
 
 

Course E-Syllabus 
 

 
 

1 

QF-AQAC-03.02.1.3 
 

 

 

1 Course title Physical Chemistry 2 

2 Course number 0303341 

3 
Credit hours 3 

Contact hours (theory, practical) (3,0) 

4 Prerequisites/corequisites Physical Chemistry 1 (0303241) 

5 Program title B.SC. in Chermistry 

6 Program code 0303 

7 Awarding institution  The University of Jordan 

8 School Science 

9 Department Chemistry 

10 Level of course  Third year 

11 Year of study and semester (s) 2020-2021, Fall semester 

12 Final Qualification  

13 
Other department (s) involved in 

teaching the course 

NA 

14 Language of Instruction English 

15 Teaching methodology ☐Blended          ☒Online 

16 Electronic platform(s) 
☒Moodle     ☒Microsoft Teams  ☐Skype     ☐Zoom      

☐Others………… 

17 Date of production/revision  

 

18 Course Coordinator:  

 

Dr. Mohammed Gharaibeh (Doctor of Physical Chemistry)  

Office (2), Chemistry building/extension  

Phone: 22132  

Email: m.gharaibeh@ju.edu.jo  

Office hours: TBA  

 

19 Other instructors:  

 

NA 

 

 

 

 

 

 



 

         

QF-AQAC-03.02.1.3 
2 

02 Course Description: 

 

 

Physical chemistry 2 is the second semester of the three-semester physical chemistry sequence 

offered by the department of chemistry intended for undergraduates majoring in chemistry. The 

subjects covered in this course are electrochemistry, chemical kinetics, and surface chemistry. The 

first part of the course will deal with solutions of electrolytes and electrochemical cells. This part is a 

continuation of chemical thermodynamics covered in physical chemistry I course. The second part is 

concerned with chemical kinetics. In this part we will investigate in some detail rate and rate law of 

chemical reactions, analysis of kinetic data, Arrhenius law and transition state theory, reactions in 

solution, composite reactions and reaction mechanisms, some examples and applications of 

composite reactions, and homogeneous catalysis. In the third part surface chemistry will be 

introduced. Here we will explore adsorption, some important isotherms, heterogeneous catalysis, 

surface tension, and colloids.  

 

 

21. Course aims and outcomes:  

A- Aims: 

1. Develop a firm and solid understanding of the fundamental principles of physical chemistry. 

2. Explain the fundamental concepts and phenomena of physical chemistry, in particular, in electrochemistry and electrochemical equilibrium, 

chemical kinetics and reaction dynamics, reaction mechanisms, catalysis, and surface chemistry. 
3. Acquire a quantitative understanding of physical chemistry, by both expressing ideas and concepts into mathematical relations, and by 

understanding physical concepts behind mathematical formulas. Furthermore, students will be able to derive important mathematical relations. 

4. Promote problem-solving skills by applying different mathematical methods and techniques to the solution of relevant problems, and by 
encouraging students to work systematically through complex problems. 

5. Appreciate the continuous interplay between experiment and theory in physical chemistry. 

6. Allow students to develop an awareness of the connections between topics in physical chemistry, in order to explore physical chemistry as a 
“unified” field of study and research. 

7. Integrate the fundamental subjects learned with practical and industrial applications. 

8. Stimulate student’s interest to the state of art techniques and developments in the field of physical chemistry, through chemical primary 
sources and literature. 

 

B- Intended Learning Outcomes (ILOs): Upon successful completion of this course students will be able to: 
 

1. Understand Faraday's laws of electrolysis. 

2. Define conductivity, molar conductivity, molar conductivity and infinite dilution and ionic conductivity. 
3. Explain the Arrhenius theory of weak electrolytes and derive Ostwald's dilution law. 

4. Describe the ionic atmosphere and how it affects the conductivity of a solution of an electrolyte according to Debye-Huckel theory. 

5. Understand the concept of ionic mobility and transport number and how the latest is measured. 
6. Explain the properties of ions in solution, including the special properties of the hydrogen ion in aqueous solution. 

7. Understand how the Debye-Huckel theory interprets the activity coefficients of ions in solution. 

8. Apply ionic equilibria to solubility products, ionic product and ionization of water. 
9. Explain how electrochemical cells, in particular galvanic cells, function. 

