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BACHELOR OF SCIENCE
Eligibility for admission in First Year of B Sc. is 10+2 examination of any board with at least 50% marks.
As regards admission on reserved category seats government rules will be applicable.

SCHEME OF EXAMINATION
The number of the paper and the maximum marks for each paper together, with the minimum marks
required to pass are shown against each subject separately. It will be necessary for a candidate to pass in
the theory as well as the practical part of a subject/paper, wherever prescribed, separately.
Classification of successful candidates shall be as follows:
First Division 60% of the aggregate marks prescribed in Semesters
Second Division 50% | to VI taken together

All the rest shall be declared to have passed the examination.

A For passing a candidate shall have to secure at least 40% marks in each course (Theory and Practical
separately).

A No division shall be awarded in Semesters | to V.

A Whenever a candidate appears for a due paper examination, she will do so according to the syllabus in
force.

A A candidate not appearing in any examination/absent in any paper of term end examination shall be
considered as having DUE in those papers.

Program Outcome
On successful completion of B.Sc. Maths, the students will be able to-
Understand the concepts and fundamental principles of Physics, Mathematics and Chemistry.
Be equipped with practical knowledge in the respective field.
To develop scientific skill for future analysts.
To acquire logical and creative skills.
To inculcate research aptitude.
Be eligible for different competitions exams like SSC, Bank PO, Civil Services, Defence Services etc.
To enhance skills in animation, architecture, mining etc.

Program Specific Outcome
On successful completion of the programme, the students will be able to
e Provide abundant career opportunities in various fields like becoming an Analytical Chemist, Chemical
Engineer, Nanotechnologist, Pharmacologist, Toxicologist, Academicians, Environmental Consultant,
etc.
e Develops an understanding of theoretical and laboratory skills, which helps to inculcate research
orientation in the learner.

End Semester Examination Pattern

Maximum Marks: 50 Duration: 2Y2Hrs.

Section A 10 * 1 =10 marks
Contains 10 Questions of 1 mark each & all are compulsory to do.
Three questions from each unit (but 4 questions from one unit) 3 + 3 + 4 = 10 Questions

Section B 3+3+4 =10 marks
Contains 3 questions with internal choice (Two questions from each unit).
(2 Questions of 3 marks & 1 Question of 4 marks) Student has to do 3 questions and at least one question
from each unit.

Section C 3 * 10 = 30 marks
Contains 3 questions with internal choice (Two questions from each unit).
Each Question carries 10 marks. Student has to do 3 questions and at least one question from each unit.
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End Semester Practical Examination Pattern
Maximum Marks: 40 Duration: 4 Hrs.
Note:
1. A Laboratory Exercise File should be prepared by each student for each practical paper and should be
submitted during practical examinations.
2. One internal and one external examiner shall conduct two practical exams, in a day, of a batch of 60
students.
3. Duration of practical exam is 4 hours.
4. Practical of 40 marks distribution is as under:
a. 30 marks for practical examination exercises.
b. 5 marks for Viva-voce
c. 5 marks for Laboratory Exercise File
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Course Structure for B.Sc. Maths & Biology — | Year

Chemistry Semester |

Contact Min.
Paper Code hngﬁggztuerre Hours Credits Total Marks I\'>I/Iaafl(<'s Pass DE;(:tTc]m
P Per Week CIA ESE Marks
MJCHE-101 | Fundamentals of Inorganic 03 03 | 25 | 50 | 75 30 | 2% Hrs
Chemistry
MJCHE-102 | Practical 02 01 0 25 25 10 4 Hrs
Chemistry Semester 11
MJCHE-201 | Fundamentals of Organic 03 03 | 25 | 50 | 75 30 | 2% Hrs
Chemistry
MJCHE-202 | Practical 02 01 0 25 25 10 4 Hrs
Semester — |
MJCHE - 101 : Fundamentals of Inorganic Chemistry
Max. Marks: 75 Min. Marks: 30
Credit: 03 Duration: 2% Hrs

Learning outcomes: On successful completion of the course the studentwill be able to-
1.  Summarize basic concepts related to atomic structure.
2. Interpret geometries of molecules based on VSEPR, VBT and MOT.
3. Elaborate properties of ionic solids.
Unit |
Atomic Structure
de-Broglie matter waves, Heisenberg uncertainty principle, Schrodinger wave equation and its derivation,

significance of y and \|12, quantum numbers (Principal Quantum Number, Azimuthal Quantum Number,
Magnetic Quantum number, Spin quantum number), atomic orbitals-shapes of s, p, d orbitals, Aufbau
Principle, Pauli's Exclusion principle, Hund's rule of maximum multiplicity, (n+l) rule, Electronic
configurations of elements, stability of half-filled andcompletely filled orbitals, anomalous electronic
configurations, IUPAC nomenclature of elements with atomic number more than 100, Effective Nuclear
Charge and Slater’s rule.
Unit 11

Chemical Bonding

Covalent Bond — Valence bond theory and its limitations, Hybridization — Introduction, Rules, various
types of hybridization (sp, sp?, sp?, dsp?, spd, dsp?, sp3d?, d?sp?, sp®d® with suitable examples of inorganic
molecules and ions), Valence shell electron pair repulsion (VSEPR) theory — Postulates and application
of theory to explain geometries or shapes of some inorganic molecules and ions such as NH3, H,O, PFs,

SF,, CIF;, ICI,, SFs, IFs, XeF4 and Molecular Orbital theory — Postulates, Molecular orbital diagram of
homonuclear (Hz, Hez, Hez" Liz, Bez, Bz, C2, N2, Oz, Oz, 027, O2F, 02", F2, Nez and heteronuclear (CO
and NO) diatomic molecules, Advantages, Similarities and differences between Valence bond and
Molecular orbital Theory.

