CBCS Annual Pattern
B.Sc. I1I year
CHEMISTRY- DSE 1
Syllabus of Theory Paper

Part A Introduction
Program: Degree | Class’: B. Sc. [ Year: Third | Session: 2023-2024
Subject: Chemistry
1 | Course Code S3-CcHEMID
Course Title Green and Agricultural Chemistry
3 | Course Type (Core Discipline Specific Elective (DSE)
Course/Elective/Generic Group A Paper 1
Elective/Vocational/ ....)

4 | Pre-requisite (if any) To study this course, a student must have passed diplomal
or equivalent course/qualification with Chemistry as a
subject.

5 | Course Learning outcomes | By the end of this course students will acquire the

(CLO) knowledge of following aspects of green and agricultural
chemistry:
¢ Basic principles of green and sustainable chemistry.
* Understand stoichiometric calculations and relate them to
green process metrics.
* Learn alternative solvent media, green catalysis and
energy sources for chemical processes.
¢ Understand the requirements of manures and fertilizers
for various crops and their proper time of application.
* Understand to maintain soil fertility for better crop
Production.
6 | Credit Value 04
7 | Total Marks Max. Marks: 30 + 70 | Min. Passing Marks : 35

Part B- Content of the Course

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

L-T-P:
Unit Topics No. of Lectures
Unit - 1 Concepts and Principles of Green Chemistry History 12

and evolution of Twelve principles of greenchemistry and
their explanations with examples.

Tools of green chemistry-green solvents, green catalysts,
energy efficient processes, environmentally benign
products, dry media synthesis (use of sun light, UV,
microwaves and ultrasonic energy).

Metrices of green chemistry-different metrics relating to
the principles of green chemistry, atom economy,
percentage yield, reaction mass efficiency, effective mass
efficiency, environmental factor, eco scale and biologic
tool plots, difference between mass based and impact-
based matrices, life cycle assessment (LCA) and
environment foot print.

Challenges and scope of green chemistry in India.
Keywords/Tags: Green chemistry, green solvents, green
catalysts, atom economy, environmental factor.
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Unit -2

Green Catalysis and Processes

Heterogeneous catalysis, use of zeolites, silica and
alumina supported catalysis, biocatalysis: Enzymes,
microbes, Phase transfer catalysis (micellar/surfactant).
Prevention of chemical accidents, designing greener
processes, Strengthening/development of analytical
techniques to prevent and minimize the generation of
hazardous substances in chemical processes. -

Cutting Edge Research in pharma, paint, detergent and
other synthetic industries.

Green Synthesis of the following compounds: adipic acid
& catechol, Microwave assisted reaction in water —

Hoffmann elimination, oxidation of toluene and alcohols.

Keywords/Tags: Heterogeneous catalysis, zeolites,
silica, Phase transfer, greener processes, green synthesis.

12

Unit- 3

Soil Fertility

Soil fertility evaluation and soil testing.
Critical levels of different nutrients in soil.

Forms of nutrients in soil, plant analysis, rapid plant
tissue tests, Indicator plants.

Methods of fertilizer recommendations to crops.
Factors influencing nutrient use efficiency (NUE),
methods of application under rainfed and irrigated
conditions.

Keywords/Tags: Soil fertility, plant analysis, indicator
plants, crop, rainfed.

12

Unit - 4

Organic Manuring

Classification and importance of organic manures,
properties and methods of preparation of bulky manures.
Green/leaf manuring. Transformation reactions of organic
manures in soil and importance of C:N ratio in rate of
decomposition.

Keywords/Tags: organic manure, bulky manures, leaf
manuring, C:N ratio, decomposition.

12

Unit - §

Fertilizers

Chemical fertilizers: classification, composition and
properties of major nitrogenous, phosphatic, potassic
fertilizers, secondary and micronutrient fertilizers,
complex fertilizers, nano fertilizers.

Soil amendments, fertilizer storage and fertilizer control
order.

History of soil fertility and plant nutrition. Criteria of
essentiality.

Role, deficiency and toxicity symptoms of essential plant
nutrients.

Mechanisms of nutrient transport to plants, factors
affecting nutrient availability to plants.

12
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Chemistry of soil nitrogen, phosphorus, potassium,
calcium, magnesium, sulphur and micronutrients.
Use of Bio-fertilizers in Agriculture and their
Advantages.

Keywords/Tags: Chemical fertilizers, nitrogenous,
micronutrient, soil, nano fertilizer.

Part C-Learning Resources

Text Books, Reference Books, Other resources

Suggested Readings:

1. Matlack A.S., Marcel Dekker, “An Introduction to Green Chemistry™, 2001.

2. Anastas P.T. and Wavner J.C., “Green Chemistry: Theory and Practice”, Oxford University
Press, 1998.

3. Lancaster M., “An Introductory Text on Green Chemistry”, Royal Society of Chemistry,
Cambridge, 2002.

4. R. A.Sheldon, I. Arends, U. Hanefeld, “Green Chemistry and Catalysis”, Wiley-VCH, 2007.

S. Kolb V. M., “Green Organic Chemistry and its Interdisciplinary Applications”, CRC Press,
2016.

6. Das P. C., “Manures and fertilizers”, Kalyani Publishers Pvt. Ltd., New Delhi Rept. 2015.

7. Gupta A. K. and Varshney M. L.; “Practical manual for Agril. Chemistry”, Kalyani Publishers
Pvt. Ltd., New Delhi.

8. Nagornny V. D. and Raghav J. S., “Soil Fertility Management”, Kalyani Publishers Pvt. Ltd.,
New Delhi, Rept. 2015.

Suggested equivalent online courses:

Part D-Assessment and Evaluation

Suggested Continuous Evaluation Methods:
Maximum Marks: 100

Continuous Comprehensive Evaluation (CCE): 30 marks University Exam (UE) 70 marks

Internal Assessment: Class Test :

Continuous Comprehensive | Assignment/Presentation 30

Evaluation (CCE): 30

External Assessment: Section(A): Very Short Questions

University Exam Section:70 | Section (B): Short Questions 70
Section (C): Long Questions

Any remarks/ suggestions:
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CBCS Annual Pattern
B.Sc. I1I year
CHEMISTRY- DSE 1
Syllabus of Practical Paper

Part A Introduction
Program: Degree | Class': B. Sc. | Year: Third | Session: 2023-2024
Subject: Chemistry
1 Course Code $3-CHEM1Q
Course Title Green and Agricultural Chemistry
3 Course Type (Core Discipline Specific Elective
Course/Elective/Generic Group A Paper 1
Elective/Vocational/....)
4 Pre-requisite (if any) To study this course, a student must have passed
Diploma or equivalent course/qualification with
Chemistry as a subject.
5 Course Learning outcomes By the end of this course students will acquire the
(CLO) knowledge of following aspects of green chemistry:
e To learn green synthesis of organic and inorganic
compounds.
* Tolearn to prepare green ionic liquids.
* To understand soil profile, sampling and study minerals
present in soil.
e To learn to estimate organic matter content of soil.
6 Credit Value 02
7 | Total Marks Max. Marks: 30 +70 | Min. Passing Marks: 35

Part B- Content of the Course

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

L-T-P:
Practical Topics No. of Lectures
Part- A 1. Green preparations: 10

(i) Manganese(IIT) acetylacetonate complex by using
potassium permanganate and acetylacetone in
water.

