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M.Sc. I Semester

Industrial Chemistry Syllabus
[For 2~Year PG Programme: (Scheme B-1) with Major Practicum Component]

INDUSTRIAL CHEMISTRY-CORE (THEORY)	
Part A- Introduction

Program- 2 - YEAR PG Class- M.Sc. Semester-1 Session: 2025-2026

Subject - Industrial Chemistry

CC-ll(T)1 Course Code

Industrial Pharmaceutical Chemistry2 Course Title

CORE Course (Theory)Course Type3

To study this course our students must have had the subject Industrial

Chemistry/ Chemistry in Degree Course of B. Sc.

Upon successful completion of this Course, learners will be able to:

● Gain insights into drug chemistiy and the mechanisms of ding action.
● Understand the formulation of traditional medicines and various routes of

drug administration.

● Acquire a general ovei-view of pharmaceutical technology.
● Learn about Ayui-vedic and herbal formulations.

● Explore emerging research avenues in natural product chemistry.
● Equip oneself with the essential skills and knowledge to become industry-

ready and pursue employment opportunities in Pharmaceutical industi-y.

Pre-requisite (if any)4

Course Learning

Outcomes (CLO)

5

Theory - 06Credit Value6

Maximum Marks: Total 100 Minimum Passing Marks: 40Total Marks7

Uniyersity Exam (UE)- 60, CCE-40

Part B- Content of the Course

Total No. of Lectures-Tutorials-Practical (06 hours per week):

L-T-P: 90-0-0 (Total Hours)	
Topic No. of

Lectures
Unit

Introduction to Pharmaceutical Chemistry

Overview of pharmaceutical practices from ancient India (e.g., Ayurveda, Siddha.

Unani).

Historical context and evolution of the Indian Pharmacopoeia:

Development and publication of the Indian Pharmacopoeia.
Significance of traditional texts such as Charaka Samhita, Sushmta Samhita, and
Rasashastra in pharmaceutical developments.
Historical contribution of Indian scholais and practitioners (e.g., Charaka, Sushruta,

Vagbhata).

Role of indigenous medicine and tiaditional theiapeutic formulations in shaping modern
pharmaceutical practices.					

151
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Milestones in the Indian pharmaceutical industry post-independen ce, including the

establishment of important pharmaceutical institutions (e.g.. Central Drug Research

Institute - CDRI).

Drug laws and regulations. Role of quality assurance in pharmaceutical industries.

Pharmacy and pharmaceutical chcmisti^ as a career.

Keywords : pharmacopoeia, morphological, Charaka Samhita, Rasashastra. CDRI

Suggested A ctivities:

1. Create a timeline poster/chart of the historical evolution of pharmaceutical

practices in India from Ayurveda to post-independence.

2. Write a short essay comparing traditional Indian pharmacopoeia principles with

modern drug standardization norms.

Introduction to Drugs

Definition and general characteristics of drugs, Sources and classification of drugs.

Nomenclature: Chemical, Generic, and Brand names. Concept of Prodrugs and Active

Metabolites

Drugs:

Introduction to biological defences, Theories of drug action, surface active agents,

metabolic antagonism. Enzyme neutralizers, mechanism of dmg action.

Drug: classification and sources

Alphabetical, morphological, taxonomical. chemical and pharmacological classification
of drugs. Biological, marine and plant tissue culture as sources of drugs.
Kevwords : bioavailability, taxonomical classification

Suggested Activities:

1. Prepare a classification chart of drugs with examples from each categoiy

(morphological, taxonomical, etc.).
2. Develop a case study report on any one plant-based ding, including its source,

classification, and pharmacological use.

Drug receptors :

Definition and types of drug receptors and theories. Receptor-ligand interactions: affinity
and efficacy, Types of drug action: agonists, antagonists, partial agonists, inverse agonists,
Receptor desensitization and up/down-regulation, various bonding’s involved in drug
receptor interactions.

Drug absorption:

Definition and importance in pharmacokinetics. Routes of drug administration and their

impact on absorption. Mechanisms of absorption: passive diffusion, facilitated diffusion,
active transport, cndocytosis, Factors affecting drug absorption, Physicochemical
properties of the drug. Physiological factors (GI pH, blood How, presence of food).
Formulation and dosage form considerations, Concept of bioavailability and first-pass
metabolism

Keywords : ^maponism^ptors. neutralizers, absorption		
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Suggested Activities:

1. Draw and label diagrams explaining receplor-ligand interaction and types of drug

actions (agonist, antagonist, etc.).

2. Design an infographic illustrating various routes of dmg administration and how

they impact bioavailability.

Traditional system of medicine :

The holistic concept of ding administration in traditional system of medicines.

Introduction to ayurvedic preparations like Arishlas, Aswas, Gutikas, Tailas, Lchyas and

Bhasinas.

Studies of traditional drugs, common vernacular names, botanical sources, morphology,

chemical nature of chief constituents, pharmacology, categories and common uses,

marketed formulations of following indigenous drugs like Amla, kantkari. satavari,

kalijiri. sankhpushpi, brahmi. shilajit, nagarmotha and ncem.

Components of Phytochemical screening:

a) Collection and Preparation of Plant Material

b) Preparation of extracts and extract techniques
c) Screening of alkaloids, saponins, cardenolides, llavonoids and steroids etc.

Quantitative Estimation of Phytochemicals:
Determination of total phenolic, flavonoid, alkaloid, tannin content, etc. using

spcctrophotomctric methods.
Keywords : Holistic, vernacular, pharmacology, formulations. Phytochcmicals
Suggested A ctivities:

1. Collect samples or images of any two indigenous medicinal plants and prepare a

herbarium-style report including vernacular names, morphology, and uses.

2. Perform a simple phytocheniical screening at home/lab for flavonoids or alkaloids

using standard procedures and document your findings.
Pharmaceutical Technology

Liquid dosage forms : Introduction, types of additives used in formulations, vehicles,
stabilizers, prcsciwatives suspending agents, emulsifying agents, color, flavors and others.
Manufacturing packaging and evaluation of clear liquids, suspensions and emulsions

official in pharmacopoeia.
Semi solid dosage forms : Definitions, types, mechanism of drug penetration, factors

influencing penetration, semi solid bases and their selection, general formulation of semi
solids, clear gel manufacturing procediiie.
Extraction and Galenical products : principle and method of extraction, preparation of

infusion, tinctures, dry and soft liquid extiacts.
Keywords : formulation, emulsions, pharmacopoeia, Galenical products

Suggested A cti vities:
I. Create a comparative table showing different liquid and semi-solid dosage forms,

their components, and putpose.	
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2. Prepare a visual process tlow diagram (hand-drawn or digital) for manufacturing

of any one Galenical product (e.g., tincture or infusion).

Herbal drug technology :

Development of ayurvedic and herbal formulations and their evaluation by physical and

chemical methods and microscopical techniques, separation and identification of marker

compounds in the formulation by chromatographic methods, finger printing techniques

and its impoitance. evaluation of herbal drugs and formulations by biological methods,

toxicological evaluation of herbal drugs and formulations, WHO and Indian regulatoi^

requirements of elinical trials for herbal formulations.

Keywords: formulations, toxicological, microscopical techniques, fingerprinting

techniques

Suggested A cti vities:

1. Write a brief report on WHO guidelines for herbal clinical trials, including one

case study of an approved herbal formulation in India.

156

Part C -Learning Resources

Text Books, Reference Books, Other Resources

Suggested Reading:

Books

1. Schwartz, A. (Ed.). Methods in Pharmacohg)!.

Vogel. H. G. (Ed.). Drug Discovery and Evaluation: Pharmacological Assays.
3. Laurence, D. R., & Bachrach, A. L. (Eds.). Evaluation ofDrug Activities: Pharmacometrics.

4. Indian Dmg Manufacturers’ Association. Indian Herbal Pharmacopoeia.

5. Heniy, T. A. The Plant Alkaloids.
6. Clarke, E. C. G. Isolation and Identiifcation of Drugs.

7. Aterdcn, L. M. Textbook of Pharmaceutical Chemistry.
8. Chatten, L. G. Textbook of Pharmaceutical Chemistry (Vols. I & II).

9. Goud, R. S., & Gupta, G. D. Essentials of Pharmacotherapeutic s.

10. Choudhaiy, N. C., & Gurbani, N. K. Pharmaceutical Chemistry.
11. Books from Madhya Pradesh Hindi Granth Academy

12. Mukherjee, Pulok K. Quality Control of Herbal Dings: An Approach to Evaluation of Botanicals.
Business Horizons, New Delhi.

13. Valiathan, M.S. The Legacy of Charaka. Universities Press.

14. Singh, Amritpal. Herbalism, Phytochemistiy and Ethnopharmacology. CRC Press.
15. Books of Madhya Pradesh Hindi Granth Academy, Bhopal.

Suggested equivalent online courses & Web Sources:
(all URLs accessed in April 2025)
. hrtp.-/7nnlin«-ourses.npteLacjn/noc25 bl38/preview

ptp\ ar.in/noc20 cyl6/nreview
ciii7fivam2.ac.in/arDl9 ap96/preview

2.

