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CH1118 . SCENTIFIC RESEARCH METHODOLOGY

Faper - |
Semestar | :
_ Credits : 6
Category ; Major Core ME) Hours/week : 6
Objectives
1. i0 Introduce the purpose and Importanice of reszarch for fulure

2, To-know the various indexes and abstracts in science and
fechnology as a source of ail information in chamistry.

3 To tearn .mu ways of camying out ierature search for current
awarsress ang for the retraspective Survey.

4 Tﬂbﬂmﬂmmmwﬁfmﬁbﬂ?gﬂtﬂ'ﬂ and lo compute
statistical parameters o afrive at meaningful conclusions.

5 Taknew the methudoiogy of witling thesis and joumal articles.

Unit 1: Scientific Research and the Chemical Literature (25 h)
11 The search for knowiedge, pirpcse of reseacch, scientific methad
role of theory, characioristics of ressarch, J
12 Types of research: fundamenial o pure research, applied research
aclion research, historical research, experimental research. .
1.3 Indexes and abstracts in science and technoogy: apptied scence
and technology index, biologicel abstracts, chemical abstracts
chemical tities, current chemical reactivns, current contants :
engineering index, index chemicus, index medicus, physlcs at:-atrat:tsl
sdence citation index. '
1.4 The Chemical Absiracts
Current awareness searching: CA weekly issues, CA issus indexas
Retrosaciive searching: CA voluma Indexes-ganoral subject index
chemical substance index, formula index index. of ring systems, autrm;
index, patenl index

CA Collective indexes: Callective index (Cl), decennial index (DI).
Access points for searching CA indexes: index guide, general subject
lerms, chemical substance names, molecular formulas, ring systems,

author names, patent numbers.
Locating the reference: finding the abstract, finding the original

document, chemical absirac: service source index,
Classical and comprehensive reference worksin chemistry, Beistein's
Handbook of Organic Ghemistry, Gemelin Handbook of Inorganic
Chemisiry; compilations of data, synthaetic methods and technigues,
realises, reviews,

1.6 Compuler search of lilgralue, ASAP Alerls, CA Alerts, SciSinder,
ChemPorl, Sciercelirec!, STN International, Journal hoine pages,

16 A report on litersture survey.

Self study

{8) Anovervew of selected list of comoilaton of data: Dictionary of Organic
Compounds, Merck Index, CRC Handbook of Chemistry and Physics,
Lange’s Handbook of Chemistry.

(1) Anovendew of selecled list of synthetic methods and technigques and
peneral reatises: Organic Synthesis. Reagents for Organic Synihesis,
Comprehensive Organic Chemistry, Encyclopedia of Reagenis for
Organic Synthasis.

{c) Abriel Remature sunvey lrom Clemical Absbracts for lucating relevant

japurnal articles,

Unit2: Techniques for Analysing Data (20 h)

21 Stalistical consideralions: population and samp'es, sampling
distributions, interference aboul the population mean, sampling
problems, the conditions of ohservalion-rasearchin natural settings,

surveys, laboratlery experiments; des:gn of experiments.
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2.2 Paramelric and nonparamelric dala; descriptive and inferential
analysis.

2.3 Frequercy distrbutions Graphing frequency dstribution-discrete
versus conlinuous scales, bar graohs, frequency polygons; describing
frequency distributions-modality and skewness.

2.4 Measures of certral tencency: the mode, the median, the mean,

2.5 Measures of varability (dispersian): the total rance, the interquariile
range, he average devigtion, the variance-analysis of variance and
coveriance; the standard deviation; normal distributions: the normal
distribution and the normal probability curve.

2.8 Measures of relative position: standard seores- sigma score (z),
standardscore (Zor T), and college board score (Z,); percantile rank.

Unit 3: Correlational methods (5 h)

31 Scater diagrams and linear regression line; Spearman rank order
correlation. Pearson’s product moment correlation.

32 Carrelation coefficients: Pearson rusing Pearson rin predict scores:
interpreting the magnitude of r-nonlinear relations, restricted renges.

33 Interpreling comreletional data: reliability coseflicients-internal
consstency, lest-retest reliability, alternate-forms reliabilly, validity
coefficients-construct validity; regression effects, correlation and
casuality cross-lagged penel analysis.

