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For 1-Year PG Programme
(Scheme C-1)
With Major Practicum Component

CHEMISTRY-CORE (THEORY) SYLLABUS

rom 1-Year PG

M.Sc. I Semester

Y

| Class-M.Sc. Semester-1

Session: 20256

Subject— Chemistry

1 | Course Code CC-31(T)

2 | Course Title Advanced Spectroscopic Techniques and Applicationg. \

3 | Course Type | CORE Course W

4 | Pre-requisite | To study this course students must have Chemistrin 1 B.

Degree with Honours/ Research. Ve

5 | Course Upon successful completion of this Cqurge, Ws will be able to:
Learning
Outcomes » Demonstrate a comprehensive g of electronic transitions
(CLO) and apply the principles of, spM sglection and Laporte rules in

B =B fanr s G

» Analyze the effects 0f%¢

electronic spectroscopy. Q}
AT

Nze advanced microscopic techniques, such as Scanning Electron
troscopy (SEM) and Transmission Electron Microscopy (TEM), to
% investigate material morphology and understand diffraction patterns.

» Apply Raman and Infrared Spectroscopy to analyze molecular
vibrations, identify chemical structures, and determine the effect of
resonance, overtone bands, and vibrational frequencies.

> Understand and apply 2D NMR techniques (COSY, HETCOR,
NOESY, DEPT, HMBC, and HMQC) for advanced structural
elucidation of organic and inorganic compounds.




....‘....................................i

6 | Credit Value Theory-06

| Total No. of Lectures-Tutoals—Practical (L-06 hours per week)

7 | Total Marks Maximum Marks: Total 100 Minimum Passing
University Exam(UE)-60,CCE-40 Marks: 40

L-T-P: 90-0-0 (Total Hours)

Unit Topic

No. of
ectures

The concept of Nada (sound energy) in Indian classical music rm’;é‘m

understanding of resonance, frequency, and overtoneshlike ional
transitions in IR and Raman spectroscopy.

Historical background and contribution of Sir C.V, &n Science.
\lnstrmnentation and

chemical structure,

Raman Spectroscopy: Basic principles of
Stokes-Anti-Stokes lines, Fermi reg
Applications of Raman spectroscopy® , %

law, Overtones, fundamentsf
vibrational frequencies;

Blerd Solving Activities:

\Calculate vibrational frequency using Hooke’s law for different

.diatomic molecules.

i. Determine force constant and bond strength from vibrational

frequency data.

1il. Analyze sample IR and Raman spectra to assign functional groups
and identify molecular structures.

iv. Compare and contrast Stokes and Anti-Stokes lines in Raman
spectra.

2. Poster Making:
1. Poster on Vibrational Motions and Selection Rules (IR vs Raman
active vibrations).
1. Poster showcasing Sir C. V. Raman’s contributions and the Raman
Effect.

1 Indian Knowledge System and its relevance to vibra Q 20
spectroscopy:

%é‘i}ww/yﬁ




iii. Comparative chart: IR vs Raman Spectroscopy (Principles,
Instrumentation, Applications).

iv. Poster on Applications of IR and Raman Spectroscopy in forensic,
pharmaceutical, and maternial sciences.

3. Seminars:
i. Vibrational Spectroscopy: Exploring the Invisible Sounds of
Molecules.
ii. IR and Raman Spectroscopy in Structural Elucidation.

4. Presentations:
i. Analysis of unknown compound using IR and Raman.
ii. Applications of Raman and IR Spectroscopy in Industry®anq |

Research. W N
A
2 X-ray Photoelectron Spectroscopy (ESCA): . ( 20
Introduction, Basic principles, Photoelectric effect, Indgt fl5, Auger
{€, binding

energies analysis, Limitations and Applications.

electron transitions and effects, chemical and

Keywords: Photoelectric Effect, Binding Ener
Transitions, Chemical State Identification,

@ysis, Auger Electron

nalysis Technique

Activities:
1. Probiem Solving Activitigs:
. Ca]culatlon bmdmg

%3 Seminars/ Presentations:
i. XPS: A Powerful Tool for Surface Analysis.
1. Understanding Chemical States through XPS.
iii. From Photoelectric Effect to ESCA: Joumney through Electronic
Transitions.

000 0000 00000000000 0000000060000 00000000000
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Proton Resonance (PMR) Spectroscopy:

Nuclear spin, nuclear resonance, saturation, shielding of magnetic nuclei,
chemical shift and its measurements, factors influencing chemical shift,
deshielding, spin-spin interactions, factors influencing coupling constant
‘J’, First-order and Second-order spectra, Basic idea about the instrument,
FT NMR, Chemical shift values and correlation for protons bonded to
functionalized carbons, double resonance, NMR shift reagents, Solvent
effect and Nuclear Overhauser effect (NOE).

Keywords: Chemical Shift, Spin-Spin Coupling, FT-NMR, Nuclear
Overhauser Effect (NOE), Shielding and Deshielding

Activities:

1. Prob]em-Solving Activities: ' PN
i. Interpretation of PMR spectra: Assign peaks, ca]cul
shifts and coupling constants (J). ;
ii. Predict splitting patterns and number of si
molecules.
i1, Differentiate between first-order and %or er spectra with
given examples. Q

2. Poster Making Topics:

1. Understanding Chemic.
ii. Spin-Spin Coupling &{Pas
ii. ys. Profon Chemical Shifts.
v, Yeshielding in PMR.

NEduler Transform NMR — Modern Instrumentation Techmques.

%

15

N ’ ance NMR Techniques:

Carbon-13 NMR spectroscopy- General considerations, chemical shift
(aliphatic, olefinic, alkyne, aromatic and carbonyl carbon). Multi nuclear
NMR techniques.

Introductions and fundamentais of 2D NMR spectroscopy-COSY,
HETCOR, NOESY, DEPT, HMBC and HMQC techniques and
applications.

Keywords: 2D NMR Spectroscopy, COSY and NOESY, HETCOR and
HMBC, DEPT Analysis, Structural Elucidation

20




Activities:
1. Problem-Solving Activities:

1. Interpretation of C-13 NMR spectra: Assign carbon signals for

different functional groups (aliphatic, aromatic, carbonyl, etc.).

ii. Correlation practice: Match 1D and 2D NMR spectra to deduce
structure.

iii. Solve questions using DEPT spectra to distinguish CH, CHz, and
CH: groups.

iv. Structure elucidation from COSY, HETCOR, HMBC, and HMQC
data.

2. Poster Making Topics:

i. Carbon-13 NMR: Understanding Chemical Shifts.
ii. Visualizing DEPT Spectra: Differentiating CH, &}l
iii. Overview of 2D NMR Techniques: COSY gNOL
HMBC, HMQC. Q
iv. Applications of Multinuclear NMR in Ma@ 1@mistry.

Applications.

3. Seminars;

1. Introduction of 2D NMR:
1. COSY and HETCOR: B

thed problems based on UV, IR, NMR and Mass spectral techniques.

(eywords: Mass Spectroscopy, Analyzers, McLafferty rearrangement,
Nitrogen rule, High-resolution mass spectrometry.

Activities:

1. Problem-Solving:

1. Identify molecular ion peaks, metastable ions, and fragmentation
patterns including McLafferty rearrangement.

1. Apply the Nitrogen rule to determine the number of nitrogen atoms.

iii. Solve combined spectral problems integrating UV-Vis, IR, NMR,

and Mass spectra for structure elucidation of unknown organic

15
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compounds.

2. Poster Making:

i. Ionization Techniques in Mass Spectrometry: Principles and
Applications.
ii. Mass Analyzers: Quadrupole vs Time-of-Flight.
ili. Common Fragmentation Patterns.

3. Seminars:
i. Advanced Jonization Techniques in Mass Spectrometry.

ii. Role of Mass Spectrometry in Organic Compound Identification.
iii. Integrated Spectral Analysis: Combining UV, IR, NMR, and MS,

 Text oks, Reference Books, Other Resourc

Suggested Readings:

Books

1. Raman, C.V., The Raman Effect (Collected Works), In {fa gAcaderny of Sciences, Bangalore.
2. Drago, R.S. Physical Methods in Chemistry. Saun “liEge.

3. Chang, R. Basic Principles of Spectrosco%y. M " Hill.

4. Silverstein, R M., Bassler, G.C., and Mo}t pectrometric Identification of Organic

Compounds. John Wiley.

Aruldhas, G. Molecular Structure g

6. Das, AK., Fundamental cofice norganic Chemistry. CBS publishers and
Distributors.

7. Miessler G.L. and Tarr, D. A

8. Wilkinson, Gillars and

9. Huheey, J.E., Keiter
of Structure and R

L

nic Chemistry, Pearson Education.

hensive Coordination Chemistry, Pergamon Press.

Reiter R.L., MedhiOkhil K., Inorganic Chemistry (Principles
), Pearson Education.

spect of Inorganic Chemistry. Routledge and Kegan Pau IPLC.
anic Electronic Spectroscopy, Elsevier.

her J., Loftus, P ., Introduction to NMR spectroscopy, Wiley.
pplication of Spectroscopy of Organic Compounds, Prentice Hall.