0 httns://onlinecoiirses.n

» httns://onlinecourses__



https:, 'onlinecourses.nptel.ac.in/iioc2U ^el4A3revie\v
IUtDs:/''archive.nptel.ac.in/courses/121/106/121106003/

hups:/ 'onlinccourscs.svvavam2.ac.in/aic23 <zcl 8/prcvicw
hUDs://onlinecourses.nDtel.ac.in/noc24 btOS/preview

httDs://onlinecourses.nptel.ac.in/nocl9btl8/prcvicw

https://onlinecourses.nptcl.ac.in/noc2Q cv02/previevv

https://onlinccourscs.nptcl.ac.in/noc 19 cv29/prcvicw
https://onlinecourses.nptel.ac.in/noc23 cv27/previe\v

https:/7onlinecourses.nptel.ac.in/noc25 ch98/preview

hltPs:/7onlinccourscs.nptcl.ac.in/noc25 ch96/prcvicw

https://onlinecourses.nptel.ac.in/noc20 cvl8,''previe\v

https://onlinecourses.nptel.ac.in/noc 19 cv22/previe\v

Part D-Assessment and Evaluation

IVIaximuni Marks: 100

Internal Assessment (CCE): 40

External Assessment (UE): 60
Internal Assessment

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

Class Tests ^
Presentation/Assignment/Quiz/Group Discussion	
Appropriate weightage of attendance in the Class	

Total

Marks

a.

b.

c.

40

Elaboration: Assessment Theory

External Assessment

Theory Paper as per University Examinationa.

Total 60

Grand Total 100
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IhIPIsIc^l^lPcj3hp|hp£
J2^^ief211‘gliefJiJef4MiHh^IeflS.1^42jslef''

:jLtiJ5j^J.^JiiMlilll^
^IhPPPcl)ljPO~ll7hj[4>|hf|ch>|??Jhr^‘Pl?;[jftlill:(|lef^^)§^HJi:

I|j>lhP[cjpc^tpU»pht>PMP'prf7efefgJ‘ki£2ittl"ig^%'efJ^lieflo|i^efay
:Mieffiiefiefy^iyp

111?^

^Injhtljc|J^Ihi‘Pl??^]tl|chlylhtlFlliefjJle‘Hlef:l4>hP.(S3SE8)imile
PIP|tk>‘cb>lct)pib|^>c^ef^jlhlH^ef^’efefliefl^:^lef^i^lefef-‘j^iefil‘iMt.:^



001b

09

kcbiM'ftnaib

Ply’ll-kcefJli^:|h5Mho

ot’

lais^hl^

●D

●q

‘B

■m
P^IMhN>h|^3Hii**Ptbllv^'ft4>h

j:.(bihj~fttb^'plie
iho iefl?

09:(3n)kMl2±LttlMef

Orf:(3D3)Pchjh^Ttt^^PjJg

001:cef}g

■im^ptbiit^Pt^ihPie-£kiH

A\3|A3.ici/i;;^A0(■)I:^ou/uroi?‘i?iciirs?>s.ino33uiiuo//:scliu[*
AwiA3.id/8[Ao“0c^ou/iir:)E'iPjdLrs3S.inoD3uiiuo/;:sdm]●

A\oiAO.id/95ip~g300u/uron‘io)ciLrsos.moooui|uo//:scnu|●
A\3iA3-id/^>6L|o“g330Li/iiroirpidirs9s.moo3ui[Uo//:s’duLj●
A\3iAaid//_3Ao^c3oou/iirot’-piau'S3S.inoD?uiiuo//:sdui]●
A\?iAaid/63A:)~6Ioou/in\')Bj3)clirs3S.inon?iniuo//:sdjii|●
MD}AoIU;^QAT7)33ou/ur3K7TOLrsDnno3DuT]Iio77^sdmi●
A\3iAaid/8fiq~6l●'’^Wl■'!■^^'Pldu●s^s.I^o^^L^IUo//:sdlU[●
A\oiAD.id/goiq~t^C'^^^V'-'!‘*'^'^‘pKlirsos.inoDoujiuo//:scluLi●

A\OlAO.ld/J^lDo“£^0IB/U['DB'^lUKABA\S'S0S.in030U!|U0//:sdjH|●
/e0090IIUI/90I/l6l/s3s.moD/ii[\-iB-p]dLra\iipjB//:sdai[●

A\3iAaia/-t7i3B“oc^‘’‘^'-'/d!’-'’R’PKU-rs3S.inoD9iiiiiio//;sd]U]●
A\oivVO.id/96dL’~(31d.n3/uroir3iunABA\s'sos.inooou!]uo//:sdiiL|●

A\0iAaid/9iAo~()^ooii/uroirpidLrb’3s.inoo3iii[uo//:sdjH[●

A\DiA3.id/s{^'i^Ccoou/ui\')R-I9)airs9SMnoo9iiiiiio//;sdiu]●

KhUhc^Jt9603PtllP
JFtOSMilhPttl!is£je

IR-[1l^t^p|4>j^rlct^[Ph■.hMK'‘l^l^jsgIPlhP^rtP‘g|^>1

Bu&JSB



M.Sc. I Semester

Industrial Chemistry Syllabus
[For 2-Year PG Programme: (Scheme B-1) with Major Practicum Component]

INDUSTRIAL CHEMISTRY-CORE (PRACTICUM)

Part A- Introduction

Program- 2 - YEAR PG Class- M.Sc. Semester-1 Session: 2025-2026

Subject - Industrial Chemistry
Course Code PC-n1

Laboratory Practices in the Pharmaceutical IndustryCourse Title2

PRACTICALCourse Type3

Upon successful completion of this Course, learners will be
able to:

Course Learning Outcomes

(CLO)

4

Provide practical exposure and iiands-on training in
laboratory practices.

Align training closely with current pharmaceutical
industi7 practices.

Equip students with skills for the synthesis of
pharmaceutical intermediates.

Train students in analytical techniques for characterizing
pharmaceutical compounds.

Focus on practical methods of formulation de\’elopment
and quality control.

Prepare students to handle finished pharmaceutical
products effectively.

Practical - 04Credit Value5

Maximum Marks: Total 100

University Exam (UE)-60,

CCE-40

Minimum Passing Marks: 40Total Marks6

Part B- Content of the course

Total No. of Lectures-Tutorials-Practical (08 hours per week):

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

1. Paper Chromatography
Separation of amino acids

b. Separation of plant pigments
2. Medicated preparations

Aromatic water

b. syrups
c. Oral solutions

d. mouth wash

gargles
f. Elixir				

No. of

Hoursa.

120

a.

e.

V

/'

//A
.V

A.



3. Preparations ofAsava and Arishtas

4. Preparation of Pharmaceutical dosage form
Liquid dosage fomia.

b. semi solid dosage form
c. solid dosage form

5. Ayurvedic preparations of Bhasmas and Taila.

6. Synthesis of Acclyisalicylic acid (Aspirin) from salicylic acid.
7. Paracetamol synthesis from para-aminophenol.
8. Ibuprofen synthesis and purification.
9. Quality Control and Analytical Techniques

a. UV-visible spectrophotometric analysis of pharmaceutical compounds.
b. HPLC method for dmg purity analysis.

c. Thin Layer Chromatography (TLC) for rapid purity assessments.

10. Instmmental Analysis of Pharmaeeuticals

a. Practical training on IR, UV-Vis, NMR, GC-MS for the identification and purity
dclcnnination of synthesized drugs,

b. Hands-on experience in inteipreting spectral data for pharmaceuticals.	
Part C -Learning Resources

Text Books, Reference Books, Other Resources

Suggested Reading :

1. Vogel, A. I. Vogel's Textbook of Quantitative Inorganic Analysis. Longman Group Ltd.
2. Welch, A. J. E. Inorganic Preparations. George Allen and Unwin Ltd.

3. Palmer, W. G. Experimental Inorganic Chemistry. Cambridge University Press. 1965.
4. Malati, M. A. Experimental Inorganic and Physical Chemistiy. Hoiwood Publishing, Chichester.
5. Vogel, A. I. A Textbook of Practical Organic Chemistry. Longman Group Ltd.
6. Clarke, H. T. A Handbook of Quantitative and Qualitative Analysis.

7. Gillman, H., & Batt, R. Organic Syntheses; Collective Volumes.

8. Sethi, A. Laboratoiy Experiments in Organic Chemistiy. New Age International Publishers.
9. Mann, F.G. & Saunders, B.C. Experimental Organic Chemistry. Orient Longman.
10. Watson, David G. Pharmaceutical Analysis. Churchill Livingstone, Elsevier.
11. Connors, Kenneth A. Textbook of Pharmaceutical Analysis. Wiley-Interscience.
12. Cairns, David. Pharmaceutical Chemistry. Pharmaceutical Press.

13. Willard, H.H., Merritt, L.L. Jr., Dean, J.A. & Settle, F.A. Jr. Instrumental Methods of Analysis. CBS
Publishers & Distributors.

Suggested equivalent online courses:
(all URLs accessed in April 2025)

● https://onlinccourscs.nDtcl.ac.in/noc25 cy 18/previcw

● https://www.sdnhvc.edu.in/swavam-courses

● https://onlinecourses-nptel.ac.in/noc23. cy27/preview

https://archive.nptel-ac.in/coiirses/104/i06/104l061Q8
● https://www.classcentral.convcourse/youtube-organic-chemistrv-lah-wofkshop-47418
● hUDs://onlinccoiirses.swavam2.ac.in/ccc23 cvQj/orcvicw >



● hrtDs://onIinecourses.nmel.ac.in/noc24 cv44/nreview

● https://onlinecourses.ni3tcl.ac.in/noc24 cv52/Drevie\v

● hups://nntcl.ac.in/courscs

Part D-Assessnient and Evaluation
Maximum Marks: 100

Internal Assessment (CCE): 40

External Assessment (UE): 60

Internal Assessment

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

Marks

Class/Lab Testsa.

