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M.Sec. III 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

I Class- M.Sc. | Semester- I11 ’ Session: 2026-2027

Subject — Industrial Chemistry

Course Code

CC-31(T)

Course Title

Advanced Analytical Chemistry for Industries

Course Type

CORE Course (Theory)

1
2
3
4

Pre-requisite (if any)

To study this course our students must have studied M.Sc. I Year in Industrial
Chemistry of 2 Year PG

5| Course Learning
Qutcomes (CLO)

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

Demonstrate practical knowledge of classical and instrumental techniques
Analyze chemical substances using instrumental techniques.

Interpret and apply data obtained from advanced analytical instruments.
Compare and evaluate the performance of different analytical techniques.
Understand the theoretical foundations of instrumentation design and
function.

Develop professional competency in reporting and interpreting analytical
results.

Make them employable for roles in chemical, pharmaceutical,
environmental, and quality control industries.

Credit Value

=)

Theory - 06

7 | Total Marks

Maximum Marks: Total 100 Minimum Passing Marks: 40
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)

pigments.

Unit Topic No. of
Lectures
1 Analytical Chemistry from Ancient India: 20

Identification and purity testing of substances like gold, silver, gemstones, and minerals
in ancient Indian practices and texts; analysis of ores and metal extraction; standardization
and purification of medicinal substances; Dravyaguna Vigyan (science of properties of
substances) in Ayurveda; purification (Sanskara) of mercury and other metals;
characterization of soil and materials: analysis of smell and taste; analysis of colour and

0vervlew and Scope of Analytical Chemistry

% %) )(ww &ﬂ %

/ / \

L




Role of analytical chemistry in research, industry, environmental monitoring, quality
control. Classification of Analytical Mecthods: Classical Methods: Gravimetric and
volumetric (titrimetric) analyses. Instrumental Methods: Spectroscopic, chromatographic,
electroanalytical, thermal, and surface analysis techniques.

Sample Preparation Techniques: Dissolution and Decomposition: Acid digestion,
microwave-assisted decomposition, dry ashing. Filtration, Centrifugation, Distillation
methods prior to analysis. Pre-concentration and Separation techniques: Solid-phase
extraction (SPE), liquid-liquid extraction (LLE), Matrix removal and analyte isolation.
Gravimetric Techniques, selecting and Handling of Reagents: Criteria for reagent
selection, Storage and labelling practices, preparation of standard solutions, use of
analytical grade chemicals. Laboratory Safety and Good Practices

Keywords: Gravimetric, Pre-concentration, Matrix removal, liquid-liquid extraction
(LLE), Laboratory Safety

Activities:
1. Virtual Reagent Shelf — Build an Excel sheet that lists 25 common reagents (from
course manual) with fields for purity grade, storage code, GHS pictogram, and
expiry logic. Use conditional formatting to flag incompatible adjacencies (acid +
cyanide, oxidiser + organic, etc.).
2. “Life-Cycle Flowchart of an Everyday Product” Choose a household item
(e.g., shampoo). Draw a lefi-to-right flowchart showing production stages

Error Analysis :

Accuracy and Precision, Systematic and random influences on accuracy and precision,
Classification of Errors and Minimization strategies for ditferent error types, Significant

Figures and Computation Rules

Statistical Analysis of Data:

Mean, Median, and Mode, Mean Deviation and Standard Deviation (o, s), Relative
standard deviation (RSD) and Coefficient of Variation (CV), Variance and its relevance
in comparing datasets. Least Squares Method for Data Fitting and its applications in
calibration curves and analytical method validation. Statistical Significance and

Hypothesis Testing, Confidence intervals and their interpretation, Common Statistical
Tests in Analytical Chemistry: t-Test, F-Test, Chi-Square Test (y?).

Graphical Representation of Data:
Histograms, error bars, box plots, calibration curves, Outlicr detection using Grubbs' test

Keywords : accuracy, s gnificant figures, standard deviation, histograms, outlier
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Activities:

1. Seminar
2. Flow Chart on any given topic.
Spectrochemical Methods of Chemical Analysis 20

Atomic Absorption Spectroscopy (AAS):

Principle, Instrumentation Components, Production of Atoms And lons Achieved Via
Flame, Electrothermal (Graphite Furnace), or Hydride Generation Atomizers, Advantage
and Limitations of AAS, Applications in Industries: Trace Metal Analysis in
Environmental, Biological, and Industrial Samples, Food and Pharmaceutical Quality
Control, Clinical Diagnostics (E.G., Blood Lead Levels).

Flame Photometry (Flame Atomic Emission Spectroscopy):

Introduction, Principle, Instrumentation Components, Types of Interference,
Applications: Determination of Sodium, Potassium, Calcium, and Lithium In Biological
Fluids and Food Products. Soil and Fertilizer Analysis in Agriculture, Industrial Quality
Control in Glass, Cement, and Ceramics.

Atomic Emission Spectrometry (AES):

Introduction, Principle, Instrumentation and Equipment Components, Qualitative and
Quantitative Analysis with AES, Calibration Methods, Applications and Advantages of
AES

Plasma Emission Spectrometry and ICP-AES (Inductively Coupled Plasma — Atomic
Emission Spectroscopy):

Plasma Source, ICP-AES Instrumentation, Sample Introduction Techniques,

Measurement and Data Interpretation, Applications in Industrial Chemistry: Metallurgy
and Alloys, Environmental Monitoring, Petroleum and Petrochemicals, Pharmaceuticals,

Food and Agriculture, Cement and Ceramics Industry

Keywords : AAS, atomizer, trace metal analysis, interference, ceramics, ICP-AES

Activities: Standard Operating Procedures (SOPs) for (any two) commonly used
instruments in spectrochemical analysis with images.

Thermal Methods of Analysis 5
Thermogravimetric Analysis (TGA or TG):

Principle, Instrumentation, Industrial Applications with special reference to Polymer
industry, Pharmaceuticals, Cement and ceramics and Metallurgy.
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Differential Thermal Analysis (DTA)

Principle, Instrumentation, Complementary Nature with TGA, Industrial Applications
with special reference to Identification of polymorphic transitions in pharmaceutical
products, Curing behavior of thermosetting resins, Characterization of minerals and ores
(e.g., phase transitions in clays).

Differential Scanning Calorimetry (DSC):

Principle, Types of DSC and its advantages, Industrial Applications with special reference
to Polymer Industry, Pharmaceuticals, Food Science, Explosives and propellants.

Applications of Thermal Methods in Quantitative analysis, Kinetic studies, Quality
control, Environmental analysis, Forensic Chemistry ctc.

Keywords : TGA, DTA, DSC, Explosives, phase transitions

Activities:
Seminar or Report on Thermogravimetric Analysis (TGA), Differential Thermal Analysis
(DTA), Differential Scanning Calorimetry (DSC)

Hyphenated Techniques in Analytical Chemistry:
Introduction to Hyphenated Techniques in Analytical Chemistry
Gas Chromatography—Mass Spectrometry (GC-MS):

Principle, Instrumentation, Applications in Industrial Chemistry with special reference to
Petrochemical Industry, Flavor & Fragrance, Pharmaceutical Industry, Environmental
Monitoring, and Forensic Science, Advantages of GC-MS.

Liquid Chromatography—Mass Spectrometry (LC-MS):

Principle, Instrumentation, Applications in Industrial Chemistry with special reference to
Pharmaceutical Industry, Biotechnology, Agrochemical Industry, Food and Beverage
Industry, Polymer Industry, Advantages of LC-MS

Brief idea of Emerging Hyphenated Techniques:

GC-IR  (Gas  Chromatography—Infrared  Spectroscopy), = LC-NMR (Liquid
Chromatography—Nuclear Magnetic Resonance), ICP-MS (Inductively Coupled Plasma—

Mass Spectrometry)
Keywords: Hyphenated Techniques, GC-MS, LC-MS, GC-IR, LC-NMR. ICP-MS

Activities:
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Identify the most relevant application area for each hyphenated technique. Provide one
industrial application for each of the five techniques.