D.H.,, Fleming, I., Spectroscopic Methods in Organic Chemistry, Tata
- Hill,

nwell, Fundamentals of Molecular Spectroscopy, Tata McGraw Hill.

Suggested equivalent online courses and Web Sources:

> htips://farchive nptel.ac.in/course html

> https://ugcmoocs.inflibnet.ac.in/index. php/courses/moocs

> https://swayvam gov.in/explorer

F By =R o T ng



+ - Part D-Assessment and Evaluatio

Maximum Marks: 100
Internal Assessment (CCE): 40
External Assessment (UE): 60

o - Internal Assess
Continuous and Cumulative Evaluation (CCE) Methods will be based on Marks
following defined components:

a. Class Tests

b. | Presentation/Assignment/Quiz/Group Discussion
¢. | Appropriate weightage of attendance in the Class
Total 40

Theory Papeas eni Examination

Total




0080600000000 0000C800009000000000008000009 ¢

For 1-Year PG Programme
(Scheme C-1)
With Major Practicum Component
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. Raman, C. V., The Raman Effect (Collected Works), Indian Academy of Sciences, Bangalore.
Drago, R.S. Physical Methods in Chemistry. Saunders College.
Chang, R. Basic Principles of Spectroscopy. McGraw-Hill.
Silverstein, R M., Bassler, G.C., and Momill, T.C. Spectrometric Identification of
Organic Compounds. John Wiley.
. Aruldhas, G. Molecular Structure and Spectroscopy. Prentice Hall.
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6. Das, AK., Fundamental concepts of Inorganic Chemistry. CBS publishers and
Distributors.

7. Miessler G.L. and Tarr, D. A_, Inorganic Chemistry, Pearson Education.

Wilkinson, Gillars and Comprehensive Coordination Chemistry, Pergamon Press.

9. Huheey, J.E., Keiter, E.A_, Keiter R.L., MedhiOkhil K., Inorganic Chemistry (Principles
of Structure and Reactivity), Pearson Education.

10. Sharpe, A.G., Modern Aspect of Inorganic Chemistry. Routledge and Kegan Pau IPLC.

11.Lever, A.B.P., Inorganic Electronic Spectroscopy, Elsevier. )

12. Abraham, R.J. Fisher J., Loftus, P., Introduction to NMR spectroscopy, Wiley.

13.Dyer, J.R., Application of Spectroscopy of Organic Compounds, Prentice Hall.

14. Williams, D.H., Fleming, 1., Spectroscopic Methods in Organic Chemistry, Tata
McGraw-Hill. ‘

15. Banwell, Fundamentals of Molecular Spectroscopy, Tata McGraw Hil}.
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For 1-Year PG Programme

(Scheme C-1)
With Major Practicum Component

CHEMISTRY-CORE (THEORY) SYLLABUS
M.Sc. I Semester

F e = 'Part A~ Introduction:. Dl
Program: 1-Year PG | Class-M.Se. T Semester-l Session: 2025-26
Subject—Chemistry

1 | Course Code | CC-32(T)

2 | Course Title Advanced Analytical Chemistry

3 | Course Type CORE Course

4 | Pre-requisite | To study this course students must have Chemi stg in B.Sc. IV year

Degree with Honours/ Research.

5 | Course Upon successful completion of this.Course, learners will be able to:
Learning "
Outcomes » Categorize analytical methods into classical and instrumental
(CLO) categories and demonstrate safe laboratory practices.

» Perform gravimetric and volumetric techniques with accuracy and
precision, and evaluate data using appropriate statistical tools.

» Explain the principles, instrumentation, and applications of atomic
absorption spectroscopy, flame photometry, ICP-AES, and ICP-MS.

» Analyze and interpret results from X-ray structural analysis and
thermal methods such as TGA, DTA, and DSC.

» Understand and apply hyphenated techniques (GC-MS and LC-MS),
~ including interface technologies and sensitivity considerations.

» Interpret complex analytical data and select appropriate techniques for
elemental and molecular analysis.

» Demonstrate competency in the use of advanced analytical
instrumentation relevant to research, industry, pharmaceuticals, and
environmental sciences.

6 | Credit Value Theory—06

7 | Total Marks Maximum Marks: Total 100 Minimum Passing
University Exam (UE)-60, Marks; 40
CCE-40

G B P fe v
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Part B-Content of the Course

Total No. of Lectures-Tutorials-Practical (hours per week): 06
L-T-P: 90-0-0 (Total Hours)

Unit

Topic

No. of
Lectures

Indian Knowledge System and its relationship with Analytical
Methods:

Knowledge of ancient indian analytical chemistry, functions of ancient
tools such as, dhol (grinding drum), swadeni, patan, Kukkutapatha
(crucible lid), Vahini (distillation apparatus), Puta (furnance), Bharani
(measuring vessel), nirvapayantra (cooling vessel) and khalvayantra
(mortar and pestle), etc.

Classification of analytical methods-classical and instrumental. Types of
instrumental  analysis.  Sample  preparations-dissolution  and
decompositions, Gravimetric techniques, Volumetric techniques, and
safety in the analytical Laboratory.

Evaluation and reliability of analytical data:

Accuracy, precision, classification of errors, mean deviation and standard
deviation, Least square methods, regression coefficient, F-test, t-test and
Chi-test. o -

Keywords: Instrumental Analysis, Sample Preparation, Gravimetric and
Volumetric Techniques, Analytical Accuracy and Precision, Statistical
Data Evaluation ’

Activities:
1. Problem Solving:

i. Practice sets on mean, standard deviation, accuracy, precision, and
error classification. '
ii. Solve statistical problems using F-test, t-test, and Chi-square test.
iii. Calculations for gravimetric and volumetric analyses.
iv. Exercises on least squares method and regression analysis in
analytical data evaluation.

2. Poster Making Topics:
i. Ancient Indian Analytical Tools and Their Scientific Significance
ii. Types of Analytical Methods: Classical vs Instrumental
i, Statistical Tools in Analytical Chemistry
iv. Safety Protocols in Analytical Laboratories

3. Seminars:
i. Evolution of Analytical Chemistry: From Rasashastra to Modemn
Techniques
11. Comparison of Classical and Instrumental Analytical Methods
1i. Role of Statistics in Ensuning Data Accuracy in Chemistry

15
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Spectro-Chemical Methods of Chemical Analysis-I

Atomic absorption spectroscopy (AAS): Principle, instrumentation,
production of atoms and ions, hollow cathode lamp, burners, detectors,
sensitivity and detection limits in AAS, advantages and disadvantages of
AAS, chemical and spectral interferences, applications of AAS.

Spectro-Chemical Methods of Chemical Analysis-I1

Flamephotometry: Principle of flame photometry, theory,
instrumentation, combustion flames, detectors, and analysis of Na, K, Ca,

Mg, and Li.

Inductively coupled plasma Emission spectroscopy and Inductively
coupled plasma Mass spectrometry (ICP-AES, ICP-MS): Principle of
AES, instrumentation, plasma, AES detectors, quadrupole mass
spectrometers, difference between the two detectors, applications.

Keywords: Atomic Absorption Spectroscopy (AAS), Flame Photometry,
ICP-AES and ICP-MS, Plasma Source and Atomization, Mass and
Emission Spectrometry, Elemental Analysis Applications

Activities:

1. Problem Solving;
1. Calculation of concentration using Beer—Lambert Law.
1i. Detection limits and sensitivity analysis in AAS.
iii. Calculation of emission intensity vs concentration for Na*, K+, Ca?*,
etc.
iv. Detection limits and sensitivity comparison between Flame
Photometry and ICP-MS.
v. Problems based on calibration curves in emission spectroscopy.

2. Poster Making Topics:

1. Working and Instrumentation of Atomic Absorption Spectroscopy
and Flame Photometer.
it. Working Principle and Instrumentation of Comparison between
Flame Photometry, ICP-AES and ICP-MS.
iii. Applications of AAS in Environmental and Clinical Chemistry
iv. Applications of ICP Techniques in Trace Metal Analysis.
v. Combustion Flames and Atomization Techniques in Spectroscopy.

3. Seminars/ Presentations:
1. Comparison of AAS with other Atomic Spectroscopic Methods (ICP-
AES, Flame Photometry)
1. Role of AAS in Trace Element Detection in Food and Water
ui. Application-based presentation on AAS in forensic, pharmaceutical,
or environmental analysis.
tv. Modern Applications of ICP-MS in Environmental Monitoring,

_Use of Flame Photometry in Clinical and Agricultural Cherms
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X-ray Diffraction:

Bragg condition, Miller indices, X-Ray emission, Moseley Law, Duane
Hunt Law, Laue Method and Debye Scherrer method of X-ray structural
analysis of crystals, Crystal density, Structure of simple lattices and X-ray
intensities, structure factor and its relation to intensity and electron
density, phase problem. Description of the procedure for an X-ray
structure analysis, absolute configuration of molecules.

Keywords: X-ray diffraction, Duane Hunt Law, Debye Scherrer Equation, X-ray
structure analysis

Activifies:

1. Problem Solving:
i.Bragg’s Law calculations: determination of d-spacing, wavelength,
and angle.
ii.Miller indices and interplanar distance in cubic lattices.
iii.Crystal density using unit cell parameters.
iv.Calculations related to structure factor and intensity.

