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@-, Course Work Sgua\ows

IA Exam
Research Methodology 03 hr/Week 25 75
: Cognate Subject 03 hr/Week 25 75
Field of Specialization 03 hr/Week 25 75
Research and Publication Ethics 02hr/Week 10 Lo

Total

100

100



Department of Chemistry
Ph.D., Course Work
Course-1: Research Methodology,
3hrs/week 48 hours

UNIT I: Research sources 12 hrs
Selection of research problems and literature survey: primary sources- Journals periodicals,
abstracts: Secondary listing of titles, reviews —annual Treatises, serials, monographs and text
books. encyclopedia, catalogues, index of tabulated data- Science citation index- Searching the
chemical literature-location of journal article- materials on a given topic- information about
specific compound- Choosing a problem-abstract of a research paper.

Internet: Introduction to internet-web browsers-World Wide Web-Search engines-literature
survey in Chemistry-popular website in chemistry-Database in chemistry. E-Mail: Introduction
0 c-mail- creating e-mail-Receiving and sending e-mail. Patent: Introduction, patentable
subject

UNIT 2: Purification and safety measures 12 hrs
Purification of compounds: General methods of isolation and purification of chemicals.
Solvent extraction both cold and hot methods of crystallization, fractional crystallization,
sublimation. Distillation: fractional distillation, distillation under reduced pressure, steam
distillation, drying methods of solvents.

Handling of chemicals; hazardous chemicals; air/water sensitive, corrosive, toxic, explosive,
carcinogenic and radioactive materials. Safety measures in laboratory, Good laboratory

practices (GLP)

UNIT 3: Error Analysis in Chemical Measurements and results 12 hrs
Classification of errors-Accuracy-Precision-Minimization of errors-Significant figures.
Statistical treatment of data: Mean and Standard Deviation-distribution of random and normal
errors-Reliability of results- Confidence interval- Comparison of mean results students t-
distribution and t- tests-Comparison of mean with expected value, comparison of the results of
the two different methods, comparison of precision of two methods- Linear regression,

regression line, standard deviation, correlation coefficient — Multiple linear regression (one

variable with two other variables).

UNIT 4: 12 hrs
Rescarch manuscript preparation Full lc{lglh rgsearch paper, "hf’" C(fmmunicution, e
reviews, popular science articles in magazines, Few case studies with reference to journals and
periodicals. Presentation of research papers: Oral a_nd poster .prcscntaliur.l inseminars,
workshops and conferences elc.. Ifrcparatum f'[ 5)""“[’-‘-‘1-‘-“ i'llld‘ !hc.\m, ‘.l"rcpur'fillun ul" ‘rt‘:scarch
project proposals for various funding agencies like UGC, CSIR, DST, DBT, AICTE, state,

central and foreign agencics. P
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Department of Chemistry
Ph.D. Course work

Course -1I : Cognate subject
3hrs/week ‘ 48 hours
UNIT-I : Analytical Chemistry 12 s
T\\1R Uy \ 15, IR, Mass Chromatogphy-Basics, TLC, Colum, HPLC GC.
Basic principles, Instrumentation, application.
12 hrs

UNIT-H
Review f\{ VBT and CFT of bonding in coordination complex, shortco
- covalency. MOT of complexes involving sigma and pi-bonding. M
“or octshedral and tetrahedral complexes with sigma and pi-bonding.
nic radii. lattice energy, heat of ligation (hydration), geometry, structure 0
+:stortion. Templates and macrocylic effects, Chelates- chelate effect, con
actors affecting stability of chelates, importance of chelates.
“lectronic spectra of complexes: Spectra of transition metal ions-Spectroscopic terms, terms and
microstates for the p2 and d2 configurations. Ground state terms for dn configuration, splitting
{ terms in weak crystal fields.

