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University of Kota 

Kota 
 

M. Sc. Chemistry 
 

Scheme of Examinations 

(First & Second Semester) 

 
Year / 

Semester 

Number, Code/ID and Nomenclature of Paper  Duration 

of Exam. 

Teaching Hrs/Week 

& Credit Points 

Distribution of Assessment Marks  

Total Marks Number 

of Paper 

Code / ID 

of Paper 

Nomenclature of Paper Continuous 

Assessment (20%) 

Semester 

Assessment (80%) 

Teaching 

Hrs / Week 

Credit 

Points 

Max. 

Marks 

Min. Pass 

Marks 

Max. 

Marks 

Min. Pass 

Marks 

Max. 

Marks 

Min. Pass 

Marks 

I Year  

I Semester  

Paper-1.1 CHEM-511 Inorganic Chemistry 3 Hrs 4 4 20 07 80 29 100 36 

Paper-1.2 CHEM-512 Organic Chemistry 3 Hrs 4 4 20 07 80 29 100 36 

Paper-1.3 CHEM-513 Physical Chemistry 3 Hrs 4 4 20 07 80 29 100 36 

Paper-1.4 CHEM-514 Analytical Chemistry 3 Hrs 4 4 20 07 80 29 100 36 

Paper-1.5 CHEM-515 Mathematics for Chemists  / Biology for Chemists 3 Hrs 4 4 20 07 80 29 100 36 

 Paper-1.6 CHEM-516 Practical 

         Part-I: Inorganic Chemistry 

         Part-II: Organic Chemistry 

         Part-III: Physical Chemistry 

         Part-IV: Analytical Chemistry 

12 Hrs 18 12 60 24 240 96 300 120 

Total (I Semester)  27 Hrs 38 32 160 59 640 241 800 320  

I Year  

II Semester 

Paper-2.1 CHEM-521 Inorganic Chemistry 3 Hrs 4 4 20 07 80 29 100 36 

Paper-2.2 CHEM-522 Organic Chemistry 3 Hrs 4 4 20 07 80 29 100 36 

Paper-2.3 CHEM-523 Physical Chemistry 3 Hrs 4 4 20 07 80 29 100 36 

Paper-2.4 CHEM-524 Environmental Chemistry 3 Hrs 4 4 20 07 80 29 100 36 

Paper-2.5 CHEM-525 Computer Applications in Chemistry 3 Hrs 4 4 20 07 80 29 100 36 

Paper-2.6 CHEM-526 Practical 

         Part-I: Inorganic Chemistry 

         Part-II: Organic Chemistry 

         Part-III: Physical Chemistry 

         Part-IV: Environmental Chemistry 

12 Hrs 18 12 60 24 240 96 300 120 

Total  (II Semester) 27 Hrs 38 32 160 59 640 241 800 320 
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University of Kota 

 Kota 
 

M. Sc. Chemistry  
 

Scheme of Examinations  
 

Third & Fourth Semester  

 (Physical Chemistry Specialization) 
 

Year / 

Semester 

Number, Code/ID and Nomenclature of Paper  Duration 

of Exam. 

Teaching 
Hrs/Week & 
Credit Points 

Distribution of Assessment Marks 
Total Marks Number 

of Paper 

Code / ID 

of Paper 

Nomenclature of Paper Continuous 
Assessment (20%) 

Semester 
Assessment (80%) 

Teaching 
Hrs /  

Credit 
Points 

Max. 
Marks 

Min. Pass 
Marks 

Max. 
Marks 

Min. Pass 
Marks 

Max. 
Marks 

Min. Pass 
Marks 

II Year  

III Semester

Paper-3.1 CHEM-631 Spectroscopy 3 Hrs 4 4 20 07 80 29 100 36 

Paper-3.2 CHEM-632 Chromatography  3 Hrs 4 4 20 07 80 29 100 36 

Paper-3.3 CHEM-633 Elective-I: Bio-physical Chemistry    3 Hrs 4 4 20 07 80 29 100 36 

Paper-3.4 CHEM-634 Elective-II: Electrochemistry 3 Hrs 4 4 20 07 80 29 100 36 

Paper-3.5 CHEM-635 Elective-III: Chemical Kinetics   3 Hrs 4 4 20 07 80 29 100 36 

Paper-3.6 CHEM-636 Practical: Paper-3.1 & 3.2 with electives as 

   Part-I    : Elective-I  

   Part-II   : Elective-II  

   Part-III : Elective-III  

12 Hrs 18 12 60 24 240 96 300 120 

Total (III Semester)  27 Hrs 38 32 160 59 640 241 800 320 

II Year  

IV Semester

Paper-4.1 CHEM-641 Spectroscopy 3 Hrs 4 4 20 07 80 29 100 36 

Paper-4.2 CHEM-642 Recent Advances in Chemistry 3 Hrs 4 4 20 07 80 29 100 36 

Paper-4.3 CHEM-643 Elective-I: Nuclear Chemistry 3 Hrs 4 4 20 07 80 29 100 36 

Paper-4.4 CHEM-644 Elective-II: Electrochemistry 3 Hrs 4 4 20 07 80 29 100 36 

Paper-4.5 CHEM-645 Elective-III: Statistical Mechanics 3 Hrs 4 4 20 07 80 29 100 36 

Paper-4.6 CHEM-646 Practical: Paper-4.1 & 4.2 with electives as 

   Part-I    : Elective-I  

   Part-II   : Elective-II  

   Part-III : Elective-III 

12 Hrs 18 12 60 24 240 96 300 120 

Total (IV Semester)  27 Hrs 38 32 160 59 640 241 800 320 

Grand Total (Semester I + II + III + IV) 108 Hrs 152 128 640 236 2560 964 3200 1280 

 



Rules & Regulations 
 

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 pharmaceutical, agrochemical and chemical factories, coals, 

mines and related industries necessitates chemistry education. Hence our goal in introducing 

the M. Sc programme in Chemistry to educate the students in the fascinating fields of 

chemistry in an effective manner.  

 

M. Sc. 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, Biology, Computer, Industrial 

Techniques, etc. which are essential to a chemist to develop his/her overall presentation in the 

pharmaceutical, chemical, and other related industries.  The major objectives of M. Sc. 

Chemistry course are: 

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

basic ideas about Mathematics, Biology, Computer applications in Chemistry. 

• To acquire basic knowledge in the specialized areas like Organic Synthesis, 

Heterocyclic Chemistry, Medicinal Chemistry, Pharmaceutical Chemistry, Green 

Chemistry, Polymer Chemistry, Bio-inorganic / Organic / Physical Chemistry, 

Environmental Chemistry, Photo-inorganic / Organic Chemistry, Solid State 

Chemistry, Supra-molecular Chemistry, Electrochemistry, etc. 
 

Duration of the Course: 
The course for the degree of Master of Science in Chemistry shall consist of two 

academic years divided in to four equal semesters. Each semester consist of minimum 120 

working days.  
 

Eligibility for Admission in M Sc First Semester: 
A candidate who has passed any one of the following degrees with Chemistry as a major 

subject from any University recognized by the UGC shall be permitted to take admission in 

M. Sc. First Semester Chemistry to award M. Sc. degree in Chemistry with specialization in 

Inorganic Chemistry / Organic Chemistry / Physical Chemistry / Analytical Chemistry from 

this University after completion of a course of study of two academic years divided in the 

four semester scheme of examination:  

• B. Sc. degree under 10+2+3 pattern with Chemistry as a main subject of study, or  

• B. Sc. degree with specialization such as Chemistry, Industrial Chemistry, 

Polymer Chemistry, Applied Chemistry, Pharmaceutical Chemistry, Medicinal 

Chemistry, etc. or   

• Three / Four year B. Sc. (Hons) degree in Chemistry / Industrial Chemistry / 

Applied Chemistry / Medicinal Chemistry / Pharmaceutical Chemistry / Polymer 

Chemistry, etc. or  

• Four year Bachelor of Science and Technology (B. Sc.-Tech.) or Science and 

Teacher Education (B. Sc.-B. Ed.) Degree with Chemistry as a paper.    

 

Eligibility for Admission in M Sc Third Semester: 
A candidate who has cleared at least 50% of the papers (including practical / project / 

dissertation / seminar etc. as one paper) prescribed for the first and second semester 

examinations taken together as a regular course of study from this University shall be 

promoted to the third semester examination as a regular candidate. 
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A candidate who has passed B. Ed. Examination as a regular course of study after 

completing first and second semester examinations from this University shall be eligible to 

take admission in third semester examination as a regular candidate.    

 

Criteria for Opting Specialization in M. Sc. Third Semester:  
In third semester, a student will have an option to choose any specialization (Inorganic 

Chemistry / Organic Chemistry / Physical Chemistry / Analytical Chemistry) subject to 

availability of the specialization in the Department. Admission for the specialization course 

shall be given on the merit basis (aggregate percentage of first and second semester 

examination) after receiving option forms with preferences for all available specializations, if 

number of candidates will be more than seats available in a particular specialization.   

    

Structure of the Programme: 
The Master of Science in Chemistry programme will consist of core and advanced 

courses of theory as well as practical which are compulsory for students.  

 

Course Number, Course Code/ID and Nomenclature: 

Number of the course has been given in the Arabic number as Paper-1.1, Paper-1.2, and 

Paper-1.3 and so on. In the Paper-1.2, 1 represents the semester number and 2 represent the 

paper number.   

 

To give a code to a particular course, following sequence has been adopted: 

“Abbreviation of the programme in upper case + n
th

 number of year of study + n
th

 

number of semester of the programme + course number in Arabic number”    

 

According to the above sequence, code of paper-IV of the first semester of postgraduate 

Chemistry shall be as “CHEM-514”. It is noted that the 5 represents here the fifth year of 

study because it is considered that the student has completed four years of study during his / 

her undergraduate programme e.g. B. Sc. pass course with three or B. Sc. Hons course with 

three or four years / B Sc-B Ed / B Sc-Tech / B Tech etc. with four years. Therefore, the 

figure 5 represents the fifth year of study at postgraduate level.  

 

Nomenclature of the particular course has been given according to the nature or type of 

contents included in the Unit-I to Unit-V of course of study.     

 

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 or laboratory work will be equal to 12 contact hours per week for theory paper 

and hence will carry 300 maximum marks. 

 

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 
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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 in 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.  

 

Assessment Pattern:  

The assessment of the student 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. Assessment pattern and distribution of maximum marks is summarized 

as given below:  

 

 
 

(i) Continuous Assessment or Internal Assessment:  
(a) The continuous assessment or internal assessment for each theory and practical 

paper shall be taken by the faculty members in the Department during each 

semester. There will be two internal assessment tests (i.e. First Internal 

Assessment Test and Second Internal Assessment Test) for theory papers and 
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only one internal assessment test for practical work / laboratory work in each 

semester. Each internal assessment test shall be of one hour duration for theory 

paper and three hours duration for practical paper and shall be taken according 

to academic calendar which will be notified by the Department / University.  
 

(b) A student cannot repeat or re-appear in any internal assessment test in the same 

or in the next semesters means student has to clear internal assessment test in 

the appearing semester only with single chance. If the attendance / regularity 

factor is similar for all the students, then it may be merged with the weightage 

of second internal assessment test (class test / home assignment / quiz, etc.).   
 

(c) In case a candidate remains absent at any one of the internal assessment tests for 

valid reasons, he/she may be given a chance by the Head of the Department on 

production of satisfactory evidence about the reason of his/her absence at the 

tests. 
 

