course the students should be able 

-To know and apply main laws of Thermodynamics & Gases. 

-To know fundamentals of  Thermodynamic & properties of Gases 

-To derive Thermodynamic equations. 

-To learn problem solving strategies 

Teaching methods Lecture x 

Group discussion x 

Experimental exercise  

Assignments x 

Simulation x 

Course paper x 

Others  

Evaluation  Methods Date/deadlines Percentage (%) 

Midterm Exam November, 2019 30 

Assignment and 

quizzes 

 10 

Presentation/Group 

Discussion 

 20 



Final Exam January, 2020 40 

Total   100 

Policy Attendance 

The students are required to attend all classes as a part of their studies and 

those having legitimate reasons for absence (illness, family bereavement, etc.) 

are required to inform the instructor. 

Tardiness / other disruptions.  

If a student is late to the class for more than 10 (ten) minutes, (s)he is not 

allowed to enter and disturb the class. However, this student is able to enter 

the second double hours without delaying. 

Exams 

In order to be excused from the exam, the student must contact the dean and 

the instructor before the exam. Excuse will not be granted for social activities 

such as trips, cruises and sporting events (unless you are participating). The 

exams will all be cumulative. Most of the questions on each exam will be 

taken from the chapters covered since the last exam. 

But some will come from the earlier chapters. In general the coverage will 

reflect the amount of the time spend in class on the different chapters. 

Withdrawal (pass / fail) 

This course strictly follows grading policy of the School of Engineering and 

Applied Sciences. Thus, a student is normally expected to achieve a mark of 

at least 60% to pass. In this case of failure, he/she will be referred or required 

to repeat the course the following term or year. 

Cheating / plagiarism  

Cheating or other plagiarism during midterm and final examinations will lead 

to paper cancellation. In case, the student will automatically get 0 (zero), 

without any considerations. 

Professional behaviour guidelines 

The student shall behave in the way to create favorable academic and 

professional environment during the class hours. Unauthorized discussions 

and unethical behavior are strictly prohibited. 

For successful completion of the course, the students shall take an active part 

during the class time, raising questions and involving others to discussions. 

Learning and Teaching Methods 

This course considers active learning process rather than passive one.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Tentative Schedule 

Week Topic  Topics Textbook/ 

Assignments   

 

 

 

 

1 

 

 

 

 

1 

Some Fundamental Chemical concepts (1-8)  

i. Introduction 1 

ii. The kinds of matter 1 

iii. The kinds of substances 1 

iv. Atomic and Molar Masses 2 

v. Symbols and Formulae 3 

vi. The mole 4 

vii. Chemical equations 4 

viii. The international system of Units, SI 6 

[1] 
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2 

The Properties of Gases (637-670)  

i. All gases behave ideally if they are sufficiently dilute 

637 

ii. The van der Waals equation and the Redlich-Kwong 

equation are examples of two parameter equations of 

state 642 

iii. A cubic equation of state can describe both the gaseous 

and liquid states 648 

iv. The van der Waals equation and the Redlich-Kwong 

equation obey the law of corresponding states 655 

v. Second Virial Coefficients can be used to determine 

intermolecular potentials 658 

vi. London dispersion forces are often the largest 

contributor to the r-6 term in the Lennard Jones 

potential 665 

vii. The Van der Waals constants can be written in terms of 

molecular parameters 670 

[2] 
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3 

The laws of thermodynamics: Generalities and the zeroth law (93-

100)  

i. The first law of thermodynamics 93 

ii. Conversion of energy from one form to the other 94 

iii. The second law of thermodynamics 94 

iv. The zeroth law of thermodynamics 96 

Thermometry 97 

[1] 
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The first law of thermodynamics 765- 817 

 

i. A common type of work is Pressure-Volume work 766 

ii. Work and heat are not state functions, but energy is a state 

function769 

iii. The first law of thermodynamics says the energy is a state 

function 773 

iv. An adiabatic process is a process in which no energy as heat is 

transferred 774 

v. The temperature of a gas decreases in a reversible adiabatic 

expansion 777 

vi. Work and heat have a simple molecular interpretation 779 

vii. The enthalpy change is equal to the energy transferred as heat 

in a constant pressure process involving only P-V work 780 

viii. Heat capacity is a path function 783 

[2] 



ix  Relative enthalpies can be determined from heat capacity data 

and heats of transition 786 

x Enthalpy changes for chemical equations are additive 787 

xi Heats of reactions can be calculated from tabulated heats of 

formation 791 

xii The temperature dependence of ∆H is given in terms of the 

heat capacities of the reactants and products 797 

 

 

 

 

 

 

5 
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Entropy and the second law of thermodynamics 817-853 