Unit 4: Using data to make decisions (5 h)

4.1 Nonparametnc lests: Chi square tesi, median lest, Mann-Whitney
tesl; Sign tes!, Wilcoxon matched-pars signed ranks test,

42 Testing stalistical significanca: the logic of hypothesis lestirg-the
rull hypothesis (H,), the level of signiticanca, two tailed and one tailed

tesix of significarce, degrees of freedom, sluderts distribution (1),
homogeneity of varances.

F.

4.3 The alternate hypothesis, the nalure of the tes!, decision errars and
their proaabiities, hypothasis about frequencies and hypothesis abowit
mean diferences.

Unit 5: The Sciantific Writing (5 1)
5.1 Research repors, theses, juurnal articles: format and wriling style

52 Requirement of technical communications: eliminating wordiness and
jargon-tautclogy, recundancy, imarecise words, superfiuous phrases,

5.3 Steps topublishing a scientific artcle in a jourral: types of publications-
communications, arlicles, reviews; when to publish, where lo publish,
specific format required for submission, organization of the material.

5.4 Documenting: abstracts-indicative or descripiive ahstract, informative
shairact, footnotes, and notes, referencing styles, bibliography-joumnal
ahbreviations (CASSH), abbreviations used in scentific writing.

Self study

(a) Journais which publish only communications in chemisiry.

(b) Journas which puhblish anly reviews.

(¢} Stendard journal abbreviations of select journals in chemistry.

Heferences
1. R L. Dominoswki, Ressarch Methods, Prantice Hall, 1881,

2. J. W.Best, Research in Education, 4th ed. Pronlice Hall of India,
Mew Deihl, 1961.

3. H.F. Evel, C. Oiiefert and W.E. Russey, The Art of Scientific Writing,
VCH, Weinheim, 1088,

4. B. L, Cain, The Basis of Technical Communicating, ACS..
Washinglen, 0.C., 1988,

& H.M.Kanare, Writing the Laboratory Natebook. American Chemical
Society: Washington, DC, 1885



- S 'i Dodd, Ed., THe ACS Siyle Guide: A Manual for Authors and
Etdlifors; Amarican Chemical Setiety Washington, DC, 1985

7. Gibaldi, .1 Achiert, W. S Handbuok for writers of Research Papers;
end ed ; Wiley Eastern, 1087 '

1.3 Nuclear Magnetic Rescnance Spectroscopy: spin-spin splitting,
applicaton of spin-spin coupling o structural determination, fectors
influencing the appearance ol NMR spectum-last chemical reaction;
second Drder specira, quadrupoie nuclel, NMR double resonance:
FT NMFR, principes, measurementof ', a\d 1, applications of NMR
W "F and "'P magnelic nucief, 20 NMR, NOESY and CasY,
magnelc resonance inryging, applcations of 'H and "C NMR in

8. Joseph. A. Methodology for Researvh; Theoiogical Publications:
Bangalore, 1986

CH1119: INSTRUMENTAL METHODS OF GHEMICAL ANALYSIS svishigs chclinlione IR e d sirsos opiimEapIT

F Paper - 1 scalar and pseudo contact shifi.
ester |
Catesory: Mk Cregits : 6 14 Nuclear Quadrupole Resonance Speciroscopy: eftect of magnetic
ry: Major Core (MC) Hoursiweek : 6 fielc on the spectra, elecinic field gradient and molecular structure,
Otjectives structural elucidation of Norganic and coardination compounds,
T. f i
mwme basic principles of spect oAl for sructins! 1.5 ElectronParamagnetic Resonance Spectroscopy: hyperfine spiitting
elucidation. in isotropic systems; epr speclra of systems wilh more than one
2 Toleamthe methods of characterizing compounds by , unpaired elecirons-Kramer's degeneracy, zero field spiitting, epr of
lechniques. Iriplet states, anisotropy in g-value, anisolropy in hyperfine sphitting,
3 To learn the various instrumentsl methods sludying a given nuciear guadrupole interaction; appiications of &pr to arganic and
EOOCLaT, inorganic compounds,
4. Toleam the separation lechniques for organic and inorganic 1.6 Mossbauver Spectroscopy: interpratation of isomer shifts, quadrupole
tompounds. and mapnelic interactions, Mossbauer emission spectroscopy,

Al To learm about industrial anatytical processes. structural elucidation.