2. Poster Making;
i.Bragg’s Law and Crystal Structure Determination.
ii. X-ray Diffraction Techniques: Laue vs. Debye-Scherrer.
iii. Historical Milestones in XRD: Bragg, Moseley, and Beyond.

3. Seminars / Presentations:
i.Laue and Debye-Scherrer Methods: Applications in Modemn
Crystallography.
ii. Miller Indices and Their Role in Crystal Planes Identification.
ii1. Comparnison of X-ray Emission and Diffraction Methods.
iv. Applications of XRD in Drug Design, Materials Science and
Nanotechnology.

20

Differential and Thermal methods of analysis:

Principles and instrumentation of TG and DTA. Complementary nature of
TG and DTA. Differential scanning calorimeter (DSC). Applications of
thermal methods in analytical chemistry.

Keywords: Thermogravimetric Analysis (TGA), Differential Thermal
Analysis (DTA) and DSC, Thermal Methods in Analytical Chemistry

Activities:

1. Problem Solving:

i. Calculation of mass loss and enthalpy change from TG/DSC curves.

15
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ii. Analysis TG and DTA plots for decomposition steps and thermal
transitions.

2. Poster Making:
i. TG vs DTA vs DSC: Working Principles and Applications.
ii. Thermal Methods in Material and Pharmaceutical Analysis.

3. Seminars /Presentations:
i. Complementary Nature of TGA and DTA in Material Analysis.
ii. Instrumentation and Interpretation of TG/DTA/DSC Curves.
ili. Structure Factor, Intensity, and Crystal Symmetry in XRD.
iv. Comparative Case Study: TG-DTA Analysis of Organic vs
Inorganic Materials.

Hyphenated Techniques: Introduction of hyphenated techniques and
their sensitivity levels.

Gas Chromatography-Mass Spectrometry (GC-MS) Technique:
Introduction, Instrumentation, interface and applications

Liqmd Chromatography- Mass Spectrometry (LC-MS) technique:
Introduction, instrumentation, interface (ESI, APCI, APPI), Time-of-
flight analyzer, Quadrupole analyzer and applications.

Keywords: Hyphenated Analytical Techniques, GC-MS (Gas
Chromatography—-Mass Spectrometry), LC-MS (Liquid Chromatography
—Mass Spectrometry), Ionization Interfaces (ESI, APCI, APPI),
Analytical Sensitivity and Applications

Activities:

1. Problem Solving Activities:
1. Interpretation of GC-MS/LC-MS spectra to identify unknown
compounds. |
ii. Compare sensitivity and selectivity of GC-MS vs. LC-MS.

2. Poster Making:
i. Hyphenated Techmques.
ii. GC-MS vs LC-MS: Principles, Interfaces, and Applications.

3. Seminars/ Presentations:
1. Hyphenated Techniques in Pharmaceutical Analysis.
1i. Instrumentation and Applications of GC-MS.
ni. LC-MS Interface Technologies: ESI, APCI and APPIL.
iv. Role of TOF and Quadrupole in Advanced Molecular Analysis,
v. Working Principle and Block Diagram of GC-MS and LC-MS.
vi. Hyphenated Techniques for Trace Analysis in Forensics and Food
Safety.

20

N ZE




|

Part C-Learning Resources

Text Books, Reference Books, Other Resources

Suggested Readings:
Books

1. Sharma, P.V., Rasashastra, Bhaishajya Kalpana, Chaukhambha Bharati Academy,
Varanasi.

2. Christian, G.D. Analytical Chemistry, John Wiley.

3. Skoog, D.A_, West, D.M., Holler, F.J. Fundamentals of Analytical Chemistry, W.B.

Saunders.

4. Willard, HA., Merritt, L L., Dean, J. A., Instrumental Methods of Analysis.Van
Nostrand, New York. _

5. Skoog, D.A., West, D. M. Principles of Instrumental Analysis, Holt Rinehart and
Winston, New York.

6. Robinson, K.A. Chemical Analysis, Harper Collins Publishers, NewYork.

7. Mendham, J., Denney, R.C., Barnes, J.D., Thomas, MJ.K., Vogel’s Textbook of
Quantitative Chemical Analysis, Pearson Education.

8. Settle, F.A., Handbook of Instrumental Techniques for Analytical Chemistry, Prentice]
Hall.

Suggested equivalent online courses and Web sources:

> hittps://archive nptel ac.in/course himl
» https://ugcmoocs.inflibnet.ac.in/index.php/courses/moocs

> hittps://swayam.gov.in‘explorer

Maximum Marks: 100
Internal Assessment (CCE):40
External Assessment (UE): 60

e -

Continuous and Cumulative E\f'al"uatlon“ (CCE) i\&ethods will be based on the

following defined components:

a. Class Tests

b. Presentation/Assignment/Quiz/Group Discussion

C. Appropriate weightage of attendance in the Class

Total 40

External Assessment

Theory Paper as per University Examination

Total 60

‘Grand Total - 100
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For 1-Year PG Programme
(Scheme C-1)
With Major Practicum Component

CHEMISTRY-CORE (PRACTICUM) SYLLABUS
M.Sec. I Semester

Progra 1-Year PG | Class-M.Sc. | Semester-I Session: 2025-26

Subject— Chemistry

1 | Course Code PC-31

2 | Course Title Advanced Spectroscopic Techniques and Appl

3 | Course Type PRACTICUM Course

4 | Course Upon successful completion of ;hi§ Course, learners will be able to:
Learning e
Outcomes > Analyze the electronic spectra of transition metal coordination
(CLO) complexes using Tanabe-Sugano diagrams.

» Interpret X-ray. photoelectron spectroscopy (XPS) data to
determine cofé:» Bindinéf energies and relate them to chemical
environments.

» Determine the pKa of acid-base indicators using colorimetric
techniques:

» Analyze nuclear magnetic resonance (NMR) spectra to interpret
structural features and calculate coupling constants.

> Integrate theoretical spectroscopic principles with experimental
data for the qualitative and quantitative analysis of complex
molecules.

5 | Credit Value Practical-04

6 | Total Marks Maximum Marks: Total 100 Minimum Passing
University Exam (UE)-60, CCE-40 Marks: 40

Teleiidy

TotalNo. f Lectres- Tutials—Praccal (08 hours per wk):
L-T-P: 0-0-120 (Total Hours)

A, Assignments/Practice/ Survey/Fieldwork
No. of

Hours: 120

B. List of Experiments to be performed in laboratory

1. Electronic spectral analysis of transitional metal-based coordination complex
e.g., (i). Potassium trioxalato chromate (II) complex and (ii). Nickel (II)
Dimethyl Glyoximate {(DMG) complex using Tanabe-Sugano diagram.

“wed N e W@ 2E




2. Interpretation of XPS spectra, caiculate the core binding energies, assign the
peaks and explain the variation in core Binding Energies.

3. Determination of pKa of an indicator (e.g., methyl red) by colorimetric

method.

Spectral Interpretation/ Calculations using IR technique.

Spectral Interpretation/ Calculations using NMR technique.

Spectral Interpretation/ Calculations using Mass spectrometry technique.

Spectral Interpretation/ Calculations using UV-Visible/ Electronic techniques.

Structure elucidation of unknown compounds using UV-Visible, IR, NMR,
Mass spectral data.

NS e

n Textoks, Reference Books, Other Reurces

Suggested Readings:
Books

1. Gauglitz, Giinter, Moore, Dr. David S. Handbook of Spectroscopy: Second, Enlarged
Edition, Wiley-VCH.

2. Pavia, Donald L.; Lampman, Gary M.; Kriz, George S. Introduction to Spectroscopy,
Cengage Leamning.

3. Inmamdar, Nazma N. Solving Spectroscopy Problems: A Basic Approach, N.S.
Publications.

4. Feinstein, Karen. Guide to Spectroscopic Identification of Organic Compounds, White
Science Publishing.

5. Bandyopadhyay, A K. Nanomaterials, New Age International Publishers.

Suggested equivalent online courses and Web Sources:

» htips://archive nptel.ac.in/course.htm]

» https://ugcmoocs.inflibnet.ac.in/index. php/courses/moocs

> htips://swayam gov in/explorer

Maximum Marks: 100
Internal Assessment (CCE): 40
External Assessment (UE): 60

Continuons Cumulative Evaluation (CCE) Methods will be "~ Marks
based on following defined components:

a. | Class/ Laboratory Practical Tests

b.| Seminar/ Demonstration/ Viva voce/ Lab Record efc.

¢. | Appropriate weightage of attendance in the Class

‘Fotal 40
T hi}é? BH RS B At ‘”: }Bﬁﬁ J

30
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Total 60
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1. Gauglitz, Giinter; Moore, Dr. David S. Handbook of Spectroscopy: Second, Enlarged
Edition, Wiley-VCH.

2. Pavia, Donald L.; Lampman, Gary M.; Kriz, George S. Introduction to Spectroscopy,
Cengage Learmng

3. Inamdar Nazma N. Solving Spectroscopy Problems: A Basic Approach, N.S.
Publications.

4. Feinstein, Karen. Guide to Spectroscopic Identification of Organic Compounds,

* White Science Publishing,

5. Bandyopadhyay, A K. Nanomaterials, New Age International Publishers.

JHTE T HTFATSH UTSTshH 3N 39 Ui -
» https://archive.nptel.ac.in/course htmi!

