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BSc. Programme with Chemistry
Syllabus
Semester-I
Organic Chemistry-I

Title:

Organic Chemistry-I BCEMCCRC101 CC-1 4-2-0

Syllabus:
Theory
Bonding and Physical Properties (25L)

1. Valence Bond Theory: Concept of hybridisation, shapes of molecules, resonance (including
hyperconjugation); calculation of formal charges and double bond equivalent (DBE); orbital
pictures of bonding (sp3, sp2, sp: C-C, C-N & C-O systems and s-cis and s-trans geometry for
suitable cases).

2. Electronic displacements: inductive effect, field effect, mesomeric effect, resonance
energy; bond polarization and bond polarizability; electromeric effect; steric effect, steric
inhibition of resonance.

3. MO theory: qualitative idea about molecular orbitals, bonding and antibonding
interactions, idea about 6, o*, m, ® *, n — MOs; basic idea about Frontier MOs (FMO);
concept of HOMO, LUMO and SOMO; interpretation of chemical reactivity in terms of FMO
interactions; sketch and energy levels of ®# MOs of i) acyclic p orbital system (C=C,
conjugated diene, triene, allyl and pentadienyl systems) ii) cyclic p orbital system (neutral
systems: [4], [6]-annulenes; charged systems: 3-,4-,5-membered ring systems); Hiickel’s rules
for aromaticity up to [10]-annulene (including mononuclear heterocyclic compounds up to 6-
membered ring); concept of antiaromaticity and homoaromaticity; non-aromatic molecules;
Frost diagram; elementary idea about a and 3; measurement of delocalization energies in terms
of B for buta-1,3-diene, cyclobutadiene, hexa-1,3,5-triene and benzene.

4. Physical properties: influence of hybridization on bond properties: bond dissociation
energy (BDE) and bond energy; bond distances, bond angles; concept of bond angle strain
(Baeyer’s strain theory); melting point/boiling point and solubility of common organic
compounds in terms of covalent & non-covalent intermolecular forces; polarity of
molecules and dipole moments; relative stabilities of isomeric hydrocarbons in terms of heat
of hydrogenation, heat of combustion and heat of formation.

General Treatment of Reaction Mechanism | (15L)

1. Mechanistic classification: ionic, radical and pericyclic (definition and example); reaction
type: addition, elimination and substitution reactions (definition and example); nature of bond



cleavage and bond formation: homolytic and heterolytic bond fission, homogenic and
heterogenic bond formation; curly arrow rules in representation of mechanistic steps; reagent
type: electrophiles and nucleophiles (elementary idea); electrophilicity and nucleophilicity in
terms of FMO approach.

2. Reactive intermediates: carbocations (carbenium and carbonium ions), carbanions, carbon
radicals, carbenes: generation and stability, structure using orbital picture and
electrophilic/nucleophilic behavior of reactive intermediates (elementary idea).
Stereochemistry-1 (20L)

1. Bonding geometries of carbon compounds and representation of molecules: Tetrahedral
nature of carbon and concept of asymmetry; Fischer, sawhorse, flying-wedge and Newman
projection formulae and their inter translations.

2. Concept of chirality and symmetry: symmetryelements and point groups (Cv, Cnh,
Cnv, Cn, Dh, Dnh, Dnd, Dn, Sn(Cs,Ci); molecular chirality and centre of chirality;
asymmetric

and dissymmetric molecules; enantiomers and diastereomers; concept of epimers;
concept of stereogenicity, chirotopicity and pseudoasymmetry; chiral centres and number
of stereoisomerism: systems involving 1/2/3-chiral centre(s) (AA, AB, ABA and ABC
types).

3. Relative and absolute configuration: D/L and R/S descriptors; erythro/threo and meso
nomenclature of compounds; syn/anti nomenclatures for aldols; E/Z descriptors for C=C,
conjugated diene, triene, C=N and N=N systems; combination of R/S-and

4. E/ Z- isomerisms: Optical activity of chiral compounds: optical rotation, specific rotation
and molar rotation; racemic compounds, racemisation (through cationic, anionic, radical
intermediates and through reversible formation of stable achiral intermediates);
resolution of acids, bases and alcohols via diastereomeric salt formation; optical purity and
enantiomeric excess; invertomerism of chiral trialkylamines.