(d) Paper wise consolidated marks for each theory and practical / dissertation / 

seminar (i.e. total marks obtained during various modes of internal assessment) 

obtained by the students (out of the 20% weightage of the maximum marks of 

the paper) shall be forwarded by the Head of the Department (in two copies) to 

the Controller of Examination of the University within a week from the date of 

last internal assessment test for incorporation in the tabulation register.  
 

(e) The consolidated marks obtained by the students be also made known to them 

before being communicated by the Head of the Department concerned to the 

University for final incorporation in the tabulation register. If any discrepancies 

are discovered or pointed out by the students, the same shall be looked into by 

the Head of the Department and corrections made wherever necessary. The 

decision of the Head of the Department before the communication of marks to 

the University shall be final. No corrections shall be made in the internal 

assessment marks after the declaration of the result by the University. 
 

(f) Consolidated marks communicated to the University shall be in whole number 

and not in fraction. Marks awarded for the various internal assessments in each 

paper shall be added up and then round off to the next whole to avoid any 

fraction. 
 

(g) All test copies and other material related to the internal assessment shall also be 

sent to the Controller of Examination of the University to keep in record as per 

the University guidelines.   
 

(h) The Head of the Department concerned shall be responsible for proper conduct 

of internal assessment tests and for communication of the consolidated marks to 

the University within the prescribed time.   
 

(i) The Head of the Department shall keep a record of the marks and also notify the 

same to the candidates immediately so that if any candidate is not satisfied with 

the award in any test or seasonal work, he should represent the matter to the 

Head of the Department. 
 

(j) The marks in internal assessment for practical shall be awarded on the basis of 

three minor experiments, day to day performance in the laboratory, follow 

cleaning and safety norms, regularity in the laboratory, viva-voce, practical 

record and oral presentation given by each student.     
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(ii) Semester Assessment or External Assessment: 
(a) The semester assessment or external assessment shall be three hours duration to 

each theory paper and twelve hours duration spread over two days (6 hours per 

day) for each practical paper and shall be taken by the University at the end of 

each semester.  
 

(b) The syllabus for each theory paper is divided into five independent units and 

question paper for each theory will be divided into three sections as mentioned 

below:  

� Section-A will carry 10 marks with one compulsory question of equally 

divided in ten short answer type questions (about 20 words) and 

examiners are advised to set two short answer type questions from each 

unit.  

� Section-B will carry 40 marks with equally divided five long answer type 

questions (about 200 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 three very long 

answer type questions (about 400 words) and examiners are advised to set 

five questions one from each unit and students are instructed to attempt 

any three questions out of five questions. 
 

(c) The syllabus of practical paper is divided according to Inorganic Chemistry, 

Organic Chemistry, Physical Chemistry, Analytical Chemistry, Environmental 

Chemistry, etc. in the first & second semesters and according to various types of 

industries in the third & fourth semesters. Marks shall be awarded on the basis 

of major & minor experiments, viva-voce, practical record, regularity factor and 

maintain cleanness of workplace.  

 

Question Paper Pattern: 
 

(A)  Continuous or Internal Assessment:     
 

20% weightage of Maximum Marks (20 Marks out of 100 Maximum Marks) 

 

(i) First Internal Assessment Test: 

    

Format for Internal Assessment 

    

Department of Pure & Applied Chemistry 

University of Kota 

Kota (Rajasthan)-324 005 

 

First Internal Assessment Test 20… - 20….  

 

Class        : Max. Marks           : 

Semester    : No. of Students      : 

Subject       :    Duration of Exam :  

Paper        : Name of Teacher   : 
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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) Second Internal Assessment Test: 

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

weightage. 

Max. Marks: 2 

(b) Class Test: 
 

Format for Internal Assessment 
 

Department of Pure & Applied Chemistry 

University of Kota 

Kota (Rajasthan)-324 005 
 

Second Internal Assessment Test 20… - 20….  
 

Class        : Max. Marks           : 

Semester    : No. of Students      : 

Subject       :    Duration of Exam :  

Paper         : Name of Teacher   : 

 
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). 

3 Marks 

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

or 

…………………………………………………………………………………………. 

2 ½ Marks 

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

or 

…………………………………………………………………………………………. 

2 ½ Marks 

or 

(b) Assignment: 
(May be divided in parts or questions or may not be. It will be depending on the 

nature of assignment). 
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Max. Marks: 8 

or 

(b) 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 

(b) 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 in ten short 

answer type questions (about 25 words) and examiners are advised to set two short answer 

type questions from each unit.  

Section-B will carry 40 marks with equally divided five long answer type questions (about 200 

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. 

Section-C will carry 30 marks with equally divided three very long answer type questions 

(about 400 words) and examiners are advised to set five questions one from each unit and 

students are instructed to attempt any three questions out of five questions.   

 

SECTION-A 

Q. 1. 

Unit-I 

(i)  …………………………………………………………   1 Mark 

(ii) …………………………………………………………  1 Mark 

Unit-II  
(iii) …………………………………………………………  1 Mark 

(iv) …………………………………………………………  1 Mark 

Unit-III 
(v) …………………………………………………………  1 Mark 

(vi) …………………………………………………………  1 Mark 

Unit-IV 

(vii) …………………………………………………………  1 Mark 

(viii) ..………………………………………………………  1 Mark 

Unit-V 
(ix) …………………………………………………………  1 Mark 

(x)  …………………………………………………………  1 Mark  
 

SECTION-B 
 

Unit-I 

Q. 2.  . …………………………………………………..…………  8 Marks  

or 

Q. 3.  ……………………………………………………....………  8 Marks 

 

Unit-II 
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Q. 4.  . ……………………………………………………...………  8 Marks  

or 

Q. 5.  ……………………………………………………..…..……  8 Marks 

 

Unit-III 
Q. 6.  . ……………………………………………………..………  8 Marks  

or 

Q. 7.  …………………………………………………….…..……  8 Marks 

 

Unit-IV 
Q. 8.  . …………………………………………………….…..……  8 Marks  

or 

Q. 9.  …………………………………………………….…….…..  8 Marks 

 

Unit-V 
Q. 10.  . ……………………………………………………………  8 Marks  

or 

Q. 11.  …………………………………………………….…….…  8 Marks 

 

SECTION-C 

 

Unit-I 
 Q. 12.  ……………………………………………………..……… 

10 Marks 

Unit-II 
 Q. 13. ……………………………………………………..……… 

          10 Marks 

Unit-III 

 Q. 14. …………………………………………………….……… 

10 Marks 

Unit-IV 
 Q. 15. …………………………………………………….……… 

10 Marks 

Unit-V 
 Q. 16……………………………………………………….…….. 

10 Marks 

Distribution of Marks for Practical Examinations: 

 

A. Continuous or Internal Assessment:      

 

Duration of Exam: 03 Hours     Maximum Marks: 60 

 

S. No. Name of Exercise  Marks 

1. Exercise No. 1: Minor Experiment 10 

2. Exercise No. 2: Minor Experiment 10 

3. Exercise No. 3: Minor Experiment  10 

4. Viva-voce Examination 10 

5. Oral Presentation (by Power Point Presentation) 20 

Total Marks 60 
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B. Semester or External Assessment:  
Duration of Exam: 12 Hours     Maximum Marks: 240 

 

S. No. Name of Exercise  Marks 

1. Exercise No. 1 : Major Experiment 40 

2. Exercise No. 2 : Major Experiment 40 

3. Exercise No. 3 : Major Experiment 40 

4. Exercise No. 4 : Minor Experiment 20 

5. Exercise No. 5 : Minor Experiment 20 

6. Exercise No. 6 : Minor Experiment  20 

7. Viva-voce Examination 30 

8. Weekly attendance, Regularity, Participation in 

Departmental activities, other related components 

10 

9. Lab. Skills, Cleaning of Work Place, etc.  10 

10. Practical Record 10 

Total Marks 240 
 

Dissertation / Project Work (if carried out by the student): 

 

S. No. Name of Exercise  Marks 

1. Full Dissertation / Project Work 50 

2. Concise Dissertation or Summery 10 

3. Viva-voce Examination 40 

Total Marks 100 

 

(a) Topic: 
The topic of the dissertation shall be assigned to the candidate before the end of first 

semester and a copy of the same should be submitted to the Department / College / 

University for Approval. 

 

(b) Advisory Committee: 

Each guide shall have a maximum of five students. There will be an advisory 

committee consisting of the guide as chairman and one member from the same 

Department or allied Departments of the College / University. 

 

(c) Plan of Work: 
The student should prepare plan of work for the dissertation, get the approval of the 

advisory committee and should be submitted to the College / University during the 

concerned semester of their study. In case the student wants to avail the facility from 

other University/laboratory, they will undertake the work with the permission of the 

guide and acknowledge the alien facilities utilized by them. 

 

The duration of the dissertation research shall be a minimum of three months in the 

concerned semester. 

 

(d) Dissertation Work outside the Department: 
In case the student stays away from the Department for work for more than one 

month, specific approval of the Department / College / University should be obtained.  
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(e) No. of copies / Distribution of Dissertation: 
The students should prepare three copies of dissertation and submit the same for the 

evaluation by the Examiners. After evaluation, one copy is to be submitted to the 

Department / College, one copy is to be retained in the Department / University 

Library and one copy can be kept by the student. 

 

(f) Format to be followed: 
The format for dissertation to be submitted by the students is given below: 

Title Page 

Bonafide Certificate 

Dissertation Work             Page No 

1. Introduction      … 

2. Review of Literature     … 

3. Materials and Methods     … 

4. Results and Discussion     … 

5. Summary       … 

6. References      … 

7. Publication, if any      … 

Acknowledgement   
 

Format of the Cover and Title Page:   

 

 

--------------TITLE OF THE DISSERTATION------------- 

 
A dissertation 

 

Submitted in part fulfilment of the requirement for the Degree of 

 

Master of Science in …………………………. 

With specialization in ………………………………. 
 

of the 

University of Kota 

 

Submitted by 

(Name of Student) 

(Enrolment Number) 

 
Submitted to 

(Name of Supervisor) 

(Designation) 

 
Department of ………………………………….. 

(Name of College, if any) 

University of Kota 

Kota 

 

(Year) 
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Format of the Bonafide Certificate (on Letter Head): 

 

CERTIFICATE 
 

This is to certify that the dissertation entitled ʺ------------------------------------------------

-------------------------------------ʺ submitted in part fulfilment of the requirement of the 

degree of Master of Science in Chemistry or Industrial Chemistry with specialization 

in --------------------------------------------- to the University of Kota is a record of 

bonafide research work carried out by    --------------------------------------------------

under my supervision and guidance and that no part of the dissertation has been 

submitted for the award of any degree, diploma, fellowship or other similar titles or 

prizes and that the work has not been published in part or full in any scientific or 

popular journals or magazines in India or abroad. 

 

Date: 

Place: 

Signature 

Chairman, Advisory Committee, 

------------------------------------  

Approved by 

Members: 

1. Name   Signature 

2. Name   Signature 

External Examiner: 

 

 

Signature 

Chairperson/Head of the Department   

 

 
 

Minimum Pass Marks and Rules regarding Determination of Results:  
The result of the each semester examination shall be worked out separately (even if 

candidate has appeared at the paper of the lower semester along with the papers of higher 

semester) in accordance with the following conditions: 

(i) Each semester shall be regarded as a unit for working out the result of the 

candidates. The result of each semester examination shall be worked out 

separately even if the candidate has appeared at the paper(s) of the lower 

semester examination alongwith the papers of higher semester examination. 
 

