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Syllabus for Ph.D. Coursework in

CHEMISTRY

PREAMBLE

Revision of syllabus for One Semester (Six months) Coursework of Ph.D. Programme in

Chemistry

PG BOS in Chemistry has revised and prepared the syllabus for the Ph.D. Coursework in
Chemistry by offering three papers with a total of 12credits. The programme consists of 3
courses namely Research Methodology (4 Credits), Research and Publication Ethics (2 Credits)
and Review of Literature (6 Credits). ‘Therefore, grand ‘total of the credits for the Ph.D.
Coursework is 12. A detailed skeleton of the coursework is given in the tablé below. Other
important aspects such as University question paper pattern, internal assessment examinations,
allotment of marks and the approximate dates of the internal examinations are being tabulated

with a discussion in.the BOS.

Course | Course Code. Course Name Hours of " |:Duration Marks
‘ Instruction |of Exam.
per week | (Hours) | IA | Theory| Total |Credits
Course 1| PHDCHM101!| Research Methodology 4 3 30 70 100 4
Course 2| PHDCHM102| Research and 2 2 15 35 50 2
Publication Ethics
Course 3| PHDCHM103| Review. of Literature
Review Report 6 - - - 150 6
: Viva - ‘ - - - 50
Grand Total | 350 12

Duration: One Semester (Six months)

Total Credits: 12 Credits

BASIS F OR INTERNAL ASSESSMENT: Internal assessment marks in Course-1 and Course-
2 shall be theory papers shall be based on two tests conducted for 30 marks for each course. The
tests may be conducted 12°and 25 weeks after the commencement of the Coursework. Average
of two test marks will be considered as internal assessment marks. Question Papers for Internal
Assessment shall consist of four (4) descriptive answer questions (if required with two sub-

divisions, a and b) carrying 10 marks each, out of which three (3) questions are to be answered.
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QUESTION PAPER PATTERN: The syllabus of Course-1 shall be grouped nto four units of
15 teaching hours each and Course-2 shall be grouped into two units of 15 teaching hours each.
Question paper of Course-1 shall contain eight (8,) brief and/or lohg answer questions carrying
14 marks each drawn from all the four units of the syllabus (2 questions per unit). There may be
a two (a, b) or three (a, b, ¢) sub-divisions per question, carrying 3 or inore 1narks per sub-
division. Five (5) out of eight (8) questions are to be answered choosing at least one question
from each unit. For Course-2, question paper shall consist of Part A and B. Part-A shall contain
 four (4) brief answer questions carrying 5 marks each drawn from both units of the syllabus (2
questions per unit). Three (3) out of four (4) questions are to be answered. Part B shall contain
three (3) long ansWe.r"questions carrying 10 marks each drawn from both the units of the syllabus
(2 questions per unit). Part B shall contain two (2) long answer questions with internal choice
 carrying 10 marks each drawn from both the units of the syllabus. »

Ph.D. Coursework (Chemistry) Examination

Course-1
PHDCHM101: Research Methodology

Time: 3 Hours ‘ ~ Max. Marks: 70

Note: 1) Answer any Five full questions.

it) Figures to the right indicate marks.
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Ph.D. Coursework (Chemistry) Examination
Course-2
PHDCHM102: Research and Publication Ethics

Time: 2 Hours : - Max. Marks: 35

Note: i) Answer any three questions from Part A and all questions from Part B.

ii) Figures to the right indicate marks.
PART A

Answer any three questions
1.

2.
3.
4.
PART B
Answer both questions

Lk Rk ok

(3x5=15)

(2x10=20)




REVIEW OF LITERATURE EXAMINATION PATTERN: Review of Literature shall
consist of Review Report and Viva. It shall be evaluated by the Doctoral Committee members
including the concerned guides for 150 marks based on the content and presentation - of -the
Review Report. Viva-Voce examination shall be conducted as per the University regulations for
50 marks. The total of the average marks allotted to Review Report and Viva bythé doctoral

Committee members and the concerned guides shall be considered for Review of Literature,

PROGRAMME OUTCOMES
The PhD program in Chemistry provide highly trained manpower:
With the in-depth knowledge in chemistry field with sufficient background in related fields

through advanced course work and laboratory research to actively participate in the development

and growth of chemistry at all levels in the industry or in research and teaching in a university or

a research organization.

With good understanding and awareness of professional, ethical and safety applications of their

knowledge for the advancement of the society.

Able to demonstrate originality in the application of knowledge, together with a practical

‘understanding of how research is used to create and interpret knowledge in their field.

Capable of carrying out independent research with competency in research design, data gathering

and interpretation, and communication of research results through scientific publications in peer

reviewed scientific journals and scientific presentations.




