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Total Number of Credits: 80

Semester |
Subject Subject Title Number
Code of Credits
IC 120 Symmetry, Group Theory and Spectroscopy 4
OC 130 Reaction Mechanisms in Organic Chemistry 4
PC 140 Kinetics and Thermodynamics in Chemistry 4
Elective Courses (any one)
IC 125 Physical Methods in Inorganic Chemistry daln Group 4
Chemistry
OC 135 Stereochemistry of Organic Reactions 4
PC 145 Chemical Mathematics and Elements of Coenffiogramming 4
Practicals for First Year

IC 128 Experiments in Inorganic Chemistry 4
OC 138 Experiments in Organic Chemistry 4
PC 148 Experiments in Physical Chemistry 4

Semester |l
IC 220 Coordination and Bioinorganic Chemistry 4
OC 230 | Synthetic Organic Chemistry and Spectroscopy
PC 240 Chemical Bonding and Molecular Spectroscopy
Total Number of Credits: 40

Semester |l
Subject | Subject Title Number
Code of Credits
IC 320 Physical Methods in Coordination- and Biorganic Chemistry 4
IC 321 Organometallic Chemistry and Homogeneousl{sis 4

Elective Courses

IC 325 Frontiers in Material Science and Analyti€achniques for Solids 4




IC 326 Inorganic Reaction Mechanism and Photocheynis 4
Practicals for Second Year
IC 328 Experiments in Inorganic Chemistry |
IC 329 Experiments in Inorganic Chemistry Il
Semester IV
IC 420 Inorganic Polymers, Clusters and Heteroges&atalysis 4
IC 421 Solid State Chemistry of Inorganic Materials 4
Elective Courses (any two)

IC 425 Industrial Inorganic Chemicals and MedioZteemistry 4

IC 426 Advanced Techniques in Inorganic Chemistry 4

IC 427 Research Project 4

Total Number of Credits: 40

UGC recommended courses (Additional 10 credits)

Subject Subject Title Number

Code of Credits
Cyber security/Information security 4
Skill based credits 4
Human rights education 2

Courses which can be opted by students from outsidiepartments:

Sub. Code| Subject Title Number of

Credits

Elective courses
Semester- llI

IC 325 Frontiers in Material Science and Analyti€athniques for Solids 4
Semester- IV

IC 425 Industrial Inorganic Chemicals and MedioBteemistry 4

IC 426 Advanced Techniques in Inorganic Chemistry 4




SEMESTER-I

IC 120: Symmetry, Group Theory and Spectroscopy (4fedits, 60L)

1.

2.

6.

Definitions and theorems of group theory, subgsy classeg4L)

Molecular symmetry and symmetry groups - symyneligments and operations.
Symmetry planes reflections, inversion centreppr / improper axes and rotations,
products of symmetry operations , symmetry pgioups ,classes of symmetry
operations, classification of molecular poiruws.(10L)

. Representations of groups. Great orthogondiggitem, character tables, properties of

characters of representatio(@i.)

. Group theory and quantum mechanics. Wave fumetiobases for irreducible

presentation(2L)

. Symmetry Adapted Linear Combinations - (SAL@)ejection operators and their

use to construct SALQ6L)

Molecular Orbital Theory.
Transformation properties of atomic orbitals, Blf@r Sigma bonding in ABn molecules,
tetrahedral ABcase, Hybrid orbital’'s, MO's for pi bonding in ABmolecules(10L)

. Application of group theory to infrared spectrogy (Ref.-2, Chapter-8)

Introduction, selection rules, polyatomic malles, possible vibration in a linear molecule,
bending modes, symmetry of vibrations and thiactivity, Group vibration concept and its
limitations, IR spectra related to symmetrygoime compounds, IR spectra of complex
compoundg10L)

. Raman spectroscopy:

Theory of Raman spectroscopy, Instrumentatiam@e handling and lllumination, structural
analysis, polarization measurements, quantéatnalysis , applications of Raman
spectroscopy, other types of Raman spectros€dmyparison of Raman and Infrared
spectroscopy, Problems (Ref. 7: p.533-549) Ref321-336)(10L)

Books

1.

2.

Chemical applications and group theory F.A. @utBrd edition, John Wiley &
Sons Asia Pvt. Ltd. (1999).

Group theory and its chemical applications: Bhéttacharya, 2nd edn, Himalaya
pub. India,(1989).

. Molecular symmetry and group theory -A. Vincent.
. Symmetry in Chemistry: H.H. Jaffe' and M. OrgHdover Publications Inc, New

York,(2002).

. Symmetry in Inorganic Chemistry: J.P Fackler.
. Principles of Materials Science and Engineerigtiam F. Smith (1980) (Chapter 3)



7. Instrumental analysis — By Douglas A .Skoogldmes Holler, Stanley R. Crouch (Publisher:
Cengage Learing India Pvt. Ltd . New Delhi 02p

8. Instrumental method of analysis ( 7th editiog) B.H. Willard , L.L. Merritt. Jr. J.A. Dean
and F.A. Settle,Jr (Publisher: CBS Publishes distributors Pvt .Ltd. ( Copyright —
Wordsworth publishing copy USA .2000).

OC 130: Stereochemistry and Reaction Mechanism (4 Credits, 60L)
Aromatic Electrophilic substitution reactions (15)

Arenium ion mechanism, orientation and reactivéyergy profile diagram, calculation of partial
rate factor, the ortho/ para ratio, Ipso subsbtutiOrientation in other ring systems such as
Naphthalene, Anthracene, six and five memberedrdmteles, Diazonium coupling, Vilsmeier
reaction, Gattermann—Koch reaction etc. The Ar$fenzyne and SNR1, mechanisms, reactivity
effect of substrate structure, leaving group ataciing nucleophile.
Kineticandnon-kineticmethods 7 (

Hammond Postulate, Curtin-Hammett Principle, Micoysc Reversibility,
Kinetic/Thermodynamic Control, First, Second andeurtio-First Order Kinetics, trapping of
intermediate(s), competition experiments, testingppsed/common intermediate, isolation and
identification, characterization using spectral Imogis of product and intermediate, Cross-over
experiments, Structure variation methods, Sterendata analysis, Isotope labeling, Techniques
to study radicals, Transient spectroscopy.

Hammett equation 8]

Substituent constant, reaction constant, +ve, heevalues, reaction with small -ve rho values,
interpretation of mechanism using rho values, noeear Hammett plots, kinetic isotopic effect,
entropy of activation.

Molecular rearrangement and reaction intermediate 1%

Structure, generation and stability of carbenedremés, carbocations and carbanions
intermediates. Rearrangement reactioizs Beckmann, Curtius, Hofmann, Lossen, Favorskii,
Baeyer-Villiger, Wolff, Claisen, Pummerer, Wagnee&twin, Stevens, Dienone-Phenol,
Sommelet-Hauser, Benzilic acid, Benzidine, CopgsrandSschmidt reaction.

Basic Concept of Stereochemistry of Organic Compouwls (15)

Origin of Stereochemistry, Optical activity, Chitgland molecular symmetry, axial and central
chirality. Projection formulae, Configuration (D/ld/I, R/S, E/Z configuration in C, N, S, P
containing compounds), Allenes, biphenyls and sgisanomenclature and enantiomerism.
Optical activity in biphenyls, spiranes, allenesdahelical structures. Enantiomeric and
distereomeric relationship, Isomerism in moleculgth more than one chiral center, Pseudo-
asymmetry, Prochirality. Enantomeric excess.

Books/References:

1. Organic Chemistry by J. Clayden, N. Greeve¥V&ren and P. Wothers (Oxford)
2. Advanced Organic Chemistry by J. MaréhEslition

3. Advance Organic Chemistry (part A and B) by Ar€y and R. J. Sundberg

4. Stereochemistry of carbon compound by E. L.IElie
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5. Stereochemistry of organic compound by Nasipuri
6. The Hammett equation, C. D. Johnson, Cambridgedusity Press (1973)

PC 140: Kinetics and Thermodynamics in Chemistry (&redits, 60L)
Chemical Kinetics: (2 credits, 30L)

1.

Recapitulation:

Rate of Reaction, empirical rate law, rate constamtder, molecularity, half-life and life
time of reaction. Zeroth first and second, third &alf-integral order reactions, methods
to determine order of the reactions and temperatependence of reaction rates (5L)
Complex reactions:

Rate laws for complex reactions, parallel reactioth example of nuclear reactions and
fluorescence decay, opposing reactions, rate auisstay temperature jump method,
consecutive reactions, rate determining step daddyg state approximation (7L)
Approximate methods to solve complex reactions:

Steady state and pre-equlibrium approximations,dé&mann mechanism for the
unimolecular reaction. Enzyme catalysis — Micha#lisnton Mechanism, Lineweaver
and Eadie plots, Chain reactions: free radical pelyzation, oscillating reactions (8L)
Method of studying fast reactions:

Flash photolysis, stop flow technique, pump andpnmmethods (3L)

Molecular reaction dynamics:

Collision theory for bi-molecular reactions (dettiom expected), steric factor, Transition
state theory, Eyring equation (derivation expectedymodynamic aspects —entropy. —
enthalpy and free energy of activation, effect iefettric constant on the ionic reactions,
primary and secondary salt effect, effect of pressan the reaction rates. Linear free
energy relationships (7L)

Text Books:

1.

2.
3.

Atkins’ Physical Chemistry, Peter Atkins and Juko Paula ninth edition Oxford
University Press 2011.

Physical Chemistry, D.A. McQuarrie, Viva Book prigdimited, 1998.

Chemical Kinetics, K. J Laidler, Third edition, Pean Education Inc., 1987.

Thermodynamics (2 Credits, 30L)

1.

Zeroth, first and second law of thermodynamics etelence of enthalpy, free energy and

entropy on pressure and temperature, free ene@ygehand equilibrium constant, partial

molar quantities—Maxwells equations and their agpions, Third law of

thermodynamics and its applications, residual @ytro (A3L)

Thermodynamics of Real Gases

Concept of activity, choice of standard states,Hdds of determining activity coefficient

and activity coefficient, variation of activity andctivity coefficient of a gas with

pressure and temperature, concept of fugacitycitigaf a gas in mixture of real gases
(7L)

Statistical Thermodynamics

Boltzmann distribution law, partition functions andnsembles, calculation of

translational, rotational and vibrational partitidunctions, statistical thermodynamics



and Third Law of Thermodynamics, internal energgathcapacity, entropy, free energy,
equilibrium constants (aoL)

Text/Reference Books
1. Physical Chemistry, P. W. Atkins, Sixth Edition, foed University Press, Oxford
(1998).
2. Physical Chemistry, T. Engel and P. J. Reid, Bemadummings (2005).
3. Physical Chemistry, G. M. Barrow, Fifth Edition,t&avicGraw Hill, New Delhi.

Elective Courses (any one)

IC 125: Physical Methods in Inorganic Chemistry andviain Group Chemistry
(4Credits, 60L)

(a) Main Group elements: (30 Lectures)

1. Hydrogen & its compounds (2L)
Hydrides, classification, e- deficient, e- predse- rich hydrides PH3,SbH3,AsH3,
Selenides, Tellurides.

2. Alkali & alkaline earth metals (4L)
Solutions in non-aqueous Media. Application of cnosthers in extraction of alkali &
alkaline earth metals.