10. Understand the concept of the standard hydrogen electrode and other standard electrodes. 

11. Apply the principles of thermodynamics to electrochemical cells, including the derivation of the Nernst equation. 
12. Obtain activity coefficients and different equilibrium constants from emf measurements. 

13. Define the rate of a reaction. 

14. Understand the concept of the order of a reaction with respect to one reactant and to the overall order. 
15. Integrate the rate equations for simple system (e.g. 1st, 2nd, zeroth, etc. order) and for opposing reactions. 

16. Understand the half-life of a reaction and its significance. 

17. Explain some of the techniques used for the study of fast reactions, including stopped flow, flash photolysis, and relaxation methods. 
18. Use the Arrhenius equation for the temperature dependence of a chemical reaction and understand its significance. 

19. Determine an activation energy from the relevant data. 

20. Understand the concept of a potential-energy surface. 
21. Understand the basic ideas involved in transition-state theory. 

22. Understand something of quantum-mechanical tunnelling and kinetic-isotope effects. 

23. Discuss solvent effects on reaction rates, including ionic-strength effects. 
24. Explain the criteria for determining if a reaction occurs by a composite mechanism. 

25. List the methods for arriving at a plausible mechanism on the basis of kinetic information. 

26. Obtain rate equations for composite mechanisms. 
27. Understand the steady-state approximation and how to apply it in order to obtain a rate equation. 

28. Discuss the concept of the rate-determining step and the pitfalls involved in applying it to particular mechanisms. 

29. Understand what is meant by a chain reaction, and explain the free-radical mechanisms for a number of chemical reactions. 

30. Explain the basic principles involved in photochemical reactions. 

31. Discuss the principles of catalysis, especially catalysis by acids and bases and by enzymes. 

32. Describe the two types of adsorption, physisorption and chemisorption. 
33. Develop the equations necessary to derive the Langmuir isotherm and plot the fraction of surface covered against concentration for adsorption 



 

         

QF-AQAC-03.02.1.3 
3 

with and without dissociation. 

34. Describe how competitive adsorption occurs and explain it with equations. 

35. Describe how unimolecular reactions occur as treated in terms of the Langmuir-Hinshelwood and Langmuir-Rideal mechanisms. 

36. Describe inherent and induced heterogeneity. 

37. Understand how surface tension develops and the equations that describe it. 

38. Describe the various aspects of colloidal systems. 
39. Understand the Tyndall effect and the electrical properties of colloidal systems. 

40. Discuss the various aspects of gels and emulsions. 

41. Define the various aspects of viscosity and diffusion. 

 

 

 

 

00. Topic Outline and Schedule: 

Week Lecture Topic 
Teaching 

Methods*/platform 

Evaluation 

Methods** 
References 

1 

1.1 

Introducing the 

course 

 Online/MS Teams 
 Written exams, 

quizzes, assignments 

 Keith Laidler et 

al, Physical 

Chemistry, 4th ed. 

Ch 7 

1.2 
Electrostatics and 

electrical 

conductivity  Online/MS Teams 
 Written exams, 

quizzes, assignments  ibid 

1.3 
7.1: Faraday’s laws 

of electrolysis  Online/MS Teams 
 Written exams, 

quizzes, assignments 
 ibid 

2 

2.1 
7.2: Molar 

conductivity (I)  Online/MS Teams 
 Written exams, 

quizzes, assignments 
 ibid 

2.2 
7.2: Molar 

conductivity (II)  Online/MS Teams 
 Written exams, 

quizzes, assignments 
 ibid 

2.3 

7.3: Weak 

electrolytes, 

Ostwald’s dilution 

law  Online/MS Teams 
 Written exams, 

quizzes, assignments 

 ibid 

3 

3.1 
7.4: Strong 

electrolytes  Online/MS Teams 
 Written exams, 

quizzes, assignments 
 ibid 

3.2 
7.4: Strong 

electrolytes: Debye-

Huckel theory (I)  Online/MS Teams 
 Written exams, 

quizzes, assignments 

 ibid 

3.3 
7.4: Strong 

electrolytes: Debye-

Huckel theory (II)  Online/MS Teams 
 Written exams, 

quizzes, assignments 

 ibid 

4 

4.1 
7.4: Strong 

electrolytes: 

Kohlrausch equation  Online/MS Teams 
 Written exams, 

quizzes, assignments 

 ibid 

4.2 

7.5, 7.6: 