Part C -Learning Resources

Text Books, Reference Books, Other Resources

Suggested Reading:

Books

1.
2.

f

Christian, G. D. (2004). Analytical Chemistry (6th ed.). John Wiley & Sons.

Skoog, D. A., West, D. M., & Holler, F. J. (2003). Fundamentals of Analytical Chemistry (8th ed.).
Saunders College Publishing.

Willard, H. A., Merritt, L. L., Dean, J. A., & Settle, F. A. (1986). Instrumental Methods of Analysis (7th
ed.). Van Nostrand Reinhold, New York.

Skoog, D. A., & West, D. M. (1988). Principles of Instrumental Analysis (3rd ed.). Holt, Rinehart and
Winston, New York.

Robinson, K. A. (1994). Chemical Analysis. HarperCollins Publishers, New York.

Mendham, J., Denney, R. C., Barnes, J. D., & Thomas, M. J. K. (2000). Vogel's Textbook of Quantitative
Chemical Analysis (6th ed.). Pearson Education.

Books from Madhya Pradesh Hindi Granth Academy.

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

https://onlinecourses.nptel.ac.in/noc22 _cy6l/preview

https://archive.nptel.ac.in/courses/104/105/104105084/

https://www.my-mooc.com/en/mooc/basic-analytical-chemistry

https://www.lisc.ac.in/nptel/

https:/nptel.ac.in/courses/115103030

https://archive.nptel.ac.in/courses/113/105/113105099/

https://archive.nptel.ac.in/courses/103/1 05/103105219/

https://onlinecourses.nptel.ac.in/noc22 _cy61 /preview

https://onlinecourses.swayam2.ac.in/ugel9_btl 6/preview

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 Marks
defined components:

a. Class Tests

b. Presentation/Assignment/Quiz/Group Discussion

[ Appropriate weightage of attendance in the Class

Total 40

Elaboration: Assessment Theory




VALY

External Assessmen t
Theory Paper as per University Examinat
Total 60
4 Grand Total 100
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M.Sc. IIT 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- 111 | Session: 2026-2027
Subject — Industrial Chemistry
1 Course Code PC-31
2 Course Title Laboratory Practices in the Industry
3 Course Type PRACTICUM
4 Course Learning Outcomes Upon successful completion of this Course, learners will be
(CLO) 7 able to:

e Equip students with industry-relevant laboratory skills.

o Link theoretical knowledge with industrial applications.

e Synthesize and identify key organic intermediates used in
industrial processes.

o Get the skills in synthesis, analysis, and problem-solving
in industrial chemistry.

e Focus on practical applications in industrial formulations.

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

5 Credit Value Practical - 04

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

Part B- Content of the course

Total No. of Lectures-Tutorials-Practical (08 hours per week):
L-T-P: 0-0-120 (Total Hours)

No. of
Industrial Inorganic Chemistry — Laboratory Practicals Hours

120
Determination of the ion-exchange capacity of a cation exchange resin.

Determination of the ion-exchange capacity of an anion exchange resin.

Quantitative analysis of commercial f:austic soda for active ingredients.

Synthesis of aluminum 8-hyd1'0xyqu1nolate complex: .

Preparation of nickel(Il) oxide by thC1'1nq1 dccomposiltlon.

Estimation of available chlonpe content in commercial bleaching powder.

Preparation of potash alum using aluminum me?al as the starting material.

Study of the effect of sut_'face ﬂf:‘}a”on the corrosion rate — Kinetics of corrosion (Part T).
Investigation of surface iilﬂgpnce on corrosion rate — Kinetics of corrosion (Part 11).

L.
2
3.
4.
5
6.
8
8.
9.




10. Synthesis and characterization of copper ferrite.

Part C -Learning Resources

Text Books, Reference Books, Other Resources

Suggested Reading :

00 NS AL~

Vogel, A. 1. Vogel's Textbook of Quantitative Inorganic Analysis. Longman Group Ltd.

Welch, A. 1. E. Inorganic Preparations. George Allen and Unwin Ltd.

Palmer, W. G. Experimental Inorganic Chemistry. Cambridge University Press, 1965.

Malati, M. A. Experimental Inorganic and Physical Chemistry. Horwood Publishing, Chichester.
Vogel, A. 1. 4 Textbook of Practical Organic Chemistry. Longman Group Ltd.

Mann, F. G., & Saunders, B. C. Practical Chemistry. Longmans, Green and Co.

Clarke, H. T. 4 Handbook of Quantitative and Qualitative Analysis.

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

Sethi, A. Labm atory Experiments in Organic Chemistry. New Age International Publishers.

]0 Findlay, A. Findlay's Practical Physical Chemistry (Rev. by J. A. Kitchener, 5th ed.). Longmans.
11. Daniels, F., & Williams, J. Experimental Physical Chemistry. McGraw-Hill.
12. Das, R. C., & Behera, B. Experimental Physical Chemistry. Tata McGraw-Hill Publishing.

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

https://onlinecourses.nptel.ac.in/noc25 cyl8/preview
https://www.sdnbvc.edu.in/swayam-courses

https://onlinecourses.nptel.ac.in/noc23 cy27/preview
https://archive.nptel.ac.in/courses/104/106/104106108
https://www.classcentral.com/course/youtube-organic-chemistry-lab-workshop-47418

https://onlinecourses.swayam?2.ac.in/cec23 cy03/preview
https://onlinecourses.nptel.ac.in/noc24 _cy44/preview
https://onlinecourses.nptel.ac.in/noc24 _cy52/preview

https://nptel.ac.in/courses

Part D-Assessment and Evaluation
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Maximum Marks: 100
Internal Assessment (CCE): 40
External Assessment (UE): 60

Internal Assessment

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

Class/Lab Tests

Seminar/Demonstration/Viva voce/Lab Record etc.

ropriate weightage of attendance in the Class
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40
60
100

%@

Total
Elaboration: Assessment Theory

External Assessment

ity Examination
Grand Total

\,
>
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Practicum Paper as per Univers
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Part A- Introduction

Program: 2- Year PG

| Class- M.Sc. Semester- 111 Session: 2026-2027

Subject — Industrial Chemistry

1| Course Code CC-32(T)
2 | Course Title Pollution Monitoring and Mitigation Techniques
3 | Course Type CORE Course (Theory)
4 | Pre-requisite (if any) To study this course our students must have studied M.Sc. I Year in Industrial
Chemistry of 2 Year PG
5 | Course Learning Upon successful completion of this Course, learners will be able to:
Qutcomes (CLO) e Understand and apply the key regulatory frameworks governing industrial
pollution control.
e Analyze gaseous and liquid effluents from industrial sources using standard
pollution measurement techniques
e Evaluate various wastewater treatment methods.
e Apply analytical and removal techniques for heavy metals.
e Design a sustainable recycling strategy for polymers to reduce
environmental impact and promote circular economy practices.
e Prepare themselves for roles in environmental consultancy, EHS
(Environment, Health & Safety), or process industries.
6 | Credit Value Theory - 06
7 | Total Marks Maximum Marks: Total 100 Minimum Passing Marks: 40
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)

Unit Topic No ol
Lectures
1 Pollution Monitoring and mitigation techniques in Ancient India 20

Use of plant-based indicators such as the behavior of leaves, flowers, and certain birds or
animals to detect air quality changes, Agnihotra and Homa Rituals to purify the air,
Atharvaveda mention the fumigatory cffects of certain that had antimicrobial and air-
cleansing properties of herbal materials mentiones in Atharvaveda, Classification and
oo filtration techniques of water in ancient India, Ritual and Ethical Codes like ‘Rita’




]

(cosmic order) and ‘Ahimsa’ (non-violence) to promote living in harmony with nature,
minimizing ecological harm.

Regulatory Aspects of Industrial Pollution Control

Overview of Industrial Emissions, Pollution Sources and Impact Assessment of
pollution originating from diverse industrial sectors—such as pesticides, pharmaceuticals,
synthetic fibers, oil refineries, sugar and distillery units—and their contribution to air,
water, and soil contamination.

