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SEMESTER-III 

 

Objectives: The objective of this paper is to develop basic understanding of the chemical 

energetics, laws of thermodynamics and ionic equilibrium. It provides basic understanding of 

the behaviour of electrolytes and their solutions. The students will also learn about the 

properties of ideal and real gases and deviation from ideal behaviour. 

Learning Outcomes:  

By the end of this course, students will be able to:  

 Understand the laws of thermodynamics, thermochemistry and equilibria.  

 Understand concept of pH and its effect on the various physical and chemical properties 

of the compounds.  

 Use the concepts learnt to predict feasibility of chemical reactions and to study the 

behaviour of reactions in equilibrium.  

  

Unit 1:  Chemical Energetics                      Lectures: 16  

Recapitulation of Intensive and extensive variables; state and path functions; isolated, closed 

and open systems, concept of heat, Q, work, W, internal energy, U, and enthalpy, H. 

First law 

Concept of heat, Q, work, W, internal energy, U, and statement of first law; enthalpy, H, 

relation between heat capacities for ideal gas, Joule’s experiment, calculations of Q, W, ΔU 

and ΔH for reversible expansion of ideal gases under isothermal conditions. 

Thermochemistry 

Enthalpy of reactions: standard states; enthalpy of neutralization, enthalpy of ionization enthalpy of 

hydration, enthalpy of formation and enthalpy of combustion, Integral enthalpy of solution, bond 

dissociation energy and bond enthalpy; Hess’s law, Born Haber’s cycle (NaCl/ KCl).  

Second Law  
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(Total Lectures: Theory- 30, Practical-60) 
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Concept of entropy; statements of the second law of thermodynamics (Kelvin and Clausius). 

Calculation of entropy change for reversible processes (for ideal gases). Free Energy Functions: Gibbs 

and Helmholtz energy (Non-PV work and the work function); Free energy change and concept of 

spontaneity (for ideal gases). 

Third Law 

Statement of third law, qualitative treatment of absolute entropy of molecules (examples of NO, CO), 

concept of residual entropy 

 

Unit 2: Chemical Equilibrium                             Lectures:   4  

Criteria of thermodynamic equilibrium. Free energy change in a chemical reaction and equilibrium 

constant, exergenic and endergenic reactions with examples such conversion of ATP to ADP or vice 

verca,, Le Chatelier’s principle, relationship between Kp, Kc and Kx for reactions involving ideal gases. 

 

Unit 3: Ionic Equilibria                               Lectures: 10 

                               

Strong, moderate and weak electrolytes, degree of ionization, factors affecting degree of ionization, 

Ostwald’s dilution law, ionization constant and ionic product of water, ionization of weak acids and 

bases, Degree of ionization, pH scale, common ion effect,  Buffer solutions, Henderson-Hasselbach 

equation. Solubility and solubility product of sparingly soluble salts – applications of solubility product 

principle  

 

Practical:                                                                                                Credits:02 

         

( Laboratory periods: 60)  

Chemical Energetics: 

1. Determination of heat capacity of calorimeter. 

2. Determination of enthalpy of neutralization of hydrochloric acid with sodium hydroxide. 

3. Determination of the enthalpy of ionization of acetic acid.  

4. Determination of enthalpy of neutralization of acetic acid and ammonium hydroxide using Hess’s law. 

5. Determination of integral enthalpy of solution (both endothermic and exothermic) of salts.   

6. Determination of enthalpy of hydration of Copper sulphate.  

Ionic equilibria: 
7. Preparation of buffer solutions: (i) Sodium acetate-acetic acid or (ii) Ammonium chloride-

ammonium acetate. Measurement of the pH of buffer solutions and comparison of the values with 

theoretical values. 

8. Study the effect of addition of HCl/NaOH on pH of the buffer solutions (acetic acid, and sodium acetate). 
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9. pH metric titration of strong acid with strong base, 

10.  pH metric titration of weak acid with strong base  

 

References: 

Theory: 

1. Castellan, G. W. (2004),Physical Chemistry, Narosa. 

2. Kapoor, K. L. (2015),A Textbook of Physical Chemistry,Vol 1, 6th Edition, McGraw Hill 

Education. 

3. Kapoor,  K. L. (2015),  A  Textbook  of  Physical  Chemistry,  Vol  2,  6thEdition, McGraw 

Hill Education. 

4. Puri, B. R., Sharma, L. R. and Pathania M. S. (2020), Principles of Physical Chemistry, 

Vishal Publishing Co. 

Practical: 

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

& Co. 

2. Kapoor, K. L. (2019), A Textbook of Physical Chemistry, Vol 7,  1st Edition, McGraw Hill 

Education. 

3. Batra, S. K., Kapoor, V and Gulati, S. (2017) 1st Edition, Experiments in Physical Chemistry, 

Book Age series. 