(ii) A candidate for a semester examination shall be offered all the papers 

prescribed for that semester examination and besides he/she also shall be offered 

paper(s) not cleared by him/her at any of the lower semester examination 

subject to the limitation that the number of un-cleared papers of the lower 

semester examinations shall not be exceed the total number of the papers 

prescribed for any one semester.  

 

(iii) The candidate shall be declared to have passed the examination, if the candidate 

secures at least 36% marks in each theory paper and 40% marks in each 

practical / project / dissertation / seminar separately prescribed for each semester 
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examination. There is no minimum pass marks for the practical record / 

notebook. However, submission of a practical record / notebook is a mandatory 

during the practical examination. The candidate should compulsorily attend 

viva-voce / presentation examination to secure pass in practical / project / 

dissertation / seminar.  

 

(iv) The candidate have to secure 36% in the each theory paper and 40% in each 

practical paper / lab work / dissertation / seminar in internal or continuous  

assessment and external or semester assessment separately also.  

   

(v) A candidate, who does not fulfil either of the aforesaid conditions, shall be 

declared as failed in that particular paper and he/she can re-appear for that paper 

in the next year examination as a due paper. However, the internal marks shall 

be carried forward for the total marks of the due examination.  

 

(vi) If a candidate fails in the internal assessment, he/she shall be declared failed in 

that paper(s) of the semester. In such a case, he/she shall re-appear in the same 

paper as due paper in the next odd/even semester examination of next year and 

the marks for internal assessment component shall be calculated in the 

proportion of the marks obtained by him/her out of external component for 

working out the result.  

 

(vii) A candidate failing or absenting in one or more theory paper(s) at a semester 

examination shall be permitted to join the courses of study for the next higher 

semester i.e. third semester after first and second semester examinations, fifth 

semester after third and fourth semester examinations and so on and eligible to 

re-appear in that paper(s) as due paper(s) along with higher semester (next year) 

examinations provided that he/she must have cleared at least 50% of the papers 

(including practical / project / dissertation / seminar as one paper) collectively 

prescribed for the first and second semester examinations taken together for 

promotion to the third semester examination.  No student would be allowed to 

avail more than three chances including the first attempt to pass / clear any 

paper theory paper only. Only one chance shall be given to pass / clear any 

internal assessment / practical / project / dissertation / seminar.  

  

(viii) If the number of papers prescribed at the first and second or third and fourth 

semester examination is an odd number, it shall be increased by one for the 

purpose of reckoning 50% of the papers.  

 

(ix) A candidate who does not pass even in 50% of the papers prescribed for the first 

and second semester examination collectively in accordance with the above 

rules shall not be eligible for admission to the third semester examination and 

he/she will be required to re-appear at the first semester (previous) examination 

in all the prescribed papers alongwith practical /dissertation/seminar as well as 

in the internal assessment also. 

 

(x) A candidate who passes in 50% or more papers of the first and second semester 

examination, and thereby becomes eligible for admission to the third semester 

examination, but chooses not to do so and desires to appear in the remaining 
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papers of first and second semester examination only or to re-appear in all the 

prescribed papers and practical/dissertation/seminar of the M. Sc. first and 

second semester examination will be permitted to do so on the condition that in 

the latter case his previous performance will be treated as cancelled.  

 

(xi) Candidate shall not be permitted to re-appear or improve the marks obtained in 

the internal assessment / practical / dissertation / seminar in any condition. 

 

(xii) If a candidate, who has been promoted to the next semester, wishes to improve 

his / her performance can be permitted to do so in case of the theory papers 

only, not in practical / project / dissertation / seminar, belonging to the 

immediately preceding semester. In such a case, he/she shall have to appear in 

these papers alongwith the papers of his/her own semester.  

 

(xiii) A candidate shall be declared as passed after the result of the fourth semester 

examination, if he/she cleared all papers of the all the four semesters and secure 

minimum 36% of the aggregate marks of the maximum marks and 40% of the 

aggregate marks of the maximum marks for practical / dissertation / presentation 

/ seminar prescribed for four semesters Master’s programme.    

   

(xiv) In the case of an ex-student, the marks secured by him/her at his/her last 

examination as a regular candidate shall be taken into account except in cases 

where a candidate is re-appearing at the examination as a regular student and in 

that event he/she shall have to repeat the internal assessment test which will be 

finally accounted for working out his result. 

 

(xv) A candidate who has failed at the M.Sc. third and fourth semester examination 

but has passed in at least 50% of the papers prescribed for the examination shall 

be exempted from re-appearing in a subsequent year in the papers in which 

he/she has passed.  

 

(xvi) If a candidate clears any paper(s) prescribed at the first and second semester 

(previous) and/or third and fourth semester (final) examination after a 

continuous period of three years, then for the purpose of working out his/her 

division, only the minimum pass marks shall be taken into account in respect of 

such paper(s) as are cleared after the aforesaid period provided that in case 

where a candidate requires more than 36%  marks in order to reach the requisite 

minimum aggregate, as many marks out of those secured by him/her will be 

taken in to account as would enable him/her to make up the deficiency in the 

requisite minimum aggregate. 

 

(xvii) In case the candidate is not able to clear his/her due paper(s) in the stipulated 

period as mentioned above (continuous period of three years), he/she may be 

given last one mercy attempt to clear due paper(s) subjected to approval of the 

Board of Management.  

 

(xviii) The grace marks scheme shall be applicable as per University norms.  
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Classification of Successful Candidates: 

 
 

Description of Marks Obtained Division / Result 

• Candidates who have secured aggregate 60% or above of 

the maximum marks 

First Division 

• Candidates who have secured aggregate 50% or above but 

less than 60% marks of the maximum marks  

Second Division  

• Candidates who have secured aggregate 40% or above but 

less than 50% marks of the maximum marks 

Third Division  

• Candidates who have secured aggregate 36% or above but 

less than 40% marks of the maximum marks 

Passed only 

• Candidates who have not secured a aggregate minimum 

36% of maximum marks in whole examination 

Failed 

 

Candidates who obtain 75% of the aggregate marks 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 in four 

semesters from the year / semester 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 marks in the whole examination of the 

programme / course, or should have secured the highest cumulative grade 

point average (CGPA). 

 

 

 

………………. x …….………… x …..…….…… x …….……….. 
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Syllabus 

 

M. Sc. Chemistry 

Third Semester Examination 

 

 

Paper-3.1: CHEM-631: Spectroscopy 
 

Max. Marks   : 100       Contact Hours / Week: 4 Hours 

Continuous Assessment : 20 Marks            Duration of Exam. : 3 Hours 

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 in ten short answer 

type questions (about 25 words) and examiners are advised to set two short answer type questions from 

each unit.  

Section-B will carry 40 marks with equally divided five long answer type questions (about 200 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. 

Section-C will carry 30 marks with equally divided three very long answer type questions (about 400 

words) and examiners are advised to set five questions one from each unit and students are instructed 

to attempt any three questions out of five questions.  

 

Unit-I: Fundamental Principles of Spectroscopy: 
Electromagnetic radiation, interaction of electromagnetic radiation with matter: 

absorption, emission, transmission, reflection, refraction, dispersion, polarisation and 

scattering; uncertainty relation, natural line width and natural line broadening, 

transition probability, results of the time dependent perturbation theory, transition 

moment, selection rules, intensity of spectral lines, Born-Oppenheimer 

approximation; rotational, vibrational and electronic energy level and transitions. 
 

Microwave Spectroscopy:  
Classification of molecules, rigid rotator model, effect of isotopic substitution on the 

transition frequencies, intensities, non-rigid rotor, Stark effect, nuclear and electron 

spin interaction and effect of external field applications. 
 

Unit-II: Infrared Spectroscopy:  
Review of linear harmonic oscillator, vibrational energies of diatomic molecules, zero 

point energy, force constant and bond strengths; anharmonicity, potential energy 

diagram, vibration-rotation spectroscopy, PQR branches, breakdown of Oppenheimer 

approximation; vibrations of polyatomic molecules. Selection rules, normal modes of 

vibration, vibrations of polyatomic molecules, the Hook’s law and calculation of 

frequencies for different types of bonds, group frequencies, Fermi resonance, 

combination bands, overtones, hot bands, factors affecting the band positions and 

intensities, sample handling, far IR region, metal-ligand vibrations, normal co-

ordinate analysis, applications infrared spectroscopy. 
 

Unit-III: Raman Spectroscopy:  
Classical and quantum theories of Raman effect, pure rotational, vibrational and 

vibrational-rotational Raman spectra, selection rules, mutual exclusion principle, 
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resonance Raman spectroscopy (RRS), coherent anti-stokes Raman spectroscopy 

(CARS): basic principle and experimental techniques, advantages and disadvantages, 

applications; brief introduction to surface plasma resonance (SPR) and surface 

enhanced Raman scattering (SERS).  

 

Ultraviolet-Visible Spectroscopy: 
Principles of absorption spectroscopy, nature of electronic excitations, chromophores, 

auxochromes, the origin of UV bands, factors affecting the position of UV bands, 

calculation of λmax, qualitative and quantitative applications.  

 

Unit-IV: Electron Spectroscopy: 
Atomic Spectroscopy: Energies of atomic orbitals, vector representation of momenta 

and vector coupling, spectra of hydrogen atom and alkali metal atoms. 

 

Molecular Spectroscopy: Franck-Condon principle, electronic spectra of polyatomic 

molecules, emission spectra; radiative and non-radiative decay, internal conversion, 

charge-transfer spectra. 

 
Photoelectron Spectroscopy: Basic principles, photo-electric effect, ionization 

process, Koopman's theorem, photoelectron spectra of simple molecules (ESCA), 

chemical information from ESCA, Auger electron spectroscopy: basic idea. 

 

Unit-V: Mossbauer Spectroscopy: 

Basic principles, Mossbauer effect, Lamb Mossbauer factor, Mossbauer nuclides and 

their formation, spectral parameters and spectrum display, application of the 

technique to the studies of (i) bonding and structures of Fe
+2

 and Fe
+3

 compounds 

including those of intermediate spin, (ii) Sn
+2

 Sn
+4

 compounds nature of M-L bond, 

coordination number, structure and (iii) detection of oxidation state and in equivalent 

MB atoms. 

 

Photoacoustic Spectroscopy:  
Basic principle, photoacoustic effect, photoacoustic spectra, instrumentation, 

advantages of PAS over absorption spectroscopy, applications. 
 

Books: 

• Introduction to Spectroscopy, Donald L. Pavia, Cengage Learning, 2009  

• Organic Spectroscopy, Jag Mohan, Narosa Publication. 

• Spectroscopy of Organic Compounds, P. S. Kalsi, New Age International. 

• Identification of Organic Compounds, R. M. Silverstien, G. C. Hassler and T. C. Morill, John Wiley.  

• Pulse methods in 1D and 2D liquid-phase NMR Wallace S. Brey, Academic Press, 1988. 

• Organic Structure Determination Using 2-D NMR Spectroscopy: A Problem-Based Approach, Jeffrey 

H. Simpson, Academic Press, 2008. 

• High-Resolution NMR Techniques in Organic Chemistry, Timothy D. W. Claridge, Elsevier, 1999 

• Encyclopedia of Spectroscopy and Spectrometry, Three-Volume Set 

• NMR Spectroscopy: Basic Principles, Concepts, and Applications in Chemistry, Harald Günther, 

Wiley; 2 edition, 1995. 