Unit 111
lonic Solids
Lattice defects — Stochiometric (Schottky and Frenkel) defects, Non Stochiometric (Metal Excess and
Metal deficiency) defects, Impurity defects, Semiconductors and its types (Intrinsic and EXxtrinsic
semiconductors), Lattice energy — definition, Madelung constant, calculation (Born equation), factors
affecting lattice energy, Born-Haber cycle and its applications, solvation energy- definition, factors
affecting solvation energy, solubility of ionic solids, polarizing power and polarisability of ions, Fajan's
rule and its applications.
Reference Books:
e J.D. Lee: ANew Concise Inorganic Chemistry, E.L.B.S.
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e Ajai Kumar: Basic Inorganic Chemistry, Aaryush Education

e F.A.Cotton & G. Wilkinson: Basic Inorganic Chemistry, John Wiley.

e Douglas, McDaniel and Alexander: Concepts and Models in InorganicChemistry, John Wiley.

e D.F.Shriver and P.W.Atkins: Inorganic Chemistry, Oxford UniversityPress.

e G.L.Miessler and Donald A. Tarr: Inorganic Chemistry, Pearson Publication.

e  GaryWaulfsberg: Inorganic Chemistry, Viva Books Pvt. Ltd.

e Puri, Sharma, Kalia: Text book of Inorganic Chemistry, Vishal publications, Jalandhar
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MJCHE - 102: Practical
Max. Marks: 25 Min Marks: 10
Credit: 01 Duration: 4 Hrs
Learning Outcomes: On successful completion of the course the studentwill be able to-
1. Understand the practical applications of various aspects of chemistry
1. Inorganic Chemistry
(i) Calibration of fractional weights, pipettes and burettes.
(i) Preparation of standard solutions.
(iii) Dilution of solutions.
2. Quantitative Analysis
Volumetric Analysis
(i) Determination of acetic acid in commercial vinegar using NaOH.
(ii) Determination of alkali content-antacid tablet using HCI.
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(iii) Estimation of calcium content in chalk as calcium oxalate by potassium permanganate.

(iv) Estimation of hardness of water by EDTA.

(v) Estimation of ferrous and ferric by dichromate method.

(vi) Estimation of copper using thiosulphate.
Reference Books:
e J. Bassett, R.C. Denney, G.H. Heffery and J Mendham: Vogel'sTextbook of Quantitative Inorganic

Analysis (revised), ELBS.
e W.W. Scott: Standard Methods of Chemical Analysis, The TechnicalPress.
e P.R. Singh, D.S. Gupta and K.S. Bajpai: Experimental OrganicChemistry Vol. I&ll, Tata McGraw

Hill.
e R.K.Bansal: Laboratory Manual in Organic Chemistry, Wiley Eastern.
e B.S. Furniss, A.J.Hannaford, V. Rogers, P.W.G. Smith and A.R. Tatchell: Vogel's Textbook of

Practical Organic Chemistry, ELBS
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Semester — 11

MJCHE - 201: Fundamentals of Organic Chemistry
Max. Marks: 75 Min. Marks 30
Credit: 03 Duration: 2%2 Hrs
Learning outcomes: On successful completion of the course the student will be able to-
1. Predict structure and bonding in common organic molecules andmechanism of organic reactions.
2. Assess the aromaticity of arenes and electrophilic substitution reactions.
3. Identifythe stereochemistry of organic compounds.
Unit |
Basic Concepts of Organic Chemistry
Electronic displacements: inductive effect and their applications, electromeric, resonance, Necessary
conditions for resonance, contribution of resonationg structures, hyperconjugation and its effects.
Types of fission: homolytic and heterolytic bond fission. Types of reagents- electrophiles and
nucleophiles, Types of organic reactions :addition, elimination, substitution and rearrangement reactions.
Reactive intermediates- carbocations, carbanions, free radicals, carbenes, arynes and nitrenes (with
example). Hydrogen bonding — Definition, strength, type of hydrogen bond (Intermolecular and
Intramolecular hydrogen bonding), effects of hydrogen bonding on physical properties,Vander Waals
interactions
Unit 1l

1. Arenesand aromaticity

Nomenclature of aromatic organic compounds, Isomerism in aromatic compounds, Structure of

benzene: molecular formula and Kekule structure, Evidences in favour of Kekule structure, demerits
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of Kekule structure, Kekule’s dynamic structure, MO picture, Stability of benzene. Aromaticity:
Huckel rule, applications of Huckel’s rule.

2. Aromaticelectrophilic substitution
Electrophilic attack on benzene nucleus, role of sigma and pi- Complexes, General pattern of the
mechanism, Energy profile diagrams, Mechanism of nitration, halogenation, sulphonation,
mercuration andFriedel-Crafts reaction, activating and deactivating substituents, stabilty of arenium
ion and ortho/pararatio.
Unit 111
Stereochemistry of Organic Compounds
Concept of isomerism, Stereoisomerism and its types, Optical 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, resolution of enantiomers, inversion, retention and racemization, Newman projection and
Sawhorse formulae, Fischer and flying wedge formulae, Difference between configuration and
conformation, Relative and absolute configuration, sequence rules, D & L and R & S systems of
nomenclature,Geometric isomerism- determination of configuration of geometric isomers, E & Z system
of nomenclature, Conformational isomerism- conformational analysis of ethane and n-butane,
conformations of cyclohexane, Qualitative treatment of stability of chair and boat conformations of
cyclohexane, axial and equatorial bonds in cyclohexane.
Reference Books:
e R.T.Morrison & R.N.Boyd: Organic Chemistry, Prentice Hall.