Independent 

migration of ions; 

transport numbers  Online/MS Teams 
 Written exams, 

quizzes, assignments 

 ibid 

4.3 

7.8: Ion 

conductivities; 

thermodynamics of 

ions  Online/MS Teams 
 Written exams, 

quizzes, assignments 

 ibid 

5 

5.1 
7.10: Activity 

coefficients  Online/MS Teams 
 Written exams, 

quizzes, assignments 
 ibid 

5.2 
7.10: Debye-Huckel 

Limiting Law  Online/MS Teams 
 Written exams, 

quizzes, assignments 
 ibid 

5.3 
7.11, 7.12: Ionic 

equilibria, ionization 

of water  Online/MS Teams 
 Written exams, 

quizzes, assignments 

 ibid 

6 6.1 8.2: The Daniel cell;  Online/MS Teams  Written exams,  Keith Laidler et 
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The standard 

hydrogen electrode 
quizzes, assignments al, Physical 

Chemistry, 4th ed. 

Ch 8 

6.2 

8.3: 

Thermodynamics of 

electrochemical 

cells (I)  Online/MS Teams 
 Written exams, 

quizzes, assignments 

 ibid 

6.3 

8.3: 

Thermodynamics of 

electrochemical 

cells (II)  Online/MS Teams 
 Written exams, 

quizzes, assignments 

 ibid 

7 

7.1 

9.1, 9.2, 9.3: Rates 

and empirical rate 

equations 
 Online/MS Teams 

 Written exams, 

quizzes, assignments 

 Keith Laidler et 

al, Physical 

Chemistry, 4th ed. 

Ch 9 

7.2 
9.4: Analysis of 

kinetic results (I)  Online/MS Teams 
 Written exams, 

quizzes, assignments 
 ibid 

7.3 
9.4: Analysis of 

kinetic results (II)  Online/MS Teams 
 Written exams, 

quizzes, assignments 
 ibid 

8 

8.1 
9.4: Analysis of 

kinetic results (III)  Online/MS Teams 
 Written exams, 

quizzes, assignments 
 ibid 

8.2 
9.5: Techniques for 

fast reactions  Online/MS Teams 
 Written exams, 

quizzes, assignments 
 ibid 

8.3 

9.6, 9.7: 

Molecularity; The 

Arrhenius equation 

(I)  Online/MS Teams 
 Written exams, 

quizzes, assignments 

 ibid 

9 

9.1 
9.7: The Arrhenius 

equation (II)  Online/MS Teams 
 Written exams, 

quizzes, assignments 
 ibid 

9.2 

9.9: The 

preexponential 

factor: collision 

theory  Online/MS Teams 
 Written exams, 

quizzes, assignments 

 ibid 

9.3 

9.9: The 

preexponential 

factor: transition 

state theory (I)  Online/MS Teams 
 Written exams, 

quizzes, assignments 

 ibid 

10 

10.1 

9.9: The 

preexponential 

factor: transition 

state theory (II)  Online/MS Teams 
 Written exams, 

quizzes, assignments 

 ibid 

10.2 
9.10: Reactions in 

solutions (I)  Online/MS Teams 
 Written exams, 

quizzes, assignments 
 ibid 

10.3 
9.10: Reactions in 

solutions (II)  Online/MS Teams 
 Written exams, 

quizzes, assignments 
 ibid 

11 

11.1 

10.1, 10.2: 

Introduction; types 

of composite 

reactions  Online/MS Teams 
 Written exams, 

quizzes, assignments 

 Keith Laidler et 

al, Physical 

Chemistry, 4th ed. 

Ch 10 

11.2 
10.3: Rate equations 

for composite 

mechanisms (I)  Online/MS Teams 
 Written exams, 

quizzes, assignments 

 ibid 

11.3 
10.3: Rate equations 

for composite 

mechanisms (II)  Online/MS Teams 
 Written exams, 

quizzes, assignments 

 ibid 

12 
12.1 

10.4: Rate constants 

and equilibrium 

constants  Online/MS Teams 
 Written exams, 

quizzes, assignments 

 ibid 

12.2 10.5: Free-radical  Online/MS Teams  Written exams,  ibid 
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reactions quizzes, assignments 

12.3 
10.9: Catalysis 

 Online/MS Teams 
 Written exams, 

quizzes, assignments 
 ibid 

13 

13.1 

18.1, 18.2: 

Adsorption, 

adsorption isotherms 

(I)  Online/MS Teams 
 Written exams, 

quizzes, assignments 

 ibid 

13.2 
18.2: Adsorption 

isotherms (II)  Online/MS Teams 
 Written exams, 

quizzes, assignments 
 ibid 

13.3 

18.4, 18.5: 

Reactions on 

surfaces, surface 

heterogeneity  Online/MS Teams 
 Written exams, 

quizzes, assignments 

 Keith Laidler et 

al, Physical 

Chemistry, 4th ed. 

