MANIPUR UNIVERSITY
UNDERGRADUATE (B.Sc.) SEMESTER PROGRAMMES
SYLLABUS

FOR

CHEMISTRY
(PASS/GENERAL)
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Fifth Semester (General Course)

Marks Time (Hours)

”4-501 action A Inorganic Chemistry 25 30

B: Crganic Chemistry 25 30
C: Paysical Chemistry 25 ,, 30

C4-5012  Practical:

Organic & Physical Experiments "25(9+16) 45
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3-Year B.Sc (Honours) Degree Course in
CHEMISTRY

under Semester System

Total Marks : 1000

Duration : 3 Year
Examination 'fheory Pr.actical Total
l’k Seméster 75 25 100
2" Semester 75 25 100
3™ Semester 75 25 100
4™ Semester 75 25 100
5™ Semester 200 100 300
6™ Semester 200 100 300
Total 700 300 1000




Scheme of Academic Programme
Orklng dayg n

0 working days in a year or 90 w

n the assumption that there will be 18 .
g in a week, the expected working days for

Based 0

o Semester and there will be 6-days teachin

offective teaching are 15 weeks per Semester.

The Schedule for Chemistry teaching:

Examination Theory Practical Total Hrs
1** Semester 6 Hrs /Week 3 Hrs/ Week 9 Hrs/ Week
90 Hrs /Sem 45 Hrs/ Sem 135 Hrs/ Sem
2" Semester do do do
3" Semester do do do
4" Semf:ster do do a0
5™ Semester 6 Hrs/ Week per paper 9Hrs /Week

18 Hrs/ Week for Theory papers 135 Hrs /Sem
90 Hrs per paper per semester

270 Hrs per Sem for Theory papers
do do

6" Semester

Question Pattern

Questions are to be set from every unit corresponding to the marks allocated for each unit;

option, alternative questions if any may be given within the same unit not among the units.

Duration of Examination

Each Theory Paper: 3 Hours . -
CH-101P, CH-202P, CH-303P and CH-404P --- 6 Hours each

a) Practical Papers
CH-508P and CH- 611P --- 12 Hours each spread over two

b) Practical Papers

days




Syllabus

BACHELOR OF SCIENCE

in
CHEMISTRY (HONS)
SEMESTER -1
CH -101
Section A : INORGANIC CHEMISTRY
25 marks; 30 Hours
Unit 1 Atomic Structure 6 Marks

Idea of de Broglie matter waves, Heisenberg uncertainty principle, atomic orbitals,
Schrodinger wave equation, quantum numbers, radial and angular wave functions, and
probability distribution curves, shapes of s, p, d, orbitals, Aufbau and Pauli exclusion
principles, Hund’s multiplicity rule, Electronic configurations of the elements, effective

nuclear charge.

Unit 2 Periodic Classification of Elements 6 Marks

Electronic configurations of the elements, atomic and ionic radii, ionization energy,
electron affinity, and electronegativity — definition methods of determination or
evaluation, trends in periodic table and applications in predJctmg and explaining the

chemical behaviour.

Unit 3 : Cheiﬁi'c"al Bonding 8 Marks
Covalent bond — Valence bond theory and its limitations, directional characteristics of
covalent bond, various types of hybridization and shapes of simple inorganic molecules
and ions. Valence shell electron pair repulsion theory (VSEPRT) to NHs, H;O, SF4,
CIF;, ICly, Molecular orbital theory, homonuclear and heteronuclear diatomic molecules
multicenter bonding in electron deficient molecules, bond strength and bond energy,
percentage ionic character from dipole moment and electronegativity difference.

Unit 4 | Theory of quantitative and qualitative analysis SMarks
Strength of acids and bases pH common 1on cffect, solublhty of prec1p1tates solubility

product.

Principles of oxidimetry and reductimetry, iodimetry and iodometry.

Gravimetric analysis — its principles, precipitation, coprecipitation, postprecipitation,
theory of washing.

Error in quantitative analysis



GANIC CHEMISTRY

SECTION - B : OR
25 Marks ; 30 Hours

5 Marks

Unit 1 Structure and Bonding

Hybridization (sp, sp2 and sp3) bond lengths and bond angles, bond energy,
bond, van der Waals interactions, inclusion

localized and delocalized chemical
compounds, clatherates, charge transfer complexes, resonance, hyperconjugation,
inductive and field effects, hydrogen bonding.