e T.W.Graham Solomons: Organic Chemistry, John Wiley and Sons.
e Peter Sykes: A Guide Book to Reaction Mechanism in OrganicChemistry, Orient Longman
e |.L.Finar:Organic Chemistry (Vols. | &1I),E.L.B.S.
e Jerry March: Advanced Organic Chemistry, John Wiley and Sons.
e E.L.Eliel: Sterochemistry of Carbon Compounds, Tata McGraw Hill.
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MJCHE-202: Practical
Max. Marks: 25 Min Marks: 10
Credit: 01 Duration: 4 Hrs
Learning Outcomes: On successful completion of the course the student will be able to-
1. Understand the practical applications of various aspects of chemistry.
1. Laboratory Techniques
a) Calibration of Thermometer

Naphthalene (80-82°C) Acetanilide (113.5-114°C),Urea (132.5-133°C), Distilled Water (100°C)
b) Determination of Melting Point
Naphthalene(80-82°C), Benzoic acid (121.5-122°C), Urea (132.5-133°C), Succinic acid (184.5-
185°C), Cinnamicacid (132.5-133°C), Salicyclic acid (154.5-158°C) Acetanilide (113.5-114°C),
m-Dinitrobenzene (90°C), p-dichlorobenzene (52°C), Aspirin (135°C)
c) Determination of boiling points
Ethanol (78°C), Cyclohexane (81.4°C), Toluene(110.6°C), Benzene (80°C)
d) Distillation
Simple distillation of ethanol-water mixture using water condenser. Distillation of nitrobenzene
and aniline using air condenser
e) Crystallization
Concept of induction of crystallization
Phthalic acid from hot water (using fluted filter paper and stemlessfunnel)
Acetanilide from boiling ethanol Benzoic acid from water
f) Decolorisation and crystallization using charcoal Decolorisation of brown sugar (sucrose)
with animal charcoal using gravity filtration.
Crystallization and decolorisation of impure naphthalene (100 g of naphthalene mixed with 0.3 g
of Congo red using 1 g decolorising carbon) from ethanol.
g) Sublimation (Simple and Vacuum)
Camphor, Naphthalene, Phthalic acid and Succinic Acid.
2. Qualitative Analysis
Detection of extra elements (N,S and halogens) and functional groups (phenolic, carboxylic,
carbonyl, esters, carbohydrates, amines, amides,nitro and anilide) in simple organic compounds.
Reference books
e P.R. Singh, D.S. Gupta and K.S. Bajpai: Experimental OrganicChemistry Vol. I&Il, Tata McGraw
Hill.
e R.K. Bansal: Laboratory Manual in Organic Chemistry, Wiley Eastern.
e B.S. Furniss, AJ. Hannaford, V. Rogers, P.W.G. Smith and A.R.Tatchell: Vogel's Textbook of
Practical Organic Chemistry, ELBS.
e J.B.Yadav: Advanced Practical Physical Chemistry, Vol. I-Physical,Goel Publishing House.
e J.N. Gurtu and R. Kapoor: Advanced Experimental Chemistry, VVol. I-Physical, S Chand & Co.
e Svehla: Vogel's Qualitative Inorganic analysis, revised, Orient Longma
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Course Structure for B.Sc. Maths & Biology — Il Year

Chemistry Semester 111

Contact Min. Exam
Paper Code hngﬁggztuerre Hours Credits Total Marks I\'/\I/Ia?lis Pass Duratio
P Per Week CIA | ESE Marks n
MJCHE-301 | Fundamentals of Physical 03 03 | 25 | 50 | 75 | 30 | 2%Hrs
Chemistry
) Chemistry of Alliphatic
MJCHE-302 Hydrocarbons 03 03 25 50 75 30 2Y% Hrs
MJCHE-303 | Practical 04 02 10 40 50 20 4 Hrs
Chemistry Semester IV
MJCHE-401 | Basic Spectroscopic Techniques 03 03 25 50 75 30 2% Hrs
MJCHE-402 | Inorganic Chemistry 03 03 25 50 75 30 2% Hrs
MJCHE-403 | Practical 04 02 10 40 50 20 4 Hrs
Semester — 111
MJCHE - 301: Fundamentals of Physical Chemistry

Max. Marks: 75 Min. Marks: 30
Credit: 03 Duration: 2% Hrs

Learning outcomes: On successful completion of the course the studentwill be able to-
1. Predict properties of solid state of matter.
2. Summarize the properties of dilute solutions and explain colligative properties.
3. Review various phenomenon of gaseous state.

Unit |
Solid State
Introduction, Crystalline and amorphous solids, Definition of space lattice, unit cell, types of space lattice,
Laws of crystallography-(i) Law of constancy of interfacial angles (ii) Law of rational indices (iii) Law of
symmetry, Symmetry elements in crystals, Wiess parameter system, Millar's indices, X-ray diffraction by
crystals -Derivation of Bragg's equation, experimental methods for determination of Crystal structure
(Bragg’s, Rotating crystal, Powder, Laue’s Methods).

Unit 11
Solutions, Dilute Solutions and Colligative Properties
Types of solution, Ideal solutions and Raoult's law, deviations from Raoult's law — non-ideal
solutions,methods of expressing concentration of solutions, Colligative properties, relative lowering of
vapour pressure, molecular mass determination, Osmosis, law of osmotic pressure and its measurement,
determination of molecular mass from osmotic pressure, Elevation of boiling point and depression in
freezing point, Experimental methods for determining various colligative properties.