> https//ugcmoocs.inflibnet.ac.in/index.php/courses/moocs

> https.//swayam.gov.in/explorer
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For 1-Year PG Programme
(Scheme C-1)
With Major Practicam Component

CHEMISTRY-CORE (PRACTICUM) SYLLABUS
M.Sc. I Semester

1330

Program: 1-Year PG o ass-.c. Semester-I | Sessi:26
Subject— Chemistry

1 | Course Code PC-32

2 | Course Title Advanced Analytical Chemistry

3 | Course Type PRACTICUM Course

4 | Course Upon successful completion of this Course, learners will be able to:
16‘::;2:253 > Estimate functional groups such as amino, nitro, hydroxyl, and
(CLO) carboxylic in organic compounds using classical analytical methods.

» Determine the strength and géqcentration of biologically important
molecules including glycine, glucose, and phosphate.

» Identify plant pigments and calculate retention factor (Rf) values
using paper and thin-layer chromatography techniques.

» Perform the chmeatographic separation of amino acid mixtures and
interpret the results.

» Conduct ' spectroscopic estimations of amino acids, proteins,
carbohydrates, aspirin, and caffeine with accuracy and precision.

> Determine reaction kinetics, such as the rate constant for sugar

. inversion, using polarimetry.

> Calculate the equivalent and molecular weight of organic acid
samples using direct titration methods.

» Apply a range of analytical chemistry techniques to evaluate the
composition and properties of chemical and biological samples.

5 | Credit Value Practical 04

6 | Total Marks Maximum Marks: Total 100 Minimum Passing
University Exam (UE)-60, CCE-40 Marks: 40
Total No. of Lectures- Tutorials-Practical (08 hours per week):
L-T-P: 0-0-120 (Total Hours)
A. Assignments/Practice/ Survey/Fieldwork
No. of
Hours: 120
B. List of Experiments to be performed in laboratory
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1. Estimation of Amino, Nitro, Hydroxyl, and Carboxylic groups.

2. Estimation of the strength of Glycine.

3. Estimation of Glucose.

4. Identification of pigments in the plant leaves and calculation of retention
factor (Rf) values by paper/TL.C chromatography.

5. Separation of amino acids mixture by paper chromatography.

6. Spectroscopic estimation of Amino acids, Proteins, Carbohydrates, Aspirin,
and Caffeine. o

7. Determination of rate constant for inversion of sugar using Polanmeter.

8. Determination of equivalent weight and molecular weight of an organic

acid sample by the direct titration method.

9. Determination of Phosphate concentration in a soft drink.

10. Calculation of mass loss and enthalpy change from TG/DSC curves.

11. Theoretical Analysis of TGA, DTA, and DSC plots for decomposition steps
and thermal transitions. :

12. Spectral interpretation of d-spacing, wavelength, and angle using Bragg’s
Law. '

Text ks, Refrence Books, Other Rerces o

Suggested Readings:
Books

. Vogel, AL Vogel’s Textbook of Quantitative Chemical Analysis, Pearson
Education..
Skoog,:D.A., West, DM., Holler, F.J. Fundamentals of Analytical
Chemistry, Cengage Learning.
3. Willard, H.H., Merritt, L..L., Dean, J. A, Settle, F.A. Instrumental Methods
of Analysis, CBS Publishers & Distributors.
4. Chatwal, G.R., Anand, S.K. Instrumental Methods of Chemical Analysis,
Himalaya Publishing House.
. Khopkar, S.M. Basic Concepts of Analytical Chemistry, New Age
International Publishers.
6. Vogel, Al Laboratory Manual of Organic Chemistry, Longman Group
Ltd.
7. Plummer, D.T. An Introduction to Practical Biochemistry, McGraw-Hill.

—
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Suggested equivalent online courses and Web Sources:

» https://archive nptel.ac.in/course html
> htps://ugcmoocs.inflibnet.ac.in/index.php/courses/moocs

» htips://swayam.gov.infexplorer
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= Part D- Assessment and Evaluation-

Maximum Marks: 100
Internal Assessment (CCE): 40
External Assessment (UE): 60

Continuous and Cumulative Evaluation (CCE) Methods will be
based on following defined components:

Marks

a.| Class/ Laboratory Practical Tests

b.| Seminar/ Demonstration/ Viva voce/ Lab Record etc.

c. | Appropriate weightage of attendance in the Class

st NE

maper as r Univeity Examination

Total
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For 1-Year PG Programme
(Scheme C-1)
With Major Practicum Component
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2 | uraasw Yi® | 394 faxevuiers IamaH I
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3. FTEAHC/ VTN /A& BIeSaD

9. YRR | {6 W ard wanT St gut

I HE:
120

AN, 133, gRenaud aul HIENRId dg] &) B (Estimation)
HE]

2. TISRIA B UFKAT (strength) BT 3HThel BT

3. TP Bl BT B

4. Qi o gfwdl o aufdl (pigments) &} I8 BT TG TR/ETuadt
HATIG! gRI RETA Baex (Rf) HIF &1 TT0MHT ST

5. UUR HIHCIUIG! GRT HH 37 o 101 BT gYyaes 0l S|

6. <A ond, W, FeleRge, TRANA aul FHH &1 A IUs
HTAH HEAT

7. oafirdiex &1 Iumn F36 FR F 3999 (inversion) Pt &2 RIS (rate
constant) &I fAreficor B

8. fadll SEM® o & gedi®d YR (Equivalent weight) Td 3ATUI[d® UR
(Molecular weight) PT Y&l Cig¢H fafy gy MefRon

9. W%ﬁm (Phosphate) 3 Tral &1 g

10. TG/DSC &d § FHHM B (Mass loss) Td T URdcH (Enthalpy
change)a'?lTTUHTI

11. TGA, DTA 3R DSC wicy & Jgifds fawdyw, faueq =xon
(Decomposition steps} 3R g IHA (Thermal transitions) aFfE'TE{I

12. s & fad (Bragg's Law) I IUGNT PP d-spacing, GEU A

(wavelength) 3R B0y (angle) 1| @?@a HRST | .

gt mft uasa wnrh
qwd

. Vogel, A.l. Vogel’s Textbook of Quantitative Chemical Analysis, Pearson Education.
. Skoog, D.A., West, D.M., Holler, F.J. Fundamentals of Analytical Chemistry, Cengage

Leaming.
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3. Willard, HH,, Merritt, L.L., Dean, J.A,, Seitle, F.A. Instrumental Methods of Analysis,
CBS Publishers & Distributors.

4. Chatwal, G.R., Anand, S.K. Instrumental Methods of Chemical Analysis, Himalaya
Publishing House.

5. Khopkar, S.M. Basic Concepts of Analytical Chemistry, New Age International
Publishers.

6. Vogel, A.l. Laboratory Manual of Organic Chemistry, Longman Group Ltd.

7. Plummer, D.T. An Introduction to Practical Biochemistry, McGraw-Hill.
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» https://archive.nptel.ac.in/course.htmi

» https://ugcmoocs.inflibnet.ac.inf/index.php/courses/moocs ‘“g

» https://swayam.gov.in/explorer
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For 1-Year PG Programme
(Scheme C-1)
With Major Practicum Component

CHEMISTRY-CORE (THEORY) SYLLABUS
M.Sc. II Semester

rogram: 1-Year PG

Class-M.Sc. Semester-11 Session: 2025-26

Subject— Chemistry

1| Course Code | CCH41(T)

2 | Course Title Bio-Organic and Bio-Inorganic Chemistry

3 | Course Type CORE Course

4 | Pre-requisite To study this course students must have Chemlst_gx in B Sc IV year

Degree with Honours/ Research.

5 Coul'se . S . B G
Learning Upon successful completion of this Course, learners will be able to:
%;tlgt)mes » Explain the structure and funét,ign of. metal-containing proteins

involved in biological electron, tranSfer :

» Describe the role of cytochromes iron-sulfur proteins, and models of
nitrogen fixation.

» Discuss the blologlcal sngmﬁcance of bulk and trace metals, and the
mechanism of i mn pumps

> Interpret the structure spectra, and oxygen-binding properties of
metalloporphyrms

» Explain the function of heme proteins such as hemoglobin,
-myoglobin, and cytochrome P-450.

‘>'".I':):escribe the catalytic mechanisms of metalloenzymes, including
- copper, molybdenum, and zinc enzymes.

» Understand the role of vitamin-derived coenzymes and metal ions in
enzymatic activity.

» Classify enzymes and explain active site identification and types of
inhibition. °

» Describe enzyme catalytic mechanisms such as acid-base, covalent,
and transition state stabilization.

> ldentify and classify the types of reactions catalyzed by enzymes.

6 | Credit Value Theory—06
7 | Total Marks Maximum Marks: Total 100 Minimum Passing
University Exam(UE)-60, CCE-40 Marks: 40

vVl
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Total No. of Lectures-Tutorials-Practical (L-06 hours per week)
L-T-P:90-0-0 (Total Hours)

Transfer and Metal Ions in Biology:

Use of metals such as iron, copper, and zinc in traditional Indian medicine as
described in Sushruta Samhita. Early understanding of metal ion functions
through mineral-based formulations (Bhasmas). Contributions of Nagarjuna to
ancient Indian metallurgical practices.

