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A. ATOMIC STRUCTURE
Bohr’s theory, its limitation and atomic spectrum of hydrogen atom. General idea of de-
Broglie matter-waves, Heisenberg uncertainty principle, Schrodinger wave equation,
significance of ¥ and W2, radial & angular wave functions and probability distribution
curves, quantum numbers, Atomic orbital and shapes of s, p, d orbitals, Aufbau and
Pauli exclusion principles, Hund's Multiplicity rule, electronic configuration of the
elements.
B. PERIODIC PROPERTIES
Detailed discussion of the following periodic properties of the elements, with reference to s
and p- block. Trends in periodic table and applications in predicting and explaining the
chemical behavior.

a) Atomic and ionicradii,

b) lonizationenthalpy,

c) Electron gainenthalpy,

d) Electronegativity, Pauling’s, Mulliken’s, Allred Rochow’sscales.

e) Effective nuclear charge, shielding or screening effect, Slater rules, variation of

effective nuclear charge in periodictable.

CHEMICALBONDING-I

lonic bond: lonic Solids - lonic structures, radius ratio & co-ordination number, limitation of
radius ratio rule, lattice defects, semiconductors, lattice energy Born- Haber cycle, Solvation
energy and solubility of ionic solids, polarising power & polarisabilitry of ions, Fajans rule,
lonic character in covalent compounds: Bond moment and dipole moment, Percentage ionic
character from dipole moment and electronegativity difference, Metallic bond-free electron,
Valence bond & bandtheories.

CHEMICALBONDING-II

Covalent bond: Lewis structure, Valence bond theory and its limitations, Concept of
hybridization, Energetics of hybridization, equivalent and non-equivalent hybrid orbitals.
Valence shell electron pair repulsion theory (VSEPR), shapes of the following simple molecules
and ions containing lone pairs and bond pairs of electrons: H,O, NHs, PCls, PCls, SFg. H3O", SF4,
CIF;, and ICI; Molecular orbital theory. Bond order and bond strength, Molecular orbital
diagrams of diatomic and simple polyatomic molecules N, O,, F,, CO,NO.

A.s-BLOCKELEMENTS

General concepts on group relationships and gradation properties, Comparative study, salient
features of hydrides, solvation & complexation tendencies including their function in biosystems
and introduction to alkyl & aryls, Derivatives of alkali and alkaline earth metals.

B. p-BLOCKELEMENTS

General concepts on group relationships and gradation properties. Halides, hydrides, oxides and
oxyacids of Boron, Aluminum, Nitrogen and Phosphorus. Boranes, borazines, fullerenes,
graphene and silicates, interhalogens and pseudohalogens.



Chemical properties of the noble gases, chemistry of xenon, structure, bonding in xenon
compounds.

SCHEME)Basic principles involved in the analysis of cations and anions and solubility
products, common ion effect. Principles involved in separation of cations into groups and
choice of group reagents. Interfering anions (fluoride, borate, oxalate and phosphate) and
need to remove them after Group II.

REFERENCE BOOKS:

1.

Noa

Lee, J. D. Concise Inorganic Chemistry ELBS,1991.

2. Douglas, B.E. and McDaniel, D.H. Concepts & Models of InorganicChemistry
3.
4. Atkins, P.W. & Paula, J. Physical Chemistry, 10th Ed., Oxford University Press,

Oxford,1970

2014.
Day, M.C. and Selbin, J. Theoretical Inorganic Chemistry, ACS Publications,1962.
Rodger, G.E. Inorganic and Solid State Chemistry, Cengage Learning India Edition,2002.

. Puri, B. R., Sharma, L. R. and Kalia, K. C., Principles of Inorganic Chemistry, Milestone

Publishers/ Vishal Publishing Co.; 33rd Edition2016
Madan, R. D. Modern Inorganic Chemistry, S Chand Publishing,1987.
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BASICS OF ORGANICCHEMISTRY

Hybridization, Shapes of molecules, Influence of hybridization on bond properties.
Electronic Displacements: Inductive, electromeric, resonance and mesomeric effects,
hyperconjugation and their applications; Dipole moment. Electrophiles and Nucleophiles;
Nucleophilicity and basicity; Homolytic and Heterolytic cleavage, Generation, shape and
relative stability of Carbocations, Carbanions, Free radicals, Carbenes and Nitrenes.
Introduction to types of organic reactions: Addition, Elimination and Substitution
reactions.

INTRODUCTION TOSTEREOCHEMISTRY

Optical Isomerism: Optical Activity, Specific Rotation, Chirality/ Asymmetry,
Enantiomers, Molecules with two or more chiral-centres, Diastereoisomers, meso
compounds, Relative and absolute configuration: Fischer, Newmann and Sawhorse
Projection formulae and their interconversions; Erythrose and threose, D/L, d/l system of
nomenclature, Cahn-Ingold-Prelog system of nomenclature (C.I.P rules), R/S
nomenclature. Geometrical isomerism: cis—trans, syn- anti and E/Z notations.

CONFORMATIONAL ANALYSIS OFALKANES

Conformational analysis of alkanes, ethane, butane, cyclohexane and sugars. Relative
stability and Energy diagrams. Types of cycloalkanes and their relative stability, Baeyer
strain theory: Theory of strainless rings, Chair, Boat and Twist boat conformation of
cyclohexane with energy diagrams; Relative stability of mono-substituted cycloalkanes
and disubstitutedcyclohexane.

CHEMISTRY OF ALIPHATICHYDROCARBONS

A. Carbon-Carbon sigma (c)bonds:

Chemistry of alkanes: Formation of alkanes, Wurtz Reaction, Wurtz-Fittig Reaction, Free
radical substitutions: Halogenation-relative reactivity and selectivity.

B. Carbon-Carbon Pi (;1)bonds:

Formation of alkenes and alkynes by elimination reactions, Mechanism of E1, E2, Elcb
reactions. Saytzeff and Hofmann eliminations.