Environmental Legislation in India, Water (Prevention and Control of Pollution)
Act, 1974: Objectives, key provisions, industrial implications, enforcement, and
effectiveness in mitigating water pollution.

Air (Prevention and Control of Pollution) Act, 1981: Legislative framework for
controlling air pollution from industrial sources, emission standards, and compliance

mechanisms.

Water Quality Management in India: Guidelines for maintaining water quality
standards in industrial discharge. Indian Standards for wastewater discharge, IS: 2490 —
Tolerance limits for industrial effluents, IS: 33660, IS: 3307, and IS: 2296 — Specific
quality parameters for industrial sectors, MINAS (Minimal National Standards):
Applicable to industries such as sugar, distilleries, oil refineries, synthetic fiber
production, pesticide manufacturing, and mercury emissions from chloroalkali industries.

Analytical and Regulatory Compliance: Adoption of Good Analytical Practices (GAP)

for accurate assessment of environmental pollutants,
Management of Regulatory Requirements: Strategies to ensure adherence to national

and international pollution control regulations.

Keywords: Industrial Emissions, GAP, MINAS, Environmental Legislation
Suggested Activities:
1. Field Study on Effluent Treatment Processes in a Local Industry.
2. Comparative Analysis of Emission Levels from Two Industrial Sectors.
3. Case Study Review of Environmental Impact Assessment (EIA) Reports

Pollution and Its Measurement Techniques

Nature and Sources of Industrial Pollution: Characterization of gaseous and liquid
industrial effluents, Classification of pollutants: organic, inorganic, metallic, particulate,
and volatile components

Gaseous Effluents: Analysis and Control, Gas Analysis Techniques: Methods for
detection and quantification of 111_dustr1al air pollutants for Carbon monoxide (CO),
Sulphur dioxide (SO2), Oxides of nitrogen (NOy), Sulphur (S), Chlorine (Cl.),

20




Pollutant Removal Techniques: Absorption towers, Scrubbers, Catalytic converters,
Electrostatic precipitators

Particulate Matter and Particle Size Analysis: Characterization of airborne particles,
Techniques for particle size analysis in both air and wastewater samples, Quantification
of particulate matter (PM) using industrial standards

Wastewater Analysis and Treatment: Analytical Parameters, Detection of free acids
and bases, Measurement of dissolved organic and inorganic compounds, Alkali and
alkaline earth metal salts, Sulphates (SO,), phosphates (POy), nitrates/nitrites (NOy),
Determination of metals such as iron, calcium, and other industrial metals, Estimation of
total cations, anions, and suspended solids

Recovery and Recycling: Strategies for metal recovery, organic trace compound
isolation, Recycling of industrial water and valuable resources from effluents

Keywords : cffluents, particulate matter, VOC, recovery, recycle

Suggested Activities:
1. Design and Ruberic-based Evaluation of Wastewater Treatment Strategies with

Resource Recovery
2. To determine levels of sulphates, phosphates, nitrates/nitrites, and metal ions (e.g.,

Fe, Ca, Pb) in simulated or collected industrial wastewater samples using
spectrophotometric and titrimetric methods.

Waste Water Treatment

Introduction to Waste Water Treatment: Overview of the need for wastewater
treatment in industrial, domestic, and agricultural sectors.Classification of wastewater
based on origin: domestic sewage, industrial effluents, and agricultural runoff. Removal
of physical, chemical, and biological contaminants to meet discharge standards and
support environmental sustainability. Volatile organic compound (VOC) and carcinogen
detection in industrial wastewater.

Role of Microorganisms in Wastewater Treatment: Biodegradation of organic
pollutants using microbial metabolism, Importance of maintaining optimal conditions
(temperature, pH, oxygen) for microbial activity.

Key Biological Treatment Processes: Aerobic Treatment: Activated Sludge Process
(AéP). Trickling Filters like bed o_f stones or plastic media coated with biofilms that
degrade organic material. Anaerobic Treatment using methanogenic bacteria for high-
strength industrial wastewater.




Important Analytical Parameters: Biochemical Oxygen Demand (BOD), Chemical
Oxygen Demand (COD), Total Suspended Solids (TSS), Total Dissolved Solids (TDS),
pH, nitrate, phosphate, and ammonia levels.

Advanced Wastewater Treatment Techniques: Tertiary Treatment for nutrient removal
(N, P), filtration, UV disinfection, ozonation, and reverse osmosis, etc., Membrane
Technologies lile Use of microfiltration, ultrafiltration, nanofiltration, and membrane
bioreactors (MBR) for advanced purification, Sludge Treatment.

Industrial and Environmental Relevance: Treatment of wastewater from Textile,
pharmaceutical, food processing, chemical, and petrochemical industries, Compliance
with national and international regulations (e.g., CPCB, BIS, EPA), Contribution to
sustainable water management, zero-liquid discharge (ZLD), and resource recovery.

Keywords: Activated Sludge, BOD, COD, Anaerobic Digestion, Membrane Bioreactor,
Trickling Filter, Biodegradation

Suggested Activities:
1. Comparative Study of BOD and COD in Domestic and Industrial Wastewater
Samples
2. Poster/Model preparation on Microbial Role in Wastewater Treatment: Lab-Scale
Aerobic and Anaerobic Digestion Experiments

Removal of Heavy Toxic Metals and Phenolic Residues from Industrial Effluents

Removal of Heavy Toxic Metals: Chromium, mercury, lead, cadmium, arsenic, and
others. Treatment and Recovery Techniques: Chemical Precipitation, Ion Exchange,
Electrochemical Treatment, and Membrane Filtration, electrowinning and solvent
extraction methods, specific metals removal using complexation, adsorption on activated

carbon, or bioremediation.

Removal of Phenolic Residues: Sources, Treatment Technologies: Steam Gas Stripping:
Ton Exchange and Solvent Extraction, Oxidation Processes, Biological Treatments.

Treatment of Organic Residues: Characteristics of organic residues affecting their
removal efficiency, Recovery and Recycle Techniques: Extraction Techniques employing
selective solvents to recover valuable organics. Chemical Conversion into less soluble,
hon-toxic, or biodegradable substances. Environmental Considerations for safe disposal
of Non-recyclable residues by controlled incineration, economic feasibility, energy
efficiency, and environmental impact assessment of treatment processes.

vy metal, Phenolic wastewater treatment, Toxic pollutants, Ion exchange,

words: Hea ;
e Biodegradation.

Solvent extraction,

15
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Suggested Activities:
1. Comparative Study of Metal Removal Techniques: Precipitation vs. Ion Exchange
2. Literature survey onBatch Adsorption Study of Phenol Using Activated Carbon
and Biowaste Adsorbents.

Polymer Recycling and Environmental Sustainability

Introduction: Environmental Impact of Polymer Waste, microplastics and toxic
additives, Need for Recycling,

Types of Polymer Recycling: Primary Recycling (Re-extrusion): industrial scrap
recycling, Secondary Recycling (Mechanical Recycling), Tertiary Recycling (Chemical
Recycling), Quaternary Recycling (Energy Recovery), Challenges in Polymer Recycling

Emerging Trends and Innovations: biodegradable polymers and bio-based plastics, Use
of Al and sensor-based systems for automated sorting and identification, Design for
recyclability, Upcycling by transforming waste into products with higher value or
functionality.

Industrial Applications and Regulations: Use of recycled polymers in packaging,
automotive components, textiles, furniture, and construction materials, National and
international regulations promoting Extended Producer Responsibility (EPR) and Plastic
Waste Management Rules, Adoption of ISO standards for recycled plastic materials and

products.

Keywords: Polymer waste, Mechanical recycling, Chemical recycling, Circular economy,
Plastic pollution, Energy recovery, Biodegradable polymers

Suggested Activities:

1. Comparative Analysis of Biodegradable vs. Conventional Plastics in Soil

Degradation Tests
7 Field Survey and Audit of Plastic Waste Segregation and EPR Implementation in

Local Industries

1 Part C -Learning Resources
Text Books, Reference Books, Other Resources

Suggested Reading:
Books

n, S. P. Pollution Control in Process Industry. John Wiley & Sons.
5 Holmes, J. R. Refiuse Re cycling and Recovery. John Wiley & Sons.
3. Sitting, M. Resources Recovery Recveling Handbook and Industrial Waste. Noyes Data Corporation.