3. Organometallic compounds of Li, Mg, Be, Ca, Na2()
Synthesis, properties, uses & structures.

4. Boron group (4L)
Boron Hydrides, preparation, structure & bondinghweference to LUMO, HOMO,
interconversion of lower & higher boranes, Metaticdnes, Carboranes.

5. Carbon group (4L)

Allotropes of Carbon, C60 and compounds (fullergniesercalation compounds of
Graphite, Carbon nanotubes, synthesis, propesties;ture-single walled,
multiwalled, applications, classification of organetallic compounds.
Organometallic compounds of B, Si, Sn,Pb, Ga, AsBs Structures, Synthesis,
Reactions

6. Nitrogen group (4L)
Nitrogen activation, Boron nitride, Oxidation st nitrogen & their nterconversion
PN & SN compounds NOx & their redox chemistry

7. Oxygen group (4L)
Metal selenides & tellurides, oxyacids & oxoaniah$ & N, Ring, Cage and Cluster
compounds of p-block elements. Silicates, includeglites



8. Halogen group (4L)
Interhalogens, Pseudohalogen, synthesis, propériaggplications, structure, oxyacids
& oxoanions of Hallogens Bonding.

9. Noble gases (2L)
Synthesis, properties, uses, structure & bonding wispect to VSEPR.

(b) Physical Methods in Inorganic Chemistry (30 Letures)

1. Crystal Structure and Crystal geometry (08)

Space Lattice and basic unit cells, Crystal systantsBravais Lattices, Classification of space
lattice by crystal systems and their structures,rtation between interatomic distance (d) and
atomic radius(R) of cubic unit cells. The AtomiccRiag factor of BCC, FCC and HCP unit cell
and their examples, Atomic positions in cubic walls with origin at eight corners of the cube,
directions in Cubic Unit Cells, Direction Indices icubic unit cells, Miller indices for
crystallographic planes in Cubic unit cells, Critsggraphic planes in Hexagonal unit cell,
Miller-Bravais indices. Volume, planar and lineaengity calculations of cubic unit cells,

application of Miller indices in solving crystakgttures, problems of all the topics.
2. NMR of Inorganic Compounds (10)

Concept of nuclear spin and resonance, fundameotalsupling (homonuclear heteronuclear)
and decoupling, coupling constants. Predictingnisity of NMR lines by binomial, trinomial,
tetranomial etc Pascal triangles Example§'®fand’®B NMR, *H and*'B NMR spectra of of
BH4s, Me'BoHz, MeB(u-H):BH2 second order coupling in diborane, Effect of ratu
abundance. Structure elucidation’8y and*'P NMR spectroscopy. ExampléSE NMR spectra
of interhalogen compoundSF and**P NMR to deduce structures of % type compounds:P
NMR of Wilkinson catalyst, geometrical isomers datmum compoundstrans effect and
meridonial, facial isomers of rhodium compounds. General trends imated shifts, factors
influencing chemical shift-geometry, electronegiéivcharge and oxidation state, coordination
number, effect of ligands, coordination effect @ansition metal. General trends in coupling
constant, factors influencing coupling constantrogyagnetic ratio, periodicity, ‘s’ character in
the bond, hybridization, coordination number, ef@oegativity, trans effect, inter bond angles
lone pairs and oxidation state.



3. Maossbhauer spectroscopy(12)
Basic principles of'Fe Mdssbauer spectroscopy, instrumentation, spgetrameters

a) Madossbauer Parameters- Isomer Shifts, quadrupoldtirspl Magnetic hyperfine

interaction.

b) Application of MGssbauer spectroscopy with respect
i) Oxidation states of metal ion in compounds
i) Structural elucidation
iii) Covalent and ionic compounds
iv) High spin low spin behavior
V) Magnetically ordered compounds

Books:

1. Advanced Inorganic Chemistry: F. A. Cotton, Gliikson,C. A. Murollo, M.
Bochmann, 6th edn. (2003).

. Inorganic Chemistry: D. F. Shriver and P.W. A&i4th edn. Oxford (2003).

. Concise inorganic Chemistry, J.D.Lee 4Th edi{i@hapman and Hall )

. Physical Methods in Chemistry, R. S. Drago, Saus Harcourt Brac Javanovich
College Publishers, (1992).

. NMR spectroscopy in Inorganic Chemistry, J.dgd, Oxford University press (2001).

. Méssbauer Spectroscopy and Transition Metal @tgmP. Gutlich,R. Link, A.
Trautwien, Springer-Verlag (1978).

. Méssbauer Spectroscopy, N.N. Greenwood, T.Ch Githapman and Hall Ltd. (1971).

. Instrumental method of analysis ( 7th editiog) B.H. Willard , L.L. Merritt. Jr. J.A. Dean
and F.A. Settle,Jr (Publisher: CBS Publishe distributors Pvt .Ltd. ( Copyright —
wardsworth publishing copy USA .2000).
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OC 135: Stereochemistry and Reaction Mechanism 4 Credits, 60L)
Aromatic Electrophilic substitution reactions (15)

Arenium ion mechanism, orientation and reactivéyergy profile diagram, calculation of partial
rate factor, the ortho/ para ratio, Ipso subsbtutiOrientation in other ring systems such as
Naphthalene, Anthracene, six and five memberedd®teles, Diazonium coupling, Vilsmeier
reaction, Gattermann—Koch reaction etc. The Ar$%nzyne and SNR1, mechanisms, reactivity
effect of substrate structure, leaving group atatcking nucleophile.

Kinetic and non-kinetic methods )

Hammond Postulate, Curtin-Hammett Principle, Micoysc Reversibility,
Kinetic/Thermodynamic Control, First, Second andgeudrio-First Order Kinetics, trapping of
intermediate(s), competition experiments, testingppsed/common intermediate, isolation and
identification, characterization using spectral moels of product and intermediate, Cross-over



experiments, Structure variation methods, Sterendata analysis, Isotope labeling, Techniques
to study radicals, Transient spectroscopy.

Hammett equation: 8)

Substituent constant, reaction constant, +ve, heevalues, reaction with small -ve rho values,
interpretation of mechanism using rho values, noeear Hammett plots, kinetic isotopic effect,
entropy of activation.

Molecular rearrangement and reaction intermediate 1%

Structure, generation and stability of carbenegremes, carbocations and carbanions
intermediates. Rearrangement reactioizs Beckmann, Curtius, Hofmann, Lossen, Favorskii,
Baeyer-Villiger, Wolff, Claisen, Pummerer, Wagneediwin, Stevens, Dienone-Phenol,
Sommelet-Hauser, Benzilic acid, Benzidine, Copgsrandschmidt reaction.

Basic Concept of Stereochemistry of Organic Compouwls (15)

Origin of Stereochemistry, Optical activity, Chitgland molecular symmetry, axial and central
chirality. Projection formulae, Configuration (D/ld/I, R/S, E/Z configuration in C, N, S, P
containing compounds), Allenes, biphenyls and sgisanomenclature and enantiomerism.
Optical activity in biphenyls, spiranes, allenesdahelical structures. Enantiomeric and
distereomeric relationship, Isomerism in moleculgth more than one chiral center, Pseudo-
asymmetry, Prochirality. Enantomeric excess.

Books/References:

1. Organic Chemistry by J. Clayden, N. Greeve¥V&ren and P. Wothers (Oxford)
2. Advanced Organic Chemistry by J. MardlE6ition

3. Advance Organic Chemistry (part A and B) by Ar€y and R. J. Sundberg

4. Stereochemistry of carbon compound by E. L.IElie

5. Stereochemistry of organic compound by Nasipuri

6. The Hammett equation — C. D. Johnson, Cambiitigeersity Press (1973)

PC 145: Chemical Mathematics and Elements of Compat Programming (4 Credits, 60L)
Chemical Mathematics (3 Credits, 45 L)

1. Functions, differential and integral calculus, lisniderivative, physical significance,
basic rules of differentiation, maxima and mininag@plications in chemistry, exactand
inexact differential, Taylor and McLaurin seriesiee sketching, partial differentiation,
rules of integration, definite and indefinite intaly, integral involving exponential and
Gaussian functions (27L)

2. Differential equations
Separation of variables, homogeneous, exact, liegaations, equations of second order,
series solution method. (6L)

3. Probability
Permutations, combinations and theory of probatit.)

4. Vectors, matrices and determinants
Vectors, dot, cross and triple products, introductio matrix algebra, addition and
multiplication of matrices, inverse, adjoint andrtspose of matrices, unit and diagonal
matrices, (4L)



5.

Special functions, Gamma functions, hermite polyaten Legendre polynomials,
Laguerre functions — definitions and recursiontrefa(no proof required) (4L)

Elements of Computer Programming dedit, 15L)

Hardware and software, binary and decimal numloersstants and variables, assignment
statement, flow chart and their use, IF and GO Ta@ements, Do loops. Input, output
and format statements, Subroutines, function sgypros, Algorithms, Introduction to
programming languages (15L)

Text Books

1.
2.

The Chemical Maths Book, E. Steiner, Oxford UniitgrBress (1996).
Maths for Chemists, Volumes 1 and 2, Martin C. Bck&tt and Graham Doggett, Royal
Society of Chemistry , Cambridge (2003).

3. Computers and Common SergeHunt and Shelley, Prentice Hall, New Delhi (1998)
4.
5. Computer and Chemistry: introduction to programmand numerical methods R.

Computer Programming in Fortran-90 Rgjaraman, Prentice Hall, New Delhi (1990)

Dickson, Freeman (1968)

Computer programs for chemisty F. Detar W. A. Benjamin Inc, New York
Vol. 1-3 (1968-69)

Mathematical Preparation for Physical ChemistryD&niels, McGraw Hill (1972).

Practicals for First Year

IC 128: Experiments in Inorganic Chemistry (4 Credis, 9 weeks)

. Ore Analysis: At least two of the following:

. Determination of copper and iron from chalcoggyri

1
a. Determination of silica and manganese in pyitdus
b
c

. Determination of silica and iron from hematite

OToODN

DO O TOLH W

. Alloy analysis (At least two of the following )

. Determination of tin & lead from solder.

. Determination of iron & Chromium from mild steel
. Determination of copper and nickel from cuprémgic

. Inorganic Synthesis and purity determinationy( fve )
. Cis-trans potassium di-aquo di-oxalato chror(isje

. Chloro penta-ammino cobalt (IIl) chloride

. Nitro penta-ammino cobalt (Ill) chloride

. Nitrito penta-ammino cobalt (11l) chloride

. Bis,2-4 pentanedionato cobalt (II) and coballf (I

f. Potassium tri-oxalato aluminate

4. lon-exchange chromatography
Separation of mixture of Zn(ll) and Mg(ll) ugi‘mmberlite IRA 400 anion
exchanger and quantitative estimation of sepdrans Zn(ll) and Mg(ll)

10



(a) Chelation in Nickel complexes: PreparatiomNofll) ethylenediamine
complexes and studying their absorption spec
(b) Solution state preparation of [Ni(en)3]S203i(H20)6]CI2, [Ni(NH3)6]CI2.
Record the absorption spectra in solutionldheee complexes and analyze it.
Arrange the ligands according to their incregsitrength depending on your
observation

. Instrumental methods of analysis.

. Colorimetry.

. Simultaneous determination of Cr & Mn.