Course-1 :

PHDCHM101: Research Methodology

i ; [60-Hours]

COURSE OUTCOMES

Enéble the students to:

» Learn about the foundation of research, types and methods of research, literature survey and
planning of research |

» Understand the research problem and sampling techniques or methods

> Acquire knowledge of computer system, software, application and uses of common software
in chemistry.

» Know about the chemical safety and ethical handling of chemicals.

» Understand the advanced techniques of analysis such as UV-Vis, IR, NMR, Mass, ESR
spectroscopy, XRD, thermal and electorchemical analysis and ethics of research. k

> Gain knowledge about the safety rules of laboratory, intellectual property rights,

environmental aspects, data management; patenting and IP sales'process.

UNIT-I : : [15 Hours]
Research Methodology: Introduction to research methodology, design and implementation of
-researchmethods, types of research, the research process, formulating, reviewing theliterature.
Literature Searching: On-line searching, Database, Scifinder, Scopus, CA on CD, Locating
research article. ‘ |
Writing scientific report:Planning, preparation, draft, revision and refining; writing project
proposal tofunding: agency, Paper ‘writing : for International Jourﬁals, submitting toeditors.

Conference presentation, preparation of effective slides and presentation.

UNIT-11 [15 Hours]
Déta Cdllection and Analysis:Sampling Techniques, Choice of sampling Techniques, Sample
size-Sampling and Non-Sampling errors, Estimation of Population and Proportion, Mean,
Estimation of Standard Error and Confidence Interval. Errors and: statistical analysis of Data,
CIaSsiﬁcaﬁOn of errors, statistical analysis of errors, Curve fitting and Tests of statistical
significance.

Computer Applicationsin Chemistry Research: Uses of common software systems for

Chemical - Structure: Drawing, Molecular - Modelling - and Simulations, Spectroscopic - Data

Analysis and Data Base Management.




Chemical Safety and Ethical Handling of Chemicals: Safe working procedure and protective
environment, protective apparel, emergency procedure and first aid, laboratory ventilation, Safe
storage and use of hazardous chemicals, Safe storage and disposal of waste chemicals, recovery,
recycling and reuse of laboratory chemicals, procedure for laboratory disposal of exploswes
identification, verification and segregation of laboratory waste, disposal of chemlcals in the

sanitary sewer system, incineration and transportation of hazardous chemicals, Good laboratory

practices (GLP).

UNIT-II1 [15 Hours]
Purification Techniques: General methods of isolation and purification of chemicals. Solvent
extraction, — crystallization, fractional = crystallization, sublimation, distillation; fractional
distillation, distillation under reduced pressure, steam distillation. Drying methods of solvents.
Separation techniques: Principle and applications of Thin Layer Chromatography, Column
Chromatography, Gas chromatography and High Performance Liquid Chromatography,
Hyphenated (MS) Techniques. Supercritical Fluid Extraction and Electrophoresis:

UNIT-IV [15 Hours]
Advanced Techniques of Chemical Analysis: Applications of UV-Visible, IR, NMR, Mass
and ESR spectroscopic methods for the structural determination of compounds. . COSY,
NOSEY, INDOR and DEPT spectra, Analytical applications of the X-ray difffaction methods
(single crystal and powder method), Thermoanalytical methods (TGA, DSC, DTA) and
Microscopic methods (SEM, TEM, AFM). Surface Properties (XPS, BET), Cyclic Voltammetry.

References
1. Garg B. L, Karadia R., Agarwal F. and Agarwal U. K An introduction to Research

: Methodology, RBSA Publishers (2002).

2. Kothar, C.R,, Research Methodology: Methods ‘and Techniques, New Age International
(1990).
Sinha S. C‘ and Dhiman A. K., Research Methodology, EssEss Publications (2002),

4. Trochim W. M. K., Research Methods: the concise knowledge base, Atomic Dog Pubhshlng
(2005). ‘

5. Yogesh Kumar Singh, Fundamental of Research Methodology and Statisfics, New Age
(2006).

6. Raman K.V., Computers in Chemistry, Tata McGraw Hill (1993).

7. Lykose P., Personal Computers in Chemistry, John Wiley and Sons, New York (1981).
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Ramesha Kumari, Computers and their applications to Chemistry, 2™ edn., Alpha Science,
(2005). ,

Biggs Pete, Computers in Chemistry, Oxford University Press (2000).

Peter C. Jurs, Computer Software Applications in Chemistry, 2™ edn., John Wiley and
Sons,; New York-(1996).

ChemicaISafety Matters-IUPAC-IPCS; Cambridge Univ. Press (1992).