 

Additional Resources: 

1. Mahan, B. H.(2013), University Chemistry, Narosa. 

2. Barrow, G. M. (2006), Physical Chemistry, 5th Edition, McGraw Hill. 

 

Teaching Learning Process: 

 Teaching Learning Process for the course is visualized as largely student-focused.  

 Transaction through an intelligent mix of conventional and modern methods.  

 Engaging students in cooperative learning.  

 Learning through quiz design.  

 Problem solving to enhance comprehension. 

Assessment Methods: 

Assessment will be done on the basis of regular class test, presentations and assignments 

as a part of internal assessment during the course as per the curriculum. End semester 

university examination will be held for both theory and practical. In practical, assessment 

will be done based on continuous evaluation, performance in the experiment on the date 

of examination and viva voce. 
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9. Wolfgang Kaim, Brigite Schwederski, Axel Klein, Bioinorganic chemistry: Inorganic 

elements in the chemistry of life 

PRACTICALS: 

1. Vogel, A.I. (1972), Qualitative Inorganic Analysis, Longman.  

2. Svehla, G. (1996), Vogel’s Qualitative Inorganic Analysis, Prentice Hall. 

3. Marsh, D.G.; Jacobs, D.L.; Veening, H., J. Chem. Educ., Analysis of commercial vitamin 

C tablets by iodometric and coulometric titrimetry. 1973, 50 (9), p 626. DOI: 

10.1021/ed050p626 

4. https://edu.rsc.org/experiments/catalytic-oxidation-of-potassium-sodium-

tartrate/1736.article 

Teaching Learning Process: 

● Conventional chalk and board teaching, 

● Class interactions and discussions 

● Power point presentation on important topics. 

● Encouraging students to correlate the concepts of Biology class with chemistry class 

topics. 

● Group discussions and quiz 

Assessment Methods: 

 Presentations by Individual Student/ Group of Students 

 Class Tests at Periodic Intervals. 

 Written assignment(s) 

 End semester University Theory Examination 

Keywords: Homogeneous and heterogeneous catalysis, Ziegler Natta catalyst, Wilkinson's 

catalyst, Fischer Tropsch process, zeolite as catalysts, role of metals, chelates in medicine; cisplatin 

 

 

Objectives: The purpose of this course to introduce the chemistry and applications of polynuclear 

hydrocarbons and heterocyclic compounds. The learners are introduced to spectroscopy, an 

important analytical tool which allows identification of organic compounds by correlating their 

spectra to structure. 

Course Code DSE – 5:  CHEMISTRY  

Course Title:    Polynuclear Hydrocarbons, Pharmaceutical Compounds, 

 UV- Visible & IR Spectroscopy 

Total Credits: 04 (Credits: Theory-02, Practical-02) 

Total Lectures: Theory- 30, Practical-60 
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Learning Outcomes: 

By the end of the course, the students will be able to: 

 Understand the fundamentals of polynuclear hydrocarbons and heterocyclic compounds 

through the study of methods of preparation, properties and chemical reactions with 

underlying mechanism. 

 Gain insight into the basic fundamental principles of IR and UV-Vis spectroscopic 

techniques. 

 Use basic theoretical principles underlying UV-visible and IR spectroscopy as a tool for 

functional group identification in organic molecules. 

 

 

Unit 1: Polynuclear Hydrocarbons                                                        Lectures:05 

Introduction, classification, uses, aromaticity of polynuclear compounds, Structure elucidation of 

naphthalene, preparation and properties of naphthalene and anthracene.  

 

Unit 2: Pharmaceutical Compounds                                                                        Lectures: 13  

Introduction, classification, general mode of action of antipyretics and analgesics, aspirin; 

Synthesis, uses and side effects of the following drugs: 

Antipyretics - Paracetamol (with synthesis and mode of action); Analgesics- Ibuprofen (with 

synthesis and overview of the mode of action); Antimalarials - Chloroquine (synthesis and mode 

of action). 

An elementary treatment of Antibiotics and detailed study of chloramphenicol including mode of 

action. Medicinal values of curcumin (haldi), azadirachtin (neem), vitamin C and antacid 

(ranitidine). 

  

Unit 3: UV-Visible and IR Spectroscopy                                                                  Lectures:12 

 

UV-Visible and IR Spectroscopy and their application to simple organic molecules. 

Electromagnetic radiations and their properties; double bond equivalence and hydrogen deficiency. 

UV-Visible spectroscopy (electronic spectroscopy): General electronic transitions, λmax & εmax, 

chromophores &auxochromes, bathochromic & hypsochromic shifts. Application of Woodward 

rules for the calculation of λmax for the following systems: conjugated dienes - alicyclic, 

homoannular and heteroannular; α, β-unsaturated aldehydes and ketones, charge transfer complex.  