Ligand field spectra: d-d transition selection-spin and Laporte selection rules and their relaxation

svmmetry, spin orbital coupling and vibrionic coupling effects, spectral band widths. Orgel

diagrams for octahedral and tetrahedral complexes (d1 — d9 states)
[ anabe-Sugano diagrams, Interpretation of electronic spectra. Calculation of Dg, B, and
narameters for Cr(111), Co(ll) and Ni(IT) complexes, Spectrochemical series and Nephilauxetic

series. Charge transfer transitions-Characteristics, types-LMCT &MLCT.

mings of CFT, evidences
O energy level diagrams
Crystal field effects on
f spinels, Jahn Teller
dition for chelation,

UNIT-HI - 12 hrs
Combined applications of spectroscopic techniques in structural elucidation of Organic

Compounds: Combined applications of IR, UV-Visible, 'H NMR, C NMR and Mass
spectroscopy in the structural elucidation of different types of compounds.

At least 12 problems to be solved involving the following functional groups
1 .AImhols..l’hcnols..AIdehydes, Ketones, —unsaturated aldehydes and ketones, Carboxyic acids,

Esters. Amines, Anilides, Amides, Nitro compounds, Compounds containing halogen..
Heterocyclic compounds and Examples involving functional group introversions.

UNIT-IV | o = .
Brief review of quantum chemistry formulation of Scbroeling is equation-application to are and

three —dimension box. Basic aspects of thermodynamics-laws of thermodynamics, Evaluation of
thermodynamic paramelers and their significance. Chemical dynamics-Kinetics of fast reactions.

Surface chemistry, Theories of adsorption-Frendlich and langmeir theories BET theory.
Catalysis: Basics of catalysis, Michael-mention equation. Electrochemistry: Review of bas'ic
principles, Electrochemical energy sources (primary, sending & Fuel cells). References.




Department of Chemistry
Ph.D. Course work

Course 111 Field of specialization - Inorganic chemistry
Revised regulations-2010

48 hrs (3 Hrs/week)
UNIT-1:
Spectral and Magnetic properties of complexes:
Term symbols for d" ions, Spectroscopic ground states, selection rules, nature of spectral bands-
band shapes, band intensities, band widths, effect of spin-orbit coupling, Orgal diagrams,
Tanabe-Sugano diagrams, Racah parameters, interpretation of spectra of octahedral, distorted
octahedral, tetrahedral and Square planar complexes, calculation of nephelauxetic parameter,
Charge transfer bands, intervalence charge-transfer bands.
Types of magnetic behavior, classical magnetism, orbital contribution, orbital contribution
reduction factor, spin orbit coupling, measurement of magnetic susceptibility-Gouy and Faraday
methods, diamagnetic corrections, magnetically non-dilute compounds-ferro, antiferro and ferri
magnetic, spin cross-over systems, correlation of magnetic and structural properties.

UNIT-2:

Reaction Mechanisms of Transition Metal Complexes:

Energy profile of a reaction, inert and labile complexes, kinetics of octahedral substitution and
mechanistic aspects, Acid hydrolysis, factors affecting acid hydrolysis, base hydrolysis,
conjugate base mechanism and evidence in its favour. Anation reactions, Substitution reactions
in square planar complexes, trans effect mechanisms of substitution. Electron transfer reaction-
inner sphere and outer sphere reactions, complimentary and non-complimentary reactions.
Photochemistry of metal complexes-types of photochemical reactions, photo substitution and
photoredox reactions and solar energy conversion.

Metal ions in biological systems: Essential and trace me}als, active transport o_f cations(Na and
K) ionophores, Metalloproteins as enzymcs.-carboxy peptidase, catalyses, peroxides, cytochrome
P450, superoxide dismutase, copper oxldgses, vitamin B); coenzyme. S'yntheuc model
compounds. Metals in medicine-metal deficiency (Fe, Mn, Cu and Zn), chelation therapy and

metal complexes as drugs.