Skoog D. A.,West D. M., Holler F. J. and Crouch S. R., Fundamentals of Analytical
Chemistry, 8™ edn., Saunders College Publishing, New York (2005).

Christian G.D., Analytical Chemistry, 6" edn., Wiley, India (2015).

Skoog D. A.; Holler F. J. and Nieman T. A., Principles of Instrumental Analysis, 8" edn.,
Cengage Leéming (2012). ‘

Analytical Chemistry: Principles, 2™edn., I. H. Kennedy, Cengage (2011).

Day R. A.and Underwood A. L., Quantitative Analysis, 5" edn., Prentice-Hall (1998).
Sharma B. K., Instrumental Methods of Chemical Analysis, 19" edn., Goel (2000).
Srivastava&Jain, Chemical Analysis: An Instrumental Approach, 4t cdn., S. Chand (2001).
Gurdeep R. Chatwal, Instrumental mcthods of ‘Chemical Analysis, 5t cdn., Himalaya
Publishing House (2015).

Heftman E., Chromatography, Part A and Part B, 5" edn., Elsevier (1992).

Poole D. F.and Poole S. K., Chromatography Today, Elsevier (1991).

Pavia D. L., Lampman G. M., Kriz G. S.and Vyvyan J. A., Introduction to Spectroscopy, 5"
edn:, Cengage Learning (2014).

Silverstein R..M., Bassler G.:C. and Monnill T. C., Spectrometric Identification of Organic
Compounds, Wiley Eastern (1981).

Kalsi P. S., Spectroscopy of Organic Compounds, 3" edn., New Age (2000).

Hollas J. M., Modcrn‘Spectroscopy, 4" edn., John Wileyk and Sons (2004).

Field L. D., Sternhell S. and Kalman J. R., Organic Structures from Spéctra, 5t edn., Wiley

Eastern(2013).

Williams D. H.-and Fleming 1., Spectroscopic Methods in Organic Chemistry, Tata McGraw

Hill (1987).

Field L. D., Sternhell S. and Kalman J. R., Organic Structures from kSpcctra, 5t edn., Wiley

Eastern (2013).
EbsworthE.A.V.,RanklinD.W.H.andCradockS.,StructuralMethodsinInorganicChemistry,Bla
ckwell Scientific(1991). e ,

Rao C. N. R. and Ferraro J. R, Spectroscopy in Inorganic Chemistry: Vol 1 & 11, Academic

Press (1970).
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Straughan B. P. and Salker S., Spectroséopy—Vol.Z, John Wiley and Sons (1976).

Haines P. J., Thermal Methods of Analysis: Principles, Applications and Problems, Blackie
Academic and professional, New York (1995).

Tareen J. A. K. and Kutty T. R. N., A Basic Course in Crystallography, University Press
(2001). | ' '
Waheb M. A., Essentials of Crystallography, Narosa Publishing House (2009).

Clive Whiston, X-ray‘methods, John Wiley and Sons (1987).




Course-2

PHDCHM102: Research and Publication Ethics
[30 Hours] '
This course is a mandatory requirement as per the UGC directives. The objective of  the course
is to help research schoﬂlars understand the fundamental relevance of ethical = practice in
academics, and to provide researchers with an overview of the current and emerging ethical
issues in scientific research and publishing. The course will have lectures on ethics in scientific

research and will have practice sessions.

COURSE OUTCOMES

By completion of course the student is able to:

» Understand the ethics in conduct of scientific research.

» Identify research misconduct and predatory publications.

» Understand indexing and citation databases, open access publications, research metrics
(citations, h-index, impact factor,etc.).

» Understand the usage of plagiarism tools.

UNIT I i ; [15 Hours]
Philosophy and Ethics [3 Hours]
Introduction to Philosophy: Definition, nature and scope, concept, branches. Ethics: Moral
philosophy, nature of moral judgments and reactions.

Scientific Conduct ’ : [5 Hours]
Ethics with respect to Science and Research, Intellectual honesty and Research
integrity.Scientific misconducts: Falsification, Fabrication and Plagiarism(FFP). Redﬁndant
Publications:Duplicate and overlapping Publications, salami slicing, Selective Reporting and
misrepresentation of data. ' '
Publication Ethics [7 Hours]
Publication Ethics: Definition, introduction and importance. Best Practices/standards setting
initiativesand guidelines: Committee bn Publication Ethics (COPE), World Association of

Medical Editors(WAME) etc. Conflicts of interest. Publication misconduct: definition, concept,

problems that lead tounethical behavior and vice versa types. Violation of Publication ethics,




authorship andcontributorship. Identification of Publication misconduct, complaints and appeals.