Reactions of alkenes: Electrophilic additions and mechanisms (Markownikoff/Anti -
Markownikoff addition), mechanism of oxymercuration-demercuration, hydroboration-
oxidation, ozonolysis, reduction (catalytic and chemical), syn and anti-hydroxylation
(oxidation). 1,2-and 1,4-addition reactions in conjugated dienes and, Diels-Alder reaction;
Allylic and benzylic bromination and mechanism, e.g. propene, 1-butene, toluene, ethyl
benzene.

Reactions of alkynes: Acidity, Electrophilic and Nucleophilic additions. Hydration to form
carbonyl compounds, Alkylation of terminal alkynes.



UNIT-V AROMATICHYDROCARBONS
Aromaticity: Hiickel’s rule, aromatic character of arenes, cyclic carbocations/ carbanions
and heterocyclic compounds with suitable examples. Electrophilic aromatic substitution:
halogenation, nitration, sulphonation and Friedel-Craft’s alkylation/acylation with their
mechanism. Directive effects of the groups.

LIST OF REFERENCE BOOKS:

1. Morrison, R. N. & Boyd, R. N. Organic Chemistry, Dorling Kindersley (India) Pvt.
Ltd.(PearsonEducation).

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

3. Finar, I. L. Organic Chemistry (Volume 2: Stereochemistry and the Chemistry of Natural
Products), Dorling Kindersley (India) Pvt. Ltd. (PearsonEducation).

4. Eliel, E. L. &Wilen, S. H. Stereochemistry of Organic Compounds, Wiley: London,1994.

5. Kalsi, P. S. Stereochemistry Conformation and Mechanism, New Age International,2005.

6. McMurry, J.E. Fundamentals of Organic Chemistry, 7th Ed. Cengage Learning India Edition,
2013.

7. Organic Chemistry, Paula Y. Bruice, 2nd Edition, Prentice-Hall, International Edition(1998).

8. A Guide Book of Reaction Mechanism by PeterSykes.
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MATHEMATICAL CONCEPTS FORCHEMIST

Basic Mathematical Concepts: Logarithmic relations, curve sketching, linear graphs,
Properties of straight line, slope and intercept, Functions, Differentiation of functions,
maxima and minima; integrals; ordinary differential equations; vectors and matrices;
determinants; Permutation and combination and probability theory, Significant figures and
their applications.

GASEOUS STATECHEMISTRY

Kinetic molecular model of a gas: postulates and derivation of the kinetic gas equation;
collision frequency; collision diameter; mean free path; Maxwell distribution and its use in
evaluating molecular velocities (average, root mean square and most probable) and
average kinetic energy, law of equipartition of energy, degrees of freedom and molecular
basis of heat capacities. Joule Thomson effect, Liquification ofGases.

Behaviour of real gases: Deviations from ideal gas behaviour, compressibility factor (Z),
and its variation with pressure and temperature for different gases. Causes of deviation
from ideal behaviour. Vander Waals equation of state, its derivation and application in
explaining real gas behaviour, calculation of Boyle temperature. Isotherms of real gases
and their comparison with Vander Waals isotherms, continuity of states, critical state,
relation between critical constants and Vander Waals constants, law of corresponding
states.

A. LIQUID STATECHEMISTRY

Intermolecular forces, magnitude of intermolecular force, structure of liquids, Properties
of liquids, viscosity and surfacetension.

B. COLLOIDS AND SURFACE CHEMISTRY

Classification, Optical, Kinetic and Electrical Properties of colloids, Coagulation, Hardy
Schulze law, flocculation value, Protection, Gold number, Emulsion, micelles and types,
Gel, Syneresis and thixotrophy, Application of colloids.

Physical adsorption, chemisorption, adsorption isotherms (Langmuir and Freundlich).
Nature of adsorbed state. Qualitative discussion of BET.

SOLID STATECHEMISTRY

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 patternmethod.

Crystal defects.

[A] CHEMICAL KINETICS
Rate of reaction, Factors influencing rate of reaction, rate law, rate constant, Order and
molecularity of reactions, rate determining step, Zero, First and Second order reactions,



Rate and Rate Law, methods of determining order of reaction, Chain reactions.
Temperature dependence of reaction rate, Arrhenius theory, Physical significance of
Activation energy, collision theory, demerits of collision theory, non mathematical
concept of transition statetheory.

[B] CATALYSIS

Homogeneous and Heterogeneous Catalysis, types of catalyst, characteristic of catalyst,
Enzyme catatysed reactions, Micellar catatysed reactions, Industrial applications of
catalysis.

REFERENCE BOOKS:
1. Atkins, P. W. & Paula, J. de Atkin’s Physical Chemistry 10th Ed., Oxford University
Press(2014).
Ball, D. W. Physical Chemistry Thomson Press, India(2007).
Castellan, G. W. Physical Chemistry 4th Ed. Narosa(2004).
Mortimer, R. G. Physical Chemistry 3rd Ed. Elsevier: NOIDA, UP(2009).
Engel, T. & Reid, P. Physical Chemistry 3rd Ed. Pearson(2013).
Puri, B.R., Sharma, L. R. and Pathania, M.S., Principles of Physical Chemistry, Vishal
Publishing Co., 47th Ed.(2016).
7. Bahl, A, Bahl, B.S. and Tuli, G.D. Essentials of Physical Chemistry, S Chand
Publishers(2010).
Rakshit P.C., Physical Chemistry, Sarat Book House Ed.(2014).
Singh B., Mathematics for Chemist, PragatiPublications.

Souhkwn

© ®©



DEPARTMENT OF CHEMISTRY
Govt. V.Y.T. P.G. Autonomous College, Durg

B. Sc PART- |
PRACTICAL

Max. Marks - 50

The following experiments are to be conducted during the curriculum.