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

Appropriate weightage of attendance in the Classc.

Total 40

Elaboration: Assessment Theory
External Assessment

Practicum Paper as per University Examinationa.

Total 60

Grand Total 100
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Part A- Introduction

Class- M.Sc. Semester- I Session: 2025-2026Program- 2 - YEAR PG
Subject - Industrial Chemistry

CC-12(T)CourseCode1

Research Methodology in Industrial ChemistryCourse Title2

CORE Course (Theory)Course Type

Pre-requisite (if any)

3

To study this course our students must have the subject Industrial

Chemistry/Chemistry in Degree Course of B. Sc.

4

Upon successful completion of this Course, learners will be able to:Course Learning

Outcomes (CLO)

5

Identify and analyze core concepts, challenges, and ethical issues related
to the research process.

Evaluate and formulate appropriate research problems, select suitable

research designs, and plan effective implementation strategies.

Apply sampling techniques and demonstrate proficiency in data collection
procedures.

Operate essential software tools relevant to industrial chemistry
applications.

Interpret indexing and citation databases, and analyse research metrics for
evaluating scholarly output.

Utilize internet-based tools and resources effectively to support the entire

research workflow—from literature sourcing to manuscript submission.

Recognize various forms of research misconduct, including plagiarism,
and apply tools for plagiarism detection and ethical compliance.

Theory - 06Credit Value6

Minimum Passing Marks: 40Maximum Marks: Total 100Total Marks7

University Exam (UE)- 60, CCE-40

Part B- Content of the Course

Total No. of Lectures-Tutorials-Practical (06 hours per week):

L-T-P: 90-0-0 (Total Hours)	
Topic No. of

Lectures

Unit

15Research in Ancient and Model n India

Research development in context of Ancient India (a few case studies) and its comparison

with modem India. An introduction to major Research based institutions in India.

I

infi-naiiptinn nt Research Methodology.



Meaning of research, Objectives of research. Motivation in research. Types of research,

Research approaches, Significance of research, Research and scientific method,

Research process. Criteria of good research. Problems faced by researchers.

Identification and Formulation of Research Problem:

Definition, Objectives of research problem. Selection of problem. Identification of

problem, Necessity and techniques of defining research problem. Formulation of

research problem. Experimental research design.

Review of Literature:

Searching for the existing literature. Need and significance. Reviewing the selected

literature, developing a theoretical and conceptual framework, writing about the

literature reviewed.

Keywords-, research problem, objective. Literature review, research design

Suggested Activities:

1. Identify and Formulate a Research Problem

2. Develop proficiency in literature search and review. Select a topic of interest (e.g.,

renewable energy, AI in education, water pollution). Locate two academic sources such as

journal aiticles, reports, or books. For each source, provide the title, a one-sentence
summaiy, and one key point relevant to your topic.

Research and Sampling Design:

Research Design:

Meaning, Need and features of good research design, Important concepts relating to

research design, Types of research designs, Basic principles of experimental designs,

Developing a research plan.

Sampling Design.

Implications of a sample design. Steps in sampling design. Criteria of Selecting a
Sampling Procedure, Characteristics of ideal sample design. Different types of Sample
Designs, Selection of random sample, Random sample from an infinite Universe,
Complex random sampling designs, Sampling V/s non-sampling error.

Testing of Hypotheses and Analysis of Data:
Introduction to hypothesis, Basic concepts concerning testing of hypotheses, Procedure

for hypothesis testing. Flow diagram for hypothesis testing, Measuring the power of a

hypothesis test. Tests of hypotheses. Important parametric tests. Univariate and
bivariate analysis of data, Analysis of variance, Parametric and non-paramctric lest.

Keywords,- research design, research plan , Sampling, hypothesis.

202

Suggested Activities:
Create Your Research Plan



Choose a topic and complete the following:
● Title:

● Research Design (e.g.. exploratory, experimental):
● Objectives:

● Target Group:

● Data Collection Method (e.g., sui-vey, experiment):
● Expected Outcome:

Research Related Tools and Utilities

MS-Officc and its application. File handling in window, various versions of MS-Officc.

Research publishing tool:
MS-Word, Adobe acrobat, Graphics tool, MS Excel, MS-Power Point: Creating
presentations and adding effects, Subject/ficld specific tools on www.frccwarc.com
Use of computer software’s:

Application and uses of some common software in Industrial Chemistiy: origin,
chemsketch, Matlab , Chemcad, COMSOL, Promax.

3 20

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

Keywords: MS-Office, Adobe acrobat, www.freeware.coin , plagiarism

Suggested A cti vities:

1. Apply a Plagiarism Detection Tool to a Mini-Project, To understand how

plagiarism tools work and to check the originality of written mini-project.

Introduction: Databases and Research Metrics

A. Databases:

1. Indexing databases.
2. Citation databases: Web of Science, Scopus, etc.
B. Research Metrics:

1. Impact Factor of journal as per Journal Citation Report, SNIP, SJR, IPP, Cite Score.
2. Metrics: h-index, g index, ilO index, altmetrics.

Using Internet for Research:
The Internet: quick look, what is internet, Use of Internet, major internet services,
electronic mail, www, downloading super tools for better computing Internet and the
society, Use of E-Journals, Use of E-librai'y, searching the keyword search engines.

154

Keywords: Indexing, Impact Factor, www, E-Journals, E-libraiy

Suggested A ctivities:
E-Journals & E-Library Exploration:

Search and access academic literature using e-resources.

● Platform: Use any e-journal or e-library (e.
List, Shodhganga).

® Keyword Search: Choose a topic-related keyword (e.g., “green synthesis”).

DOAJ, PubMed, ResearchGate, N-



● Journal Aiiicles: List 2 articles with title and authors.

● E-Book/Thesis: List 1 e-book or thesis with details.

● Experience: Share your search experience in 2-3 lines.

Publication Ethics:5
20

Publication ethics: definition, introduction and importance.
Best practices / standards setting initiatives and guidelines: COPE, WAME , etc.
Conflicts of interest.

Open Access Publishing: Open access publications and initiatives.

SHERPA/RoMEO online resource to check publisher copyright & self-archiving policies.
Publication misconduct: definition, concept, problems that lead to unethical behaviour
and vice versa, types.

Violation of publication ethics, authorship and contributor ship. Identillcation
publication misconduct, complaints and appeals.

of

Keywords'. COPE, WAME, SHERPA/RoMEO, publication ethics

Suggested Activities:

● Explore the concept of publication ethics and identify one guideline each from
COPE and WAME.

● Briefly explain what SHERPA/RoMEO is used for in research publishing.

● List two examples of publication misconduct and suggest how they can be avoided.

Part C -Learning Resources

Text Books, Reference Books, Other Resources

Suggested Reading:

Books

1. Chaddah, P. {2018). Ethics in Competitive Research: Do not get scooped- do not get pla<^iarred
ISBN: 978-9387480865.

2. Rajaraman, V. (n.d.). Introduction to Information Technology. New Delhi: PHI Learning Pvt. Ltd.
3. Bharihoka, D. (n.d.). Fundamentals of Information Technology'. New Delhi: Excel Books.
4. Sanders, D. H. (n.d.). Computers Today. New Delhi: Tata McGraw-Hill.

5. Sinha, P. K. (n.d.). Computer Fundamentals. New Delhi: BPB Publications.

6. Bird, A. (2006). Philosophy of Science. London: Routledge.
7. Kothari, C. R. (2010). Reseaich Methodology: Methods and Techniques (2nd ed.). New Delhi: New

Age International Publishers.

8. Saxena, V. P. (2016). Research Methodology. Indore: Indira Publishing House.
9. Kumar, R. (2014). Research Melhodohg)>: A Slep-by-Slep Guide for Beginners (4tli ed.). New Delhi:

Sage Publications Pvt. Ltd.
10. Flick, U. (2017). Introducing Research Methodology (2nd ed.). New Delhi: Sage Publications India

Pvt. Ltd.

11. Panneerselvam, R. (2014). Research Methodology. New Delhi: PHI Leamina Pvt. Ltd.



12. Majhi, P. R., & Khalua, P. K.. (2013). Research Methodology’: Concepts, Methods, Technicjiies SPSS.
Mumbai; Himalaya Publishing House.