6 Marks

Unit 2 Mechanism of organic reactions
Curved arrow notation, drawing electron movements with arrows, half-headed

and double-headed arrows, homolytic and heterolytic bond breaking. Types of reagents-

electrs)phi.les and nucleophiles. Types of organic reactions. Energy considerations
Reactive intermediates - carbocations, carbanions, free radicals, carbenes, arynes and

nitrenes (with examples). Assigning formal charges on intermediates and othe ionic

species.
Methods of determination of reaction mechanism (product analysis, intermediates

isotope effects, kinetically controlled and thermodynamically controlled reactions and

stereochemical studies).

Unit 3 Cycloalkanes 5 Marks
Nomenclature: monocyclic, bicyclic, tricyclic, cycloalkanes. Baeyer’s strain

theory and it.s limitations. Ring strain in small rings (cyclopropane and cyclobutane)
theory of strainless rings. The case of cyclopropane ring: banana bonds. ’

Unit 4 Alkenes Cycloalkenes, Dienes and Alkynes 9 Marks
Methods -of formation, mechanisms of dehydration of - alcohols and
dehydrohalogenation of alkyl halides, regioselectivity in alcohol dehydration. The

Saytzeff rule, Hofmann elimination, physical properties and relative stabilities of alkenes,
Chemical reactions of alkenes - mechanisms involved in hydrogenation,

elect:rophlhc and free radical additions, Markownikoff’s rule, hydroboration - oxidation,
oxymercuration - reduction, ‘Epoxidation, ozonolysis, hydration, hydroxylation and
oxidation with KMnOy4 Polymerization of alkenes. Substitution at the allylic and vinylic
positions of alkenes.

Nomenclature and classification of dienes: 1solated conjugated and cumulated
dienes. Structure of allenes and butadiene, methods of formation, polymenzatlon

Chemical reactions 1,2- and 1,4- additions, Diels - Alder reaction.
Methods of formation. Chemical reactions of alkynes, acidity of alkynes.

Mechanism of electrophhc and nucleophilic addition reactions, hydroboration -
oxidation, metal - ammonia reductions, oxidation and polymerization.



Section C : PHYSICAL CHEMISTRY
25 Marks; 30 hours

Unit 1 Gaseous state - 1 6 Marks

Kinetic molecular model of a gas: postulates and derivation of the kinetic gas
equation; collision frequency; collision diameter; mean free path, including their
temperature and pressure dependence. Barometric distribution and its use in evaluating
molecular velocities (average, root mean square and most probable) and average kinetic
energy, law of equipartition of energy.

Unit 2 Gaseous state - 11 6 Marks _
Deviations from ideal gas behaviour, compressibility factor, Z, and its variation with
pressure for different gases. Causes of deviation from ideal behavior, van der Wgals
equation of state, its derivation and application in explaining real gas behaviour, mention
of other equations of state (Berthelot, Dieterici); Boyle temperature. Continuity of states,
critical state, relation between critical constants and van der Waals constants, law of
corresponding states.

Unit 3 Liquid state 5 Marks
Nature of liquid state, intermolecular forces, Qualitative treatment of the structure of the
liquid state; physical properties of liquids; vapour pressure, surface tension and
coefficient of viscosity, and their determination. Effect of addition of various solutes on
surface tension and viscosity. Temperature variation of viscosity and surface tension of
liquids.

Unit 4 Solid state 8 Marks
Nature of the solid state, law of constancy of interfacial angles, law of rational indices,
Miller indices, elementary ideas of symmetry, symmetry elements and symmetry
operations, qualitative idea of point and space groups, seven crystal systems and fourteen
Bravais lattices; X-ray diffraction, Bragg’s law, a simple account of rotating crystal
method and powder pattern method.