1. InorganicChemistry
[A] Semi-micro qualitative analysis (using H2S or other methods) of mixtures - not more than

four ionic species (two anions and two cations, excluding interfering, insoluble salts) out of the
following:

Cattions : NH,*, Pb2*, Bid*, cu?t, cd?, Fe3*, ARY, Co?t, Ni2*, Mn2*, zn?*, Ba2*, st
Ca2+, Na*

Anions : CO;2", S0:27, 50,2, S 2" NO5", CH COO", CI', Br', I', NO,", (Spot tests may be
carried out wherever feasible)

[B] Acid-BaseTitrations

1.

2
3.
4.
5

Standardization of sodium hydroxide by oxalic acidsolution.

Determination of strength of HCI solution using sodium hydroxide asintermediate.
Estimation of carbonate and hydroxide present together inmixture.

Estimation of carbonate and bicarbonate present together in amixture.

Estimation of free alkali present in differentsoaps/detergents

[C] RedoxTitrations

1

2
3
4.

Standardization of KMnQO, by oxalic acidsolution.
Estimation of Fe(ll) using standardized KMnQO,solution.

Estimation of oxalic acid and sodium oxalate in a givenmixture.
Estimation of Fe(ll) with K,Cr,0O- using internal (diphenylamine, anthranilic acid) as
externalindicator.

[D] lodo / lodimetricTitrations

[N

2
3
4.

Estimation of Cu(ll) and K,Cr,05 using sodium thiosulphate solutioniodimetrically.

Estimation of (a) arsenite and (b) antimonyiodimetrically.

Estimation of available chlorine in bleaching powderiodometrically.

Estimation of Copper and Iron in mixture by standard solution of K,Cr,Osusingsodium
thiosulphate solution astitrants.

2. ORGANIC CHEMISTRY

1.

2.

Demonstration of laboratory Glasswares andEquipments.
e Calibration of the thermometer. 80°-82° (Naphthalene), 113.59-114°

(Acetanilide), 132.5%- 1339 (Urea), 100° (DistilledWater).)
Purification of organic compounds by crystallization using differentsolvents.

° Phthalic acid from hot water (using fluted filter paper and stemlessfunnel).
° Acetanilide from boilingwater.

° Naphthalene fromethanol.

. Benzoic acid fromwater.



3. Determination of the melting points of organiccompounds.
Naphthalene 80°-82°, Benzoic acid 121.5°-122°, Urea 132.5°-133° Succinic acid
184.59— 1859, Cinnamic acid 132.5°-133°, Salicylic acid 157.5°-158°, Acetanilide

113.5°-114%, m- Dinitrobenzene 90°, p-Dichlorobenzene 52°, Aspirin 135°.

. Effect of impurities on the melting point — mixed melting point of two
unknown organiccompounds.

. Urea — Cinnamic acid mixture of various compositions (1:4, 1:1,4:1).

4. Determination of boiling point of liquid compounds. (boiling point lower than and
more than 100 °C by distillation and capillarymethod).

e  Ethanol 78%, Cyclohexane 81.4°, Toluene 110.6°, Benzenes0°.

i. Distillation(Demonstration)
. Simple distillation of ethanol-water mixture using watercondenser.
. Distillation of nitrobenzene and aniline using aircondenser.

ii. Sublimation
. Camphor, Naphthalene, Phthalic acid and Succinicacid.

iii. Decolorisation and crystallization usingcharcoal.

. Decolorisation of brown sugar with animal charcoal using gravity filtrations
crystallization and decolorisation of impure naphthalene (100 g of naphthalene
mixed with 0.3 g of Congo red using 1 g of decolorizing carbon) fromethanol.

5. QualitativeAnalysis
Detection of elements (N, S and halogens) and functional groups (Phenolic,
Carboxylic, Carbonyl, Esters, Carbohydrates, Amines, Amides, Nitro and
Anilide) in simple organic compounds.

PHYSICAL CHEMISTRY

1. Surface tensionmeasurements.

Determine the surface tension by (i) drop number (ii) drop weightmethod.
Surface tension composition curve for a binary liquidmixture.

2. Viscosity measurement using Ostwald’sviscometer.

Determination of viscosity of aqueous solutions of (i) sugar (ii) ethanol at room
temperature.

Study of the variation of viscosity of sucrose solution with the concentrationof

solute.
e  Viscosity Composition curve for a binary liquidmixture.
3. ChemicalKinetics

e To determine the specific rate of hydrolysis of methyl/ethyl acetate catalysedby
hydrogen ions at roomtemperature.

e To study the effect of acid strength on the hydrolysis of anester.

e To compare the strengths of HCI & H2S04 by studying the kinetics of hydrolysis of
ethylacetate.

4, Colloids
e To prepare colloidal solution of silver nanoparticles (reduction method) and other metal
nanoparticles using cappingagents.

Note: Experiments may be added/ deleted subject to availability of time and facilities
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CHEMISTRY OF TRANSITION SERIES ELEMENTS
Transition Elements: Position in periodic table, electronic configuration, General

Characteristics, viz., atomic and ionic radii, variable oxidation states, ability to
form complexes, formation of coloured ions, magnetic moment pso (spin only) and
peff and catalytic behaviour. General comparative treatment of 4d and 5d elements
with their 3d analogues with respect to ionic radii, oxidation states and magnetic
properties.

A. OXIDATION AND REDUCTION:
Redox potential, electrochemical series and its applications, Principles involved in

extraction of the elements.

B. COORDINATION COMPOUNDS:
Werner’s theory and its experimental verification, TUPAC nomenclature of

coordination compounds, isomerism in coordination compounds. Stereochemistry
of complexes with 4 and 6coordination numbers. Chelates, polynuclear complexes.

COORDINATION CHEMISTRY

Valence bond theory (inner and outer orbital complexes), electroneutrality rinciple
and back bonding. Crystal field theory, Crystal field splitting and tabilization
energy, measurement of 10 Dq (Ao), CFSE in weak and strong fields, pairing
energies, factors affecting the magnitude of 10 Dq (Ao, At). Octahedral vs.
tetrahedral coordination.

