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Objectives of the Course: 
Chemistry is an important part of the current revolutions in Science. No educated person 

today can understand the modern world without a basic knowledge of chemistry. The 
existence of a large number of chemical factories, coals, mines and related industries 
necessitates chemistry education. Hence our goal in introducing the M. Sc programme in 
Industrial Chemistry to educate the students in the fascinating fields of chemistry in an 
effective manner.  

 
M. Sc. Industrial Chemistry is a unique kind of course dealing with all aspects of 

chemistry including fundamental ideas about Inorganic, Organic, Physical, and Analytical 
Chemistry. This course also includes fundamentals of Mathematics, Computer, and Industrial 
Management which are essential to an industrial chemist to develop his/her overall 
presentation in the chemical industries.  The major objectives of M. Sc. Industrial Chemistry 
course are: 

 
 To impart knowledge in fundamental aspects of all branches of the Chemistry with 

basic ideas about Mathematics, Computer, Economics & Management applications in 
Industrial Chemistry. 

 To acquire basic knowledge in the specialized areas like Heterocyclic Chemistry, 
Medicinal Chemistry, Green Chemistry, Polymer Chemistry, Environmental 
Chemistry, Dye Chemistry, Pharmaceutical Chemistry, Paper & Pulp Chemistry, 
Textile Chemistry, etc. 

 To acquire deep knowledge in the study of Industrial Chemistry including energy & 
mass balance, flow charts, flow sheets, spectral techniques, separation techniques, 
analytical techniques involved in this field.  

 To acquire deep knowledge of various industries like Heavy & Fine Chemical, 
Pharmaceutical, Agrochemical, Paper & Pulp, Textile, Plastic & Polymer, Fuel & 
Energy, Cement & Ceramic, Food Industries. 

 
Duration of the Course: 

The course for the degree of Master of Science in Industrial Chemistry shall consist of 
two academic years divided in to four semesters. Each Semester consist of 120 working days. 
 
Eligibility for Admission: 

A candidate who has passed B. Sc. degree examination with Chemistry as a main subject 
of study from this University or from other University recognized by the UGC or a candidate 
who has passed B.Sc. degree examination with specialization such as Industrial chemistry, 
Polymer Chemistry, Applied Chemistry, Pharmaceutical Chemistry, Medicinal Chemistry, 
Textile Chemistry, Environmental Chemistry, B. Sc. Tech., B. Pharm., B. Tech. Chemical 
Engineering or B. Sc. degree with Chemistry as a paper shall be permitted to take admission 
for the M. Sc. degree in Industrial Chemistry of this University after a course of study of two 
academic years in the four semester scheme. 
 
Structure of the Programme: 

The Master of Science in Industrial Chemistry programme will consist of: 
(i)   Core courses of theory as well as practical papers which are compulsory for all   

students. 
(ii)  Dissertation / Project Work / Practical training / Field work, which can be done in an 

organization (Government, Industry, Firm, Public Enterprise, etc.) approved by the 
concerned Department. 
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Attendance: 

Every teaching faculty, handling a course, shall be responsible for the maintenance of 
attendance Register for candidates who have registered for the course. The teacher of the 
course must intimate the Head of the Department at least seven calendar days before the last 
instruction day in the semester about the attendance particulars of all students. Each student 
should earn 75% attendance in the courses of the particular semester failing which he or she 
will not be permitted to sit for the End-Semester Examinations. However, it shall be open to 
the authorities to grant exemption to a candidate who has failed to obtain the prescribed 75% 
attendance for valid reasons and such exemptions should not under any circumstance be 
granted for attendance below 65%. 
 
Teaching Methodologies:  

The classroom teaching would be through conventional lectures or use of OHP or power 
point presentations (PPT). The lecture would be such that the student should participate 
actively in the discussion. Student seminars would be conducted and scientific discussions 
would be arranged to improve their communicative skill. In the laboratory, instruction would 
be given for the experiments followed by demonstration and finally the students have to do 
the experiments individually. For the students of slow learners, special attention would be 
given.  
 
Maximum Marks: 

Maximum marks of a theory and practical paper will be decided on the basis of their 
contact hours per week. One teaching hour per week will carry 25 maximum marks and 
therefore, four teaching hours per week will carry 100 maximum marks for each theory 
paper/course. Each three contact hours per week for laboratory or practical work will be 
equal to two contact hours per week for theory paper, therefore, for 18 contact hours per 
week for practical work will be equal to 12 contact hours per week for theory paper and will 
carry 300 maximum marks. 
 
Scheme of Examinations:  

The examination shall be divided into two parts in which first part is continuous 
assessment or internal assessment and second part is semester assessment or external 
assessment. The continuous assessment for each theory and practical paper shall be taken by 
the faculty members in the Department. Periodical test or term test for internal assessment 
shall be one hour duration and shall be taken according to academic calendar which will be 
notified by the Department/University. A student can not repeat the continuous assessment 
examination. The semester assessment shall be three hours duration to each theory paper and 
twelve hours duration to each practical paper and shall be taken by the University at the end 
of each semester. Assessment pattern and distribution of maximum marks is summarized as 
given below:  
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The candidate failing in any subject(s) will be permitted to appear for each failed 

subject(s) in the subsequent semester examination.  
 
Question Paper Pattern: 

(A)  Continuous or Internal Assessment:     
20% weightage of Maximum Marks (20 Marks out of 100 Maximum Marks) 

 
(i) Periodical Test / Term Test: 

    
Duration of Exam: 1.00 Hr        Max. Marks: 10  

 
Note: All questions are compulsory and marks are given at the end of the each 
question. 
(Two or three sub-divisions may be given in the question)  
 
Q. No. 1. …………………………………………………………… (without option). 

4 Marks 
Q. No. 2. ……………………………………………………………………………….. 

Or 
…………………………………………………………………………………………. 

3 Marks 
Q. No. 3. ……………………………………………………………………………….. 

Or 
…………………………………………………………………………………………. 

3 Marks 
 

(ii) Attendance:  
Marks shall be given by the faculty member in each paper according to its 
weightage. 

Max. Marks: 2 
 

(iii) Class Test: 
Duration of Exam: 1.00 Hr          Max. Marks: 8   
Note: All questions are compulsory and marks are given at the end of the each 
question. (Two or three sub-divisions may be given in the question)   
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Q. No. 1. …………………………………………………………… (without option). 
3 Marks 

Q. No. 2. ……………………………………………………………………………….. 
Or 

…………………………………………………………………………………………. 
3 Marks 

Q. No. 3. ……………………………………………………………………………….. 
Or 

…………………………………………………………………………………………. 
2 Marks 

 
Or 
Assignment: 
(May be divided in parts or questions or may not be. It will be depending on the 
nature of assignment). 

Max. Marks: 8 
 

Or 
Seminar: 
(May be divided in parts or questions or may not be. It will be depending on the 
nature of assignment). 

Max. Marks: 8 
 

Or 
Quiz: 
(May be divided in parts or questions or may not be. It will be depending on the 
nature of quiz). 

Max. Marks: 8 
 

Or 
Any Other Tool for Assessment 

Max. Marks: 8 
 

(B) Semester or External Assessment:      
80% weightage of Max. Marks (80 Marks out of 100 Max. Marks) 

 
Duration of Examination: 3 Hours                   Max. Marks: 80 

   

Note: The syllabus is divided into five independent units and question paper will be 
divided into three sections. Section-A will carry 10 marks with one compulsory 
question of equally divided 10 short answer type questions (about 25 words) and 
examiners are advised to set two short questions from each unit. Section-B will carry 
40 marks with equally divided 5 long answer type questions (about 250 words) and 
examiners are advised to set two questions from each unit and students are instructed 
to attempt five questions by selecting one question from each unit and Section-C will 
carry 30 marks with equally divided 2 very long answer type questions (about 500 
words) and examiners are advised to set four questions from entire syllabus and 
students are instructed to attempt any two questions out of four questions.   
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SECTION-A: 10x1=10 
(Answer all questions) 
(One question from each unit with internal choice) 
(No Sub-Division)  
Q. No. 1 

(i)  …………………………………………………………   1 Mark 
(ii) …………………………………………………………  1 Mark 
(iii) …………………………………………………………  1 Mark 
(iv) …………………………………………………………  1 Mark 
(v) …………………………………………………………  1 Mark 
(vi) …………………………………………………………  1 Mark 
(vii) …………………………………………………………  1 Mark 
(viii) ..………………………………………………………  1 Mark 
(ix) …………………………………………………………  1 Mark 
(x)  …………………………………………………………  1 Mark  

 
SECTION-B: 5x8=40 
(Answer all questions) 
(One question from each unit with internal choice) 
(Maximum two sub-divisions only)  
 Q. No. 2.  . …………………………………………………………… 

Or 
………………………………………………………………. 

8 Marks 
 Q. No. 3.  …………………………………………………………… 

Or 
…………………………………………………………….... 

8 Marks  
 Q. No. 4. …………………………………………………………… 

Or 
……………………………………………………………… 

8 Marks 
 Q. No. 5. …………………………………………………………… 

Or 
…………………………………………………………….... 

8 Marks 
 Q. No. 6. …………………………………………………………… 

Or 
…………………………………………………………….... 