Unit 111
Gaseous State
Introduction, Gas laws (Boyle’ Law, Charle’s Law, Pressure Temperature Law, Avogadro’s Law,
Graham’s law of diffusion), Kinetic Theory of gases - Postulates of kinetic theory of gases and derivation
of the Kkinetic gas equation, Kinetic energy and temperature, Deviation of real gases from ideal behaviour,
causes of deviation, Vander Waals equation of state, Vander Waals constant. Critical Constants, Calculation
of Critical constants, Relationship between critical constant and VVander Waal's constants, Limitation of
Vander Waals equation.
Molecular velocities - Root mean square, average and most probable velocities, Qualitative discussion
and experimental verification of the Maxwell's distribution law of molecular velocities, mean free path,
collision number and collision diameter.
Reference Books:
e P.W.Atkins: Physical Chemistry, Oxford University Press.
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e G.W.Castellan: Physical Chemistry, Narosa Publishing House.
e G.M.Barrow: Physical Chemistry, Tata McGraw Hill.
e Puri, Sharma, Pathania: Principles of Physical Chemistry, Vishalpublication.
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MJCHE -302 Chemistry of Alliphatic Hydrocarbons
Max. Marks: 75 Min. Marks: 30
Credit: 03 Duration: 2% Hrs
Learning outcomes: On successful completion of the course the student will be able to-
1. Review the preparation and chemical reactions of alkanes and cycloalkanes.
2. Summarize the chemical behaviour of alkenes.
3. lllustrate the preparation and Chemical Reactions of Alkynes and dienes.
Unit |
1. Alkanes
Methods of preparation (with special reference to Wurtz reaction, Kolbe reaction, Corey-House
reaction and decarboxylation of carboxylic acids), physical properties and chemical reactions of
alkanes, Mechanism of free radical halogenation of alkanes: orientation, reactivity and selectivity.
2. Cycloalkanes
Nomenclature, methods of preparation, chemical reactions, Baeyer’s strain theory and its limitations,
Ring strain in small rings (cyclopropane and cyclobutane), theory of strainless rings, cyclopropane
ring: banana bonds.
Unit 11
1. Alkenes
Methods of preparation, mechanism of dehydration of alcohols and dehydrohalogenation of alkyl
halides, regioselectivity in alcohol dehydration- Saytzeff rule, Hoffmann elimination, physical
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properties and relative stabilities of alkenes, Chemical reactions of alkenes-mechanisms involved in
hydrogenation, electrophilic and free radical additions, halogenation, hydrohalogenation,
Markownikoff’s rule, hydroboration-oxidation, oxymercuration-reduction, epoxidation, ozonolysis,
hydration, hydroxylation and oxidation with KMnOs, Substitution at the allylic and vinylic positions
of alkenes.

Unit 11

1. Alkynes
Methods of preparation, chemical reactions of alkynes- hydrogenation, halogenation,
hydrohalogenation, hydration, hydroboration and hydroxylation, ozonolysis of alkynes, acidity of
alkynes, mechanism of electrophilic and nucleophilic addition reactions, metal-ammonia reductions
and oxidation.

2. Dienes

Nomenclature and classification of dienes: isolated, conjugated and cumulated dienes. Structure of
allenes and butadiene method of formation, Chemical reactions-1,2 and 1,4 additions, Diels-Alder
reaction.

Reference Books:

e R.T.Morrison & R.N.Boyd: Organic Chemistry, Prentice Hall.

e T.W.Graham Solomons: Organic Chemistry, John Wiley and Sons.

e Peter Sykes: A Guide Book to Reaction Mechanism in Organic Chemistry, Orient Longman

e |.L.Finar: Organic Chemistry (Vols. | & Il), E.L.B.S.

e Jerry March: Advanced Organic Chemistry, John Wiley and Sons.

e E.L.Eliel: Sterochemistry of Carbon Compounds, Tata McGraw Hill.
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MJCHE-303 Practical

Max. Marks: 50 Min. Marks: 20
Credit: 02 Duration: 4 Hrs
Learning Outcomes: On successful completion of the course the studentwill be able to-
1. Understand the practical applications of various aspects of chemistry.
A. Physical Chemistry
1. To determine the specific reaction rate of the hydrolysis of methylacetate/ ethyl acetate catalyzed by

hydrogen ions at room temperature.
2. Tostudythe effect of acid strength on the hydrolysis of an ester.
3. Tocompare the strengths of HCl and H,SO, by studying the kineticsof hydrolysis of ethyl acetate.
4. Tostudy kinetically the reaction rate of decomposition of iodide byH,0,.
5
6
7

To study the distribution of iodine between water and CCl,,.
To study the distribution of benzoic acid between benzene andwater.
To prepare arsenious sulphide sol and compare the precipitatingpower of mono-,bi- and trivalent
anions.
8. To determine the percentage composition of a given mixture (noninteracting systems) by viscosity
method.
9. To determine the viscosity of amyl alcohol in water at differentconcentrations and calculate the
excess viscosity of these solutions.
10. To determine the percentage composition of a given binary mixtureby surface tension method (acetone
& ethyl methyl ketone).
B. Organic Chemistry
1. Chromatography
(i) Separation, Rf values and identification of organic compounds.
(i) Preparation and separation of 2,4-dinitrophenylhydrozone of acetone, 2- butanone, hexan-2- and
3-one using toluene and light petroleum (40:60).
(iii) Separation of amixture of dyes using water and acetone.
(iv) Separation of a mixture of phenylalanine and glycine, Alanine and aspartic acid, Leucine and
glutamic acid, spray reagent-ninhydrin.
(v) Separation of monosachharides- a mixture of D-galactose and D-fructose using n-butanol: acetone:
water (4:5:1) spray reagent- aniline hydrogen phthalate.
2. Qualitative Analysis
Identification of an organic compound through the functional group analysis and determination of

melting point.
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Semester — IV
MJCHE - 401 Basic Spectroscopic Techniques
Max. Marks: 75 Min. Marks: 30
Credit: 03 Duration: 2%2 Hrs
Learning outcomes: On successful completion of the course the studentwill be able to-
1. Discuss the basic concepts and assess the molecular structure using UV - Visible Spectroscopy.
2. Interpret the structure of organic compounds by IR Spectroscopy.
3. Predict structure of various organic molecules using NMR Spectroscopy.
Unit - |
1. Introduction to Spectroscopy
Spectroscopy and its importance in Chemistry, difference between atomicand molecular spectroscopy,
Absorption and emission spectroscopy, electromagnetic radiation, regions of the spectrum, basic
features of different spectrometers, degrees of freedom.
2. Ultraviolet (UV) absorption spectroscopy

Introduction, Absorption laws (Beer-Lambert law), molar absorptivity, presentation and analysis of
UV spectra, types of electronic transitions, effect of conjugation, concept of chromophore and
auxochrome, Bathochromic, hypsochromic, hyperchromic and hypochromic shifts, UV spectra of
conjugated dienes and enones, Woodward rules for calculating Amax Of conjugated dienes, a, B —
unsaturated carbonyl compounds and acyl benzenes, Applications of UV- Visible Spectroscopy.

