PITHAPUR RAJAH’S GOVERNMENT
COLLEGE(A) KAKINADA Program &
DEPARTMENT OF CHEMISTY Semester
Course Code TITLEOFTHECOURSE ! B'Sgﬁ?\zg_'lfhem
0C-03 COURSE 3: INORGANIC CHEMISTRY - II
(I Semester)
Teaching HoursAllocated:45 (Theory) L T|] P C
Pre-requisites Nature of chemical bonds, Theories of Acids and 45 0] 30 3+1
Bases, Radio activity

On Completion of the course, the students will be able to

CO1 | Analyze the formation and properties of ionic and covalent compounds.

CO2 | Apply VSEPR, hybridization, and MOT to predict molecular geometry and bonding.

CO3 [Explain metallic bonding, hydrogen bonding, and intermolecular forces in relation to physical

properties.

CO4 |Analyse Acid -Base reactions, Understand Acid-base theories and apply Pearson’s HSAB Principle.

COS5 |Explain types of radioactivity, nuclear reactions, and their practical applications.

Syllabus:
UNIT-I: IONIC BOND (9 Hrs.)

Properties of ionic compounds, factors favoring the formation of ionic compounds - ionization
potential, electron affinity, and electronegativity. Lattice energy: definition, factors affecting
lattice energy, Born-Haber cycle -Enthalpy of formation of ionic compound and stability, Covalent
character in ionic compounds rules, effects of polarization. enthalpy of formation of polarization

and Fajan's rules and effects of polarization.

UNIT-II COVALENT BOND (9 Hrs.)
Valence Bond theory: Hybridization of atomic orbitals and geometry of molecules - BeCl», BF3,
CH4, PCls, and SFs

VSEPR model: Effect of bonding and nonbonding electrons on the structure of molecules - NH3,
H>O, SF4, ICl; and XeF4




Molecular orbital theory: LCAO method, construction of M.O. diagrams for homo nuclear and
hetero nuclear diatomic molecules (N2, Oz, CO and NO)

UNIT-III: METALLIC AND HYDROGEN BONDS (9 Hrs.)
Metallic bond: Metallic properties, free electron theory, Valence Bond theory, Band theory of
metals. Explanation of conductors, semiconductors, and insulators.

Hydrogen bonding: Intra and Inter-molecular hydrogen bonding, influence on the physical
properties of molecules, comparison of hydrogen bond strength and properties of hydrogen bonded

N, O and F compounds; Van der waals forces, dipole-dipole interactions.

UNIT IV: ACIDS AND BASES (9 Hrs)
Theories of acids and bases: Arrhenius theory, Bronsted-Lowry theory, Lewis theory, the
solvent system, Nonaqueous solvents: classification-protonic and aprotic solvents, liquid

ammonia as solvent-solutions of alkali and alkaline earth metals in ammonia.

Definition of pH, pKa, pKb. Types of salts, Salt hydrolysis. Pearson’s concept, HSAB

principle & its importance, bonding in Hard-Hard andSoft-Soft combinations.

UNIT-V: NUCLEAR CHEMISTRY (9 Hrs)
Definition, Isotopes, n/p ratio, binding energy, types of radioactivity, Soddy-Fajan's displacement
law, Law of Radioactivity, Radioactive decay series, Nuclear Reactions- Fission and Fusion,
Applications of radioactivity in agriculture and medicine.

Weightage to content
Semester -11
Course — 3 : INORGANIC CHEMISTRY - 11

S.No Course Content Long Short Total
Answer | Answer | marks

1 [lonic bond 1 2 20

2 |Covalent bond 2 1 25

3 |Metallic and hydrogen bonds 1 2 20

Acids and bases 1 1 15

5. | Nuclear chemistry 1 1 15

TOTAL 6 7 95




Textbooks:

S.NO AUTHOR TITLE PUBLISHER
1 J.D. Lee Concise Inorganic Chemistry Blackwell Science,
London
2 James E. Hughey | Inorganic Chemistry: Principles of | pearson publications
Structure and Reactivity

Reference books

S.NO AUTHOR TITLE PUBLISHER

1 B. R. Puri, L.R. Sharma, | Principles of Inorganic Chemistry Shoban Lal Nagin Chand
K.C. Kalia and Co

2 W.U. Malik, G.D Tuli, Selected Topics in Inorganic S. Chand Publishing,
R.D Madan Chemistry

3 H.J. Arnikar Essentials of Nuclear Chemistry New Age International

Publishers,
WebLinks:

—

https://www.youtube.com/watch?v=Ef9605V0wz8
2. https://wayground.com/library/lessons/high-school/science/chemistry/chemical-bonding/covalent-bonding-and-

molecules

https://www.youtube.com/watch?v=ile XLAvDXIU
https://www.aakash.ac.in/important-concepts/chemistry/hsab-principle

5. https://www.khanacademy.org/science/hs-chemistry/x2613d8165d88df5¢e:nuclear-chemistry-hs

W
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COURSE OUTCOME & PROGRAM OUTCOME MAPPING

CO-PO Mapping:

CO PO1 PO2 | PO3 | PO4 POS PO6 |PO7
Knowledge Develop | Usage of| Scientific IApply Ethical Communication
skills Modern | interpretation |chemical Practices and
Tools [knowledge Social
Responsibility
COl1 3 3 2 2 2 1 2
CO2 3 3 3 2 2 1 2
CO3 3 3 3 3 2 2 2
CO4 3 2 2 3 3 2 2
CO5 3 2 2 2 3 2 2

1: Low=1; 2: Moderate=2; 3: High=3




UNIT-I IONIC BOND

CO1: Analyse the formation and properties of ionic and covalent compounds
Mapping to POs:

PO1 (Knowledge): Builds on chemical principles to explain bonding types using atomic and
electronic structure concepts.

PO2 (Analytical, Logical, and Problem-Solving skills): Requires analytical reasoning to evaluate
bond strength, polarity, and resulting compound stability

PO3 (Usage Modern Tools and Techniques): Applies theoretical models and visualization tools

(Lewis, VSEPR, molecular models) to understand compound structures

UNIT-II: COVALENT BOND
CO2: Apply VSEPR, hybridization, and MOT to predict molecular geometry and bonding.

Mapping to POs:

PO1 (Knowledge): Integrates core scientific concepts to explain geometry and bonding behaviour.
PO2 (Analytical, Logical, and Problem-Solving skills): Strengthens analytical thinking by

requiring stepwise application of bonding theories to predict geometry and bond order.

PO3 (Usage Modern Tools and Techniques): Involves use of modeling kits, computational chemistry

software, and diagrammatic techniques.

PO4 (Data Interpretation, and Experimental Design): Fosters reasoning through evaluation of

molecular symmetry and structure-property relationships.

UNIT-III: METALLIC AND HYDROGEN BONDS

CO3: Explain metallic bonding, hydrogen bonding, and intermolecular forces in relation to physical
properties.

Mapping to POs:

PO1 (Knowledge): Reinforces chemical principles that connect bonding to observable macroscopic
properties like conductivity and melting points
PO4 (Data Interpretation, and Experimental Design): Enhances reasoning by interpreting

experimental and theoretical results that explain macroscopic physical behaviour




POS (Applications Environment, Medicine, Industry etc): Connects to applications in metallurgy,

material science, and biochemistry (e.g., hydrogen bonding in DNA

UNIT-IV: Acids and Bases

CO4: Analyse Acid -Base reactions, Understand Acid-base theories and apply Pearson’s HSAB

Principle.

Mapping to Pos:

PO1 (Knowledge and Understanding): Demonstrate fundamental understanding of various acid—
base theories (Arrhenius, Bronsted—Lowry, Lewis) and their applications in chemical reactions.
POS (Problem Analysis): Identify and analyse acid—base reactions based on strength, dissociation
constants, and conjugate pairs using theoretical and experimental data.

PO6 (Design/Development of Solutions): Apply Pearson’s Hard and Soft Acids and Bases (HSAB)

principle to predict and rationalize reaction feasibility and product formation.

Unit V: NUCLEAR CHEMISTRY

COS Explain types of radioactivity, nuclear reactions, and their practical applications.

Mapping to POs:

PO1 (Knowledge): Strengthens core understanding of atomic and nuclear chemistry fundamentals.
PO2 (Analytical, Logical, and Problem-Solving skills): Involves analytical evaluation of nuclear
reactions and decay processes through quantitative problem-solving

PO3 (Applications Environment, Medicine, Industry etc): Links nuclear chemistry to societal and

industrial applications (medicine, agriculture, energy).