Structure and function of metal of proteins in electron transport
processes, cytochromes, ion-sulfur proteins, and synthetic models.
Biological nitrogen fixation, and its mechanism, nitrogenase, Chemical
nitrogen fixation.

Bulk and trace metals with special reference to Na, K, Mg, Ca, Fe, Cu,
Zn, Co, and K+/Na+ pump.

Keywords: Electron Transport, Iron-Sulfur Proteins, Nitrogen Fixation,
Trace Metal Ions, Na*/K* Pump

Activities:
1. Poster/Chart Making Activities:
i. Poster on “Metals in Life”: Including ancient
(Ayurvedic/Bhasma) and modern (biochemical) uses of metals.

il. Chart of Metal-Containing Proteins: Students can make a chart
showing structure and function of proteins like cytochromes,
hemoglobin, plastocyanin, and iron-sulfur proteins.

iil. Timehne of Ancient Metallurgy to Modern Biochemistry: From
Sushruta and Nagarjuna to the discovery of nmitrogenase and
synthetic catalysts.

iv. Bioinorganic Periodic Table Chart: Highlight biologically
essential metals and their sources, functions, and toxicity levels.

2.. Seminar/Presentation Topics:
i. Sushruta and the Chemistry of Bhasmas: Historical insights into
the medicinal use of metals in India.
1. Nagarjuna: India's Early Chemist and Metallurgist: Focus on
contributions to Rasashastra and metallurgical techniques.
ii. Metals at the Heart of Life: Electron Transport Proteins:
Cytochromes, iron-sulfur clusters, copper proteins.
iv. Nitrogen Fixation: Nature’s vs. Indusiry’s Approach: Biclogical
(Nitrogenase) vs. Haber-Bosch.
v. Trace Elements in Human Health and Disease: Roles of Fe, Zn,
Cu, Co; Deficiency and toxicity disorders. '
vi. K*'/Na' Pump: The Cellular Baltery Role in nerve 1mpu es
osmoregulation, and drug targets.

Unit Topic No. of
Lectures
1 Indian Knowledge System and its relationship with Electron 15
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Metalloporphyrins:

Introduction, Structure and optical spectra; heme proteins: magnetic
susceptibility, EPR and electronic spectra; hemoglobin and myoglobin:
molecular structures, thermodynamics and kinetics of oxygenation,
electronic and spatial structures, synthetic oxygen carmriers, model
systems; iron enzymes, peroxidase, catalase and cytochrome P-450.

Keywords: Heme Proteins, Oxygen Binding, Spectroscopic Techniques,
Synthetic Oxygen Carners, Cytochrome P-450

Activities:
I. Problem-Solving Activities:
1. Spectral Analysis Practice: Interpret UV-Vis spectta of

hemoglobin in oxy and deoxy forms.

ii. EPR/Magnetic Data Interpretation: Analyze spin states of Fe in
heme proteins.

iit. Kinetics Challenge: Calculate rate constants for O:
binding/unbinding in Mb/Hb.

2. Poster/Chart Making Activities:
i. Structure of Metalloporphyrins: Show porphyrin ring, metal
center, and axial ligands.
ii. Chart of Heme Proteins: Include function, metal center, spin
states, spectroscopic techniques.
iii. Comparisonr Poster: Hemoglobin vs. Myoglobin — structure,
function, kinetics, thermodynamics.
iv. Enzyme Pathways: Cytochrome P-450, Peroxidase, and
Catalase with reaction mechanisms.
v. Synthetic Models: Poster showing synthetic analogs of heme
and their applications.

3. Seminar/Presentation Topics:
i. Metalloporphyrins: Nature’s Functional Macrocycles
1. Oxygen Transport: Hemoglobin vs. Myoglobin.
1ii. Iron Enzymes and Reactive Oxygen Species.
iv. Synthetic Oxygen Camiers: From Bench to Biomimicry.
v. Role of Cytochrome P-450 in Drug Metabolism.

20

Metalloenzymes:

General introduction, Copper enzymes, superoxide dismutase,
cytochrome oxidase and ceruloplasmin, Coenzymes, Molybdenum
enzyme: xanthine oxidase, Zinc enzymes: carbonic anhydrase, carboxy
peptidase and interchangeability of zinc and cobalt in enzymes, Vitamin
B12 and Bi2 coenzymes, Iron storage, transport, biomineralization and
siderophores, [erritin and transferrins. Hemocyanin and Hemerithrin,

20
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Keywords: Copper Enzymes, Zinc Metalloenzymes, Vitamin Bi2
Coenzymes, Iron Transport Proteins, Hemocyanin & Hemerithrin

Activities:
1. Problem-Solving Activities:
i. Match enzymes to their metal cofactors.
ii. Analyze the mechanism of superoxide dismutase or carbonic
anhydrase.
iii. Trace the role of cobalt in Vitamin Bi-mediated reactions.
iv. Compare functions of ferritin and transferrin.

2. Poster/Chart Making Activities:
i. Chart of metalloenzymes with metal, function, and location.
il. Reaction mechanism diagrams (e.g., carbonic anhydrase,
xanthine oxidase).
ili. Poster on iron metabolism (storage, transport, siderophores).
iv. Vitamin Bs2 structure and coenzyme role chart.
v. Comparative chart: Hemocyanin vs. Hemerythrin,

3. Seminar/Presentation Topics:
i. Zinc enzymes and metal interchangeability (Zn « Co).
ii. Role of Vitamin B2 in biological reactions.
iii. Iron storage and transport; Ferritin, transferrin, siderophores.
tv. Oxygen transport proteins.

Enzymes:

Introduction, Chemical and Biological catalysis, remarkable properties
of enzymes, Nomenclature and classification, concept and identification
of active site by use of inhibitors, reversible & irreversible inhibition.

Mechanism of Enzyme Action: Transition state theory, Orientation and
steric effect, acid-base catalysis, covalent catalysis.

Co-Enzyme Chemistry: Cofactors as denved from vitamins,
coenzymes, prosthetic groups, apoenzymes, Structure and biological
functions of coenzyme A

Enzyme Models: Host-guest chemistry, chiral recognition and catalysis,
molecular recognition, molecular asymmetry and prochirality,
Cyclodextrins, cyclodextrin-based enzyme models, calixarenes,
ionophores, micelles, synthetic enzymes or synzymes.

Keywords: Enzyme Catalysis, Active Site Identification, Enzyme
Inhibition, Transition State Theory, Chiral Catalysis, Synthetic Enzyme
Models, Co-enzymes, Host-guest chemistry

20
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Activities:
1. Problem-Solving Activities:

i. Compare chemical vs. biological catalysis with examples.
ii. Identify enzyme active sites using inhibitor interaction data.
iii. Identify coenzymes derived from specific vitamins
iv. Differentiate between coenzymes, prosthetic groups, and
apoenzymes.
v. Analyze a reaction pathway involving Coenzyme A and explain
its functional role.

2. Poster/Chart Making Activities:

i. Poster on enzyme properties (specificity, efficiency, regulation).
i.  Chart: Enzyme classification with examples from each class.
i, Diagram of active site interaction with competitive/non-

competitive inhibitors.

iv. Mechanisms chart: acid-base, covalent catalysis, orentation
effects.

v. Chart: Classification of cofactors with example and vitamin
sources.

el

Seminar/Presentation Topics:

i. Chemical vs. Biological Catalysis: A comparative study.
How Enzymes Work: Role of active sites and inhibition.
1i. Mechanisms of Enzyme Action: From transition state to catalysis.

—
(=

tv. Cofactors and Coenzymes: Chemical Nature and Biological Importance.

v. Chiral Recognition and Prochirality in Enzyme Action.

Kinds of Reactions Catalyzed by Enzymes:

Nucleophilic displacement on a phosphorus atom, multiple displacement
reactions and the coupling of ATP cleavage to endergonic processes.
Transfer of sulphate, addition and elimination reactions, enolic
intermediates in isomerization reactions, f-cleavage and condensation,
Enzyme catalyzed carboxylation and decarboxylation.

Keywords: Catalysis Mechanisms, Nucleophilic Displacement,
Molecular Recognition

Activities:
1. Problem-Solving Activities:
1. Identify reaction types (e.g., nucleophilic displacement, f-
cleavage)
il. Analyze ATP-coupled reactions and determine which step is
endergonic/exergonic.
1. Match enzymes with their cata]yzed reactions (e.g., isomerases,
lyases, carboxylases).

15
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2. Poster/Chart Making Activities:
i Flowchart of different enzyme-catalyzed reactions with
examples.
ii. Mechanism posters: ATP-coupled reactions and energy
diagrams.
iii. Reaction mechanism diagram: nucleophilic substitution at
phosphorus atom.
iv. Chart showing carboxylation and decarboxylation enzymes in
metabolic cycles.

3. Seminar/Presentation Topics:
i. Enzymatic Nucleophilic Displacement on Phosphorus:
Mechanism and relevance.
ii. ATP Hydrolysis: Driving Endergonic Biclogical Reactions.
iii. Enzymes in Addition, Elimination, and p-cleavage Reactions.
iv. Enolic Intermediates in Enzyme-Catalyzed Isomerizations.
v. Role of Carboxylases and Decarboxylases in Metabolic
Pathways.