4 Niagh,J. O. Sulphur in the Environment (Vols. 1 & 11). John \_Mile & Sons.

& 7 Ay

.

|. Mahaja

=

/
7

/7
V




v

— S0 %N

0.
15

12,
13,
14.
12
16.
L¥;
18.
19.

Milor, P. S.  The Industry EPA Contribution. McGraw-Hill.

Pojasele, R. B. Toxic and Hazardous Waste Disposal (Vols. I & II). American Association for the
Advancement of Science.

Dey, A. K. Environmental Chemistry. Publisher not specified.

Handley, W. Industrial Safety Handbook. Publisher not specified.

Huheey, J. E. (1993). Inorganic Chemistry. Publisher not specified.

Stern, A. C. Air Pollution: Engineering Control (Vol. IV). Academic Press.

Cheremisinoff, P. N., & Young, R. A. Air Pollution Control and Design Handbook (Vols. 1 & II).
Marcel Dekker.

Liptak, B. G. Air Pollution. Publisher not specified.

Wark, K., & Warner, C. F. Air Pollution: Its Origin and Control. Publisher not specified.

De. A. K. Environmental Chemistry. Publisher not specified.

Khopkar, S. M.  Environmental Pollution Analysis. Publisher not specified.

Ramalho, R. S. Introduction to Wastewater Treatment Process. Affiliated East-West Press Pvt. Ltd.
Hammer, M. J. Water and Wastewater Technology. John Wiley & Sons.

Horne, R. Environmental Chemistry. Wiley.

Books from Madhya Pradesh Hindi Granth Academy.

Suggested equivalent online courses & Web Sources:
(all URLSs accessed in April 2025)
https://nptel.ac.in/courses/105107207

https://archive.nptel.ac.in/courses/105/105/105105178

https://archive.nptel.ac.in/courses/105/106/105106119/

https://onlinecourses.nptel.ac.in/noc24 _ce53/preview

https://onlinecourses.nptel.ac.in/noc25 ce63/preview

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 Marks
defined components:

Class Tests

Presentation/Assignment/Quiz/Group Discussion

M weightage of attendance in the Class

Total 40

Elaboration: Assessment Theory

External Assessment

Theory Paper as per University Examination

Total 60

Grand Total 100
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M.Sc. III 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- 111 | Session: 2026-2027
Subject — Industrial Chemistry
1 Course Code PC-32
2 Course Title Practical Industrial Pollution Control
3 Course Type PRACTICUM
4 Course Learning Outcomes Upon successful completion of this Course, learners will be
(CLO) able to:

e Analyse physicochemical parameters of industrial and
environmental water samples.

e Apply analytical techniques such as UV-Vis, AAS, and
Flame Photometry for trace element and compound
determination.

» Determine key pollutants like heavy metals, nutrients,
and organic load in wastewater.

« Understand precipitation and titration methods for
environmental and industrial samples.

+ Evaluate the composition and quality of fertilizers and
pesticide formulations.

¢ Prepare and assess the efficiency of eco-friendly
botanical pesticides.

e Develop hands-on skills in quantitative and qualitative
chemical analysis relevant to environmental and
industrial chemistry.

—5——- Credit Value Practical - 04 .
6 | Total Marks Maximum Marks: Total 100 | Minimum Passing Marks: 40
University Exam (UE)-60,
CCE-40

Part B- Content of the course
1 No. of Lectures—Tutorials-Practical (08 hours per week):

Tota " |
_T-P: 0-0-120 (Total Hours
- No. of
List of Experiments to be performed in laboratory (SET-1) Hours
. Waste-water characterisation: s

H .
E- I';om] Suspended Solids (TSS)

Total Dissolved Solids (TDS)

C.

Fo TNy p 2

£.5

\
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d. Biochemical Oxygen Demand (BOD)
e. Chemical Oxygen Demand (COD)

f. Sulphate, Phosphate, Nitrate

g. Iron, Calcium

h. Total Cations/Anions

Quantification of free acids/bases in industrial effluents

Determination of alkalinity and acidity in industrial effluents

Chemical precipitation of Cr(VI) and Pb(II)

Atomic Absorption Spectroscopy (AAS) — estimation of Cu, Zn, Pb, or Cd in industrial water

samples.
UV-Visible Spectrophotometry — calibration curve and estimation of drug content (e.g.,

paracetamol).
Flame Photometry — estimation of sodium and potassium in biological fluids or fertilizers.

Conductometric and Potentiometric Titrations — applied to acid-base and redox systems in

industrial samples.
Characterization of Industrial Sludge: Moisture Content, Ash Content, and Organic Matter

Estimation.

Part C -Learning Resources

Text Books, Reference Books, Other Resources

Suggested Reading :

l.

2.

9.

10.

Suggested equiv

(all URLS accessed in April 2025)

Indian Drug Manufacturers’ Association & Council of Scientific and Industrial Research (CSIR). (2002).

Indian Herbal Pharmacopoeia (Vols. 1 & 2). Mumbai: IDMA.
Rao, C. S. (2007). Environmental Pollution Control Engincering (2nd ed.). New Delhi: New Age

International. o
APHA. (2017). Standard Methods for the Examination of Water and Wastewater (23rd ed.). Washington,

D.C.: American Public Health Association.
Willard, H. H., Merritt, L. L., Dean, J. A., & Scttle, F. A. (1986). Instrumental Methods of Analysis (7th

ed.). New Delhi: CBS Publishers.
Cremlyn, R.J. (1991). Agrochemicals: Preparation and Mode of Action. Chichester: John Wiley & Sons.
Trivedy, R. K. (2006). Handbook of Environmental Laws, Guidelines, Compliances & Standards (Vol.

1). Karad: Enviro Media. |
Skoog, D. A., Holler, F. J., & Crouch, S. R. (2007). Principles of Instrumental Analysis (6th ed.).

Belmont: Thomson Brooks/Cole. N |
Marrs, T. C., & Ballantyne, B. (2004). Pesticide Toxicology and International Regulation. Chichester:

John Wiley & Sons. . _
Bhatia. S. C. (2001). Environmental Chemistry (2nd ed.). New Delhi: CBS Publishers.
cCarty, P. L., & Parkin, G. F. (2003). Chemistry for Environmental Engineering and

AR ¥ C. N.. M
SaWyel; New York: McGraw-Hill.

Science (5th ed.).

alent online courses:
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https://nptel.ac.in/courses/105105202
https://nptel.ac.in/courses/105106212
https://nptel.ac.in/courses/104107123
https://nptel.ac.in/courses/104101122
https://nptel.ac.in/courses/102104070
https://nptel.ac.in/courses/105105160

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 Marks
defined components:
a. Class/Lab Tests
5 Seminar/Demonstration/Viva voce/Lab Record etc.
c. Appropriate weightage of attendance in the Class
Total 40
Elaboration: Assessment Theory
External Assessment
a. Practicum Paper as per University Examination
Total 60
Grand Total 100
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M.Sc. IV 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- IV | Session: 2025-2026
Subject — Industrial Chemistry
1 | Course Code CC-41(T)
2 | Course Title Agro Aspects of Industrial Chemistry
3| Course Type CORE Course (Theory)
4 | Pre-requisite (if any) To study this course our students must have had the subject Industrial
Chemistry/ Chemistry in Degree Course of B. Sc.
5| Course Learning Upon successful completion of this Course, learners will be able to:
Qutcomes (CLO)

e Analyze and interpret NPK (Nitrogen, Phosphorus, Potassium) values on
fertilizer labels.

e Explain the significance of fertilizers in enhancing crop yield and food
production.

e Distinguish between organic and conventional (chemical-based)
agricultural practices.

e Describe the key components of pesticides and their specific functions in
pest control.

e Guide farmers and gardeners in selecting appropriate pesticides,
fungicides, and herbicides based on specific agricultural needs.

e Equip oneself with the essential skills and knowledge to become industry-
ready and pursue employment opportunities confidently in the Agro-
sector.