UNIT-3: Research work-1(to be given by concerned Guide) 12 brs
UNIT-4: Research work-2(to be given by concerned Guide) 12 hrs
L4
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Department of Chemistry
| . Ph.D. Course work
Course —111- Field of Specialization - Organic Chemist
-Revised Regulations [2015) o

48 Hrs
UNIT-1 [3Hrs/Week|
. Separation and Purification Techniques: 12 Hrs
Principle of:
| Re crystallization : using various solvents and mixture of solvents
» Fractional crystallization: e.g. Separation of naphthalene and dipheny!
1 Fractional distillation: e.g. Separation of Benzene, acetone, ethyl alcohol etc.
4 Steam distillation
3 Soxhlet Extraction
B Svathetic Organic Chemistry:
| Disconnection approach
2 Retrosynthesis
Protecting groups
¢ Functional Group Inter conversions
(. Biological and Pharmacological Screening of co{npoun'd§. -
Principle, material and methodology for the following activities:
T mtimicrobial (Antibacterial, antifungal and antiviral)
2. Analgesic
3. Anti-inflammatory
4. Anthelmintic
5. Mechanism of action
UNIT-1I .

. in Organic Synthesis _

A. Oxidations and Requf"(;‘l’:i’ng _ Chromium and mangancse‘ct.)m_pounds, air, ozone,
Oxidation reactions in  acids, periodic acid, N-Bromo suc?lmmlde
hydrogen perox!df:‘,s volving: Catalytic hydrogenation, Complex metal
Reduction reactio _
hydrides, dissolVing metals.

B. Reagents in Organic Synthesis

2. Lithium diisopropyl amide (LDA)
iy nt i ~ 4, I,3-Dithianc
3 (l’)‘lcn;::‘u:\iiicl carbodiimide (D)
. L9 .
( Reactivity umqo“{“g’ 6. Tri-n-butyl hydride (TNBH)
5 Trimethyl sily! iodide 8. Woodward-Prevost hydroxylation
7.DDQ

gV
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9. Osmium tetroxjde

I :,.(Sclcmum dioxide 10.Stannic chloride
I3.Crown ether 12 Phase transfer catalyst
I5.Bakers yeast 14.Merrifield resin

16.Peterson synthesis
(. Stereochemistry

'opocity and prochirality
l/‘\)s'_\ r:lmzl.nc synthesis and asymmetric induct

e e T tion,

‘ msltre'o.selecu(m and double g¢ tric i I
[hastereoselection in cyclic systems e induction
- 2 1S f Ay H l : .
Enantioselective alkylation of ketones vig hydrazones

Specificity of enzymes towards p &L and E & 7 isomers

: : UNIT-II1

s.hstitutpfl Reactfon . 12 brs
\uck(vpl_l!w Sllbsflfll.tlon reactions: Introduction to nucleophiles, hard and soft nucleophiles.
Nucleophilic S_Ubsmll“Of) al saturated carbon - Syl Sy2 and Syi reactions and mechanisms.
‘actors affecting  substitution reaction — substrate (neighbouring group participation and
cor ugation). nucleophile, leaving group, solvent, steric and strain effect on substitution and
onization rates.

feactivity of benzylic, allylic, vinylic and aryl halides. Mitsunobu reaction. Nucleophilic
sunstitution on epoxides, esters and ethers. Introduction to nitrogen and sulphur nucleophiles in
S\2 reactions.

Nucleophilic substitution at aromatic compounds: Addition-elimination mechanism,
nucleophilic substitution via aryne intermediate, nucleophilic substitution by unimolecular

mechanism, preparation of aryl halides through radical mechanism. Nucleophilic substitution by

rearrangements. L. . - o
Electrophilic substitution reactions: General rnechanl'sm in aromatic elect_rophlllc substltu!lon
waction, nitration, halogenations, sulphonation, Ff'ffdal Craft alkylation and acylation.
Orientation effect of substituents, theory of rfeactmt_y and 'onentatnon, or(tjho?par.a ratio,
ompetition between substituents for third group. Side chain reactions of benzene derivatives.