 

i. The change of energy alone is not sufficient to determine the 

direction of a spontaneous process 817 

ii. Nonequilibrium isolated systems evolve in a direction that 

increases their disorder 819 

iii. Unlike qrev entropy is a state function 821 

iv. The second law of thermodynamics states that the entropy of an 

isolated system increases as a result of a spontaneous process 825 

v. The most famous equation of statistical thermodynamics is S= 

kB ln W 829 

vi. We must always device a reversible process to calculate 

entropy changes 833 

vii. Thermodynamics gives us insight into the conversion of heat 

into work 838 

viii. The molecular formula S=kBlnW is analogous to the 

Thermodynamic Formula dS= ðqrev 843 

 

[2] 
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Entropy and the third law of thermodynamics 853-881 

 

i. Entropy increases with increasing temperature 853 

ii. The third law of thermodynamics says that the entropy of a 

perfect crystal is zero at 0 K 855 

iii. ∆S = ∆H/T at phase transition 857 

iv. The third law of thermodynamics asserts that Cp→0 as 

T→0 858 

v. Practical absolute entropies can be determined calorimetrically 

859 

vi. The values of standard entropies depend upon molecular mass 

and molecular structure 865 

vii. The spectroscopic entropies of a few substances do not agree 

with the calorimetric entropies 868 

viii. Standard entropies can be used to calculate entropy changes 

of chemical reactions 869 

[2] 

7  Review (1- 6) 
[1] 

                    Midterm November 2019 
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7 

Helmholtz and Gibbs Energies (881-925) 

i. The sign of Helmholtz energy change determines the 

direction of a spontaneous process in a system at 

constant volume and temperature 881 

ii. The Gibbs energy determines the direction of a 

spontaneous process for a system at constant pressure 

and temperature 884 

iii. Maxwell relations provide several useful 

thermodynamic formula 888 

iv. Enthalpy of an ideal gas is independent of pressure 893 

v. Various Thermodynamic functions have natural 

independent variables  896 

vi. The standard state for a gas at any temperature is the 

hypothetical ideal gas at one bar 899 

vii. The Gibbs-Helmholtz equation describes the 

temperature dependence of the Gibbs energy 901 

viii. Fugacity is a measure of the nonideality of a gas 905 

 

[2] 
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8 

 

Phase Equilibria (925-963) 

 

i. A phase diagram summarizes the solid-liquid-gas behavior of a 

substance 926 

ii. The Gibbs energy of a substance has a close connections to its 

phase diagram 933 

iii. The chemical potentials of a pure substance in two phases in 

equilibrium are equal 935 

iv. The Clausius- Clapeyron equation gives the vapor pressure of a 

substance as a function of temperature 941 

[2] 
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Solutions:: Liquid –Liquid Solutions (963-1010) 

 

i. Partial molar quantities are important thermodynamics 

properties of solutions 963 

ii. The Gibbs – Duhem equation relates the change in the chemical 

potential of one component of a solution to the change in the 

chemical potential of the other 966 

iii. The chemical potential of each component has the same value 

in each phase in which the component appears 969 

iv. The components of an ideal solution obey Raoult’s law for all 

concentrations 970 

v. Most solutions are not ideal 977 

vi. The Gibbs-Duhem equation relates the vapour pressures of the 

two components of a volatile binary solution 981 

[2] 

 



 

This syllabus is a guide for the course and any modifications to it will be announced in advance. 
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Solutions:: Liquid –Liquid Solutions  (963-1010) 

vii. The central thermodynamic quantity for nonideal 

solutions is the activity 986 

viii. Activities must be calculated with respect to standard 

states 989 

ix. We can calculate the Gibbs energy of mixing of binary 

solution in terms of the activity coefficient 994 

[2] 
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10 

Solutions :: Solid-Liquid solutions (1011-1048) 

 

i. We use a Raoult’s law standard state for the solvent and a 

Henry’s law standard state for the solute for solutions of solids 

dissolved in liquids 1011 

ii. The activity of a nonvolatile solute can be obtained from the 

vapour pressure of the solvent 1015 

iii. Colligative properties are solution properties that depend only 

upon the number density of solute particles 1020 

 

[1] 
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10 

Solutions :: Solid-Liquid solutions (1011-1048) 

 

iv. Osmotic pressure can be used to determine the molecular 

masses of polymers 1023 

v. Solutions of electrolytes are nonideal at relatively low 

concentrations 1025 

vi. The Debye-Huckel theory gives an exact expression of lnγ+/- for 

very dilute solutions 1031 

vii. The mean spherical approximation is an extension of the 

Debye-Huckel theory to higher concentrations 1035 

 

 

 

 

 

 

[1] 

 

14 * Presentations   

15  Review of the topics (vi- x )  

 January 

2020 

Final exam :: topics 7-10  