A. CHEMISTRY OF LANTHANIDE ELEMENTS
Electronic structure, oxidation states and ionic radii and lanthanide contraction, complex

formation, occurrence and isolation, lanthanide compounds.

B. CHEMISTRY OF ACTINIDES
General features and chemistry of actinides, chemistry of separation of Np, Pu and Am

from uranium, similarities between the latter actinides and the latter lanthanides

A. ACIDS-BASES
Arrhenius, Bronsted-Lowry, conjugate acids and bases, relative strengths of acids and

bases, the Lux-flood, Solvent system and Lewis concepts of acids and bases.

B. NON-AQUEOUS SOLVENTS
Physical properties of a solvent, types of solvents and their general characteristics, reaction

in non-aqueous solvents with reference to liquid ammonia and liquid sulphur dioxide, HF,
H2S04 , lonic liquids.



LIST OF REFERENCE BOOKS:
1. Basic Inorganic Chemistry, F. A. Cotton, G. Wilkinson and P. L. Gaus, Wiley

2. Concise Inorganic Chemistry, J. D. Lee, ELBS

3. Concepts of Models of Inorganic Chemistry, B. Douglas, D. Mc Daniel and J.
Alexander, John Wiley.

4. Inorganic Chemistry, D. E. Shriver, P. W. Atkins and C. H. Langford, Oxford.
5. Inorganic Chemistry, W. W. Porterfield, Addison — Wiley.

6. Inorganic Chemistry, A. G. Sharp, ELBS.

7. Inorganic Chemistry, G. L. Miessler and D. A. Tarr, Prentice Hall.

8. Advanced Inorganic Chemistry, Satya Prakash.

9. Advanced Inorganic Chemistry, Agarwal and Agarwal

10. Advanced Inorganic Chemistry, Puri, Sharma, S. Naginchand

11. Inorganic Chemistry, Madan, S. Chand

12. Aadhunik Akarbanic Rasayan, A. K. Shrivastav & P. C. Jain, Goel Pub

13. Uchchattar Akarbanic Rasayan, satya Prakash & G. D. Tuli, Shyamal Prakashan
14. Uchchattar Akarbanic Rasayan, Puri & Sharma

15. Selected topic in Inorganic Chemistry by Madan Malik & Tuli, S. Chand.

10
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CHEMISTRY OF ORGANIC HALIDES

Alkyl halides: Methods of preparation, nucleophilic substitution reactions — SN1,
SN2 and SNi mechanisms with stereochemical aspects and effect of solvent etc.;
nucleophilic substitution, elimination reactions.

Aryl halides: Preparation, including preparation from diazonium salts, Nucleophilic
Aromatic Substitution; SNAr, Benzyne mechanism. Relative reactivity of alkyl,
allyl/benzyl, vinyl and aryl halides towards nucleophilic substitution reactions.

ALCOHOLS

A. Alcohols: Nomenclature, preparation, properties and relative reactivity of 1°, 2°, 3°
alcohols, Bouvaelt-Blanc Reduction for the preparation of alcohols, Dihydric alcohols
— methods of formation, chemical reactions of vicinal glycols, oxidative cleavage
[Pb(OAc)4 and HIO4] and pinacol-pinacolone rearrangement.

B. Trihydric alcohols - Nomenclature, methods of formation, chemical reactions of
glycerol.

C.

PHENOLS

A. Structure and bonding in phenols, physical properties and acidic character,
Comparative acidic strength of alcohols and phenols, acylation and carboxylation.

B. Mechanism of Fries rearrangement, Claisen rearrangement, Gatterman synthesis,
Hauben-Hoesh reaction, Lederer-Manasse reaction and Reimer-Tiemann reaction.

ALDEHYDES AND KETONES

A. Nomenclature, structure and reactivity of carbonyl group. General methods of
preparation of aldehydes and ketones.

Mechanism of nucleophilic addition to carbonyl groups: Benzoin, Aldol, Perkin and
Knoevenagel condensation. Condensation with ammonia and its derivatives, Wittig
reaction, Mannich reaction, Beckmann and Benzil- Benzilic rearrangement.

B. Use of acetate as protecting group, Oxidation of aldehydes, Baeyer-Villiger oxidation of
ketones, Cannizzaro reaction, MPV, Clemmensen reduction, Wolf-Kishner reaction,
LiAIH4 and NaBH4 reduction. Halogenation of enolizable ketones, An introduction to a,3-
unsaturated aldehydes and ketones.

A. CARBOXYLIC ACIDS

Preparation, Structure and bonding, Physical and chemical properties including,
acidity of carboxylic acids, effects of substituents on acid strength, Hell-Volhard
Zeilinsky reaction. Reduction of carboxylic groups, Mechanism of
decarboxylation.

Di carboxylic acids: Methods of formation and effect of heat and dehydrating agents,
Hydroxyacids.

B. CARBOXYLIC ACID DERIVATIVES

Structure of acid chlorides, esters, amides and acid anhydrides, Relative stability of
acyl derivatives. Physical properties, inter-conversion of acid derivatives by
nucleophilic acyl substitution.

Mechanism of acid and base catalyzed esterification and hydrolysis.

ORGANIC COMPOUNDS OF NITROGEN

A Preparation of nitroalkanes and nitroarenes. Chemical reactions of nitroalkanes.
Mechanism of nucleophilic substitution in nitroarenes and their reduction in acidic, neutral
and alkaline medium.



B. Reactivity, structure and nomenclature of amines, physical properties. Stereochemistry
of amines. Separation of mixture of primary, secondary and tertiary amines. Structural
features affecting basicity of amines. Preparation of alkyl and aryl amines (reduction of
nitro compounds and nitriles), reductive amination of aldehydic and ketonic compounds.
Gabriel-Phthalimide reaction, Hofmann- Bromamide reaction, Reactions of amines,
electrophilic aromatic substitution of aryl amines, Reaction of amines with nitrous acid.
Synthetic transformations of aryl diazonium salts, Azo coupling.