Text Bok, ere Boo

Suggested Readings:
Books

1. Dash, B., Sharma, R K_, Sushruta Samhita, Chaukhambha Sanskrit Series, Varanasi.

2. Ray, P.C., A History of Hindu Chemistry: From the Earliest Times to the Middle of the
Sixteenth Century A.D., The Bengal Chemical and Pharmaceutical Works Ltd.

3. Lippard, S.J.,, Berg, JM,, Principles of Bioorganic Chemistry, Panima Publishing
Corporation.

4. Qchiai, E.I., Bioinorganic Chemistry — An Introduction, Allyn and Bacon Inc.

5. Hughes, M.N_, The Inorganic Chemistry of Biological Processes, Wiley.

6. Hanzlik, R.P_, Inorganic Aspects of Biological and Organic Chemistry, Elsevier Academic
Press.

7. Metzler-Nolte, N., Kraatz, H., Concepts and Models in Bioinorganic Chemistry, Wiley-
VCH.

8. Addison, W, Cullen, W.R., Dolphin, D., James, B.R., Biological Aspects of Inorganic
Chemistry, John Wiley & Sons.

9. Stryer, L., Biochemistry, W.H. Freeman & Co.

10. Palmer, T., Understanding Enzymes, Prentice Hall.

11. Collin, J.S., Enzyme Chemistry: Impact and Applications, Chapman and Hall.

12. Nelson, D.L., Cox, M.M., Lehninger Principles of Biochemistry, W.H. Freeman.

13. Crichton, R.R_, Biological Inorganic Chemistry: A New Introduction to Molecular
Structure and Function, Academic Press (Elsevier).

14. Kaim, W., Schwederski, B., Bioinorganic Chemistry: Inorganic Elements in the Chemistry
of Life, Wiley. ,

15. Scott, R.A., Metalloprotein Active Site Assembly: Mechanisms of Metal Ion Homeostasis
and Transfer, Wiley.

16. Sigel, A , Sigel, H., Sigel, R K.O., Metal lons in Life Sciences, Springer.
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17. Wilson, K., Walker, J., Principles and Techniques of Biochemistry and Molecular
Biology, Cambridge University Press.

Suggested equivalent online courses and Web Sources:

» https://archive.nptel.ac.in/course htm]
» htips://ugcmoocs.inflibnet.ac.in/index.php/courses/moocs
> https://swayam.gov.in/explorer

Maximum Marks: 100
Internal Assessment (CCE): 40
Extel_'nal Assessment (UE): 60

Marks

ntinuo and Cumulative Evaluation (CCE) Meth&i will he
following defined components:
a. Class Tests
b. Presentation/Assignment/ Quiz/ Group Discussion
c. Appropriate weightage of attendance in the Class
Total 40

Theory Paper as per University Examination
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For 1-Year PG Programme
(Scheme C-1)
With Major Practicum Component
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For 1-Year PG Programme
(Scheme C-1)
With Major Practicum Component

CHEMISTRY-CORE (THEORY) SYLLABUS

Program: 1-Year PG

M.Sc. II Semester

Class-M.S¢. Semeste-ll Sesson: 2026

Subject— Chemistry

1 | Course Code | CC42(T)
2 | Course Title Advanced Medicinal Chemistry
3 | Course Type CORE Course
4 | Pre-requisite To study this course students must have Chemi L_y.“ 0 B
Degree with Honours/ Research,
5 | Course Upon successful complietion of this Coyrs Te?@s will be able to:
Learning
Outcomes » Know about the contributions ofdt d1 i’
(CLO) Rule of Five and Herba] Drug-le ess

\x#%

N Q “activity relationships of sedatives,

and drug design,
structure—activity relajion

lipophilicity, fan
» Describe ‘%‘h Al
metabolim;‘xa;&d ‘elimination, and their significance in drug
deveiop
> Di drug  metabolism,

and toxicology

uss%? pharmacodynamics  including
fsformation, dose-response relationships,
levant to medicinal chemistry.

lassify and explain the synthesis, mode of action, and structure—

hypnotics, analgesics, and
antipyretics.

» Describe the chemistry, classification, and antibacterial mechanism
of sulpha drugs and antimalarial agents, including key representative
compounds.

» Differentiate between local and general anaesthetics, explaining
their mechanisms of action and structural features influencing
activity.

> Discuss antineoplastic agents including alkylating agents,
antimetabolites, carcinolytic antibiotics, mitotic inhibitors, and
recent advances in cancer chemotherapy.

Credit Value

Theory-06

Total Marks

Maximum Marks: Total 100
University Exam(UE)-60, CCE-40

Minimum Passing
Marks: 40




itent of the Course

”’.I‘otal No. of Léétﬁfes.-'.l"ut”o.ri‘a’is:mPl;cﬁcalN(L-06 hours per week):
L-T-P: 90-0-0 (Total Hours)

Indian Knowledge System and its relevance to Drug Design and
Development:

The Tridosha theory (Vata, Pitta, and Kapha) like a biological receptor
model. Contributions of Indian Medicinal Chemist in drug discovery.

Drug design and development of new drugs, Concepts of Jeag

design, Prodrugs and soft drugs. Structure-activity relat Ship
(SAR), isosterism, and bio-isosterism. Theories of drug%ty

structure-activity relationship (QSAR) and the hystogith]
QSAR approaches, Concepts of drug receptors ab basicsP inciples of
drug-receptor interactions. N f

r

irdg gaction: lipophilicity,
ofistants, steric parameters,
ters, and redox potentials.

Physicochemical parameters affectihg?
partition coefficient, electronic iopiza_ﬁ%
Shelton parameters, surface agtivity"y

Many Ayurvedic yplarit érived compounds (e.g., curcumin,
ashwagandholide) i @n to modern drug-likeness criteria, showing
appropnate mfl weight, solubility, and hydrogen bonding
capacity—@gggggd_;}ilh Lipinski's Rule of Five.

ord ]‘f%ad optimization, Structure—Activity Relationship (SAR),

1’ Problem-Solving Exercises:
i. Analyze a drug molecule and identify whether it violates

Lipinski’s Rule of Five.

ii.  Predict the effect of changing functional groups using SAR and
bioisosterism.

iii.  Explain how a prodrug is converted to an active drug in the
body.

iv.  Match drug-receptor interaction theories {occupancy, rate,
induced fi1) to given drug examples,

v. Calculate physicochemical parameters (e.g., partition
coefficient) for a drug candidate.

J}W

Unit Topic No. of
Lectures
1 20

N
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2. Poster Making:
i, Poster on the Tridosha theory as a biological receptor model.

ii.  Chart illustrating steps in drug design and development.
iii.  Visual explanation of SAR, isosterism, and bioisosterism.
iv.  Diagram showing drug-receptor interaction theories.
v. Lipinski’s Rule of Five and examples from Ayurvedic
compounds.
vi.  Poster highlighting contributions of Indian medicinal chemists.

3. Seminar Presentation:

i.  Tridosha Theory and Its Parallel to Modern Drug Receptors.
ii. -Rational Drug Design: Concepts and Applications.
ii.  Prodrugs and Soft Drugs: Advantages and Examples.
iv.  Structure—Activity Relationships in Drug Development. \‘\
v.  Physicochemical Factors Affecting Drug Action. fb
i.  Herbal Drug-Likeness and Lipinski’s Rule of Five
vii.  Indian Contributions to Modem Drug Dlscov% \

Pharmacokinetics: Introduction to drug absorption, distnibution,
disposition and elimination, significant pharmacokinetic parameters in
defining drug disposition and in therapeutics, and pharmacokinetics in
drug development process.

Pharmacodynamics: Introduction, biotransformation, significance of
drug metabolism in medicinal chemistry. Factors governing ability of
drugs to reach active sites (Absorption, Distribution, Metabolism,
Excretion). Toxicology, Dose and dose response. Toxicity of drug
metabolisim.

Keywords: Excretion,

Bioavailabi iy

0 lem-So]ving Exercises:

Calculate pharmacokinetic parameters (e.g., half-life,
bicavailability) from drug concentration data.

Interpret dose-response curves and calculate therapeutic index.
Predict effects of metabolism on drug efficacy and toxicity.

iv.  Identify factors affecting drug reaching active sites (ADME).

2. Poster Making;
i.  Diagram iflustrating ADME (Absorption, Distribution,
Metabolism, Excretion).
i. Chart of pharmacokinetic parameters and their clinical
significance.
iii.  Poster on drug metabolism pathways and biotransformation.

- iv.  Chart on dose- response relattonship and toxicity.

20
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v.  Visual explaining toxic effects due to drug metabolism.
vi.  Poster on the role of pharmacokinetics in drug development.

3. Seminar Presentations:
1. Introduction to Pharmacokineticss ADME and Drug
Disposition.
ii.  Pharmacodynamics and the Dose-Response Relationship.
ii.  Biotransformation and Its Impact on Drug Safety and Efficacy.
iv.  Factors Affecting Drug Absorption and Distribution.
v.  Toxicology: Understanding Drug Toxicity and Metabolism.
vi. Role of Pharmacokinetics in Drug Development and
Therapeutics.