Unit - 11

Infrared (IR) absorption spectroscopy

Introduction, Principle, Molecular vibrations, Hooke’s law, selection rules, intensity and position of IR
bands, measurement of IR spectrum, fingerprint region, characteristic absorption of various functional
groups and interpretation of IR spectra of simple organic compounds (Alcohol, Phenol, Aldehyde, Ketone,
Carboxylic acids, Esters, Amides, Amines, ethers), Applications of IR Spectroscopy.

Unit — 111

Nuclear Magnetic Resonance (NMR) spectroscopy

Proton magnetic resonance(*H NMR) spectroscopy- Introduction,chemical shift and nuclear shielding and
deshielding, areas of signals, spin- spin splitting and coupling constants, NMR Shift Reagents,
interpretation of PMR spectra of simple organic molecules such as ethyl bromide, ethanol,acetaldehyde,
1,1,2,- tribromoethane, ethyl acetate, toluene and acetophenone, Problems pertaining to the structure
elucidation of simple organic compounds using UV, IR and PMR spectroscopic techniques.
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MJCHE - 402 Inorganic Chemistry
Max. Marks: 75 Min. Marks: 30
Credit: 03 Duration: 2% Hrs
Learning outcomes: On successful completion of the course the studentwill be able to-
1. Assessthe chemistry of the first, second and third transition series.
2. Predict chemical properties of Coordination compounds.
3. Discuss Acid — Base characteristics and aqueous and non aqueoussolvents.
Unit |
Chemistry of Elements of First, Second and Third Transition Series Characteristic properties of d-block
elements, Periodic variation with special reference to electronic configuration, Atomic radii, Density,
lonisation Potential, Melting Point, variable Oxidation state, colour, magnetic, catalytic propertiesand
ability to form complexes.
Unit 11
Coordination Compounds
Introduction, Werner's coordination theory and its experimental verification, Types of ligands, chelates,
factors affecting the stability of chelates, applications, nomenclature of coordination compounds,
isomerism in coordination compounds, effective atomic number concept, valence bond theory of transition
metal complexes, Inner and outer orbital complexes of Fe, Co, Ni and Cu (coordination numbers 4 and6),
limitations of VBT, back bonding in complexes.
Unit 111
1. Acids and Bases
Arrhenius concept — Introduction, utility and applications, Bronsted-Lowry concept - conjugate acids
and bases, relative strength of acids, periodicity in strength, utility and limitations, Lux-Flood concept,



SGCA/B.Sc. Maths (Chemistry)/2023-24
Solvent system concept, Usanovich, Lewis concepts of acids and bases and their limitations.
2. Non-aqueous Solvents
Physical properties of a solvent, types of solvents and their general characteristic reactions in non-
aqueous solvents with reference toliquid NH; and liquid SO..
Reference Books:
J.D.Lee: ANew Concise Inorganic Chemistry, E.L.B.S.
F.A.Cotton & G. Wilkinson: Basic Inorganic Chemistry, John Wiley.
Douglas, McDaniel and Alexander: Concepts and Models in InorganicChemistry, John Wiley.
D.F.Shriver and P.W.Atkins: Inorganic Chemistry, Oxford UniversityPress.
G.L. Miessler and Donald A. Tarr: Inorganic Chemistry, PearsonPublication.
Gary Wulfsberg: Inorganic Chemistry, Viva Books Pvt. Ltd
Puri, Sharma and Kalia: Text book of Inorganic chemistry, Vishalpublication, Jalandhar
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MJCHE- 403 Practical
Max. Marks: 50 Min. Marks: 20
Credit: 02 Duration: 4 Hrs
Learning Outcomes: On successful completion of the course the studentwill be able to-
1. Understand the practical applications of various aspects of chemistry.
Inorganic Chemistry
1.  Semi-micro Analysis- Separation and identification of four ions, cation analysis from Groups I, 11, 11l,
IV, V and VI, anion analysis including interfering radicals.
2. Gravimetric Analysis.
(i) Analysisof CuasCu SCN.
(ii) Nias Ni-dimethylglyoxime.
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Physical Chemistry

a) Determination of the transition temperature of the given substance by thermometric/dialometric
method (e.g.MnCl2.4H20/SrBr,. 2H20).

b) 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.

c) To construct the phase diagram of two components (e.g. diphenylaminebenzophenone) system by
cooling curve method.

d) To determine the solubility of benzoic acid at different temperatures and to determine AH of the
dissolution process.

e) 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.

f) 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.

Reference Books:

e P.R. Singh, D.S. Gupta and K.S. Bajpai: Experimental Organic Chemistry Vol. | & Il, Tata McGraw
Hill.

e R.K. Bansal: Laboratory Manual in Organic Chemistry, Wiley Eastern.