. Determination of Keq of M-L Systems such as,

Fe (Ill) - salicylic acid, Fe (lIl)-Sulphosalilic acid
Fe () - b -resorcilic acid by Job’s & Moleatio method.

b. Determination of iron by solvent extraction teicjue in a mixture of Fe3+
+ Al 3+ & Fe3+ + Ni2+ using 8- hydroxyquinolimeagent.

c. Study of aquation of [Fe(o-phen)3] in acid sty spectrophotometry.

d. Conductometry (Ref.- 5)

i.Verification of Debye Huckle theory of ionic comctance for strong
electrolytes KCI,BaCl2.K2S04, K3[Fe(CN)6]

il.Structural determination of metal complexes byductometric
measurement

iii. To study complex formation between Fe(lll) tvisulfosalicylic acid

by conductometry

e New Experiments : (any one)

i. Data analysis, error analysis, least squarebodetPlot of Born Maeyer
to determine for 1:1 type molecule to determimiernuclear separation.
Characterization of metal ligand bonding usiRgspectroscopy.

ii. Computer Applications: (1) Electronic structuxgbrational
characteristics and charge distributions irt fiosv transition metal
complexes. (2) Visualizing frontier MO’s.

iii. Analysis of Electronic spectra of transitioretal complexes at least for

one system (dn Oh or Td) and calculation ofs@yField parameters,

inter electronic repulsion parameter and boggarameter.

N Ol

References:

1. Textbook of Quantitative Analysis, A. |. Vogéth edn (1992).

2. Inorganic Electronic spectroscopy: A. B. P. Lievaad edn Elsevier Science
Publishers, New York, (1984).

3. Inorganic Synthesis (Vol. Series)

4. Practical Manual made By Department of Chemisdnjversity of Pune

5. Experiments in Chemistry, D.V. Jahagirdhar, Haya Publishing House

0OC-138: Organic Chemistry practical (Departmental Course) 4 Credits)

1. Practical techniques: Crystallization, fractibcigstallization, distillation, fractional
distillation, sublimation, thin layer chromataghy and column chromatography.

2. Derivatives: Acetyl, 2,4-DNP, anilide, amideylaxy acetic acid etc.

3. At least two Oxidation and Reduction reactions
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4. Single stage preparations (6 preparations) basedgio-selective and chemo selective
principals

5. Two stage preparations (6 preparations)

Note-i) Preparations preferred to be club with variteshnics and ii) Preparation preferred to be

on the aromatic substitution, Nucleophilic subsiito, Free radical substitution, Addition,

Elimination Condensation, Rearrangements, Oxidaieduction etc.

PC 148: Experiments in Physical Chemistry (4 Creds)
Conductometry:
1. Hydrolysis of NH4CIl or H3COONa or aniline hydrochbte
2. Solubility of a sparingly soluble salt.
3. Hydrolysis of ethyl acetate by NaOH.
4. Determination of DG, DH, and DS of Silver Benzoayeconductometry.
Potentiometry:
Stability constant of a complex ion.
Solubility of a sparingly soluble salt.
Determination of dissociation constant of acetidac
Estimation of halide in mixture.
pH metry.
Hydrolysis of aniline hydrochloride.
Determination of the acid and base dissociatiorstaons of an amino acid and hence
the isoelectric point of the acid.
8. To determine the amount of aspirin in the givereiab
Colorimetry:
1. Analysis of a binary mixture.
2. Copper EDTA photometric titration.
3. Determination of stability constant of ferricsaliate complex by colorimetric
measurements

NoosrwNE

Radioactivity:
1. Half-life of a radioactive nuclide.
2. Determination of Emax of beta radiation and absonptoefficients in Al.
3. Counting errors.
Chemical kinetics:
1. Kinetic decomposition of diacetone alcohol by dilaetry.
2. Determination of an order of a reaction.
3. Bronsted primary salt effect.
4. Kinetics of the reduction of methylene blue by ab@oacid.
Non-Instrumental:
Freundlich and Langmuir isotherms for adsorptioaadtic acid on active charcoal.
Molecular weight by steam distillation.
Glycerol radius by viscosity.
Partial Molar volume (Pycnometry)
Determine the viscosities of mixtures of differenmpositions of liquids and find the
composition of a given mixture.
Computer applications:

Al A
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1. Least square fitting of experimental data.

Each candidate should perform a minimum of 20 experiments with at least two experiments
from each technique.

Text Books
1. Findlay's Practical Physical Chemistry, B. P. lieand J.A. Kitchener 9th Edition,
Longmans, London (1972).
2. Experiments in Physical Chemistry by J. M. Newconi®el. Denaro, A. R. Rickett,
R.M.W Wilson, Pergamon (1962).
3. Senior Practical Physical Chemistry, 5th EditionpPBKhosla, V. S. Garg and A.
Khosla, R. Chand (1987).

SEMESTER I

IC 220: Coordination & Bioinorganic Chemistry (4Credits, 60L)

(a) Coordination Chemistry
1. Concept & Scope of ligand Field&L)

2. Energy levels of transition metal ions, Freetienms, spin —orbit coupling7L)

3. Effect of ligand fields on energy levels of ts@ion metal ions, weak cubic ligand
field effect on Russell-Saunders terms, stiitgld effect, correlation diagrams,
Tanabe-Sugano diagrams, Spin-pairing ener(gées.

4. Electronic spectra of complexes, band interssitkand energies, band width &
shapes, spectra of 1st, 2nd & 3rd row ion ame earth ion complexes,
spectrochemical & Nephelauxetic series, chtnayesfer & luminescence spectra,
calculations of Dq, B, | parametef8L)

5. Magnetic properties of complexes, paramagnetising& 2nd ordered Zeeman
effect, quenching of orbital angular momentuniLigand fields, Magnetic
properties of A,E, T ground terms in complexgsn $ree—spin paired equilibrig6L)

(b) Bioinorganic Chemistry

6. Overviews of Bioinorganic Chemistr{2L)

7. Principles of coordination Chemistry relatedioinorganic—Proteins, nucleic
acids and other metal binding biomolecygis)

8. Choice, uptake and assembly of metal containmtg in Biology(6L)

9. Control and utilization of metal ion concentratiarcells.(6L)
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10. Metal ion folding and cross —linking of biomolges.(6L)
11. Binding of metal ions and complexes to biomolacactive CentergliL)
Books:

1. Ligand field theory & its application: B.N.Figg& M.A.Hitchman Wiely VCH publ.
(2000), Chapters 5, 6, 8,9,11.

2. Principles of Bioinorganic Chemistry: S.J.Lipp& J.M Berg, University science
books, Mill Valley, California (1994), Chapters2,3,5,6,7,8.

3. Inorganic Chemistry: D. F. Shriver & P. W. AtkjrOxford (1999).

4. Inorganic Electronic spectroscopy: A. B. P. Lievad edn Elsevier Science Publishers,
New York, (1984).

5. Biological Chemistry of the Elements: R. J. Rllis & F. R. De Salvia, Oxford
University Press-(1991).

6. Bioinorganic Chemistry: Inorganic elements ia @hemistry of life: An introduction
and guide:W. Kaim, B. Schwederski,VCH,(1991).

OC 230 — Synthetic Organic chemistry and Spectrospy (4 credit$0L)
Oxidation and Reduction: 12)

Oxidation Reactions: Cr§{)Jones reagent) PDC, PCC, KMp®nO,, Swern Oxidation, Se)
Pb(OAc), Pd/C, Os@ m-CPBA, Q, NalO,, HIO,; RsSiH, BuSnH, Reaction of NBS.
Reduction viz. Wilkinson’s catalyst, metal hydrideddaCNBH;, NH,NH,, DIBAL, Zn, etc.
Stereochemistry involvedn hydrogenation, hydroboration, B.V. oxidation, KMp@sQ,
Pb(OAc), oxymercuration, Wilkinson’s catalystgNalQ,, HIO, etc.

Ylids:Phosphours, sulphur and nitrogen, synthesis aplicapions 5{
Organo-metallic chemistry: 10)

Li, Zn, Cu, Mg, Al, Si etc., Hydroboration and siasis of borane reagents and its use in
oxidation and protonation.

Spectroscopy: 19

Basics of UV, IR and NMR. Instrumentation and relbog of spectra of UV, IR and NMR,
Elementary ideas of NMR, integration, chemical tshétc. Factors affecting chemical shifts,
Coupling (First order, analysis), Problems based¥nIR and NMR.

Heterocyclic Chemistry: 5

Structure, reactivity, synthesis and reactions wfrgde, furan, thiophene, pyridine, indole,
benzofuran, quinolone and isoquinoline.

Books/References:
1. Carey and Sundberg. (Ed. V), Part B — Adv. @Qrg&hemistry.
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. H.O. House, Synthetic Organic Chemistry.

. Norman R.O.C. Organic Chemistry.

. Advanced Organic Chemistry by J. MardtE6ition

. Silversteine and Basser, Spectrometric Ideatific of Organic Compounds.
. P.S. Kalsi, Organic Spectroscopy.

. J. Bellamy, Infrared spectra of Complex molesule

. | Fleming, Organic Spectroscopy.

. J. Clayden, N.Greeves et. al Organic Chemistry

10. Pavia Spectroscopy of Organic Compounds
11. Heterocyclic Chemistry — J. A. Joule, K. Milsd G. F. Smith

PC 240: Chemical Bonding and Molecular Spectroscopi# Credits, 60 L)
Chemical Bonding (2 Credits, 32 L)

1. Recapitulation, quantization, Postulates of Quantuethanics, Schrodinger equation,
particle in a box, particle in 3-D box, degenerdeydrogen-like atoms (no derivation),
atomic orbitals. (12 L)

2. Variational method, many electron atoms, orbitajudar momentum, electron spin, wave
functions of many electron atoms, Pauli exclusiongiple, spin-orbit interaction, fine
structure, vector atom model, spectral terms. (5 L)

3. Molecular orbital theory, Born-Oppenheimer approaiion, H2 molecule, homo and
hetero-nuclear diatomic molecules, MO diagramsrapke triatomic molecules. (5 L)

4. Valence bond theory of simple molecules, quantigatreatment of hydrogen molecule
and related systems, hybridization, comparisonBTand MOT. (4 L)

5. Huckel theory of conjugated hydrocarbons, Electdemsities, Bond orders and free
valence indices, lllustrations (6 L)

Text Books
1. Quantum Chemistry, I. Levine, 5th Edition, Prentital (1999).
Reference Books

1. Valence, C. A. Coulson, ELBS (1974).

2. Introduction to Quantum Mechanics- with Applicagono Quantum Chemistry, L.
Pauling and E. B. Wilson, Dover Publishers (1999).

3. Orbitals in Chemistry, V. Gil, Cambridge UniversRyess (2000).

Molecular Spectroscopy (2 Credits, 28 L)

1. Recapitulation, regions of electromagnetic spectmidth and intensity of spectral lines.
(2L)

2. Rotational spectra: classification of molecules edason the moment of inertia,
Schrodinger equation of rigid rotor, diatomic malkss, effect of isotopic substitution,
centrifugal distortion, linear triatomic moleculegymmetric top molecules, stark effect.
(GL)

3. Infrared spectra: quantum mechanical harmonic lasail diatomic molecule, Morse

potential, overtone and hot bands, polyatomic maés; skeletal and normal vibrations
(6L)
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4. Vibrational rotational spectra, fine structure imtdmic molecules, break down of the
Born-Oppenheimer approximation, effect due to rarckpin, parallel and perpendicular
vibrations. (4 L)

5. Raman Spectra: classical and quantum theory of Raeffact, stokes and antistokes
lines, polarizability ellipsoid, rotational Ramapegtra, selection rule, vibrational raman
spectra, rule of mutual exclusion, elucidating cinee from the combined infrared and
Raman spectra, rule of mutual exclusion (6 L)

6. Electronic spectra: Born-Oppenheimer approximatiomlecular progression, term
symbols, Franck-Condon principle, dissociation gigs;, oscillator strength, rotational
fine structure, fortrat parabola, predissociatjgmptoelectron spectroscopy (5 L)

Text Books
1. Fundamentals of Molecular Spectroscopy, C. M. Bdnared E. McCash, Tata McGraw
Hill, 4th Edition (1994).
2. Molecular Spectroscopy, J. Machale, Prentice H&ll,USA (1999).
3. Vibrating Molecules, P. Gans, Chapman and Hall,(U$71).