Sedatives and Hypnotics: Introduction, Classification, Synthesis of
Barbitone Sodium, Phenobarbital, Allobarbital, Amobarbital,
Phentobarbital sodium, Quinalbarbitone, Cyclobarbitone, Thiopental
sodium, Glutethamide, Mode of action, and Structure-activity
relationships.

Analgesics and Antipyretics: Introductlon siffedtion, Synthesis
of Phenacetin, Paracetamol, %Iol Cinchophen,
Neocinchophen, Phenazone, i) Dipyrone,
Phenylnbutazone, Mefanic acid® Sff 'jﬁ -act1v1ty relationship and
mode of action. '

Keywords: Barbiturates, Plegobatbital, Thiopental sodium, GABA
receptor, Structure-Acti % ationship (SAR)

Activities: &\é

synthe51s reactions for barbiturates and analgesics.
fg. “Gompare modes of action of different sedatives/ hypnotics
: ﬁ‘ * and analgesics.

i Classify given compounds into sedatives, hypnotics,
analgesics, or antipyretics.
Interpret how structural changes affect drug activity and
toxicity.

2. Poster/Chart Making:
1. Chart: Classification of sedatives and hypnotics with
examples.
1. Flowchart of barbiturate synthesis steps.
. Poster on SAR of barbiturates and their CNS effects.
iv.  Classification chart of analgesics and antipyretics.
v.  Mechanism of action diagrams for aspirin and paracetamol.
vi. Synthesis scheme posters for drugs like phenacetin and
phenobarbital.

20
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3. Seminar Presentations:
i.  Classification and Mechanism of Action of Sedatives and
Hypnotlcs
1.  Synthesis and SAR of Barbiturates.
. Analgesics and Antipyretics: Chemistry and Pharmacology.
iv.  Structure-Activity Relationships in Common Painkillers.
v. Modern Perspectives on Sedative and Analgesic Drug Design.

Sulpha Drugs: Introduction, Classification, structure-activity-

relationship, Mode of action. Synthesis: Sulphanilamide,
Sulphapyridine, Sulphadiazine, Sulphathiazole, Sulphaisoxazole. *

Antimalarial Drugs: Quinoline and analogues, 4-amino quinolones, %
8-amino quinolines, 9-amino acridines, diamino pyrimidine, and®
biguanides,

Keywords. Sulphonamides, PABA _'"'“'a opteroate

synthase, Sulphadiazine, Antibacterial activity
Activities:

1. Problem-Solving Exercises:
1. Write synthesis reactions

and sulphapyridine.
.. Analyze SAR to exlxﬂo

drug activity. %
ili.  Predict the mdye of n of sulpha drugs and antimalarials from

structural varniations affect sulpha

ebhatlisms of different antimalarial drug classes
éridines, biguanides).

Poster on antimalarial drug classes and their chemical
structures.

Mechanism of action diagrams for sulpha drugs and quinoline
antimalarials.

3. Seminar Presentations:

1. Sulpha Drugs: Chemistry, Mechanism, and Clinical

Importance.
1. Structure-Activity Relationship in Sulpha Drugs.
1ii. Antimalarial Drugs: Classes and Modes of Action.

v, Synthesis and Pharmacology of Quinoline and Related
Antimalarials.
Recent Advances in Antimalarial Drug Development.

15
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Antineoplastic Agents:

Introduction, cancer chemotherapy, special problems, role of alkylating
agents and antimetabolites in treatment of cancer. Mention of
carcinolytic antibiotics and mitotic inhibitors.

Synthesis of mechlorethamine, cyclophosphamide, melphalan, uracil,
mustards, and 6-mercaptopurine. Recent development in cancer
chemotherapy.

Keywords: Cancer chemotherapy, Alkylating agents, Antimetabolites
Activities:

1. Problem-Solving Exercises:
1. Write synthesis reactions for mechloreth#
cyclophosphamide, melphalan, and 6-mercaptopurine. #*

ii. Classify antineoplastic agents into alkylating
antimetabolites, antibiotics, and mitotic inhibitdgs.

lii. Analyze the mode of action of a
antimetabolites in cancer therapy.

2. Poster/Chart Making:
1. Classification of antineoplastic &
of action. . A _

ii. Visual timeline of developipents:jh cahcer chemotherapy.

3. Seminar Presentations: {
i.  Overview of Cancgr®&h
ii. Role of Alkylatifig™“age

anism of Key Antineoplastic Drugs.
and Future Directions in Cancer
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Suggested equivalent online courses and Web

¥ htips://archive.nptel.ac.in/course.html - \

Maximum Marks: 100
Internal Assessment (CCE): 40
External Assessment (UE): 60

L ’ ppropriate weightage of attendance in the Class

fation/Assignment/ Quiz/ Group Discussion

n
.

Total 40

Theory Paper as per University Examination

Total 60
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, (ha Samuccaya, Chaukhambha Sanskrit Bhawan, Varanasi.

2. Dash Bag a R.K., Sushruta Sambhita, Chaukhambha Sanskrit Series, Varanasi.

istory of Hindu Chemistry: From the Earliest Times to the Middle of the

nth Century A.D., The Bengal Chemical and Pharmaceutical Works Ltd.

righ® L.E., Wilson and Gisvold’s Textbook of Organic Medicinal and Pharmaceutical

%, Ghemistry, Lippincott Williams & Wilkins.

Nolff, ME., Berger’s Medicinal Chemistry and Drug Discovery, Vol. L., John Wiley &
Sons.

6. Korolkovas, A., Burkhart, J.H., Essentials of Medicinal Chemistry, John Wiley & Sons.

7. Patrick, G.L., Introduction to Medicinal Chemistry, Oxford University Press.

8. Brunton, L., Chabner, B., Knollman, B., Goodman and Gilman’s The Pharmacological
Basis of Therapeutics, McGraw-Hill.

9. Lemke, T.L., Williams, D.A., Foye's Principles of Medicinal Chemistry, Lippincott
Williams and Wilkins.

10. Hill, R.G., Rang, H.P., Drug Discovery and Development: Technology in Transition,
Elsevier.




11. Silverman, R.B._, Holladay, M.W., The Organic Chemistry of Drug Design and Drug
Action, Academic Press.

12. Schlick, T., Molecular Modeling Basics, Springer.

13. Foye, W.0., Lemke, T.L., Williams, D.A., Principles of Medicinal Chemistry, Lippincott
Williams and Wilkins.

14, Klebe, G., Drug Design: Methodology, Concepts, and Mode-of-Action, Springer.

15. Kubinyi, H., Folkers, G., Mannhold, R., Drﬁg Discovery Technologies, Wiley-VCH.

16. Nogrady, T., Weaver, D.F., Medicinal Chemistry: A Molecular and Biochemical
Approach, Oxford University Press.

17. Kems, E.H., Di, L., Drug-Like Properties: Concepts, Structure Design and Methods,
Academic Press.

18. Hansch, C_, Leo, A., Hoekman, D., Exploring QSAR: Hydrophobic, Elee@, and
Steric Constants, American Chemical Society. .
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For 1-Year PG Programme
(Scheme C-1)
With Major Practicum Component

CHEMISTRY-CORE (PRACTICUM) SYLLABUS
M.Sc. II Semester

Program: 1-Year PG

Subject— Chemistry

1 | Course Code PCH41

2 | Course Title Bio-Organic and Bio-Inorganic Chemistry .

3 [ Course Type PRACTICUM Course 2

4 | Course Upon successful completion of this Course, lear) Wﬁe able to:
Learning w b &
Outcomes » Demonstrate practical knowledge in s$nHesiZigg*flanomaterials such as
(CLO) metal-oxide nanoparticles, grap il ferrofluids using both

chemical and green methods. s

» Analyze and interpret solid-stgfe propeffies such as crystal vacancies,
oxidation states, binding ¢ &d crystallinity in advanced material
systems. “%

fscutical assays of common drugs (e.g.,
and dapsone, etc) with precision using

aspirin, ibupro

the scp% d qualitative identification of vitamins, amino acids,

dyggy an gesics.
> %chemical purity and degradation, such as determining calcium
t

y gravimetric methods and detecting rancidity in edible oils

g % classical tests.
b S¥nthesize medicinally relevant organic compounds, including

antimicrobial, anesthetic, and anti-epileptic agents, using multistep
synthetic protocols.

» Quantify biomolecules such as ascorbic acid, glycine, and glucose
through spectrophotometric and volumetric analysis.

Practical-04

[ Tot
L-T-P: 0-0-120 (Total Hours)

Maximum Marks: Total 100
University Exam (UE)-60,
CCE-40

Minimum Passing Marks:
40

No. : Lures- Tutorils-ractical (08 hours per week)

A. Assignments/Practice/ Survey/Ficldwork
No. of

B. List of Experiments to be performed in laboratory Hours: 120

STET R
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1. Determination of iron content in apple juice/ watermelon
(spectrophotometrically)

Chromatographic separation of Vitamins by TLC.

Chromatographic separation of Amino acids by Paper Chromatography.
Chromatographic separation of Dyes by TLC.