• Carbon-13 NMR spectroscopy, Hans-Otto Kalinowski, Stefan Berger, Siegmar Braun, Wiley, 1988. 

• NMR, NQR, EPR and Mossbauer Spectroscopy in Inorganic Chemistry, R. V. Parish, Ellis Harwood. 

• Physical Methods in Chemistry, R. S. Drago, Saunders College. 

•  Introduction to Photoelectron Spectroscopy, P. K. Ghosh, John Wiley. 

• Introduction to Magnetic Resonance, A. Carrington and A. D. Maclachalan, Harper & Row. 
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Paper-3.2: CHEM-632: Chromatography 

 
Max. Marks   : 100       Contact Hours / Week: 4 Hours 

Continuous Assessment : 20 Marks            Duration of Exam. : 3 Hours 

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 in ten short answer 

type questions (about 25 words) and examiners are advised to set two short answer type questions from 

each unit.  

Section-B will carry 40 marks with equally divided five long answer type questions (about 200 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. 

Section-C will carry 30 marks with equally divided three very long answer type questions (about 400 

words) and examiners are advised to set five questions one from each unit and students are instructed 

to attempt any three questions out of five questions.  

 

Unit-I:  Nature of separation process, classification of separation methods. 

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 and solvent, location of spot and measurement of Rf 

values, visualization, applications.  

  

Liquid-Liquid Chromatography (LLC):  
Introduction, pumps, columns and their preparation, selection of solid supports, 

selection of liquid-liquid systems, gradient elution, detectors,  types of LLC, 

molecular sieves and gel permeation chromatography or gel chromatography, 

partition chromatography.  

 

Unit-II: 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  

  

 Supercritical Fluid Chromatography (SFC):   
 Principle, instrumentation, qualitative and quantitative analysis  

 

Unit-III: Column Chromatography:  
Principle, column efficiency, factors influencing column efficiency, experimental set 

up and applications, principle and application of flash chromatography.  
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Gas Chromatography (GC):  
Principle, instrumentation, column efficiency, solvent efficiency, solid supports, 

liquid phase, liquid phase percentage, column temperature, detectors, 

chromatographic identification, multi-dimensional GC, fast GC, applications. 

 

Unit-IV: High Performance Liquid Chromatography (HPLC):  
 Principle, instrumentation, identification of solute peaks, effect of temperature and 

packing material, types-partition, adsorption, ion-exchange, size-exclusion or gel; 

derivatization in HPLC: post and pre-columns, applications. 

  

 Ion-Chromatography (IC):  
 Principle, types, regeneration, ion-exchange resins and their capacity, retention, 

selectivity, factors affecting separation, bonded phase chromatography (BPC), high 

performance ion chromatography (HPIC), applications. 

 

Unit-V: Electrophoresis:  
 Theory and classification, factors affecting mobility, macromolecular size and 

charge interactions with supporting electrolyte, pH and concentration discontinuities, 

factors affecting electrophoresis phenomena: electrolysis, electro-osmosis, 

temperature and supporting media; instrumentation, methodology, preparation of 

gel-staining and de-staining, preparative zone electrophoresis, continuous 

electrophoresis, applications. 

  

 Capillary Electrophoresis (CE):  
 Principle, theory, instrumentation, sample preparation and applications, capillary 

electro-chromatography and miscellar electro-kinetic capillary chromatography. 

 
Books: 

• Chromatography: Basic Principles, Sample Preparations and Related Methods by Elsa Lundanes, 

Leon Reubsaet, Tyge Greibrokk, John Wiley and Sons, 2013  

• Introduction to Modern Liquid Chromatography by Lloyd R. Snyder, Joseph J. Kirkland and John W. 

Dolan, Wiley 

• Practical HPLC Method Development by Lloyd R. Snyder, Wiley-Interscience 

• Principles & Practices of Chromatography by R. P. W. Scott, Library for Science 

• Fundamentals of Analytical Chemistry, VIII Edn., D. A. Skoog, D. M. West, F.J. Holler and 

S.R.Crouch, Thomson Brooks/Cole Publishers, 2004.   

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

Edition (1998), 

Harcourt Brace & Company, Florida. 

• Instrumental Methods of Chemical Analysis, B. K. Sharma, Goel Publishing House, Meerut. 

• Instrumental Methods of Chemical Analysis, Chatwal and Anand, Himalaya Publishing House, Meerut. 
• Basic Gas Chromatography 2nd Edition by Harold M. McNair, James M. Miller, John Wiley and Sons. 

• Comprehensive two dimensional gas chromatography, Volume 55 (Comprehensive Analytical 

Chemistry) by  Lourdes Ramos, Elsevier 

• Forensic Applications of Gas Chromatography 1st Edition by  Michelle Groves Carlin, John Richard 

Dean, Taylor & Francis  

• Analytical Gas Chromatography 2nd Edition by Phillip Stremple, Elsevier 

• Electrophoresis by Duncan J. Shaw. Academic Press 

• Gel Electrophoresis - Advanced Techniques Edited by Sameh Magdeldin. InTech. 

• Capillary Electrophoresis Guidebook: Principles, Operation, and Applications by Kevin D. Altria. 

Springer Science & Business Media 
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Paper-3.3: CHEM-633: Bio-physical Chemistry 
 

Max. Marks   : 100       Contact Hours / Week: 4 Hours 

Continuous Assessment : 20 Marks            Duration of Exam. : 3 Hours 

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 in ten short answer 

type questions (about 25 words) and examiners are advised to set two short answer type questions from 

each unit.  

Section-B will carry 40 marks with equally divided five long answer type questions (about 200 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. 

Section-C will carry 30 marks with equally divided three very long answer type questions (about 400 

words) and examiners are advised to set five questions one from each unit and students are instructed 

to attempt any three questions out of five questions.  

 

Unit-I: Bioenergetics: 
 Standard free energy change in biochemical reactions, exergonic, endergonic; 

bioenergetics for coupled reactions, relationship between ∆G, [P]/[S] / (P/S); addition 

of ∆G values for coupled reactions;  hydrolysis of ATP, synthesis of ATP from ADP; 

metabolism and ATP yield. 

 

Unit-II: Cell Membrane and Transport of Ions: 
Structure and functions of cell membrane, ion transport, irreversible thermodynamics, 

membrane transport, active transport, nerve conduction, Domman membrane 

equilibrium, autoanalyzer: parts and functions, radio isotopes, units, specifications, 

dilution factor, percentage incorporation, measurements. 

 

Unit-III: Biopolymer Interactions:  

Forces involved in biopolymer interactions; electrostatic charges and olecular 

expansion, hydrophobic forces, dispersion force interactions; multiple equilibrium and 

various types of binding processes in biological systems; hydrogen ion titration 

curves. 

 

Unit-IV: Statistical Mechanics in Biopolymers:  
Chain configuration of macromolecules, statistical distribution end to end dimensions, 

calculation of average dimensions for various chain structures; polypeptide and 

protein structures, introduction to protein folding problem 

 

Thermodynamics of Biopolymers Solutions: 
Thermodynamics of biopolymer solutions, osmotic pressure, membrane equilibrium, 

muscular contraction and energy generation in mechanochemical system 

 

Unit-V: Enzyme Assays: 
Introduction, enzyme assays by spectrophotometry, fluorometry, ploarimetry; 

determination of size, shape and molecular weight of proteins by gel filtration and 

sedimentation velocity; biological half life: Effective half life, stable isotopes, 

radioactive tracer and dilution analysis. 
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Books: 

• Bioorganic Chemistry: A Chemical Approach to Enzyme Action, Hermann Dugas and C. Penny, 

Springer Verlag. 

• Understanding Enzymes, Trevor Palmer, Prentice Hall. 

• Enzyme Chemistry: Impact and Applications, Ed. Collin J Suckling, Royal Society of Chemistry. 

• Enzyme Mechanisms Ed. M.I. Page and A Williams, Royal Society of Chemistry. 

• Fundamentals of Enzymology, N.C. Price and L. Stevens. Oxford University Press. 

• Immobilized Enzymes: An Introduction and Applications in Biotechnology, Michael ID. Trevan, John 

Wiley. 

• Enzymatic Reaction Mechanisms. C. Walsh. W.H. Freeman. 

• Enzyme Structure and Mechanism, A Fersht, W.H. Freeman. 

• Biochemistry: The Chemical Reactions of Living Cells, D.E. Metzler, Academic Press. 

• Principles of Bioinogranic Chemistry, S.J. Lippard and J.M. Berg, University Science Books. 

• Bioinorganic Chemistry, I. Bertini, H.B. Gray, S.J. Lippard and J.S. Valentine, University Science 

Books. 

• Inorganic Biochemistry vol. I and II ed. G.L. Eichhorn, Elsevier. 

• Progress in Inorganic Chemistry, Vol 18 and 38 ed J.J. Lippard, Wiley. 

• Macromolecules Structure and Function, F.Wold, Prentice Hall. 

 

 

 

Paper-3.4: CHEM-634: Electrochemistry 
 

Max. Marks   : 100       Contact Hours / Week: 4 Hours 

Continuous Assessment : 20 Marks            Duration of Exam. : 3 Hours 

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 in ten short answer 

type questions (about 25 words) and examiners are advised to set two short answer type questions from 

each unit.  

Section-B will carry 40 marks with equally divided five long answer type questions (about 200 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. 

Section-C will carry 30 marks with equally divided three very long answer type questions (about 400 

words) and examiners are advised to set five questions one from each unit and students are instructed 

to attempt any three questions out of five questions.  

 

Unit-I: Conversion of Electrochemical Energy: 

Present status of energy consumption: Direct energy conversion by electrochemical 

means, maximum intrinsic efficiency of an electrochemical converter, physical 

interpretation of the Carnot efficiency factor in electrochemical energy converters, 

power outputs. 

 
Electrochemical Generators (Fuel Cells): Hydrogen oxygen cells, hydrogen air cell, 

hydrocarbon air cell, alkaline fuel cell, phosphoric and fuel cell, direct NaOH fuel 

cells, applications of fuel cells. 

 

Unit-II: Storage of Electrochemical Energy:   
Properties of electrochemical energy stores: measure of battery performance, charging 

and discharging of a battery, storage density, energy density. 
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Classical Batteries: (i) Lead-Acid (ii) Ni-Cd, (iii) Zn-Mn dioxide.  

 
Modern Batteries: (i) Zinc-Air (ii) Nickel-Metal hydride, (iii) Lithium battery,  

 
Future Electricity Storers: Storage in (i) Hydrogen, (ii) Alkali metals, (iii) Non 

aqueous solutions. 

 

Unit-III: Electrode Kinetics:   
Review of Butler-Volmer treatment, polarizable and non-polarizable interfaces, multistep 

reactions-a near equilibrium relation between current density and over potential, concept 

of rate determining step, determination of reaction order, stochiometric number, and 

transfer coefficient, irreversible electrode processes: Criteria of irreversibility, 

information from irreversible wave, methods of determining kinetic parameters for 

quasi-reversible and   irreversible waves: Koutecky's methods, Meites Israel method, 

Gelling’s method. 