Predatory publishers and journals.

UNIT-II : o [15 Hours]

Open Access Publishing [4 Hours]

Open access publications and initiatives. SHERPA/RoMEO online resource to check publisher
copyright & self-archiving policies. Software tool to identify predatory publications developed
by SPPU. Journal finder / journal suggestion tools viz. JANE, Elsevier Journal Finder, Springer

Journal Suggester, etc.

Publication Misconduct [4 Hours]
- Group Discussions [2 Hours]

Subject specific ethical issues, FFP, authorship. Conflicts of interest.

Complaints and appeals: examples and fraud from India and abroad.

Software Tools ' [2 Hours]

Use of plagiarism software like Turnitin, Urkund and other open source softwére tools.
Databases and Research Metrics N : [7 Hours]
Databases[4 Hours]

Indexing databases. Citation databases: Web of Science, Scopus, etc.

Research Metrics [3 Hours]

Impact Factor of journal as per Journal Citation Report, SNIP, SJR, IPP, Cite Score. Metrics: h-

index, g index, 110 index, altmetrics.

References ,
‘1. Leefmann J. and Jungert M., Research Ethics and Scientific Integrity in Neuroscience,

Handbook of Research Ethics and Scientific Integrity, 1013-1035 (2020).

Iphofen R. and Tolich M. (Eds.), Sage handbook of qualitative research ethics, Sage (2018).
Temple, A. The Postgraduate's Guide to Research Ethics, MacMillan, UK (201 9).
Santosh Kumkar Yaday, Research and Publications Ethics, Ane Publications (2020).

e e

Kara H., Research Ethics in the Real World: Euro-Western and IndigenousPérspectives,

Policy Press,UK (2018).
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Anil, K. Jain, Ethical issues in scientific publication, Indian J. Orthop., 44(3) (2010) 235-
237, ' ‘
Gupta S. and Kamboj, S., Research and Publication Ethics, Alexis Press LLC (2020).

Bos, J., Research ethics for students in the social sciences, p. 287, Springer:Nature (2020).
Cavaliere P., De Souza D., Fenton A. L., Giridharan B., Gralla C., Inshakova N. and
Zaharuk, G., Academic Misconduct and Plagiarism: Case Studies from Universities Around
the World, Lexington Books (2020).

Brtag, T. (Ed.) Handbook of academic integrity, Springer, Singapore (2016).

Dobrick F. M., Fischer J. and Hagen L. M., Research Ethics in the Digital Age, Wiesbaden:
Springer (2018).

Manual for research and publication ethics in science and engineering, Korean Federation of

Science and Téchnology Societies, Seoul, Korea (2016).

Kleinert S. and Wager E., Responsible research publication: International standards for
~editors, Promoting Research Integrity in a Global Environment, Imperial College Press

World Scientific Publishing, Singapore, pp 317-28 (2011).

Bird A., Philosophy of Science, Routledge (2006).

Maclntyre Alasdair, A Short Hisfory of Ethics, London (1967).

Chaddah P., Ethics in Competitive Research: Do not get scooped; do not get plagiarized,
ISBN: 978-9387480865 (2011).

National Academy of Sciences, On Being a Scientist: A Guide to Responsible Conduct in
Research, 3" edn., National Academy of Engineering and Institute of Medicine, National

Academy Press (2009).
Resnik D. B., What is ethics in research & why is it important, National Institute of

Environmental Health Sciences, pp 1-10 (2011).

Beall J., Predatory publishers are corrupting open access, Nature, 489(7415), 179-179
(2012).
Indian National Science Academy (INSA), Ethics in Science Education, Research and

Govennance, ISBN: 978-81-939482-1-7 (2019).
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Course-3
PHDCHM103: Review of Literature
[6 Hours of Instruction per week]

COURSE OUTCOMES
Enable the students:

* To learn the review of literature about the developments in the fields of synthetic organic
chemisiry, heterocyclic chemistry, medicinal chemistry, structural chemistry, analytical
chemistry, polymer chemistry and polymer composites.

e Conduct a thorough literature review and provide a properly referenced written report to -
acquire thorough knowledge of the literature and a comprehensive understanding of scientific
methods and techniques applicable to their own research.

» To understand the analysis of research work, compilation and presentation of past work in the

respective field and design of new research in the chosen area.

The content of Review of Literature is based on the research ficld chosen by the candidate under
the direction of the Research Guide. Content of the Review Report shall include the art of
research work analysis, related implementation issues and the motivation for the stated research

work. The report shall consist of Introduction, Literature Review, Research Gaps, Objectives,

Future Work and Reférénces.
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