PITHAPUR RAJAH’S GOVERNMENT COLLEGE (A) :: KAKINADA
I B.Sc Organic Chemistry Hons (2025-26 AB)
(Examination at the end of II semester)
Paper-III :: INORGANIC CHEMISTRY - II
MODEL PAPER
Duration: 2hrs Max. Marks: 50

Section — 1
Answer any three of the following questions. Must attempt at least one question from each

part. Each question carries 10 Marks. 3X10M =30M
Part -A

1. UNIT1
2. UNIT 2
3. UNIT3

Part-B
4. UNIT2

5. UNIT4
6. UNIT 5

Section - I1

Answer any four of the following questions. Each carries 5 marks. 4 X 5SM=20M

7. UNIT 1
8. UNIT1
9. UNIT 2
10. UNIT 3
11. UNIT 3
12. UNIT 4

13. UNIT 5




PITHAPUR RAJAH’S GOVERNMENT COLLEGE (A) :: KAKINADA
I B.Sc Organic Chemistry Hons (2025-26 AB)

(Examination at the end of II semester)
Course — I1I :: Inorganic Chemistry — 11

Credits: 01 30 hrs 2 h/W) 50Marks

Learning Out comes:
To understand the theoretical principles behind classical qualitative analysis of cations and anions.
To develop the ability to identify common cations and anions in inorganic salts.

To practice laboratory safety and correct handling of reagents.

oW N

To record and interpret observations accurately in systematic salt analysis

Syllabus: Analysis of Simple salt containing one anion and one cation from the following:
Anions: Carbonate, sulphate, chloride, bromide, acetate, nitrate, borate, phosphate.

Cations: Lead, copper, iron, aluminum, zinc, nickel, manganese, calcium, strontium, barium,

ammonium.

SCHEME OF VALUATION

Systematic analysis of each component which involves following

a. Systematic Analysis for Cation 15 marks
b. Systematic Analysis for Anion 15 marks
c. Confirmation of Cation 05 marks
d. Confirmation of Anion 05 marks
d. Viva voce 05 marks
e. Record 05 marks
TOTAL 50 marks

Lab References:

S.NO AUTHOR TITLE PUBLISHER
1 G. Svehla Vogel's Textbook of Qualitative Pearson Education,
Inorganic Analysis 2008
2 K. Nagaraj, Textbook of Semi-micro—Inorganic | Notion Press
S. Kamalesu, Qualitative Analysis
S. Lokhandwala,
N.M. Parekh




3 G. Pass, H.
Sutcliff

Practical Inorganic Chemistry

John-Wiley &

Sons

Co-Curricular Activities:

a) Mandatory:(Lab/field training of students by teacher:(lab:10+field:05):

1. For Teacher: Training of students by teacher in laboratory and field for not lessthan15 hourson

the field techniques/skills of identification of Cations and Anions in the given mixture

2. For Student: Student

universities/research organizations/private sector facility and observe the techniques used for the

shall visit a related industry/chemistry laboratory in

separation of organic compounds. Write their observations and submit a hand written

fieldwork/project work report not exceeding10 pages in the given format to the teacher.

3. Max marks for Fieldwork/project work Report:05.

4. Suggested Format for Fieldwork/project work: Title page, student details, index page,

details of place visited, observations, findings, and acknowledgements.

5. Unit tests (IE).

b) Suggested Co-Curricular Activities

= W b

Training of students’ by related industrial experts.

Visits of facilities, firms, research organizations etc.

Assignments, Seminars and Quiz (on related topics), collection of videos and other material