8 Marks 
   

SECTION-C: 2x15=30 
(Answer any two questions) 
 (Maximum four sub-divisions only) 
 Q. No. 7.  …………………………………………………………… 

15 Marks 
 Q. No. 8. …………………………………………………………… 
          15 Marks 
 Q. No. 9. ………………………………………………………… 

15 Marks 
 Q. No. 10. …………………………………………………………… 

15 Marks 
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Distribution of Marks for Practical Examinations: 
 

Duration of Exam: 12 Hours          Maximum Marks: 300 
Internal Assessment Marks: 60  

External Assessment Marks: 240 
 

A. Continuous or Internal Assessment Marks: 60 
 

S. No. Name of Exercise  Marks 
1. Exercise No. 1 15 
2.  Exercise No. 2 15 
3. Viva-voce 10 
4. Weekly attendance, Regularity, Lab. skill, etc.  10 
5. Cleaning of Work Place 05 
6. Practical Record 05 

Total Marks 60 
  

B. Semester or External Assessment Marks: 240 
 

S. No. Name of Exercise  Marks 
1. Exercise No. 1 45 
2.  Exercise No. 2 45 
3. Exercise No. 3 45 
4. Exercise No. 4 45 
5. Viva-voce 30 
6. Weekly attendance, Regularity, Lab. skill, etc.  10 
7. Cleaning of Work Place 10 
8. Practical Record 10 

Total Marks 240 
 
Minimum Pass Marks: 

The candidate shall be declared to have passed the examination if the candidate secures a 
minimum of 40 % marks (each in Internal and External) in the University examination. For a 
pass in the practical paper, a candidate has to secure a minimum of 40% marks in the 
University examination. There is no passing minimum for the record notebook. However, 
submission of a record notebook is a mandatory to prepare. For the project work and viva-
voce, a candidate should secure 40% of the marks for passing. The candidate should 
compulsorily attend viva-voce examination to secure pass in that paper. Candidates who do 
not obtain the required minimum marks to pass in a paper / project report shall be required to 
re-appear and pass the same at a subsequent semester examination. 
 
Classification of Successful Candidates: 

A student cannot repeat the assessment of periodical test or term test or sessional test-I 
and sessional test-II. However, if for any compulsive reason the student could not attend the 
test, other tool for assessment may be framed with the teacher in consultation with the head 
of the Department. Candidates who secure 60% of the aggregate marks in the whole 
examination shall be declared to have passed the examination in First Division. Candidates 
who secure more than 50% and less than 60% of the aggregate marks in whole examination 
shall be declared to have passed the examination in Second Division. Candidates who secure 
more than 40% and less than 50% of the aggregate marks in whole examination shall be 
declared to have passed the examination in Third Division. If a candidate who has not 
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secured a secured a minimum of 40% marks in a course shall be deemed to have failed in that 
course. The student can repeat the end semester examination when it is offered next in the 
subsequent odd / even semesters still the regulations are in force. A candidate who has 
secured a minimum of 40% marks in all courses prescribed in the programme will be 
considered to have passed the Master’s programme.  
 

Candidates who obtain 75% of the marks in the aggregate shall be deemed to have 
passed the examination in First Division with Distinction provided they pass all the 
examinations prescribed for the course at the first appearance. Candidates who pass all the 
examinations prescribed for the course in the first instance and within a period two academic 
years from the year of admission to the course only are eligible for University Ranking. A 
candidate is deemed to have secured first rank provided he/she 

(i) Should have passed all the papers in first attempt itself. 
(ii) Should have secured the highest cumulative grade point average (CGPA). 

 
 
 

Course Structure with Distribution of Marks: 
 

Year / 
Semester 

Serial Number, Code & Nomenclature of Paper Duration  
of Exam. 

Teaching Hrs/Week 
& Credit 

Distribution of Marks Min. Pass 
Marks 

Number Code  Nomenclature  Teaching  
Hrs/Week 

Credit Conti.   
Assess. 

Sem.  
Assess. 

Total 
Marks 

I Year 
I Semester 

Paper-I IND-CHEM-511 Inorganic Chemistry 3 Hrs 4 4 20 80 100 40 
Paper-II IND-CHEM-512 Organic Chemistry 3 Hrs 4 4 20 80 100 40 
Paper-III IND-CHEM-513 Physical Chemistry 3 Hrs 4 4 20 80 100 40 
Paper-IV IND-CHEM-514 Analytical Chemistry 3 Hrs 4 4 20 80 100 40 
Paper-V IND-CHEM-515 Mathematical Applications in Industrial 

Chemistry  
3 Hrs 4 4 20 80 100 40 

Paper-VI IND-CHEM-516 Practical 12 Hrs 18 12 60 240 300 120 
Total 38 32 160 640 800 320 

I Year 
II Semester 

Paper-I IND-CHEM-521 Spectral Techniques in Industrial Chemistry 3 Hrs 4 4 20 80 100 40 
Paper-II IND-CHEM-522 Separation Techniques in Industrial 

Chemistry  
3 Hrs 4 4 20 80 100 40 

Paper-III IND-CHEM-523 Environmental Pollution, Monitoring & 
Control  

3 Hrs 4 4 20 80 100 40 

Paper-IV IND-CHEM-524 Fundamentals of Industrial Processes 
Calculations   

3 Hrs 4 4 20 80 100 40 

Paper-V IND-CHEM-525 Computer Applications in Industrial 
Chemistry   

3 Hrs 4 4 20 80 100 40 

Paper-VI IND-CHEM-526 Practical 12 Hrs 18 12 60 240 300 120 
Total 38 32 160 640 800 320 

II Year 
III Semester 

Paper-I IND-CHEM-631 Fundamentals of Industrial Management  3 Hrs 4 4 20 80 100 40 
Paper-II IND-CHEM-632 Chemical Process Industries-I  3 Hrs 4 4 20 80 100 40 
Paper-III IND-CHEM-633 Petrochemical & Lubricant Industries 3 Hrs 4 4 20 80 100 40 
Paper-IV IND-CHEM-634 Plastic & Polymer Industries 3 Hrs 4 4 20 80 100 40 
Paper-V IND-CHEM-635 Fuel & Energy Technology  3 Hrs 4 4 20 80 100 40 
Paper-VI IND-CHEM-636 Practical 12 Hrs 18 12 60 240 300 120 

Total 38 32 160 640 800 320 
II Year 
IV Semester 

Paper-I IND-CHEM-641 Safety, Quality Control & Quality Assurance 3 Hrs 4 4 20 80 100 40 
Paper-II IND-CHEM-642 Chemical Process Industries-II  3 Hrs 4 4 20 80 100 40 
Paper-III IND-CHEM-643 Fine & Heavy Chemical Industries 3 Hrs 4 4 20 80 100 40 
Paper-IV IND-CHEM-644 Pharmaceutical  & Agrochemical Industries  3 Hrs 4 4 20 80 100 40 
Paper-V IND-CHEM-645 Food Science & Technology 3 Hrs 4 4 20 80 100 40 
Paper-VI IND-CHEM-646 Practical 12 hrs 18 12 40 160 200 

120 One Month Industrial Training  / 
Dissertation / Internal Project Work 

-- --- -- 20 80 100 

Total 38 32 160 640 800 320 
Grand Total 152 128 640 2560 3200 1280 
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Syllabus 

 
M. Sc. Industrial Chemistry 
First Semester Examination  

 
Paper-I: IND-CHEM-511: Inorganic Chemistry 

 
Contact Hours/Week : 4 
Max. Marks   : 100                      Duration of Exam. : 3 Hours 
Continuous Assessment : 20 Marks 
Semester Assessment  : 80 Marks  
 
Note: The syllabus is divided into five independent units and question paper will be divided 

into three sections. Section-A will carry 10 marks with one compulsory question of 
equally divided 10 short answer type questions (about 25 words) and examiners are 
advised to set two short questions from each unit. Section-B will carry 40 marks with 
equally divided 5 long answer type questions (about 250 words) and examiners are 
advised to set two questions from each unit and students are instructed to attempt five 
questions by selecting one question from each unit and Section-C will carry 30 marks 
with equally divided 2 very long answer type questions (about 500 words) and 
examiners are advised to set four questions from entire syllabus and students are 
instructed to attempt any two questions out of four questions. 

 
Unit-1: Bonding and Structure: 

Ionic Bonding: General characteristics of ionic bonding, energy considerations in 
ionic bonding, lattice energy and solvation energy and their importance in the context 
of stability and solubility of ionic compounds, statement of Born-Lande equation for 
calculation of lattice energy, Born-Haber cycle and its applications, polarizing power 
and polarizability, Fajan’s rules, ionic character in covalent compounds, bond 
moment, dipole moment and percentage ionic character. 
MO Approach : Rules for the LCAO method, bonding and anti-bonding MOs and 
their characteristics for s-s, s-p and p-p combination of atomic orbitals, non-bonding 
combination of orbitals, MO treatment of homo-nuclear diatomic molecules of 1st and 
2nd periods (including idea of s-p mixing) and hetero-nuclear diatomic molecules 
such as CO, NO and NO+. 

 
Unit-2: Solid State Chemistry: 

The Structure of solids: The types of matter, classification of solids, laws of 
crystallography, crystallographic systems, close packing of atoms; voids in closest 
packings; radius ratio rule, structure of ionic crystals; ionic crystals with 
stoichiometry MX, ionic crystals with stoichiometry MX2, spinel structure, perovskite 
structure. 
Crystal Defects and non-stoichiometry: Classification of defects: subatomic, atomic 
and lattice defects in solids; thermodynamics of vacancy in metals; thermodynamics 
of Schottky defects in ionic solids; thermodynamics of Frenkel defects in silver 
halides; calculation of number of defects and average energy required for defect, other 
examples of defect structure; non-stoichiometry and its classifications, colour centers. 
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Unit-3: Nuclear Chemistry: 
Nuclear structure: Stability of nuclei, packing fraction, even-odd nature of nucleons, 
n/p ratio, nuclear potential, binding energy and exchange forces; properties of isobars, 
shell model and liquid drop model; decay of radio nuclei, rate of decay; determination 
of half-life period; modes of decay: alpha, beta, gamma and orbital electron capture; 
nuclear isomerism; internal conversions; Q value; nuclear cross section; threshold 
energy and excitation functions. 
Nuclear fission: Discovery, conformation of nuclear fission, types of fission reaction, 
mass distribution of fission product, emission of neutron in fission, fissile and 
fissionable nuclides, theory of nuclear fission, critical energy for fission, products of 
nuclear fission. 
Nuclear reactors: General aspects of reactor design; thermal, fast and intermediate 
reactors; reactor fuel materials, reactor moderators and reflects, coolants, control 
materials, shield, regeneration and breeding of fissile matter, types of research 
reactors.  

