DISCIPLINE SPECIFIC ELECTIVE COURSE -3(DSE-3): Solutions, Colligative properties,

Phase Equilibria and adsorption

CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE
COURSE

Course title & | Credits Credit distribution of the Eligibility | Pre-
Code course criteria requisite
Lecture | Tutorial | Practical/ of the
Practice course (if
any)
Solutions, 04 03 - 01 Class 12
Colligative with
properties, Phase Physics,
Equilibria and Chemistry
adsorption
(DSE-3)

Learning Objectives

The Learning Objectives of this course are as follows:
e To make the students understand the various properties of dilute solutions.
e To make the students understand the thermodynamic basis of colligative properties.
o To explain the concept of phase, co-existence of phases, phase diagram for various
types of system, CST and distribution law.
e To introduce the concept of adsorption, its dependence on various conditions and
applications

Learning outcomes

By studying this course, students will be able to:
e Explain different types of phase equilibrium, draw a well labelled phase diagram.
e Predict the existence of a substance in a given phase under different conditions of
temperature and pressure

e Apply the concepts of phase, solutions and distribution law while studying other
chemistry courses and every-day life processes.

e Explain the type of adsorption that can take place in different systems and predict the
conditions to get maximum adsorption.

SYLLABUS OF DSE-3

UNIT-1: Solutions and Colligative Properties (12 Hours
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Dilute solutions; lowering of vapour pressure, Raoult’s law, Henry’s law. Thermodynamic basis
of the colligative properties - lowering of vapour pressure, elevation of Boiling Point,
Depression of Freezing point and Osmotic pressure and derivation of expressions for these
using chemical potential. Application of colligative properties in calculating molar masses of
normal, dissociated and associated solutes in solutions, van’t Hoff factor and its applications.
Concept of activity and activity coefficients.

UNIT-2: Phase Equilibria (24 Hours)

Concept of phases, components and degrees of freedom, derivation of Gibbs Phase Rule for
nonreactive and reactive systems; Clausius-Clapeyron equation and its applications to solid-
liquid, liquid-vapour and solid-vapour equilibria, phase diagram for one component systems
(H20 and S), with applications. A comparison between the phase diagram of CO2 and H>O.
Phase diagrams for systems of solid-liquid equilibria involving eutectic, congruent and
incongruent melting points, solid solutions (excluding partial miscibility). Binary solutions:
Gibbs-Duhem-Margules equation, its derivation and applications to fractional distillation of
binary miscible liquids (ideal and non-ideal), Konovalov’s laws, azeotropes, lever rule, partial
miscibility of liquids, CST, miscible pairs, steam distillation. Nernst distribution law: its
derivation and applications.

Three component systems, water-chloroform-acetic acid system, triangular plots.

UNIT-3: Surface chemistry (9 Hours

Physical adsorption, chemisorption, adsorption isotherms (Langmuir and Freundlich). Nature
of adsorbed state. Multilayer adsorption, BET equation derivation, thermodynamic treatment
of adsorption-Gibbs equation.

Practical component Credit: 01
(Laboratory periods: 15 classes of 2 hours each)

Practical
Phase Equilibrium

1. Determination of critical solution temperature and composition at CST of the phenol
water system
2. To study the effect of impurities of sodium chloride and succinic acid on the CST of
phenol-water system.
3. To study the cooling curves for the following systems:
(i)  simple eutectic
(ii) congruently melting systems.

Adsorption

Verify the Freundlich and Langmuir isotherms for adsorption of acetic acid on activated
charcoal.

Essential/recommended readings
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Theory:

1. Peter, A.; Paula, J. de. (2011), Physical Chemistry, 9" Edition, Oxford University
Press.

2. Castellan, G. W. (2004), Physical Chemistry, 4" Edition, Narosa.

3. Kapoor, K.L. (2015), A Textbook of Physical Chemistry, Vol 3, 6" Edition, McGraw
Hill Education.

4. Kapoor, K.L. (2015),A Textbook of Physical Chemistry, Vol 5, 6th Edition, McGraw
Hill Education.

5. Ball, D. W. (2017), Physical Chemistry, 2" Edition, Cengage Learning, India.

Practical:

1. Khosla, B.D.; Garg, V.C.; Gulati, A. (2015), Senior Practical Physical Chemistry, R.
Chand & Co, New Delhi.

2. Garland, C. W.; Nibler, J. W.; Shoemaker, D. P. (2003), Experiments in Physical

Chemistry, 8" Edition, McGraw-Hill, New York.

Suggestive readings

1.

Levine, I.N. (2010), Physical Chemistry, Tata Mc Graw Hill.

Note: Examination scheme and mode shall be as prescribed by the Examination Branch,
University of Delhi, from time to time.
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