"6 | Credit Value Theory - 06 _ '
[ Total Marks Maximum Marks: 100 Minimum Passing Marks: 40
University Exam (UE)- 60, CCE-40
Part B- Content of the Course
Total No. of Lectures-Tutorials-Practical (06 hours per week):
. 90-0-0 (Total Hours)
L,'l.“_p_ sl Topic No. of
Umit Lectures
1 Agropractices in ancient In(.iia o _ 15
Agricultul'ﬂl practices in Rigveda, Krishi Parashara, Arthashastra, Vrikshayurveda,

Classification of soils (mrida-pariksha) in Vrikshayurveda, Use of organic amendments:
I 50 .
1e, compost, and green manure, Traditional Fertilizers and Manures

ash, urir

cow dung, s ) o i )
h as Panchagavyd and Kunapa Jala, Botanical pesticides: Neem, Dhatura, Garlic,

suc

%/A % >\))J o %MJ & %




Onion, Tulsi, etc, ritu-charya (seasonal cycles) and its agricultural implications, Lunar
and solar calendar in sowing, harvesting, and input applications, Agroecological ethics in

ancient India.

Historical Perspective of Fertilizers in India:
History of Chemical fertilizer and Pesticides industries in India. Chronology of fertilizer

production and consumption in India.

Fertilizer:
Types of fertilizers, advantages and disadvantages of fertilizers, Importance of fertilizer.
Functions of essential nutrients. Required characteristics of fertilizer

Nitrogenous Fertilizer:
Introduction, Classification General Characteristics,Manufacturing process, Properties

and uses of Ammonium Sulphate,Urea and Calcium Ammonium Nitrate (CAN.)

Phosphatic, Potassic and Complex Fertilizers:

Introduction, Classification, manufacturing process Characteristics, properties and uses
of Super Phosphate Rock Phosphate, Nitro Phosphate, Diammonium Phosphate (DAP)
and Ammonium Phosphate, Muriate and Sulphate of Potash

Keywords: Chronology, nutrients, CANRock Phosphate, DAP, KCI, Potash Sulphate NP

Suggested Activities:
|. Prepare a seminar or role play where students take roles as fertilizer

manufacturers, environmentalists, farmers, and policymakers to discuss

importance, risks, and regulations.
2. Field Survey / Interview with Agricultural Experts

Biofertilizers & Organic Agriculture:
Introduction, Concept and relevance in present context. General account about the

microbes used as biofertilizer: Principle and Biochemical reactions of aerobic and
microbial degradation, Rhizobium - isolation, identification, mass

anaerobic ; k ' AU
er based inoculants, Actinorrhizal symbiosis.

multiplication, carri

Difference between organic and con.ventional (chen_lical) Agriculture, Biological
nt Management, Organic manures and its types, Green manuring and
organic fertilizers, Rccyc.liﬂg of biOng_rac‘lablc municip‘al, agricu_ltural and industrial
wastes — biocompost making 'meth.ods, DLﬁerent stages of composting, types, method _&
of vermicomposting, its Nutrient composition, its field application and its
ient composition of Edible and non-edible oil cakes and crop residues

[ntensive Nutrie

precautions

advantages. Nutr

20

as manure.
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Importance of Neem in Organic Agriculture.
Keywords: Manure, Biocompost, Vermicompost, Microbes, Rhizobium
Suggested Activities:

1. Practical Demonstration & Field Preparation of Vermicompost and Biocompost.
2. Comparative Study Report: Organic vs Conventional Farming Practices

15
Pesticides:
Introduction, Classification, synthesis, structure activity relationship (SAR), mode of
action, uses and adverse effects of representative pesticides in the following classes:
Organochlorines (DDT,Gammaxene); Organophosphates (Malathion, Parathion);
Carbamates (Carbofuran and Carbaryl);Quinones (Chloranil), Anilides(Alachlor and
Butachlor).
Keywords: SAR of Pesticide, DDT, Gammaxene,Malathion, Chloranil, Alachlor
Suggested Activities:
1. Presentations on the structure-activity relationship (SAR) of different classes
of pesticides (Organochlorines, Organophosphates, Carbamates, etc.).
2. Case Study Analysis: Pesticide Impact on Environment and Health
20

Herbicides:
Introduction ,Synthesis, technical manufacture, mode of action and uses of

representative herbicide in the following classes:
(a) Aryl Alkanoic Acids: 2,4-D ( 2.4-dichlorophenoxyacetic acid) , 2,4-DB (4-(2.4-
Dichlorophenoxy) butanoic acid), MCPB (4-(4-Chloro-2-methylphenoxy)butanoic
acid); and dalapon.
(b) Bipyridiniums, paraquat and glyphosate

(c) Uracils: Bromacil
(d) Ureas: Monuron and Isoprotureon

Pesticide formulations: '
Types of formulations: Dry Formulation e.g WB (Wettable powders), WG (Water

dispersible granules ), DU (Dusts) , PE (Pellets), GR ( Granules ), TA (Tablets ) , BA

(Baits). Wet Formulatione.g EC (Emuls1ﬁabl.econccntrates)5 SC (Suspension
ncentrates ), SL (Soluble concentrates ) , ME (Microencapsulates) , ULV (Ultra low

S'?)lume ), GE EGels ), AE (Aerosol dispensers) , Controlled Release Formulations.

New Tools in Biological Pest Control: Repellants, Chemosterilants,
ew

Keywords: 2,4-D; 2 4-DB: MCPB, ,Acrosols, Repellants Herbicides, 1L.D50, Antidotes
eywords: 2,4-1 =

tivities:
Suggested A¢

G T N A b




I. Groups of students create a detailed comparative chart of dry and wet
pesticide formulations.

2. Case Study on Biological Pest Control Tools.

3. Chart preparation for different Herbicide Synthesis Pathway and Mode of Action
Assignment

20

Botanical (Bio or Natural) insecticides:

[No structure elucidation or synthesis is required for the following compounds:]
Alkaloids(Nicotine); Pyrethrum (natural andsynthetic pyrethroids); Azadirachtin;
Rotenone and Limonene.

Fungicides: Introduction:, Fungicides classification, discovery, selectivity of
fungicides, gencral mode of action of fungicides.

Synthesis, technical manufacture, mode of action and uses of representative
fungicides in the following classes:

Copper and mercury derivatives

Dithiocarbamates: Thiram, Ziram, Nabam

Dinitro phenols: 2, 4-Dinitro o-Cresol (DNOC) Karathane
Quinines: Dichlone

Benzimidazoles: Benomyl

Organophosphorus fungicides: Kitazine

Phenyl amides: Metalaxyl

Triazoles: Propiconazole

Thiophanates: Thiophanates.

Keywords: Nicotine, Limonene, lime sulphur, EMC, agalol, uspulan, Ziram

Suggested Activities:

1. Comparative Research Assignment on Botanical Insecticides

2. Create a classification chart of fungicides from various chemical classes (e.g.,
copper/mercury derivatives, dithiocarbamates, triazoles)

3. Literature Review on Mode of Action of Select Fungicides

Part C -Learning Resources

Text Books, Reference Books, Other Resources

Suggested Reading:

?Olg;'f'y A.S.: Yamamoto, L; Ishaaya, I; Perry, R.Y. (1998),Insecticides in Agriculture and Environment,

inger-Verlag lin Heidelberg.
Springer-Verlag Ber : .
2 l\/%orden Chemistry by Ram Prakash Singh |
3. Basak, R. K Fertilizers: A Textbook. English, Paperback cdition. India
. Basak. R. K.,

A K., Manures And Fertilisers, Atlantic Publishers and Distributors Pyt Ltd

4. Kolay,

=




5. Rakshit A, Manures Fertilizers And Pesticides Theory And Applications, CBS PUBLICATION

6. Handa. S.K., Principles of Pesticide Chemistry.

7. Chopra, S.L., Kanwar, J.S., Analytical Agricultural Chemistry, Kalyani Publishers, Ludhiana,New Delhi,
1976.

8. Fedtke, C., Biochemistry and Physiology of Herbicide Action, Springer-Verlag Berlin Heidelberg, 1982,
9. Hewitt, H. G and Oliver, R. P., Fungicides in Crop Protection, 1998.