(i) Green preparation of Iron(I11) acetylacetonate
complex by using ferric trichloride and potassium
hydroxide in water.

(iii) Preparation of ionic liquid, 1-Pentyl-3-
methylimidazolium bromide [pmIm]Br.
2. Green bromination of rrans-stilbene by sodium
bromide — sodium bromate.
3. Diels-Alder reaction between furan and maleic acid.
4. Benzoin  condensation - Coenzyme (Thiamine
hydrochloride) catalyzed synthesis of benzoin.

Keywords/Tags: Green  bromination, Diels-Alder,
Coenzyme, Benzoin condensation, green inorganic

preparation.
é/
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Part- B Study of soil profile in the field.

6. Study of soil sampling tools, collection of
representative soil sample, its processing and storage.

7. Study of soil forming rocks and minerals.

8. Estimation of organic matter content of soil.

Keywords/Tags: Soil profile, soil sampling, rock.
minerals, organic matter.

Part- C 9. Determination of soil pH and electrical conductivity.

10. Determination of cation exchange capacity of soil.

11. Determination of soil density, moisture content and
porosity.

12. Determination of soil texture by feel and Bouyoucos
methods.

Keywords/Tags: Soil, pH, electrical conductivity, cation
exchange, soil density, soil texture.

Part C-Learning Resources

Text Books, Reference Books, Other resources

Suggested Readings:
Chemistry Task Force Committee, DST, India.
India, 2019, Sixth Edition.

3. Jackson M. L., “Soil Chemical Analysis™, Pentice Hall, New Delhi, 1973.
4. Piper C. S., “Soil and Plant Analysis”, Hans Publication, 1950.

1. Ranu B. C. (Co-ordinator), “Monograph on Green Chemistry Laboratory Experiments”, Green

2. Chopra S.L., Kanwar J.S. Rakshit A., “Analytical Agricultural Chemistry™, Kalyani Publishers,

Suggested equivalent online courses:

Part D-Assessment and Evaluation

Suggested Continuous Evaluation Methods:

Internal Assessment Marks External Assessment Marks
Class Interaction /Quiz Viva Voce on Practical
Attendance Practical Record File

30 70

Assignments (Charts/ Model Table work / Experiments
Seminar / Rural Service/
Technology Dissemination/
Report of Excursion/ Lab
Visits/ Survey / Industrial
visit)

Total Marks: 100

IAny remarks/ suggestions:
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CBCS Annual Pattern
B.Sc. III year
CHEMISTRY- DSE 2
Syllabus of Theory Paper

Part A — Introduction

Program: Degree | Class: B.Sc. Year: 111 Session:2023-24
Subject: Chemistry

1 | Course code S3-CHEM2D
Course title Laboratory skill, techniques & management

3 | Course type (Core Discipline Specific Elective (DSE)
Course/Elective/Generic Group A Paper I1
Elective/Vocational/.....)

4 | Pre-requisite (if any) To study this course, a student must have the subject

chemistry in Diploma Course of BSc or equivalent.

5 | Course Learning OBJECTIVES
Outcomes (CLO)
This course/paper is intended for persons employed as or
aspiring for employment as laboratory technician / attendant
in school / college/ other scientific laboratories.

MAIN LEARNING OUTCOMES

At the end of the course, the learners will be-

* Familiarized with the basic facilities available in
laboratories.

* Expected to gain knowledge of the basic skill of
organization and management of science laboratories.

* Enabled to expertise in the procedures of procurement
and storage of laboratory equipment & material.

* Trained in the operation and maintenance of simple
instruments used in science laboratories.

* Enabled to develop skills in common laboratory
techniques.

* Trained to adopt appropriate disposal procedures and
safety methods suitable for Laboratories. '

6 | Credit Value 4 (Theory)

7 | Total Marks-100 Max. Marks (30+70): Min. Passing Marks:35
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Part B — Content of the course

Total No. of Lectures (In hours per week):60

Unit

Topic

No. of

Lectures

Laboratory organization and management-

Science laboratory: scientific temper, scientific reporting, significance values/
accuracy/ attitude, interaction with pupil present in the lab, dignity of work of
lab staff

Important components of a science laboratory: features of a science
laboratory, services in a science laboratory

Organization of science labs: preparation room, arrangement of stores, safety
provisions, Labels- a cautionary note

Day-to-day management of laboratories: day to day cleaning up, routine
inspection and maintenance of laboratory, cleaning of laboratory and preparation
rooms, colour coding of services, emergency switch services, security and
vandalism.

Stock control and purchase: arranging stock, naming and maintenance of
stock register, receiving of goods, processing of bills, accounting, controlling
budget, information about equipment & miscellaneous records, purchase rules.
File and records: sources of information in the lab, filing system for chemicals,
requests for equipment & special files

Use of computer in science laboratory: component of a computer, overall
function & application software.

Key words- Colour coding, Vandalism, Budget, overall function, safety provisions,
stock register, purchase rules

12

HAZARDS IN LABORATORY & LABORATORY SAFETY-

Electricity and gas hazards: clectricity hazards in the laboratory (selection of
proper fuse, selection of proper flex, safe conduct, earthing & other dangers
associated with electrical equipment’s), Gas hazards in the laboratory (LPG,
high pressure gas hazards, detection and handling of gas leakage & low pressure
gas hazards).

Fire hazards: fire hazards in the laboratory, classification of fire, precaution of
fire prevention & extinguishing a fire and types of fire extinguishers.