Practical
Separation
Based upon solubility, by using common laboratory reagents like water (cold, hot), dil. HCI,
dil. NaOH, dil. NaHCO3, etc., of components of a binary solid mixture; purification of any
one of the separated components by crystallization and determination of its melting point. The
composition of the mixture may be of the following types: Benzoic acid/p-Toluidine; p-
Nitrobenzoic acid/p- Aminobenzoic acid; p-Nitrotolune/p-Anisidine; etc.
Determination of boiling point
Determination of boiling point of common organic liquid compounds e.g., ethanol,
cyclohexane, chloroform, ethyl methyl ketone, cyclohexanone, acetylacetone, anisole,
crotonaldehyde, mesityl oxide, etc. [Boiling point of the chosen organic compounds should
preferably be less than 160°C]
Identification of a Pure Organic Compound
Solid compounds: oxalic acid, tartaric acid, citric acid, succinic acid, resor
cinol, urea, glucose, cane sugar, benzoic acid and salicylic acid
LiguidCompounds:
formic acid, acetic acid, methyl alcohol, ethyl alcohol, acetone, aniline, dimethylaniline,
benzaldehyde, chloroform and nitrobenzene



Semester 11

Inorganic Chemistry-1

Syllabus:
Theory

Extra nuclear Structure of atom (20L)

Bohr’s theory, its limitations and atomic spectrum of hydrogen atom; Sommerfeld’s Theory.
Wave mechanics: de Broglie equation, Heisenberg’s Uncertainty Principle
and its significance, Schrodinger’s wave equation, significance of y and 2. Quantum
numbers and their significance. Radial and angular wave functions for hydrogen atom. Radial
and angular distribution curves. Shapes of s, p, d and f orbitals. Pauli’s Exclusion Principle,
Hund’s rules and multiplicity, Exchange energy, Aufbau principle and its limitations, Ground
state Term symbols of atoms and ions for atomic number upto 30.

Chemical periodicity (15L)

Modern IUPAC Periodic table, Effective nuclear charge, screening effects and penetration,
Slater’s rules, atomic radii, ionic radii (Pauling’s
univalent), covalent radii, lanthanide contraction. lonization
potential, electron affinity and electronegativity (Pauling’s, Mulliken’s and Allred-
Rochow’s scales) and factors influencing these properties, group electronegativities. Group
trends and periodic trends in these properties in respect of s-, p- and d-block elements.
Secondary periodicity, Relativistic Effect, Inert pair effect.

Acid-Base reactions (15L)
Acid-Base concept: Arrhenius concept, theory of solvent system (in H20, NH3, SO2 and
HF), Bronsted-Lowry’s concept, relative strength of acids, Pauling’s rules. Lux-Flood
concept, Lewis concept, group characteristics of Lewis acids, solvent levelling and
differentiating effects. Thermodynamic acidity parameters, Drago-Wayland equation.
Superacids, Gas phase acidity and proton affinity; HSAB principle. Acid-base equilibria in
aqueous solution (Proton transfer equilibria in water), pH, buffer. Acid-base
neutralisation curves; indicator, choice of indicators.

Redox Reactions and precipitation reactions (10L)
lon-electron method of balancing equation of redox reaction. Elementary idea on standard
redox potentials with sign conventions, Nernst equation (without derivation). Influence of
complex formation, precipitation and change of pH on redox potentials; formal
potential. Feasibility of a redox titration, redox potential at the equivalence point,
redox indicators. Redox potential diagram (Latimer and Frost diagrams) of common
elements and their applications. Disproportionation and comproportionation
reactions (typical examples)



Solubility  product principle, common ion effect and their applications to
the precipitation and separation of common metallic ions as hydroxides, sulfides, phosphates,
carbonates, sulfates and halides.

Practical
Acid and Base Titrations

1. Estimation of carbonate and hydroxide present together in mixture
2. Estimation of carbonate and bicarbonate present together in a mixture.
3. Estimation of free alkali present in different soaps/detergents.

Oxidation-Reduction Titrimetric
1. Estimation of Fe(ll) using standardized KMnO4 solution

2. Estimation of oxalic acid and sodium oxalate in a given mixture

3. Estimation of Fe(ll) and Fe(lll) in a given mixture using K2Cr207 solution.

4. Estimation of Fe(l11) and Mn(Il) in a mixture using standardized KMnO4 solution
5. Estimation of Fe(l1l) and Cu(ll) in a mixture using K2Cr207.

6. Estimation of Fe(l1l) and Cr(I1I) in a mixture using K2Cr207.

Semester-111
Physical Chemistry-I

Syllabus:

Kinetic Theory and Gaseous state (24 L)

1. Kinetic Theory of gases: Concept of pressure and temperature; Collision of
gas molecules; Collision diameter; Collision number and mean free path;
Frequency of binary collisions (simila and different molecules); Wall
collision and rate of effusion

2. Maxwell’s distribution of speed and energy (without derivation): Nature of
distribution of velocities, Maxwell's distribution of speeds in one, two and
three dimensions; Kinetic energy distribution in one, two and three
dimensions, calculations of average, root mean square and most probable
values in each case; Calculation of number of molecules having energy > .