 
Unit-4: Coordination Chemistry:  

Principles: Studies of coordination compounds in solution, detection of complex 
formation in solution, stability constants, stepwise and over-all formation constants, 
simple methods (potentiometric, pH metric and spectrophotometric methods) of 
determining the formation constants, factors affecting stability. 
Reaction Mechanism: Kinetics and mechanism of reactions in solution, labile and 
inert complexes, ligand displacement reactions in octahedral and square planar 
complexes, acid hydrolysis, base hydrolysis and anation reactions, trans effect, inner 
sphere and outer sphere processes, application of electron transfer reactions in 
inorganic isomerisation and racemisation reactions of complexes, reactions of 
coordinated ligands, template effect and its application for the synthesis of 
macrocyclic ligands. 

 
Unit-5: Organometallic Chemistry:  

Introduction and nature of bonding in organometallic compounds of transition metals, 
σ- and π-bonded organometallic compounds: Introduction, classification and 
synthesis, general characteristics, chemical reactions, bonding and structure; π-bonded 
organometallic compounds: (a) η2-alkene, η3-allyl (or enyl), η4-cyclobutadyne and η5-
cyclpentadynyl complexes: Preparative methods, physical properties, chemical 
properties, bonding of structure, industrial applications of organometallic compounds 
Zn, Pd and Fe. 

  
Books: 

1. F. A. Cotton and G. Wilkinson, Advanced Inorganic Chemistry, Wiley Eastern, 5th 
edition, 1988.  

2. H. J. Arniker, Essentials of nuclear chemistry, 2nd edition Wiley eastern Co., 1987.  
3. A. K. Srivatsava and P.C. Jain, Elements of Nuclear Chemistry, S. Chand and Co., 

1989.  
4. J. E. Huheey, E. A. Keiter and R. L. Keiter, Inorganic Chemistry- Principles of 

structure and reactivity, 4th edition, Pearson-Education, 2002. 
5. K. Burger, Coordination Chemistry Experimental Methods, Butterworths, 1973.  
6. F. Basolo and R.G. Pearson, Mechanism of Inorganic Reactions, Wiley Eastern, 1967.  
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7. J. Haiduc and J.J. Zuckerman, Basic Organometallic Chemistry, Walter de Gruyter, 
Brelin, 1985. 

8. J. E. Huheey, Inorganic Chemistry – Principles of structure and reactivity, Harper 
International Edition, Harper and Rone, New York, 1978.  

9. A. R. West, Basic Solid State Chemistry, John Wiley Sons, 1991.  
10. Solid-State Chemistry an Introduction (2nd Edition) – Lasley Smart and Elaine Moore 

(Chapman & Hall 1996) 
11. Solid State Chemistry-D.K.Chakraborty (New Age International Pvt. Ltd. New Delhi, 

2000). 
12. Principles of the Solid State-H.V.Keer ( Wiley Eastern Ltd.New Delhi, 1994) 

  
 

 
Paper-II: IND-CHEM-512: Organic Chemistry  

 
Contact Hours/Week : 4 
Max. Marks   : 100                      Duration of Exam. : 3 Hours 
Continuous Assessment : 20 Marks 
Semester Assessment  : 80 Marks  
 
Note: The syllabus is divided into five independent units and question paper will be divided 

into three sections. Section-A will carry 10 marks with one compulsory question of 
equally divided 10 short answer type questions (about 25 words) and examiners are 
advised to set two short questions from each unit. Section-B will carry 40 marks with 
equally divided 5 long answer type questions (about 250 words) and examiners are 
advised to set two questions from each unit and students are instructed to attempt five 
questions by selecting one question from each unit and Section-C will carry 30 marks 
with equally divided 2 very long answer type questions (about 500 words) and 
examiners are advised to set four questions from entire syllabus and students are 
instructed to attempt any two questions out of four questions. 

 
Unit-1: Basic Concepts of Organic Chemistry:  

Basic concept of resonance, tautomerism, conjugation, aromaticity, non-aromatic and 
anti-aromaticity; generation, types, structure and stability of reaction intermediates 
(carbocations, carbanions,  free radicals, carbenes, nitrenes, benzyne,); types of 
organic reactions and their mechanisms (substitution, addition, elimination, and 
rearrangements); kinetic and thermodynamic control of chemical reactions; methods 
of determination of mechanisms of organic reactions (kinetic methods: primary and 
secondary kinetic isotopic effects; non-kinetic methods: study of intermediates, 
product analysis, isotope labelling, stereochemical studies and cross over 
experiments); linear free energy relationship; Hammett equation: significance of 
reaction and substituent constants; Taft equation. 

 
Unit-2: Stereochemistry: 

Fundamentals of organic stereochemistry, introduction of configuration and 
conformation, determination of configuration of geometrical isomers, d/l, D/L, R/S 
and E/Z nomenclature, Newman, Sawhorse, flying wedge and Fisher projection 
formulae and inter-conversions; effect of conformation on reactivity; conformation of 
ethane, n-butane, cycloalkanes, decalins and sugars; symmetry, groups and faces; 
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chirality, molecules with more than one chiral center, threo and erythro isomers, 
enantiotopic and diastereotopic atoms; stereospecific and stereoselective synthesis, 
asymmetric synthesis, optical activity in the absence of chiral carbon (biphenyls, 
allenes and spirane), chirality due to helical shapes.  

 
Unit-3: Photochemistry: 

Types of excitations, fate of excited molecule, quantum yield, transfer of excitation 
energy; photochemistry of alkenes: inter & intra-molecular reactions of the olefinic 
bond, cyclisation reactions, rearrangements of 1,3-, 1,4- and 1,5-dienes; 
photochemistry of carbonyl compounds: cyclic and acyclic, α,β- and β,γ-unsaturated 
carbonyl compounds, cyclohexadienones, cycloaddition reactions: dimerisations and 
oxetane formation; photochemistry of aromatic compounds: isomerisation, additions 
and substitutions, photo-Fries rearrangement, Barton reaction. 

 
Unit-4: Reagents in the Organic Synthesis: 

Use of following reagents in organic synthesis and functional group transformation: 
Grignard’s reagent, Gilman's reagent, metal hydrides, lithium diisopropylamide 
(LDA), dicyclohexyl carbodimide (DCC), DDQ, trimethylsilyl iodide, tri-n-butyltin 
hydride, osmium tetraoxide, selenium oxide, phase transfer catalysts, crown ethers, 
Merrifield resin, Backer yeast, Wilkinson’s catalyst, 1,3-dithiane (reactivity 
umpolung), Woodward and Prevost hydroxylation, Peterson’s synthesis. 

                          
 
Unit-5: Heterocyclic Chemistry: 

Nomenclature, classification and importance of heterocycles; five-membered 
heterocycles: synthesis and reactions of pyrrole, furan and thiophen, order of 
aromaticity and reactivity in five-membered heterocycles, benzo-fused five-
membered heterocycles: synthesis and reactions including medicinal applications of 
indole and benzofuran; six-membered heterocycles with one heteroatom: synthesis 
and reactions of pyrone, coumarins, chromones, pyridines; six-membered 
heterocycles with two or more heteroatoms: synthesis and reactions of pyridazine, 
pyrazine and pyrimidine; benzo-fused six-membered heterocycles: synthesis and 
reactions including medicinal applications of quinoline and isoquinoline. 

 
Books:  

1. Jerry March, Advanced Organic Chemistry: Reactions, Mechanisms and Structure, IV 
Edn., John Wiley & Sons, 1992. 

2. P. Sykes, A Guide Book to Mechanisms in Organic Chemistry, VI Edn., Longmans 
Scientifics and Technical, Essex 1986. 

3. S.M. Mukherji and S.P.Singh, Reaction Mechanism in Organic Chemistry, III Edn., 
MacMillan, 1984. 

4. I.L. Finar, Organic Chemistry, Vol. II, V Edn. Pearson Education Asia Pvt. Ltd. 2000. 
5. Ernest L. Eliel, Stereochemistry of carbon compounds, T.M.H. Edn., Tata McGraw-

Hill Publishing Company, 1962. 
6. D. Nasipuri, Stereochemistry of Organic Compounds, New Age International 

Publishers, 1994. 
7. R.O.C. Norman, Principles of Organic Synthesis, II Edn., Chapman and Hall, 1993. 
8. F. A.Carey and Sundberg, Advanced Organic Chemistry, Part A & B, III Edn. Plenum 

Press, 1990. 
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9. S. H.Pine, J.B. Hendrickson, D.J.Cram and G.S.Hammond, Organic Chemistry, IV 
Edn. McGraw-Hill Company 1980. 

10. T.H. Lowry and K.S. Richardson, Mechanism and Theory in Organic Chemistry, 
Harper and Row, NY 1976. 

11. P.S.Kalsi, Organic Reactions and Mechanisms, II Edn. New Age International 
Publishers, 2000. 

12. J.M.Harris and C.C. Wamser, Fundamentals of Organic Reaction Mechanisms, John 
Wiley & Sons, Inc. 1976. 

13. R.K. Bansel, Organic Reaction Mechanisms, Tata McGraw Hill, 1975. 
14. P.Mehta and M.Mehta, Organic Chemistry, Prentice Hall India, New Delhi, 2005. 