Unit 1: Absorption Spectroscopy (20 h)
1

Unit 2: Mass spectrometry and Emission Spactroscopy
21 Mass Spectrometry: methods of lon ganeration-molecular ions from

12

infrared and Raman Spectroscopy: FTAIR basic principles,
Quanbiative IR, resonance Raman and lasar Raman spectroscopy,

applications of IR and Raman Specirascopyto orgarnic and inorganic
compounds,

_Eiar.‘_!ran}c Spectroscony: term symbols. Spin-orbit coupling in free
lons, elecironic spectra of O, and T cornplexas, charge transfer
transiton, structural eviderce from electronic shactra.

0

volatile samples-El, Cl, P, Fl; molecular lons from non-valatile
samples-FAB, ES|, FO, and MALDI; mass analysers-TOF, beam
lype and ion-trapping.

Tandem mass spectiometry: techniques-mult ple tandams, multiple
guadrupole devices: Tandem MS with TOF, quadrupole ion trap,
applications of MS for struchu-al elucidation of organic and inarganic
compounds, mass specirometry of polymers and biopolymers.

3




22 Photo Electron Spectrascopy: Koopman's theoem, PES, XPS,
ESCA, and Auger spectroscopy, applications.

23 Fluerescence and Phosphoresconce spectroscopy: X-ray
fluorescence spectroscopy and chemiluminescence

24 FTME‘MMWMW’?: flamea photomelry, AAS, and ICPAES

Unit 3. Electrochemical Techniques (10 h)

31 Cyclc valtammelry, diffe‘ential pulse vollammetry: principles and
applications

3.2 Stripping vollammetry: anodic and cathodic slripping voltammetry-
principle and applications.

33 Principle and applications of dhruncamperometry, chronocotiometry,
snd chronopotentiomsiry,

Unit 4: Thermal Mathods (10h)

4.1 Frinaple, instrumentation and applications of thermogravimetric
analysis, Differentizl thermal analysis, differential scanning
calonmely

4.2 Thermochemical analysis and dynamic mechanical analysis;
irstrumentation.

4.3 Thermometric titrations: princile and applications.

Unit 5: Separation and Analytical Methods {10 h)

5.1 Chromatography: Gas chromalography, HPLC, supercritical fiuid
chromatograghy, and capilary electrophoresis, SEC:
instrumentation and applications

52  Indusirial pracess analysis, methods based on bulk properties,
IR process aralysis, oxygen analysis, automated chemical
analysers.

3.3 Electron microprobes: SEM, TEM, STM and AFM.

24  X-Raymethods of analysis: single crystal and powder X-ray
diffraction lechnigues,

References

01.

02
03,

05

ar.

10,

1

12
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K. Nakamoto, Infrared and Raman Specira of Inorganic and
Coordination Coampounds, Vol Aand B, 5" ed., Wiley Inlerscience,
1996.

R. S. Drago, Physical Methods in Chamistry, Saunders, 1977.

'W. W. Paulder, Nuclear Magnetiz Resonance: General Principles
and applications, Wiey, New York, 1987,

A E Derome, Modern NMR techniques for Chemistry Research,
Pergamon Press, 1988,

E. Braitmer and W. Voellar, Garbon-13 NMR Spectroscopy, 3" eq,
VICH, Wainheirm, 1987.

Y, Takeuchi and A. P. Marchand, Appiications of NMR Spectroscopy
to Problems in Sterecchemisiry and Conformational Analysis, VGH,
Weinheim, 1986,

J. A Weil, J. R Bolion, and J. E. Wertz, Efecfron Paramagnelic
Resonance, Wiley Irterscience;, 1994,

W. R, Crossmum end R. M. K. Carson, Two Dimensonal NMR
Epecstroscopy: John Wiley, Mow York, 1985,

D. Ighii, Micro and Semi-Mitro High Farformance Liguid
Chromaingraphy, VCH, Weinhelm, 1878

P T, Kissingar and W. R. Heineman Eds., Labortory Techniques
in Elactroanelytical Chemistry, 2™ ed., Marce! Dekker Inc, New York,
1986.