SEMESTER I

IC 320: Physical methods of coordination compoundand Bio-inorganic chemistry
(4Credits, 60L)

Section I: Physical methods of coordination compouts (30 Lectures)

1. Theoretical and Practical aspects of Magnetis@dordination Complexg46)

Determination of state functions of R-S terms ofa® p2, transition metal ions.

Derivation of Van Vleck’s expression ands+0O formula, Quantization of orbital contribution i
d1 ion and quenching in cubic crystal field.

Magnetic moments based on crystal field ground t&enturbation Theory and its application,
Spin orbit coupling operator for magnetic suscelitypand magnetic moment of T terms and A,
E terms .

Anomalous magnetic moments in magnetically diluté eoncentrated system in various
symmetrical environments of coordination complexes.

2. Electron Paramagnetic Resonance Spectroscoi) (EP

Theory and Instrumentation of EPR.

Spin Hamiltonian, Isotropic and anisotropic EPRcsfze Magic Pentagon rule.
Applications of EPR spectroscopy:

(a) Structural determination of Inorganic complexes

(b) Applications metalloproteins, Fe, Cu.

3. Nuclear Quadrupole Resonance (NQ®)

(a) Principle selection rule for NQR

(b) Factos for splitting of quadruple energy leval®QR
(c) Application of NQR: Structural information frodMQR
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4. Cyclic Voltammetry (CV)4)

Principle of Cyclic Voltammetry, typical featureE@V curve, CV advantages and
disadvantages.

Instrumentation, Electrolytes

Application of CV technique (a) Inorganic Compourds Organic Compounds.

Books:
1.

2.
3. Elements of Magnetochemistry, R. L. Dutta and Aar8gl, Affiliated East/West Press

4,
5.

Magnetism and Transition Metal Complexes, F. E. Bda#nd D. J. Machin (Chapman
and Hall) London (1973).
Introduction to Magnetochemistry, A. Earnshaw, Aeradt Press, (1968).

Pvt. Ltd. 2007.

Physical Methods in Chemistry, R. S. Drago (2ndigd) (1977).
Electrochemistry for Chemists, D. T. Sawyer, A. Enbak, J. L. Roberts Jr. 2nd
Edition, John Wiley, Inc. New York, 1995).

Section Il:Bioinorganic Chemistry (30 Lectures)

(1) Recapitulation of Biological Roles of Metalsl8&gands(2L)
Structural Information

Metal Activity, Specificity & Selectivity

Biochemical Evolution of Metals in Biological Syste

(2) Biological Chemistry of Iroig4L)

Transport of Iron

Hemoglobin & Myoglobin (including their model comyuds)
Cytochromes

Ribonucleotidereductase

(3) Biochemistry of Cobal{3L)

B12 Coenzymes and Model compounds
Actions of Cobalmins&Cobinamides
Adenosylcobalmin as a Coenzyme
Methylcobalmin as cofactor

(4) Biological Chemistry of Copp€rL)

Type I, 1 & 111

Blue Copper Proteins (PlastocyaninsAzurins& Bluedasges)

Models of Blue Copper Compounds

Non-blue copper proteins e.g. Tyrosinase, Galadibsdase, SOD etc.

(5) Biological Chemistry of MolybdenuiBL)
Antagonism between Cu & Mo

Mo cofactors

ESR Spectra features

Molybdenum Hydroxylase Enzymes
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(6) Biological Chemistry of Vanadium and Chromi2h.)
Vanadium proteins including bromoperoxidases
Glucose Tolerence Factor

Vanadium Nitrogenase

(7) Biological Chemistry of Zin¢5L)
Carboxypeptidase and Carbonic anhydrase enzymes
Alcohol dehydrogenase

(8) Biological Chemistry of Mangane$4l.)
Photosystem I

Water oxidation center and S4 cycle
Catalases and peroxidases

Books :
1. Bioinorganic Chemistry : A Short Course —RosetteRdat-Malone, Wiley Interscience,
2002.
2. Biological Inorganic Chemistry —An Introduction, Bert Crichton, Elsevier Science, 2007
3. The Biological Chemistry of the Elements- Therganic Chemistry of Life
J.J.R.Frausto da Silva and R.J.P.Williams Clareri®tess, Oxford,1991.
4. Bioinorganic Chemistry by Nils Metzler-Nolte

IC 321: Organometallic Compounds and Homogeneous @aysis (4Credits, 60L)

Section I: Organometallic Chemistry (30 lectures)

1. Introduction, definition and scope of organoriet&hemistry, Valence electron count 18 and
16 electron complexg®)

2. d-block carbonyls: coordination modes charaz#gion synthesis reactions carbonyl
metallates ligands related to &)

3. [J-organyls : Synthesis, bonding, Properties andiegumins of Alkyls, aryls, alkenyls, acyl,
alkynyls(5)

4. Metal-Carbon multiple bonded compounds: Synthd®inding, Properties and applications of
Carbenes, carbinég)

5. [J-complexes: Alkenes, d—and polyer{2¥
6. [In-CnRn carbocyclic polyenes : Synthesis, bondimgpé&ties and applications of
allyls'13-C3R5 , pentadienylss-C5R7, cyclopropenyls3-C3R3, cyclobutadienest-C4R4

cyclopentadienyls5-C5R5, arenas/6-C6R6, cycloheptatrienyls7-C7R7,
cyclooctatetraenegs)
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7. Metal-Metal Bonds and Transition Metal atom tbus(2)

8. Transition Metal organometallic intermediate®iganic synthesi)
Nucleophiles, electrophiles , migration protestreagents

Books:

1. Inorganic Chemistry 3rd edn. D.F.Shriver and RANIns, Oxford University Press, 1999,
Chapter 16.

2. Organotransition Metal Chemistry, Anthony F.Hiloyal Society of Chemistry, Tutorial
Chemistry Text, 2002. Chapters 1 to 7.

3. Organometallics: A concise Introduction, Ch.Elstoicn and A Salzer, VCH, Chapters 12 to
16.

4.0rganotransition Metal Chemistry: ApplicationgQgganic Synthesis, S.G.Davies, Pergamon
1982.

Section —Il : Homogeneous Catalysis (30 lectures)

1. Introduction to Catalysis, basic principles: Infagp of Kinetics and thermodynamics in
chemical reactions and the role of catalysts. Ddim of activity, selectivity in catalysis;
homogeneous vs. heterogeneous catalysis; importahdeomogeneous catalysis in the
synthesis of high value chemicals.

2. Characteristics of central metal ions and influeatattached ligands on catalytic activity;
important properties of ligands, elementary stelpsportant reaction types: Oxidative
addition and reduction; elimination, insertion (naigpry) reactionsp-hydride elimination,
nucleophilic attack, catalytic cycle; catalytic emnediates and their identification through
spectral techniques (IR, ESR, NMR....).

3. What are the reactions that olefins undergo? Hyalagion of olefins; Wilkinson's catalyst;
catalytic cycle. Asymmetric hydrogenation (Enargieetive hydrogenation).

4. Other reactions of alkenes: Isomerization, dimeiora oligomerization, hydrocynation and
metathesis reactions: Common reactive intermedidisamples of Shell higher olefin
process, DuPont Adiponitrile process.

5. Carbonylation reaction: methanol to acetic acidcpss and the catalysts employed in BASF
and Monsanto processes. Carbonylation of alkyned aifer substrates for making
industrially important chemicals.

6. Hydroformylation: Cobalt and Rhodium complexes, thke of phosphine ligands in regio
selective formation of linear aldehydes. Markovnikand anti-Markovnikov addition and
mechanisms.

7. Polymerization: Catalytic cycle for alkene polynzation; Metallocene catalysts, structure,
special features and advantages of metallocenéysiatamechanism of polymerization and
stereocontrol by metallocene catalysts.

8. Oxidation reactions; Wacker oxidation, metal-cataly liquid phase oxidation (cyclohexane,
p-xylene); epoxidation of propylene; Oxo complexsshomogeneous oxidation catalysts;
mechanism of oxidation reactions.

19



9.

Hydrosilylation :platinum catalyst , Asymmetricdium catalyst, Rhodium Catalysts for
asymmetric ketone reduction .

10. Asymmetric Catalysis: General features of chirghtidsand complexes; Mechanisms and

Catalytic cycles in hydrogenation, isomerizatioppxddation and catalytic reactions of C-C
bond formation

Books :

1. Homogeneous Catalysis: The Applications and CheynastCatalysis by Soluble Transition
Metal Complexes, G.W. Parshall and S.D. Ittel, Wildew York 1992

2. Applied Homogeneous Catalysis with Organometallienpounds, Vols. 1 & 2, edited by B.
Cornils and W.A. Herrmann, VCH, Weinheim, New Y0196

3. Homogeneous Catalysis: Mechanisms and Industrigbliggtions, S. Bhaduri and D.
Mukesh, Wiley, New York, 2000

4. Homogeneous Catalysis: Understanding the Art, P.¥I.Nan Leeuwen, Kluwer Academic

Publishers, 2003

IC 325: Frontiers in Material Science and Analyticd Techniques for Solids (4Credits, 60L)

Section | Frontier's in material science (30 lectugs)

1.

The Structure of solids: 5L

The types of matter, classification of solids, elgmcking of atoms; Voids in closest
packings; Radius ratio rule, Structure of ionic €&s; lonic Crystals with
stoichiometry MX, lonic Crystals with stoichiometiX,, spinel structure, perovskite
structure.

. Crystal Defects and non-stoichiometry: (6L)

Classification of Defects: subatomic,atomic andidatdefects in solids; Thermodynamics of
vacancy in metals; Thermodynamics of Schottky defetionic solids ; Thermodynamics of
Frenkel defects in silver halides; Calculation afmber of defects and average energy
required for defect, Other examples of defect simec Non-stoichiometry and its
classifications.

. Diffusion in solids: (4L)

Mechanism of Diffusion; Ficks first law and secoladv of diffusion in solids; Kirkendal
effects in solids.

. Phase Transformations in Solids: (5L)

Gibbs Phase rule;time scale of phase changes; Eregam of binary system; types of phase
transitions.

. Solid State reactions and Crystal Growth: (5L)
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Classification of solid state reactions and theinekics and mechanisms; thermal
decomposition reaction; law governing nucleatiooy@h of nuclei; Reaction between two
solids;Improving the reactivity of solids;Zone refig method;Crystal growth.

6. Preparative method of solids: (5L)

Introduction, Ceramic method, microwave syntheSs|-gel method, Precursor method,
Hydrothermal method, Chemical vapour deposition DFVMethod,Chemical vapour
Transport, Choosing a method for solids.