-1V
UNIT 12hrs

oxidation reactions, cathodic reduction reactions,

}-eru-urganic Chemistry _ dic
-synthesis: ano Non-Kolbe oxidation, Shono Oxidation, Marko-

(e sl £ . .

"“Neral introduction, Electro  dation

Iectrochemical fluorination, Kolbe oxidation, e

e Reduction, Tafel rearrangemem] irode, natural product sy IR SoRg uln o oxil'cllauon.

“Crosyntheis usi yphobic elec ’ ‘ is of conducting polymers, Electro-

Ndirge 'lL:lhth usm[ﬁ h?’df:l;’ing mediator; eleCl“’"ymhesm
lectro-synthesis

POl mEr: g .

”'I.\rmruatmn of pyrrole.

( - 1

\lllxtna! Electro-synthesis: electr

“Mhesis of 3. 6-dichloropicolic act

hesi of udiponilrile. electrochemical perfluorination,
ro-synthests poni
(rlf; ;:ld Jactam derivative.

b
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Department of Chemistry
Ph.D. Course work

Course-111: Field of Specialization —Physical Chemistry
48 hrs

UNIT-I: ELECTROANALYTICAL TECHNIQUES 12 hrs

Introduction, electrochemical cells, faradic and non-faradic current, mass transfer in cells,
galvanic and electrolytic cells, anodes and cathodes, liquid junction potential, schematic
representation of cells.
Polarography: Theory, principle and applications classical polarography. dropping mercury
electrode, polarogram, polarographic measurements, polarographic current, Ilkovic equation,
current and concentration relationship, half wave potential, oxygen interference- advantages and
limitations. Qualitative and quantitative analysis. Derivative polarography.

Amperometry, Coulometry at controlled potential and at constant current. Cyclic voltammetry-
hasic principles, instrumentation and applications.
Electrogravimetry-theory, electrode reactions, Over-
completeness of deposition, separation of metals at contro
of copper and nickel in Cu-Ni alloy.

voltage, characteristics of a good deposit,
lled cathode potential. Determination

UNII-11: Nanomaterials: 12 hrs

Introduction: Fundamentals and importance, Metal nanoclusters, magic numbers, theoretical
modeling of nano particles, Geometric structure, electronic structure, reactivity, fluctuations,
magnetic clusters, Bulk to nano transitions. Semi conducting nanoparticles- optical properties,

photofragmentation. coulombic explosion.

Carbon nano particles: [ntroduction, Carbon molecules, Nature of the carbon bond, New
carbon structures. Carbon clusters: small carbon clusters, Ceo: Discovery , structure, crystal,
alkali doping , super conductivity, Fullerens, other Bulkyballs. Carbon nano-tubes: Fabrication,
structure. electrical properties, vibrational properties, mechanical properties, application of nano
materials. ' .

Methods of preparation: Plasma arcing, chemlcai vapour deposition, sol-gel, silica-gel,
hydrolysis, Condensation and polymerization of monomers to form particles, Electrodeposition,
ball milling, Chemical methods, Thermolysis, Pulsed laser methods.

UNIT-1I : Rescarch Work — 1. (to be given by concerned Guide) 12 hrs

UNIT-1V : Research Work — 2. (to be given by concerned Guide) 12 hrs

ek




Department of Chemistry
. . Ph.D. Course work
Title: Field of Specialization-Analytical Chemistry

48 hrs (3 Hrs/week)

UNIT-1 12 hrs
Thermal yle(.hods Of Analysis (TGA): Types of thermo gravimetric analysis, Principles.
Factors Aaﬂecung the results - heating rate, furnace, instrument control /data handling.
Applications - purity and thermal stability, evaluation of correct drying temperature, analysis of
complex mixture and determination of kinetic parameters of thermal degradation.

Differential Thermal Analysis (DTA): Theory — Variables affecting the DTA curves.
Differences between TGA and DTA. General principles, [nstrumentation.  Applications —
analysis of the physical mixture and thermal behavior study. Determination of melting point,
boiling point and decomposition point.