 
 

 
Paper-III: IND-CHEM-513: Physical Chemistry 

 
Contact Hours/Week : 4 
Max. Marks   : 100                      Duration of Exam. : 3 Hours 
Continuous Assessment : 20 Marks 
Semester Assessment  : 80 Marks   
 
Note: The syllabus is divided into five independent units and question paper will be divided 

into three sections. Section-A will carry 10 marks with one compulsory question of 
equally divided 10 short answer type questions (about 25 words) and examiners are 
advised to set two short questions from each unit. Section-B will carry 40 marks with 
equally divided 5 long answer type questions (about 250 words) and examiners are 
advised to set two questions from each unit and students are instructed to attempt five 
questions by selecting one question from each unit and Section-C will carry 30 marks 
with equally divided 2 very long answer type questions (about 500 words) and 
examiners are advised to set four questions from entire syllabus and students are 
instructed to attempt any two questions out of four questions. 

 
Unit-1: Chemical Kinetics: 

Introduction, collision theory, activated complex theory, Arrhenius equation, salt 
effect, steady state kinetics, kinetics and thermodynamic control of reactions, types of 
chemical reactions, unimolecular, bimolecular and trimolecular reactions, chain 
reactions, measurement of rate of slow reactions, fast reactions, calculation of 
conversion and reactor size, heterogeneous reactions, vapour phase catalytic reactions, 
catalytic rate equations, use of rate equations in reactor design, factor affecting 
chemical process, reactor shape and their kinetic behaviuor, back mixing, selection 
and sizing of homogeneous and catalytic reactors. 

 
Unit-2: Thermodynamics: 

Classical Thermodynamics  
Law of thermodynamics, concept of entropy,  Gibbs function, Gibbs-Helmholtz 
equation, Maxwell relations, thermodynamic equation of state, thermodynamics of 
systems of variable compositions, partial molar quantities, partial molar volume, 
chemical potential, Gibbs-Duhem equation, experimental determinations of fugasity 
of real gases and its determination, heat engine, Carnot’s cycle, free energy work 
function. 
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Statistical Thermodynamics 
Aims of statistical thermodynamics, definitions of state of a system, Boltzmann 
distribution law and its derivations, Boltzmann-Planck equation, Fermi-Dirac and 
Bose-Einstein statistics. 

 
Unit-3: Surface Chemistry: 

Adsorption: Adsorption definition, thermodynamics of adsorption, Langmuir 
adsorption isotherm, Langmuir constant and Gibbs energy of adsorption, Langmuir 
adsorption with lateral interaction, BET adsorption isotherm, adsorption on 
heterogeneous surface. 
Liquid Surface: Microscopic picture of liquid surface, surface tension, equation of 
Young and Laplace (derivation and application), curve surface, Kelvin equation, 
capillary condensation, porous solids and nucleation theory. 
Surfactants: Micelles and Emulsions 
Surfactants, types of micelles, Ostwald ripening, critical micelle concentration, 
thermodynamics of micellization (equilibrium and phase separation model, 
derivations are expected), structure of surfactants aggregates, biological membranes, 
microemulsion, inverse microemulsion formation and stabilization. 

 
Unit-4: Electrochemistry: 

Introduction and over view of electrochemical processes: Electrochemical cell and 
reactions, Faradic and non-Faradiac processes, basic electrochemical 
thermodynamics, free energy and cell EMF, half-cell reactions and reduction 
potentials, formal potentials, reference electrodes, measurements of potential 
differences, electrochemical potentials, absolute potentials, liquid junction potential. 
Ion-ion interactions: Ideal solution, deviation from ideality, activity and activity 
coefficient, Debye-Huckel theory, limited and extended law (derivation expected). 
Electrochemical devices: Batteries and Fuel cells. 

 
Unit-5: Corrosion: 

Introduction, economic aspects of corrosion, theories of corrosions, factor affecting 
corrosions, kinetics of corrosion, thermodynamics of corrosions, uses and abuses of 
corrosion and corrosion potential: Evans diagrams, measurement of corrosion rate: (i) 
weight loss method, (ii) electrochemical method, inhibiting corrosion: Cathodic and 
anodic protection. (i) Inhibition by addition of substrates to the electrolyte 
environment, (ii) by charging the corroding method from external source, anodic 
protection, organic inhibitors, green inhibitors, passivation: nature's method for 
stabilizing surfaces. 
 

Books: 
1. J. Rajaram and J. C. Kuriacose, Kinetics and Mechanism of Chemical 

Transformations, MacMillan India Ltd. 1993. 
2. P. W. Atkins, Physical Chemistry, Oxford University Press, Oxford, 1990.  
3. D. A. McQuarrie, Text Book of Physical Chemistry, University Science Books, Mill 

Valley, California, 1983.  
4. K. J. Laidler, Chemical Kinetics, Harper and Row, New York, 1987.  
5. A. W. Anderson, Physical Chemistry of Surfaces, Wiley-Interscience, New York, 

1990. 
6. S. Glasstone, Introduction to Electrochemistry, Affiliated East west Press, New Delhi 

1960.  
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Paper-IV: CH-IC-514: Analytical Chemistry 
  
Contact Hours/Week : 4 
Max. Marks   : 100                      Duration of Exam. : 3 Hours 
Continuous Assessment : 20 Marks 
Semester Assessment  : 80 Marks  
 
Note: The syllabus is divided into five independent units and question paper will be divided 

into three sections. Section-A will carry 10 marks with one compulsory question of 
equally divided 10 short answer type questions (about 25 words) and examiners are 
advised to set two short questions from each unit. Section-B will carry 40 marks with 
equally divided 5 long answer type questions (about 250 words) and examiners are 
advised to set two questions from each unit and students are instructed to attempt five 
questions by selecting one question from each unit and Section-C will carry 30 marks 
with equally divided 2 very long answer type questions (about 500 words) and 
examiners are advised to set four questions from entire syllabus and students are 
instructed to attempt any two questions out of four questions. 

 
Unit-1: Scope of Analytical Chemistry: 

Role of analytical chemistry, qualitative and quantitative analysis, classification of 
analytical methods-classical and instrumental, validation and selection of an analytical 
method; neatness and cleanliness; laboratory operations and practices, gravimetric 
techniques; lab ware-cleaning, calibration and use of lab ware; sample preparations-
dissolution and decompositions; evaporation, filtration, ignition of chemicals; 
selecting and handling of reagents; laboratory notebooks, safety in analytical 
laboratory, treatment of analytical data, errors, sources of errors, deviation, absolute 
errors, accuracy and precision. 

 
Unit-2: Electroanalytical Methods-I: 

Introduction, types of electoanalytical methods. 
Polarography: Principles, classification of polarographic techniques, types of 
polarographic currents, factors affecting polarographic wave, pulse polarography, and 
differential pulse polarograph. 
Voltammetry: Voltammetric principles, hydrodynamic voltammetry, stripping 
voltammetry, cyclic voltammetry, criteria of reversibility of electrochemical 
reactions, quasi-reversible and irreversible processes, qualitative and quantitative 
analysis.  
Amperometry: Principles and amperometric titration techniques: Dropping mercury 
electrode, rotating platinum microelectrode and dead stop. 

 
Unit-3: Electroanalytical Methods-II: 

Electrogravimetry: Current-voltage relationship during electrolysis, effect of current 
on cell potential and over voltage, selectivity of electrolysis, electrolysis at constant 
working electrode potentials, electrolytic separation and determination of metal ions.  
Complexometry: Complexes and formations, titrating agents, chelon effect, metal-
chelate curves, detection of end point, effect of complexation on solubility. 
Potentiometry: Metal electrodes for measuring the metal’s cation, metal-metal salt 
electrodes, redox electrodes, calomel electrode, measurement of potential, 
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determination of concentrations, residual liquid-junction potential, accuracy on direct 
potentiometric,  glass pH electrode, ion-selective electrodes. 

 
Unit-4: Thermoanalytical Methods: 

Introduction, classification of thermoanalytical methods; thermogravimetric analysis 
(TGA): definition, types of TGA, instrumentation, information from TGA curve, 
factors affecting TGA curves (instrumental as well as characteristics of sample 
factors), application of thermogravimetry, calculation of percent decomposition and 
composition of compounds; limitation and advantages of TGA; application of DTA 
and TGA to the thermal behavior including crystalline copper sulphate, calcium 
oxalate monohydrate, calcium acetate monohydrate, zinc hexafluorosilicate; 
derivative thermogravimetry (DTG): principle, applications and its advantages; 
differential thermal analysis (DTA): definition, theoretical basis of DTA, 
instrumentation for DTA apparatus, factors affecting the DTA curve, application of 
DTA, advantages and disadvantages of DTA; differential scanning calorimetry 
(DSC): Definition, comparison of DTA and DSC techniques, instrumentation of DSC, 
factors affecting DSC curves. 

 
Unit-5: X-rays and Diffraction Methods: 

X-rays Methods: Production of X-rays, X-rays spectra, monochromatic X-rays 
sources, X-rays detectors, X-rays absorption, X-ray fluorescence and X-rays 
diffraction methods, Bragg’s law, determination of crystal structure by Bragg’s law, 
XRD apparatus, applications of XRD in crystalite size determination by using Sherrer 
formula, determination of cis-trans isomerism, polymer crystallization. 
Electron Diffraction: Scattering intensity vs scattering angle, Wierl equation, 
measurement technique, elucidation of structure of simple gas phase molecules, low 
energy electron diffraction and structure of surfaces. 
Neutron Diffraction: Scattering of neutrons by solids and liquids, magnetic 
scattering, measurement techniques, elucidation of structure of magnetically ordered 
unit cell. 