3. Real gas and virial equation: Deviation of gases from ideal behavior;
compressibility factor; Boyle temperature; Andrew's and Amagat's plots; van
der Waals equation and its features; its derivation and application in
explaining real gas behaviour, other equations of state (Berthelot, Dietrici);
Existence of critical state, Critical constants in terms of van der Waals
constants; Law of corresponding states; virial equation of state; van der Waals
equation expressed in virial form and significance of second virial
coefficient;  Intermolecular forces (Debye, Keesom and London
interactions; Lennard-Jones potential - elementary idea)

Chemical Thermodynamics (18 L)

1. Zeroth and 1st law of Thermodynamics: Intensive and extensive variables;
state and path functions; isolated, closed and open systems; zeroth law of
thermodynamics; Concept of heat, work, internal energy and statement of first
law; enthalpy, H; relation between heat capacities, calculations of g, w, U and
H for reversible, irreversible and free expansion of gases (ideal and van
der Waals) under isothermal and adiabatic conditions; Joule’s experiment
and its consequence

2. Thermochemistry: Standard states; Heats of reaction; enthalpy of formation
of molecules and ions and enthalpy of combustion and its applications; Laws
of thermochemistry; bond energy, bond dissociation energy and resonance
energy from thermochemical data, Kirchhoff’s equations and effect of
pressure on enthalpy of reactions; Adiabatic flame temperature; explosion
temperature

Chemical kinetics (18 L)

1. Rate law, order and
molecularity: Introduction of rate law, Extent of reaction; rate
constants, order; Forms of rates of First, second and nth order reactions;
Pseudo first order reactions (example using acid
catalyzed hydrolysis of methyl acetate); Determination of order of a
reaction by  half-life  and differential  method,; Opposing
reactions, consecutive reactions and parallel reactions (with explanation of
kinetic and thermodynamic control of products; all steps first order)

2. Role of T and theories of reaction rate: Temperature dependence
of rate constant; Arrhenius equation, energy of activation; Rate-determining
step and steady-state approximation — explanation with suitable examples;
Collision theory; Lindemann theory of unimolecular reaction; outline of
Transition State theory (classical treatment)



Practical

Determination of heat of neutralization of a strong acid by a strong base
Study of kinetics of acid-catalyzed hydrolysis of methyl acetate

Study of kinetics of decomposition of H202

Determination of heat of solution of oxalic acid from solubility measurement

b

SEC Course

Title:

Basic Analytical Chemistry

Syllabus:
Theory (30L)
Introduction

Introduction to Analytical Chemistry and its interdisciplinary nature. Concept of
sampling. Importance of accuracy, precision and sources of error in analytical
measurements. Presentation of experimental data and results, from the point of view
of significant figures.

Analysis of soil

Composition of soil, Concept of pH and pH measurement, Complexometric
titrations, Chelation, Chelating agents, use of indicators

1. Determination of pH of soil samples.
2. Estimation of Calcium and Magnesium ions as Calcium carbonate by
complexometric titration.

Analysis of water

Definition of pure water, sources responsible for contaminating water, water
sampling methods, water purification methods.

1. Determination of pH, acidity and alkalinity of a water sample.
2. Determination of dissolved oxygen (DO) of a water sample.



Analysis of food products

Nutritional value of foods, idea about food processing and food preservations and
adulteration.

1. Identification of adulterants in some common food items like coffee powder,
asafoetida, chilli powder, turmeric powder, coriander powder and pulses, etc.
2. Analysis of preservatives and colouring matter.

Chromatography

Definition, general introduction on principles of chromatography, paper
chromatography, TLC etc.

1. Paper chromatographic separation of mixture of metal ion (Fe3+ and Al3+).
2. To compare paint samples by TLC method.

lon-exchange

1. Column, ion-exchange chromatography etc.
2. Determination of ion exchange capacity of anion / cation exchange resin
(using batch procedure if use of column is not feasible).

Analysis of cosmetics
Major and minor constituents and their function

1. Analysis of deodorants and antiperspirants, Al, Zn, boric acid, chloride,
sulphate.

2. Determination of constituents of talcum powder: Magnesium oxide, Calcium
oxide, Zinc oxide and Calcium carbonate by complexometric titration

Suggested Applications (Any one)

1. To study the use of phenolphthalein in trap cases.
2. To analyse arson accelerants.
3. To carry out analysis of gasoline.

Suggested Instrumental demonstrations

1. Estimation of macro nutrients: Potassium, Calcium, Magnesium in soil
samples by flame photometry.

2. Spectrophotometric determination of Iron in Vitamin / Dietary Tablets.

3. Spectrophotometric Identification and Determination of Caffeine and
Benzoic Acid in Soft Drinks



Semester -1V

Title:

Inorganic Chemistry-11I

Syllabus:

Theory
General Principles of Metallurgy (10L)

Chief modes of occurrence of metals based on standard electrode potentials.
Ellingham diagrams for reduction of metal oxides using carbon and carbon
monoxide as reducing agent. Electrolytic Reduction, Hydrometallurgy. Methods of
purification of metals: Electrolytic Kroll process, Parting process, van Arkel-de
Boer process and Mond’s process, Zone refining.