Books

1. Solid-State Chemistry an Introduction r("Edition) — Lasley Smart and Elaine Moore (
Chapman & Hall 1996)

SolidState Chemistry- D.K.Chakraborty ( New Ageemational Pvt.Ltd.New Delhi, 2000)
Introduction to Soilds-L.V.Azaroff( tata McGraw HRPublication Ltd. New York)

Principles of the Solid State-H.V.Keer ( Wiley Eaxst Ltd.New Delhi, 1994)

Solid state Chemistry —N.B.Hannay ( Prentice Héély Jersey, 1967)

akrown

Section Il : Analytical techniques for solids (30éctures)
1. Thermal Analysis: (aoL)

a) Thermogravmetry (TGA): Definition, Types of TGWstrumentation, Information from TGA
Curve; Factors affecting TGA curves (instruna¢as well as characteristics of sample
factors); Application of thermogravimetry; Callation of percent decomposition and
composition of compounds; Limitation and Adwaggs of TGA.

b) Derivative thermogravimetry(DTG) and its advaas

c) Differential Thermal Analysis (DTA) : DefinitigrTheoretical Basis of DTA;Instrumentation
for DTA apparatus; Factors affecting the DTA cureplication of DTA; Advantages and
disadvantages of DTA.

d) Differential Scanning Calorimetry (DSC) : Detion ; Comparison of DTA and DSC
techniques;
Istrumentation of DSC, Factors affecting DSC curves

2. X-ray Diffraction: (aoL)

a) X-ray powder diffraction (XRD):

X-ray source, Diffraction of X-rays,X-ray powdefffdaction, Instrumentation and use of
standards,

identification of compounds using powder diffractibhe importance of intensities, Absences
due to lattice centring;Determination of unknowibicicrystal structure by sin2 Imethod;
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Parameter to be determined from XRD: Qualitativalysis; Quantitative analysis-percent
crystallinity, Crystallite size, surface area, wetl dimension.

b) Single crystal X-ray diffraction:
Solving single crystal structures; refining a stane, X-ray crystal structures in the literature.

3. X-ray Photoelectron spectroscopy(XPS): (5L)
Introduction and basic theory; Instrumentation; Skensglection and preparation, Spectral
analysis; XPS imaging.

4. X-ray Fluorescence spectroscopy (XRF): (5L)
Introduction and basic theory; Instrumentation céfa analysis; Analytical information and
applications.

Books :

1. Thermal Analysis-Wendland

2. Instrumental Methods of Analysis-G-Chatwal and 8aAd ( Himalaya
Publication;1988)

3. Catalysis: Principles & Applications-B.Viswanath@ravasankar and A.V.Ramaswamy
(Narosa Publication; 2004). ( For XRD part)

4. Solid State Chemistry: An Introduction-Lesley Sraart Elaine Moore (2nd Edition,
Chapman and Hall, 1996).

5. Crystallography and its applications-L.S.DentGlagséan Nostrand, 1977)

6. Handbook of Applied Solid State Spectroscopy-D.R(Springer Science, 2006).

7. Optical Properties and Spectroscopy of Nanomasedial Zhong Zhang (World Science
Publication, 2004).

8. Solid Chemistry: techniques-A.K.Cheetham and P.@agford University Press, 1987).

9. Crystal Structure Analysis- M.J.Buerger (John Wil@§0).

10. Physical Methods for Chemists-R.S.Dragtf (Edition, Saunders).

Other Books:

1. Element of X-ray Diffraction-B.D.Cullity (1967)

2. The Synthesis and Characterization of Inorganic @mmds-W.L.Jolly (Prentice Hall,
1970).

3. Synthesis and Techniques in Inorganic ChemistryARgklias ( 2nd Edition, Saunders,
1977).

4. Structural Methods in Inorganic Chemistry —E.A.Vsilorth,D.W.H.Rankin and
S.Cradock ( Blackwell Scientific Publication, 1987)
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IC 326: Inorganic Reaction Mechanism and Photocherstry (4Credits, 60L)
Section I: Inorganic Reaction Mechanism (30 lecturg)

1. Types of Mechanisms: Basic concepts as stalhititi/lability, stability constants; HSAB
principle, chelate effect,Macrocyclic effect; Lightransfer and electrontransfer reactions in
coordination compounds, Intimate and stoichiometrechanismof ligand substitution.

2. Substitution in square planar complexes: trdfiesie trans series, applications of trans effect.

3. Substitution in octahedral complexes: SN1, SNECB mechanisms, racemization in
coordination
compounds, stericeffects on substitutions.

4. Electron Transfer reactions: Potential energgdims as a conceptual tool, Marcus equation,
Types of and factors affecting electron transfectiens.

5. Inner and Outer sphere reactions.
Books:

1. Comprehensive Coordination Chemistry, Pergamowitkinson, R. D. Gillard and
J. A. McCleverty, Vol. 1, pp281-322, 331- 379, 38Hl, 415-458 (Chapt. 7.4) and 463-
471, (1987).

2. Inorganic Chemistry, D. F. Shriver, P. W. Atkensd C. H. Langford, 2nd edn. Oxford
Chapt.15, p.559, (1994).

References:

1. Inorganic Chemistry — Principles of Structure areh@ivity, J. E. Huheey, E. A. Keiter
and R. L. Keiter, 4thedn. Harper Collins CollegdPtew York, Chapt.13, p.537-76,
(1993).

2. Mechanism of Inorganic Reactions in Solution — Atrdduction, D. Benson, McGraw —
Hill
Chapt.15, p.465, (1968).

3. d- and f- block Chemistry, C. J. Jones, p. 78,185 B22. Tutorial Chemistry Texts, E. W.
Abel (Ed.), Royal Society of Chemistry, CambridgeQ1).

4. Basic Inorganic Chemistry”, F. A. Cotton and G. Mfison, Wiley Eastern Ltd.,
NewDelhi p.154, (1990).

Section II: Inorganic Photochemistry and Reaction ypes (30 lectures)
(1) Photochemical Reactions: Prompt and delayectiozes, Quantum yield, Recapitulation of
fluorescence and phosphorescence. Photochemicéibresaby irradiating at d-d and charge

transfer bands. Transitions in metal-metal bongstesns. Photochemical reactions involving
chlorophyll. Kinetics of excited state proces$83.
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(2) Photophysics of transition metal complexesoilutson: Types of excited states and electronic
transitions, absorption and emission bands, phetodal reactivity, polynuclear metal
complexes(2)

(3) Chemical Actinometry: Ferrioxalateactinomet®hptochromic actinometer , Reinecke’s salt
actinometer, Uranyl oxalate actinometer, Othemactieters(2)

(4) Other Reaction types: Oxidative addition, Renhgcelimination reactions, Methyl migration
and CO insertion reaction&)

(5) Reactions of coordinated ligands:

()Non-chelate forming reactions: Reaction of doatwms( Halogenation of coordinated N
atoms, Alkylation of coordinated S and N atomsy8lyksis of coordinated phosphorus atoms).
Reactions of nondonor atoms (nucleophilicbehavaduhe ligand, electrophilic bahaviour of the
ligand).

(i) Chelate ring forming reactions: (reactionsgweninantly involving thermodynamic
templateeffects, reactions predominantly involvkmetic affects).

(iif) Chelate modifying reactiond 2)

(6) Isomerization reactions of thermal and photaoaieal types involving four coordinated and
six coordinated metal complexs. Bailar and ray ®utitist.(4)

Books:

1. Inorganic Chemistry, D.F.Shriver, P.W.Atkins andH@.angford, Oxford, 2nd. edn.
1994.

2. An Introduction to Inorganic Chemistry by K.F.Put@nd J.C.Kotz, Saunders 1990,
Chapter 14.

3. Comprehensive Coordination Chemistry, Vol.1. G \iMidon (Ed) Wiley, New York,
1967.

4. Inorganic Chemistry by J.E.Huheey, E.A.Keiter ant.Reiter 4th edn. Harper Collins,
1993

5. Mechanisms of Inorganic Reactions, by C.F.BasotbRutG.Pearson, Wiley, New York,
1967.

Practicals:

IC 328: Experiments in Inorganic Chemistry | (4Credts, 9 weeks)

IC 329: Experiments in Inorganic Chemistry 1l (4Credits, 9 weeks)
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SEMESTER- IV

IC 420: Inorganic polymers, clusters and Heterogeneous cdiais: (4Credits, 60L)
Section | : Inorganic Polymers (30 lectures)
1. Inorganic polymers: Overview of polymers, Clésation schemes.

2. Inorganic polymer characterization: Average roolar masses ( Mn, Mw) and degree of
polymerization, method of characterizing averagéecdar masses, determination of thermal
parameters, viscoelasticity measurements , criggtiin characterization.

3. Bridge between small and finite molecules , Hpaotar inorganic polymesr, Heteropolar
inorganic

polymers, Polyphosphazenes, Polysiloxanes,Polysland Boron based polymer, Phosphorous
based polymer , Sulphur containing polymer, Metardination polymers.

4. Pre-ceramic Inorganic polymers: Silicon carbBleron nitride, Aluminiumnitride,
Phosphorous nitride.

5. Applications of Inorganic Polymers: Metal coniag polymer for medical purposes,
Inorganic polymers as a catalysts, Luminescentgiauaic polymers.

6. Metal clusters: Metal-metal bonds, Frameworkddog in metal clusters, Synthesis of metal
clusters. Types of clusters viz. carbonyl clustelajde type clusters, Boron clusters and their
applications.

Text book

1. I. S. Butler and J. F. Harrod, Inorganic ChemgistPrinciples and Applications,

2. The Benjamin/Cummings Publishing Co., Inc., RedavCity, California (USA)(1989)
Chapter 15to 17, pp 441-503.

3. Ranald D. Archer, Inorganic and organometadiymers, A John Wiley and Sons, Inc.
publication (USA) 2001

References
1. N. H. Ray, Inorganic Polymers, Academic Pré858).
2. A.F. Wells, Structural Inorganic Chemistry, Bin., Oxford (1984).

3. S.J. Lippard and J. M. Berg, Principles ofiBawganic Chemistry, University Science
Books, Mill valley, California (USA) (1994).
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Section II: Heterogeneous Catalysis (30 lectures)

1. The Descriptive Chemistry of Heterogeneous @sitstl(6L)

Definition of Catalysis, classification of catalyBystems, classification of solid catalysts,
Adsorption of molecules at the solid surfaces, Abled states of molecules on metals, potential-
energy curves for adsorption, descriptive chemistrghemisorption on metals, chemisorption
and catalysis by metals quantitative aspects,ysasaby unsupported and supported bimetals,
Adsorption and catalysis on semiconducting oxideective oxidation of hydrocarbons.
Different types of reactors.

2. Zeolite Compounds and Heterogeneous Catal@iis:

(a) Introduction to porous materials:Classificatioto micro-, meso- and macro porous
materials, the origin of pores and its significaraistinction from condensed materials.

(b) Zeolites:Definition, natural and synthetic Zzeobr aluminosilicates, the primary and
secondary building blocks, final framework struetyrLowensteins rule, sodalite and other
structures, Nomenclature: Atlas of zeolite; struaitdistinctions, Novel zeolites, examplels of
small, medium, large and extralarge pore zeolgesgral properties and and application of
molecular sieves.

(c) Characterization of zeolite: SEM,TEM and ottemthniques; spectral techniques: FT-IR and
solid-state NMR; sorption capacity, surface areBBYy method, pore volume and pore
structure, the origin of Bronsted and lewis acidityeolites, the number and the strength,
techniques for the estimation of acidity: adsonpid bases and IR spectra, temperature
programmed desorption of bases.