 
Books: 

1. D. A. Skoog and D. M. West, Fundamentals of Analytical Chemistry, Holt Rinehart 
and Winston Publications, IV Edn, 1982. 

2. D.A. Skoog, D.M. West, F.J. Holler and S.R. Crouch, Fundamentals of Analytical 
Chemistry, Thomson Asia Pte Ltd., Singapore, Viiith Edn., 2004. 

3. D.A. Skoog, Principles of Instrumental Analysis, Saunders College Pub.Co, III Edn., 
1985. 

4. J.G. Dick, Analytical Chemistry, McGraw Hill Publishers, 1974.  
5. Willard, Merit, Dean and Settle, Instrumental Methods of Analysis, CBS Publishers 

and Distributors, IV Edn.,1989 
6. G. D. Christian and J.E.O Reilly, Instrumental Analysis, Allyn and Bacon Inc, II Edn., 

1986. 
7. G.W. Ewing, Instrumental Methods of Chemical Analysis, McGraw Hill Pub, 1975.  
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Paper-V: IND-CHEM-515: Mathematical Applications in Industrial Chemistry 
 

Contact Hours/Week : 4 
Max. Marks   : 100                      Duration of Exam. : 3 Hours 
Continuous Assessment : 20 Marks 
Semester Assessment  : 80 Marks 

 
Note: The syllabus is divided into five independent units and question paper will be divided 

into three sections. Section-A will carry 10 marks with one compulsory question of 
equally divided 10 short answer type questions (about 25 words) and examiners are 
advised to set two short questions from each unit. Section-B will carry 40 marks with 
equally divided 5 long answer type questions (about 250 words) and examiners are 
advised to set two questions from each unit and students are instructed to attempt five 
questions by selecting one question from each unit and Section-C will carry 30 marks 
with equally divided 2 very long answer type questions (about 500 words) and 
examiners are advised to set four questions from entire syllabus and students are 
instructed to attempt any two questions out of four questions. 

 
Unit-1: Descriptive Statistics: 

Measures of central tendency, deviation, dispersion, skewness and kurtosis, 
probability, random variables, probability distribution: discrete (binomial and 
poisson) and continuous (normal) distribution. 

 
Unit-2: Statistical Analysis: 

Curve fitting: Methods of least square, fitting of nonlinear curves (exp., log and 
polynomial), correlation and regression: Coefficient of correlation, rank correlation, 
multiple and partial correlation, properties of correlation and regression, line of 
regression, basic concepts of theory of attributes.  

 
Unit-3: Statistical Inference: 

Sampling, sampling test for mean and proportion, testing of hypothesis-test based on 
normal, t, Z and Chi square distribution, basic concepts of estimation and time series 
analysis. 

 
Unit-4: Basics of Operation Research: 

Concept of operations research, linear programming problems (LPP): Formulation 
and solution by graphical and simplex methods (up to 2 variables only), transportation 
and assignment problems. 

 
Unit-5: Operation Research in Industries: 

Basic concepts of inventory control, replacement problems, theory of reliability and 
quality control, ABC analysis. 

  
Books: 

1. Mathematical Statistics- Gupta and Kapoor. 
2. Operations Research- Kanti Swaroop. 
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Paper-VI: CH-IC-516: Practical 
 

Contact Hours/Week : 18 
Max. Marks   : 300        Duration of Exam. : 12 Hours 
Continuous Assessment : 60 Marks 
Semester Assessment  : 240 Marks  
 
Laboratory Safety, GLP, SOPs and Basic Concepts: 

1. General instructions for safe working in chemical laboratories. 
2. Planning of experiments and recording of results. 
3. Good laboratories practices. 
4. Sampling and sample preparation. 
5. Preparation of standard operating procedures (SOPs). 
6. Hazards in chemistry laboratories. 
7. Apparatus and reaction procedures: Introduction of working with laboratory ware.   
8. Solvents and reagents. 
9. Concept of distillation, crystallization, drying, isolation and purification, 

determination of physical constants. 
 

Inorganic Chemistry 
A. Qualitative and Quantitative Analysis 

1. Analysis of mixture contains 8 radicals including two radicals of rare 
elements. 

2. Separation of cations and anions by paper chromatography and thin layer 
chromatography. 

B. Preparations Preparation of selected inorganic compounds and their studies by IR 
spectra. Handling of air and moisture sensitive compounds. 

1. cis-K[Cr(C2O4)2(H2O)2] 
2. Na[Cr(NH3)2(SCN)4] 
3. Mn(acac)3 
4. K3[Fe(C2O4)3] 
5. Prussian Blue 
6. cis-[Co(trien)(NO2)2] Cl.H2O 
7. Hg[Co(SCN)4] 
8. [Co(Py)2Cl2] 
9. [Ni(NH3)6]Cl2 
10. Ni(dmg)2 
11. [Cu(NH3)4]SO4H2O 

 

Organic Chemistry  
A. Qualitative Analysis 

Separation, purification and identification of organic compounds of binary mixture 
(both solids, one liquid and one solid, both liquids) using chemical tests and TLC / 
columns chromatography. IR spectra to be used for functional group identification. 

B. Organic Synthesis  
(1) Nitration and Reduction: Synthesis of m-nitroaniline from nitrobenzene. 
(2) Nitration and Hydrolysis: p-Nitroaniline from acetanilide. 
(3) Reduction: Synthesis of benzhydrol from benzophenone. 
(4) Oxidation: Synthesis of adipic acid from cyclohexanol. 
(5) Oxidation: Synthesis of p-chlorobenzoic acid from p-chlorotoluene. 
(6) Aldol condensation: Synthesis dibenzalacetone from benzaldehyde. 
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(7) Perkin reaction: Synthesis of cinnamic acid from benzaldehyde. 
(8) Sandmeyer reaction: Synthesis of p-chlorotoluene from p-toluidine. 
(9) Acetoacetic ester condensation: Synthesis of ethyl-n-butylacetoacetate. 
(10) Cannizzaro reaction: 4-chlorobenzaldehyde as substrate. 
(11) Diazotization and Coupling Reaction: Methyl orange from sulphanilic acid. 
(12) Microwave synthesis of some esters, chalcones and some heterocycles.  

 

Physical Chemistry 
A. Error Analysis and Statistical Data Analysis 
  Errors, types of errors, minimization of errors, error distribution curves, precision, 

accuracy and combination; statistical treatment for error analysis, students‘t’ test, 
null hypothesis, rejection, criteria, F & Q test, linear regression analysis, curve 
fitting. 

B.  Chemical Kinetics 
1. Determination of the effect of (a) change of temperature (b) change of 

concentration of reactants and catalysts and (c) ionic strength of the media on 
the velocity constant of hydrolysis of an ester/ionic reactions. 

2. Determination of the velocity constant of hydrolysis of an ester/ionic reaction 
in micellar media. 

3. Determination of the rate constant for the oxidation of iodide ions by hydrogen 
peroxide studying the kinetics as an iodine clock reaction. 

4. Flowing clock reactions (Ref: experiments in physical chemistry by 
Showmaker). 

5. Determination of the primary salt effect in the kinetics of ionic reactions and 
testing of the Bronsted relationship (iodide ion is oxidized by persulphate ion). 

6. Determination of rate constant of alkaline bleaching of Malachite green and 
effect of ionic strength on the rate of reaction. 

  C. Adsorption 
 1. To study surface tension-concentration relationship for solutions (Gibbs 

equation). 
D. Surface Chemistry 

1. Determine the CMC of surface active material by surface tension method. 
2. Adsorption of acetic acid on charcoal.  

 

Environmental Chemistry 
1. Determination of DO, COD and BOD of water sample. 
2. Determination of total organic carbon. 
3. Sampling of suspended particulate matter in ambient air samples. 
4. Sampling of respirable particulate matter in ambient air samples.   
5. A comparison of particulate composition of high polluted and low polluted 

sites with respect to carbon. 
Books: 

1. B.S.Furniss, A.J.Hannaford,, P.W.G.Smith and A.R.Tatchell, Vogel’s Practical Organic 
Chemistry, 5th edn. ELBS, 1989. 

2. Raj K. Bansal, Laboratory Manual of Organic Chemistry, III Edn., New Age International (P) 
Ltd.1996.  

3. B.P.Levitt (Ed.), Findlay’s Practical Physical Chemistry, 9th edn., Longman, London,1985.  
4. J.N.Gurtu and R.Kapoor, Advanced Experimental Chemistry, Vol.I, S.Chand & Co. Ltd., 

New Delhi, 1980.  
5. J. Basset, R.C. Denney, G.H. Jeffery and J. Mendham, Vogel’s text book of quantitative 

inorganic analysis, ELBS, 1994. 
6. W.G. Palmer, Experimental Inorganic Chemistry, Van Nostrand Reinhold Co., London, 1972.  
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Syllabus 

 
 

M. Sc. Industrial Chemistry 
Second Semester Examination 

 
 

Paper-I: IND-CHEM-521: Spectral Techniques in Industrial Chemistry 
 
Contact Hours/Week : 4 
Max. Marks   : 100                      Duration of Exam. : 3 Hours 
Continuous Assessment : 20 Marks 
Semester Assessment  : 80 Marks 
 
Note: The syllabus is divided into five independent units and question paper will be divided 

into three sections. Section-A will carry 10 marks with one compulsory question of 
equally divided 10 short answer type questions (about 25 words) and examiners are 
advised to set two short questions from each unit. Section-B will carry 40 marks with 
equally divided 5 long answer type questions (about 250 words) and examiners are 
advised to set two questions from each unit and students are instructed to attempt five 
questions by selecting one question from each unit and Section-C will carry 30 marks 
with equally divided 2 very long answer type questions (about 500 words) and 
examiners are advised to set four questions from entire syllabus and students are 
instructed to attempt any two questions out of four questions. 