Invited lectures and presentations on related topics by field/industrial experts




QUESTION BANK
UNIT-1 LONG ANSWER QUESTIONS 10 MARKS
1. Define lattice energy. Explain the factors affecting lattice energy
2. Discuss the factors that favour the formation of ionic compounds and how lattice energy influences
stability
3. Describe the Born-Haber cycle with its application to the formation of an ionic compound
SHORT ANSWER QUESTIONS 5 MARKS
1. What are Fajan’s rules?
2. Define ionic bond and give two examples
3. Write short notes on polarization.
UNIT-2 LONG ANSWER QUESTIONS 10 MARKS
1. Define Valence Bond Theory and describe the concept of hybridization with examples like BFs, CHa,
and PCls
2. Explain the Molecular Orbital Theory and draw the MO diagrams for N2, and CO molecules.
3. Discuss the types of hybridization and their relation to molecular geometry with examples
4. Discuss the VSEPR theory and predict the shapes of NHs, H2O, SFa, IC2, and XeFs molecules
SHORT ANSWER QUESTIONS 5 MARKS
1. What are sigma and pi bonds?
2. Apply VSEPR model to predict the geometry of NHs and H.O molecules
3. How MOT explains magnetic behaviour of molecules
4. Give differences between VBT and MOT
5. Define hybridization and give examples
UNIT-3 LONG ANSWER QUESTIONS 10 MARKS
1. Explain the free electron theory and band theory of metals.
2. Describe different types of hydrogen bonding with suitable examples and discuss their significance in
physical properties of molecules
SHORT QUESTIONS 5 MARKS ANSWER
1. What are Van der Waals forces?
2. What are semiconductors and insulators
3. Define metallic bond and mention its characteristics.
4. . Differentiate between intra- and intermolecular hydrogen bonding, giving examples
UNIT -4 LONG ANSWER QUESTIONS 10 MARKS

1. Write a brief note on Pearson concept of Acid- base theory.




2. Explain Arrhenius and Lewis acid — base theories.
SHORT QUESTIONS 5 MARKS ANSWER
1. Define PY, calculate PH of 0.01M HCL.
2. Explain Classification of solvents.
3. Give examples of Acidic, Basic, and Neutral salts.
4. Explain the hydrolysis of salts of strong acid and weak bases.
UNIT-5 LONG ANSWER QUESTIONS 10 MARKS
1. Discuss nuclear fission and fusion reactions with examples
2. Explain types of radioactivity, radioactive decay series, and Soddy’s law of radioactive displacement.
SHORT ANSWER QUESTIONS 5 MARKS
1. Define isotopes and give examples.
2. Discuss the applications of radioactivity in agriculture and medicine

3. What is binding energy and its significance in nuclear stability




Course Code PITHAPUR RAJAH’S GOVERNMENT COLLEGE
OC-IV Kakinada
I B.Sc. Organic Chemistry Hons - II Semester
L P C Course — IV :: Organic Chemistry - 11
45 | 30 | 3+1 2025-26 AB

Course outcomes

On Completion of the course, the students will be able to
Able to acquire the knowledge how various reactions takes place on benzene

CO1

o2 Understand the concept of SN1 and SN2 mechanisms

CO3
CO4

Describe the reactivity of alcohols and phenols.

Achieve the skills required to propose various mechanisms for carbonyl

compounds and carboxylic acids

Unit—1: BENZENE AND ITS REACTIVITY 9h
Concept of aromaticity - aromaticity (definition), Huckel's rule - application to Benzenoid

(Benzene, Naphthalene) and Non - Benzenoid compounds (cyclopropenyl cation,
cyclopentadienyl anion and tropylium cation)

Reactions - General mechanism of electrophilic substitution, mechanism of nitration, Friedel
Craft's alkylation and acylation. Orientation of aromatic substitution - Definition of ortho, para
and meta directing groups. Ring activating and deactivating groups with examples (Electronic
interpretation of various groups like NO2 and Phenolic). Orientation of (i) Amino, methoxy and
methyl groups (ii) Carboxy, nitro, nitrile, carbonyl and sulphonic acid groups (iii) Halogens

(Explanation by taking minimum of one example from each type)

Unit —II : Halogen compounds (9h)
Alkyl halides: Preparation of alkyl halides from 1) alkanes, ii) alkenes iii) alcohols. Properties
- nucleophilic substitution reactions—SN1and SN2 mechanisms, energy profile diagrams and
stereo chemical aspects. Williamson’s synthesis.

Aryl halides: Preparation i) from phenols ii) Sandmeyer’s reaction, Properties - nucleophilic
aromatic substitution (Benzyne mechanism); relative reactivity of alkyl, allyl, vinyl and benzyl,

aryl halides towards nucleophilic substitution reactions.