Chromatographic separation of Analgesics by TLC.

Gravimetric determination of calcium as Calcium carbonate or calcium oxalate.
Determination of rancidity in Edible oil {Kries test).
Isolation of Organic Compounds from Natural Sources:
Isolation of Citric acid from Lemon juice.

Isolation of Caffeine from Tea leaves.

Isolation of Piperine from Black pepper.

Isolation of B-Carotene from Carrots.

Isolation of Lycopenc from Tomatoes.

Iselation of Limonene from Lemon peel.

Isolation of Euginol from Cloves.

0 N W o W

N

“Text Books, ReferenceBooks, OQ{ '
Suggested Readings:
Books

1. Vogel, AL, Vogel’s Textbook of Praty
2. Jeffery, G.H., Bassett, J., Men
Chemical Analysis, Longman.
3. Beckett, AH, Stenlake, .
Publishers & Distributors, "%,
4. Sharma, BK., Enstrume yal

g, Analytical Chemistry: Principles and Techniques, Prentice Hall.
, K.L., Masters, K.C., Experiments in Organic Chemistry, McGraw-

Shdasivam, S., Manickam, A., Biochemical Methods, New Age International.

. Bansal, R K., Laboratory Manual of Organic Chemistry, Wiley Eastern.

11. Siddiqui A., Siddiqui, S., Natural products Chemistry Practical Manual: for
Science and Pharmacy Courses, CBS Publishers and Distributors, Pwvt. Ltd.

12. Havlicek, V., Spizek, J., Natural Products Analysis Instrumentation Methods and
Applications, Wiley.

13. Ikan, R., Natural Products: A Laboratory Guide 2™ Edition, Kindle Edition,
Academic Press.

\,/N/ gowﬂ 4
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Suggested equivalent online courses and Web Sources:

» https;//archive nptel.ac.in/coursc.him}
» htps:/ ugcmoocs.inflibnet ac.in/index. php/courses/moocs
> hitps:/swayam pov.in/explorer

Maximum Marks: 100
Internal Assessment (CCE): 40
External Assessment (UE): 60

Continuous and Cuu}ative Evautio (E) € bsed on Ma

the following defined components:

a. | Class/ Laboratory Practical Tests

Seminar/ Demonstration/ Viva voce/ Lab Record etc.

¢. | Appropriate weightage of attendance in the Class

Total

Practicum apcr as pe Uirsity Examination
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For 1-Year PG Programme
(Scheme C-1)
With Major Practicum Component
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1. Vogel, Al, Vogel’s Textbook of Practical Organic Chemistry, Longman.
2. Jeffery, G.H,, Bassett, J., Mendham, J., Denney, R.C., Vogel’s Quantitative Chemical Analysis,
Longman.

B




Beckett, AH., Stenlake, J.B., Practical Pharmaccutical Chemistry, CBS Publishers &

Distributors.

4. Sharma, B.K., Instrumental Methods of Chemical Analysis, Krishna Prakashan Media.
Kadam, 5.5., Deshpande, N.R., Laboratory Manual of Biochemistry and Organic Chemistry,
Pune Vidyarthi Griha Prakashan.

6. Beckett, H., Stenlake, J., Pharmaceutical Analysis, CBS Publishers and Distributors.

7. Hargis, L.G., Analytical Chemistry: Principles and Techniques, Prentice Hall.

8. Williamson, K.L., Masters, K.C., Experiments in Organic Chemistry, McGraw-Hill,

9. Sadasivam, S., Manickam, A_, Biochemical Methods, New Age International.

10. Bansal, R. K., Laboratory Manual of Organic Chemistry, Wiley Eastern.

11. Siddiqui A., Siddiqui, S., Natural products Chemistry Practical Manual: for Sgignce and
Pharmacy Courses, CBS Publishers and Distributors, Pvt. Ltd. %

12. Havlicek, V., Spizek, J., Natural Products Analysis Instrumentation Methodt cations,

Wiley. K
13. Tkan, R., Natural Products: A Laboratory Guide 2™ Edition, Kindle Edis'% ic Press.
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For 1-Year PG Programme
(Scheme C-1)
With Major Practicum Component

CHEMISTRY-CORE (PRACTICUM) SYLLABUS

M.Sc. II Semester
Program: 1-Year PG Class-M.Sc. Semester-1I Session:
Subject— Chemisiry
1 | Course Code PC42
2 | Course Title Advanced Medicinal Chemistry
3 | Course Type PRACTICUM Course
4 | Course Upon successful completion of this
Learning
Outcomes » Demonstrate practical skill& i esizing pharmaceutical
(CLO) compounds such as chiorpbutiygk hexamine, 2,4,5-triphenyl
imidazole, phenytoin, an ilamide,
» Understand and app organic synthesis techniques in the
preparation of te ¢ dpents.
» Perform qual quantitative assays of pharmaceutical
compo s% in, ibuprofen, isoniazid, and dapsone.
> Accum‘t‘%c inc the concentration of bioclogically relevant
compo% ch as ascorbic acid, glycine, and glucose using
s rd ytical methods.
» reaction mechanisms and evaluate the purity and identity of
esized and tested compounds.
ply theoretical knowledge to practical laboratory tasks relevant to
pharmaceutical and medicinal chemistry.
g % B
5 | Credit®Vahh Practical-04
‘ﬂ‘ Maximum Marks: Total 100 Minimum Passing
University Exam (UE)-60, CCE-40 Marks: 40
Total No. of Lectures- Tutorials-Practical (08 hours per week):
L-T-P: 0-0-120 (Total Hours)
A. Assignments/Practice/ Survey/Fieldwork
No. of
B. List of Experiments to be performed in laboratory Hours: 120




1. Preparations:

Synthesis of Chlorobutanol (Local Anesthetic).

Synthesis of Hexamine from formaldehyde (Anti-infective agent).

. Synthesis of 2,4, S-tripheny! imidazole (Anti-microbial agent) from benzil.

. Synthesis of 5,5-Diphenylhydantoin (Phenytoin, Antiepileptic agent).

€. Preparation of sulphanilamide from acetanilide.
(Acctanilide — p-acetamido-benzenesulfonyl chloride — p-acetamido
sulfonamide —» sulphanilamide),

. Perform an assay of Aspirin.

: )
b. Perform an assay of Ibuprofen. Q
Perform an assay of Isoniazid.

Perform an assay of Dapsone

e. Determination of ascorbic acid concentration i%\ujce (lemon/orange)
and vitamin C tablets. {Q

P o oo p

& 0

*

f. Determination of glycine strength. %
. Estimation of glucose conceny Mh%\

erence Books, Other Resoces

Suggested Readings: Q\'
Books @QJ
1. Vogel, Aﬁ\kg ’s Textbook of Practical Organic Chemistry, Longman,

) Becketh Stenlake, J.B. Practical Pharmaceutical Chemistry, CBS Publishers.
3. F .. Hannaford, A.J., Smith, PW.G., Tatchell, A.R. Vogel’s Textbook of
t

ganic Chemistry (Revised), Pearson.
n, K., Walker, J. Principles and Techniques of Biochemistry and Molecular
(+]

logy, Cambridge University Press.
5. Svehla, G., Vogel’s Qualitative Inorganic Analysis, Pearson,
6. Jeffery, G.H., Bassett, J., Mendham, J., Denney, R.C., Vogel’s Quantitative Chemical
Analysis, Longman.
7. Kulkarni, G.T., Pharmaceutical Chemistry Practical Manual, Nirali Prakashan,
8. Sadasivam, S., Manickam, A., Biochemical Methods, New Age International.
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Suggested equivalent online courses and Web Sources:

»> hups://archive.nptel ac.infcourse.html

» https://ugemoocs.inflibnet.ac.in/index. php/courses/moocs
» https://swayam.gov.in/explorer

S —— e —

Maximum Marks: 100
Internal Assessment (CCE): 40
External Assessment (UE): 60

Continuous and Cumulative Evaluation (CCE) Methods will be
based on the following defined components:

Class/ Laboratory Practical Tests

Seminar/ Demonstration/ Viva voce/ Lab Record etc.
Appropriate weightage of attendance in the Class

Total 40

ole|e

Practicum Paper as per University Examination

Total 60




For 1-Year PG Programme
(Scheme C-1)
With Major Practicum Component
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1. Vogel, AL, Vogel’s Textbook of Practical Organic Chemistry, Longman.

2. Beckett, A.H,, Stenlake, J.B. Practical Pharmaceutical Chemistry, CBS Publishers.




3. Fumniss, B.S., Hannaford, A.J, Smith, PW.G., Tatchell, A R. Vogel's Textbook of
Practical Organic Chemistry (Revised), Pearson.

4. Wilson, K., Walker, J. Principles and Techniques of Biochemistry and Molecular
Biology, Cambridge University Press.

5. Svehla, G., Vogel’s Qualitative Inorganic Analysis, Pearson.

6. Jeffery, G.H., Bassett, J.,, Mendham, J., Denney, R.C., Vogel’s Quantitative Chemical
Analysis, Longman.

7. Kulkamni, G.T., Pharmaceutical Chemistry Practical Manual, Nirali Prakashan.

8. Sadasivam, S., Manickam, A., Biochemical Methods, New Age International.
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