13. DcMattco, D., Marczyk, G. R., & Fcstingcr. D. (2005). Essentials of Research Design and

Methodology’. Hoboken, NJ: Wiley.
14. Kumar. R. (2005). Research Methodology. New Delhi: Pearson Education.
15. Books published by Hindi Granth Academy, Government of Madhya Pradesh

Suggested equivalent online courses .& Web Sources:
(all URLs accessed in April 2025)
httDs:.Vonlinecourscs.nDtel.ac.in/i'ioc23 uc36/prcvicw
httDs://archive.nDtel.ac. in/courses/121/106/121106007

httDs://onlinecourses.swayam2.ac.in/cec20 hsl7/preview

httDs://u‘icmoocs.inf1ibnct.ac.in/index.DhD/courscs/view ug/330

httDs://onlinecourses.swavam2.ac.in/ini25 hs 10/preview

https://archive.nDtel.ac.in/coiirses/103/106/lQ3l06120
https://onlinccoiirses.swavam2.ac.in/nou2l cm03/Drcvicvv
hitDs://www.classcentral.com/course/swavam-mco-03-research-methodologv-and-statistical-analvsis-23761

httDs://onlinecourses.swavam2.ac.in/nou22 ge73/preview

httns://www.classcentral.com/course/swavam-research-and-Dublicat ion-ethics-rne-95326

Part D-Assessment and Evaluation

Maximum Marks: 100

Internal Assessment (CCE): 40

External Asessment (UE): 60
Internal Assessment

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

Marks

Class Testsa.

Presentation/Assignment/Quiz/Group Discussion

Appropriate weightage of attendance in the Class
b.

c.

Total 40

Elaboration: Assessment Theory
External Assessment

Theory Paper as per University Examination

60Total

Grand Total 100
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Part A- Introduction

Semester-1Program- 2 - YEAR PG Class- M.Sc. Session: 2025-2026

Subject - Industriai Chemistry

PC-12Course Code1

Laboratory Practices in the IndustryCourse Title2

PRACTICALCourse Type3

Upon successful completion of this Course, learners will be
able to:

Course Learning Outcomes

(CLO)

4

Equip students with industry-relevant laboratoiy skills.
Link theoretical knowledge with industrial applications.
Synthesize and identify key organic intermediates used in

industrial processes.

Gel the skills in synthesis, analysis, and problem-solving
in industrial chemisti'y.

Focus on practical applications in industrial formulations.

Align with employability outcomes in chemical
manufacturing, pharmaceuticals, environmental
monitoring, and industrial R&D.

Practical - 04Credit Value

Total Marks

5

Maximum Marks: Total 100

University Exam (UE)-60,
CCE-40

Minimum Passing Marks: 406

Part B- Content of the course

Total No. of Lectures-Tutorials-Practical (08 hours per week):

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

A. Mini Project

1 Literature-Based Mini Project - Compilation of title, abstract, review matrix, research design, and
referencing

2. Presentation of Project Work - Slide creation, report submission, and plagiarism check
B. Industrial Organic Chemisti'y - Laboraiot^ Practical’s
1. Synthesis of;>nitroso-A^,A-dimethylaniline.
2. Preparation of benzyl acetate via esterification.
3. Conversion of benzophenone to benzanilide through Beckmann rearrangement.

4. Estimation of nitrogen and sullur content in organic compounds.

5. Synthesis of nitrophenol from phenol via nitration.
Preparation of benzyl alcohol and benzoic acid from bcnzaldchyde using the Cannizzaro
reaction.		

No. of

Hours

120

6.



7. Synthesis of p-hydroxynaphlhaldehyde from I-naphthoI via the Reimer-Tiemann reaction.

Part C -Learning Resources

Text Books, Reference Books, Other Resources

Suggested Reading :

Vogel, A. I. A Textbook of Practical Organic Chemistry. Longman Group Ltd.
Mann. F. G., & Saunders, B. C. Practical Chemistry. Longmans, Green and Co.

Clarke, H. T. A Handbook of Quantitative and Qualitative Analysis.

Gillman, H., & Batt, R. Organic Syntheses: Collective Volumes.

Sethi, A. Laboratoiy Experiments in Organic Chemist/y. New Age International Publishers.

Cremlyn, R. J. (1991). Agrochemicals: Preparation and Mode of Action. John Wiley & Sons.
Trivedy, R. K. (2006). Handbook of Environmental Laws, Guidelines, Compliances & Standards.
Enviro Media.

Gunther, F. A. (1973). Practice of Pesticide Chemistry. Academic Press.

1.

2.

3.

4.

5.

6.

7.

Suggested equivalent online courses:
(all URLs accessed in April 2025)

● httns://onlinccouises.nntel.ac.in/noc25 cvl 8/nreview

● https:/A\’ww.sdnbvc.edu.in/swavam-courses

● http5://onlinecourses.nptcl.ac.in/noc23 cv27/Drcvicw
● httns://archive.nr)tel.ac. in/courses/104/106/104106108

● https://www.classcentral.com/course/voutube-orttanic-chemistrv-lab-workshop-47418
● https://onlinccourses.swavam2.ac.in/ccc23 cv03/]:)rcvicw

● https://onlinecourses.nntel.ac.in/noc24 cv44/meview

● https://onlinecourses.npteI.ac.in/noc24 cv52/preview

● https://nptcl.ac.in/courses

● https://swavam.gov.in

Part D-Assessment and Evaluation

Maximum Marks: 100

Internal Assessment (CCE): 40

External Assessment (UE): 60

Internal Assessment

Continuous &. Cumulative Evaluation (CCE) Methods will be based on following

defined components:	

Marks

Class/Lab Testsa.

Seminar/Demonstration/V'iva voce/Lab Record etc.

Appropriate weightage of attendance in the Class
b.

>c.



Elaboration: Assessment Theory
External Assessment

Practicum Paper as per University Examinationa.

Total 60

Grand Total 100
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M.Sc. II Semester

Industrial Chemistry Syllabus
[For iM.Sc 2-Year PG Programme: (Scheme B-1) with Major Practicum Component]

INDUSTRIAL CHEMISTRY-CORE (THEORY)
Part A- Introduction

Program : 2-Year PG
o		

Class- M.Sc. Semester- II Session: 2025-2026

Subject - Industrial Chemistry

CC-21 (T)Course Code1

Greener Industrial ApproachesCourse Title2

CORE CourseCourse Type3

To study this course our students must have had the subject IndustrialPre-requisite (if any)4

Chcmistrv/Chemistrv in Degree Course of B. Sc.

Upon successful completion of this Course, learners will be able to:Course Learning5

Outcomes (CLO)

Know the principles of Green Chemistry

build the basic understanding of toxicity, hazards and risk of chemical
substances.

Understand benefits of use of catalyst and biocatalyst.

Appreciate the use of green chemisti-y in problem solving skill, critical

thinking and valuable skills.

Learn to design safer products.

Enhance their competitiveness, innovation and faster time to market.

Design alternative chemistiy solutions to support a sustainable
development and avoid environmental stress.

Have a ftinctional understanding of the field of green chemisti'y.

Theory - 06Credit Value6

Maximum Marks: Total 100 Minimum Passing Marks: 40Total Marks7

University Exam (UE)- 60, CCE-40

Part B- Contentof the Course

Total No. of Lectures-Tutorials-Practical (06 hours per week):

L-T-P: 90-0-0 (Total Hours: 90)
Topic No. of

Lectures

Unit

121

Contribution of Ancient India to Green Chemistry:
Need and Relevance of green chemistry, An oveiwiew of Historical development of
Green Cliemistiy in India. Use of green methods in Vedic metallurgy of Iron, Copper,
Zinc & Mcrcuiy.

Introduction:

What is Green Chcmistiy, Principles of green Chcmistiy, components for green
chemistry, Contribution of green chemistry in daily life, Goals of green chemistry,



Limitations / Obstacles in the pursuit of the goals of Green Chemistry.

Keywords,’ atom economy, green oxidant, green chemistry.

Suggested A ctivities:
1. Comparative Analysis of Ancient Indian Practices and Green Chemistiy

Principles
2. Field Study: Documentation of Traditional Eco-Friendly Practices in Local

Communities

3. Theoretical Review: Historical Development and Need for Green Chemistry
4. Project Proposal: Green Chemistry Alternatives in Daily Life Products

082

Green Solvents:

What is green solvent, types of green solvent, Ionic Liquids: simple preparation, types,
properties and application, ionic liquids in organic reactions.
Super critical Carbon dioxide: preparation, properties and applications, environmental
impact.

Water as green solvent, super critical water, Diels-Alder reaction in water - catalysis in
water

microwave assisted reaction in water.
(aerobic oxidation of alcohols catalyzed by Pd (II)/bathophenant hroline),

Keywords: aerobic, stationary phase, ionic liquids, critical C02, environmental impact

Suggested A ctivities:
1. Case Study: Role of Supercritical CO2 in Industi^ and Environment
2. Theoretical Review: Water as a Green Solvent in Named Reactions

143

Green Reactions:

Green synthesis of adipic acid, catechol, BHT, urethane, citral, ibuprofen, paracetamol.
Acetylation of primary amines, base catalyzed Aldol condensation, halogen addition to
C==C bond, [4+2] cyclo addition reaction (Diels- Alder reaction between furan and
maleic acid).

Rearrangement reaction (benzyl benzillic acid rearrangement), coenzyme catalyzed
benzoin condensation (thiamine hydrochloride catalysed synthesis of benzoin, Pechman
condensation for coumarin synthesis (clay catalyzed solid state synthesis of 7-hydroxy-

4-methylcoumarin).

Electrophilic aromatic substitution reactions (nitration of pGhcnol, bromination of
acetanilide), green oxidation reactions (synthesis of adipic acid, preparation of
manganese(III) acetylacetonate), zeolite catalysedFriedel-Craft acylation.

Ultrasound assisted reaction; esterification, saponification substitution reactions,
ciiV\/lniinn4: nviHatinn rpHuctiou, Cauiiizaro I'caction.