 
Unit-1: UV-VIS Spectroscopy: 

Principles of absorption spectroscopy, nature of electronic excitations, the origin of 
UV bands, chromophores, auxochromes, factors affecting the position of UV bands, 
calculation of max, qualitative and quantitative applications. 

  Infrared Spectroscopy: 
Modes of vibration, vibrations of polyatomic molecules, theory, the Hook’s law and 
calculation of frequencies for different types of bonds, IR spectrometer, sample 
handling, anharmonicity, overtones, combination bands, Fermi resonance, group 
frequencies, factors affecting the band positions and intensities, applications. 

 
Unit-2: One-dimensional Nuclear Magnetic Resonance Spectroscopy: 

Nuclear spin, nuclear resonance, basic theory, Fourier transform technique, pulse 
sequence, relaxation processes  equivalent and non-equivalent protons, shielding and 
deshielding of nuclei, chemical shift and its measurements, factors influencing 
chemical shifts, instrumentation of NMR, spin-spin interactions, factors influencing 
coupling constant ‘J’, classification of spectra, types of spin systems (AX, ABX, 
AMX, ABC, A2B2, AAMMX etc.), simplification of complex spectra: shift reagents, 
spin decoupling; protons on oxygen, nitrogen and sulphur (proton exchange), nuclear 
overhauser effect, applications of NMR spectroscopy. 

 
Unit-3: Two-dimensional Nuclear Magnetic Resonance Spectroscopy: 

Introduction, pulse sequence, 2D-experiments, data collection, processing and plotting 
of 2D spectra, general procedure for running 2D spectra, COSY, DQF-COSY, 
TOCSY, NOESY, ROESY, INADEQUATE, HETCOR, HSQC, HMQC, HMBC. 
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13C NMR Spectroscopy: 
Carbon-13 nucleus, chemical shifts and their calculation, spin-spin coupling with 1H, 
13C, cross-polarization, nuclear overhauser effect, DEPT.  

 
Unit-4: Mass Spectrometry: 

Basic principles, production of ions by electron impact, chemical ionization and field 
desorption techniques, separation and detection of ions, mass spectrum, fragmentation 
of organic molecules, identification of molecular ion peaks, base peaks, metastable 
peaks and isotopic peaks, determination of molecular weight and molecular formula 
of compounds, nitrogen rule, hydrogen deficiency index; mass spectra of various 
functional groups; GC-MS, LC-MS, MS-MS, HR-MS, ICP-MS: basic principle and 
instrumentation. 
Spectroscopic Identification of Organic Compounds: 
Numerical or structure elucidation problems based on UV, IR, NMR and MS 
spectrum data to find out the structure of simple organic compounds. 

 
Unit-5: Electron Spin Resonance Spectroscopy:  

Basic theory, electron spin and magnetic moment interaction of electron spin with 
external magnetic field, the resonance condition g-value, line shape and width and 
intensities, instrumental aspects (comparison with NMR-spectrometer); ESR spectra 
of organic free radicals in solutions hyperfine interaction and hyperfine coupling 
constants; concepts of spin polarization; spin density, McConnell equation, ESR 
spectra of organic and inorganic free radicals, anisotropy of g; ESR spectra of 
molecules in the triplet state, fine structure, illustrations-naphthalene and other triplet 
state molecules; illustrations of ESR spectra of transition metal ions-Kramers 
theorem, Jahn-Teller theoram, the spin Hamiltonsan, exchange effects in ESR. 
Electron Spectroscopy: Theory, Instrumentation and applications of Electron 
spectroscopy (UPS and XPS).  
 

Books:  
1. Introduction to Spectroscopy by Donald L. Pavia, Gary M. Lampman & George S. 

Kriz. 4th Edition, 2009, Thomson Learning.  
2. Organic Spectroscopy: Principles and Applications by Jag Mohan, Narosa 

Publication, New Delhi. 
3. Organic Spectroscopy by P.S. Kalsi, New Age International Publishers, New Delhi. 
4. Spectrometric Identification of Organic Compounds by Robert M. Silverstein, Francis 

X. Webster, David Kiemle. 7th Edition, John Wiley & Sons.  
5. Mass Spectrometry: Principles and Applications by Edmond de Hoffmann & Vincent 

Stroobant. 3rd Edition, 2007, John Wiley & Sons. 
6. Organic Structure Determination Using 2-D NMR Spectroscopy: A Problem-Based 

Approach (Advanced Organic Chemistry) by Jeffrey H. Simpson. 2008, Elsevier. 

7. Principles of Instrumental Analysis by D.A. Skoog, F.J. Holler and T.A. Nieman, 5
th 

Edition (1998), Harcourt Brace & Company, Florida. 
8. Fundamentals of Molecular Spectroscopy, C.F. Banwell, McGraw Hill, New York, 

1966. 
9. Physical methods in Chemistry, Reinhold, R.S. Drago, New York, 1968. 
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Paper-II: IND-CHEM-522: Separation Techniques in Industrial Chemistry 
 
Contact Hours/Week : 4 
Max. Marks   : 100                      Duration of Exam. : 3 Hours 
Continuous Assessment : 20 Marks 
Semester Assessment  : 80 Marks  
 
Note:  The syllabus is divided into five independent units and question paper will be 

divided into three sections. Section-A will carry 10 marks with one compulsory 
question of equally divided 10 short answer type questions (about 25 words) and 
examiners are advised to set two short questions from each unit. Section-B will carry 
40 marks with equally divided 5 long answer type questions (about 250 words) and 
examiners are advised to set two questions from each unit and students are instructed 
to attempt five questions by selecting one question from each unit and Section-C 
will carry 30 marks with equally divided 2 very long answer type questions (about 
500 words) and examiners are advised to set four questions from entire syllabus and 
students are instructed to attempt any two questions out of four questions. 

 
Unit-1: Precipitation Methods: Nucleation and crystal growth- purity of precipitate-co-

precipitation, post-precipitation, homogeneous precipitation (methods) techniques 
and its advantages; use of organic reagents as precipitants; separation by hydroxide 
and sulphide precipitation. 
Ultracentrifugation: Principle, sedimentation constant, sedimentation equilibrium, 
sedimentation velocity, methodology and applications. 
Solvent Extraction: Basic principles, classification of solvent exaction systems, 
factors affecting extraction process, Mechanism of extraction, extraction by 
chelation extraction by solvation, extraction equilibria for chelates, extraction 
equilibria for solvation, techniques of extraction, separation of metals by extraction, 
extraction by ion-pair formation, application of solvent extraction in industry, solid-
phase extraction (SPE) and uses. 

 
Unit-2: Chromatography: General introduction to principles and types of chromatography 

according to shape of chromatographic bed, physical sate of mobile phase, 
mechanism of separation and techniques involved. 
Paper Chromatography: Principle, types, choice of paper, visualization, 
applications. 
Thin Layer Chromatography (TLC): Principle, advantage over paper 
chromatography, types, preparation of thin layer, choice of sorbent and solvent, 
development, detection and applications.    
High Performance Thin Layer Chromatography (HPTLC): Principle, advantage 
over TLC, instrumentation, choice of sorbent and solvent, development, detection 
and applications.    

 
Unit-3: Column Chromatography: Principle, column efficiency, factors influencing 

column efficiency, experimental set up and applications. 
Gas Chromatography (GC): Principle, instrumentation, column efficiency, solvent 
efficiency, solid supports, liquid phase, liquid phase percentage, column 
temperature, detectors, chromatographic identification, applications. 
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Unit-4: High Performance Liquid Chromatography (HPLC): Principle, types-partition, 
adsorption, ion-exchange, size-exclusion or gel; instrumentation, applications. 
Ion-exchange Chromatography: principle, types of ion-exchangers, regeneration, 
ion-exchange capacity, applications. 
Supercritical Fluid Chromatography:  Principle, instrumentation, qualitative and 
quantitative analysis. 

 
Unit-5: Electrophoresis: Theory and classification, factors affecting mobility, 

macromolecular size and charge interactions with supporting electrolyte, pH and 
concentration discontinuities, factors affecting electrophoresis phenomena-
electrolysis, electrosomosis, temperature and supporting media, instrumentation, 
methodology, preparation of gelstaining and destaining, preparative zone 
electrophoresis, continuous electrophoresis and applications. 
Capillary Electrophoresis: Principle, theory, instrumentation, sample preparation 
and applications, capillary electrochromatography and miscellar electro-kinetic 
capillary chromatography. 
 

Books: 
1. D.A. Skoog, D.M.West, F.J. Holler and S.R.Crouch, Fundamentals of Analytical 

Chemistry, VIII Edn., Thomson Brooks/Cole Publishers, 2004.  
2. Principles of Instrumental Analysis by D.A. Skoog, F.J. Holler and T.A. Nieman, 5th

 

Edition (1998), Harcourt Brace & Company, Florida. 
3. B. K. Sharma, Instrumental Methods of Chemical Analysis, Goel Publishing House, 

Meerut. 
4. Chatwal and Anand, Instrumental Methods of Chemical Analysis, Himalaya 

Publishing House, Meerut. 
 
 

Paper-III: IND-CHEM-523: Environment Pollution, Monitoring and Control 
 
Contact Hours/Week : 4 
Max. Marks   : 100                      Duration of Exam. : 3 Hours 
Continuous Assessment : 20 Marks 
Semester Assessment  : 80 Marks   
 
Note: The syllabus is divided into five independent units and question paper will be divided 

into three sections. Section-A will carry 10 marks with one compulsory question of 
equally divided 10 short answer type questions (about 25 words) and examiners are 
advised to set two short questions from each unit. Section-B will carry 40 marks with 
equally divided 5 long answer type questions (about 250 words) and examiners are 
advised to set two questions from each unit and students are instructed to attempt five 
questions by selecting one question from each unit and Section-C will carry 30 marks 
with equally divided 2 very long answer type questions (about 500 words) and 
examiners are advised to set four questions from entire syllabus and students are 
instructed to attempt any two questions out of four questions. 