Chemical hazards: classification of hazardous chemicals, handling of
chemicals, storage of chemicals, transport of bulk chemicals & transfer from
large containers.

Personal safety: Code of behavior for the laboratory staff, personal protective
devices, disposal of waste materials, check-in & shut - down sequences &
shifting load

Accidents and first aids: accident reporting, procedure, first aid box, general
features of first aid procedure, first aid procedures for chemical accidents, first
aid treatment for shock & first aid treatment of localized injuries.

Keywords- Gas hazards, proper flex, LPG, Fire Extinguisher, code of behaviour, First

aids.

12
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BASIC LABORATORY APPARATUS AND EQUIPMENT IN CHEMISTRY

BASIC APPARATUS: Identification of apparatus, apparatus for heating
(Bunsen burner, water bath, Oil bath, hot plate & heating mantle), laboratory
glassware, laboratory centrifuge, use and description

Measuring Apparatus: Measurement in chemistry lab, errors, precision and
accuracy of measurement, volume, types of volume, measuring devices, burettes
& pipettes, accuracy of burettes & pipettes, volumetric flask, mass and weight,
balances analytical and electronic, pH meter and conductometer

Common laboratory glassware: laboratory glass ware and its types, cleaning
methods, storage and handling of glass apparatus, assembly of glass apparatus,
gas pressure in glass, safety measures for storage, caring & handling of
glassware

Keywords- Water bath, heating mantle, centrifuge, precision, gas pressure

12

BASIC LABORATORY TECHNIQUES IN CHEMISTRY

Solutions and their preparation: Water and its types, types of solution,
solubility, concentration of solutions- percentage, molarity, molality, normality
& ppm , calculation of mass and volumes to prepare solutions, general
guidelines for preparation of solution, general methods of preparation, labeling,
exceptions to the general method, notes on other solution reagents for chemistry,
bench reagents, standard solutions

Common laboratory techniques: Heating, refluxing, filtration, small scale
methods, recrystallization and determination of melting point, distillation and
determination of boiling point

Keywords- Concentration units, labelling, bench reagents, refluxing, recrystallization,
melting point, boiling point

12

GOOD LABORATORY PRACTICES: BASIC EXERCISES

Ex. 1 procedure for purchase of laboratory related items, inventory management
Ex. 2 supply of gas, electricity and water in a laboratory

Ex. 3 fire safety measures in a laboratory

Ex. 4 Classification and handling of hazardous chemicals

Ex. 5 disposal of unserviceable and obsolete items

Ex. 6 safe disposal of laboratory wastes

Ex. 7 attending to emergency situation

Ex. 8 preparation of standard of oxalic acid solution

Ex. 9 determination of strength of NaOH

Ex. 10 preparation of stock solutions and dilution

Ex. 11 preparation of water and alcohol based reagents (Fehling A & B, starch
solutions)

Ex. 12 preparation of distilled water
Ex. 13preparation of buffer solution
Ex. 14 determination of pH using pH paper

Keywords- Inventory, unserviceable, obsolete, Fehling A & B, distilled water

12
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Part C — Learning Resources

Text Books, Reference Books, Other resources

Suggested Reading:

1. Robert H Hill, David C Finster, “ Laboratory Safety for chemistry, Willey
Sveinbjorn gizurarson, Benjamin R, “Hand book for Laboratory Safety” Elsevier
Anthony A Fuscaldo, “Laboratory Safety Theory & Practice” Elsevier
Steven I, Brown, “ Laboratory Techniques for general chemistry” Hayden Mcneil
http://ncert.nic.in, kelm202, “ Basic Laboratory Techniques”

Abigail , “ laboratory note book, Slater Press

S SRl

Part D-Assessment and Evaluation

Suggested Continuous Evaluation Methods:
Maximum Marks : 100

Continuous Comprehensive Evaluation (CCE) : 30 marks University Exam (UE) 70 marks

Internal Assessment : Class Test

Continuous Comprehensive Assignment/Presentation 30
Evaluation (CCE):30

External Assessment : Section(A) : Very Short Questions
University Exam Section:70 Section (B) : Short Questions 70
Section (C) : Long Questions
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CBCS Annual Pattern
B.Sc. III year

CHEMISTRY-DSE 2

Syllabus of Practical Paper

Part A Introduction

Program: Degree

I Class': BSc | Year: Third

Subject: Chemistry

| Session: 2023-24

1 | Course Code S3-CHEM2Q
2 | Course Title Exercises for Development of Lab Skills
3 | Course Type (Core Discipline Specific Elective (DSE)
Course/Elective/Generic Group A Paper 11
Elective/Vocational/.....)
4 | Pre-requisite (if any) To study this course the students must have had
the subject Chemistry in Diploma Course of
B.Sc. or equivalent
S | Course Learning On completion of this course, learners will be
outcomes (CLO) able to:
Handle and run any chemistry lab skillfully.
Students will be able to perform general
exercises like-
e Preparation of standard solutions
¢ Determination of concentration
e Determination of MP, pH, Conductivity
¢ Preparation of stock Solutions
e Preparation of various reagents
6 | Credit Value 2 (Practical)
7 | Total Marks Max. Marks: 30+70 | Min. Passing Marks:35

Part B- Content of the Course

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

L-T-P:
Unit Topics No. of Lectures
Unit I 1. Preparation of standard of oxalic acid solution 06

2. Determination of strength of NaOH

3. Determination of concentration of solutions-

percentage, molarity, molality, normality & ppm

Unit I1 4. Determination of melting point 06

5. Distillation

Determination of boiling point

&/




Unit ITI 7. Preparation of stock solutions and dilution 06

8. Preparation of water based and alcohol-based
reagents (Fehling A & B, starch solutions)

9. Preparation of distilled water

Unit IV 10. Preparation of buffer solution-Acidic and Basic 06
Buffers
11.Preparation of Nesseler’s reagent, Molisch reagent,
Schiff’s base
Unit V 12.Determination of pH using pH paper, pH meter 06

13.Conductometric titration-Acid Base

Keywords/Tags: Standard, Distillation, boiling point, stock solutions, buffer, Conductometric
titration, pH

Part C-Learning Resources

Text Books, Reference Books, Other resources

Suggested Readings:
1.~ “A Skills Training Manual in Basic Chemical Laboratory Techniques”, by SoffiantiniVic,
Seller-AtlanticPublishers, Publisher: Lulu.com ISBN: 9781471090998, 9781471090998
2. ICSE Chemistry Lab Skills - Laboratory Ethics « Viva Voce, Neha Sharma, ISBN
9789388653510, 2020, Viva Education

