J. C. Bose University of Science and Technology, YMCA, Faridabad

(Established by Haryana State Legislative Act No. 21 of 2009 & Recognized by UGC Act 1956 u/s 22)
Accredited ‘A’ Grade by NAAC

Doctor of Philosophy - Chemistry
Ph. D. Chemistry (901)

Department of Chemistry
Faculty of Sciences
J. C. Bose University of Science and Technology, YMCA, Faridabad
Sector-6, NH-2, Faridabad-121006 Haryana (India)



Scheme and Syllabus for PhD Chemistry (901) Coursework

Course Course Name Year of Credit Hrs. Internal/
Code Introduction Sessiona

|
Compulsory Courses

PHD-100A Research 2010-11 & 4 4 25
Methodology 2016-17
CPE-RPE Research and 2019-20 2 2 25

Publication Ethics

Elective Choose anyone from the below listed elective courses

List of approved electives (At least one course from below elective course)

Course Course Name Year of Credit Hrs. Internal/
Code Introduction Sessiona
|

PHAS-11 Spectroscopic 2018-19 4 4 25
Methods in
Research

PHDC-02 Chemistry Of 2020-21 4 4 25
Materials

PHDC-03 Spectroscopic 2020-21 4 4 25
Methods in
Research

PHDC-04 Advanced Computational 2020-21 4 4 25
Chemistry

PHDC-05 Principles  of 2021-22 4 4 25
Fluorescence
Spectroscopy

and Solvent
Effects

End-
Sem
Exam

75

75

End-
Sem
Exam

75

75

75

75

75

Max
Marks

100

100

Max
Marks

100

100

100

100

100

Relevant Link

https://www.ugc.ac.in/oldpdf/reg
ulations/mphilphdclarification.pd
f
https://www.ugc.ac.in/pdfnews/4
952604_UGC-(M.PHIL.-PH.D-
DEGREES)-REGULATIONS,-
2016.pdf
https://www.ugc.ac.in/pdfnews/9
836633_Research-and-
Publication-Ethics.pdf

Relevant Link

https://jcboseust.ac.in/chem
istry/assets/uploads/media/

HAS_12_BOS_Feb_20_201

8.pdf

https://jcboseust.ac.in/chem
istry/assets/uploads/media/
2nd_BOS_DRC_minutes_(2

)(1).pdf

https://jcboseust.ac.in/chem
istry/assets/uploads/media/
2nd_BOS_DRC_minutes_(2

)(1).pdf

https://jcboseust.ac.in/chem
istry/assets/uploads/media/
2nd_BOS_DRC_minutes_(2
)(1).pdf

https://jcboseust.ac.in/chemi
stry/assets/uploads/media/3r
d_DRC_07_04_21.pdf
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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.)
Eligibility:
e M.Phil, Ph.D. students and interested faculty members (It will be made available to post
graduate students at later date)
Fees:

e As per University Rules
Faculty:

e 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
o 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, etc.) and plagiarism
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 group
discussions. Weightage will be given for active participation. Final written examination
will be conducted at the end of the course.


















COURSEWORK, PHD CHEMISTRY
CODE: PHDC-02
SUBJECT NAME: CHEMISTRY OF MATERIALS
NO OF CREDITS: 4

SESSIONAL 125
THEORY EXAM : 75
TOTAL 1100

L ol
=N~

Course Objectives: The objective of this course is to pravide the basic understanding of different type of materials,
their behavior, analysis and degradation.

UNIT:I

Materials, and their behavior

Carbon steels and irons; stainless steel; aluminium, copper, tin and their alloys; refractory metals; natural and
synthetic rubbers; thermoplastics; thermosetters; ceramics; carbon and graphite; wood

UNIT:NI

Corrosion

Thermadynamics of corrosion; mechanism and kinetics of corrasion; forms of carrasion; factors affecting and
preventive measures for corrosion; corrosion testing; mechanism of corrasion inhibitor action; inhibitor efficiency;
application of inhibiters for boiler corrosion, cooling water system, reinforced concrete and cement, chemical and
petrachemical industries.