CH -101P: INORGANIC CHEMISTRY PRACTICAL

25 Marks; 45 Hours
I. Semimicro analysis (4 radicals)

Semimicro analyses of inorganic mixtures containing four radicals/ions from the
following list: Silver, lead, mercury, bismuth, copper, cadmium, arsenic, manganese,
cobalt, aluminium, iron, nickel, calcium, strontium, barium, magnesium, sodium,
potassium, ammonium, chloride, bromide, iodide, fluoride, sulphate, sulphite,
thiosulphate, chromate, phosphate, nitrate, nitrite, borate, arsenite, and arsenate.

II Quantitative analysis Volumetric Estimation (one metal)
lIodometry, dichromatometry



SEMESTER- 11

CH-202
Nection A INORGANIC CHEMISTRY

25 marks; 30 Hours

Unit 1 Acids and Bases 6 Marks
Arrhenius concept, Bronsted-Lowry theory, electronic theory, Lux- flood theory, solvent

system theory, Lewis theory of acids and bases.

Unit 2 Oxidation and Reduction 6 Marks
Blecuonie concept of oxidation number, concept of oxidation-reduction, oxidation-

reduction potentials, factors influencing redox potential.

Unirt 3 Non-agqueous solvents 6 Marks

Masimaat ~+ o " ~ 7 - . . . .. . _
Classification of solvents (protic, aprotic, amphiprotic), qualities of ionizing solvents,

study of reactions in liquid ammonia, liquid hydrogen flouride and liquid sulphur dioxide.

Unir 4 Chemistry of s-block elements 7 Marks
ST e N .

Comparative studies, diagonal relationships, salient features of hydrides, solvation and
complexaton tendencies including their function in biosystems.

Section B : ORGANIC CHEMISTRY
25 Marks; 30 Hours

Unit 1 Stereochemistry of organic compounds 10 Marks
Concept of isomerism - elements of symmetry, molecular chirality, enantiomers,

stereogenic centre, optical activity, properties of enantiomers, chiral and achiral
molecules with two stereogenic centres, diastereomers, threo- and erythro- diastereomers,

meso- compounds.

Relative and absolute configuration, sequence rules, D and L and R and S systems
of nomenclature. Geometrical isomerism, E and Z system of nomenclature, geometrical
isomerism in oximes and alicyclic compounds.

Conformational isomerism - conformational analysis of ethane and n-butane;
conformations of cyclohexane, axial and equatorial bonds, conformation of
monosubstituted cyclohexane derivatives, Newman projection and Sawhorse formulae,

Fischer and flying wedge formulae. .
Difference between configuration and conformation.



Unit 2 Arenes and aromaticity 7 Marks

Structure of benzene : molecular formula and Kekule structure. Stability and
carbon-carbon bond lengths of benzene, resonance structure, MO picture.

Aromaticity : the Huckel rule, aromatic ions.

Aromatic electrophilic substitution - general pattern of the mechanism, role of o-
and 7-complexes and energy profile diagram. Mechanism of nitration, halogenation,
sulphonation, mercuration and Friedel - Crafts reaction. Activating and deactivating
substituents, orientation and ortho/para ratio.

Unit 3 Alkyl halides and aryl halides 4 Marks
Mechanisms of nucleophilic substitution reactions of alkyl halides. S\y2 and Syl

reactions with energy profile diagrams.
Methods of formation of aryl halides, nuclear and side chain reactions. The
addition-elimination and the elimination-addition mechanisms of nucleophilic aromatic

substitution reactions.

Unit 4 Alcohols 4 Marks
Synthesis from carbonyl compounds, dihydric alcohols - nomenclature, methods

of formation, chemical reactions of vicinal glycols, oxidative cleavage [Pb(OAc)4 and

HIO4] .
Trihydric alcohols— nomenclature, chemical reactions, nitration, reaction with
KHSO;.

Section C: PHYSICAL CHEMISTRY
25 Marks; 30 Hours

Unit 1 Solutions 6 Marks

Solutions and mixtures, miscible and immiscible liquids, types of solutions,
Raoults law and Henry’s laws, ideal and nonideal solutions, deviations from ideal
behavior, vapour pressure of liquids and liquid mixtures, separation of completely
miscible binary liquid solutions by distillation, azeotropic mixtures, solubility of partially
miscible liquids (phenol-water, TEA-water and nicotine-water systems), critical solution
temperature, Nerst’s distribution law and its limitations.