 
Unit-1: Air Pollution: Concept of environment chemistry, composition of atmosphere, major  

sources of air pollution, chemical reactions, smog formation, acid rain, classification 
and effect of air pollutants, NOx, SOx, COx particulates and ozone; Greenhouse 
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effect and global warming, automobile emissions, prevention and control of vehicular 
pollution, alternative fuels: Biodiesel, ethanol, CNG, ULSD. 
Monitoring of Air Pollution: Principles of environment monitoring, methods for 
monitoring of air pollutants including NOx, SOx, COx, SPM. 
Prevention and Control of Air Pollution: Control of pollution by fuel selection and 
utilization, process or equipment modification, devices, site selection, stacks, planting 
trees and growing vegetation, general methods of air pollution control.  

 
Unit-2: Water Pollution: Types of water pollution, sources of water pollution, water  

pollutants and their classification.  
Industrial Wastes and their Treatment: Characteristics and types of industrial 
wastes, principles of industrial waste treatment, protection of biosphere and surface 
water from pollution with industrial sewages, treatment and disposal of industrial 
wastes, chemical analysis of industrial wastes. 
Analysis of Water: International standards for drinking water, chemical and physical 
examination of water, preservation and pre-concentration, hydrogen ion 
concentration, acidity, alkalinity, hardness, pH, free CO2, Cl2, metals, ions, dissolved 
chlorine and oxygen, BOD, COD, chlorine dosage, E. coli index. 
 

Unit-3: Industrial Pollution: Environmental pollution from various industries including  
caustic-chlorine industries, thermal power plants, nuclear power plants, fertilizer & 
chemical industries, tannery industries, agrochemical industries, pharmaceutical 
industries, pulp & paper industries, distillery industries, plastic & paint industries, 
cement industries, dyeing & textile industries, soap & detergent industries, etc. 

 
Unit-4: Soil Pollution: 

Composition of soil, mineral and organic matter in soil, soil pollution by industrial 
wastes, urban wastes, radioactive pollution and agriculture practices. 
Control of Soil Pollution: Control of domestic and industrial wastes, water 
management, soil remediation, environmental friendly technologies for agriculture. 

 
Unit-5: Radioactive Pollution:  

Radioactive substances, state of radioactive isotopes in solution, gases and solids; 
units of radiation, analysis of radionuclides, sources of radioactive pollution, 
radioactive fallout, nuclear reactors, nuclear installations, radioactive ore processing, 
nuclear accidents, effects of radioactive pollution on power plants and polymers. 

 
Books: 

1. Environmental Chemistry. B. K. Sharma. 12th Edition, 2011, Goel Publishing House, 
Meerut. 

2. Environmental Pollution: Principles, Analysis and Control. P. Narayanan. 1st Edition, 
2007, CBS Publishers & Distributors, New Delhi. 

3. Environmental Pollution Control Engineering. C. S. Rao. 2nd Edition, 2006, New Age 
International Publishers, New Delhi. 

4. Pollution Control in Process Industries. S. P. Mahajan. 20th Edition, 2006, 
TataMcGraw-Hill, New Delhi. 

5. Industrial Pollution. V. P. Kudesia. 5th Edition, 2007, Pragati Prakashan, Meerut. 
6. Water Supply and Sanitary Engineering. G. S. Birdie & J. S. Birdie. 8th Edition, 2008, 

Dhanpat Rai Publishing Company, New Delhi. 
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7. Environmental Toxicology, J.Rose Gordon and Breach (Ed.), Science Publication, 
New York, 1993. 

8. Environmental Pollution analysis, S.M. Khopkar, Wiley Eastern, New Delhi, 1994. 
   
 
 

Paper-IV: IND-CHEM-524: Fundamentals of Industrial Process Calculations 
 
Contact Hours/Week : 4 
Max. Marks   : 100                      Duration of Exam. : 3 Hours 
Continuous Assessment : 20 Marks 
Semester Assessment  : 80 Marks  
 
Note: The syllabus is divided into five independent units and question paper will be divided 

into three sections. Section-A will carry 10 marks with one compulsory question of 
equally divided 10 short answer type questions (about 25 words) and examiners are 
advised to set two short questions from each unit. Section-B will carry 40 marks with 
equally divided 5 long answer type questions (about 250 words) and examiners are 
advised to set two questions from each unit and students are instructed to attempt five 
questions by selecting one question from each unit and Section-C will carry 30 marks 
with equally divided 2 very long answer type questions (about 500 words) and 
examiners are advised to set four questions from entire syllabus and students are 
instructed to attempt any two questions out of four questions. 

 
Unit-1: Material Balance:  

Law of conservation of mass, strategy for analyzing material balance problems, 
classification of material balance problems, solving material balance problems 
without chemical reactions, solving material balance problems with chemical 
reactions, various operations with their block diagrams carried out in industries, 
material balances involving multiple subsystems, material balances with recycle and 
bypass operations, material balances of unsteady-state operations, calculation 
procedures for ideal gas system.  

 
Unit-2: Energy Balance:  

Calculations of enthalpy, general energy balance procedure, sensible heat and heat 
capacities, relationship between Cp and Cv, energy balances on closed systems, 
changes using heat capacity equations and enthalpy tables, use of steam tables, heat of 
reaction, formation and combustion, Hess’s law, effect of temperature and pressure on 
heat reactions, phase change operations, energy balances with chemical reactions, 
latent heats, energy balance during phase change operations.   

 
Unit-3: Unit Processes: 

Introduction to unit operations, evaporation, distillation, extraction, filtration, 
crushing, grinding, mixing, crystallization and separation.   

  
Unit Operations: 
Introduction to unit processes, nitration, sulphonation, halogenations, esterification, 
polymerization, oxidation and reduction. 
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Unit-4: Stoichiometry of Unit Operations: 
Stoichiometry of distillation, gas absorption, crystallization, extraction, leaching and 
humidification, dew point; relative saturation, molal saturation and absolute saturation 
(humidity); humid heat and humid volume; psychometric chart for air-water system. 
  

Unit-5: Flow of Fluids: 
Nature of fluids, classification of fluids, properties of fluids, hydrostatic pressure, 
application of fluid statics, manometers, viscosity, average velocity, mass velocity, 
flow rate, equation of continuity, Bernoulli’s equation and its corrections, friction 
losses, flow of incompressible fluids, flow measurements: venturimeter, orificemeter, 
pitot tube, rotameter. 
Transformation of Fluids: 
Methods of transformation of fluids, principles of pipes, fiting and their standards, 
types and characteristics of valves, pumps.  

 
Books: 

1. Introduction to Process Calculations (Stoichiometry). K. A. Gavhane. 20th Edition, 
2007, Nirali Prakashan 

2. Unit Oprations-I: Fluid flow and Mechanical Opeartions, K. A. Gavhane. 16th Edition, 
2008, Nirali Prakashan 

3. Shreve’s Chemical Process Industries. G. T. Austin. 5th Edition. McGrow-Hill 
International Editions. 

4. Unit Processes in Organic Synthesis. P. H. Groggins. 5th Edition, 2007. Tata 
McGrow-Hill, New Delhi 

 
 
 

Paper-V: IND-CHEM-525: Computer Applications in Industrial Chemistry 
 
Contact Hours/Week : 4 
Max. Marks   : 100                      Duration of Exam. : 3 Hours 
Continuous Assessment : 20 Marks 
Semester Assessment  : 80 Marks   
 
Note: The syllabus is divided into five independent units and question paper will be divided 

into three sections. Section-A will carry 10 marks with one compulsory question of 
equally divided 10 short answer type questions (about 25 words) and examiners are 
advised to set two short questions from each unit. Section-B will carry 40 marks with 
equally divided 5 long answer type questions (about 250 words) and examiners are 
advised to set two questions from each unit and students are instructed to attempt five 
questions by selecting one question from each unit and Section-C will carry 30 marks 
with equally divided 2 very long answer type questions (about 500 words) and 
examiners are advised to set four questions from entire syllabus and students are 
instructed to attempt any two questions out of four questions. 

 
Unit-1: General Introduction: 

Elements of a computer system block diagram of computer system and function of its 
components, concept of hardware and software, introduction to operating systems 
(DOS, Windows). 
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PC Software: 
Word processing: creating and saving documents, formatting, inserting tables and 
pictures, mail merge, spread sheets, charts, graphs and use of functions, introduction 
to presentation packages, graphics and animation. 

 

Unit-2: Report Generation and Presentation: 
MS Office: Introduction to Word, Excel and Power Point; MS Word: Documentation 
and manipulation, saving and printing, incorporation of graphs, tables pictures and 
chemical structures into the documents; MS Excel: Spread sheets, Report generation, 
cell manipulation, data based management, graphical representation of tabulated data, 
Pi-chart, Bar and Line graphs, surface and 3D graphs; Power Point: Application of 
Power Point for the presentation of reports and slides. 

  
Unit-3: Computing and Languages: 

Elements of programming languages, flow chart, functions and subroutines, graphics, 
commands, commands for accessing hardware, data acquisition, elements of 
FORTRAN & C. Windows: Introduction and applications. 

 

Unit-4 Applications in Chemistry 
Introduction to CAD: A balance approach to computer aided process design. 
Computer interface with instruments and laboratory information system: computers in 
fault & true analysis. 
Computers in communication: 
Internet: basic concepts, importance in chemical industries. 