UNIT:II

Electro-chemical methods of Analysis

Electrogravimetry; Palarographic analysis; Coulometric analysis and coulometric titrations; Amperometric titrations;
anodic stripping voltammetry and eyclic voltammetry; Electrochemical Impedance Spectroscopy; Polarization studies
(Tafel polarization & Linear poraization technique}. Chronoamperometry, chronopotentiometry, electrochemical
impedance spectroscopy (EIS)

UNIT:IV

Characterization Techniques

Surface analysis: Electron spectroscopy for chemical analysis (ESCA), X-Ray Diffraction, Fourier Transform Infra Red
(FTIR) Spectroscopy, AFM and Scanning Electron Microscopy (SEM), SEM-EDX, Transmission Electron Microscopy
(TEM), Atomic Absorption Spectroscopy (AAS), Energy-dispersive X-ray spectroscopy (EDX, EDS)

Course Outcomes: After the successful completion of the course the learner would be able to

i.  understand nature of different type of materials and their response mechanism to local atmosphere
ii. understand chemistry of corrosion and its prevention

ii. learn about important techniques to analyze and characterize the materials at various stages

v. learn and understand different characterization techniques.

Reference Books:
1. M.G. Fontana, Corrosion Engineering, McGraw Hill International Book Co. London.
2. J. C. Scully, Fundamental of Carrosion, Pergaman Press Inc. New York USA.
3. Corrosion Inhibitors, Principles & Applications, Y.S. Sastry, John Wiley & So
4, Introduction to Atmospheric Science, J M Wallace and P V Hobbs, Academic Press












Program — Doctor of Philosophy (Chemistry)
Course Name: Principles of Fluorescence Spectroscopy and Solvent Effects
Course Code: PHDC 05
Number of credits: 04

L P SESSIONAL: 25
4 0 THEORY EXAM: 75
TOTAL: 100

Course Objectives: To learn about Steady State Fluorescence Spectroscopy, Time Resolved Fluorescence
Spectroscopy, Fluorescence Spectroscopy Principle, instrumentation and various applications. To learn
about Solvent and Environmental Effects on Fluorophores

Unit 1. Introduction to Fluorescence

Phenomena of Fluorescence, Jablonski Diagram, Characteristics of Fluorescence Emission, The Stokes
Shift, Emission Spectra Are Typically Independent of the Excitation Wavelength, Exceptions to the Mirror-
Image Rule, Fluorescence Lifetimes and Quantum Yields, Fluorescence Quenching. Timescale of Molecular
Processes in Solution, Fluorescence Anisotropy, Resonance Energy Transfer, Steady-State and Time-
Resolved Fluorescence, Why Time-Resolved Measurements? Information from Fluorescence, Emission
Spectra and the Stokes Shift, Quenching of Fluorescence, Fluorescence Polarization or Anisotropy,
Rescnance Energy Transfer, New Fluorescence Technologies, Fluorescence Correlation Spectroscopy.

Unit 2. Instrumentation for Fluorescence Spectroscopy

Spectroflucrometers, An Ideal Spectrofluorometer, Distortions in Excitation and Emission Spectra, Light
Sources, LED Light Sources, Laser Diodes, Monochromators, Wavelength Resolution and Emission
Spectra, Polarization Characteristics of Monochromators, Stray Light in Monochromators, Calibration of
Monochromators, Optical Filters, Colored Filters, Thin-Film Filters, Filter Combinations, Neutral-Density
Filters,  Optical Filters and Signal Purity, Photomultiplier Tubes, Spectral Response of PMTs, Time
Response of Photomultiplier Tubes, Photon Counting versus Analog Detection of Fluorescence Symptoms
of PMT Failure, CCD Detectors, Polarizers, Corrected Excitation Spectra, Corrected Excitation Spectra
Using a Quantum Counter, Corrected Emission Spectra, Corrections Using a Standard Lamp, Conversion
hetween Wavelength and Wavenumber, Quantum Yield Standards, Common Errors in Sample Preparation,
Ahsorption of Light and Deviation from the Beer-Lambert Law, Deviations from Beer's Law.