Chemistry of s and p Block Elements (18L)

Relative stability of different oxidation states, diagonal relationship and anomalous
behaviour of first member of each group. Allotropy and catenation. Study of the
following compounds with emphasis on structure, bonding, preparation, properties
and uses. Beryllium hydrides and halides. Boric acid and borates, boron nitrides,
borohydrides (diborane) and graphitic compounds, silanes, Oxides and oxoacids of
nitrogen, phosphorus, sulphur and chlorine. Peroxo acids of sulphur, sulphur-
nitrogen compounds, interhalogen compounds, polyhalide ions, pseudohalogens,
fluorocarbons and basic properties of halogens.

Noble Gases (10L)

Occurrence and wuses, rationalization of inertness of noble gases,
Clathrates; preparation and properties of XeF2, XeF4 and XeF6; Nature of
bonding in noble gas compounds (Valence bond treatment and MO treatment for
XeF2 and XeF4). Xenon-oxygen compounds. Molecular shapes of noble gas
compounds (VSEPR theory).


Highlight

Highlight


Inorganic Polymers (10L)

Types of inorganic polymers, comparison with organic polymers, synthesis,
structural aspects and applications of silicones and siloxanes. Borazines, silicates
and phosphazenes.

Coordination Chemistry-1 (12L)

Coordinate bonding: double and complex salts. Werner’s theory of coordination
complexes,

Classification of ligands, Ambidentate ligands, chelates, Coordination nu
mbers, IUPAC nomenclature of coordination complexes (up to two metal
centers), Isomerism in coordination compounds, constitutional and stereo
isomerism, Geometrical and optical isomerism in square planar and octahedral
complexes.

Practical

Complexometric titration

1. Zn(ll)

2. Zn(I1) ina Zn(1l) and Cu(ll) mixture.

3. Ca(ll) and Mg(ll) in a mixture.

4. Hardness of water.

Inorganic preparations

1. [Cu(CH3CN)4]PF6/ClO4

2. Cis and trans K[Cr(C204)2 (H20)2]

3. [Cu(CH3CN)4]PF6/CIO4

4. Cisand trans K[Cr(C204)2 (H20)2]

5. Potassium dioxalatodiaquachromate(ll1)

6. Tetraamminecarbonatocobalt (I11) ion

7. Potassium tris(oxalate)ferrate(l11)

8. Tris-(ethylenediamine) nickel(1l) chloride.

9. [Mn(acac)3] and Fe(acac)3] (acac= acetylacetonate)



SEC Course

Analytical Clinical Biochemistry

Syllabus:

Theory (30L)

Review of Concepts from Core Course

1.

Carbohydrates: Biological importance of carbohydrates, Metabolism,
Cellular currency of energy (ATP), Glycolysis, Alcoholic and Lactic acid
fermentations, Krebs cycle. Isolation and characterization of polysachharides.
Proteins: Classification, biological importance; Primary and secondary and
tertiary structures of proteins: a-helix and - pleated sheets, Isolation,
characterization, denaturation of proteins.

Enzymes: Nomenclature, Characteristics (mention of Ribozymes), and
Classification; Active site, Mechanism of enzyme action, Stereospecificity of
enzymes, Coenzymes and cofactors, Enzyme inhibitors, Introduction to
Biocatalysis: Importance in “Green Chemistry” and Chemical Industry.
Lipids: Classification. Biological importance of triglycerides and
phosphoglycerides and cholesterol; Lipid membrane, Liposomes and their
biological functions and underlying applications. Lipoproteins. Properties,
functions and biochemical functions of steroid hormones. Biochemistry of
peptide hormones.

Structure of DNA (Watson-Crick model) and RNA, Genetic Code, Biological
roles of DNA and RNA: Replication, Transcription and Translation,
Introduction to Gene therapy.

Enzymes: Nomenclature, classification, effect of pH, temperature on enzyme
activity, enzyme inhibition.

Biochemistry of disease: A diagnostic approach by blood/ urine analysis.

1. Blood: Composition and functions of blood, blood coagulation. Blood collection
and preservation of samples. Anaemia, Regulation, estimation and interpretation of
data for blood sugar, urea, creatinine, cholesterol and bilirubin.

2. Urine: Collection and preservation of samples. Formation of urine. Composition
and estimation of constituents of normal and pathological urine.

Hands On Practical

Identification and estimation of the following:



Carbohydrates — qualitative and quantitative.

Lipids — qualitative.

Determination of the iodine number of oil.

Determination of the saponification number of oil.

Determination of cholesterol using Liebermann- Burchard reaction.
Proteins — qualitative.

Isolation of protein.

Determination of protein by the Biuret reaction.

Determination of nucleic acids

CoNoGaRwWNE

Semester-V
Title: BCEMDSRCL1 Discipline Specific elective

Inorganic Materials of Industrial Importance

Syllabus:
Theory
Silicate Industries (15L)

Glass: Glassy state and its properties, classification (silicate and non-silicate
glasses). Manufacture and processing of glass. Composition and properties of the
following types of glasses: Soda lime glass, lead glass, armoured glass, safety glass,
borosilicate glass, fluorosilicate, coloured glass, photosensitive glass.