 

Unit-IV: Electrocatalysis:  
Comparison of electrocatalytic activity, importance of oxygen reduction and hydrogen 

evolution reactions and their mechanisms, chemical catalysts and electrochemical 

catalysts with special reference to purostates, porphyrin oxides of rare earths, 

electrocatalysis in simple redox reactions, in reaction involving adsorbed species, 

electrocatalysis of carbon nanotubes and biometallic alloys, influence of various 

parameters. 

 

Unit-V: Bio-electrochemistry: 

Bio-electrodics, membrane potentials, simplistic theory, modern theory, electrical 

conductance in biological organism: Electronic, protonic, electrochemical mechanism 

of nervous systems, enzymes as electrodes, bio-sensors, bio-electrocatalysis. 
 

Books: 

• Modern Electrochemistry Vol. I, IIA, Vol. IIB J'OM Bockris and A.K.N. Reddy, Plenu Pub., New York. 

• Polarographic Techniques by L. Meites, Interscience. 

• Fuel Cells: Their electrochemistry. McGraw Hill Book Company, New York. 

• Modern Polarographic Methods by A.M. Bond, Marcell Dekker. 

• Polarography and Allied techniques by K. Zutshi, New age International publicatin. New Delhi. 

• Electroanalytical Chemistry by Basil H. Vessor & Galen W.; Wiley Interscience. 

• Topics in Pure and Applied Chemistry, Ed. S. K. Rangrajan, SAEST Publication, Karaikudi (India) 

 

 

Paper-3.5: CHEM-635: Chemical Kinetics 
 

Max. Marks   : 100       Contact Hours / Week: 4 Hours 

Continuous Assessment : 20 Marks            Duration of Exam. : 3 Hours 

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 in ten short answer 

type questions (about 25 words) and examiners are advised to set two short answer type questions from 

each unit.  
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Section-B will carry 40 marks with equally divided five long answer type questions (about 200 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. 

Section-C will carry 30 marks with equally divided three very long answer type questions (about 400 

words) and examiners are advised to set five questions one from each unit and students are instructed 

to attempt any three questions out of five questions.  

 

Unit-I: Transition State:  

A brief aspect of statistical mechanics and transition state theory, comparison of 

transition state theory with experimental results, thermodynamic treatment of TST, 

static solvent effects, theories of unimolecular reactions-treatments of Lindmann, 

Hinshelwood, Rice-Ramsperger-Kassel (RRK), and Rice- Ramsperger-Kassel-Marcus 

(RRKM), adiabatic electron transfer reactions, energy surfaces.  

 

Unit-II: Reactions in Solution:  
Reaction between ions; effect of solvent (single & double sphere models), 

interpretation of frequency factor and entropy of activation, influence of ionic 

strength, salt effect and reaction mechanisms, reactions involving dipoles, influence 

of pressure on reaction rates in solution, significance of value of activation, influence 

of substituent on reaction rates, electronic theories of organic reactivity, linear free 

energy relationships,  the Hammett equation, significance of σ and ρ, the Taft 

equation.  

 

Unit-III: Atmospheric Reactions:  
Physical structure of the atmosphere, chemical composition of the atmosphere, 

kinetics and mechanism of NOx, CIOx cycles and H2 + O2 reaction; mechanism of 

general methane oxidation; kinetics and mechanism of low temperature oxidation of 

methane; concept of global warming. 
 

Oscillatory Reactions: 
Auto-catalysis and oscillatory reactions, kinetics and mechanism of Belousov-

Zhabotinski (B-Z) reactions 

 

Unit-IV: Enzymes and Inhibitions:  
Kinetics of one enzymes-two substrate systems and their experimental characteristics; 

enzyme inhibitors and their experimental characteristics; kinetics of enzyme inhibited 

reactions 
 

Micelles Catalysis and Inhibitions: 
Kinetics and mechanism of micelle catalyzed reactions (first order and second order), 

various type of micelle catalyzed reactions, micelle inhibited reactions. 

 

Unit-V: Metal-ion Catalysis and Induced Phenomena:  

Metal-ion catalyzed reactions, their kinetics and reaction mechanism in solutions; 

induced reactions and their characteristics; mechanism of (i) Fe(II) induced oxidation 

of iodine by Cr(VI) (ii) As(III) induced oxidation of Mn(II) by chromate in acid 

solutions; kinetics and mechanism of induced reactions in metal complexes 

(octahedral complexes of Cobalt (III) only). 

 
Books: 

• Progress in Inorganic Chemistry, Vol. 30. 
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• R. Lumry and R.W. Raymond, Electron Transfer Reactions, Interscience. 

• N.L. Bender, Mechanism of Homogeneous Catalysis from protein to protein, Wiley. 

• A.G. Sykes, Kinetics of Inorganic reactions, Pergamon. 

• S.W. Benson, Mechanism of Inorganic Reactions, Academic Press. 

• Physical Chemistry Vol. 2, Ed. Prof Ya Grasimov, Mir publisher. 

• Inorganic Reaction Mechanism, Basolo and Pearson, J. Wiley 

• Electron Transfer Reactions, H. Taube, Oxford Press. 

 

 

Paper-3.6: CHEM-636: Practical 

 

Maximum Marks        : 300   
Internal or Continuous Assessment     : 60 Marks  

External or Semester Assessment     : 240 Marks  

 

Duration of Examination: 
Internal or Continuous Assessment     : 3 Hours 

External or Semester Assessment     : 12 Hours 

 

Distribution of Marks for Internal or Continuous Assessment: 
 

S. No. Name of Exercise  Marks 

1. Exercise No. 1: Minor Experiment 10 

2. Exercise No. 2: Minor Experiment 10 

3. Exercise No. 3: Minor Experiment  10 

4. Viva-voce Examination 10 

5. Oral Presentation (by Power Point Presentation) 20 

Total Marks 60 

 

Distribution of Marks for External or Semester Assessment: 
 

S. No. Name of Exercise  Marks 

1. Exercise No. 1 : Major Experiment 40 

2. Exercise No. 2 : Major Experiment 40 

3. Exercise No. 3 : Major Experiment 40 

4. Exercise No. 4 : Minor Experiment 20 

5. Exercise No. 5 : Minor Experiment 20 

6. Exercise No. 6 : Minor Experiment  20 

7. Viva-voce Examination 30 

8. Weekly attendance, Regularity, Participation in 

Departmental activities, other related components 

10 

9. Lab. Skills, Cleaning of Work Place, etc.  10 

10. Practical Record 10 

Total Marks 240 

 
Potentiometry / pH metry 

� Micro determination of magnesium present in a given sample with standard Ce (IV) 

solution potentiometrically through oxinate precipitation. 
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� Micro determination of vanadium present in V2O5 
potentiometrically employing 

cerate method. 

� Determination of the dissociation constant of monobasic/dibasic acid by Albert-

Serjeant method.  

� Determination of commercial washing soda by potentiometric titration method. 

� Estimation of chloride / sulphate / fluoride / nitrate and other ions in water samples by 

ion selective methods.  

� Determine the amount of HCl by using strong base (NaOH) potentiometrically.  

� Determination of dissociation constant of Cu-ammonia complex potentiometrically.  

� Determination of standard electrode potential (Eo) value of the ferrous-ferric system 

by titrating ferrous ammonium sulphate against potassium dichromate 

potentiometrically. 

� Determination of pKa of dibasic acid (oxalic acid, succinic acid, etc).  

� Determination of the formation constant of Ag-ammonia complex and stoichiometry 

of the complex potentiometrically.  

� Determination of hydrolysis constant and degree of hydrolysis of aniline 

hydrochloride pH metrically 

 
Spectrophotometry & Colorimetry 

� Study of copper-ethylene diamine complex: Slope-ratio method.  

� To determine the amount of each para nitro-phenol and meta nitro-phenol from the 

given mixture by spectrophotometric titration using standard solution of NaOH (max-

280 nm)  

� Determination of Fe
3+ 

using thiocyanate method.    

� Determination of Ni
2+

 in presence of Cu
2+ 

using salicyladoxime method. 

� Determination of nickel/molybdenum/tungsten/vanadium/uranium by extractive 

spectrophotometric method.  

� Simultaneous spectrophotometric determination of (Cr and Mn) and (Ti and V) 

� Determination of an indicator constant and isobestic point of an indicator 

spectrophotophometrically. 

� Estimation of pectin as Ca-pectate colorimetrically 

� Determination of available phosphorus in soil Olesen’s colorimetric method. 

� Determine the indicator constant of methyl red spectrophotometrically  

� Determination of Cd
2+

, Zn
2+

, Co
2+

 using anthranilic acid method. 

� Determination of Bi
3+ 

using pyrogallol method.  

� Determination of Ni
2+

 by rubeanic acid method. 

� Colorimetric and spectrophotometric determination of managanese in steel.  

� Estimations of copper, iron, nickel, manganese, chromium and zirconium using 

Nessler technique and/or spectrophotometry. 

 

Electroanalytical Methods of Analysis: 

(i) Oxidation-Reduction Titrations 
� Standardization with sodium oxalate of KMnO4 and determination of Ca

2+
 ion. 

� Standardization of ceric sulphate with Mohr’s salt and determination of Cu
2+

, 

NO3
-1

 and C2O4
-2

 ions. 

� Standardization of K2Cr2O7 with Fe
2+

 and determination of Fe
3+

 (Ferric alum) 

� Standardization of hypo solution with potassium iodate / K2Cr2O7 and 

determination of available Cl2 in bleaching powder, Sb
3+

 and Cu
2+

. 

� Determination of hydrazine with KIO3 titration. 
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(ii) Precipitation Titrations 
� AgNO3 standardization by Mohr’s method by using adsorption indicator. 

� Volhard’s method for Cl
-
 determination. 

� Determination of ammonium / potassium thiocyanate. 

� Estimation of magnesium or cadmium as oxinate by titration with standard 

bromate solution.  

� Estimation of KBr in the given solution by titrating against std. AgNO3 

solution using eosine as indicator. 

(iii) Complexometric Titrations: 
� Determination of Cu

2+
 and Ni

2+
 by using masking reagent by EDTA titration. 

� Determination of Ni
2+

 (back titration). 

� Determination of Ca
2+ 

(by substitution method). 

� Estimation of the purity of oxalic acid employing standard Ce(IV) solution.  

� Estimation of various transition elements like Zn/Ni/Co/Cd/Al from various 

commercial samples by complexometric titrations on potentiometer by using 

mercury electrode 

(iv) Voltametric Titrations:  
� Determination of trace metal impurities present in a polluted water sample by 

anodic stripping voltammetric procedure. 

(v) Electrogravimetric Titartions: 
� Electrogravimetric estimation of barium, copper, chromium, lead, nickel 

present in the solution at ppm level. 

(vi) Amperometric Titrations:  

� Amperometric determination of Zinc with standard EDTA solution.  

� Amperometric titration of lead with standard potassium dichromate solution.  

� Amperometric determination of magnesium (or cadmium) by precipitating it 

as oxinate and titrating against standard KBrO3 
solution.  

� Estimation of the mercapto group in thioglycollic acid by titrating with 

standard AgNO3 
solution amperometrically. 

� Amperometric titration of (i) thiourea v/s silver nitrate  (ii) vitamin C v/s ferric 

nitrate 

� Amperometric titration of (a) Pb v/s SO4
2-

 (b) Pb v/s K2Cr2O7 (c) Ni v/s DMG. 

� Estimation of sulphadizine in sulpha tablet by amperometric titration method 

 

 

Any other relevant experiments may be added / performed.  