3. Chemistry Laboratory Skills - I: Alternative to Practical, Shirly Bandarawatta, ISBN-10
: 9554114206 Summer Gate Education; 2nd edition (July 22, 2013)

4. Fundamentals of Chemistry: Laboratory Studies, Third Edition, 1975, Frank Brescia, John

Arents, ... Eugene Weiner, Science Direct

Suggestive digital platforms web links:

https://w\\'w.valpa.cdujchcmistrwcxpcricntiaI-lcarning!lab-skills/

https://www.cademix.org/chemistrv-lab-skills-and-va rious-strategies-for-developing-them/

Suggested equivalent online courses:

https://onlinecourses.swayam2.ac.in/ntr20 ed14/preview

https://www.classccntraI.comlcourse/swavam-analvtical-tcchniques—13896

—




Part D-Assessment and Evaluation

Suggested Continuous Evaluation Methods:

Internal Assessment Marks External Assessment Marks
Class Interaction /Quiz Viva Voce on Practical
30 70
Attendance Practical Record File
Assignments (Charts/ Model Table work / Experiments

Seminar / Rural Service/
Technology Dissemination/
Report of Excursion/ Lab
Visits/ Survey / Industrial
visit)

TOTAL MARKS: 100

Any remarks/ suggestions:




UTOIRT® Y49 T UTSTHH

YT T U=
PP fST Hefl: . T . | 9 gd T3: 2023-24
favg: T W
1 | favg wHi® S3-CHEM2Q
2 | ureawH v AT SILd & [JhRT & fore sarmd
3 | P FIUPR @R o4 fafRry safeea (DSE)
PIN/FafFed /SRS g A TR 1l
Sdifdea/dieeAq/...)
4 | qaften @fe &1s gy 3 YIS H BT 3T 1 & forw fqenmff 3

T AR fovg @y aee aivgdn
3fSfa =t gl

39 UIGTshH & R84 W, fRemef g |
JEHBI:

foreit ot B ol B BRI § YT 3R
AT | BT GHRT 3119 B3 § G&H gil oig-
- A% [AaUaaR BT

- gigdre! AR

- T, dies, Trdsdr &1 Ry

. TIp [TTTTIIR HIAT

- faf¥a sifie el Bt TIRBIT

6 |hfeec g™

2

7 | A 3P

HfYBAH 3fdh: 30+70 | AqH IT0T 3735

YT - UTSdhH i Ireht

HRAM- RS IRTA-Ufdewd & ot T (Wfa Twdrg Hel B):

L-T-P:

e




fawg

RS DI

—

. Sfieifors s faaa- AFe &1 daRt
NaOH &1 Tifaad &1 FyRo

. faagAt @1 gigar &1 AuRo- ufawa,
HieRd1, Aidddr, IH=dr 3R tidiey

W N

06

gHe 11

4. TP &1 R
5. 3Mga
6. ®YFIP BT YR

06

gHe I

7. %16 fAaga 31 dUR 3R agdl
8. UM SMUTRA R 3febigd 3NuRd
fiete! @ ARt (Wi T iR &,
LS EICHEE)

9. YT S PI TR

06

10. ¥R HIGRH-URSH 3R ¥ IR
GRIEECRGH!

1. 78R 3fiede, mferw 3ifiyeds, e
I dOR BT

06

ey

12. Uieg R, fiug Hicx &1 IuTnT Hib
tdiug &1 [y

13. heaemled IIHTA-IRIS 99

06

ARG/, AT, HYHh, Cid [, SR, hedeiied AT,

diea

YT H-afHT gares

U1 g&ids, e Qeadh, 31 gare—

gT MU ST

1.-gFTEl IS TRl da-iel | T B UiRie A48,

—




Aifteufest 9w, fAhar-sicdilcsd USRS, UHTH ERI: Lulu.com ISBN:
9781471090998, 9781471090998

2.&1@@% m ?ia Repeg- Laboratory Ethics ¢ Viva Voce, Neha Sharma,
ISBN-10 :9789388653510, 2020, Viva Education

3391 O YGNTRITET SI9E- I: Alternative to Practical, Shirly Bandarawatta,

ISBN-10 : 9554114206 Summer Gate Education; 2nd edition (July 22, 2013)
g fayM & go Rigia: YANRIEn 3999, Third Edition, 1975, Frank
Brescia, John Arents, ... Eugene Weiner, Science Direct

g9 ¢4 a1 fefoed wewid a9 foi:
https://www.valpo.edu/chemistry/experiential-learning/lab-skills/

https://www.cademix.org/chemistry-lab-skills-and-various-strategies-for-
developing-them/

AT T GHDE AR UIGTHH:
https://onlinecourses.swayam2.ac.in/ntr20 ed14/preview
https://www.classcentral.com/course/swayam-analvtical-techniques-13896

HIT T -3RIRd GedichH fafdm:

SRIR Tad geaie faftm:
F&fl § Hare /g UG AifG! (argan)
IufRufa o Traifie ReTs wrea
TSR @ /Arsa/AfFAR /AT Ja1/M e T I /IANT 70
TR/ YHUN(TFE®H A ) o1 RUI/ gdamor/yamm=man
YOUT (e fafsre) /shenfie amr

PAdE : 100
I3 fewull/ga:

C="




CBCS Annual Pattern
B.Sc. III year
CHEMISTRY-DSE 3
Syllabus of Theory Paper

Part A Introduction
Program: Degree | Class: B.Sc. | Year: III | Session: 2023-24
Subject: CHEMISTRY
1 | Course Code S3-CHEM3D
2 | Course Title INSTRUMENTAL TECHNIQUES IN
CHEMISTRY

3 | Course Type (Core Discipline Specific Elective (DSE)
Course/Elective/Generic Group B Paper I
Elective/Vocational/.....)

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

subject Chemistry in Diploma Course of B.Sc.
or equivalent.

5 | Course Learning By the end of this course students will learn the
outcomes (CLO) following aspects of Instrumental Techniques in
Chemistry: !

o Preparation of standard samples for analysis.

e Instrumentation for analytical methods of
Chemistry.

e Instrumentation for various spectroscopic
techniques.

e Principles and instrumentation of various
electro analytical techniques.

e Instrumentation used in optical methods of
analysis.

e Advanced chfomatogrgphic techniques.