Ceramics: Important clays and feldspar, ceramic, their types and manufacture. High
technology ceramics and their applications, superconducting and semiconducting
oxides, fullerenes carbon nanotubes and carbon fibre.

Cements: Classification of cement, ingredients and their role, Manufacture of
cement and the setting process, quick setting cements.

Fertilizers (6L)

Different types of fertilizers. Manufacture of the following fertilizers: Urea,
ammonium nitrate, calcium ammonium nitrate, ammonium phosphates;
polyphosphate, superphosphate, compound and mixed fertilizers, potassium
chloride, potassium sulphate.

Surface Coatings (15L)



Objectives of coatings surfaces, preliminary treatment of surface, classification of
surface coatings. Paints and pigments-formulation, composition and related
properties. Oil paint, Vehicle, modified oils, Pigments, toners and lakes pigments,
Fillers, Thinners, Enamels, emulsifying agents. Special paints (Heat retardant, Fire
retardant, Eco-friendly paint, Plastic paint), Dyes, Wax polishing, Water and Oil
paints, additives, Metallic coatings (electrolytic and electroless), metal spraying and
anodizing.

Batteries (8L)

Primary and secondary batteries, battery components and their role, Characteristics
of Battery. Working of following batteries: Pb acid, Li-Battery, Solid state
electrolyte battery. Fuel cells, Solar cell and polymer cell.

Alloys (6L)

Classification of alloys, ferrous and non-ferrous alloys, Specific properties of
elements in alloys. Manufacture of Steel (removal of silicon decarbonization,
demanganization, desulphurization dephosphorisation) and surface treatment (Ar
and heat treatment, nitriding, carburizing). Composition and properties of different
types of steels.

Catalysis (6L)

General principles and properties of catalysts, homogenous catalysis (catalytic steps
and examples) and heterogenous catalysis (catalytic steps and examples) and their
industrial applications, Deactivation or regeneration of catalysts.

Phase transfer catalysts, application of zeolites as catalysts.
Chemical explosives(4L)

Origin of explosive properties in organic compounds, preparation and explosive
properties of lead azide, PETN, cyclonite (RDX). Introduction to rocket propellants.

Practical

Determination of free acidity in ammonium sulphate fertilizer.
Estimation of Calcium in Calcium ammonium nitrate fertilizer.
Estimation of phosphoric acid in superphosphate fertilizer.

Electroless metallic coatings on ceramic and plastic material.
Determination of composition of dolomite (by complexometric titration).
Analysis of (Cu, Ni); (Cu, Zn) in alloy or synthetic samples.

Analysis of Cement.

Preparation of pigment (zinc oxide).

ONogkRwWNE



Title:

Instrumental Methods of Chemical Analysis

Syllabus:
Theory
Introduction to spectroscopic methods of analysis ((8L)

Recap of the spectroscopic methods covered in detail in the core chemistry
syllabus: Treatment of analytical data, including error analysis. Classification of
analytical methods and the types of instrumental methods. Consideration of
electromagnetic radiation

Molecular spectroscopy (15L)

1. Infrared spectroscopy:

2. Interactions with molecules: absorption and scattering. Means of excitation
(light sources), separation of spectrum (wavelength dispersion, time
resolution), detection of the signal (heat, differential detection),
interpretation of spectrum (qualitative, mixtures, resolution), advantages of
Fourier Transform (FTIR). Samples and results expected. Applications:
Issues of quality assurance and quality control, Special problems for
portable instrumentation and rapid detection.

3. UV-Visible/ Near IR — emission, absorption, fluorescence and
photoaccoustic. Excitation sources (lasers, time resolution), wavelength
dispersion (gratings, prisms, interference filters, laser, placement of sample
relative to dispersion, resolution), Detection of signal (photocells,
photomultipliers, diode arrays, sensitivity and S/N), Single and Double
Beam instruments, Interpretation (quantification, mixtures, absorption vs.
fluorescence and the use of time, photoaccoustic, fluorescent tags).

Separation techniques ((13L)

1. Chromatography: Gas chromatography, liquid chromatography, supercritical
fluids, Importance of column technology (packing, capillaries), Separation based
on increasing number of factors (volatility, solubility, interactions with stationary
phase, size, electrical field),

1. Detection: simple vs. specific (gas and liquid), Detection as a means of
further analysis (use of tags and coupling to IR and MS), Electrophoresis
(plates and capillary) and use with DNA analysis.



Elemental analysis (8L)

1. Mass spectrometry (electrical discharges).

2. Atomic spectroscopy: Atomic absorption, Atomic emission, and Atomic
fluorescence.

3. Excitation and getting sample into gas phase (flames, electrical discharges,
plasmas), Wavelength separation and resolution (dependence on technique),
Detection of radiation (simultaneous/scanning, signal noise), Interpretation
(errors due to molecular and ionic species, matrix effects, other
interferences).