 

……………..…… x …………………… x ……………….. x ………….………. 
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Syllabus 

 

M. Sc. Chemistry 

Fourth Semester Examination 

 

 

Paper-4.1: CHEM-641: Spectroscopy 

 

Max. Marks   : 100       Contact Hours / Week: 4 Hours 

Continuous Assessment : 20 Marks            Duration of Exam. : 3 Hours 

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 in ten short answer 

type questions (about 25 words) and examiners are advised to set two short answer type questions from 

each unit.  

Section-B will carry 40 marks with equally divided five long answer type questions (about 200 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. 

Section-C will carry 30 marks with equally divided three very long answer type questions (about 400 

words) and examiners are advised to set five questions one from each unit and students are instructed 

to attempt any three questions out of five questions.  

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

 Nuclear spin, nuclear resonance, basic theory, shielding and deshielding of magnetic 

nuclei, chemical shift and its measurements, factors influencing chemical shift, spin-

spin interactions, factors influencing coupling constant "J", spin systems, 

classification of spectra (AX, ABX, AMX, ABC, A2B2, etc.), simplification of 

spectra: shift reagents and spin decoupling; proton exchange, nuclear overhauser 

effect, basic ideas about instrument, FT NMR, advantages of FT NMR, NMR studies 

of nuclei other than proton and carbon: 
11

B, 
15

N, 
19

F and 
31

P, use of NMR in medical 

diagnostics, applications of NMR spectroscopy. 

 

Unit-II: 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, HETCOR, HSQC, 

HMQC, HMBC, DQF-COSY, TOCSY, NOESY, ROESY, APT, INADEQUATE. 
 

13
C NMR Spectroscopy: 

Carbon-13 nucleus, chemical shifts and their calculation, spin-spin coupling with 
1
H, 

13
C, cross-polarization, nuclear overhauser effect, DEPT.  

 

Unit-III: Electron Spin Resonance Spectroscopy: 

Basic principles, zero field splitting and Kramer's degeneracy, factors affecting the 'g' 

value, hyperfine splitting, isotropic and anisotropic hyperfine coupling constants, 

spin-orbit coupling, and significance of g-tensor, spin Hamiltonian, spin densities and 

McConnell relationship, measurement techniques and applications, polarization of 

atoms and transition metal ions. 
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Nuclear Quadrupole Resonance spectroscopy: 
Quadrupole nuclei, quadrupole moment, electric field gradient, quadrupole coupling 

constant, splitting pattern, applications 

 

Unit-IV: Mass Spectrometry: 
Basic principles, production of ions by electron impact, chemical ionization and field 

desorption techniques, separation and detection of ions, fragmentation of organic 

molecules, McLafferty rearrangement, factors affecting identification of molecular 

ion peaks, base peaks and isotopic peaks, determination of molecular weight and 

molecular formula of compounds, hydrogen deficiency index, nitrogen rule, high 

resolution mass spectrometry, introduction to hyphenated techniques likes GC-MS, 

LC-MS, LC-MS-MS, FT-NMR-MS, etc. 

   

  Atomic Absorption Spectroscopy or Absorption Flame Photometry: 
Basic principle of AAS, flameless AA spectroscopy including graphite furnace and 

hydride generation, interference 

   

  Flame Emission Photometry or Flame Photometry:  

 Basic principle, use of atomic spectra for detection and determination of elements, 

instrumentation involved in FES, applications and limitations 

 

Unit-V: Structure Elucidation: 
Combined structure elucidation problems based on UV, IR, NMR, 2D-NMR, MS, 

hyphenated technique spectral data (including reaction sequences also) and analytical 

data including CHNS/O percentage to find out the structure of simple organic 

compounds. 

 
Books: 

• Encyclopedia of Spectroscopy and Spectrometry, Three-Volume Set: Encyclopedia of Spectroscopy and 

Spectrometry, Second Edition: 3 volume set 

• NMR Spectroscopy: Basic Principles, Concepts, and Applications in Chemistry, Harald Günther, 

Wiley; 2 edition, 1995. 

• Carbon-13 NMR spectroscopy, Hans-Otto Kalinowski, Stefan Berger, Siegmar Braun, Wiley, 1988. 

• Introduction to Spectroscopy, Donald L. Pavia, Cengage Learning, 2009 

• Pulse methods in 1D and 2D liquid-phase NMR Wallace S. Brey, Academic Press, 1988. 

• Organic Structure Determination Using 2-D NMR Spectroscopy: A Problem-Based Approach, Jeffrey 

H. Simpson, Academic Press, 2008. 

• High-Resolution NMR Techniques in Organic Chemistry, Timothy D. W. Claridge, Elsevier, 1999 

• Identification of Organic Compounds, R. M. Silverstien, G. C. Hassler and T. C. Morill, John Wiley. 

• Organic Spectroscopy, Jag Mohan, Narosa Publication. 

• Spectroscopy of Organic Compounds, P. S. Kalsi, New Age International. 

• NMR, NQR, EPR and Mossbauer Spectroscopy in Inorganic Chemistry, R. V. Parish, Ellis Harwood. 

• Physical Methods in Chemistry, R. S. Drago, Saunders College. 

•  Introduction to Photoelectron Spectroscopy, P. K. Ghosh, John Wiley. 

• Introduction to Magnetic Resonance, A. Carrington and A. D. Maclachalan, Harper & Row.   

• LC/MS: A Practical User's Guide by Marvin McMaster, Wiley-Interscience 

• Gas Chromatography and Mass Spectrometry: A Practical Guide, Second Edition by O. David 

Sparkman, Academic Press 
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Paper-4.2: CHEM-642: Recent Advances in Chemistry 

 

Max. Marks   : 100       Contact Hours / Week: 4 Hours 

Continuous Assessment : 20 Marks            Duration of Exam. : 3 Hours 

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 in ten short answer 

type questions (about 25 words) and examiners are advised to set two short answer type questions from 

each unit.  

Section-B will carry 40 marks with equally divided five long answer type questions (about 200 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. 

Section-C will carry 30 marks with equally divided three very long answer type questions (about 400 

words) and examiners are advised to set five questions one from each unit and students are instructed 

to attempt any three questions out of five questions.  
 

U nit-I: Introduction, Principles and Concepts of Green Chemistry: 
Definition, need of green chemistry: inception and evolution of green chemistry, 

twelve principles of green chemistry with explanations and examples, designing a 

green synthesis using these principles, green chemistry in day to day life, atom 

economy and waste minimization. 

 

Unit-II: Non-traditional Greener Alternative Approaches: 

Different approaches to green synthesis:   

Green Reagents: Dimethyl carbonate; polymer supported reagents: chromic acid and 

per-acids. 

 
Green Catalysts: Oxidation catalysts, basic catalysts, polymer supported catalysts; 

phase transfer catalysts: Advantages of PTC reaction to green synthesis, application of 

PTC in N/C-alkylation, Darzens reaction, Wittig reaction, heterocyclic compound 

synthesis: 3-alkyl coumarins, flavones; oxidation using H2O2 under PTC conditions; 

use of crown ethers in esterifications, aromatic substitutions and elimination reactions. 

 

Bio-catalysts: Introduction, microbial oxidation and reduction, production of fine 

chemicals. 

 

Unit-III: Application of Non-conventional Energy Sources: 
Microwave Assisted Synthesis: Introduction of microwave assisted organic and 

inorganic synthesis; microwave activation, equipment, time and energy benefits, 

limitations; synthesis of N/O/S donor ligands and their coordination complexes, 

synthetic organic transformations under microwave, reactions in organic solvents: 

esterification, Fries rearrangement, Diels-Alder reaction, decarboxylation; solvent free 

reactions (solid state reactions): deacetylation, deprotection, saponification, alkylation 

of reactive methylene compounds, synthesis of nitriles from aldehydes, synthesis of β-

lactams, pyrroles, quinolines.    

 
Ultrasound Assisted Synthesis: Introduction, instrumentation, physical aspects, 

oxidation, reduction, substitution, chromenes synthesis. 
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Unit-IV: Organic Synthesis in Green Solvents:  
 Alternatives of organic solvents: 

 
Synthesis in Aqueous Phase: Organic reactions in pseudo organic solvents; (a) 

applications in oxidation of nitro, aromatic and carbonyl compounds; reduction of 

carbon-carbon multiple bonds, benzoin condensation, Michael condensation, Claisen 

rearrangement, Knoevenageal reaction (b) electrochemical synthesis: introduction, 

synthesis of sebacic acid and adiponitrile.  

 

Synthesis in Ionic Liquids: Introduction, properties and types of ionic liquids, 

synthetic applications: Diels-Alder reaction, epoxidation, Heck reaction, Knoevenagel 

condensation, preparation of active pharmaceutical ingredients (APIs).   
 

 

Synthesis in Supercritical Liquids: The phase diagram of CO2, supercritical CO2, its 

properties and applications in dry cleaning, decaffeination of coffee and synthesis.  

 

Unit-V: Nanoscience & Nanotechnology: 
Definition of nano-dimensional materials, historical milestones, unique properties due 

to nano-size, quantum dots, classification of nano-materials, general methods of 

synthesis of nano-materials : hydrothermal synthesis, solvo-thermal synthesis, 

microwave irradiation, sol-gel and precipitation technologies, combustion, flame-

chemical vapour condensation process, gas phase condensation synthesis, reverse 

micelle synthesis, polymer-mediated synthesis, protein microtube-mediated synthesis, 

synthesis of nanomaterials using microorganisms and other biological agents, 

sonochemical synthesis, hydrodynamic cavitation. 

 

Inorganic nanomaterials: Typical examples- nano TiO2 / ZnO / CdO / CdS. 

Organic nanomaterials: Typical examples- carbon tubes, rotaxanes and catenanes.   

 
Books: 

• Green Chemistry, Theory and Practice, Paul T. Anastas and John C. Warner 

• Microwaves in Organic Synthesis, Antonio de la Hoz (Ed), André Loupy (Ed), Wiley-VCH; 2013 

• Organic Synthesis in Water, Paul A Grieco Blackie. 

• Organic Synthesis: Special Techniques, V. K. Ahluwalia and Renu Aggrawal 

• Green Chemistry: An Introductory Text, The Royal Society of Chemistry, 2002 

• Chemical Reviews 2007, 107, 2167-2820 (Special issue on Green Chemistry) 

 

 

Paper-4.3: CHEM-643: Nuclear Chemistry  

 

Max. Marks   : 100       Contact Hours / Week: 4 Hours 

Continuous Assessment : 20 Marks            Duration of Exam. : 3 Hours 

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 in ten short answer 

type questions (about 25 words) and examiners are advised to set two short answer type questions from 

each unit.  
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Section-B will carry 40 marks with equally divided five long answer type questions (about 200 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. 

Section-C will carry 30 marks with equally divided three very long answer type questions (about 400 

words) and examiners are advised to set five questions one from each unit and students are instructed 

to attempt any three questions out of five questions.  

 
Unit-I: Introduction of Radioactivity: 

Nuclear models, mass defect, binding energy, mean binding energy of stable nuclei, 

disintegration theory: Nuclear stability and group displacement law; synthesis of 

radioisotopes: 
14

C, 
3
H, 

32
P, 

35
S, 

36
Cl, 

82
Br, 

131
I; contribution of the discovery of 

artificial radioactivity in the field of heavy element chemistry. 