3. Photocatalysis using semiconducting oxi(Bt9

Introduction, definition of photocatalysis, basringiples involved in photocatalysis, mechanism
of photocatalysis, application of photocatalysizamnious fields such as water remediation, air
cleaning, etc.

4. Heterogeneous catalysis by intercalation comgsyBL)
General aspects of interstial compounds of Grapsitactural aspects of graphite intercalation
compounds, physical and chemical properties, datakyaction.

5. Heterogeneous catalysis by perovskite- relaxédies: (4L)
Solid state properties of perovskite like oxidesla®on of solid state and catalytic properties
perovskites.

6. Immobilization of transition metal: complex dgtds on Inorganic support (i.e Anchored
Catalysts)3L)

General aspects of transition metal complexes a®geneous catalysts (i.e.heterogenizing);
Preparation of organometalic catalyst anchoreditaspreparation of metal ligand complex
followed by Anchoring, Preparation of metal compfeom previously Anchored phosphines.
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7. Application of Heterogeneous catalygBi:)

Food industry, fine chemicals, petroleum indugpstrochemical industry, heavy inorganic
chemicals, catalysis in atmospheric pollution éatst one example of application should be
discuss).

Books:

1. Heterogeneous catalysis principles and applicao@,Bond.

2. Introduction to zeolite science and practice, Hn\Bekkum, E. M. Flanigen, P. A. Jacobs and
J. C. Jansen (Elseviver Pub. Amsterdam, 2001)

3. Catalysis: Principles and Applications, B.Vishwdraat, S. Sivasankar and A.V.Ramaswamy
(Narosa Pub. House, New Delhi, 2004)

4. Advanced material in catalysis, James J. BurtonRoluert L. Garten (Academic press, New
York, 1977)

IC421: Solid state chemistry of Inorganic Materials(4Credits, 60L)
Section | : (30 lectures)

1. Introduction to Nano-Materials
Definition and types of nano-materials, why are aiparticles are important? size dependent
properties, various techniques for making nano-rred$e application of nano-materials.

2. Electronics and optical materials

Electronic Materials and their application: Origih valence and conduction bands in solids,
classification of solids into metals, semiconductord insulator; type of semiconductivity;

mobility of charge carriers, temperature dependeonductivity, some examples of

semiconducting materials. Application of semicortthgs devices; Metal-Metal junction (i.e.

Peltier and Seebeckeffects), diodes (p-n junctiosnsistors (n-p-n junctions), metal-
semiconductor junction. Optical materials and thgwroperties: Photonic devices,

Photoluminescence, Crystalline Lasers

3. Magnetic Materials

Atomic magnetismand solids, type of magnetic matgrithe exchange interactions, hysteresis
loops and their classification, calculationof magnenoment from saturation magnetization,

magnetic domains. Examples off magnetic matersddt and hard ferrites, i.e. structure and

magnetic interactions in spinels, garnets, hexddendtes. Application of magnetic materials

4. Superconducting Materials

Definition of superconductivity, Critical temperatu(Tc), Critical field, Bardeen — Cooper —
Schrieffer (BCS) theory, properties and classifaratof superconducting compounds, High Tc
superconductivity, Examples of superconducting nee Structure of YBa2Cu307-{oxide,
Fullerenes, intermetallic superconductors, synghesf superconductors. Application of
superconducting materials.
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Section II: (30 lectures)

1. Ceramic Materials

Classification of ceramics, dielectric propertiesl golarization properties of ceramics, piezo-,
pyro-and ferro-electric effect of ceramics, sol-gebcessing of ceramics. Examples and
application of ceramics: oxides, carbides, boridésides.

2.Composite Materials

Definition, glass transition temperature, fibers feinforced-plastic composite materials (i.e.
glass fibers, carbon fibres, and aramid fibers)jceets and asphalt materials. Applications of
composite materials.

3. Advanced Cementitious Materials

Difference between Blended and Non-Portland ceméds-portland cements; high alumina
cements, calcium sulfoaluminate cements, phospteteents. Chemicals in cement hydration;
hydration process, set retarders and acceleratpiasticizers, slip-casting processing.
Application of cementitious materials.

4.Bio-materials

Definition of biomaterials and biocompatibility;,yjpe of bio-materials: Metallic materials,
Biopolymeric materials, Bioceramic materials (denlkgdroxyapatite ceramics, bioactive
glasses,and bioactive composites); Basic requiremain bone implants; Coating of
hydroxyapatite on porous ceramics; Biomaterials tissue attachments; Application of
Biomaterials

Books:

1. Introduction to Solids - L. V. Azaroff ( Tata MaGveHill)

2. Materials Science and Engineering — V. Raghavad Extition 1980)

3. Elements of Materials Science and Engineering —Wlack (5th Edition, Wiley 1988)

4. Nature and Properties of Engineering Materials B Zlastrazebski (John Wiley Sons, 1989)
5. Principles of Materials Science and Engineeringiidsh F. Smith (Wiley, 1991)

6. Insight into Speciality Inorganic Chemicals — DaVidompson (The Royal Society of

Chemistry, 1995 chapter 13 and 14)

OPTIONAL COURSES (any one)

IC 425: Industrial inorganic chemicals and medicinechemistry (4Credits, 60L)
Section I: Inorganic Application in Industry (30 lectures)
1. Inorganic Chemicals as metallic Corrosion Inhikstg6L)
Introduction, Principles of corrosion inhibitorsproosion as an electrochemical process,

Practical aspects of corrosion inhibition,Anionilsitor properties in neutral electrolytes,some
application of corrosion inhibitors ( cooling watairculation-once through and open
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systems,engine radiation & cooling systems,ceiiteaking system,refrigeration plants and high
chloride systems, water for steam raising,corrogbibitors for paint coating).

2. Industrial gaseg6L)
Introduction, Separation of gases from air,Hydrq@amnbon dioxide , Carbon monoxide ,
Oxygen, Acetylene , Sulphur dioxide , Nitrous oxde

3. Chemical explosives and propellar(®l.)
Introduction, Potential energy of explosives , Fmbes of explosives, Manufacture of
explosives , Explosives made by nitration, Dynami@ommercial high explosives containing
no nitroglycerine , Initiating devices, Sportingdamilitary explosives , Disruptive explosives for
military use, Handling and storage of explosives.

4. Metal finishing technology4L)
Fundamental considerations, Electrodepositions agp@r , Nickel, Gold, Silver, Tin and Tin
alloys for Lead free solder, Elctorodeposition ofhr@mium , Elctorodeposition of
semiconductors , Elctoroless deposition of Copped &lickel, Environmental aspects of
electrodeposition , lonic Liquid treatments for anbed corrosion resistance of Magnesium
based substrates.

5. Safety consideration in chemical process industfte.)
Introduction , Concern for chemical safety , Hagamdd their control in petrochemical industries
, Hazards and their control in petroleum refineaed LPG boiling plants , Hazards in storage ,
Handling and use of chemicals, Chemical storagetysassues, Observations related to safety
aspects , Specific recommendation for hazard cbatd improved plant safety, Chemical plant
safety- from concept to decommissioning.

6. Green Chemistry(3L)
Introduction, Designing a Green synthesis, Basilmdijples of Green Chemistry, Green
Chemistry in Day-to- Day life, Green Chemistry ustinable development.

1. Books:

2. Handbook of Industrial Chemistry,Vol.1, by K.Habs,F.S.Berner,Edited by S.C. Bhatia
(CBS Publishers, Bangalore,2004)

3. Industrial inorganic chemistry, Karl Heinz Bughgans-Heinrich Moretto, Peter woditsch

4. Modern Electroplating , By M. Schlesinger andRaunovic (John Wiley and sons, Hoboken ,
New Jersey, 5th Edition 2010)

5. Insight into Specialty Inorganic Chemicals-Davidompson (The Royal Society of
Chemistry,1995)- Chapter 15.

6. New Trends in Green Chemistry (2nd Edition)-\AKluwalia and M.Kidwai ( Anamaya
Publishers, 2007)

Section II: Inorganic Application in Medicine (30 lectures)

1. Overview(2L)
Introduction
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Metal lons in Disease

Use of chelating agents

Metalloproteins as Drug Targets

Matrix Metallopreteinases

Modulation of Cellular responses by Metal-Contagnidrugs
Metal-Based Chemotherapeutic Drugs

Metal Complexes as Diagnostic Agents

2. Cisplatin-based Anticancer Agerftd.)

Introduction

Clinical Properties

Cisplatinvs carboplatin, Iproplatin

Determination of Platinum Drug Levels and Pharmahketics
Platinum Chemistry

Mechanism of Action

Structure-Specific Damage-Recognition Proteins

Mechanisms of Resistance to Cisplatin/Carboplatin
Circumvention of Tumor Resistance to Cisplatin

Development of New Platinum Drugs

Dose Intensification of Cisplatin/Carboplatin

Modulation of Platinum Resistance Mechanisms

Dinuclear and Trinuclear Platinum Complexes as d@amtcer Agents
Biological Activity of Polynuclear Platinum Comples. Summary and p53 status of Human
Tumors

Treatable by BBR3464

Biological Activity and p53 Status

Comparison with Other Clinical Cross-Linking Agents
Structure-Activity Relationships in Polynuclear tittam Complexes
DNA Binding of Polynuclear Platinum Complexes

Cooperative Effects In the Solution Structures itd-Specific (Pt,Pt) Interstrand Cross-Links

3. Transition Metal Complexes as Chemical Nucle&és
Interaction of Metal Complexes with DNA

Reactions of Metal Complexes with DNA

Nuclease activity of Cu(phen)2 +

4. Biomedical Uses of Lithiur(BL)

Chemistry of Lithium

Distribution of Lithium in the body and in Cells
Studies using Lithium isotopes

Biochemistry of Lithium

5. Bismuth in Medicing¢3L)
The Chemistry of Bismuth
Properties of the element
Bi(lll) Compounds

30



Bi(V) Compounds

Bismuth in Medicine

Helicobacter Pylori bacterium

Methods for the study of Bi

Bismuth Citrate Complexes

Bismuth Complexes with Biomolecules

Bismuth binding to oxygen-containing molecules

Bismuth Complexes with thiolate ligands

Bismuth(lll) complexes with Metallothionine and fisderrin, Enzyme Inhibition

6. Gold Complexes with Anti-arthritic, anti-tumancAnti-HIV activity (4L)
Introduction

Chrysotherapy,

History of Medicinal Uses

Gold Chemistry

Oxidation states

Gold(l) complexes

Gold(lll) Complexes

Oxidation-Reduction Potentials

Gold Biochemistry and Pharmacology In-vivo metasmliand ligand displacement
Anti-tumor Activity

Anti-HIV activity

7. Vanadium Compounds as Possible Insulin Modifjat3
Introduction

Characterization of Vanadium’s Insulin-mimetic Effe
Sites of Action of Vanadium

Animal Studies and Human Trials

Toxicological Considerations

Improved Tissue Uptake with Metal Chelation

8. Radio metal-labeled agents (Non Technetiumilimgnostic imaging(3L)
Introduction

Chemistry and biology of radio metals

Gamma scientigraphy and PET

Desirable properties of radio metals

Properties of radio metals- labeled imaging agents
Chemistry of radio metal- labeled imaging agents
Challenges in trivalent metal ion chemistry

Challenges in copper chemistry

Bifunctionalchelators for attaching radiometla torbolecules.
Determining the optimal imaging agents foe spedftezases

9. Therapeutic Radiopharmaceutical3L)

Introduction
Therapeutic radio nuclides
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"1- Particle emitting radionuclides

"1- Particle emitting radionuclides

Low energy electron emitters

Therapeutic radiopharmaceuticals for routine medisa
131 | — sodium iodide

Intracavity and Intraarterial radiopharmaceuticals
Radiotherapeutic agents for bone cancer treatment
89 Sr-chloride

153 Sm- EDTMP

186 Re- HEDP and 117 Sn- DTPA

166 Ho- DOTMP

Site- directed therapeutic agent

64/67 Cu conjugates

186/188 Re labeled biomolecules

Books :

1.Uses of Inorganic Chemistry in Medicine Ed. NielsoP.Farrell

2.Metal Complexes as drugs and chemotherapeutidtsage

3.Metal Complexes as Enzyme inhibitors A.Y.Louiel &lnomas Meade Chem.Rev., 1999, 99,
2711.

