
   

 

 

EDO UNIVERSITY IYAMHO 

Department of Chemistry 

CHM 314: Advanced Physical Chemistry (3 Units) 

 

Instructors: Mr Inobeme, Abel, email: inobeme.abel@edouniversity.edu.ng 

Lectures: Tuesday, 8.00am – 10.00 am, NLT1, Wednesday, 8.00am – 9.00am  phone: (+234) 

8036237514 Office hours: Wednesday -Thursday, 2.00 to 3.00 PM, Office: New Science Block: 

Rm 5  

 

 

 

Description: Advance Physical Chemistry course covers topics such as Gibbs Function, 

Chemical and statistical thermodynamics, Ideal and  Non-Ideal solution as well as  Colligative 

Properties. 

 

Prerequisites: Students are expected to be familiar with the rudiments of thermodynamics, the 

concept of solution and solubility, energy changes associated with the solution and heat of 

reactions. 

 

 

Assignments: As part of assessment in this course, students will be given three individual 

assignments and two group work which shall be part of the continuous assessment. The essence 

of the individualized assignment is to promote field independency among the students. This is in 

addition to the mid-term test and end of session examination. Home works are due at the 

beginning of the class on the due date.  

 

Grading: We will assign 10% of this class grade to homeworks, 10% for the group projects, 

10% for the mid-term test and 70% for the final exam. The Final exam is comprehensive. 

 

Textbook: The recommended textbook for this class are as stated: 

Title: Chemistry 

Authors: Zhumdahl I. Zhumdahl 

Publisher: Houghton Mifflin Company Boston New York,  7th edition 

ISBN-13: 2005929890 

Year: 2007 

 

Title: Essential of Physical Chemistry 

Authors: Arun Bahl, G.S Bahl and G.D Tuli 

Publisher: Hofney  Publishers 

 



   

 

ISBN: 1-558600-698-X 

 

 

Lectures: Below is a description of the contents. We may change the order to accommodate the 

materials you need for the projects.  

 

Chemical Thermodynamics 

T he study of the flow of heat or any other form of energy into or out of a system as it undergoes 

a physical or chemical transformation, is called Thermodynamics. 

In studying and evaluating the flow of energy into or out of a system, it will be useful to consider 

changes in certain properties of the system. These properties include  

i. Temperature 

ii. Pressure 

iii. volume and  

iv. concentration of the system.  

Measuring the changes in these properties from the initial state to the final state, can provide 

information concerning changes in energy and related quantities such as heat and work. 

 

Scope of Thermodynamics 

(1) Most of the important laws of Physical Chemistry, including the Van’t Hoff law of lowering 

of vapor pressure, Phase Rule and the Distribution Law, can be derived from the laws of 

thermodynamics. 

(2) It tells whether a particular physical or chemical change can occur under a given set of 

conditions of temperature, pressure and concentration. 

(3) It also helps in predicting how far a physical or chemical change can proceed, until the 

equilibrium conditions are established. 

Limitations of Thermodynamics 

(1) Thermodynamics is applicable to macroscopic systems consisting of matter in bulk and not to 

microscopic systems of individual atoms or molecules. It ignores the internal structure of atoms 

and molecules. 

(2) Thermodynamics does not bother about the time factor. That is, it does not tell anything 

regarding the rate of a physical change or a chemical reaction. It is concerned only with the 

initial and the final states of the system. 



   

 

Thermodynamic Terms and Basic Concepts 

An important part of the study of thermodynamics is a few terms and definitions which must be 

understood clearly. 

System and Surroundings 

A system is that part of the universe which is under thermodynamic study and the rest of the 

universe is surroundings. 

Boundary 

The real or imaginary surface separating the system from the surroundings is called the 

boundary. 

                          

For example, in experimental work, a specific amount of one or more substances constitutes the 

system. Thus 200 g of water contained in a beaker constitutes a thermodynamic system. The 

beaker and the air in contact are the surroundings. 

Similarly 1 mole of oxygen confined in a cylinder fitted with a piston, is a thermodynamic 

system. The cylinder and the piston and all other objects outside the cylinder, form the 

surroundings. Here the boundary between the system (oxygen) and the surroundings (cylinder 

and piston) is clearly defined. 

Homogeneous and Heterogeneous Systems 

When a system is uniform throughout, it is called a Homogeneous System. Examples are: a pure 

single solid, liquid or gas, mixtures of gases, and true solution of a solid in a liquid. A 

homogeneous system is made of one phase only. 