6 | Credit Value 4 (Theory)

7 | Total Marks: 100 Max. Marks: 30+70 ‘ Min. Passing Marks:35

-

Part B- Content of the Course

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

L-T-P: 60-0-30

Unit | Topics No. of
' Lectures

1 Practical Aspects of Chemical Analysis 6




1. Analysis of real samples: Choice of analytical method, Analysis of standard
samples, preparing standard samples for analysis, moisture in sample, drying
the analytical sample, decomposition and dissolution of sample, source of
errors in decomposition and dissolution.

2. Automation . in Laboratory: Introduction, classification of analytical
methods. Types of  instrumental methods. Importance of instruments for
analysis. Analog & Digital signals, planning for laboratory automation. An
overview of automatic instruments & instrumentation. Good laboratory
practices. Instrumental standardization, optimization of procedures.

Keywords/Tags: Sampling, Analog signals, Digital signals, Standardization

| Electronic & Vibrational-Rotational Spectroscopy

1.- Electronic or Ultra-Violet Visible (UV-Vis) Spectroscopy: Basic
principles, Instrumentation and Techniques.

2. Fourier-transform infrared V(FTIR) Spectroscopy: Introduction and basic
principle: of IR spectroscopy, Instrumentation. Working of FTIR
- Spectrophotometer, Advantages of FTIR Spectroscopy.

3{ *'Raman Spectroscopy: Mechanism of Raman Effect — Quantum theory and

classical “theory.: Instrumentation and techniques.

- Qualitative treatment of Rotational Raman effect, Effect of nuclear spin,

« Vibrational ‘Raman' spectra, Stokes and anti-Stokes lines, their intensity
difference, rule of mutual exclusion.

Keywords/Tags:  FTIR ' Spectroscopy, UV-Vis Spectroscopy, Raman Effect,
Stokes lines, anti-Stokes lines.

Molecular Characterization Techniques

1. Nuclear ‘Magnetic Resonance Spectroscopy: Basic principles of NMR,
- Instrumentation - Magnet; sweep generator, RF generator, RF receiver, signal
recorder, calculation'of NMR signals.

2. Electron . Spin. Resonance (ESR) spectroscopy: Introduction, principle,
instrumentation, selection rules, interpretation of Lande’s factor ‘g’. Hyperfine
and super hyperfine coupling.

3. Mass Spectrometry: Theory of mass spectrometry. Principle and operation of
mass spectrometer.

lonization techniques- electron impact, chemical ionization, electrospray,
electrical discharge, laser desorption, fast atom bombardment.

Separation of ions on basis of mass-charge ratio. Analyzers- Magnetic-sector,
Electric quadrupole and 'high-resolution multiple-reflection time of flight
(MR-TOF).

Keywords/Tags: - Sweep Generator, hyperfine coupling, superfine coupling,
ionization, absorption, emission, MR-TOF.

12

Atom Characterization Techniques

1. Flame photometry: Flame emission spectroscopy, characteristics of flame,
instrumentation & working of flame photometer.

10
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2. Atomic Absorption Spectroscopy (AAS): Basic principles, Instrumentation,
atomizer, monochromator, detector, sensitivity and detection limits.
Interferences in AAS and their elimination.

3. Atomic Emission Spectroscopy (AES): Principles, Sources for excitation,
Instrumentation, Qualitative and quantitative Analysis.
Keywords/Tags: Flame Spectroscopy, Monochromator, Atomizer, Detector

Electro analytical techniques 12

1. Polarography: General principles and instrumentation of polarography, half-
wave potential, equations for reversible cathodic, anodic and cathodic—anodic
waves, analysis of reversible polarographic wave.

2. Voltametry: General principles and instrumentation, Cyclic voltammetry,
Linear-scan voltammetry, Pulse voltammetric methods, Voltammetry with
ultra-micro electrodes, stripping methods.

3. Amperometry: Principles and amperometric titration techniques-Dropping
mercury electrode, rotating platinum microelectrode.

4. Potentiometry: Introduction, reference and indicator electrodes, ion selective
electrodes. Instrumentation and measurement of electro. motive force of cell
(EMF). Potentiometric titrations.

5. Conductometry: Principle, measurement of conductance, conductometric
titrations.

Keywords/Tags:  Cathodic waves, Anodic waves, Amperometric titration,

Conductometric titration, Conductance, Electrode.

Optical and Advanced Chromatographic Techniques 12

1. Polarimetry: Polarimeter, optical rotations, measurements of optical
rotation.

2. Refractometry: Principle of refraction, Snell’s law, Construction & working
of refractometer,

3. Gas Chromatography (GC): Theory, Instrumentation-description of
equipment and different parts, columns (packed and capillary columns).

Detector 'speciﬁcations, Thermal conductivity detector, Flame ionization
detector, electron capture detector, nitrogen-phosphorous detector or
thermionic specific detector (TSD), photo ionization detector. Programmed
temperature gas chromatography.

4. High Performance Liquid Chromatography (HPLC): Theory,
Instrumentation, description of the different parts of the equipments,
stationary phases (columns), mobile phase, detectors, UV detector, refractive
index (RI) detector, Fluorescence detector, Photo Diode Array detector,
Evaporative Light Scattering Detector (ELSD), conductometric detector and
electrochemical detector.

Keywords/Tags: Optical Rotation, UV Detector, RI Detector, TSD, ELSD,
Chromatograms.

(=




Part C-Learning Resources

Text Books, Reference Books, Other resources

Suggested Readings:
Text Books:

Kaur, H., “Instrumental Methods of Chemical Analysis”, Pragati Prakashan, 2018

Sharma, B.K., “Instrumental Methods of Chemical Analysis”, Goel Publishing House, 2011.

Khandpur R.S., “Analytical Instrumentation”, Tata McGraw Hill, 2006

Skoog, D.A., Holler, F.J., Nieman, T.A., “Principles of Instrumental Analysis”, Cengage

Leamning India Ed., 2017

5. Khopkar, S.M., “Instrumental Analysis in BioAnalytical Chemistry”, New Age
International, 2016.

6. Chatwal, A., “Instrumental Methodology of Analysis”, Himalaya Publishing House, 2011.

7. Kalsi, P.S., “Spectroscopy of Organic Compounds”, New Age International, 2016.

P 1) e

Reference Books:

I. Galen, E. “Instrumental Methods & Chemical Analysis”, McGraw-Hill Publishing
Company Ltd., 1985.

2. Christian, G. D., “Analytical Chemistry™, John Wiley and Sons. Inc, 1994.

3. Harmis, D.C., “Quantitative Chemical Analysis”, W.H. Freeman & Co. New York, 2003, 7"

Edition.