 

Infrared (IR) Spectroscopy: Infrared radiation and types of molecular vibrations, the significance 

of functional group & fingerprint region. IR spectra of alkanes, alkenes, aromatic hydrocarbons 

(effect of conjugation and resonance on IR absorptions), simple alcohols (inter and intramolecular 

hydrogen bonding and IR absorptions), phenol, carbonyl compounds, carboxylic acids and their 

derivatives (effect of substitution on >C=O stretching absorptions).  

 

 

PRACTICALS:                          Credits: 02 
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(Laboratory periods: 60) 

1. Isolation and estimation of the amount of aspirin in a commercial tablet. 

2. Preparation of Aspirin. 

3. Synthesis of ibuprofen. 

4. Systematic qualitative identification and derivative preparation of organic compounds 

(Aromatic hydrocarbons, Aryl halides) 

5. Detection of simple functional groups through examination of IR spectra (spectra to be 

provided). IR spectra of simple compounds like phenols, aldehydes, ketones, carboxylic acids 

may be given. 

6. Differentiation between of o-/p-hydroxybenzaldehyde by IR spectroscopy (Spectra to be 

provided). 

7. Differentiation between benzoic acid and cinnamic acid by UV spectroscopy.   

8. Diel’s Alder reaction using Anthracene and Maleic anhydride. 

9. Partial Reduction of m-dinitrobenzene to m-nitroaniline and then analysing the IR spectra of 

reactant and Product. 

10. Laboratory preparation of Paraacetamol. 

 

References 

Theory: 

1. Finar, I. L. Organic Chemistry (Volume 1 & 2), Dorling Kindersley (India) Pvt. Ltd. 

(Pearson Education). 
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B.A./B.Sc. (Prog.) with Mathematics as Non-Major 
 Category-III 

 

 
CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE COURSE 

 
Course 
title & 
Code 

Credits Credit distribution of the course Eligibility 
criteria 

Pre-requisite 
of the course 
(if any) Lecture Tutorial Practical/ 

Practice 

Differential 
Equations 

 
4 

 
3 

 
1 

 
0 

Class XII 
pass with 

Mathematics 

 
Nil 

 
Learning Objectives 
The primary objective of this course is to introduce: 
● Ordinary and partial differential equations. 
● Basic theory of higher order linear differential equations, Wronskian and its properties. 
● Various techniques to find the solutions of above differential equations which provide a  

basis to model complex real-world situations. 
 
Learning Outcomes 
This course will enable the students to: 
● Solve the exact, linear, Bernoulli equations, find orthogonal trajectories and solve rate 

problems. 
● Apply the method of undetermined coefficients and variation of parameters to solve linear 

differential equations. 
● Solve Cauchy-Euler equations and System of linear differential equations. 
● Formulate and solve various types of first and second order partial differential equations. 

 
SYLLABUS of Discipline A-3 
 
Unit – 1                    (15 hours) 
Ordinary Differential Equations  
First order ordinary differential equations: Basic concepts and ideas, First order Exact 
differential equations, Integrating factors and rules to find integrating factors, Linear equations 
and Bernoulli equations, Initial value problems, Applications of first order differential 
equations: Orthogonal trajectories and Rate problems; Basic theory of higher order linear 
differential equations, Wronskian and its properties. 
  
Unit – 2                                     (12 hours) 
Explicit Methods of Solving Higher-Order Linear Differential Equations    

DISCIPLINE SPECIFIC CORE COURSE – A-3: 
DIFFERENTIAL EQUATIONS 
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Linear homogeneous equations with constant coefficients, Linear non-homogeneous equations, 
Method of undetermined coefficients, Method of variation of parameters, Two-point boundary 
value problems, Cauchy-Euler equations, System of linear differential equations.   
  
Unit – 3                          (18 hours) 
First and Second Order Partial Differential Equations 
Classification and Construction of first-order partial differential equations, Method of 
characteristics and general solutions of first-order partial differential equations, Canonical 
forms and method of separation of variables for first order partial differential equations; 
Classification and reduction to canonical forms of second-order linear partial differential 
equations and their general solutions.  
 
Essential Readings 
1. Myint-U, Tyn and Debnath, Lokenath (2007). Linear Partial Differential Equations for 

Scientist and Engineers (4th ed.). Birkhäuser. Indian Reprint. 
2. Ross, Shepley L. (1984). Differential Equations (3rd ed.). John Wiley & Sons. 

 
Suggestive Readings 
● Edwards, C. Henry, Penney, David E., & Calvis, David T. (2015). Differential Equations 

and Boundary Value Problems: Computing and Modeling (5th ed.). Pearson Education. 
● Kreyszig, Erwin. (2011). Advanced Engineering Mathematics (10th ed.). Wiley India.  
● Sneddon I. N. (2006). Elements of Partial Differential Equations. Dover Publications. 
 