 

Unit-II: Radioactive Decay Processes:  
Alpha decay-penetration of potential barriers, hindered alpha decay, alpha decay 

energies; beta decay-Fermi theory, Curie plots, comparative half-lives, electron 

capture, selection rules, forbidden transitions, non-conservation of parity, neutrinos; 

gamma decay- life-time of excited states, multi-pole radiation and selection rules, 

isomeric transition, internal conversion and Auger effect.  

 

Unit-III: Detection and Measurement of Radioactivity:  

Ionization chamber, Geiger-Muller, proportional, scintillation counters, Wilson cloud 

chamber, health physics, Instrumentation: Film badges, pocket ion chambers, portable 

counters and survey meters, accelerators: Van de Graff and cyclotron.  

 

Unit-IV: Isotope Effects and Isotopic Exchange Reactions:  
Isotope effect: Definition, physical and chemical isotope effects, generalities of 

isotope effects; Isotopic exchange: basic concept, characteristics of isotopic exchange, 

mechanism of isotopic exchange, kinetics of homogenous and heterogeneous isotopic 

exchange reactions, self-diffusion, and surface measurements. 

Tracers:  

Selection of radioisotopes as tracer, application of radioisotopes as tracers-analytical, 

physico-chemical, medical, agriculture and industrial applications, neutron activation 

analysis, radiometric titrations and isotope dilution techniques, radiopharmaceutical, 

radio-immunoassay and radiation sterilization. 

 

Unit-V: Nuclear Reactors:  
Basic principles of chain reacting systems, characteristics of nuclear reactors and their 

applications, classification of reactors, breeder reactor, reactor associated problems, 

nuclear reactors in India, the four factor formula: The reproduction factor, reactor 

power, life and critical size of reactor, reactor safety, fuel cycle, re-processing of 

spent fuel, nuclear waste management. 

 
Books: 

• Nuclear Chemistry and its applications – By. Haissionsky – Addison Wesley 

• Nuclear and Radio Chemistry – By. G. Friedlander, J. W. Kennedy, E. S. Macias and J. M. Miller – A 

Wiley – Interscince Publication, John Wiley and Sons – III rd Edition. 

• Radio Chemistry – By An. N. Nesmeyanov, Mir Publishers. 

• Artificial Radioactivity – By. K. Narayana Rao and H. J. Arnikar – Tata McGraw Hill Publishing 

Company Ltd. New Delhi 
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Paper-4.4: CHEM-644: Electrochemistry 

 

Max. Marks   : 100       Contact Hours / Week: 4 Hours 

Continuous Assessment : 20 Marks            Duration of Exam. : 3 Hours 

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 in ten short answer 

type questions (about 25 words) and examiners are advised to set two short answer type questions from 

each unit.  

Section-B will carry 40 marks with equally divided five long answer type questions (about 200 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. 

Section-C will carry 30 marks with equally divided three very long answer type questions (about 400 

words) and examiners are advised to set five questions one from each unit and students are instructed 

to attempt any three questions out of five questions.  

 
Unit-I: Corrosion and Stability of Metals:  

Civilization and surface mechanism of the corrosion of the metals; thermodynamics 

and the stability of metals, potential-pH (or Pourbaix) diagrams; uses and abuses, 

corrosion current and corrosion potential-Evans diagrams; measurement of corrosion 

rate: (i) weight loss method, (ii) electrochemical method. 
 

Unit-II: Inhibition of Corrosion: 
Cathodic and anodic protection, inhibition of corrosion by (i) addition of substrates to 

the electrolyte environment, (ii) charging the corroding metal from external source, 

anodic protection, organic inhibitors; the fuller story, green inhibitors 

Passivation: Structure of passivation films, mechanism of passivation, spontaneous 

passivation nature's method for stabilizing surfaces.  

 

Unit-III: Newer Polarographic techniques:  
General treatment and applications of the following techniques: (a) Oscilographic 

polarography (b) AC polarography (c) Pulse polarography, NPP and DPP 

 

Polarographic study of Metal Complexes:  
Effect of ligand on polarographic waves, determination of stability constants of 

complexes (in reversible diffusion-controlled systems) by Lingane
’
s method, Deford 

and Hume’s method, Schaap and McMasters method, determination of metal ions (by 

masking) in multi-component systems. 
 

Unit-IV: Potential Sweep Methods:  
Linear sweep voltammetry, cyclic voltammetry, theory and applications; diagnostic 

criteria of cyclic voltammetry; controlled current microelectrode techniques: 

comparison with controlled potential methods, chronopotentiometry, theory and 

applications. 

 

Bulk Electrolysis Methods:  
Controlled potential coulometry, controlled coulometry and its important applications 
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Stripping analysis:  

Anodic and cathodic modes, pre-electrolysis and stripping steps, applications of 

stripping analysis 
 

Unit-V: Electro-organic Synthesis: 

Types of electro-organic reactions, constant current and constant potential 

electrolysis, cell design, effect of variable, nature of medium and electrode material, 

over-voltage, effect of redox couple, application to sewage waste water treatment, 

reduction of carboxylic acids, the polymerization of acrylonitrile to adiponitriles in 

the synthesis of nylon, reduction of nitro compounds, electro-organic synthesis of 

novel drugs. 
 

Books: 

• Electrochemical methods by Allen J. Bard and Larry R. Fanlkner, John Wiley 

• Electrochemistry by Carl H. Hamann, Andrew Hamett and Wolf Veilstich 

• Modern Polarographic Methods by A. M Bond, Marcell Dekker 

• Electroanalytical Chemistry by Basil H. Vessor, John Wiley 

• Topics in Pure & Applied Chemistry, Eds S. K. Rangrajan, SAEST Publication 

• Techniques of Electro-organic Synthesis Part-I, II and III by N. L. Weinberg, John Wiley 

• Organic Electrochemistry by M. M. Baizer, Marcel Dekker 

• Principles and Applications of Electrochemistry by D. R. Crow, Stanley Thrones. 

 

 

Paper-4.5: CHEM-645: Statistical Mechanics 

 

Max. Marks   : 100       Contact Hours / Week: 4 Hours 

Continuous Assessment : 20 Marks            Duration of Exam. : 3 Hours 

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 in ten short answer 

type questions (about 25 words) and examiners are advised to set two short answer type questions from 

each unit.  

Section-B will carry 40 marks with equally divided five long answer type questions (about 200 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. 

Section-C will carry 30 marks with equally divided three very long answer type questions (about 400 

words) and examiners are advised to set five questions one from each unit and students are instructed 

to attempt any three questions out of five questions.  

 
Unit-I: Modern Theoretical Principals:  

Exact and inexact differential expressions in two variables, total differentials, 

techniques of partial differentiations, transformation of variables, maxima and 

mimima, integrating factors, Paff differential equations, Caratheodory’s theory, 

legendre transformations, derivation of thermodynamic identities, the second law of 

thermodynamics, classical formulations, mathematical consequences of second law, 

entropy changes, Clausius inequality, free energy concept, general condition of 

equilibrium, thermodynamic potentials. 
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Unit-II: Phase Space, Stirling’s Approximation: 
Configuration and weights, the most probable configuration, statistical equilibrium, 

postulates of equal probabilities, ensembles, ensemble average and time average of 

property, the classical Boltzmann distribution law, principle of the equi-partition of 

energy, quantum statistics: Bose-Einstein, Fermi-Dirac and Maxwell-Boltzmann 

statistics, comparison of three statistics, Fermi-Dirac systems, thermodynamics of 

electromagnetic radiations using BE statistics, calculation of thermodynamic 

properties for boson and fermion gases using quantum statistics, Fermi energy, 

electron gas in metals. 

 

Unit-III: Molecular Partition Function:  
Expressions for transnational, rotational, vibrational and electronic partition functions, 

relation between the partition function and thermodynamic properties, free energy 

functions, ortho and para hydrogen, use of spectroscopic and structural data to 

calculate thermodynamics functions, molecular and statistical interpretation of 

entropy, third law of thermodynamics and equilibrium constant, heat capacity of 

solids, Einstein and Debye specific heat theories, characteristic temperature. 

 

Unit-IV: Thermodynamics of Irreversible Processes: 

Conservation of mass in closed and open systems, conservation of energy in closed 

and open systems, law of increasing entropy, non-adiabatic process and Clausius 

inequality, steady state, thermodynamic equations of motion, entropy production in 

closed and open systems, entropy production due to heat flow, chemical potentials, 

generalized fluxes, forces and their transformation, phenomenological equations and 

coefficients, concepts of reciprocity relations and Onsager theorem of microscopic 

reversibility, diffusion, electromotive force and other reactions involving cross 

relations e.g. thermoelectric and electrokinetic effects, Saxens relations, oscillatory 

reactions. 

 

Unit-V: Computational Treatment of Electron Systems: 
Multi-electron atoms, the anti-symmetry principle and the Slater determinant, the 

Hartree-Fock Method, The Hartree-Fock equations (no derivation), the Fock operator, 

Core Hamiltonian, Coulomb operator and exchange operator, Slater-type orbitals 

(STOs) as basic functions, orbital energies and total energy, Helium atom example, 

Koopman’s theorem, Hund’s rules and theoretical basis of the Aufbau principle, 

electron correlation energy, the Hartree-Fock method for molecules, restricted and 

unrestricted HF calculations, the Roothan equations, the Fock Matrix, the Roothan 

matrix elements, GTOs and different types of basis sets, minimal basis set, model HF 

calculations on H2, discussion of results of HF calculations on simple molecules: H2O 

and NH3.  

 
Books: 

• Elements of statistical thermodynamics – L. K. Nash, Addison Wesley 

• Statistical thermodynamics by B. J. McCelland, Chapman and Hall. 

• A Introduction to Statistical Thermodynamics by T.L. Hill Addison- Wesley 

• An Introduction to Thermodynamics of Irreversible Processes by Iila Prigofine. 

• Thermodynamics of steady state by Denbeigh 

• Advanced physical Chemistry by S. N. Blinder, The Macmilan Company, 1967. 

• Themodynamics by R.C. Srivatsava, S.Saha and A. K. Jain, Prentice-hall, India. 

• Theoretical Chemistry by S.Glasstone. D. Van Nostrand Company, Inc., 1944. 
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• Thermodynamics: A Core Course- R. C. Srivastava, S. K. Saha and A. K. Jain, Prentice-Hall of India, 

IInd edition, 2004. 

• Statistical Mechanics – Donald A. McQuarrie, 2000. 

 
 

 

Paper-4.6: CHEM-646: Practical  
 

Maximum Marks        : 300   
Internal or Continuous Assessment     : 60 Marks 

External or Semester Assessment     : 240 Marks  
 

Duration of Examination: 

Internal or Continuous Assessment     : 3 Hours 

External or Semester Assessment     : 12 Hours 
 

Distribution of Marks for Internal or Continuous Assessment: 

S. No. Name of Exercise  Marks 

1. Exercise No. 1: Minor Experiment 10 

2. Exercise No. 2: Minor Experiment 10 

3. Exercise No. 3: Minor Experiment  10 

4. Viva-voce Examination 10 

5. Oral Presentation (by Power Point Presentation) 20 

Total Marks 60 
 

Distribution of Marks for External or Semester Assessment: 
 

S. No. Name of Exercise  Marks 

1. Exercise No. 1 : Major Experiment 40 

2. Exercise No. 2 : Major Experiment 40 

3. Exercise No. 3 : Major Experiment 40 

4. Exercise No. 4 : Minor Experiment 20 

5. Exercise No. 5 : Minor Experiment 20 

6. Exercise No. 6 : Minor Experiment  20 

7. Viva-voce Examination 30 

8. Weekly attendance, Regularity, Participation in 

Departmental activities, other related components 

10 

9. Lab. Skills, Cleaning of Work Place, etc.  10 

10. Practical Record 10 

Total Marks 240 
 

Potentiometry / pH metry 
� Determination of thermodynamic parameters for electrochemical reactions (To 

determine ∆Go, ∆Ho and ∆So for the formation of 1 mole cadmium in 1 wt.% 

amalgam at 25
o
C and activity coefficient of solution) 

� Estimate the amount of halides present in the given mixture by titrating with AgNO3 

solution.  