NMR spectroscopy (8L)

Principle, Instrumentation, Factors affecting chemical shift, Spin- coupling,
Applications.

Electroanalytical Methods (4L)
Potentiometry & Voltammetry
Radiochemical Methods: Elementary Analysis (4L)

X-ray analysis and electron spectroscopy (surface analysis)

Practical

Safety Practices in the Chemistry Laboratory

Determination of the isoelectric pH of a protein.

Titration curve of an amino acid.

Determination of the void volume of a gel filtration column.

Determination of a Mixture of Cobalt and Nickel (UV/Vis spec.)

Study of Electronic Transitions in Organic Molecules (i.e., acetone in water)
IR Absorption Spectra (Study of Aldehydes and Ketones)

Determination of Calcium, Iron, and Copper in Food by Atomic Absorption
Quantitative Analysis of Mixtures by Gas Chromatography (i.e., chloroform
and carbon tetrachloride)

COoNORWNE

10. Separation of Carbohydrates by HPLC
11. Determination of Caffeine in Beverages by HPLC
12. Potentiometric Titration of a Chloride-lodide Mixture

13. Cyclic Voltammetry of the Ferrocyanide/ Ferricyanide Couple



14. Nuclear Magnetic Resonance

15. Use of fluorescence to do “presumptive tests” to identify blood or other body
fluids.

16. Use of “presumptive tests” for anthrax or cocaine

17. Collection, preservation, and control of blood evidence being used for DNA
testing

18. Use of capillary electrophoresis with laser fluorescence detection for nuclear
DNA (Y chromosome only or multiple chromosome)

19. Use of sequencing for the analysis of mitochondrial DNA
20. Laboratory analysis to confirm anthrax or cocaine

21. Detection in the field and confirmation in the laboratory of flammable
accelerants or explosives

22. Detection of illegal drugs or steroids in athletes
23. Detection of pollutants or illegal dumping

24. Fibre analysis

SEC Course
Title:

IT Skills for Chemists

Syllabus:

1.

Fundamentals, mathematical functions, polynomial expressions, logarithms, th
e exponential function, units of a measurement, interconversion of

units, constants and variables, equation of a straight line, plotting graphs.

2. Uncertainty in experimental techniques: Displaying uncertainties, measur
ements in chemistry, decimal places, significant figures, combining quantities.



3. Uncertainty in measurement: types of uncertainties, combining uncertainties.
Statistical treatment. Mean, standard deviation, relative error. Data reduction and
the propagation of errors. Graphical and numerical data reduction. Numerical
curve fitting: the method of least squares (regression).

4. Algebraic operations on real scalar variables (e.g. manipulation of van der
Waals equation in different forms).Roots of quadratic equations analytically and
iteratively (e.g. pH of a weak acid). Numerical methods of finding roots (Newton-
Raphson, binary —bisection, e.g. pH of a weak acid not ignoring the ionization of
water, volume of a van der Waals gas, equilibrium constant expressions).

5. Differential calculus: The tangent line and the derivative of a
function, numerical differentiation (e.g., change in pressure for small change in
volume of a van der Waals gas, potentiometric titrations).

6. Numerical integration (Trapezoidal and Simpson’s rule, e.g. entropy/enthalpy
change from

heat capacity data).

Computer programming

Constants, variables, bits, bytes, binary and ASCII formats,

arithmetic expressions, hierarchy of operations, inbuilt functions. Elements of the
BASIC language. BASIC keywords and commands. Logical and

relative operators. Strings and graphics. Compiled versus interpreted languages.
Debugging. Simple programs using these concepts. Matrix addition and
multiplication. Statistical analysis.

BASIC programs for curve fitting, numerical differentiation and
integration (Trapezoidal rule,



Simpson’s rule), finding roots (quadratic formula, iterative, Newton-Raphson
method).

Hands On

1. Introductory writing activities: Introduction to word processor and structure
drawing (ChemSketch) software. Incorporating chemical structures, chemical
equations, and expressions from chemistry (e.g. Maxwell-Boltzmann distribution
law, Bragg’s law, van der Waals equation, etc.) into word processing documents.

2. Handling numeric data: Spreadsheet software (Excel), creating a spreadsheet,
entering and formatting information, basic functions and formulae,

creating charts, tables and graphs. Incorporating tables and graphs into word
processing documents. Simple calculations, plotting graphs using a spreadsheet
(Planck’s distribution law, radial distribution curves for hydrogenic orbitals, gas
Kinetic theory- Maxwell-Boltzmann distribution curves as function of
temperature and molecular weight), spectral data, pressure-volume curves of van
der Waals gas (van der Waals isotherms), data from phase equilibria studies.
Graphical solution of equations.