Willard, H.H., Merritt, L.L., Dean, J.,Settoe, F.A., “Instrumental Methods of Analysis”,

Wadsworth Publishing Company Ltd., Belmont, California, USA, 2004,7™ Edition.

Drago, R.S., “Physical Methods in Chemistry”, W.B. Saunders Co, 1977.

Atkins, P.W., “Physical Chemistry”, Oxford University Press, 2017.

Castellan, G.W., “Physical Chemistry”, Narosa, 2004.

Day, R.A., Underwood, A.L., “Quantitative Analysis”, Prentice-Hall of India Pvt. Ltd.,

1985.

Jeffery, G.H., Bassett, J., Mendham, J., Denney, R.C., “Vogel’s Textbook of Quantitative

Chemical Analysis”, Pearson, 2017.

10. Ewing, G.W.,  Instrumental Methods of Analysis", McGraw Hill, 1992,

11. Kemp, W., “Organic Spectroscopy”, Mc Millan,1991, 3™ edition.

12. Williams, D H.,.Flemming, 1., “Spectroscopic methods in Organic Chemistry”, Mc Graw
Hill, 2017, 4™ Edition.

13. Banwell, C:N., McCash, E.M., “Fundamentals of Molecular Spectroscopy”, Tata Mc Graw
Hill, 1995, 4th edition.

14. Webster, F.X., Silverstein, R.M., “Spectroscopic Identification of Organic Compounds”,
Wiley, 1981.

&
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Web sources (Last Accessed on 07" June, 2021)

1. https://open.umn.edu/opentextbooks/textbooks/486
2. https://rb.gy/aieqvg
3. https:/rb.ey/flzlww

Suggested equivalent online courses:(Last Accessed on 07" June, 2021)
MOOC : https://freevidcolectures.com/course/3029/modem-instrumcntal-methods—of-ana]vsis
NPTEL:
1. https://nptel.ac.in/courses/104/105/104105084/
2. https://nptel.ac.in/content/syllabus pdf/102101050.pdf
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Part D-Assessment and Evaluation

Suggested Continuous Evaluation Methods:

Maximum Marks: 100

Continuous Comprehensive Evaluation (CCE): 30 marks University Exam (UE): 70 marks

Section (C): Long Questions

Internal Assessment: Class Test

Continuous Comprehensive | Assignment/Presentation 30
Evaluation (CCE):30

External Assessment: Section(A): Very Short Questions

University Exam Section:70 | Section (B): Short Questions 70

Any remarks/ suggestions:
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CBCS Annual Pattern
B.Sc. III year
CHEMISTRY- DSE 3
Syllabus of Practical Paper

Part A Introduction
Program: Degree Class: B.Sc. Year: Third Session:2023-24
Subject: Chemistry
1 | Course Code S3-CHEM3Q
2 | Course Title Instrumental Analytical Techniques In
Chemistry
3 | Course Type (Core
Course/Elective/Generic Discipline Specific Elective (DSE)
Elective/Vocational/.....) Group B Paper I
4 | Pre-requisite (if any) To study this course the students must have had

the subject Chemistry in Diploma Course of
B.Sc. or equivalent.

5 | Course Learning By the end of this course students will learn the
outcomes (CLO) following  aspects of instrumental techniques in
chemical analysis:

e Preparation of standard samples for analysis.

¢ Determination of concentration of solutions
spectrometrically.

* Determination of stoichiometry and stability
constant of complexes.

* Potentiometric and conductometric titrations.

* Advanced chromatographic techniques.

6 | Credit Value 2 (Practical)

7 | Total Marks Max. Marks: 30+70 | Min. Passing Marks:35

Part B- Content of the Course

Total No. of Lectures-Tutorials-Practical (in hours per week): 4

L-T-P: 60-0-30

Unit | Topics No. of
Lectures

1 Spectrophotometry 06

1. Determination of concentration of ferric ions in ferric salicylate complex
spectrophotometrically.

2. Simultaneous determination of chromium and manganese by
spectrophotometry.

3. Determination of sulphate and phosphate by spectrophotometry.

4. Spectrophotometric determination of pK value of an indicator.

(=




5. Determination of magnesium and calcium in tap water by flame
photometry.

6. Spectrophotometric determination of the stoichiometry and stability
constants of complexes.

2 Refractometry & Polarimetry 06

1. Verification of law of refraction of mixtures (e.g. glycerol and water)
using Abbe's refractometer.

2. Determination of the specific rotation of a given optically active
compound by polarimetry.

3. Determination of specific rotation of glucose and fructose by
polarimetry.

4. Determination of the enzyme catalyzed inversion of sucrose by
polarimetry.

5. Determine the concentration of a solution of an optically active
substance by polarimetry.

3 Potentiometry 06

1. Determination of the standard EMF and the standard free energy change
of Daniel cell potentiometrically.

2. Potentiometric titration of a given hydrochloric acid solution with an
alkali solution.

3. Potentiometric titration of given ferrous sulphate solution with
potassium dichromate.

4. Determination of solubility product of a sparingly soluble substance.

4 Conductometry 06

1. Conductometric titration of hydrochloric acid with sodium hydroxide.

2. Conductometric titration of hydrochloric acid with ammonium
hydroxide.

3. Conductometric titration of acetic acid with ammonium hydroxide.

5 Polarography 06

1. Determination of the half wave potential of metal ion by polarography.

2. Determination of the amount of Cd(II) ions in an unknown solution by
polarography.

Keywords/Tags: Spectrophotometry, Potentiometry, Conductometry, Polarography, Abbe's
refractometer

Part C-Learning Resources

Text Books, Reference Books, Other resources

Suggested Readings:

Text Books

1. Furniss, B.S., Hannaford, A.J., Smith, P.W. G., Tatchell, A.R., “Vogel’s Text Book of

Practical Organic Chemistry™, Pearson Education, 2005, 5 Edn.
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2. Gurthu, J.N., Kapoor, R., “Advanced Experimental Chemistry”, S. Chand and Co., 1987.

3. Sundaram, S., Krishnan, P., Raghavan, P.S., “Practical Chemistry (Part II)”, S.
Viswanathan Co. Pvt.,1996.

4. Shoemaker, D.P., Garland, C.W_, Nibler, J.W., “Experiments in Physical Chemistry”,
McGraw- Hill Book Company, 1989, 5th Edn.