A heterogeneous system is one which consists of two or more phases. In other words it is not 

uniform throughout. Examples of heterogeneous systems are: ice in contact with water, ice in 

contact with vapor etc. Here ice, water and vapor constitute separate phases. 

TYPES OF THERMODYNAMIC SYSTEMS 

There are three types of thermodynamic systems depending on the nature of the boundary. If the 

boundary is closed or sealed, no matter can pass through it. If the boundary is insulated, no 

energy (say heat) can pass through it. 

Isolated System 



   

 

When the boundary is both sealed and insulated, no interaction is possible with the surroundings. 

Therefore, an isolated system is one that can transfer neither matter nor energy to and from its 

surroundings. 

Let us consider a system 100 ml of water in contact with its vapor in a closed vessel which is 

insulated. Since the vessel is sealed, no water vapor (matter) can escape from it. Also, because 

the vessel is insulated, no heat (energy) can be exchanged with the surroundings. A substance, 

say boiling water, contained in a thermos flask, is another example of an isolated system. 

Closed System 

Here the boundary is sealed but not insulated. Therefore, a closed system is one which cannot 

transfer matter but can transfer energy in the form of heat, work and radiation to and from its 

surroundings. 

A specific quantity of hot water contained in a sealed tube, is an example of a closed system. 

While no water vapour can escape from this system, it can transfer heat through the walls of the 

tube to the surroundings. 

Open System 

In such a system the boundary is open and un-insulated. Therefore, an open system is one which 

can transfer both energy and matter to and from its surroundings. Hot water contained in a 

beaker placed on laboratory table is an open system.  

Adiabatic Systems  

Those systems, in which no thermal energy passes into or out of the system, are said to be 

adiabatic systems. 

Intensive and Extensive Properties 

The macroscopic or bulk properties of a system (volume, pressure, mass, etc.) can be divided 

into two classes: 

(a) Intensive properties 

(b) Extensive properties 

Intensive Properties 

A property which does not depend on the quantity of matter present in the system is known as 

intensive Property. Some examples of intensive properties are pressure, temperature, density, 

and concentration.  



   

 

If the overall temperature of a glass of water (our system) is 20°C, then any drop of water in that 

glass has a temperature of 20°C. Similarly if the concentration of salt, NaCl, in the glass of water 

is 0.1 M, then any drop of water from the glass also has a salt concentration of 0.1 M. 

Extensive Properties 

A property that does depend on the quantity of matter present in the system is called an extensive 

property. Some examples of extensive properties are volume, number of moles, enthalpy, 

entropy, and Gibbs’ free energy.  By definition, the extensive properties are additive while 

intensive properties are not.  

THERMODYNAMIC PROCESSES 

When a thermodynamic system changes from one state to another, the operation is called a 

process. These processes involve the change of conditions (temperature, pressure and volume). 

The various types of thermodynamic processes are: 

i. Isothermal Processes 

Those processes, in which the temperature remains fixed, are termed isothermal processes. 

This is often achieved by placing the system in a thermostat (a constant temperature bath). 

For an isothermal process dT = 0 

ii. Adiabatic Processes 

Those processes in which no heat can flow into or out of the system are called adiabatic 

processes. Adiabatic conditions can be approached by carrying the process in an insulated 

container such as ‘thermos’ bottle. High vacuum and highly polished surfaces help to achieve 

thermal insulation. 

For an adiabatic process dq = 0 

iii. Isobaric Processes 

Those processes which take place at constant pressure are called isobaric processes. For 

example, heating of water to its boiling point and its vaporisation take place at the same 

atmospheric pressure. These changes are, therefore, designated as isobaric processes and are said 

to take place isobarically. 

For an isobaric process dp = 0 

iv. Isochoric Processes 

Those processes in which the volume remains constant are known as isochoric processes. 

The heating of a substance in a non-expanding chamber is an example of isochoric process.  



   

 

For isochoric processes dV = 0. 

v. Cyclic Process 

When a system in a given state goes through a number of different processes and finally returns 

to its initial state, the overall process is called a cycle or cyclic process. 

For a cyclic process dE = 0, dH = 0. 

Sign Convention of Heat 

The symbol of heat is q. If the heat flows from the surroundings into the system to raise the 

energy of the system, it is taken to be positive, +q. If heat flows from the system into the 

surroundings, lowering the energy of the system, it is taken to be negative, –q. 

Sign Convention of Work 

The symbol of work is w. If work is done on a system by the surroundings and the energy of the 

system is thus increased, it is taken to be positive, +w. If work is done by the system on the 

surroundings and energy of the system is decreased, it is taken to be negative, –w. 

 