10. Langdon R., Elsworth, Paley, W.O., Fertilizers: Properties, Applications and Effects, NovaScience

Pub 2008.
11. Books from Madhya Pradesh Hindi Granth Academy, Bhopal

Suggested equivalent online courses:

(all URLs accessed in April 2025)
https://nptel.ac.in/courses/126105024
https:/nptel.ac.in/courses/103107086
https://onlinecourses.swayam?2.ac.in/cec21_ag03/preview
https://onlinecourses.swayam2.ac.in/cec22 bt22/preview
https://pme.ncbi.nlm.nih.gov/articles/PMC10144373/
https://pmc.ncbi.nlm.nih.gov/articles/PMC1567830/
https://archive.nptel.ac.in/courses/126/104/126104003/
https://onlinecourses.nptel.ac.in/noc23 ch46/preview

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 | Marks

following defined components:

a. Class Tests
Presentation/Assignment/Quiz/Group Discussion

b.
c. Appropriate weightage of attendance in the Class
Total 40

Elaboration: Assessment Theory

External Assessment
Theory Paper as per

University Examination

60
100

Total
Grand Total
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M.Sc. IV 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 I Class- M.Sc. | Semester -1V 1 Session: 2025-2026
Subject — Industrial Chemistry
1 Course Code PC-41(P)
Course Title Estimation and analysis of Agrochemicals
2 Course Type PRACTICAL
3 Course Learning Outcomes Upon successful completion of this Course, learners will be
(CLO) able to:
e Understand the principles and methodologies for
analyzing soil, plant, water, and fertilizers.
e Identify and classify different types of chemical and
botanical pesticides.
* Analyze pesticide formulations for active ingredient
content and acidity/alkalinity as per BIS standards.
e Interpret labeling information of commercial pesticide
products.
e Demonstrate the ability to synthesize common pesticides
and herbicides.
e Apply regulatory and analytical knowledge to pesticide
and fertilizer quality control.
e Conduct market surveys and technical research on
agrochemicals.
Tl_—— Credit Value Practical - 04
— [ Total Marks Maximum Marks: Total 100 Minimum Passing
University Exam (UE)-60, CCE-40 Marks: 40
—'—J Part B- Content of the course

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

_Tutorials-Practical (04 hours per week):

| Estimation of nitrogen

[. To perform the qualit

fertilizers (phosphate) and

tion of constituents 0

in an organic compound (pesticides) by Kjeldahl method.
ative test for nitrogen fertilizers (ammonium, nitrate, urea), phosphorus
potash fertilizers (potassium).

f CAN fertilizer (Calcium, Ammonium and Nitrate ions) fertilizer

No. of

List of Experiments to be performed in laboratory Hours

120

2. Detec

P
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6.

10.
11.

12.

Estimation of free acidity in ammonium sulphate fertilizers.
To carryout market survey of potent pesticides with details as follows:

(a) Name of pesticide

(b) Chemical name, class and structure of pesticide
Type of formulation available and Manufacturer’s named) Useful information on label of
packaging regarding: Toxicity, LD50 (“Lethal Dose, 50%”), Side effects and Antidotes.
Preparation of simple Organochlorine pesticides.
To calculate acidity/alkalinity in given sample of pesticide formulations as per BIS
specifications.
To calculate active ingredient in given sample of pesticide formulations as per BIS
specifications.
Preparation of Neem based botanical pesticides.
Preparation of pesticide formulations in the form of dusts, emulsions, sprays.
Preparation of 24D (2.4-Dichlorophenoxyacetic acid) and MCPB (4-(4-Chloro-2-

methylphenoxy) butanoic acid)

Preparation and use of Thiram, Ziram and Nabam.

Part C -Learning Resources

Text Books, Reference Books, Other Resources

Suggested Reading :

Mishra, D. D. (2010). Fertilizer Technology. Discovery Publishing House.

I

2. Patnaik, P. (2007). Handbook of Inorganic Chemicals. McGraw-Hill Education.

3. Gupta, P. K. (2000). esticide Chemistry and Toxicology (2nd ed.). Agrobios (India).

4 Nair, K. R. (2010). 4 Textbook of Pesticides: Their Formulation and Uses. Kalyani Publishers.

5. Tandon, H. L. 5. (2000). Methods of Analysis of Soils, Plants, Waters and Fertilizers. Fertilizer
Development and Consultation Organisation (FDCO).

6. Sharma, B. K., & Gaur, H. K. (2013). Environmental Chemisiry. Krishna Prakashan Mandir.

7. Agrawal, 0. P. (2007). Svnthetic Organic Chemistry. Krishna Prakashan Mandir.

8. Dubey, S. K., & Arora, A. (2011). 4 practical book on soil, plant, water and fertilizer analysis. New
[ndia Publishing Agency. |

9. Latin, R. (2010). A.p ractical guide 1o turfgrass fungicides. The American Phytopathological Socicty.

]6 Indian Council ongl‘icultural Research. (2010). Handbook of agriculture (6th ed.). ICAR
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Publications.

11. Books from Madhya Pradesh Hindi Granth Academy, Bhopal.

e https://elearn.nptel.ac.in/shop/completed-courses/short-term-programs-completed/a-hybrid-course-on-

e hittps://archive.nptel.ac.in/content/storage2/courses/downloads new/124105014/noc20 ar05 assionment

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

https:‘onlinecourses.nptel.ac.in/noc23 ch46/preview

water-guality-an-approach-to-pcoples-water-data/

_Week_Lpdf

https://elearn.nptel.ac.in/shop/nptel/organic-farming-for-sustainable-agricultural-production

https://onlinecourses.nptel.ac.innoc20 ce57/preview

https://nptel.ac.in/courses

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

https://archive.nptel.ac.in/content/syllabus pdf/126105016.pdf
hitps://archive.nptel.ac.in/courses/103/107/103107082/

https://archive.nptel.ac.in/content/syllabus _pdf/104103020.pdf

—

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 Marks
defined components:
a. Class/Lab Tests
b. Seminar/Demonstration/Viva voce/Lab Record etc.
& Appropriate weightage of attendance in the Class
Total 20
Elaboration: Assessment Theory
External Assessment
a. Practicum Paper as per University Examination
Total 60
Grand Total 100

G =2
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M.Sc. IV Sem
Industrial Chemistry Syllabus
[For M.Sc 2-Year PG Programme: (Scheme B-1) with Major Practicum Component]
INDUSTRIAL CHEMISTRY-CORE (THEORY)

Part A- Introduction

Program: 2- Year PG I Class- M.Sc. l Semester- [V | Session: 2026-2027
Subject — Industrial Chemistry

1| Course Code CC-42(T)

2 | Course Title Modern Industrial Chemical Technologies

3 | Course Type CORE Course (Theory)

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

Chemistry/ Chemistry in Degree Course of B. Sc.

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

Qutcomes (CLO) e Understand and apply the principles of material and energy balances in

single and multi-unit chemical processes.

e Evaluate and select suitable construction materials and vessel designs for
industrial applications.

e Analyze the structure and functionality of electroanalytical and nano-
sensors in industrial and environmental processes.

e Investigate the synthesis and integration of nanocrystalline materials and
assess their industrial applications.

e Develop practical skills relevant to industrial process design, sensor-based
automation, and nanomaterial characterization for employability.

6 | Credit Value Theory - 06
7 T(l):allMarks Maximum Marks: Total 100 Minimum Passing Marks: 40

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)

A A A A A AR Bn. 5. B B A . . e o e o

-

~

i Topic No. of
ot Lectures
1 Advanced Chemical Technologies in Ancient India 15

i tallurgical achievements such as Rust-free iron in Delhi Iron Pillar, Wurtz
Specta. T8 B ssing as mentioned in Rasa-ratna-samuccaya, Rasarnava, Mercury
roce _ : ' -
Stecl m'Cta] ’ mskara) and amalgamation techniques, Preparation of bhasmas (calcined
psitication i ) therapeutic applications, Description and use of ancient yantras:

ic ers) witl .
Dol powgub)cg:]i_y antra, Baluka-yantra, Mushayantra, Garbha-yantra, Chemistry of
Dola-yantra, SW€ o o ot
ancient glass—making and glazing m

Balance:

Material and Energy

w% T




Foundational concepts of material and energy balances essential for process industries.