3. Numeric modelling: Simulation of pH metric titration curves. Excel functions
LINEST and Least Squares. Numerical curve fitting, linear regression (rate
constants from concentration- time data, molar extinction coefficients from
absorbance data), numerical differentiation (e.g. handling data from potentiometric
and pH metric titrations, pKa of weak acid), integration (e.g. entropy/enthalpy
change from heat capacity data).

4. Statistical analysis: Gaussian distribution and Errors in measurements and
their effect on data sets. Descriptive statistics using Excel. Statistical significance
testing: The t test. The F test.

5. Presentation: Presentation graphics



Semester-VI

Title:

Green Chemistry

Syllabus:
Theory
Introduction to Green Chemistry (5L)

1. is Green Chemistry? Need for Green Chemistry. Goals of Green Chemistry.
Limitations/ Obstacles in the pursuit of the goals of Green Chemistry

Principles of Green Chemistry and Designing a Chemical synthesis (25L)

Twelve principles of Green Chemistry with their explanations and examples and
special emphasis on the following:

1. Designing a Green Synthesis using these principles; Prevention of Waste/
byproducts; maximum incorporation of the materials used in the process
into the final products , Atom Economy, calculation of atom economy of the
rearrangement, addition, substitution and elimination reactions.

2. Prevention/ minimization of hazardous/ toxic products reducing toxicity.

risk = (function) hazard x exposure; waste or pollution prevention hierarchy.

1. Green solvents— supercritical fluids, water as a solvent for organic reactions,
ionic liquids, fluorous biphasic solvent, PEG, solventless processes,
immobilized solvents and how to compare greenness of solvents.

2. Energy requirements for reactions — alternative sources of energy: use of
microwaves and ultrasonic energy.

3. Selection of starting materials; avoidance of unnecessary derivatization —
careful use of blocking/protecting groups.

4. Use of catalytic reagents (wherever possible) in preference to stoichiometric
reagents; catalysis and green chemistry, comparison of heterogeneous and
homogeneous catalysis, biocatalysis, asymmetric catalysis and
photocatalysis.



5. Prevention of chemical accidents designing greener processes, inherent safer
design, principle of ISD “What you don’t have cannot harm you”, greener
alternative to Bhopal Gas Tragedy (safer route to carcarbaryl) and
Flixiborough accident (safer route to cyclohexanol) subdivision of ISD,
minimization, simplification, substitution, moderation and limitation.

6. Strengthening/ development of analytical techniques to prevent and
minimize the generation of hazardous substances in chemical processes.

Examples of Green Synthesis/ Reactions and some real world cases (22L)

1. Green Synthesis of the following compounds: adipic acid, catechol, disodium
Iminodiacetate (alternative to Strecker synthesis)

1. Microwave assisted reactions in water: Hofmann Elimination, methyl
benzoate to benzoic acid, oxidation of toluene and alcohols; microwave
assisted reactions in organic solvents Diels-Alder reaction and
Decarboxylation reaction

3. Ultrasound assisted reactions: sonochemical Simmons-Smith Reaction
(Ultrasonic alternative to lodine)

1. Surfactants for carbon dioxide — replacing smog producing and ozone

depleting solvents with CO2 for precision cleaning and dry cleaning of

garments.

Designing of Environmentally safe marine antifoulant.

3. Rightfit pigment: synthetic azopigments to replace toxic organic and
inorganic pigments.

4. An efficient, green synthesis of a compostable and widely applicable plastic
(poly lactic acid) made from corn.

5. Healthier Fats and oil by Green Chemistry: Enzymatic Inter esterification
for production of no Trans-Fats and Oils

6. Development of Fully Recyclable Carpet: Cradle to Cradle Carpeting

N

Future Trends in Green Chemistry (8L)

Oxidation reagents and catalysts; Biomimetic, multifunctional reagents;
Combinatorial green chemistry; Proliferation of solventless reactions; co crystal
controlled solid state synthesis (C2S3); Green chemistry in sustainable
development.

Practical



Safer starting materials
1. Preparation and characterization of nanoparticles of gold using tea leaves.
Using renewable resources
1. Preparation of biodiesel from vegetable/ waste cooking oil.
Avoiding waste
Principle of atom economy.

1. Use of molecular model kit to stimulate the reaction to investigate how the
atom economy can illustrate Green Chemistry.
2. Preparation of propene by two methods can be studied

a. Triethylamine ion + OH- — propene + trimethylpropene + water
H2SO4/heat
b. I-propanol — Propene + water

1. Other types of reactions, like addition, elimination, substitution and
rearrangement should also be studied for the calculation of atom economy.

Use of enzymes as catalysts

Benzoin condensation using Thiamine Hydrochloride as a catalyst instead of
cyanide.

Alternative Green solvents

Extraction of D-limonene from orange peel using liquid CO2 prepared form dry
ice. Mechanochemical solvent free synthesis of azomethines

Alternative sources of energy

1. Solvent free, microwave assisted one pot synthesis of phthalocyanine
complex of copper (11).

2. Photoreduction of benzophenone to benzopinacol in the presence of
sunlight.



Title:

Polymer Chemistry

Syllabus:
Theory
Introduction and history of polymeric materials(4L)

Different schemes of classification of polymers, Polymer nomenclature, Molecular
forces and chemical bonding in polymers, Texture of Polymers.