5. Yadav, J.B., “Advanced Practical Physical Chemistry”, Goel Publishing House, 2015
6. Ghosh, J.C., “Experiments in Physical Chemistry”, Bharati Bhawan Publisher, 2007

7. Kalsi, P.S., “Spectroscopy of Organic Compounds”, New Age International, 2016.
Reference Books

1. Skoog, Douglas., Holler, F.J., Nieman, T.A., “Principle of Instrumental Analysis”,
Saunders College Publishing, 1998, 5" Edn.

2. Midgley, D., Torrance, K., “Potentiometric Water Analysis”, John Wiley & Sons Ltd,
1991, 2" Edn.

3. Weast, R.C., “CRC Handbook of Chemistry and Physics™, CRC Press, 1997, 57" Edition.

Suggestive digital platforms web links

1. https://vlab.amrita.edu/?sub=2&brch=190& sim=338&cnt=1

D hjp://WfW.columbia.edu/itc/'bamardfbiologv/biobc2004/ediUexperimcnts/Experiment1-
Spec.pdf

3. http://web.ndx.edu/~ralfw/uploads/1/0/2/6./1026094lfpulse oximetry laboratory guide.pdf

4. https://www.chem.purdue.edu/courses/chm224/L ab-Experiments/expt4 GENESYS v2.pdf

5. httpi/gervind.faculty. mjc.edu/biology 101/101 lab/spectrophotometry/4%20Spectrophotome

ter%20Fal7.pdf
6. https://www.edaq.com/w/images/6/6e/EXP0OI1 The pH_Electrode and Potentiometric Titra

tions_PDF.pdf
7. httns://www.philadelphia.edu.io/academics/aiaber/unloads/CHEM%20540-ChaDter%202-

Potentiometry-061.pdf

8. https://www.tau.ac.il/~advanal/Potentiometric Titrations.htm

9. https://chem.libretexts.org/Bookshelves/Analytical Chemistry/Book%3A Analvtical Chemis
try 2.1 (Harvey)/11%3A_Electrochemical Methods/11.02%3A Potentiometric Methods
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10. https://www.chem.purdue.edu/courses/chm224/Lab-Experiments/Exp8.pdf

11. https://www.shcollege.ac.in/wp-content/uploads’NAAC Documents IV Cycle/Criterion-

11/2.3.2/ppt/Dr_Ignatious_ConductometricTitration.pdf
12. https://www.analytik.ethz.ch/praktika/phys_anal/POL/Anleitung ENG.pdf
13. https://nph.onlinelibrary.wiley.com/doi/pdf/10.1111/j.1469-8137.1948.tb05089.x
14. http://chemistry.du.ac.in/study_material/4103-A/MSc_Polarography.pdf

15. https://fac.ksu.edu.sa/sites/default/files/abbe experiment.pdf

16. https://web.mst.edu/~tbone/subjects/tbone/chem?224/riproc.pdf
17. http://www.fbml.ff.vu.lt/sites/default/files/7 4 en.pdf

18. https://wp.optics.arizona.edu/mnofziger/wp-content/uploads/sites/3 1/2016/05/0PTI1202L -
Lab10-OMD2.pdf

19. http://davialandhar.com/dbl/chemistryfSOP%ZOLabManuals/B.Sc.%EOBT%ZOSEM%2OIV.Dd
f

20. https://vlab.amrita.edu/?sub=1&brch=195& sim=545&cnt=1

Suggested equivalent online courses:

l. https://www.mv~mooc.com/en/moocfbasic—ana]ytical-chemistry/

2. https://www.mv-mooc.conv'en/mooc/principles-electronic—biosensors-purduex-nanoSSSx/

Part D-Assessment and Evaluation

Suggested Continuous Evaluation Methods:

Internal Assessment Marks External Assessment Marks
Class Interaction /Quiz Viva Voce on Practical
Attendance Practical Record File

30 70

Assignments (Charts/ Model Table work / Experiments
Seminar / Rural Service/
Technology Dissemination/
Report of Excursion/ Lab
Visits/ Survey / Industrial
visit)

Total Marks: 100

Any remarks/ suggestions:

>
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CBCS Annual Pattern

B.Sc. III year

CHEMISTRY-DSE 4
Syllabus of Theory Paper

Part A - Introduction

Program: Degree | Class: BSc Year: III Session:2023-24

Subject: Chemistry

1 | Course code

S3-CHEMA4D

2 | Course title

Bio Physical, Bio inorganic and organometallic
Chemistry

3 | Course type (Core

Course/Elective/Generic
Elective/Vocational/...

)

Discipline Specific Elective (DSE)
Group B Paper 11

4 | Pre-requisite (if any)

To study this course the students must have the
subject Chemistry in Diploma Course of B.Sc.
or equivalent.

5 | Course Learning
Outcomes (CLO)

On completion of this course the students will be
able to understand:

e Biophysical concepts like pH, biological
oxidation, bioenergetics.

e Magnetic properties and electronic spectra of
transition metal complexes.

e Structure and  bonding  analysis  of
organometallic compounds using the MO

theory

e Organometallic compounds of  main
groupelements and their structure and bonding
analysis

* Bio inorganic chemistry and role of metal ions
in biological systems.

6 | Credit Value

4 (Theory)
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K

Total Marks Max. Marks (30+70): Min. Pass. Marks:35 |

Part B — Conteént of the course

L-T-P;

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

Unit

Topic

No. of
Lectures

Water, pH & bufferWater as a medium for biological reaction, concept of pH
in terms of biological system, effect of pHona biomolecule,biological buffers
system i

Bonding in biomolecules hydrogen bond,VanderWaal interaction,ionic bond
hydrophobic attraction,glycoside linkage peptide bond,phosphodiester linkage
Role of different biological buffer system like -Phosphate Buffer,bicarbonate
buffer protein amino acid buffer, hemoglobin buffer system

Biological oxidation-definition,types  of biological  oxidation,reduction
oxidation by direct action of oxygen,oxidation by loss of hydrogen Electron
transport chain, inhibitors of ETC

Oxidative phosphorylation - definition, theories inhibitors of oxidative
phosphorylation, Un- couplers

Bioenergetics  -couple reactions,law  of thermodynamics,  free
energy,relationship between standard free energy change and equilibrium
constant, general introduction of high energy compounds

Structure of ATP as universal currency of free energy in biological systems
with example -in muscle contraction, free energy of ATP hydrolysis.