Unit 2 Dilute Solutions 6 Marks
I?ilute solutions; Colligative properties — lowering of vapour pressure. Clapeyron
- Cl'ausxus equation, Thermodynamic derivation using chemical potential to derive
I‘.C.IathIlS between the four colligative properties [(i) relative lowering of vapour pressure,
(i1) elevation of boiling point, (iii) Depression of freezing point, (iv) osmotic pressure and

amount of solute. Applications in calculating molar masses of normal, dissociated and
associated solutes in solution.



. ' e
Colloids and Surface Chemistry o - | ) M»n Iy
Colloidal state and colloidal systems, characteristics of true solutions, colloida

solutions and suspensions. Classification, preparation and plul'lflCiilfUl'l 0f ‘:f:ll(’ml;:
utions: Tyndal effect, Brownian motion. Adsorption

Unit 3

solutions, properties of colloidal sol : | . | |
Physisorption and chemi sorption - Freundlich adsorption isotherm - Langmui,
adsorption isotherm.

7 Marlks

Unit 4 Thermodynamics-1
Intensive and extensive variables; state and pat

open systems; zeroth law of thermodynamics. First law:
internal energy U and statement of first law; enthalpy, H,
capacities, calculations of q, w, U and H for reversible, irreversible and free expansion of
gases (ideal and van der Waals) under isothermal and adiabatic conditions. Joule-
Thomson effect and relation between Joule-Thomson coefficient and other

thermodynamic parameters; inversion temperature.

h functions; isolated, closed and
Concept of heat, q, work, w,
relation between heat

CH -202P ORGANIC CHEMISTRY PRACTICAL

1. Determination of melting point: A SO e
Naphthalene 80-82°C, Benzoic acid 121.5-122°C, Urea 133.5-135°C, Succinic acid
184.5-1850, tras-Cinnamic acid 133.5-135°C, cis-Cinnamic acid 58"’C Salicylic acid
157.5-158°C, Acetanilide 113.5-114°, m-Dinitrobenzene 90°, p-Dichlorobenzene 52°
Aspirin 135°. ’

2. Determination of boiling point: Ethanol 78°, Cyclohexane 81.4°, Toluene 110.6°
Benzene 80°C. 7

3. Mixed melting point determination: Urea-Cinnamic acid mixture using of various
compositions (1:4, 1:1, 4:1).

4. Distillation: Simple distillation of ethanol-water mixture using water condenser.
Distillation of nitrobenzene and aniline using air condenser.

5. Crystallisation: Concept of induction of crustallisation, Benzoic acid from water, .

6. Decolourisation and crystallisation using charcoal: Decolourisation of brown

sugar(sucrose) with animal charcoal using gravity filtration.

SEMESTER - I1I

CH -303 Section A: INORGANIC CHEMISTRY
25 marks; 30 Hours

Unit 1 Metallurgy 6 Marks

Minerals and ores, general principlés of metallurgy, extraction of Li, K, Be, Sn, Sb, B,

Cr and Mn.



Unit 2 Chemistry of p-block elements 6 Marks

. Comparative studies, diagonal relationships, salient features of hydrides, oxides,
oxyacids and halides, basic properties of halogens, interhalogens and polyhalogens.
Applications of p-block elements (Si, Ge, Se)

Unit 3 General properties of d-block elements 6 Marks
Definition, position in periodic table, Characteristic properties of d-block
elements, occurrence and abundance, variable oxidation states.

Unit 4 Coordination Chemistry 7 Marks
Werner’s coordination theory and its experimental verification, types of ligands,

nomenclature of coordination compounds (IUPAC), coordination number and
stereochemistry of coordination compounds, isomerism of coordination compounds.

SECTION - B : ORGANIC CHEMISTRY
25 Marks; 30 Hours

Unit 1 Phenols 5 Marks
Acidic character. Comparative acidic strengths of alcohols and phenols, resonance

stabilization of phenoxide ion. Reactions of phenols - electrophilic aromatic substitutiion,
acylation and carboxylation, Mechanisms of Fries rearrangement, Claisen rearrangement,
Gatterman synthesis, Hauben - Hoesch reaction and Reimer - Tiemann reaction.