Functionality and its importance(4L)

Criteria for synthetic polymer formation, classification of polymerization
processes, Relationships between functionality, extent of reaction and degree of
polymerization. Bi-functional systems, Poly-functional systems.

Kinetics of Polymerization(6L)

Mechanism and kinetics of step growth, radical chain growth, ionic chain (both
cationic and anionic) and coordination polymerizations, Mechanism and Kinetics of
copolymerization, polymerization techniques.

Crystallization and crystallinity(6L)

Determination of crystalline melting point and degree of crystallinity, Morphology
of crystalline polymers, Factors affecting crystalline melting point.

Nature and structure of polymers(3L)

Structure Property relationships.

Determination of molecular weight of polymers(7L)

(Mn, Mw, etc) by end group analysis, viscometry, light scattering and osmotic
pressure methods. Molecular weight distribution and its significance.
Polydispersity index.

Glass transition temperature (Tg) and determination of Tg (5L)

Free volume theory, WLF equation, Factors affecting glass transition temperature
(Tg).



Polymer Solution (10 L)

Criteria for polymer solubility, Solubility parameter, Thermodynamics of polymer
solutions, entropy, enthalpy, and free energy change of mixing of polymers
solutions, Flory- Huggins theory, Lower and Upper critical solution temperatures.

Properties of Polymer (15L)
(Physical, thermal, Flow & Mechanical Properties)

Brief introduction to preparation, structure, properties and application of the
following polymers: polyolefins, polystyrene and styrene copolymers, poly(vinyl
chloride) and related polymers, poly(vinyl acetate) and related polymers, acrylic
polymers, fluoro polymers,

Polyamides and related polymers. Phenol formaldehyde resins (Bakelite, Novalac),
polyurethanes, silicone polymers, polydienes,

Polycarbonates, Conducting Polymers, [polyacetylene, polyaniline, poly(p-
phenylene sulphide polypyrrole, polythiophene)].

Practical
Polymer Synthesis

1. Free radical solution polymerization of styrene (St) / Methyl Methacrylate
(MMA) / Methyl

Acrylate (MA) / Acrylic acid (AA).

1. Purification of monomer

2. Polymerization using benzoyl peroxide (BPO) / 2,2’-azo-bis-isobutylonitrile
(AIBN)

Preparation of nylon 66/6

Interfacial polymerization, preparation of polyester from isophthaloyl
chloride (IPC) and phenolphthalein

Redox polymerization of acrylamide

Precipitation polymerization of acrylonitrile

Preparation of urea-formaldehyde resin

Preparations of novalac resin/ resold resin.

B w

N

10. Microscale Emulsion Polymerization of Poly(methylacrylate).

Polymer characterization



=

Determination of molecular weight by viscometry:

Polyacrylamide-ag.NaNO2 solution
(Poly vinyl proplylidine (PVP) in water

Determination of the viscosity-average molecular weight of poly(vinyl
alcohol) (PVOH) and

the fraction of “head-to-head” monomer linkages in the polymer.

1.

2.
3.

Determination of molecular weight by end group analysis: Polyethylene
glycol (PEG) (OH group).

Testing of mechanical properties of polymers.

Determination of hydroxyl number of a polymer using colorimetric method.

Polymer analysis

1.

ko

Estimation of the amount of HCHO in the given solution by sodium sulphite
method

Instrumental Techniques

IR studies of polymers

DSC analysis of polymers

Preparation of polyacrylamide and its electrophoresis

SEC course

Title:

Pharmaceuticals Chemistry

Syllabus:

Drugs & Pharmaceuticals



Drug discovery, design and development; Basic Retrosynthetic approach. Synthesis
of the representative drugs of the following classes: analgesics agents,
antipyretic agents, anti-
inflammatory agents (Aspirin, paracetamol, lbuprofen); antibiotics (Chloramp
henicol); antibacterial and antifungal agents (Sulphonamides; Sulphanethoxazol,
Sulphacetamide, Trimethoprim); antiviral agents (Acyclovir), Central Nervous
System agents (Phenobarbital, Diazepam),Cardiovascular (Glyceryl trinitrate),
antilaprosy (Dapsone), HIV-AIDS related drugs (AZT- Zidovudine).

Fermentation

Aerobic and anaerobic fermentation. Production of (i) Ethyl alcohol and citric acid,
(if) Antibiotics; Penicillin, Cephalosporin, Chloromycetin and

Streptomycin, (iii) Lysine, Glutamic acid, Vitamin B2, Vitamin B12 and Vitamin
C.

Hands On Practical

1. Preparation of Aspirin and its analysis.

2. Preparation of magnesium bisilicate (Antacid).