Unit — III Hydroxy compounds (%9h)

Alcohols: Preparation of 1°, 2%, 3% alcohols from Grignard’s reagent, Bouveault-Blanc




Reduction; Chemical properties — substitution of —OH by using PCls, PCls, PBr3, SOCl, and
with HX / ZnCl,, Oxidation of alcohols with PCC, PDC; Oxidation of diols by HIO4 and
Pb(OAc)s, Pinacol Pinacolone arrangement with mechanism, relative reactivity of 1°, 2°,
3°alcohols.

Phenols: Preparation from diazonium salt and Cumene. Reactions and mechanism—Reimer—

Tiemann, Kolbe—Schmitt Reactions, Fries and Claisen rearrangements.

Unit IV Carbonyl Compounds (9h)
Synthesis of aldehydes from 1) acid chlorides ii) 1,3-dithianes and synthesis of ketones from 1)
1,3-dithianes ii) nitriles. Structure and reactivity of carbonyl group, Nucleophilic addition
reactions with HCN, NaHSOs and alcohols. addition-elimination reactions with
hydroxylamine, hydrazine, phenyl hydrazine, 2,4DNP, semicarbazide. Oxidations (Bayer
villager oxidation) and reductions (Clemmensen’s, Wolf—Kishner’s, with LiAIH4+ & NaBHa4).
Reaction & Mechanism- Aldol condensation, Cannizzaro reaction, Perkin reaction, Benzoin

condensation, Claisen-Schmidt reaction, Haloform reaction

Unit-V Carboxylic acids (%9h)
Carboxylic Acids: Preparation from Grignard reagent and hydrolysis of nitriles, Reactions of
monocarboxylic acids- Reactions involving -H, -OH and-COOH groups, formation of salts,
esters, acid chlorides, amides and anhydrides. Degradation of carboxylic acids by Huns-
Diecker’s reaction, decarboxylation by Schmidt reaction, Arndt-Eistert synthesis, halogenation
by Hell- Volhard- Zelinsky reaction. Mechanisms of acidic and alkaline hydrolysis of esters,
Reformatsky reactions, Curtius rearrangement.

Weightage to content

Unit No Course Content LAQ | SAQ | Total marks
1 Benzene and its reactivity 1 2 20
2 |Halogen compounds 1 1 15
3 Hydroxy compounds 1 1 15
4  |Carbonyl Compounds 2 1 25
5 Carboxylic acids 1 2 20
TOTAL 6 7 95

LAQ = Long Answer Questions, SAQ = Short Answer Questions



PITHAPUR RAJAH’S GOVERNMENT COLLEGE (A) :: KAKINADA
I B.Sc Organic Chemistry Hons (2025-26 AB)
(Examination at the end of II semester)
Paper-1V :: ORGANIC CHEMISTRY - 1I
MODEL PAPER
Duration: 2hrs Max. Marks: 50

PART- A

Answer any THREE of the following questions by choosing at least ONE from each
section. Each carries TEN marks 3X10=30M
SECTION -A
1. Unit-1
2. Unit-1I

3. Unit—III
SECTION -B

4. Unit-1V
5. Unit-1V
6. Unit—V
PART-B

Answer any FOUR questions. Each carries FIVE marks 4 X 5 =20 Marks

7. Unit—1
8. Unit—1
9. Unit—1I
10. Unit — III
11. Unit -1V
12. Unit -V
13. Unit-V



Reference and Text books
1. Morrison, R. N. & Boyd, R. N. Organic Chemistry, Dorling Kindersley (India) Pvt.

Ltd. (Pearson Education).
2. Finar, I. L. Organic Chemistry (Volume 1), Dorling Kindersley (India) Pvt. Ltd.
(Pearson Education).

3. Guide book to Mechanism in Organic Chemistry by Peter Sykes 6th edition,1985.

COURSE OUTCOME & PROGRAM OUTCOME MAPPING

COURSE OUTCOMES
On Completion of the course, the students will be able to
Able to acquire the knowledge how various reactions takes place on benzene

COl

o2 Understand the concept of SN1 and SN2 mechanisms

CO3 Describe the reactivity of alcohols and phenols.

COa |Achieve the skills required to propose various mechanisms for carbonyl

compounds and carboxylic acids

PROGRAMME OUTCOMES
At the completion of the B.Sc. Organic Chemistry program, the students of our Department

will be able to:

(PO1) Knowledge: Attain in depth knowledge about the fundamental principles, essential
facts, conclusions and applications of chemical and scientific theories in various domains of
chemistry.