Ch 18 

14 

14.1 
18.7: Surface 

tension and 

capillarity  Online/MS Teams 
 Written exams, 

quizzes, assignments 

 ibid 

14.2 
18.8: Liquid films 

on surfaces  Online/MS Teams 
 Written exams, 

quizzes, assignments 
 ibid 

14.3 
18.9: Colloidal 

systems  Online/MS Teams 
 Written exams, 

quizzes, assignments 
 ibid 

15 

15.1 
Review for the 

final exam       

15.2         

15.3         

 

 Teaching methods include: Synchronous lecturing/meeting; Asynchronous lecturing/meeting 

 Evaluation methods include: Homework, Quiz, Exam, pre-lab quiz…etc 

 

02 Evaluation Methods:  

 

Opportunities to demonstrate achievement of the ILOs are provided through the following assessment 

methods and requirements: 

 

Evaluation Activity Mark Topic(s) Period (Week) Platform 

 Assignment 2  
Topics covered in 

Weeks 1 & 2   
 Week 2  E-mail 

 Quiz  8 
 Topics covered in 

Week 3   
 Week 3  LMS 

Midterm Exam     

 Quiz  5 
 Topics covered in 

Week 3   
 Week 3  LMS 

 Assignment     

 Final Exam         

 

 

 

02 Course Requirements (e.g: students should have a computer, internet connection, webcam, 

account on a specific software/platform…etc):  

 

 

Since this course is taught online, students are expected to have an access to the Internet and have 

electronic device as : computer, Tablet or a smart phone. 
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02 Course Policies: 

 

 

A- Attendance policies: Students should attend at least 85% of the lectures. 

 

B- Absences from exams and handing in assignments on time: If an exam is missed for a 

documented serious and compelling reason, a make-up exam will be held at a time and place 

of the instructor's discretion. Final exam make-up is held according to university regulations. 

 

C- Health and safety procedures: Dealt with according to university regulations. 

 

D- Honesty policy regarding cheating, plagiarism, misbehavior: Dealt with according to 

university regulations. 

 

E- Grading policy: The grading scheme is as follows: 

 

1. Mid exam 30% 

2. Quizzes, assignments, and micro projects 20% 

3. Final exam: 50% 

 

F- Available university services that support achievement in the course: Central library, personal 

computer labs at different locations in the university, e-learning site, faculty members website. 

 

D- Honesty policy regarding cheating, plagiarism, misbehavior: 

 

E- Grading policy: 

 

F- Available university services that support achievement in the course: 

 

 

 

02 References:  

 

 

A- Required book(s), assigned readings and audio-visuals: 

K. J. Laidler, J. H. Meiser, and B. C. Sanctuary, Physical Chemistry, 4th ed., Houghton Mifflin 

Company, 2003. 

 

B- Recommended books, other materials, and media: 

Lecture notes and other documents and information relevant to the course are available at my e-

leering site of The University of Jordan (https://elearning.ju.edu.jo//). 

 

Furthermore, students are strongly recommended to frequently consult one or more of the 

 

following books (all available at the university library): 

 

1. P. W. Atkins, and J. de Paula, Atkins’ Physical Chemistry, 10th ed., OUP, 2014. 

2. G. Barrow, Physical Chemistry, 6th ed., McGraw-Hill College, 1996. 

3. T. Engel, and P. Reid, Physical Chemistry, 3rd ed., Pearson Education, Inc., 2013. 

https://elearning.ju.edu.jo/
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4. I. N Levine, Physical Chemistry, 6th ed., the McGraw-Hill Companies, 2009. 

5. R. Silbey, R. Alberty, and M. Bawendi, Physical Chemistry, 4th ed., John Wiley, 2004. 

 

 

02 Additional information: 
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