IC 426: Advanced Techniques in Inorganic chemistry4Credits, 60L)

1.Atomic X-Ray spectroscopy: ( Ref. 3: p.343-3R&f(2 : p.340-392) 6L)

Fundamental principles , Instrument component, KXHaiorescence method, X-Ray absorption
method, The electron microprobe, Electron spectqmgéor chemical analysis (ESCA) , Auger
Emission spectroscopy (AES) , Problems

2. Atomic Emission Spectroscopy : (Ref. 2: p.26@-285L )
Introduction , Instrumentation , Typical applicai#o, ICP atomic Fluorescence spectroscopy ,
Comparison of methods: ICP Vs AAS , Problems.

3. Mass Spectrometry: (Ref.2: p.465-507) (Ref.606-664)( 7L)

Molecular mass spectra , Sample flow in mass sp@etter, Inlet sample system , lon sources ,
Mass spectrometers, Applications of molecular nspgstrometry , Quantitative application of
mass spectrometry, ICP-MS , Secondary lon Masst&peetry (SIMS) , lon Microprobe Mass
Analyzer (IMMA), Problems

4. Surface characterization by spectroscopy andostopy (Ref.1: p.647-682)8L)

Introduction to the study of surfaces , Spectrogceprface methods ,, Electron spectroscopy,
lon Spectroscopic techniques , Surface photonstrgseopic methods , Electro- stimulated
micro analysis methods , Scanning probe microssopie

5. Particle size determination (Ref. 1: p. 10381)@6L)

Introduction to particle size analysis , Low-andlaser, light scattering , Dynamic light
scattering , Photosedimentation.
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6. Environmental sampling and analysis (Ref.3: @jp2Z12)(8L)

Getting a meaningful sample , Air sample collecteomd analysis , Water sample collection
analysis, Soil and sediment sampling, Sample pagiparfor trace organics , Contaminated land
sites- what needs to be analyzed ? EPA method erfdrance -based analysis.

7. Process instruments and Automated analysis Ref786-826)5L)

Introduction , Industrial process analyzers , Mdthbased on bulk properties, Infra red process
analyzer , Oxygen analyzers , On-line Potentiormetnialyzers , Chemical sensors , Process Gas
Chromatography, Continuous on-line process controAutomatic chemical analyzers
Automatic elemental analyzers , Laboratory Rob&soplems.

8. Quality systems in Analytical measurements (R&t. 45-65)5L)

Introduction , Why is a quality system needed ? Weajuality system? Benefits of a quality
systems, Top- Down and Bottom -up, approaches t@lifQu Quality standards and
Accreditation , Valid analytical measurement prognee , Proficiency testing, Validated
methods , System suitability testing, Equipment I@oation, Quality Control of Instrument
Performance.

9. Extended X-Ray Absorption Fine Structure (EXARSRplysis (Ref 5. Chap.9. p. 514-
527,530-547)5L)

EXAF theory- single scattering (SS) and multi ssatty (MS) theory, Data analysis using
GNXAS approach, GNXAS application to inorganic gyst Implication of using GNXAS MS
approach for study of biological system

10. LASER spectroscopy in Inorganic Complexes @&R€hap.6 p. 308-319 and 332-48).)
Introduction, Fundamental principles , Laser sosii@ed method , Tunable and single frequency
Laser operation, Laser pulses —time and intengpeddent phenomena, Laser techniques such
as Fluorescence and Excitation Line Narrowing (Fuhl ELN) spectroscopy, Spectral hole
burning , Photon echo measurement ,two photon iagtesmolecule spectroscopy

Books:

1. Instrumental analysis — By Douglas A .Skoog]dmes Holler, Stanley R. Crouch (Publisher:
cengagelearing India Pvt. Ltd . New Delhi, 2007)

2. Instrumental method of analysis"{ 2dition) By- H.H. Willard , L.L. Merritt. Jr. J.ADean

and F.A. Settle,Jr (Publisher: CBS Publishers aslilblutors Pvt .Ltd. ( Copyright —
Wardsworth publishing copy USA .2000)).

3. Analytical Chemistry (6th edition): By G.D. Cstian (John Wiley and sons Pvt. Ltd.
Singapore, 2009)

4. Analytical Instrumentation: Performance chanmasties and Quality: By G. Currell (John
Wiley and Sons Pvt. Ltd. 2000) chapter .4

5. Inorganic Electronic Structure and Spectroscéplyme 1, Methodology; edited by Edward 1.
Soloman and A.B.P. Lever, (Wiley Interscience Radilon, 2013)

IC 427 Research Projec(4Credits, 9 weeks)
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Courses which can be opted by students from outsidiepartments:

Elective courses Semester-ll|

IC 325: Frontiers in Material Science and Analyticd Techniques for Solids (4Credits, 60L)

Section | Frontier's in material science (30 lectugs)

1.

The Structure of solids: GL)

The types of matter, classification of solids, elgmcking of atoms; Voids in closest
packings; Radius ratio rule, Structure of ionic €&s; lonic Crystals with
stoichiometry MX, lonic Crystals with stoichiometiX,, spinel structure, perovskite
structure.

. Crystal Defects and non-stoichiometry: (6L)

Classification of Defects: subatomic,atomic andidatdefects in solids; Thermodynamics of
vacancy in metals; Thermodynamics of Schottky defecionic solids ; Thermodynamics of
Frenkel defects in silver halides; Calculation afmber of defects and average energy
required for defect, Other examples of defect simec Non-stoichiometry and its
classifications.

. Diffusion in solids: (4L)

Mechanism of Diffusion; Ficks first law and secoladv of diffusion in solids; Kirkendal
effects in solids.

. Phase Transformations in Solids: (5L)

Gibbs Phase rule;time scale of phase changes; Bregam of binary system; types of phase
transitions.

. Solid State reactions and Crystal Growth: (5L)

Classification of solid state reactions and theinekcs and mechanisms; thermal
decomposition reaction; law governing nucleatiooy@h of nuclei; Reaction between two
solids;Improving the reactivity of solids;Zone refig method;Crystal growth.

. Preparative method of solids: (5L)

Introduction, Ceramic method, microwave syntheSs|-gel method, Precursor method,
Hydrothermal method, Chemical vapour deposition BFVMethod,Chemical vapour
Transport, Choosing a method for solids.
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Books

6. Solid-State Chemistry an Introduction r("Edition) — Lasley Smart and Elaine Moore (
Chapman & Hall 1996)

7. SolidState Chemistry- D.K.Chakraborty ( New Ageshniational Pvt.Ltd.New Delhi, 2000)

8. Introduction to Soilds-L.V.Azaroff( tata McGraw HPublication Ltd. New York)

9. Principles of the Solid State-H.V.Keer ( Wiley East Ltd.New Delhi, 1994)

10. Solid state Chemistry —N.B.Hannay ( Prentice Hédly Jersey, 1967)

Section Il : Analytical techniques for solids (30éctures)
1. Thermal Analysis: (a0L)

a) Thermogravmetry (TGA): Definition, Types of TGKWstrumentation, Information from TGA
Curve; Factors affecting TGA curves (instruna¢as well as characteristics of sample
factors); Application of thermogravimetry; Callation of percent decomposition and
composition of compounds; Limitation and Adwaggs of TGA.

b) Derivative thermogravimetry(DTG) and its adva@s

c) Differential Thermal Analysis (DTA) : DefinitigrTheoretical Basis of DTA;Instrumentation
for DTA apparatus; Factors affecting the DTA curieplication of DTA; Advantages and
disadvantages of DTA.

d) Differential Scanning Calorimetry (DSC) : Detion ; Comparison of DTA and DSC
techniques;
Istrumentation of DSC, Factors affecting DSC curves

2. X-ray Diffraction: (aoL)

a) X-ray powder diffraction (XRD):

X-ray source, Diffraction of X-rays,X-ray powdeffdgaction, Instrumentation and use of
standards,

identification of compounds using powder diffractibhe importance of intensities, Absences
due to lattice centring;Determination of unknowibicicrystal structure by sin2 Imethod;
Parameter to be determined from XRD: Qualitativalysis; Quantitative analysis-percent
crystallinity, Crystallite size, surface area, wetl dimension.

b) Single crystal X-ray diffraction:
Solving single crystal structures; refining a stane, X-ray crystal structures in the literature.

3. X-ray Photoelectron spectroscopy(XPS): (5L)
Introduction and basic theory; Instrumentation; Skengelection and preparation, Spectral
analysis; XPS imaging.

4. X-ray Fluorescence spectroscopy (XRF): (5L)

35



Introduction and basic theory; Instrumentation céfaé analysis; Analytical information and
applications.

Books :

11.Thermal Analysis-Wendland

12.Instrumental Methods of Analysis-G-Chatwal and SaAd ( Himalaya
Publication;1988)

13. Catalysis: Principles & Applications-B.Viswanath@r§avasankar and A.V.Ramaswamy
(Narosa Publication; 2004). ( For XRD part)

14.Solid State Chemistry: An Introduction-Lesley Snaartl Elaine Moore (2nd Edition,
Chapman and Hall, 1996).

15. Crystallography and its applications-L.S.DentGlagdéan Nostrand, 1977)

16.Handbook of Applied Solid State Spectroscopy-D.R(8pringer Science, 2006).

17.Optical Properties and Spectroscopy of Nanomasedial Zhong Zhang (World Science
Publication, 2004).

18. Solid Chemistry: techniques-A.K.Cheetham and P.{@asford University Press, 1987).

19. Crystal Structure Analysis- M.J.Buerger (John W;l@§0).

20.Physical Methods for Chemists-R.S.Dragl (Edition, Saunders).

Other Books:

5. Element of X-ray Diffraction-B.D.Cullity (1967)

6. The Synthesis and Characterization of Inorganic @mmds-W.L.Jolly (Prentice Hall,
1970).

7. Synthesis and Techniques in Inorganic ChemistryARgklias ( 2nd Edition, Saunders,
1977).

8. Structural Methods in Inorganic Chemistry —E.A.Vsilorth,D.W.H.Rankin and
S.Cradock ( Blackwell Scientific Publication, 1987)

Semester-1V

IC 425: Industrial inorganic chemicals and medicinechemistry (4Credits, 60L)
Section I: Inorganic Application in Industry (30 lectures)

1. Inorganic Chemicals as metallic Corrosion Inhikstg6L)
Introduction, Principles of corrosion inhibitorsproosion as an electrochemical process,
Practical aspects of corrosion inhibition,Anionilmitor properties in neutral electrolytes,some
application of corrosion inhibitors ( cooling watarculation-once through and open
systems,engine radiation & cooling systems,ceiiteaking system,refrigeration plants and high
chloride systems, water for steam raising,corrogbibitors for paint coating).