B.S. Furniss, A.J. Hannaford, V. Rogers, P.W.G. Smith and A.R. Tatchell: Vogel’s Textbook of Practical

Organic Chemistry, ELBS.

e C.N.R.Raoand U.C. Agarwal: Experiments in General Chemistry, East-West press.

e R.C.Dasand B. Behra: Experiments in Physical Chemistry, Tata McGraw Hill.

e J.B.Yadav: Advanced Practical Physical Chemistry, Goel Publishing House.

e J.N. Gurtu and R.Kapoor: Advanced Experimental Chemistry, Vol.I-Physical, S Chand & Co.
MJCHE - 403 : yraifire

Jferdan 3d: 50 gAdH A b: 20

dfse: 02 Jafe: 49

DT TEE

1. g fATalwv— IR AT &7 GUGHROT qAT W, T I, 1L, 1L, IV, VA vl § 94

ST UIETOT, SO ORIeTo 1 qrereh S 91 81 |ehd ¢ |
2. ARTH® fagazmor
a. CU®PT CUSCN & U ¥ faweryor |
b. Ni ®T Ni-DMG & ®U ¥ faveiyo |
Hifae =
i. dufafy Srenfafa fafr gRT fRv T st &1 AHHYT ™ ST HRAT | (MnCla.4H:20, Sr
Br..2H,0) |
ii. < e fdery =@l (e.g. ATl — a1 d9) # Hifdd fdeas a4 W faeld (e.g. NaCl,
AGATD 3TFeT) & TG BT NeqIT AT 34T a7 H fderd &1 |rgdr &1 iR |
iii. @felT % (cooling curve method) ERT fgae@dd dF (e.g. TRBITA THIA IwllthAI) &7
TR IR T |
iv. faffr=1 amal R I=olgd T &I faeradr SITd BReAT dT faeiadT UshH & AH ST BT |
V. Tdd 3 /Gl &R TAT Ydl &R / Udel 3R Bl IAIRIFIBROT T ] S DAl qAT gl
ER TAT Gaol AP DI BT Dbl TeIel] SiTd bR |
vi. O Bfdd FeIRTSS @ faoiae Tl STd AT I 39 7M1 9 d9—8T6R I g1
DI FARTSS BT ST oIl BT {HeRoT |




SGCA/B.Sc. Maths (Chemistry)/2023-24
Course Structure for B.Sc. Maths Semester — V

Chemistry Semester V

Contact Min.
Paper Code h(l;)fl”rtlﬁgtialz;tuerre Hours Credits Total Marks '\7';):('5 Pass DE;(:triTc]m
P Per Week CIA | ESE Marks
MJCHE-501 | Physical Chemistry 03 03 25 50 75 30 2Y2 Hrs
MICHE-502 | Q2Ygen Containing Organic 03 03 | 25 | 50 | 75 | 30 | 2%Hrs
Compounds
MJCHE-503 | Practical 04 02 10 40 50 20 4 Hrs
Chemistry Semester VI
MJCHE-601 | Physical Chemistry 03 03 25 50 75 30 2% Hrs
MJCHE-602 | Inorganic Chemistry 03 03 25 50 75 30 2% Hrs
MJCHE-603 | Practical 04 02 10 40 50 20 4 Hrs
Semester V
MJCHE - 501: Physical Chemistry
Max. Marks: 75 Min Marks: 30
Credit: 03 Duration: 2% Hrs

Learning outcomes: On successful completion of the course the student will be able to-
1. Summarize the First, Second and third law of thermodynamics and their applications.
2. Review the various types of conductance, factors affecting it and applications of Conductivity
measurements.
3. Discuss various phenomena related to Cells and Corrosion.
Unit |
1. Thermodynamics-I
First Law of Thermodynamics: Statement, definition of internal energy and enthalpy, Heat capacity-
heat capacities at constant volume and constant pressure and their relationship, Joule’s law, Joule-
Thomson coefficient and inversion temperature.
2. Thermodynamics-I1
Second law of thermodynamics: need for the law, different statements of the law, Carnot cycle and
its efficiency, Carnot theorem, Concept of entropy, entropy as a criteria of spontaneity and equilibrium.
Third law of thermodynamics: Nernst heat theorem, statement and concept of residual entropy, Gibbs
and Helmbholtz functions- A & G as criteria for thermodynamic equilibrium and spontaneity.
Unit 11
Electrochemistry-I
Electrical transport-conduction in metals and in electrolyte solutions, specific conductance and equivalent
conductance, measurement of equivalent conductance, variation of equivalent and specific conductance
with dilution, Kohlrausch law, Arrhenius theory of electrolyte dissociation and its limitations, weak and
strong electrolytes, Ostwald’s dilution law and its limitations, Debye-Huckel-Onsager’s equation for strong
electrolytes (elementary treatment only), Transport number- definition and determination by Hittorf method
and moving boundary method, Applications of conductivity measurements: determination of degree of
dissociation, determination of K, of acids, determination of solubility product of a sparingly soluble salt,
ionic product of water, hydrolysis constant of a salt, conductometric titrations.
Unit 111
Electrochemistry-I1
Electrolytic and Galvanic cells-reversible and irreversible cells, Notations and sign conventions, EMF of a
cell and its measurements, Computation of cell EMF, Calculation of thermodynamic quantities of cell
reactions (AG, AH, AS and equilibrium constant), Nernst equation, derivation of cell E.M.F, single
electrode potential, standard electrode potential, electrochemical series and its significance.
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Types of reversible electrodes-gas-metal ion, metal-insoluble salt anion and redox electrodes, standard
hydrogen electrode, polarization, over potential and hydrogen over voltage, Concentration cell with and
without transport, liquid junction potential, application of concentration cells- valency of ions, solubility
product and activity coefficient, Potentiometric titrations-qualitative treatment (acid-base and oxidation-
reduction only), Other Applications of Cell potential- pH determination using hydrogen electrode,
quinhydrone electrode and glass electrode.
Corrosion- Types, theories & methods of combating it.
Reference Books:
e P.W. Atkins: Physical Chemistry, Oxford University Press.
e G.W. Castellan: Physical Chemistry, Narosa Publishing House.
e G. M. Barrow: Physical Chemistry, Tata McGraw Hill.
e Puri, Sharma, Pathania: Principles of Physical Chemistry, Vishal Publications
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MJCHE - 502: Oxygen Containing Organic Compounds
Max. Mark: 75 Min Marks: 30
Credit: 03 Duration: 2%2 Hrs
Learning outcomes: On successful completion of the course the student will be able to-
1. Summarize the reactivity of alcohols and phenols.
2. lllustrate the preparation and chemical reactions of aldehydes andKetones.
3. Assess the chemistry of aliphatic and aromatic carboxylic acids.
Unit |
1. Alcohols
Introduction, Classification, Monohydric alcohols- Nomenclature, methods of formation, Physical
Properties, Hydrogen bonding, Acidic nature, Chemical reactions of alcohols, Differentiation of 1° 2°
and 3alcohols.
2. Phenols
Introduction, Structure and bonding, Nomenclature, preparation of phenols, physical properties and
acidic character, Comparative acidic strengths of alcohols and phenols, resonance stabilization of
phenoxide ion, reactions of phenols-reactions due to cleavage of O-H and C-OH bond, electrophilic
aromatic substitution, Important Name Reactions - Fries rearrangement, Claisen rearrangement,
Gatterman synthesis, Hauben- Hoesch reaction, Lederer-Manasse reaction and Reimer-Tiemann
reaction.
Unit 11
Aldehydes and Ketones
Introduction, Nomenclature, Synthesis of aldehydes and ketones, physical properties, Mechanism of
Benzoin, Aldol, Perkin and Knoevenagel condensations, Wittig reaction, Mannich reaction & Cannizzaro
reaction, Oxidation of aldehydes and ketones with potassium permanganate and potassium dichromate,
Oxidation of aldehydes with Tollen's reagent, Fehling solution and sodium hypohalite (haloform reaction),
Baeyer- villiger oxidation of ketones, reductions of aldehydes and ketones with LiAIH4 and NaBH4, MPV,
Clemmensen, Wolf-Kishner reduction.
Unit 111
Carboxylic Acids
Introduction, Classification, Nomenclature, Structure and bonding, Preparation of carboxylic acids,
physical properties, acidity of carboxylic acids, effects of substituents on acid strength, Reactions of
carboxylic acids with particular emphasis on Hell-Volhard-Zelinsky reaction,Reduction of carboxylic
acids and Decarboxylation.
Reference Books:
e R.T.Morrison & R.N.Boyd: Organic Chemistry, Prentice Hall.