LIST OF REFERENCE BOOKS:
1. Organic Chemistry, Morrison and Boyd, Prentice-Hall.

2. Organic Chemistry, L. G. Wade Jr. Prentice Hall.

3. Fundamentals of Organic Chemistry, Solomons, John Wiley.

4. Organic Chemistry, Vol I, 11, 111 S. M. Mukherjee, S. P. Singh and R. P. Kapoor, Wiley
Easters (New Age).

5. Organic Chemistry, F. A. Carey, McGraw Hill.

6. Introduction to Organic Chemistry, Struiweisser, Heathcock and Kosover, Macmillan.
7. Organic Chemistry, P. L. Soni.

8. Organic Chemistry, Bahl and Bahl.

9. Organic Chemistry, Joginder Singh.

10. Carbanic Rasayan, R. N. Singh, S. M. I. Gupta, M. M. Bakidia & S. K. Wadhwa.

12
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A. THERMODYNAMICS-I

Intensive and extensive variables; state and path functions; isolated, closed and open
systems; Zeroth law of thermodynamics. First law: Concept of heat, work, internal
energy and statement of first law; enthalpy, Relation between heat capacities,
calculations of g, w, U and H for reversible, irreversible and free expansion of gases
under isothermal and adiabatic conditions. Joule-Thomson expansion, inversion
temperature of gases, expansion of ideal gases under isothermal and adiabatic
condition

B. THERMO CHEMISTRY

Thermochemistry, Laws of Thermochemistry, Heats of reactions, standard states;
enthalpy of formation of molecules and ions and enthalpy of combustion and its
applications; calculation of bond energy, bond dissociation energy and resonance
energy from thermochemical data, effect of temperature (Kirchhoff’s equations) and
pressure on enthalpy of reactions, Adiabatic flame temperature, explosion temperature.

A. THERMODYNAMICS-II

Second Law of Thermodynamics: Spontaneous process, Second law, Statement of
Carnot cycle and efficiency of heat engine, Carnot’s theorem, thermodynamic state of
temperature.

Concept of entropy: Entropy change in a reversible and irreversible process, entropy
change in isothermal reversible expansion of an ideal gas, entropy change in
isothermal mixing of ideal gases, physical signification of entropy, Molecular and
statistical interpretation of entropy.

B. Gibbs and Helmholtz free energy, variation of G and A with pressure, volume,
temperature, Gibbs-Helmholtz equation, Maxwell relations, Elementary idea of Third
law of Thermodynamics, concept of residual entropy, calculation of absolute entropy
of molecule.

A CHEMICAL EQUILIBRIUM

Criteria of thermodynamic equilibrium, degree of advancement of reaction, chemical
equilibria in ideal gases. Concept of Fugacity, Thermodynamic derivation of relation
between Gibbs free energy of reaction and reaction quotient. Coupling of exergonic
and endergonic reactions. Equilibrium constants and their quantitative dependence on
temperature, pressure and concentration. Thermodynamic derivation of relations
between the various equilibrium constants Kp, Kc and Kx. Le Chatelier principle
(quantitative treatment). Equilibrium between ideal gas and a pure condensed phase.

B IONIC EQUILIBRIA

lonization of weak acids and bases, pH scale, common ion effect; dissociation
constants of mono protic acids (exact treatment). Salt hydrolysis-calculation of
hydrolysis constant, degree of hydrolysis and pH for different salts. Buffer solutions;
derivation of Henderson equation and its applications. Solubility and solubility product
of sparingly soluble salts — applications of solubility product principle.

PHASE EQUILIBRIUM

A. Phase rule, Phase, component and degree of freedom, derivation of Gibbs phase
rule, Clausius-Claperon equation and its applications to Solid-Liquid, Liquid-Vapor
and Solid- Vapor, limitation of phase rule, applications of phase rule to one component
system: Water system and sulphur system.



UNIT-5

14

Application of phase rule to two component system: Pb-Ag system, desilverization of
lead, Zn-Mg system, Ferric chloride-water system, congruent and incongruent melting
point and eutectic point.

Three component system: Solid solution liquid pairs.

B. Nernst distribution law, Henry’s law, application, solvent extraction
PHOTOCHEMISTRY

Characteristics of electromagnetic radiation, Interaction of radiation with matter,
difference between thermal and photochemical processes, Lambert-Beer’s law and its
limitations, physical significance of absorption coefficients. Laws of photochemistry:
Grothus-Drapper law, Stark- Einstein law, quantum yield, actinometry, examples of
low and high quantum yields, Photochemical equilibrium and the differential rate of
photochemical reactions, Quenching, Role of photochemical reaction in biochemical
process.

Jablonski diagram depicting various process occurring in the excited state, qualitative
description of fluorescence, phosphorescence, non-radiative processes (internal
conversion, intersystem crossing), photosensitized reactions, energy transfer processes
{simple examples), photostationary states, Chemiluminescence.

LIST OF REFERENCE BOOKS:

NogkrowdpE

Physical Chemistry, R. A. Alberty, Wiley Eastern.

Physical Chemistry, B. D. Khosla,.

Physical Chemistry, Puri & Sharma.

Bhautik Rasayan, Puri, Sharma and Pathania, Vishal Publishing Company.
Bhautik Rasayan, P. L. Soni.

Bhautik Rasayan, Bahl and Tuli.

Physical Chemistry, R. L. Kapoor
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Qualitative semimicro analysis of mixtures containing 5 radicals. Emphasis should be given to the
understanding of the chemistry of different reactions. The following radicals are suggested:

C0s*, NOz, S*, SO,%,S,0,”, CH;COO', F,.CI, Br, I', NOs', BOs*, C,0,”, PO,*, NH4", K*, Pb*, Cu*,
Cd2+, Bi3+, Sn2+, Sb3+, Fe3+, A|3+, Cr3+, an+’ an+, C02+, Ni2+, Ba2+, Sr2+, Ca2+, Mgz+_

Mixtures should preferably contain one interfering anion, or insoluble component (BaSO4, SrSOs, PbSOs4,
CaF2 or Al203) or combination of anions e.g. CO3**and SO3*, NO2'and NOs’, CI', Br’, and I".