2. Industrial gaseg6L)

Introduction, Separation of gases from air,Hydro@ambon dioxide , Carbon monoxide ,
Oxygen, Acetylene , Sulphur dioxide , Nitrous oxde
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3. Chemical explosives and propellaniL.)
Introduction, Potential energy of explosives , Fmbies of explosives, Manufacture of
explosives , Explosives made by nitration, Dynami@ommercial high explosives containing
no nitroglycerine , Initiating devices, Sportingdamilitary explosives , Disruptive explosives for
military use, Handling and storage of explosives.

4. Metal finishing technology4L)
Fundamental considerations, Electrodepositions agp@r , Nickel, Gold, Silver, Tin and Tin
alloys for Lead free solder, Elctorodeposition ofhr@mium , Elctorodeposition of
semiconductors , Elctoroless deposition of Copped &lickel, Environmental aspects of
electrodeposition , lonic Liquid treatments for anbed corrosion resistance of Magnesium
based substrates.

5. Safety consideration in chemical process industfh )
Introduction , Concern for chemical safety , Hagaadd their control in petrochemical industries
, Hazards and their control in petroleum refineaad LPG boiling plants , Hazards in storage ,
Handling and use of chemicals, Chemical storagketységssues, Observations related to safety
aspects , Specific recommendation for hazard cbatd improved plant safety, Chemical plant
safety- from concept to decommissioning.

6. Green Chemistry(3L)
Introduction, Designing a Green synthesis, Basilmdijyles of Green Chemistry, Green
Chemistry in Day-to- Day life, Green Chemistry ustinable development.

1. Books:

2. Handbook of Industrial Chemistry,Vol.1, by K.Fabs,F.S.Berner,Edited by S.C. Bhatia
(CBS Publishers, Bangalore,2004)

3. Industrial inorganic chemistry, Karl Heinz Bughgans-Heinrich Moretto, Peter woditsch

4. Modern Electroplating , By M. Schlesinger andRaunovic (John Wiley and sons, Hoboken ,
New Jersey, 5th Edition 2010)

5. Insight into Specialty Inorganic Chemicals-Davidompson (The Royal Society of
Chemistry,1995)- Chapter 15.

6. New Trends in Green Chemistry (2nd Edition)-\AKluwalia and M.Kidwai ( Anamaya
Publishers, 2007)

Section II: Inorganic Application in Medicine (30 lectures)

1. Overview(2L)

Introduction

Metal lons in Disease

Use of chelating agents

Metalloproteins as Drug Targets

Matrix Metallopreteinases

Modulation of Cellular responses by Metal-Contagnidrugs
Metal-Based Chemotherapeutic Drugs

Metal Complexes as Diagnostic Agents
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2. Cisplatin-based Anticancer Ager(id.)

Introduction

Clinical Properties

Cisplatinvs carboplatin, Iproplatin

Determination of Platinum Drug Levels and Pharmahketkcs
Platinum Chemistry

Mechanism of Action

Structure-Specific Damage-Recognition Proteins

Mechanisms of Resistance to Cisplatin/Carboplatin
Circumvention of Tumor Resistance to Cisplatin

Development of New Platinum Drugs

Dose Intensification of Cisplatin/Carboplatin

Modulation of Platinum Resistance Mechanisms

Dinuclear and Trinuclear Platinum Complexes as damicer Agents
Biological Activity of Polynuclear Platinum Comples. Summary and p53 status of Human
Tumors

Treatable by BBR3464

Biological Activity and p53 Status

Comparison with Other Clinical Cross-Linking Agents
Structure-Activity Relationships in Polynuclear tittam Complexes
DNA Binding of Polynuclear Platinum Complexes

Cooperative Effects In the Solution Structures itd-Specific (Pt,Pt) Interstrand Cross-Links

3. Transition Metal Complexes as Chemical Nucle&és
Interaction of Metal Complexes with DNA

Reactions of Metal Complexes with DNA

Nuclease activity of Cu(phen)2 +

4. Biomedical Uses of Lithiur(BL)

Chemistry of Lithium

Distribution of Lithium in the body and in Cells
Studies using Lithium isotopes

Biochemistry of Lithium

5. Bismuth in Medicing¢3L)

The Chemistry of Bismuth

Properties of the element

Bi(lll) Compounds

Bi(V) Compounds

Bismuth in Medicine

Helicobacter Pylori bacterium

Methods for the study of Bi

Bismuth Citrate Complexes

Bismuth Complexes with Biomolecules
Bismuth binding to oxygen-containing molecules
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Bismuth Complexes with thiolate ligands
Bismuth(lll) complexes with Metallothionine and Tfisderrin, Enzyme Inhibition

6. Gold Complexes with Anti-arthritic, anti-tumancAnti-HIV activity (4L)
Introduction

Chrysotherapy,

History of Medicinal Uses

Gold Chemistry

Oxidation states

Gold(l) complexes

Gold(Ill) Complexes

Oxidation-Reduction Potentials

Gold Biochemistry and Pharmacology In-vivo metadmliand ligand displacement
Anti-tumor Activity

Anti-HIV activity

7. Vanadium Compounds as Possible Insulin Modifigt3
Introduction

Characterization of Vanadium’s Insulin-mimetic Effe
Sites of Action of Vanadium

Animal Studies and Human Trials

Toxicological Considerations

Improved Tissue Uptake with Metal Chelation

8. Radio metal-labeled agents (Non Technetiumilimgnostic imaging(3L)
Introduction

Chemistry and biology of radio metals

Gamma scientigraphy and PET

Desirable properties of radio metals

Properties of radio metals- labeled imaging agents
Chemistry of radio metal- labeled imaging agents
Challenges in trivalent metal ion chemistry

Challenges in copper chemistry

Bifunctionalchelators for attaching radiometla torbolecules.
Determining the optimal imaging agents foe spedftezases

9. Therapeutic Radiopharmaceutical3L)

Introduction

Therapeutic radio nuclides

1- Particle emitting radionuclides

1- Particle emitting radionuclides

Low energy electron emitters

Therapeutic radiopharmaceuticals for routine medisa
131 | — sodium iodide

Intracavity and Intraarterial radiopharmaceuticals
Radiotherapeutic agents for bone cancer treatment
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89 Sr-chloride

153 Sm- EDTMP

186 Re- HEDP and 117 Sn- DTPA
166 Ho- DOTMP

Site- directed therapeutic agent
64/67 Cu conjugates

186/188 Re labeled biomolecules

Books :

1.Uses of Inorganic Chemistry in Medicine Ed. NielsoP.Farrell

2.Metal Complexes as drugs and chemotherapeutitsage

3.Metal Complexes as Enzyme inhibitors A.Y.Louiel &inomas Meade Chem.Rev., 1999, 99,
2711.

IC 426: Advanced Techniques in Inorganic chemistry4Credits, 60L)

1.Atomic X-Ray spectroscopy: ( Ref. 3: p.343-3R&f(2 : p.340-392) 6L)

Fundamental principles , Instrument component, KXHaiorescence method, X-Ray absorption
method, The electron microprobe, Electron spectimgéor chemical analysis (ESCA) , Auger
Emission spectroscopy (AES) , Problems

2. Atomic Emission Spectroscopy : (Ref. 2: p.26@-285L )
Introduction , Instrumentation , Typical applicat#o, ICP atomic Fluorescence spectroscopy ,
Comparison of methods: ICP Vs AAS , Problems.

3. Mass Spectrometry: (Ref.2: p.465-507) (Ref.606-664)( 7L)

Molecular mass spectra , Sample flow in mass sp@etter, Inlet sample system , lon sources ,
Mass spectrometers, Applications of molecular nspegtrometry , Quantitative application of
mass spectrometry, ICP-MS , Secondary lon Masst@peetry (SIMS) , lon Microprobe Mass
Analyzer (IMMA), Problems

4. Surface characterization by spectroscopy andostopy (Ref.1: p.647-682)8L)

Introduction to the study of surfaces , Spectrogceprface methods ,, Electron spectroscopy,
lon Spectroscopic techniques , Surface photonstrgseopic methods , Electro- stimulated
micro analysis methods , Scanning probe microssopie

5. Particle size determination (Ref. 1: p. 10381)@6L)
Introduction to particle size analysis , Low-andlaser, light scattering , Dynamic light
scattering , Photosedimentation.

6. Environmental sampling and analysis (Ref.3: @p2Z12)(8L)

Getting a meaningful sample , Air sample collecteomd analysis , Water sample collection
analysis, Soil and sediment sampling, Sample pagiparfor trace organics , Contaminated land
sites- what needs to be analyzed ? EPA method erfdrance -based analysis.
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7. Process instruments and Automated analysis gRpf786-826)5L)

Introduction , Industrial process analyzers , Mdthbased on bulk properties, Infra red process
analyzer , Oxygen analyzers , On-line Potentiometnialyzers , Chemical sensors , Process Gas
Chromatography, Continuous on-line process controAutomatic chemical analyzers |,
Automatic elemental analyzers , Laboratory Rob&soplems.

8. Quality systems in Analytical measurements (R&t. 45-65)5L)

Introduction, Why is a quality system needed ? Whajuality system? Benefits of a quality
systems, Top- Down and Bottom -up, approaches t@lifQu Quality standards and
Accreditation , Valid analytical measurement prognee , Proficiency testing, Validated
methods , System suitability testing, Equipment I@ioation, Quality Control of Instrument
Performance.

9. Extended X-Ray Absorption Fine Structure (EXARSRplysis (Ref 5. Chap.9. p. 514-
527,530-547)5L)

EXAF theory- single scattering (SS) and multi ssétty (MS) theory, Data analysis using
GNXAS approach, GNXAS application to inorganic gyst Implication of using GNXAS MS
approach for study of biological system

10. LASER spectroscopy in Inorganic Complexes @&r€hap.6 p. 308-319 and 332-48).)
Introduction, Fundamental principles , Laser sosii@ed method , Tunable and single frequency
Laser operation, Laser pulses —time and intengpeddent phenomena, Laser techniques such
as Fluorescence and Excitation Line Narrowing (FuhNl ELN) spectroscopy, Spectral hole
burning , Photon echo measurement ,two photon iagtesmolecule spectroscopy

Books:

1. Instrumental analysis — By Douglas A .Skoog]dmes Holler, Stanley R. Crouch (Publisher:
cengagelearing India Pvt. Ltd . New Delhi, 2007)

2. Instrumental method of analysis'{ 2dition) By- H.H. Willard , L.L. Merritt. Jr. J.ADean

and F.A. Settle,Jr (Publisher: CBS Publishers asliblutors Pvt .Ltd. ( Copyright —
Wardsworth publishing copy USA .2000)).

3. Analytical Chemistry (6th edition): By G.D. Cstian (John Wiley and sons Pvt. Ltd.
Singapore, 2009)

4. Analytical Instrumentation: Performance chamasties and Quality: By G. Currell (John
Wiley and Sons Pvt. Ltd. 2000) chapter .4

5. Inorganic Electronic Structure and Spectroscdplpume 1, Methodology; edited by Edward I.

Soloman and A.B.P. Lever, (Wiley Interscience Radilon, 2013)
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