 

Unit-5: Computation in Chemistry 
Computation in chemistry such as pressure from Van der Walls equation, pH of 
solution, radioactive decay, lattice energy, determination of order of reaction, 
Pauling’s relation, molecular weight of an organic compound, resonance energy, 
isoelectric point of amino acids, Lambert-Beer’s law, . 

 
Books: 

1. The Big Basic Book of Window 98: Kraynak-PHI.  
2. Computational Chemistry: A.C. Norris. 
3. Programming in basic problems solving with the true and style: Stewant M. Venit 

Jaico. 
4. Mastering Windows Special edition: Robert Cowart - BPB Publications. 
5. Computer Fundamental Architecture Organisation: B. Ram - New Age international. 
6. Computers in Chemistry: K.V. Raman - TMH Pub. 

 
 

Paper-VI: IND-CHEM-526: Practical 
 
Contact Hours/Week : 18 
Max. Marks   : 300                    Duration of Exam. : 3 Hours 
Continuous Assessment : 60 Marks 
Semester Assessment  : 240 Marks  
 
Inorganic Chemistry:  
 A. Estimation and Separation 

(i) Estimation of Nitrogen by Kjeldahl’s Method. 
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(ii) Estimation of Sulphur / Halogen by Fusion Method. 
(iii) Separation of Cu, Co and Zn on paper chromatography. 
(iv) Separation and determination of Zn and Cd using Ion Exchanger. 
(v) Separation and determination of Co and Ni using Ion Exchanger.  
(vi) Separation and determination of chloride and bromide using Ion Exchanger. 
(vii) Separation and determination of chloride and iodide using Ion Exchanger. 
(viii) Separation and spectrophotometric determination of Cu, Fe, and Ni using Ion 

Exchanger. 
B. Preparations and Isomeric Identification: 
 Preparation of selected inorganic compounds and their studies by IR, electronic 

spectra, conductivity and magnetic susceptibility measurements: 
(i) [VO (acac)2] 
(ii) [TiO(C9H8NO)2]. 2H2O 
(iii) cis-K[Cr(C2O4)2 (H2O)2] 
(iv) Na[Cr(NH3)2(SCN)4] 
(v) [Mn (acac)3] 
(vi)   K3[Fe(C2O4)3] 
(vii) Prussian Blue Turnbull’s Blue 

(viii) [Co(NH3)6] [Co(NO2)6] 
(ix)   cis-[Co(trien) (NO2)2]Cl. H2O 
(x)    [Co(Py)2Cl2] 
(xi)   [Ni(NH3)6]Cl2 
(xii)  [Ni(dmg)2] 
(xiii) [Cu(NH3)4]SO4.H2O 
(xiv) [Co(en)2Cl2] 

 
Organic Chemistry 

A. Quantitative Analysis 
(i) Determination of the percentage of number of hydroxyl groups in an organic 

compound by acetylation method. 
(ii) Estimation of amines/phenols using bromate-bromide solution or acetylation 

method. 
(iii Determination of iodine and saponification values of an oil sample. 

B. Two-steps Organic Synthesis 
(i) Anthranilic acid from phthalic anhydride (Phthalic anhydride  Phthalimide 

 Anthranilic acid). 
(ii) Triphenyl methanol from benzoic acid (Benzoic acid  Methyl benzoate  

Triphenyl methanol). 
(iii) Benzonitrile from benzoic acid (Benzoic acid  Benzamide   Benzonitrile). 
(iv) 2-Phenylindole from o-toluidine (o-toluidine  o-Methyl benzophenone  2-

Phenylindole). 
(v) Acridone from o-chlorobenzoic acid (o-chlorobenzoic acid  N-

Phenylanthanilic acid  Acridone) 
 
Physical Chemistry: 
 A. Conductometry 

(i)   Determination of the velocity constant, order of the reaction and energy of 
activation for saponification of ethyl acetate by sodium hydroxide 
conductometrically 

(ii)   Determination of solubility and solubility product of sparingly soluble salts 
(e.g. PbSO4, BaSO4) conductometrically. 

(ii)   Determination of the strength of strong and weak acids in a given mixture 
conductometrically. 

(iv)   To study the effect of solvent on the conductance of AgNO3 /acetic acid and to 
determine the degree of dissociation and equilibrium constant in different 
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solvents and in their mixtures (DMSO, DMF, dioxane, acetone and water) and 
to test the validity of Debye-Huckel-Onsager theory. 

(v)   Determination of the activity coefficient of zinc ions in the solution of 0.002M 
zinc sulphate using Debye-Huckel’s limiting law. 

  B. Potentiometry/pH metry 
(i) Determination of strength of halides in a mixture potentiometrically 
(ii) Determination of the valency of mercurous ions potentiometrically. 
(iii) Determination of the strength of strong and weak acids in a given mixture 

using a potentiometer/pH meter. 
(iv) Determination of temperature dependence of EMF of a cell. 
(v) Determination of the formation constant of silver-ammonia complex and 

stoichiometry of the complex potentiometrically. 
(vi) Acid-base titration in a non-aqueous media using a pH meter. 
(vii) Determination of activity and activity-coefficient of electrolyte. 
(viii) Determination of the dissociation constant of acetic acid in DMSO, DMF, 

acetone and dioxane by titrating it with KOH. 
(ix) Determination of the dissociation constant of monobasic/dibasic acid by 

Albert-Serjeant method. 
(x) Determination of thermodynamic constant G, S and H for the reaction by 

EMF method.  
    Zn + H2SO4 to ZnSO4 + 2H+ 

      C.  Polarimetry 
  (i) Determination of rate constant for hydrolysis/inversion of  sugar using a 

polarimeter. 
  (ii)  Enzyme kinetics-inversion of sucrose 

 
Environmental Chemistry 

(i) Analysis of pesticides. 
(ii) Analysis of insecticides. 
(iii) Determination of pH, total nitrogen & nitrate, total phosphorous & phosphate, 

silica & lime and slats in soil. 
(iv) Determination of sodium, potassium, sulphur, magnesium and manganese in 

soil. 
(v) Monitoring and analysis of SO2 concentration in ambient air samples using 

high volume sampler. 
(vi) Monitoring and analysis of CO concentration in ambient air samples. 
(vii) Monitoring and analysis of NOx concentration in ambient air samples using 

high volume sampler. 
(viii) Monitoring and analysis of ozone concentration in ambient air samples using 

ozone analyzer. 
(ix) Measurement of meterological parameters (relative humidity, wind speed, 

wind direction and ambient temperature) using weather station. 
 

………………… x ………………… x …………………… 
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Model Question Paper: 
 
 
 

Paper-III: IND-CHEM-513: Physical Chemistry 
 
Maximum Marks: 80                                            Duration of Exam. : 3 Hours 

 
Note: The question paper will be divided into three sections. Section-A will carry 10 marks 

with one compulsory question of equally divided 10 short answer type questions 
(about 25 words). Section-B will carry 40 marks with equally divided 5 long answer 
type questions (about 250 words) and students are instructed to attempt five questions 
by selecting one question from each unit. Section-C will carry 30 marks with equally 
divided 2 very long answer type questions (about 500 words) and students are 
instructed to attempt any two questions out of four questions.    

 
Section-A 

Q. No. 1.  Compulsory Question 
(i) Define pseudo order reactions 
(ii) State two basic postulates of Arrhenius theory. 
(iii) Write Gibb’s free energy equation 
(iv) Give a equation that relate Cv and Cp. 
(v) Relate adsorption of molecules on a solid surface to gas pressure or 

concentration at a fixed temperature. 
(vi) Discuss two characteristics of micro emulsion. 
(vii) Differentiate ideal and non-ideal solutions. 
(viii) Give example of secondary batteries. 
(ix) Give the mechanism of phase transfer catalysis. 
(x) Name the BP-Monsanto catalyst that used for conversion of methanol to acetic 

acid. 
1x10 =10 marks 

Section-B 
Unit-1 

Q. No. 2. Explain enzymes are specific by nature and how the kinetics of enzyme  
catalysis effect by change in pH.   

8 Marks 
OR 

Show light on Intra molecular dynamics of unimolecular reactions using 
Marcus theory. 

8 Marks 
Unit-2 

Q. No. 3.  Write short notes on following (any two): 
(a)  Fermi Dirac statistics  
(b) Solubility behaviour of ideal solutions  
(c)  de Donder’s treatment of chemical equilibria. 

8 Marks 
OR 

Define partial molar quantities and explain their significance in 
thermodynamics. 
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8 Marks 
Unit-3 

Q. No. 4.  Estimation of the surface area of solid surfaces using BET equation. 
8 Marks 

OR 
Elucidate the critical miscelles concentration and factors effecting CMC of 
surfactants. 

8 Marks 
Unit-4 

Q. No. 5.  Discuss Proton Exchange Membrane Fuel Cells in detail. 
8 Marks 

OR 
Illustrate the Debye-Huckel treatment of dilute electrolyte solutions 

8 Marks 
Unit-5 

Q. No. 6.  Describe the homogeneous catalyst used in carbonylation process of methyl 
acetate to acetic anhydride. 

8 Marks 
OR 

Exemplify the heterogeneous catalyst used in synthesis of ammonia. 
8 Marks 

 
Section-C 

 
Q. No. 7.  Explain following (any two): 

(a) Catalysis in petroleum refining 
(b) Corrosion and its prevention 
(c) Surface active agents 
(d) Spontaneity and equilibrium 

15 Marks 
Q. No. 8.  Elaborate the kinetic study of fast reactions. 

15 Marks 
Q. No. 9.  Describes the change in vapour pressure due to a curved liquid/vapor interface 

with drop radius and express how the drop temperature and critical radius of 
the drop related with each other. 

15 Marks 
Q. No. 10.  Explain the process of the electro-kinetics in liquid electrolytes. 

15 Marks 
 
 

………….………… x …..……………….. 
 