Material Balance: Understanding process classification and system boundaries, choice
and appropriate basis for calculations, material balance in processes with and without
chemical reactions. complex systems involving multiple units, recycle and bypass

operations in industrial processes.
Energy Balance: Different forms of energy, principles of energy conservation,

application to physical and chemical changes, enthalpy changes, energy balances for
chemical reactions and phase changes, and calculation techniques relevant to industrial

operations.

Keywords: Material balance, energy balance, recycle, bypass, energy change

Suggested Activities:
1. Case Study Analysis of an Industrial Process

2. Assign students a problem involving energy balance on a physical process (e.g.,
heating, condensation, or mixing) and/or chemical reaction.
3. Create flow diagrams with recycle and bypass streams for selected unit

operations (€.g., reactor + separator system).

Keywords: Advanced matert

Equipment Design and Silicon Technology

Equipment Design: Traditional and modern materials used in process industries, Metals
and Alloys: Stainless steel, Inconel, Hastelloy, titanium for corrosive environments,
Non-Metals: Advanced engineering plastics (e.g., PTFE, PEEK), composites, and
ceramics for high-performance applications, Special Materials for food, biotech, and
pharmaceutical equipment, including hygilenic design standards and FDA/USP
compliance, Sustainable and green materials, circular design concepts, Surface
treatment:  nanocoatings, plasma treatments, and electropolishing for corrosion

resistance and biofouling control.

Design of Vessels and Reactors: Classiﬁcation and design principles for chemical
reactors (batch, CSTR, PER_), m_ultl_phase reactors, and bioreactors, Pressure vesscl
design, Energy-efficient designs w‘rth integrated heat recovery and modular skid systems,
automation, digital instmm?n.tatfo_ﬂ» and. smart - sensors for real-time 1}1omtoring,
Sustainability in design: minimizing emissions, improving energy efficiency, and
cnabling easier maintenance and cleaning (CIP/SIP systems).

anced Processing of Silicon: ultra-pure silicon production,

. .a] vapor deposition (CVD) and. plasn‘}a-enhanceq processes. Silicon hydridcs,
C.h?m]ca > iC), and silicon pitride (SisNs) as high-performance materials for
51110_011 Carbld.e : 1-0;3336 and battery applications. amorphous vs. crystalline silicon,
semlconduCIOI.Ss E}[el ollo .ric; and quantum dot silicon. Emerging Applications of Silicon
thin-film solar t¢? g Esillicon-bascd anodes for lithium-ion batteries), Photonic and
in cnergy SLOraC" (C':HUse of silicon in integrated circuits and sensors, Sustainable

devices: : ) ) ” )
£ silicon-based materials and recycling of silicon wafers.

Silicon Technology: Adv

Optoelectronic
manufacturing 0

20

als, smart reactor design, pressure vessels, nanocoatings,




photonic devices,

Suggested Activities:
I. Assign students to prepare a comparative study of Batch Reactors vs. CSTR vs.

PFR,
2. Group Research Assignment on Emerging Silicon Technologies

graphene, and nanopart

Electroanalytical Sensors and Emerging Sensor Technologies in Industrial
Chemistry

Func_lan.lentals of Sensors: Definition and Function of sensors in chemical process
monitoring and control, Classification of Sensors: Physical, chemical, biological, optical

thermal, and electroanalytical sensors, Performance Parameters: Scnsitivit; seiectivity‘
response time, stability, linearity, and durability. ’ '
Types of Electroanalytical Sensors: Potentiometric, amperometric, conductometric

and voltammetric sensors. Sensor Electrodes, Metal Membrane Electrode Sensors lonié
Conductance Sensors. Thin and Thick Film Sensors, Nanostructured Materi’als in
Sensors such as carbon nanotubes (CNTs), graphene, quantum dots, and metal
nanoparticles to ecnhance sensor performance, MEMS (Micro-EIectr(;—Mechanical
Systems) and Lab-on-Chip devices in analytical applications.

Advanced and Smart Sensor Technologies: Nano-Sensors: Design, functioning, and
application in trace detection of hazardous materials, pollutants, and toxicants. Wir’elcss
and ToT-Enabled Sensors: Real-time remote monitoring of industrial processes
| pollutants, and chemical emissions. ,
Applications in Industrial Chemistry: In Process Monitoring and Control, in
Environmental Monitoring, in Pharmaceutical and Food Industries, Safety and Ha’zard
Management, in water quality monitoring, ion-selective field effect transistors (ISFETs),

and electrolyte analysis.

environmenta

Keywords: Electrochemical sensors, nano-enabled sensors, industrial gas sensors, lab-

on-chip, MEMS, IoT

Suggested Activities:
1. Comparative St
2. Case Study Analysis: U
3 Assign a literaturc revi

udy / Chart Creation: Sensor Types and Applications.
se of Smart Sensors in Industries
ew on the role of carbon nanotubes, quantum dots,

icles in enhancing sensor sensitivity and selectivity.

20

Nanocrystal Technology — Synthesis, Growth, and Applications
Nanocrystal Technology: Overview of nanocrystalline materials and

dern science and technology, Fundamental concepts of quantum

rgy, in nanocrystals.
s of Nanocrystals: Top-Down and Bottom-Up Approaches:

hanical milling lithography, sol-gel, vapor-phase methods. Controlled Growth
ﬁ“;am’ ms Nuilmtion diffusion-controlled  growth, Ostwald ripening. Self-
echanisms: atiofh,

Introduction (0
their importance in mo
size effects, gurface enc
Growth and Synthesi

20

1f.Organized Growth: Formation of monodispersed nanocrystals and
Assembly and Self-Orga
i

J
.\%{}’j o ,,_,_z-]‘(‘(\ W)J %




ordered superlattices.

Host' Matrix and Co_mposite Systems: Nanocrystals in Inorganic Matrices: Glass
matrices: Sol-gel-derived glasses, 1on-exchange methods. Porous glasses and
| mesgporous silica: Controlled diffusion-based growth. Zeolites as hosts for metal and
)| semiconductor nanocrystals.

) Nanoerystals in Organic and Hybrid Matrices: Semiconductor nanocrystals
embedded in polymers and ionic crystals. Organic-inorganic hybrid compositlt—a); for
opto_c.lcctronic and sensing applications. Surface functionalization and ligand-assist cll
stabilization in organic solutions. Nanocrystals on Solid Substrates: On';med ‘ rowfh
on cry;talline substrates (e.g., epitaxial deposition). Thin-film nanocryftalline
composites and patterned arrays for device integration.

L
e

Keywords: Nanocrystals, quantum dots, sol-gel, porous glass, zeolites, nanocomposites
L}

Suggested Activities:
1. Group Presentation: Growth Mechanisms and Self-Assembly
2. Create a comparative poster showing how inorganic (glass, zeolites) vs organic
matrices (polymers) influence the size, stability, and optical i
embedded nanocrystals. P DIOpEtiiEs: ok
5 Advanced Fabrication Techniques: Synopsis of modern fabrication methods: Pulsed | 15
Laser Deposition (PLD), Molecular Beam Epitaxy (MBE), Atomic Layer Deposition
(ALD), Hydrothermal and Microwave-Assisted Synthesis, Colloidal synthesis
green synthesis approaches |

solvothermal routes, and
Special Properties and Applications: Unique Properties: Size-dependent optical
Juminescence, magnetic, catalytic, and electronic behavior. Key
Optoelectronics: Quantum dots for LEDs and displays, Solar Cells:
d and perovskite-based photovoltaics, Sensors and Bio-imaging:
biosensors, Catalysis: High surface-area nanocrystals in

Energy Storage: Role in lithium-ion batteries and
logies: Use in spintronics, quantum computing, and

absorption,
Applications:
Quantum dot-sensitize
Fluorescent nanoprobes,

chemical transformations,

supercapacitors, Quantum Techno

memory devices

Keywords: Quantum dots, sensors, bioimaging, spintronics

Suggested Activities: . . o
and Comparative Analysis of Fabrication Techniques

| Literature Review mpat i
2. Case Study on Nanomaterials in Energy Storage Devices

3. Field visit to any suc

h organization
part C -Learning Resources
eference Books, Other Resources

Text Books, R

Suggested Reading:
Books

v




Huheey, J. E. Inorganic Chemistry. New York: Harper and Row

Lee, J. D. New Concise Inorganic Chemistry. London: ELBS. .