Unit 3. Time-Domain Lifetime Measurements

Overview of Time-Domain and Frequency Domain Measurements, Meaning of the Lifetime or Decay Time,
Phase and Modulation Lifetimes, Examples of Time-Domain and Frequency-Domain Lifetimes, Time-
Correlated Single-Photen Counting Principles of TCSPC, Example of TCSPC Data, Convolution Integral,
Light Sources for TCSPC, Laser Diodes and Light-Emitting Diodes, Femtosecond Titanium Sapphire
Lasers, Picosecond Dye Lasers, Flashlamps, Synchrotron Radiation , Electronics for TCSPC, Constant
Fraction Discriminators, Amplifiers, Time-to-Amplitude Converter (TAC) and Analyte-to-Digital Converter
(ADC), Multichannel Analyzer, Delay Lines, Pulse Pile-Up, Detectors for TCSPC, Streak Cameras,
Upconversion Metheds, Data Analysis: Nonlinear Least Squares, Assumptions of Nonlinear Least Squares,
Overview of Least-Squares Analysis, Meaning of the Goodness-of-Fit, Autocorrelation Function, Analysis of
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Multi-Exponential Decays, Comparison of yz* Values: Effect of the Number of Photon Counts, Decay Laws,
Multi-Exponential Decays, Lifetime Distributions , Applications of TCSPC

Unit 4. Fluorescence Quenching and Solvent Effects

Quenchers of Flucrescence, Theory of Collisional Quenching, Derivation of the Stern-Volmer Equation,
Interpretation of the Bimolecular Quenching Constant, Theory of Static Quenching, Combined Dynamic
and Static Quenching, Examples of Static and Dynamic Quenching, Deviations from the Stern-Volmer
Equation: Quenching Sphere of Action, Derivation of the Quenching Sphere of Action, Effects of Steric
Shielding and Charge on Quenching, Modified Stern-Volmer Plots, Experimental Considerations in
Quenching, Applications of Quenching to Proteins, Overview of Solvent Polarity Effects, Effects of Solvent
Polarity, Polarity Surrounding a Membrane-Bound Fluorophore, Other Mechanisms for Spectral Shifts,
General Solvent Effects: The Lippert-Mataga Equation, Derivation of the Lippert Equation, Application of
the Lippert Equation, Specific Solvent Effects, Specific Solvent Effects and Lippert Plots, Temperature
Effects, Phase Transitions in Membranes, Additional Factors that Affect Emission Spectra, Locally Excited
and Internal Charge-Transfer States, Excited-State Intramolecular Proton Transfer (ESIPT), Changes in the
Non-Radiative Decay Rates, Changes in the Rate of Radiative Decay, Effects of Viscosity, Effect of Shear
Stress on Membrane Viscosity, Probe-Probe Interactions, Advanced Solvent-Sensitive Probes, Effects of
Solvent Mixtures.

Course Qutcomes:
After the successful completion of the course the learner would he able to
i. To use Steady State Fluorescence Spectroscopy, Time Resolved Fluorescence
Spectroscopy.
i, Understand the Solvent and Environmental Effects on probe molecules
ii. To understand various factors that Affect Emission Spectra
iv. To understand how to collect and interpret fluorescence emission and excitation
spectra

Books:

1. Principles of Fluorescence Spectroscopy by Joseph R. Lakowicz Third Edition Springer, 2006.

2. Physical Chemistry by Thomas Engel, Philip Reid and Warren Hehre PEARSON 2013, ISBN 978-0-
321-81200-1.

3. Solvents and Solvent Effects in Organic Chemistry by Christian Reichardt and Thomas Welton
Fourth Edition, ISBN:9783527324736, 2010.

4. Introduction fo Fluorescence by David M. Jameson CRC Press; 1st edition (28 Feb. 2014) ISBN-10
: 1438806047.

5. Molecular Fluorescence: Principles and Applications by Bernard Valeur Wiley-VCH; 2nd edition (26
April 2012) SBN-10 : 3527328378.

6. Time-Correlated Single Photon Counting by Desmond V. 0'Connor Academic Pr , ISBN-10
: 0125241402.

7. Modern Molecular Photochemistry by Nicholas J. Turro University Science Books,U.S.; New
edition (8 July 1991) ISBN-10 : 0935702717.

8. Principles of Molecular Photochemistry: An Infroduction by Nicholas J. Turro, University Science
Books; 2008th edition (16 Jan. 2009) ISBN-10 : 1891389572
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