12

Magnetic properties of transition metal complexes

Introduction, types of magnetic behaviour: diamagnetism, paramagnetic, ferro
magnetism, antiferromagnetism, ferrimagnetism, origin and calculation of
magnetism. methods of determining magnetic susceptibility guy, Bhatnagar
Mathur, Quincke's. Curie and nuclear Magnetic resonance method, magnetic
moment, LS coupling, determination of ground state terms symbol, orbital
contribution to magnetic moments and application of magnetic moment data for
3D metal complexes '

12 |

An Introduction to Organometalic Compounds-Definition and Classification
with appropriate examples based on nature of metal-carbon bond (ionic, s, p
and multicentre bonds).

Metal Alkyls: Important structural features of methyl lithium (tetramer) and
trialkyl aluminium (dimer), concept of multicentre bonding in these
compounds. Role of triethylaluminium in polymerisation of ethene (Ziegler —
Natta Catalyst).

Organomagnesium compounds- Grignard reagent, preparations, structure and

12

chemical reactions. ;




Organozinc compounds-Preparations and chemical reactions.

Organolithium compounds- Preparations and chemical reactions.
Organosulphur compounds.Nomenclature, structural characteristics. Thiol.
thio-ether, sulphonic acid, sulphonamide and sulphaguanidine-methods of
preparations and chemicalreactions.

Metal Carbonyls-18 electron rule, electron count of mononuclear, polynuclear
and substituted metal carbonyls of 3d series. General methods of preparation
(direct combination, reductive carbonylation, thermal and photochemical
decomposition) of mono and binuclear carbonyls of 3d series. Structures of
mononuclear and binuclear carbonyls of Cr, Mn, Fe, Co and Ni using VBT. z-
acceptor behaviour of CO (MO diagram of CO to be discussed), synergic effect
and use of IR data to explain extent of back bonding. Zeise’s salt: Preparation
and structure, evidences of synergic effect and comparison of synergic effect
with that in carbonyls.

12

Bioinorganic Chemistry- Metal ions present in biological systems,
classification of elements according to their action in biological system.
Geochemical effect on the distribution of metals. Sodium / K-pump, carbonic
anhydrase and carboxypeptidase. Excess and deficiency of some trace metals.
Toxicity of metal ions (Hg, Pb, Cd and As), reasons for toxicity, Use of
chelating agents in medicine. Iron and its application in bio-systems, Role of
Mg*" ions in energy production and chlorophyll. Role of Ca?* in blood clotting
Hemoglobin; Storage and transfer of iron.

12

Part C — Learning Resources

Text Books, Reference Books, Other resources

Suggested Reading:

1.

2
3.
4

wh

Vogel, A.L. Qualitative Inorganic Analysis, Longman, 1972 36

Sharpe, A.G. Inorganic Chemistry, 4th Indian Reprint (Pearson Education) 2005

Lee, J.D. Concise Inorganic Chemistry 5th Ed., John Wiley and sons 2008.
Powell, P. Principles of Organometallic Chemistry, Chapman and Hall, 1988.

Svehla, G. Vogel's Qualitative Inorganic Analysis, 7th Edition, Prentice Hall, 1996-03-07.
Cotton, F.A. G.; Wilkinson &Gaus, P.L. Basic Inorganic Chemistry 3rd Ed.; Wiley India,
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CHEMISTRY- DSE 4
Syllabus of Practical Paper

Part A Introduction

Program: Degree

Class’: B.Sc Year: Third

Session: 2023-24

Subject: Chemistry

1 | Course Code S3-CHEMA4Q
2 | Course Title Synthesis and Analytical Techniques
3 | Course Type (Core
Course/Elective/Generic ,
ipline Speci lective (DSE
Elective/Vocational......) EcapULnesS eeans Elastive )
Group B Paper I1
4 | Pre-requisite (if any) To study this course, a student must have the
subject chemistry in Diploma of BSc or
equivalent.
S | Course Learning On completion of this course, learners will be
outcomes (CLO) able to:
1. How to synthesis Ferrocene from FeCl;
2. How to Synthesis of K;[Fe(C,04) ;]
3. How to Determine P" of bio sample
4. How to Determine Sugar in blood sample by
photometry
6 | Credit Value 2 (Practical)
7 | Total Marks Max. Marks: 30+70 Min. Passing Marks:35

Part B- Content of the Course

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

L-T-P:

Unit

Topics

No. of Lectures

1

Synthesis

1. To synthesize Ferrocene from FeCls
2. To Synthesize Ka[Fe(C204)3] Complex

10




synthesize of Cr(CsHs))

Synthesis of Aceto-Fe Complex

5. Synthesis of triphenyl methanol from benzoic acid
using Grignard reagent

o

2 Instrumentation 08

—_—

Determination of P" of the Bio sample

2. To determine the Sugar in Blood sample by
Photometry Method

3. Determination of the Na*, K* ions in water sample by

flame photometry

3 Chromatography 06

1. Determination of R¢ values of Fe**/Co™/Pb*?/Ag+ by
column Chromatography
2. Determination of Rf Values of Pb*?/Cu*?/Hg*"? by TLC

4 Polarography 06

I. To determine EMF of Fe** and Co™* ions in Bio sample
2. To determine EMF of Pb*?, Cd*? and Hg"? ions by
Polarography method

Keywords/Tags: Synthesis, Ferrocene, Aceto-Fe Complex, Bio sample, Flame photometry,
Chromatography, Polarography, EMF

Part C-Learning Resources

Text Books, Reference Books, Other resources

Suggested Readings:

1. Advanced Inorganic chemistry practical by Gurudeep Raj, Goel publishing house
2. Analytical chemistry and instrumentation Bilard, willey publication

3. Environmental chemistry by AK De S chand

4. Advanced Inorganic Chemistry by Jadhav




Part D-Assessment and Evaluation

Suggested Continuous Evaluation Methods:

Internal Assessment Marks External Assessment Marks
Class Interaction /Quiz Viva Voce on Practical
Attendance Practical Record File
enda 30 ra 70

Assignments (Charts/ Model
Seminar / Rural Service/
Technology Dissemination/
Report of Excursion/ Lab
Visits/ Survey / Industrial
visit)

Table work / Experiments

TOTAL MARKS: 100

Any remarks/ suggestions:
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