Cotton, F. A., & Wilkinson, G. [norganic Chemistry. New York: John Wiley & S

Hz{nnay, N. B. Solid State Cheniistry. Englewood Cliffs, NJ: Prentice Hall b

Wite, Z., & Speight, R.  Ultra Purity. New York: MDI Publications .

Kroger, F. A. The Chemistry of Imperfect Crystals. Amsterdam: Nc;nh-Holland

Gopanov, H. Optical and Electronic Properties of Nanocrystalline Materials. (f’ublisher details not

specified).
8. Arora, A. Industrial Management of Toxic and Hazardous Chemicals. (Publisher details not

Oy s LD =

specified).
9. Greenwood, N. N., & Earnshaw, A. Chemistry of the Elements. Oxford: Butterworth-Heinemann

10. Patranabis, D. Sensors and Transducers. New Delhi: PHI Learning Pvt. Ltd

11. Rao, C. N. R. Solid State Chemistry: Compounds. New Delhi: CRC Préss '

12. Henglein, F. A. Chemical Technology. Oxford: Pergamon Press. .

13. Coulson, J. M., & Richardson, J. F. Chemical Engineering (Vols. I-1II). Oxford: Pergamon Press

14. Books from Madhya Pradesh Hindi Granth Academy, Bhopal.

Suggested equivalent online courses & Web Sources:
(all URLSs accessed in April 2025)
https://onlinccourscs.nptcl.ac.in/noc23 btl6/preview
https://011linecourses.lmtel.ac.in/nocl1 ch50/preview
https://onlinecourses.rmtel.ac.in/noc21 ch18/preview
https://archive.mntel.ac.in/courses/l08/101/108101089
f/onlinecourses.uptel.ac.in/noc23 ee95/preview

https:
https://m)te].ac.in/courses/ 103108162

https://nptel.ac.im’courses/I 13106034

iltt])s://on]inecourses.nptel.ac.im’noc19 mml3/preview

https://n]gtel.ac.in/courses/l 18102003
tel.ac.in/nocl9 mm21/preview

https://onlinecourses.npte

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 Marks

following defined com onents.
il Class Tests
T‘W
. | Appropriate weightage of attendance in the Class
] Total 40
] Elaboration: Assessment Theory

External Assessment




60
100

Total
St —

niversity Examination

Theory Pap per U
Grand Total

TR LR R0 100 00 A AN 5 AN A A & L
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M.Se. IV 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- IV | Session: 2025-2026
Subject — Industrial Chemistry

Course Code PC-42 (P)
Course Title Industrial Physical Chemistry — Laboratory Practices

Course Type PRACTICAL
Course Learning Outcomes Upon successful completion of this Course, learners will be

(CLO) able to:

|l W | -

e Equip students with industry-relevant laboratory skills.
e Link theoretical knowledge with industrial applications.
e Synthesize and identify key organic intermediates used in
industrial processes.
e Get the skills in synthesis, analysis, and problem-solving
in industrial chemistry.
e Focus on practical applications in industrial formulations.
e Align with employability outcomes in chemical
manufacturing, pharmaceuticals, environmental
monitoring, and industrial R&D.
Practical - 04
Maximum Marks: Total 100 | Minimum Passing Marks: 40
University Exam (UE)-60,
CCE-40
Part B- Content of the course

Practical (08 hours per week):

5 Credit Value
6 Total Marks

Total No. of Lectures—Tutorials-

L-T-P: 5 | Hours

-T-P: 0-0-120 ( otal ) L%
d ial Physi Chemistr — Laboratory Practical’s Hours

. h}su:al o o n of benzoic acid. 120

of the enthalpy of splutio
he heat of solution for
ffect of ionic strength

NaCl, KCI, and BaCla.

|. Determination
on the reaction between persulfate and iodide using

2. Determination of t
3 Investigation of the €
a visual method.

4. Determination of't o o
using the d,.5t1-|butl00 !?(Ca valiles of a weak dibasic acid using pl-l'—metric utratncf)n. .
DofentlDBE0H 0? t]lle : itical micelle concentration (CMC) of sodium lauryl sulfate in aqueous
of the critt

6. Determination ; ©
solution b conductometric analysis
A A %
%@g yﬁ/ o LW %/
P

fthe st ichiometry of the complex formed between cupric ions and ammonia
the sto

n

\V) Ve
,’/,‘1
7\

]

B e
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7 Df_:term.mation of equivalent conductance at infinite dilution for a strong electrolyte and a weak
) aD01d using Kohlrausch s Law; calculation of the dissociation constant of the weak acid( =
. Determination of the sta.ndard electrode potential of the Ag/Agl electrode and the I bili
product (Ksp) of Pbl. using potentiometry. solubility
Part C -Learning Resources

Text Books, Reference Books, Other Resources

Suggested Reading :

Vogel, A. 1. Vogel's Textbook of Quantitative Inorganic Analysis. Longman Group L
Welch, A. J. E. Inorganic Preparations. George Allen and Ullwil.] Ltdb e
Palmer, W. G. Experimental Inorganic Chemistry. Cambridge Univers..it Press, 1965
Malati, M. A. Experimental Inorganic and Physical C/zem:'s:y. Horwooﬁ PulJSlS" hi Chi
Vogel, A. L. A Textbook of Practical Organic Chemistry. Longman Group Ltd R R
Mann, F. G., & Saunders, B. C. Practical Chemistry. I:ongmans Green ﬁ]d C'
Clarke, H. T. A Handbook of Quantitative and Qualitative A na[):sis ( >
Silean, ,Irjb & Batt, R. Organic Syntheses: Collective Volumes -
ethi, A. Laboratory Experiments in Oreanic Chemistry. \ nati i
: Find.lay, A. Findlay's Practical Ph).'sica? Chenzisnj'I(élggv.l\bjin.igeKIirg;:j:? I;Etlll]PUthherS'
. Daniels, F., & Williams, J. Experimental Physical Chemistry. Mc.Graw—Hillh B Kot
. Das, R. C., & Behera, B. Experimental Physical Chemistry. Tata McGraw-HiIl Publishing

V0NN R W —

—_— e —
N — O

Suggested equivalent online courses:

(all URLs accessed in April 2025)
° htlps:.//onlinecourses.npte[.ac.in/nocZS cy | 8/preview

° https://\\-'ww.sdnbvc.cdu.in/swayam—courses
° h[tps://onlinecmu'ses.nptel.ac.in/noc23 cy27/preview

o https://archive.nptel.ac.in/courses/l 04/106/104106108
e https:/ www.classcentrai.com/course/voutube-o:‘Qanic—chcmistw—lab-workshop-474 18
7 ac.in/cec23_cy03/preview

° httgs://onIinecourses.swavam
https://onlinecourses.n stel.ac.in/noc24 ¢ 44/preview
https://onlinecourses.

° ht[ps://nptel.ac.in/courses

Part D-Assessment and Evaluation

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

Internal Assessment
(CCE) Methods will be based on following Marks

Cumulative Evaluation

Continuous &
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Class/Lab Tests

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

Total 40
Elaboration: Assessment Theory
External Assessment
Practicum Paper as per University Examination
Total 60
Grand Total 100

% ;
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https://onlinecoursc:s.nptel.ac.i11/no<:24 cy52/preview

https://nptel.ac.in/courses
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