Keywords: zeolites, adipic acid, coenzyme, furan, acetylation, benzoin

Suggested Activities:

1. To analyze the traditional and green synthetic pathways of commonly used
compounds like adipic acid, ibuprofen, paracetamol, BHT, urethane, etc.

2. To study how solid catalysts, clay, cocnzymcs. and zeolites arc employed in
green organic reactions

3. Mechanistic Study: Green Rearrangements and Pericyclic Reactions
4. Review-Based Study: Role of Ultrasound and Microwave in Green Organic

Reactions

4 12

Bioplastics:

Types, labeling, environmental effect of bioplastic, bioreduction, advantages of
bioplastics, utility of bioplastics, economics of bioplastics, bioplastic in India.

Biopesticides:

Types, formulation, challenges and opportunities.
Biocatalyst:

What is biocatalyst, examples, biocatalytic synthesis, advantage of biocaialyst.
Biofuel:

Introduction, classification, bioalcoliol. biodiesel, vegetable oil, biogas, syngas, solid
biofuels, advanced biofuel, applications of biofuel.

Keywords: bioplastic, biopesticides, biocatalyst, biofuel, biogas, syngas

Suggested Activities:

I. To study the types, labeling, uses, economics, and environmental impact of

bioplastics, with a focus on India's bioplastic industry.
2. Literature Study: “Biopesticides - Formulation, Field Utility, and Regulatory

Challenges”

3. Conceptual Review: “Biocatalysts in Sustainable Synthesis - Nature’s Green
Chemists”
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Real world case studies based on the Presidential green chemistry awards of EPA

● Surfactants for carbon dioxide - replacing smog producing and ozone depleting
solvents with carbon dioxide for precision cleaning and dry cleaning of garments.

● A new generation of environmentally advanced wood preservatives: Getting the
chromium and arsenic out of pressure treated wood.

● An efficient green synthesis of a compostable and widely applicable plastic
(poiylactic acid) made from

● Healthier Fats and oils by Green Chemistry: Enzymatic inter esterification for

production of No Trans-Fats od Oils.
● Development of fully recyclable Carpet: Cradle to Cradle carpeting.	

corn.
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● Using a naturally occurring protein to stimulate plant growth, improve crop
quality increase yields, and suppress disease.

Keywords: polylactic acid, carpeting, surfactants, smog, wood presei'vatives, crop
quality.

Suggested A ctivities:
1. Study the conventional dry-cleaning solvents like perchloroethylene (PERC) and

their hcalth/cnvironmcntal effects.

2. Explore the environmental and human toxicity of traditional CCA (Clironiated
Copper Arsenate)-treated wood.

3. Study the design approach of Cradle-to-Cradle (C2C) certification.
4. Study the mode of action of Haipin proteins in stimulating plant immune

responses.	

126

Future Trends in Green Chemistry

Oxidation reagents and catalysts; Biomimery and green chemistry, Biomimetic,
Multifunctional Reagents: mechno-chemical and solvent free synthesis of inorganic

complexes; co crystal controlled solid state synthesis (C2S3); Combinational green
chemistry. Proliferation of solventless reactions; green nanocomposite. Alternative
starting materials. Green Chemistry in sustainable devclopmcnt.Biomass conversion,
emission control.

Keywords: Biomimetic. co ci^stal. biomimiciy, mechno-chemical, biomass

Suggested Activities:
1. Study biological models (e.g., enzymes, photosynthesis) that inspire catalyst

design, reaction pathways, or materials.
2. A detailed poster or infographic on sustainable synthesis without solvents, with

one proposed reaction route.
3. A literature review or policy brief exploring how green nanocomposites align

with the UN SDGs (Sustainable Development Goals).	
Part C -Learning Resources

Text Books, Reference Books, Other Resources

Suggested Reading:
Books

Sanghvi R. S.: Shrivastava M. M., Green Chemistry: Environmental Friendly Alternatives, Narosa
Publishing House New Delhi.

2 Ahluwalia V. K„ Green Chemistry, Narosa Publishing House New Delhi.
3 Anastas, P. T.; Warner J. C., Green Chemistry, Theory and Practice, Oxford University Press.
4. Lancastar, M.. Green Chemistry An Introducioiy text 2 edition RSC Publishing
5. Matlack, A. S., Introduction to green chemistry, Marcel Dekker.
6. Ahluwalia, V. K.; Kidwai, M. R., New Trends in Green Chemistry Anamalaya Publishers.
7. Cann, M.C.: Connely, M.E. Real-world cases in Green Chemistry. American Chemical Society,

Washington (2000). ^					

1.
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8. Sharma, R.K.: Sidhwani, I.T.; Chaudhaiy, M.K.: Green Chemistiy Experiments : A monograph, IK
International Publishing House Pvt Ltd. New Delhi.

9. Amcta, S. C., Amcta, R., Green chcmistiy: Fundamentals and Applications, Apple Academic Press
10. Paul A. Organic synthesis in water, Grieco Blackie.

11. Sharma, S. K., Mudhoo, A..Green Chemistry For Sustainability , CRC Taylor & Francis,. USA
12. Ahluwalia, V.K., Aggai-wal, R., Organic synthesis: Special techniques,

13. Chcm, Rev. 2007, 107, 2167-2820 (special issue on green chemistry).
14. Sheldon, R.A., Arends, I., Hannefed, U., Green Chemisli'y and Catalysis, Wiley-VCH Verlag GmbH

and Co. (2007).

15. Anastas, P., and Williamson, T. C., Green Chcmistiy Frontiers in Benign Chemical Synthesis and
Processes, Oxford University Press (1999).

16. Ryan, M.A., Tinnesand, M., Introduction to Green Chemistiy, American Chemical Society,
Washington (2002).

Suggested equivalent online courses:
(all URLs accessed in May 2025)

● hups://sanskrit.uohvd.ac.in/events-new/Ancient-Indian-chemistrv.pdf

● https://greenchemisti'v.vale.edu/about/historv-»reen-chemistrv

● hups://www.clcgruvter.com/view/iournals/Dac/73/8/article-pl261 .xml‘?language=en

● lutDs://Dubs.ac5.org/doi/Ddf/10.1021 /bk-2013-

1 ]23.chQ01#:~:text=Green%20chemistrv%20solutions%20need%20to.that%20nrevent%20noint%20so

Lirce%20poMution.&tcxt^Grccn%20chcmistrv%20solutions%20sliould%20cmDhasi2e.Doint%20and%2

QnQnDoint%2Dsourcc%2Qpollution.

● https://www.epa. gov/grcenchemisti'v/basics-green-chemistrv

● https://www.sciencedirect.com/topics/chemistiw/green-svnthesis

Part D-Assessment and Evaluation

Maximum Marks: 100

Internal Assessment (CCE): 40

External Asessment (UE): 60
Internal Assessment

Continuous & Cumulative Evaluation (CCE) Methods will be based on

following defined components:

Marks

Class Testsa.

Presentation/Assignment/Quiz/Group Discussion

Appropriate weightage of attendance in the Class
b.

c.

Total 40

Elaboration: Assessment Theorv
External Assessment

Theory Paper as per University Examinationy
y

60Totaly

y

y
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ÎktilaJeIHh[jn>,P.jiib/J2AlBi
%£1rf'P.^J'l^kyp&-^(P>Jh>lĥ(yiHe^14t^^[>p>hS
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Part A- Introduction

Semester - II Session: 2025-2026Class- M.Sc.Program: 2-Year PG

Subject - Industrial Chemistry

PC-21(P)Course Code1

Greener Experimental Approach to IndustriesCourse Title2

PRACTICUMCourse Type

Course Learning Outcomes

(CLO)

3

Upon successful completion of this Course, learners will be able to:4

● Prepare biodiesel from vegetable / waste cooking oil.

● They will build the basic understanding of atom economy
by the use of molecular model kit.

● Understand benefits of use of green catalyst.

● Appreciate the use of microwave technique in synthesis.

● Learn to prepare ecofrieiidly pesticides.

● Alternative chemistry solutions for different synthesis

Practical - 04Credit Value5

Maximum Marks: Total 100

University Exam (UE)-60, CCE-40

Minimum Passing
Marks: 40

Total Marks6

Part B- Content of the course

Total No. of Lectures-Tutorials-Practical (04 hours per week):

L-T-P: 0-0-120 (Total Hours) 	
No. of

Hours

List of Experiments to be performed in laboratory 120

Preparation of biodiesel from vegetable / waste cooking oil.
Use of molecular model kit to stimulate the reaction to investigate how the atom economy can

illustrate green chemistry

Benzoin condensation using Thiamine Hydrochloride as a catalyst instead of cyanide.

Extraction of D-limonene from orange peel using liquid carbon dioxide prepared from dry ice.

Mechnochemical solvent free synthesis of azomethines.

Photo reduction of benzophenone to benzopinacol in the presence of light.

Solvent free, microwave assisted one pot synthesis of phthalaocyanine complex of copper II.

1.

2.

3.

4.

5.

6.

7.