e T.W.Graham Solomons: Organic Chemistry, John Wiley and Sons.
e Peter Sykes: A Guide Book to Reaction Mechanism in OrganicChemistry, Orient Longman.
e |.L.Finar:Organic Chemistry (Vols. 1 &Il1), E.L.B.S.
e Jerry March:Advanced Organic Chemistry, John Wiley and Sons.
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MJCHE - 503: Practical
Max. Marks: 50 Min. Marks: 20
Credit: 02 Duration: 4 Hrs
Learning Outcomes: On successful completion of the course the student will be able to-
1. Understand the practical applications of various aspects of chemistry
1. Physical Chemistry
a) To determine the strength of the given acid conductometrically using standard alkali solution.
b) To determine the solubility and solubility product of a sparingly soluble electrolyte
conductometrically.
c) To study the saponification of ethyl acetate conductometrically
d) To determine the ionisation constant of a weak acid conductometrically.
e) To titrate potentiometrically the given ferrous ammonium sulphate solution using KMnO4/K2Cr207
as titrant and calculate the redox potential of Fe?*/Fe* system on the hydrogen scale.
f) To verify law of refraction of mixtures (e.g. of glycerol and water) using Abbe’s refractometer.
g) To determine the specific rotation of a given optically active compound
h) Determination of molecular weight of a non-volatile solute by Rast method/ Backmann freezing
point method.
i) Determination of the apparent degree of dissociation of an electrolyte (e.g. NaCl) in aqueous
solution at different concentrations by ebullioscopy.
J) To verify Beer-Lambert law for KMnO4/K2Cr207 and determine the concentration of the given
solution of the substance.
2. Organic Qualitative Analysis
Separation and analysis of an organic mixture containing two solid components using water and
determination of melting point.
3. Synthesis of organic compounds
a) m-dinitrobenzene
b) p-nitroacetanilide
C) p-bromoacetanilide
d) 2,4,6- tribromophenol
e) Methyl orange
f) Methyl red
g) Benzoic Acid
h) Aniline
1) m-nitroaniline
Reference Books:
e W.W. Scott: Standard Methods of Chemical Analysis, The Technical Press.
e Brauer: Handbook of Preparative Inorganic Chemistry, Vol, | & Il, Academic Press.
e P.R. Singh, D.S. Gupta and K.S. Bajpai: Experimental Organic Chemistry Vol. 1&Il, Tata McGraw
Hill.
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e B.S. Furniss, A.J.Hannaford, V. Rogers, P.W.G. Smith and A.R. Tatchell: Vogel’s Textbook of
Practical Organic Chemistry, ELBS.

e R.C. Das and B. Behra: Experiments in Physical Chemistry, Tata McGraw hill.

e J.N. Gurtu and R.Kapoor: Advanced Experimental Chemistry, Vol.l-Physical, S Chand & Co.
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Semester - VI