Volumetric analysis

(a) Determination of acetic acid in commercial vinegar using NaOH.

(b) Determination of alkali content-antacid tablet using HCI.

(c) Estimation of calcium content in chalk as calcium oxalate by permanganometry.
(d) Estimation of hardness of water by EDTA.

(e) Estimation of ferrous & ferric by dichromate method.

(f) Estimation of copper using thiosulphate.

e Principles involved in chromatographic separations. Paper chromatographic separation of following
metal ions: i. Ni (1) and Co (1) ii. Fe (111) and Al (I11)

ORGANIC CHEMISTRY

o Detection of elements (X, N, S).

¢ Qualitative analysis of unknown organic compounds containing simple functional groups (alcohols,
carboxylic acids, phenols, nitro, amine, amide, and carbonyl compounds, carbohydrates)

o Preparation of Organic Compounds: (i) m-dinitrobenzene, (ii) Acetanilide, (iii) Bromo/Nitro-acetanilide,

(iv) Oxidation of primary alcohols-Benzoic acid from benzylacohol, (v) azo dye.

PHYSICAL CHEMISTRY

Transition Temperature

o Determination of the transition temperature of the given substance by thermometric/ dialometric method
(e.g. MnCl2.4H20/SrBr2.2H20). Thermochemistry

o Determination of heat capacity of a calorimeter for different volumes using change of enthalpy data of a
known system (method of back calculation of heat capacity of calorimeter from known enthalpy of solution
or enthalpy of neutralization).

o Determination of heat capacity of the calorimeter and enthalpy of neutralization of hydrochloric acid with

15
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sodium hydroxide.

oTo determine the solubility of benzoic acid at different temperature and to determine AH of the
dissolution process.

o To determine the enthalpy of neutralization of a weak acid/ weak base versus strong base/ strong acid and
determine the enthalpy of ionization of the weak acid/ weak base.

o To determine the enthalpy of solution of solid calcium chloride and calculate the lattice energy of
calcium chloride from its enthalpy data using Born Haber cycle. Phase Equilibrium

¢ To study the effect of a solute (e.g. NaCl, Succinic acid) on the critical solution temperature of two
partially miscible liquids (e.g. phenol-water system) and to determine the concentration of that solute in the
given phenol-water system.

o To construct the phase diagram of two component system (e.g. diphenylamine— benzophenone) by
cooling curve method.

o Distribution of acetic/ benzoic acid between water and cyclohexane.

o Study the equilibrium of at least one of the following reactions by the distribution method:

(i) I2(aq) + 1 — I 5(aq)*’

(i) Cuz+(ag) + NNHz— Cu(NH3)n

Molecular Weight Determination

Determination of molecular weight by Rast Camphor and Landsburger method.

Note: Experiments may be added/ deleted subject to availability of time and facilities.

Reference Books

1.  Mann, F.G. & Saunders, B.C. Practical Organic Chemistry, Pearson Education (2009)

2. Furniss, B.S., Hannaford, A.J., Smith, P.W.G. & Tatchell, A.R. Practical Organic Chemistry, 5th Ed.
Pearson (2012)

3. Ahluwalia, V.K. & Aggarwal, R. Comprehensive Practical Organic Chemistry: Preparation and
Quantitative Analysis, University Press (2000). 22

4. Ahluwalia, V.K. & Dhingra, S. Comprehensive Practical Organic Chemistry: Qualitative Analysis,
University Press (2000).

5. Khosla, B. D.; Garg, V. C. & Gulati, A. Senior Practical Physical Chemistry, R. Chand & Co.: New
Delhi (2011). Garland, C. W.; Nibler, J. W. & Shoemaker, D. P. Experiments in Physical Chemistry
8th Ed.; McGraw-Hill: New York (2003).

6. Halpern, A. M. & McBane, G. C. Experimental Physical Chemistry 3rd Ed.; W.H. Freeman & Co.:
New York
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2020-21

PAPER- | INORGANICCHEMISTRY
Max. Marks - 33

Metal-ligand Bonding in Transition MetalComplexes

Limitations of valence bond theory, an elementary idea of crystal-field theory,
crystal field splitting in octahedral, tetrahedral and square planar complexes, factors
affecting the crystal- field parameters.

Thermodynamic and Kinetic Aspects of MetalComplexes:

A brief outline of thermodynamic stability of metal complexes and factors affecting
the stability, substitution reactions of square planarcomplexes.

Magnetic Properties of Transition Metal Complexes

Types of magnetic behaviour, methods of determining magnetic susceptibility, spin
only formula, L-S coupling, correlation of ps and pes values, orbital contribution to
magnetic moments, application of magnetic moment data for 3d-metal complexes.
Electronic Spectra of Transition Metal Complexes:

Types of electronic transitions, selection rules for d-d transitions, spectroscopic
ground states. spectrochemical series. Orgel-energy level diagram for d* and d?
states, discussion of the electronic spectrum of [Ti (H,0)s] ** complex ion.

OrganometallicChemistry

Definition, nomenclature and classification of organometallic compounds.
Preparation, properties, bonding and applications of alkyls and aryls of Li, Al, Hg,
Sn and Ti, a brief account of metal-ethylenic complexes and homogeneous
hydrogenation, mononuclear carbonyls and nature of bonding in metal carbonyls.

BioinorganicChemistry

Essential and trace elements in biological processes, metalloporphyrins with special
reference to haemoglobin and myoglobin. Biological role of alkali and alkaline earth
metals with special reference to Ca**, Nitrogen fixation.

(A) Hard and Soft Acids and Bases (HSAB)

Classification of acids and bases as hard and soft. Pearson's HSAB concept, acid-
base strength, hardness and softness. Symbiosis,

(B) Silicones and Phosphazenes

Silicones and phosphazenes as examples of inorganic polymers, nature of bonding in
triphosphazenes.