(PO2) Critical Thinking: Carry out experiments in the area of organic analysis, estimation,
derivative process, inorganic semi micro analysis, preparation, Kinetic, conductometric and
potentiometric experiments and spectral analysis applying the domain of critical thinking.
(PO3) Problem Solving: Define the background of reaction mechanisms, complex chemical
structures, instrumental method of chemical analysis, and separation techniques and apply
appropriate techniques for analyzing specific problems both qualitatively and quantitatively in
laboratories and in industries.

(PO4): Usage of modern tools: Create data using modem chemical tools and ICT for modeling
and analyze the data obtained from sophisticated instruments (like UV-Vis, FTIR, NMR,
GCMS, Fluorescence, SEM, TEM and XRD) for chemical analysis.

(PO5): Communication: Develop Skills to evaluate, analyze and interpret the chemical

information and data and to communicate effectively within the chemical community and with




society at large, such as, being able to comprehend and write effective reports and design
documentation, make effective presentations, and give and receive clear instructions.

(PO6): Life-long Learning: Demonstrate scholarly attitude to pursue a career in the field of
chemical education and research and have the zeal and vision to engage in independent and
life-long learning in the broadest context of technological and social change.

(PO7) Ethical Practices and Social Responsibility: Generate ideas and solutions for green
and sustainable chemistry and approach towards planning and execution of research in frontier

areas of chemical sciences.

PROGRAM SPECIFIC OUTCOMES (PSO's)

At the time of graduation, our under graduates would be able to:

PSO 1- Evaluate, analyze, interpret and effectively apply the basic laws, principles,
phenomena, processes and mechanisms involved in the domain of organic, inorganic, physical
and analytical Chemistry

PSO 2 - Demonstrate the knowledge of Chemistry in the domain of research, education and
perspective entrepreneurship.

PSO 3 - Evaluate distinct problems in the field of chemical data analysis, scientific

interpretation and reaction mechanisms with an understanding on basic tools to be employed.

CO-PO Mapping:

CO [PO1] PO2[PO3 [PO4 [PO5|PO6 [PO7 _

COl1 3 2 3 1 3 2 1 2 3 2
co2| 2 3 1 2 1 3 3 2 1 3
CO3 1 1 3 1 2 2 1 2 1 3




PITHAPUR RAJAH’S GOVERNMENT COLLEGE (A) :: KAKINADA
I B.Sc¢ Organic Chemistry Hons (2025-26 AB)
(Examination at the end of II semester)

Course — IV :: Organic Chemistry — II (Organic preparations)
Credits: 01 30 hrs 2 h/ W) 50Marks

Course outcomes:

On the completion of the course, the student will be able to do the following:

1. How to use glassware, equipment and chemicals and follow experimental procedures in
the laboratory.

2. How to calculate limiting reagent, theoretical yield, and percent yield.

3. How to perform common laboratory techniques including reflux, distillation,
recrystallization, vacuum filtration.

4. How to critically evaluate data collected to determine the identity, purity and percent yield
of products and to summarize findings in writing in a clear and concise manner.

Syllabus - Organic preparations (S0M)

1. Acetylation of B-naphthol by using conventional method
ii. Acetylation of B-naphthol by using green approach

iii. Acetylation of salicylic acid by using conventional method
iv. Acetylation of salicylic acid by using green approach

v. Preparation of Nerolin

Co-curricular activities and Assessment Methods;
1. Continuous Evaluation: Monitoring the progress of student’s learning
2. Class Tests, Worksheets and Quizzes
3. Presentations, Projects and Assignments and Group Discussions: Enhances critical
thinking skills and personality
4. SEMESTER -End Examination: critical indicator of student’s learning and teaching
methods adopted by teachers throughout the SEMESTER .
Reference books:
1. Vogel A.I .Practical Organic Chemistry, Longman Group Ltd.
2. Bansal R.K. Laboratory Manual of Organic Chemistry, Wiley-Eastern.
3. Ahluwalia V. K. and Agarwal R. Comprehensive Practical Organic Chemistry,

University press



SCHEME OF VALUATION

S.No Description Marks
1 Procedure 10
2 Preparation 15
3 Report
Yield and Melting point 5+5
4 Viva voce 5
5 Record 10