Unit 2 Ethers and epoxides 5 Marks
Ethers: Methods of their formation, physical properties. Chemical reactions -

cleavage and autoxidation, Ziesel’s method.
Synthesis of epoxides. Acid and base-catalyzed ring opening of epoxides,
orientation of epoxide ring opening, reactions of Grignard and organolithium reagents

with epoxides.

Unit 3 Aldehydes and ketones 8 Marks
Synthesis of aldehydes and ketones with particular reference to the synthesis of

aldehydes from acid chlorides, synthesis of aldehydes and ketones using 1, 3 - dithianes,
synthesis of ketones from nitriles and from carboxylic acids. Physical properties.

Mechanism of nucleophilic additions to carbonyl group with particular emphasis on
benzoin, aldol, Perkin and Knoevenagel condensations, Condensation with ammonia
and its derivatives. Wittig reaction, Mannich reaction.

Oxidation of aldehydes, Baeyer - Villiger oxidation of ketones. Cannizzaro
reaction, MPV reaction, Clemmensenreduction, Wolff — Kishner reduction, LiAlH4 and

NaBHy reductions. Halogenation of enolizable ketones.
An introduction to @, f-unsaturated aldehydes and ketones.



Organic compounds of nitrogen | _ i Marks
Preparation of nitroalkanes and nitroarenes, Chemical reactions o'f mtrpalkgnes,
Mechanisms of nucleophilic substitution in nitroarenes and their reductions In acidic,
neutral and alkaline media, Picric acid. |
Structure and nomenclature of amines, physical properties, Stereochemistry of
dary and tertiary amines. Structural

amines, Separation of a mixture of primary, secon
kyl and aryl amines (reduction of

features effecting basicity of amines. Preparation of al
nitro compounds, nitriles), reductive amination of aldehydic and ketonic compounds.

Gabriel-phthalimide reaction, Hofmann bromamide reaction.

Unit 4

Section C : PHYSICAL CHEMISTRY
25 Marks; 30 Hours

Unit 1 Thermochemistry 6 Marks
Heats of reactions: standard states; enthalpy of formation of molecules, and ions

?d ex.lth.alpy of combustion and its applications; calculation of bond energy, bond
issociation energy and resonance energy from thermochemical data, effect of

temperature (Kirchoff’s equations)

Unit 2 Thermodynamics — 11 6 Marks
Carnot cycle and its efficiency, concept of entropy; thermodynamic scale of

temperature, statement of the second law of thermodynamics; Calculation of entro
change for reversible and irreversible processes. Free Energy Functions and Gibbs agg

Helmholtz equation.

Unit 3 Chemical equilibrium 7 Marks

Criteria of thermodynamic equilibrium, chemical equilibria in ideal gases
concept of fugacity. Thermodynamic derivation of relation between Gibbs free energy 01;
reaction. Equilibrium constants and their quantitative dependence on temperature,

ure and concentration. Free energy of mixing and spontaneity; thermodynamic

press
quilibrium constants Kp, Kc and Kx. Le

derivation of relations between the various e
Chatelier principle.
Unit 4 Chemical Kinetics — 1 6 Marks
ate laws in terms of the advancement of a reaction,

Order and molecularity of a reaction, T :
differential and integrated form of rate expressions up to second order reactions, Zero

order reactions and examples - half life period with examples, effect of temperature on
the rate of reactions - Arrehenius equation and concept of energy of activation.

Experimental methods of the determination of rate laws.



CH-303P PHYSICAL CHEMISTRY PRACTICAL

25 Marks; 45 Hours

1. Surface tension measurements (use of organic solvents excluded).
Determine the surface tension by (i) drop number (ii) drop weight method.
2. Viscosity measurement:

(a) Viscosity measurement of given liquids using Ostwald’s viscometer (at room
temperature)

(b)Study the effect of variation of viscosity of an aqueous solution with the concentration
of solute.

3. pH measurements

a) Measurement of pH of different solutions using pH-meter.

b) Preparation of buffer solutions

(1) Sodium acetate-acetic acid

(ii) Ammonium chloride-ammonium hydroxide

Measurement of the pH of buffer solutions and comparison of the values with
theoretical values.

¢) pH metric titrations of

(1) strong acid and strong base

. (i1) weak acid and strong base

Any other experiment carried out in the class.