REFERENCE BOOKS:

1. Basic Inorganic chemistry, F.A.Cotton, G.Wilkinson and P.L.Gaus,Wiley.
2. Concise Inorganic chemistry, J.D.Lee,ELBS.

3. Concept of models of Inorganic chemistry, B.Douglas, D.McDaniel and
J.Alexander, JohnWiley.

4. Inorganic Chemistry, D.E.Shriver, P.W.Atkins and C.H.Langford,Oxford.

5. Inorganic Chemistry, W.W. Porterfield. Addison —Wesley.

6. Inorganic Chemistry, A.G.Sharpe,ELBS.

7. Inorganic Chemistry, G.L.Miessler and D.A.Tarr, PrenticeHall.

8. Advance Inorganic Chemistry, SatyaPrakash.
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B. Sc. Part - 11l (CHEMISTRY)

2020-21
PAPER- 11

ORGANIC CHEMISTRY
Max. Marks - 33

A. OrganometallicCompounds

Organomagnesium compounds: The Grighard Reagents-formation, structure and chemical
reactions Organozinc compounds: formation and chemical reactions. Organolithium
compounds: formation and chemical reactions.

B. Organosulphur Compound

Nomenclature, structural features, methods of formation and chemical reactions of thiols;
thioethers, sulphonic acids, sulphonamides and sulphaguanidine.

C. Organic Synthesis via Enolates

Active methylene group alkylation of diethyl malonate and ethyl acetoacetate, Synthesis
of ethyl acetoacetate; the Claisen Condensation. Keto-enol tautomerism of ethyl
acetoacetate.

BIOMOLECULES

A. Carbohydrates

Configuration of monosaccharides. Erythro and threo diastereomers. Formation of
glycosides, ethers and esters. Determination of ring size of monosaccharides.Cyclic
structure of D (+)-glucose. Structure of ribose and deoxyribose. An introduction to
disaccharides (maltose, sucrose and lactose) and polysaccharides (starch and .cellulose)
without involving structure determination.

B. Protein and nucleicacid

Classification and stucture of proteins , levels of protein structure, protein
denaturation/renaturation, constituants of amino acid, ribonucleocides and ribonucleotides
and double helical structure of DNA

A. Syntheticpolymers

Addition or chain-growth polymerization. Free radical vinyl polymerization, Ziegler-
Natta polymerization. Condensation or step growth polymerization. Polyesters,
polyamides, phenol formaldehyde resins, urea formaldehyde resins, epoxy resins and
polyurethanes.

Natural and synthetic rubbers.

B. Synthetic Dyes

Colour and constitution (electronic concept). Classification of dyes. Chemistry

of dyes. Chemistry and synthesis of Methyl orange, Congo red, Malachite
green, Crystal violet, Phenolphthalein, Fluorescein, Alizarin andindigo.

Spectroscopy-I

A. Mass spectroscopy: Mass spectrum, fragmentation of functionalgroup.

B. Infrared spectroscopy: IR absorption band, their position and intensity,
identification of IRspectra.

C. UV/Visible spectroscopy: Beer-Lambert law, effect of conjugation. Amax, visible
spectrum andcolour

D. Anthocyanin as natural colouring matter (introductiononly)

E. Application of Mass; Infrared spectroscopy, Ultraviolet spectroscopy to organic
molecules
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UNITS Spectroscopy-II:

A. NMR Spectroscopy: Introduction to NMR, shielding and number of signals in
PMR, chemical shift and characteristics value, splitting of signals and coupling constants,
application of Inorganicmolecules.

B. ¥ CMR spectroscopy: Principle andapplications.

C. Magnetic resonance imaging(MRI): Introductoryidea

REFERENCE BOOKS:
1. Organic Chemistry, Morrison and Boyd,Prentice-Hall.
2. Organic Chemistry, LG.Wade,Jr.Prentice-Hall.
3. Fundamental of Organic Chemistry, Solomons, JohnWiley.
4. Organic Chemistry, Vol-1, Il &Ill, S.M.Mukherjee, S.P.Singh and R.P.Kapoor, Wiley-
Eastern(New-Age).
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PHYSICAL CHEMISTRY
Max. Marks - 34

Quantum Mechanics-1

Black-body radiation, Planck's radiation law, photoelectric effect, Compton effect. De
Broglie idea of matter waves, Experimental verification of Heisenberg's uncertainty
principle, Sinusoidal wave equation, Operator: Hamiltonian operator, angular momentum
operator

Laplacian operator, postulate of quantum mechanics, eigen values, eigen function ,
Schrodinger time independent wave equation, physical significance of y & y?, application
of Schrodinger wave equation to particle in a one dimensional box, hydrogen atom
(separation into three equations ) radial and angular wave functions.

QuantumMechanics-11

Quantum Mechanical approach of Molecular orbital theory, basic ideas-criteria for
forming M.O. and A.O., LCAO approximation, formation of H ; ion, calculation of
energy levels from wave functions, bonding and antibonding wave functions, Concept of
6, o*, m, m* orbitals and their characteristics, Hybrid orbitals-sp,sp®,sp® Calculation of
coefficients of A.O.'s used in these hybridorbitals.

Introduction to valence bond model of H,, comparison of M.O. and V.B. models. Huckel
theory, application of Huckel theory to ethene, propene, etc.

Spectroscopy-I|

Introduction: Characterization of Electromagnetic radiation, regions of the spectrum,
representation of spectra, width and intensity of spectral transition, Rotational Spectrum of
calculated Diatomic molecules. Energy levels of a rigid rotor, selection rules,
determination of bond length, qualitative description of non-rigid rotator, isotopic effect.
Vibrational Spectrum: Fundamental vibration and their symmetry vibrating diatomic
molecules, Energy levels of simple harmonic oscillator, selection rules, pure vibrational
spectrum, determination of force constant, diatomic vibrating operator ,anharmonic
oscillator

Raman spectrum: Concept of polarizability, quantum theory of Raman spectra, stokes
and antistokes lines, pure rotational and pure vibrational Raman spectra. Applications of
Raman Spectra.