Differential Scanning Calorimetry (DSC): Basic principles. Differences between DTA and
DSC. Instrumentation — power compensated DSC, Heat flux DSC. Applications - Studies of
thermal transitions and isothermal crystallization. Pharmaceutical industry for testing the purity
of the samples.

Thermo mechanical analysis. Dynamic mechanical analysis.

UNIT-2 12 hrs

Chromatographic Methods of Analysis:

Gas-liquid chromatography and Gas-solid chromatography: Principles, Instrumentation and
applications.

High performance liquid chromatography (HPLC): Principle, Instrumentation-columns
(analytical and guard columns). Stationary phases, choosing a mobile phase. isocratic vs.
gradient elution, HPLC plumbing, sample introduction. Detectors for HPLC. Spectroscopic,
electrochemical and other quantitative applications.

Supercritical fluid chromatography (SFC): Properties of supercritical fluids, instrumentation
and operating variables, comparisons of SFC with other types of chromatography, applications.
Supercritical fluid extraction: Advantages of supercritical fluid extraction Instrumentation.
Supercritical fluid choice, off-line and on-line extractions, typical applications of supercritical
fluid extraction. RTLC: (ish port o

Principle and applications 0 C: (High performance thin layer chromat hy
(lﬁllraFf’ast performance liquid Chromatography) GC-MS, LC-MS and LC-NMR. " -

UNIT-3: Research work-1 (to be given by concerned Guide) 12 hrs

UNIT-4: Research work-2 (to be given by concerned Guide) 12 hrs
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Course Title:

. unrch and Publication Ethies (RPE)-Course for awareness about the publication
ethics and publication misconducts.

Course Level:
¢ 2 Credit course (30 hrs.)
Eligibility:

e« M.Phil,, Ph.D. students and interested faculty members (It will be made available to pos
graduate students at later date)

Fees:
» As per University Rules

Faculty:
« Interdisciplinary Studies

Qualifications of faculty members of the course:

« PhD.in relevant subject areas having more than 10 years’ of teaching experience

About the course

Course Code: CPE- RPE

Overview
This course has towal 6 units focusing on basics of philosophy of science and ethics.

research integrity, publication ethics. Hands-on-sessions are designed to identify researck:
misconduct and predatory publications. Indexing and citation databases, open access
publications, research metrics (citations, h-index, Impact Factor, etc.) and plagiarism

tools will be introduced in this course.

Pedagogy:

e (lass room teaching, guest lectures, group discussions, and practical sessions.

Evaluation

e Continuous assessment will be done through tutorials, assignments, quizzes, and group
discussions. Weightage will be given for active participation. Final written examinatior:

will be conducted at the end of the course.




Each module has 4-5 units

e COUrSE comprises of six modules listed in table below

I

——

Theoty _____——  — ) e

RPE 01 | Philosophy and Ethics -

RPE 02 Scientific Condut ______—— A
RPE03 | Publication Ethies I kA
Practice e ——————
RPE 04 _ Open Access Publishing ——— LA
RPE 05 Publication Misconduct _ _———— 1S
RPE 06 LQ&t@__bf,mafﬂmﬂchﬁgtﬁcs_ — 1

Total {?__

» RPE 01: PHILOSOPHY AND ETHICS (3 brs.)

| Introduction t0 philosophy: definition, nature and scope, concep
2 Ethics: definition, moral philosophy, nature of moral judgement

t, branches
s and reactions

» RPEM: SCIENTIFIC CONDUCT (Shrs.)
Etaics with respect 0 science and research

Intellectual honesty and research integrity

Scientific misconducts: Falsification, Faorication, and Plagiarism (FFP)
Redundant publications: duplicate and overlapping publications, salami slicing
Selective reporting and misrepresentation of data —_—

W B

w B0

. RPE 03: PUBLICATION ETHICS (7 hrs.)