Note:  Examination scheme and mode shall be as prescribed by the Examination 
 Branch, University of Delhi, from time to time. 
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Congruence relation and its basic properties, Linear congruences and the Chinese remainder 
theorem, System of linear congruences in two variables; Fermat's little theorem and its 
generalization, Wilson's theorem and its converse; Number-theoretic functions for sum and the 
number of divisors of a positive integer, Multiplicative functions, The greatest integer function; 
Euler’s Phi-function and its properties. 
 
Unit – 3                          (12 hours) 
Public Key Encryption and Numbers of Special Form 
Basics of cryptography, Hill’s cipher, Public-key cryptosystems and RSA encryption and 
decryption technique; Introduction to perfect numbers, Mersenne numbers and Fermat 
numbers. 
 
Essential Reading 
1. Burton, David M. (2011). Elementary Number Theory (7th ed.). McGraw-Hill Education 

Pvt. Ltd. Indian Reprint 2017.  
 

Suggestive Readings 
● Jones, G. A., & Jones, J. Mary. (2005). Elementary Number Theory. Springer 

Undergraduate Mathematics Series (SUMS). Indian Reprint. 
● Robbins, Neville (2007). Beginning Number Theory (2nd ed.). Narosa Publishing House 

Pvt. Ltd. Delhi.  
● Rosen, Kenneth H. (2011). Elementary Number Theory and its Applications (6th ed.). 

Pearson Education. Indian Reprint 2015. 
 

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

CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE COURSE 
 
Course 
title & 
Code 

Credits Credit distribution of the course Eligibility 
criteria 

Pre-requisite 
of the course 
(if any) Lecture Tutorial Practical/ 

Practice 

Theory of 
Equations 
and 
Symmetries 

 
4 

 
3 

 
1 

 
0 

Class X 
pass with 

Mathematics 

 
Nil 

 
Learning Objectives 
The goal of this paper is to acquaint students with certain ideas about: 
● Integral roots, rational roots, an upper bound on number of positive or negative roots of a 

polynomial. 
● Finding roots of cubic and quartic equations in special cases using elementary symmetric 

functions.  
● Using Cardon’s and Descartes’ methods, respectively. 

 

DISCIPLINE SPECIFIC ELECTIVE COURSE - DSE-1(iii):  
THEORY OF EQUATIONS AND SYMMETRIES 
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Learning Outcomes 
After completion of this paper, the students will be able to: 
● Understand the nature of the roots of polynomial equations and their symmetries. 
● Solve cubic and quartic polynomial equations with special condition on roots and in 

general. 
● Find symmetric functions in terms of the elementary symmetric polynomials. 

 
 
SYLLABUS OF DSE-1(iii)   
 
Unit – 1                    (18 hours) 
Polynomial Equations and Properties 
General properties of polynomials and equations; Fundamental theorem of algebra and its 
consequences; Theorems on imaginary, integral and rational roots; Descartes’ rule of signs for 
positive and negative roots; Relations between the roots and coefficients of equations, 
Applications to solution of equations when an additional relation among the roots is given;       
De Moivre’s theorem for rational indices, the nth roots of unity and symmetries of the solutions. 
 
Unit – 2                                     (12 hours) 
Cubic and Biquadratic (Quartic) Equations 
Transformation of equations (multiplication, reciprocal, increase/diminish in the roots by a 
given quantity), Removal of terms; Cardon’s method of solving cubic and Descartes’ method 
of solving biquadratic equations.  
 
 
Unit – 3                          (15 hours) 
Symmetric Functions 
Elementary symmetric functions and symmetric functions of the roots of an equation; 
Newton’s theorem on sums of the like powers of the roots; Computation of symmetric 

functions such as 
( )

2
22 2 2 2 3

2

1, , , , , , ,α βγα β α β α βγ α β γ α
α βγ β γ

− +
+ −

+∑ ∑ ∑ ∑ ∑ ∑ ∑ 
of 

polynomial equations; Transformation of equations by symmetric functions and in general. 

 
Essential Readings 
1. Burnside, W.S., & Panton, A.W. (1979). The Theory of Equations (11th ed.). Vol. 1.  

Dover Publications, Inc. (4th Indian reprint. S. Chand & Co. New Delhi). 
2. Dickson, Leonard Eugene (2009). First Course in the Theory of Equations. John Wiley  

& Sons, Inc. The Project Gutenberg eBook: http://www.gutenberg.org/ebooks/29785 
 

Suggestive Readings 
● Prasad, Chandrika (2017). Text Book of Algebra and Theory of Equations. Pothishala Pvt Ltd. 

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