� Determination of strength of acetic acid from the commercial vinegar sample by 

potentiometric titration and its confirmation by conducltmetric / pH-metric titration 

using standard solution of NaOH.   

� Micro-determination of glucose using potassium ferrocyanide as internal reagent and 

Ce (IV) solution as standard titrant. 
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� Determination of the dissociation constant of acetic acid in DMSO, DMF, acetone and 

dioxane by titrating it with KOH. 

� Estimation of various transition elements like Zn/Ni/Co/Cd/Al from various 

commercial samples by complexometric titrations on potentiometer by using mercury 

electrode 

� Determine the amount of HCl by using weak base (NH4OH) potentiometrically.  

� Fabrication of ion-selective electrodes for Co, Ni, Cu, Zn, Pd, Cd, etc. ions and record 

the electrode response and sensitivity. 

� Titrate a phosphoric acid solution against alkali using glass electrode 

potentiometrically and calculate the first and second ionization constants of the acid  

� Estimation of heavy metal toxicity using ion-selective electrodes: Pb, Cd, Hg, etc.  

� Electrochemical Impedance study of metal/solution interface. 

� Cyclic Voltametry of the [Fe(CN)6]
3-

/[Fe(CN)6]
4-

 system 

 

Conductometry: 
� Determination of the amount of NH4OH conductometrically by using weak acid 

CH3COOH.    

� Determination of relative strength of acetic acid, chloroacetic acid and trichloroacetic 

acid through measuring their Ka-value by conductivity measurement method. 

� Conductometric titration of (i) strong acid, monobasic weak acid or polybasic weak 

acid with strong base (ii) zinc with EDTA, and (iii) KCl v/s AgNO3. 

� Determination of the strength of HCl+CH3COOH mixture against standard NaOH 

solution. 

� Conductometric titration of triple mixture (HCl+NH4Cl+KCl) with (i) NaOH and (ii) 

AgNO3.   

� Determination of thermodynamic ionization constant of a monobasic acid by (i) 

conductometry and (ii) potentiometry.  

� 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 solvents and 

in their mixtures (DMSO, DMF, dioxane, acetone, water) and to test the validity of 

Debye-Hűckel-Onsager theory. 

� Determination of the activity coefficient of zinc ions in the solution of 0.002 M zinc 

sulphate using Debye Hűckel's limiting law. 

� Titration of ZnSO4 / MgSO4 against BaCl2 and Ba(CH3COO)2 and calculation of 

amount of sulphate present. 
 

Electronics  
This lab course will have theory as well as practical and the lectures shall be delivered 

during lab hours. 

Basic Electronics  

Notations used in the electronic circuit, study of electronic compounds and colour 

codes. Conversion of chemical quantities into electronic quantities. transducer, 

illustration with electrodes, thermocouples and thermistors. Passive components : 

Resistors, capacitors and inductors with some emphasis on solid state properties of 

materials. Net works of resistors. Thevenin's theorem, superposition theorem, loop 

analysis, RC circuits, LR Circuits, LCR circuits. Illustration of the use of circuits in 

NQR spectroscopy, Mőssbauer spectroscopy cyclic voltammetry and in power 

supplied as filter circuits. 
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Active components  
Introduction to ordinary diodes and  Zener diode with some emphasis on p-n junction 

as a solid state property. Use of diode as rectifiers, clipping and clamping circuits. 

Power supplies. Transistors : An extension of p-n-p and n-p-n transistors. 

Characteristics of transistors, hybrid parameters; transistor circuits as amplifiers, high 

impedance (preamplifier) circuits. Darlinction pairs, differential amplifiers. 

 

Operational Amplifiers  

Ideal characteristics; inverter, summer, integrator, differentiator, voltage follower, 

illustrative use of operational amplifiers. Introduction to Fourier transformation in 

instrumentation. List of Experiments in electronics (Do at least five experiments from 

this section) 

1.  (a) To plot the diode characteristics and find its dynamic resistance and cut in 

voltage. 

(b) To plot the characteristics of transistor used as a diode and compare the 

results with those of (a) 

2.  (a) To plot the diode characteristics and find its dynamic resistance and cut in 

voltage. 

(b) To plot the characteristics of transistor used as a diode and compare the 

results with those of (a)wave form. 

3.  To implement a diode damper circuit which damps the positive peak of the 

input voltage to (a) Zero voltage and (b) a given voltage. Verify the 

performance. 

4.  (a) To plot the characteristics of an NPN transistor in CE configuration. 

(b) To find the h-parameter of the transistor from the characteristics.  

5.  (a) To plot the characteristics of an NPN transistor in CB configuration. 

(b) To find the h-parameter of the transistor from the characteristics and 

compare it with the results of experiment No. 6. 

6.  (a) To plot the drain and transfer characteristics of a JEET in CS 

configuration. 

(b) To find out the pinch off voltage, maximum drain to source saturation 

current and the transconductance. 

7.  To obtain the frequency response of an RC coupled amplifier and estimate the 

bandwidth. 

8.  (a) To plot the characteristics of Zener diode and find its dynamic resistance 

under reverse biased condition.  

(b) To use zener diode for a voltage regulation. 

(i) Plot the line regulation curve. 

(ii) Plot the load Regulation curve. 

9.  (a) To wire a Half wave Rectifier circuit using diode and measure the rms 

voltage, de voltage and to find Ripple factor. 

(b) To study the performance of half way and full wave doubler circuits. 

  10.  To plot the characteristics of UJT and find the peak voltage, peak current and 

valley voltage and use as a relaxation oscillator.    

 

Any other relevant experiments may be added / performed.  

 

……………..…… x …………………… x ……………….. x ………….………. 
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Sample Question Paper 

 

Paper-1.2: CHEM-512: Organic Chemistry 

 

Duration of Exam: 3 Hours                   Maximum Marks: 80 

 
Note:  The question paper is divided into three sections.  

Section-A possesses 10 marks with one compulsory question of equally divided in 10 short answer type 

questions and examiners are advised to set two short answer type questions from each unit.  

Section-B possesses 40 marks with equally divided 5 long answer type questions (about 200 words) 

with setting of two questions from each unit and students are instructed to attempt five questions by 

selecting one question from each unit.  

Section-C possesses 30 marks with equally divided 3 very long answer type questions (about 400 

words) with setting of one from each unit and students are instructed to attempt any three questions out 

of five questions.     

Section-A 
 

Q. 1. 

Unit-I 

 

(i) Write the products of the following reaction: 

    ½ + ½ = 1 

  (ii) Write the products of the following reaction:   

    ½ + ½ = 1 

 

Unit-II 

 
  (iii) Write Fischer projection of D-glucose followed by Howarth formula.             

½ + ½ = 1 

  (iv) Write R or S nomenclature for the following compounds: 

O
O

H3C

NC

H

CH2NH2 H

CH3

CH2CH3

OH(i) (ii) (iii) (iv)

           
¼ +¼+¼+¼ = 1 

 

Unit-III 

 

  (v) Complete the following reaction: 

            1

   

(vi) Complete the following reaction:  

                   
1 
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Unit-IV 
 

  (vii) Write the products of the following reaction: 

    ½ + ½ = 1 

  (viii) Write the products of the following reaction: 

       ½ + ½ = 1 

 

Unit-V 
 

  (ix) Write the products of the following reaction: 

        
              1 

  (x) Write the products of the following reaction:  

      ½ + ½ = 1 

 

Section-B 

 

Unit-I 

 
Q. 2.  Write note on the following (any two): 

  (i)  Resonance 

  (ii)  Tautomerism 

  (iii)  Conjugation 

  (iv)  Aromaticity         

4 + 4 = 8 

OR 
   

Q. 3.  Give an account on formation, stability and chemical reactions of the 

following: 

(i) Carbocations 

(ii) Carbenes  

4 + 4 = 8 

 

Unit-II 

 
 

Q. 4. Draw the conformational structures of n-butane and mono- & di-substituted 

cyclohexane. 

3 + 5 = 8 

OR 
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Q. 5.  Write note on the following (any two): 

(i) Symmetry elements 

(ii) Chirality 

(iii) Threo & Erythro isomers 

(iv) Enantiomers & Diastereomers 

4 + 4 = 8 

 

Unit-III 
 

Q. 6.  Write the products of the following reactions (any four): 

   
2+2+2+2+2 = 8  

OR 

 

 Q. 7.  Discuss in detail: 

(i) Paterno-Büchi reaction 

(ii) Photochemistry of 1,5-dienes 

4 + 4 = 8 

 

Unit-IV 
 

Q. 8. Write note on the following: 

  (i)  Metal hydrides in organic synthesis 

  (ii)  Phase transfer catalysts 

4 + 4 = 8 

OR 

   

Q. 9.  Write the products of the following reactions (any four):  

O

(A)

(i) (i-Pr)2NLi / THF

(ii) Me3SiI

COOEt

(B)(i)

(ii)

F3C

O

COOEt

Baker's Yeast

Allyl bromide
(A)

(B)
Baker's Yeast

Allyl alcohol  
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(iii)

OH

R

(A)
DDQ / ROH

(B)
H

HOH

(iv) (A) (B)
LDA

(v)

O

CH3

(A) (B)
H

HOH

(i) C6H5COOAg/I2/CCl4

(ii) CH3ONa/C6H6

O

DMF

Br

 
 

2+2+2+2+2 = 8 

Unit-V 

 

Q. 10. Give the plausible mechanisms of the following name reactions: 

  (i)  Fischer-indole synthesis 

  (ii) Doebner-Miller synthesis 

(iii) Bischler-Napieralski synthesis 

(iv) Skraup synthesis 

2+2+2+2 = 8 

OR 
 

 Q. 11.  Write the products of the following reactions (any two): 

   
 

4+4 = 8 
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Section-C 

 

Unit-I 

 
 

Q. 12. Classify the types of organic reactions. How will you identify the mechanism 

of a particular type of organic reaction? Explain in detail. 

2+8 = 10 

Unit-II 
 

Q.13. Describe the nomenclature of organic molecules according to R / S & E / Z 

systems. 

5+5 = 10 

Unit-III 
 

Q. 14. Give an account on the following: 

(i)  Photochemistry of β,γ-unsaturated carbonyl compounds. 

 (ii)  Photo-Fries rearrangement 

(iii) Barton reaction 

5+3+2 = 10 

Unit-IV 
 

Q. 15. Discuss the synthesis and chemical reactions of the following: 

 (i) Pyrimidines 

 (ii) Pyrones 

5+5 = 10 

Unit-V 
 
 

Q. 16.  Discuss in detail the use of following reagents in organic synthesis (any two): 

 (i) Grignard’s Reagent 

 (ii) Wilkinson’s Catalyst 

(iii) Metal Hydrides 

5+5 = 10  

 

 

 

……………..…… x …………………… x ……………….. x ………….………. 
 

 