Publication ethics: definition, introduction and importance

1.
2. Best practices / standards settin initiatives idelines:
st e g initiatives and guidelines: COPE, WAME, etc.
4. Publication misconduct: definition, conc
e s . concept, problems that lead 1o unethical behavior
5. Violation of publication cthics, authorshi ]
: ' ‘ ' rship and contn 1]
6. Identification of publication misconduct, complaints :‘ﬁ)ﬁmP
7. Predatory publishers and journals " :
PRACTICE \*"
- \\\ ) ‘
e RPE 04: OPEN ACCESS PUBLISHING(4 hrs.) A6 o :
oW

]. Open access pubiications and initiatives

/9 p‘l;‘oq‘)oxo




i ight & self-archiy
HERPA/RoMEO online resource 10 check publisher copyright ng
2. §
ﬁwa‘ . re predatory publi i SPPU
policies Bp— publications dev o oped by | |
1 i(:umnl ﬁu:nd(::ltt?j:)mﬁ;uggcsﬁon tools viz. JANE, Elsevier Journal Finder, Springe;

Journal Suggester, €tc.

(d

« RPE 05: PUBLICATION MISCONDUCT (4hrs.)
A. Group Discussions (2 hrs.)'

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

3. Complaints and appeals: examples and fraud from India and abroad
B. Software tools (2 hrs.)

Use of plagiarism software liks Turnitin, Urkund and other open source software tools

* RPE 06: DATABASES AND RESEARCH METRICS (7hrs.)

A. Databases (4 hrs.)
I. Indexing databases
2. Chation databases: Web of Science, Scopus, etc,

B. Research Metrics (3 hrs.)
1. Impact Factor of ; itati i
ch;a: actor of journal as per Journal Citatign Report, SNIP, SJR, IPP, Cite

2. Metrics: h-index, g index, i10 index, altmetrics

&
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University Grants Commission

T IO A Ty
L[.{‘ AH7d (444 BT
3 7 a0

weuda o (Ministry of Human Resource Development Goys ot 1.
qergee AH A, T Rd-110000
Bahadur Shah Zafar Marg, New Delhi.1 10007
Ph . 011-23236288/23239337

srof. Rajnish Jain Fax: 011-2323 8858
Cecretary E-mail : seq‘ugc@nic.m
D O No.F.1-112018(Journal/CARE) December, 2015
Respected SirMadam,

University Grants Commission in its 543" meeting held on 9" August, 2019 approved twe

Credit Courses for awareness about publication ethics and publication misconducts entitled

. “Research and Publication Ethics (RPE)” to be made compulsory for all Ph.D. students for
pre-registration course work (attached as Annexure).

In view of the above, you are requested to ensure that the above two Credit courses may be
made compuisory for all Ph.D. students for pre-registration course work undertaken in your
University from the forthcoming academic session.

With regards,
Yours sin%erely.
= L\

(Rajnish Jain)

10 THE VICE-CHANCELLORS OF ALL UNIVERSITIES




ANNEXURE

Course Title:
¢ Research and Publication Ethics (RPE)-Course for awareness about the publication
ethics and publication misconducts.

Course Level:

e 2 Credit course (30 hrs.)
E ligibility:

M.Phil., Ph.D. students and interested faculty members (It will be made available 10 pos:
graduate students at later date)

Fees:

¢ As per University Rules
Faculty:

* Interdisciplinary Studies

Qualifications of faculty members of the course:

* Ph.D. in relevant subject areas having more than 10 years’ of teaching experience
About the course

Course Code: CPE- RPE

Overview
* This course has total 6 units focusing on basics of philosophy of science and ethics
research integrity, publication ethics. Hands-on-sessions are designed to identify research
misconduct and predatory publications. Indexing and citation databases, open access
publications, research metrics (citations, h-index. Impact Factor, =tc ) and plagansm
tools will be introduced in this course.

Pedagogy:

* Class room teaching, guest lectures, group discussions, and practical sessions.

Evaluation

* Continuous assessment will be done through tutorials, assignments, quizzes, and grovP
discussions. Weightage will be given for active parucipation. Final written examination
will be conducted at the end of the course.
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