8. Preparation of Schiff base by microwave technique.

9. Synthesis of activated carbon from agriculture waste.

10. Preparation of ecofriendly pesticides

11. To determine silver nanoparticles by green synthesis

12. Synthesis of zinc oxide by solution combustion method using plant extract

13. Nitration of nitrobenzene

14. Preparation and characterization of nanoparticlcs of gold using tea leaves

Part C -Learning Resources

Text Books, Reference Books, Other Resources

Suggested Reading :
1. Anastas, P.T & Warner, J.C. Green Chemisti-y: Theoi-y and Practice, Oxford University Press (1998).
2. Kirchoff, M. & Ryan, M.A. Greener approaches to undergraduate chemistry experiment. American

Chemical Society, Washington DC (2002).

3. Ryan, M.A. Introduction to Green Chemistiy, Tinnesand; (Ed), American Chemical Society, Washington
DC (2002).

4. Sharma, R.K.; Sidhwani, I.T. &Chaudhari, M.K. I.K. Green Chemistry Experiment:A monograph
International Publishing House Pvt Ltd. New Delhi. Bangalore CISBN978-93-81141-55-7 (2013).

5. Cann, M.C. & Connelly, M. E. Real world cases in Green Chemisti^, AmericanChemical Society (2008).
6. Cann, M. C. & Thomas, P. Real world cases in Green Chcmisti-y, Ameriean ChemicalSocicty (2008).
7. Lancaster, M. Green Chemisti^: An Introductoiy Text RSC Publishing, 2nd Edition,2010.

8. Pavia, D.L., Lampman, G.M., Kj-iz, G.S. & Engel, R.G. Introduction to Organic Laboratoiy Techniques:
A Microscale and Macro Scale Approach, W.B.Saunders,1995.

9. Sidhwani, Tucker I.; Chowdhury, S. Greener alternatives to Qualitative Analysis for Cations without

H2S and other sulfur containing compounds, J. Chem. Educ. 2008, 85, 1099.

10. Sidhwani, Tucker I.; Chowdhury, S. ct al., DU Journal of Undergraduate Research and Innovation2016,

Volume 2, Issue 2, 70-79.

II. Dhingra, S., ;Angrish, C. Qualitative organic analysis: An efficient, safer, and economical approach to
preliminary tests and functional group analysis. Journal of Chemical Education, 2011, 88(5), 649-651.

Suggested equivalent online cour
(All uri accessed in May 2025)

● Imps- .ardii\-e.nmei.ac-in comcni storage2. coiir.scs 1 12 I 04033-lecturc40'40 2.htm
icl.diuimai.in nptel courses \’idco'10.U03207 led9 pdf

ses:

● hup^

● hups: conlcnl dam acsoi'g areenchemistj-y educu'i
eci.iiomv.ndi

A
tion re.^^ources clcaninu-up-w ith-aUun-

^rnhJ rom doc'jnicm.-_L9_l_551594/Bcn/oin-f
www.chein.kiiech.edu -upaliThcm254 BEN'ZOlNC ppr

o29reccrii is

● luips:- WWW
● hups;

escarc!i-

894." S6iws pJt 2015 .Api'il Aniii '^Ois 14228IJAR



Part D-Assessment and Evaluation

Maximum Marks: 100

Internal Assessment (CCE): 40

External Assessment (UE): 60

Internal Assessment

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

Marks

Class/Lab Testsa.

Seminar/DemonstrationA^iva voce/Lab Record etc.b.

Appropriate weightage of attendance in the Classc.

Total 40

Elaboration: Assessment Theory
External Assessment

Practicum Paper as per University Examinationa.

Total 60

Grand Total 100

1/

r
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Part A- Introduction

Session: 2025-2026Program: 2-Year PG Class- M.Sc. Semester - II

Subject - Industrial Chemistry

CC-22 (T)Course Code1

Total Quality Management (TQM) and IPRCourse Title2

CORE Course (Theory)Course Type3

To study this course our students must have had the subject Industrial

Chemistry / Chemistry in Degree Course of B. Sc.

Pre-requisite (if any)4

Upon successful completion of this Course, learners will be able to:

● Have a clear understanding of basic concepts of Quality Control.

● Identify the Principles of Total Quality Management.

● Understand the fundamentals of Quality accreditation.
● Learn about the Industrial Standards and Control.

● Gain confidence in implementing Total Quality Management in an

industi-y.

● Understand the importance of laboratO!7-industi7 interface for R&D and
Technology Transfer

● Get a basic understanding of IPR and related terms.

Course Learning

Outcomes (CLO)

5

Theory - 06CreditValue6

Maximum Marks: Total 100 Minimum Passing Marks: 40Total Marks7

Uniyersity Exam (UE)- 60, CCE-40

Part B- Content of the Course

Total No. of Lectures-Tutorials-Practical (06 hours per week):

L-T-P: 90-0-0 (Total Hours:90)	
Topic No. of

Lectu
Unit

res

15General Introduction:

Definitions of quality, Need for quality, Evolution of quality in Indian and Global
Context.

Quality Control in Chemical Industry
Concept and philosophy of quality control (QC) and Total quality control (TQC).

Design of QC laboratoi^ for chemical, instrumental and microbiological laboratories.

SOPs, GLPsandGMPs:
Standard operating procedure (SOP); Principles of Good Laboratory Practice (GLP),

1



Good Manufacturing Practice (GMP)

Sampling techniques:

Measurement, analysis and methods of improvement; Basics of sampling; Sampling
procedures; sampling inspection. Sampling based on physical state and hazards in
sampling pre-concentration methods.

Statistical Quality Control (SQC) Techniques:
Introduction to statistical quality control (SQC), statistical fiindamentals. Techniques
in SQC, Performance Evaluation, uncertainties in measurement. Validation of

analytical methods, Roles of SQC in QCQA of process industry.

Keywords: Quality Control, Sampling, SOP, GLP, GMP, SQC.

Suggested Activities:
1. To explore the evolution of quality concepts globally and in India and understand

how philosophies like QC, TQC, QA, and Six Sigma emerged.
2. Design a conceptual QC laboratory for a chemical or pharma plant, incorporating

chemical, instrumental, and microbiological sections.

2 15

Total Quality Management (TQM) in Chemical Industry
Introduction :

Concept of TQM, basic approach, TQM frame work, benefits of TQM, Barriers to
TQM, The seven traditional tools of quality, new seven management tools.

TQM Principles:

● Leadership - Concepts, The Dcining philosophy. The role of TQM leaders,
implementation, quality circles, quality statements, strategic quality planning, team
and team work, recognition and reward, peiformance appraisal, benefits;

● Customer satisfaction - Introduction to Dimensions of product and service quality,
Customer perception (Customer focus
satisfaction,) of quality, using customer complaints, service quality, customer
retention; employee involvement - Motivation, empowerment.

● Continuous process improvement - The Juran trilogy, The PDSA cycle, Kaizen, Six
Sigma Approach to Quality: Concept, Methodology and application of Six Sigma to
chemical Industries

● supplier partnership - Partnering, sourcing, supplier selection, supplier rating,
relationship development;

● Performance measures - Basic concepts, strategy, presentation, quality costs analysis
techniques.

Customer orientation and Customer

TQM Tools:

Benchmarking - Reasons to benchmark, process, pitfalls and criticisms; Quality
function deployment - Heneilts, house of quality, QFD process; Taguchi's quality loss
function; Total Productive Maintenance (TPM) - Concept, improvement needs; FMEA
- Stages and types ofFME^



Keywords: Leadership, Strategy, Benchmarking, TQM, TPM, FMEA

Suggested A ctivities:

1. Study and compare Dcming’s 14 Points and Juran’s Trilogy (planning, control,

improvement) and Map these principles to practices in Indian companies (e.g., CIPLA,

Rallis India, or government units).

2. Study a product lifecycle and analyze how customer complaints or feedback are

logged and acted upon.

Quality Assurance in a Chemical Industry 203

Quality Assurance:

Concept and Elements of quality assurance (QA), Outlines of QA in chemical
industries; Flow sheet preparations: Principles of process selection and unit operation.

Quality Audit:
Preparation of audit, conducting audit, audit analysis, audit report and audit follow up,
premises: location, design, plant layout, construction, maintenance of sterilized areas,
control of contamination.

Quality assurance through automation.

Accreditation of QC laboratories: Tools and Mechanisms

Quality Management System:

Quality management - concepts and principles: ISO 9001:2000 QMS, Benefits of ISO

registration, ISO 9000 series of standards, sector-specific standards, ISO requirements,

implementation, documentation, internal audits, registration. Case studies on ISO
9001: 2000 in chemical industries.

International Conference Harmonisation ( ICH) Guidelines on Drtig substances and

Products

Environmental Management System:

Environmental Management -Concepts and principles of ISO 14001 series of

standards, , requirements of ISO 14001, benefits of EMS. Case studies on ISO 14001

in chemical industries.

Keywords: Quality Assurance, Quality Audit, Quality management ISO, ICH,
Environmental Management

Suggested Activities:
1. Design a Eow sheet illustrating QA checkpoints at each stage:

production, packaging, and storage.
2. Drafting a simulated audit report with findings, analysis, and a proposed foilow-up

sourcinaO’



action plan for a specific QA scenario.