MJCHE-601: Physical Chemistry
Max. Marks: 75 Min. Marks: 30
Credit: 03 Duration: 2% hrs
Learning outcomes: On successful completion of the course the student will be able to-
1. Explain the principles of Quantum mechanics and their applications.
2. Assess the kinetics of various chemical reactions
3. Summarize the principles of Photochemistry and Catalysis.
Unit -1
Elementary Quantum Mechanics
Black-body radiation, Planck’s radiation law, photoelectric effect, Bohr’s model of hydrogen atom (no
derivation) and its defects, Compton effect, de Broglie hypothesis, Heisenberg’s uncertainty principle,
Sinusoidal wave equation, Hamiltonian operator, Schrodinger wave equation and its importance, physical
interpretation of the wave function, postulates of quantum mechanics, particle in a one dimensional box.
Unit—11
Chemical Kinetics
Chemical kinetics and its scope, rate of reaction, factors influencing the rate of a reaction- concentration,
temperature, pressure, solvent, light, catalyst, mathematical characteristics of simple chemical reactions-
zero order, first order, second order, pseudo order, half life and mean life, Determination of the order of
reaction- differential method, method of integration, method of half life period and isolation method,
Radioactive decay as a first order phenomenon, Theories of chemical kinetics-effect of temperature on rate
of reaction, Arrhenius equation, concept of activation energy, Simple collision theory based on hard sphere
model, transition state theory.
Unit— 111
1. Photochemistry
Interaction of radiation with matter, difference between thermal and photochemical processes, Laws
of Absorption- Lambert’s law, Beer- Lambert’s law, Laws of photochemistry: Grothus - Drapper law,
Stark-Einstein law, Jablonski diagram depicting various processes occurring in the excited state,
qualitative description of fluorescence, phosphorescence, nonradiative processes (internal conversion,
intersystem crossing), Quantum efficiency and reasons for high and low quantum vyields,
photosensitized reactions- energy transfer processes (simple examples).
2. Catalysis
Characteristics of catalyzed reactions, classification of catalysis, miscellaneous examples, kinetics of
enzyme catalyzed reactions — Michaelis-Menten equation
Reference Books:
e P.W. Atkins: Physical Chemistry, Oxford University Press.
e G.W. Castellan: Physical Chemistry, Narosa Publishing House.
e G. M. Barrow: Physical Chemistry, Tata McGraw Hill.
e C. N. Banwell: Fundamentals of Molecular Spectroscopy, Tata McGraw Hill.
e Donald A. McQuarrie: Quantum Chemistry, Oxford University Press.
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MJCHE - 602: Inorganic Chemistry
Max. Marks: 75 Min. Marks: 30
Credit 03 Duration: 2% Hrs
Learning outcomes: On successful completion of the course the student will be able to-
1. Summarize Metal ligand bonding in transition metal complexes.
2. Predict magnetic properties and electronic spectra of transition metal complexes.
3. Explain basics of Bioinorganic Chemistry and Silicones and Phosphazenes.
Unit |
1. Metal-ligand Bonding in Transition Metal Complexes
An elementary idea of crystal-field theory, crystal field splitting in octahedral, tetrahedral and square
planar complexes, factors affecting the crystal-field parameters, Crystal field stabilization energy
(CFSE), Crystal field effects for weak and strong fields, Comparison of CFSE for octahedral and
tetrahedral complexes, a brief outline of thermodynamic stability of metal complexes and factors
affecting the stability of metal complexes.
Unit 11
1. Magnetic Properties of Transition Metal Complexes
Types of magnetic behaviour, methods of determining magnetic susceptibility, spin-only formula.,
correlation of ps and pess values, orbital contribution to magnetic moments, application of magnetic
moment data for 3d-metal complexes.
2. Electronic Spectra of Transition Metal Complexes
Types of electronic transition, selection rules of d-d transitions, L-S coupling- spectroscopic ground
state, Orgel-energy level diagram for d'and d°® states, discussion of the electronic spectrum of
[Ti(H20)6]** complex ion.
Unit 111
1. Basics of Bioinorganic Chemistry
Essential and trace elements in biological processes, metalloporphyrins with special reference to
haemoglobin and myoglobin, Role of metal ions present in biological systems with special reference
to Na*, K*, Mg?* and Ca?* ions: Na/K pump, Nitrogen fixation.
2. Silicones and Phosphazenes
Silicones and Phosphazenes as examples of Inorganic polymers, preparation, properties and
applications of Silicones and Phosphazenes, nature of bonding in triphosphazenes.
Reference Books:
e J.D.Lee: A New Concise Inorganic Chemistry, E.L.B.S.
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F.A.Cotton & G. Wilkinson: Basic Inorganic Chemistry, John Wiley.
Douglas, McDaniel and Alexande: Concepts and Models in Inorganic Chemistry, John Wiley.
D.F.Shriver and P.W.Atkins: Inorganic Chemistry, Oxford University Press.
G.L. Miessler and Donald A. Tarr: Inorganic Chemistry, Pearson Publication.
Gary Wulfsberg: Inorganic Chemistry, Viva Books Pvt. Ltd.
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MJCHE-603: Practical
Max. Marks: 50 Min Marks: 20
Credit: 02 Duration: 4 Hrs
Learning Outcomes: On successful completion of the course the student will be able to-
1. Understand the practical applications of various aspects of chemistry
1. Laboratory Techniques
A. Steam Distillation
a) Naphthalene from its suspension in water
b) Separation of o-and-p-nitrophenols

OR
B. Column Chromatography
a) Separation of fluorescein and methylene blue
b) Separation of leaf pigments from spinach leaves
c) Resolution of racemic mixture of (£) mandelic acid
OR
A. Stereochemical Study of Organic Compounds via Models
a) R and S configuration of optical isomers.
b) E,Z configuration of geometrical isomers.
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2. Instrumentation
A. Colorimetry
a) Job’s method
b) Mole-ratio method
c) Adulteration- Food stuffs.
d) Effluent analysis, water analysis.
OR
B. Solvent Extraction: Separation and estimation of Mg(l1) and Fe(ll)
C. lon Exchange Method: Separation and estimation of Mg(Il) and Zn(IlI).
3. Synthesis
a) Sodium trioxalato ferrate(l11), Nas[Fe(C204)3]
b) Ni-DMG complex, [Ni(DMG)2]
c) Copper tetrammine complex [Cu(NHz3)4]SOa.
d) cis- and trans-dioxalato diaqua chromate (l11) ion.
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