Spectroscopy-I1

Electronic Spectrum: Electronic spectra of diatomic molecule, Franck- Condon
principle, types of electronic transition application of electronic spectra.
Photochemistry: Interaction of radiation with matter, difference between thermal and
photochemical processes. Laws of photochemistry; Grothus-Drapper law, Stark-Einstein
law. Jablonski diagram depicting various processes occurring in the excited state,
gualitative description of fluorescence occurring in the excited state, qualitative
description of fluorescence, phosphorescence, non-radiative processes (internal
conversion, intersystem crossing), quantum vyield, photosensitized reactions-energy
transfer processes (simple examples.)
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A.Thermodynamics

Energy referred to absolute zero, third law of thermodynamics, test of Il law of
thermodynamics Nernst heat theorem, application and limitation of Nernst heat theory.

B. Physical properties and molecular structure: polarization of
molecules(Clausius-Mossotti equation), orientation of dipoles in an electric field, dipole
moment, induced dipole moment, measurement of dipole moment-temperature method
and refractivity method. dipole moment and structure ofmolecules

C. Magnetic properties: Paramagnetism, diamagnetism and ferromagnetism,
determination of magnetic susceptibility, elucidation of molecularstructure

REFERENCE BOOKS:

1.

2.
3.
4

Physical chemistry, G.M.Barrow. International Student Edition McGrawHill.
The elements of Physical ChemistryP.W.Alkin,Oxford.

Physical Chemistry through problems, S.K.Dogra, WileyEastern.

Physical Chemistry, Puri &Sharma.
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DEPARTMENT OF CHEMISTRY
Govt. V.Y.T. P.G. Autonomous College, Durg

B.Sc. Part- 111

PRACTICAL
Max. Marks-50

INORGANIC CHEMISTRY

Synthesis and Analysis:

(a) Preparation of sodium trioxalato ferrate (111), Nas [Fe (C,0,);] and determination of its
composition bypermagnatometry.

(b) Preparation of Ni-DMG complex [Ni(DMG),]

c) Preparation of copper tetra amine complex, [Cu (NH3) 4] SO,

(d) Preparation of cis-and-trans-bisxalato diaqua chromate (1) ion.

Gravimetric Analysis: Analysis of Cu as CuSCN or CuO, Ni as Ni (DMG),, Ba as BaSO, and Fe
as Fe,O5-

ORGANIC CHEMISTRY

Laboratory Techniques

A. SteamDistillation:

(i) Naphthalene from its suspension inwater.

(if) Clove oil fromcloves

(iii) Separation of o-and p-nitrophenols.

B. ColumnChromatography:

(i) Separation of fluorescein and methyleneblue.

(ii) Separation of leaf pigments from spinachleaves.

(iii) Resolution of racemic mixture of(x) mandelicacid

Qualitative Analysis:

Analysis of an organic mixture containing two solid components using water, NaHCO3, NaOH for
separation and preparation of suitable derivatives.

Synthesis of Organic Compounds:

() Acetylation of Salicylic acid, aniline, glucose and hydroquinone. Benzoylation of aniline and
phenol.

(b) Aliphatic electrophilic substitution. Preparation of iodoform from ethanol andacetone

(c) Aromatic electrophilicsubstitution

Nitration:

(i) Preparation ofm-dinitrobenzene.

(ii) Preparation of p-nitroacetanilide

Halogenation:

(i) Preparation ofp-bromoacetanilide

(ii) Preparation of2,4,6-tribromophenol

(d) Diazotization/coupling: Preparation of methyl orange and methylred

(e) Oxidation: Preparation of benzoic acid fromtoluene,

(F) Reduction: (i) Preparation of aniline from nitrobenzene (ii) Preparation of m-nitro aniline from
m-dinitrobenzene.

PHYSICAL CHEMISTRY

Electrochemistry

(a) To determine the strength of the given acid conductometrically using standard alkalisolution.
(b) To determine the solubility and solubility product of a sparingly soluble electrolyte
conductometrically

(c) To study the saponification of ethyl acetateconductometrically.
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(d) To determine the ionisation constant of a weak acidconductometrically.
(e) To titrate potentiometrically the given ferrous ammonium sulphate using KMnO, / K,Cr,0O; as
titrant and calculate the redox potential of Fe** / Fe** system on the hydrogenscale.

Refractometry, Polarimetry
(a) To verify law of refraction of mixtures (e.g. of glycerol and water) using Abbe'srefractometer.

(b)To determine the specific rotation of a given optically activecompound.

Molecular Weight Determination
(a) Determination of molecular weight of a non-volatile solute by Rast method/Backmann freezing
point method.

(b) Determination of the apparent degree of dissociation of an electrolyte (e.g. NaCl) in aqueous
solution at different concentrations byebullioscopy.

Colorimetry
To verify Beer Lambert law for KMnO, / K,Cr,0; and determine the concentration of the given
solution of the substance.

REFERENCE BOOKS:

1. Vogel’s qualitative Analysis, revised Svehla, OrientLongman.

2. Standared methods of chemical analysis, W.W.Scott,theTechnical press.

3. Experimental Organic Chemistry, Vol | & Il, P.R.Singh,D.S.Gupta and
K.S.Bajpai, TataMcGrawHiill.

4, Vogel’s Text book of Practical Organic Chemistry, B.S. Furnis, A.J.Hannaford,

V.Rogers, P.W.G.S and A.R.Tatchel,ELBS

laboratory Manual in Organic chemistry, R.K. Bansal, WileyEastern.
Experiments in Physical Chemistry R.C.Das& B.Behra, Tata McGrawHill.
Experiments in General Chemistry C.N.R.Rao&U.C.Agrawal

Advanced Practical Chemistry, J.B.Yadav, Goel PublishingHouse.
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