3. Study the structure of ISO 9001:2000, including documentation, internal audit,

management review, and registration.
204

Industrial Standards and Control:

Government standards like Agmark, Bureau of Indian Standards (BIS) Hallmark,
Indian Standards Index (ISI), Central Dings Standard Control Organization (CDSCO),
Indian Pharmacopoeia (IP), British Pharmacopoeia (BP), US Pharmacopoeia (USP);
An introduction to International Organization for Standardizatio n (ISO), British

Standard for Occupational Health and Safety management Systems (BS OHSAS),

Occupational Safety & Health Administration (OSHA), US Food and Dmg
Administration (USFDA), ICH Guidelines, Fruit Products Order (FPO), Food and

Agriculture Organization (FAO), Food Safety and Standards Authority of India
(FSSAI), Scale-Up and Post approval Change (SUPAC).

R&D and Technology Transfer:

Role of Research &Development (R&D). functional structure of R&D, unit research

strategies and manufacturing interface, laboratoiy-industi'y interface, technology
transfer Pilot Plant Operation and Scale up: Purpose planning, design and operation,

analysis of results, assessment of flexibility of design comprises to cope-up for safety
and economic in constaiction and operation.

Keywords: Industrial Standards, BIS, ISI, Research &Development, Technology
transfer

Suggested Activities:
1. To explore and compare national and international quality and safety standards

applicable to chemical, pharmaceutical, and food industries.
2. tudy real-world examples (like Paracetamol, Ibuprofen, or herbal extracts) of lab-

to-plant scale-up.
3. A group presentation comparing approval timelines, documentation, trials, and

regulatoiw checks in India vs. global practices.
20

5

Intellectual Property Rights (IPR):

Introduction: Introduction to Intellectual Propeity, Historical Perspective, Different

Types of IP, economic importance of IP, Need and Importance of protecting IP.
factors affecting IP protection
Detailed description of various IP properties: (Patents, Trademarks, Copyrights,

Geographical Indications Industrial Designs and Trade secrets

Copyrights: Introduction, How to obtain a copyright? , Differences from Patents.
Trade Marks: Introduction, How to obtain a Trade Mark?, Different types of marks
^ Collective marks, certification marks, service marks. Trade names, etc. Differences

from Designs.

Patents: Introduction, Basic and associated right, WlPO, PCT system, Traditional
Knowledge, Patents and Healthcare - balancing promotim? innovation with public



health, How to apply for a Patent? Software patents and their importance for India.

● Geographical Indications; Definition, rules for registration, prevention of illegal

exploitation, importance to India.

● Industrial Designs : Definition, How to obtain Industrial Design?, features,
International design registration.

● Trade Secrets: Introduction and Historical Perspectives, Scope of Protection, Risks
involved and legal aspects of Trade Secret Protection.

Conceptual Knowledge of Different International Agreements and their
relevance:

Word Trade Organization (WTO): (i) General Agreement on Tariffs & Trade (GATT),
Trade Related Intellectual Property Rights (TRIPS) agreement (ii) General Agreement
on Trade related Services (GATS) (iii) Madrid Protocol (iv) Berne Convention

(v) Budapest Treaty (vi) Trade Related Investment Measures (TRIMs). Paris
Convention

Conceptual Knowledge of IP Infringement issue and enforcement - Role of
Jiidiciaiy, Role of law enforcement agencies - Police, Customs etc. Economic Value
of Intellectual Property - Intangible assets and their valuation. Intellectual Property in
the Indian Context - Various laws in India Licensing and technology transfer.

Keywords: Intellectual Property, Copyright, Trade Mark, Patent, Trade Secrets,

Infringement

Suggested A ctivities:
1. Comparative Chart of IPR Types to clearly distinguish between various types of

Intellectual Property and understand their procedures, governing laws, and global

significance.
2. A written report or presentation on patent filing, approval timeline, and patent’s

significance.

3. Simulate a mock legal case: IP violation scenario in trademark or copyright.

(Divide students into roles: innovator, infringer, law enforcement, judiciary and
Refer to actual cases in Indian context such as Basmati GI dispute or software

piracy case)	
Part C -Learning Resources

Text Books, Reference Books, Other Resources

Suggested Reading:

Books & Reference Books ^ .
Pannerselvam, Production and Operations Management, Prentice Hall India Learning Pvt. Ltd 3rd
edition 2012.

Mehmet Savsar, Quality Assuranod and management. InTech-Croatia. 2012. ISBN 978- 953-51-0378-3

l.R

2.



3.D.C. Montgomery, Statistical Quality Control, John Wiley & Sons, 5th edition, 2005.

4.M. K. Starr, Production and Operations Management, Biztantra, Delhi, 2004.

5.D.H. Shah, QA Manual, Business Horizons, 2000

6.D.H. Besterfield, C. Besterfield-Michna, G.H. Besterfield, M. Besterfield -Sacre, Total Quality

Management, Pearson Education, Inc., 3rd Edition, 2003.

V.Siibburaj Ramasamy, :Total Quality Management, Second reprint , Tata McGraw Hill publishing

Company Ltd, New Delhi, 2006.

S.Piotr Konieezka and Jack Namiesnik Quality Assurance and Quality Control in the Analytical Chemical

Laboratory: A Practical Approach, 1st Edition, CRC press 2009.

9. David Hoyle, ISO 9000 Quality Systems Handbook, Fifth Edition, Butterworth Heineniann-Elsevier,

New York, 2006.

10. Elizabeth Prichard and Victoria Barwick, Quality Assurance in Analytical Chemisti-y, John Wiley &
Sons, 2007

11. Kumar S, Total Quality Management, 1st Ed., Reprint, Laxmi Publications (P) Ltd., Delhi, 2007.

12. Naagarazan R.S and Arivalagar A.A , :Total Quality Management, First Edition, Reprint, New Age
International (P) Ltd., New Delhi, 2005

13. James R. Evans and William M. Lindsay, “The Management and Control of Quality”, 8th Edition, First
Indian Edition, Cengage Learning, 2012.

14. Janakiraman. B and Gopal .R.K., “Total Quality Management - Text and Cases”, Prentice Hall (India)
Pvt. Ltd., 2006.

15. N.K. Acharya: Textbook on intellectual property rights, Asia Law House (2001).

16. Manjula Guru & M.B. Rao, Understanding Trips: Managing Knowledge in Developing Countries, Sage

Publications (2003).

17. P. Ganguli, Intellectual Property Rights: Unleashing the Knowledge Economy, Tata McGraw-Hill

(2001).

18. Arthur Raphael Miller, Micheal H.Davis; Intellectual Property: Patents, Trademarks and Copyright in a

Nutshell, West Group Publishers (2000).

19. Jayashree Watal, Intellectual property rights in the WTO and developing countries, Oxford University
Press, Oxford.

20. T Ramakrishna, Basic principles and acquisition of Intellectual Property Rights, CIPRA, NSLIU 2005.
21. T Ramakrishna , Ownership and Enforcement of Intellectual Property Right, CIPRA, NSLIU-2005.

22 Dr. B. L.Wadhera, Intellectual Property Law Handbook, Universal Law Publishing Co. Ltd. 2002.
23 Thomas T Gordon and Arthur S Cookfair-Patent Fundamentals for Scientist and Engineers, CRC Press

Suggested equivalent online courses:
(all URLs accessed in May 2025)
, hnps://asQ.oi->^/qualitv-resources/totaLquality-manaaement
, Hrrps://www.investopedia.com/tcrms/t/total-qualitv-managcment-tqin.asp
, hnps://www. juran.com/blog/what-is-total-qualitv-management/
, hrtp^://cleai-tax.in/s/total-qualitv-management
^ hirps://manapementlieln.org/qualitv/total-qualitv-manageiTient.j^

/

/
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● httDs:/7www.isixsi»ma.com/methodologv/total-Qualitv-manaaement-tqm/inti'odiiction-and-

implementation-total-qualitv-managemcnt-tqm/

● https://www.emerald.eom/insight/content/doi/10.l 108/17542730910995873/full/pdf
● https://core.ac.uk/download/Ddt7147606566.i:)df

● https://napcrs.ssm.com/sol3/Delivci'v.cfm/SSRN ID2725114 codel0S3297.pdt7abstractid=2725114&
mirid=l

● https://librai-v.cqnress.com/cqresearcher/document.r)hD?id=cqresrre 1963032700
● httDs://v^avw.vourarticlelibral'V.com/Drodllction-management/q ualitv-control-qc-de^l^ition-imnortance-

.and-tools-of-aualitv-control/41085

● https://www.thcmaniifacturer.com/articles/kev-comDoncnts-quali W-control-manufacturing/
● https://www.ncwcastlcsvs.com/blog/an-introduction-to-qualitv-c ontrol-in-manufacturing
● https://www.iuran.com/blog/the-imDortance-of-qualitv-auditing/

● https://asq.org/qualitv-resources/auditing
● http://asq.org/Dublic/auditing-qms-pl .pdf

● https://www.tiDtech.com/bIog/10-tvDes-of-quality-audits/
● https://iDindia.gov.in/
● https ://w ww.wipo.i nt/about-ip/en/

● hitps://www.itu.int/en/ITU-T/iDi7Pages/default.aspx
● https://www.inquartik.com/blog/basic-intellectual-Droperty-rig hts/
● httDs://w\vw.wto.org/english/tratQD c/trips c/intcll e.htm

Part D-Assessment and Evaluation

IVIaxinium Marks: 100

Internal Assessment (CCE): 40
F vternal Asessment (UE): 60

Internal Assessment

& Cumulative Evaluation (CCE) Methods will be based on Marks
Continuous

following defined components:	

Class Tests			
p...a„tntinn/Assipnment/Quiz/Group Discussion

T::;;vnT.riiitp weightase of attendance in the Class
- Total

a.

b.

c.
40

Elaboration: Assessment Theorv

External Assessment

Theory Paper as per University Examination
a.

60Total

Grand Total 100
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M.Sc. II Semester

Industrial Chemistry Syllabus
[For M.Sc 2-Year PG Programme: (Scheme B-1) with Major Practicum Component]

INDUSTRIAL CHEMISTRY-CORE (PRACTICAL)
Part A- Introduction

Program: 2-Year PG Class- M.Sc. Semester - II Session: 2025-2026

Subject-Industrial Chemistry

Course Code PC-22(P)1

Quality Detection in Industrial ChemistryCourse Title2

PRACTICUMCourse Type3

Upon successful completion of this Course, learners will be able to:Course Learning Outcomes
(CLO)

4

Apply spectroscopic tools to detemiine the structure and

purity of active pharmaceutical ingredients (APIs).
Understand instrumentation and data analysis in modem
analytical chemistiy.

Apply water quality assessment techniques like BOD,
COD, fluoride, and heavy metal analysis
Analyze data and interpret water quality using Indian
standards (BIS/FSSAI)

Understand food composition and quality parameters.
Apply statistical methods to monitor and improve product
quality.

Identify patentable subject matter in lab innovations.

Practical - 04Credit Value5

Maximum Marks: Total 100

University Exam (UE)-60, CCE-40

Minimum Passing
Marks: 40

Total Marks6

Part B- Content of the course

Total No. of Lectures-Tutorials-Practical (04 hours per week):

L-T-P: 0-0-120 (Total Hours)	
No. of

Hours
List of Experiments to be performed in laboratory

120

Apply analytical techniques to assess the quality of active pharmaceutical ingredients (APIs),

using melting point, UV-Vis spectroscopy, or HPLC to detenuine purity of samples like

paracetamol, aspirin. Also, compare results with pharmacopeial standards (IP/BP/USP).

1.



Assess quality of water by identifying heavy metal contaminants using Atomic Absorption

Spectroscopy (AAS) or colorimetric tests for Pb, Cd, Cr, As. Compare with BIS/FSSAI

permissible limits.

Estimation of Chloride content (Mohr’s method) in given water sample.

Estimation of Biological Oxygen Demand (BOD) in the given water sample.

Determination of Chemical Oxygen Demand (COD) in the given water sample.

Analysis of Fluoride content in the given water sample.

Evaluate Acidity of vinegar and do comparison with FSSAI norms

Evaluate Adulterants in milk (urea, starch) and turmeric (metanil yellow) and do comparison

with FSSAI norms

Evaluate Free fatty acid in ghee/oil and do comparison with FSSAI norms.

10. Use lab data to apply statistical tools to analyze variation in titration or assay data (multiple

batches).

11. Use lab data to apply statistical tools to create control charts (X-bar, R-chart) using Excel.

12. Use lab data to apply statistical tools to apply basic ANOVA or standard deviation

analysis.

13. Draft a patent Specification.

14. Design a trademark and brand label for a student-developed lab product.

15. Case-study of Infringement Cases Related to Lab Products

7

3.

4.

5.

6.

7.

9.

Part C -Learning Resources

Text Books, Reference Books, Other Resources

Suggested Reading :
Gupta, R. K. (2016). Pharmaceutical analysis. CBS Publishers & Distributors.
Beckett, A. H., & Stenlake, J. B. (2005). Practical pharmaceutical chemisUy (Pait 1 & II). CBS Publishers &
Distributors.

Sharma, B. K. (2011). Instrumental methods of chemical analysis (24th ed.). Goel Publishing House.
American Public Health Association (APHA). American Water Works Association (AWWA), & Water
Environment Federation (WEF). (2017). Standard methods for the examination of water and wastewater (23rd

2.

3.

4.

ed.). APHA.
De, A. K. (2012). Environmental chemistry (7th ed.). New Age International Publishers.
Sawyer, C. N., McCarty, P. L., & Parkin, G. F. (2003). Chemistiyfor environmental engineering and science
(5th cd.). McGraw-Hill Education.
Nielsen, S. S. (2017). Food analysis (5th ed.). Springer.
Swaminathan, M. (2018). Food adulteration andfood laws. The Bangalore Printing and Publishing Co.
Food Safety and Standards Authority of India (FSSAI). (2021). Manual of methods ofanalvsis of foods: Milk
and milk products, oils and fats, spices and condiments. FSSAI.

G. E. P-, Hunter, J. S., & Hunter. W. G. (2005). Statistics for e.xperimenters: Design, innovation, and
(2nd ed.). Wilev-Interscience. '

5.

6.

7.

8.

9.

Box,

discovery

10.

/



11. Gaur, A. S., 8i Gaur, S. S. (2009). Statistical methods for practice and research: A guide to data analysis using
SPSS (2nd ed.). SAGE Publications.

12. Duncan, A. J. (1986). Quality control and industrial statistics (5th ed.). Richard D. Irwin, Inc.

13. Sheldon. J. G. (2011). Plow to write a patent application (2nd cd.). Practising Law Institute.
14. Pressman, D. (2019). Patent it yourself ed.). Nolo.

15. Kane, S. D. (2012). Trademark: Legal and business guide (4th ed.). Oxford University Press.

16. Ganguli, P. (2001). Intellectual property rights: Unleashing the knowledge economy. Tata McGraw-Hill.
17. Books from Madhya Pradesh Hindi Granth Academy, Bhopal

Suggested equivalent online courses:
(All uri accessed in May 2025)

● https://nptel.ac.i,n/courses/104,10,2113

● hup.s: nnlei.ac.iivcour.ses/l 03 108100
● httns:'.unlinecouiscs.nntcl.ac.in noc24 au09-nrc\ icw

● hups:/ cl earn.nptcl.ac. in'shoo eomnletcd-courscs shori-tenn-promiims-coinpleled.a-hvbrid-course-on-w alcr-

qualiiv-an-approacli-to-peopic.s-\vaier-data-2
● hups:' archivc.nptcl.ac.iiLcomcm'svIlabus pdf 126l05024.pdf
● https:' nirttel.ac.in'courses.'110105()SN

● hups; oniinccourses.m:)lel.ac.in/iioc22 inu40 preview
● Imps:'archiAc.npiel.ac.in/noc'eourses/noc21 SEMl/noe21-hsl4/

● https: 'nptel.ac-in-courses/1101U6081	

Part D-Assessment and Evaluation

Maximum Marks: 100

Internal Assessment (CCE): 40

External Assessment (UE): 60

Internal Assessment

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

Marks

Class/Lab Testsa.

Seminar/DemonstrationA^iva voce/Lab Record etc.

Appropriate weightage of attendance in the Class
Total

b.

c.

40

Elaboration: Assessment Theory

External Assessment

Practicum Paper as per University Examinationa.

Total 60

Grand Total 100



p/

OZl

u><£)nzi-o-o:[[i[pP.ii

^-hh^[jbhosrtpih-[f>h\H
Ot^-333‘09-(3a)li^|j_>hhU>ir^^&^

001:c^hpq>r^n>

Ot'

9

t^o-^i^[r>m

gi^-kk^J24k2^^j>lklPh112JI??lf[h?h●

It^l-fl>|UdIS'Phll-rIPPInTf^|k^IPP■^[>[cPp[n|k.●
4kii2MlLtl^iJ|elQk^k^ick●

^llJ^|cP|<j3[^cPPPc^lP>ifTIPP1D&
Pl^^●

likj^ljJkkl^jln>a3hP^t^|^cp»[_^|^;^^(^>cp
U4[ky12^\^(^^{ih.)[pkl^>IbPhc^n^●

S

IP>cblb6>lho

hlln^h

Ma>hItbhcPkPlh cPIj^klhe

kOSkPlh

hOSPPIh

r

(ci)r^-Ddi

9zoz-sror11I^^hjjab-Z:hctSj>lcef

kP^h-^kllt
(4>lfJ|blh)yh\\^>

Ikli^cppn(l-[pIPln|j7)c^kU5j>lcb|jn^bJJib-Z1
^td5r^PlhPhll»?>-cj^l

I
V



Y

Hill:^lillertpih

knu^kbotJ€-i^_|!£>-̂kilt

IU>ts>[^&IBic{>l^t&^hPJ^[PII??[rlMl^a[^~^'t^L

I^Mh|^l^|rfl-tIcb?g|T.'EL

I^14l2Mlliefi2gll^lli^lf|jlif.

tJg^^>ct3TrliJ|Jn>H3h(^b[cbho^ll>^^1^cb^.>tefThlU)Inkipt^4>blJliilimbil'ZI-

I^14tlhRJiefi2|:lMJMiyiiiilJ4ii^^iief'IiJJ^Ji&

|ln>cj3hP^hljOh^lR-rll^|^I^^|3(j>l^-?.|^^^‘Mb->»b>l)piUInt^hlj<^>4^IflbtlRi^Rl^'U

l>c|3lf[bhPIcbl?gmil>;l>lbhirll^tb^>0Trll^10

IJn>tbhPh[tbh^lrfhl^tb^>qjInatp^IcbIPBI^h(b|cbl^lcbh)I3gS»hIh^hlll£i€-'0l

1̂IklilBhiii%iSlSklk^hRhlihibLhi|lfkMl2^£1^^
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