H. H Wilard, L. L. Merrilt, J.A Dean and = A. Seattle, Instrumental
Methods of Analysis, 7" ed, CBS Publishers, New Delhi, 1986,
D.A Skoog, F. J. Holer and T. M. Nieman, Principles of insirumental
Analysis, 5th Ed, Harcourt Asia Pie Lid, India, 2001.

Srivastava, Chemical Analysis: An Instumenial Approach, S. Chand,
Nesw Dresdlyi,

F. A. Seftle, £d. Handbook of instrumental Technique for
Analytical Chomistry, Pearson Edn, India, 1997.
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15 B. K Sharme, hstrumental Methods of hemical Analysis, 237
Edn, Goal Fublishing, Meerut, 2004,

CH 1120: SEMINAR AND REPORT
Semester | Credit 1

Category - Major Core (MC)

CH1154 : SYNTHETIC ORGANIC CHEMISTRY
Papar - il
Semester | Credils : 6
Category : Elective Subject (ES) Hoursiweek ; 6

QObjectives:
1. Toknow the methods of synthetic sirategies and appications
2. Toapply ihe knowledge of chemical reactionis in arganic synthesis

UNIT 1: Preliminary planning and control elements (15 hours)

1.1 Known and unknowns of synthetic systems, analysls of complex
and interrelaled carbon frame work, precursors, retrosynthetic
approach,

12 Yield of synthetic reactions, canvergent synthasis.

1.3 Funcilonalisation and intercon version of functicnal groups-
tunctionalisation of alkanes, alkenes, alkynes, aromatic
hydrocartons, heterocyclic compounds and nter conversior of
functional groups

L4 Formationof Carbion-carban bonds- general stralegy, disconnections
and synthons, electrophilic and nucleophilic carbon species.

1.5 Regiospecific control elements use of protective groups, aciivating
groups and bridging elements.

1.8 Streospechic control elements — functional group alterations and
transportalions,

= e —
e R RRRR———

Self study:
Electrophilic carbon-nitrogen reagenis, alantmphille alkenas,
Grignard and related organometallic reagents.

UNIT 2: Asymmetric synthesis (10 hours)

2.1 Terminology anc anatytical methods, Strategy and classification af
metnods, first, szcond, third and fourth generation methods. Use
of two each of chiral substrates, chiral auxiliaries, chiral reagents.

22 Asymmelric catalysis, catasiytic asymmaetric alkylation,
hydrogenalion, reactons catalysed by enzemes and other proteins.

23 Organetansilion metal chemistry, applications to asymmetric
organmic synlhesis.

24 Mk}&aﬁun of active methylene compounds in asymmetric synihesis.

Self study:
Multstage synthalic routes, aymmetiic Ciels-Alder reaction,

alkylation a to nitrogen.

UNIT 3: Silicon and boron in organic synthesis (10 hotirs)

31 Properties of bonds to silicon, nucleophilic substitution at silicon,
1,2-rearangements.

32 Protection of hycroxy groups as silyl ethers, silyl encl ethers and
related siyl ethers, synthesis of alkeres{Peteson olefinaton).

3.3 Alkynyl-, vinyl- and arylsilanes in organic synthesis, aryisilanes
and acyislanes.

34 lypical organic synthesis involving organesilicon compounds.

4,5 Hydroboration, asymmetric hydroboration, reactions of
crganobaoranes-cxidation, protonolyss, amination, halogenolysis,
isomerisation,

3.6 Organocboron routes to unsaturated hydrocarbons- synthesis of
alkeres, alkynes, diynes, enynes,

a5



37 Alkylsoranes and boron enclates in organic synthesis. double
asymmatric induction.
1.8 Boronic ester homaologation,

Self study:
Silyl kelene acetals, regioseleclive electrophilic attack on
alkynylsiianes, applications of boron compounds in asymimelric
synthesis.

UNIT 4: Redox reactions In organic synthesis (15 hours)

41 Oxidation of wydrocarbons, alcohols, carbon-carbon double bonds,
diols, epoxides.

42 Enantioselective epoxidetion of liylic alcohols, dastereoselective
sporidation, ozonolysis.

43 Oxidation of ketones — Baeyer-Villiger oxidation, oxidation with
thallium(lll) nitrate, selenum reagents and intermediates in organic
synthesis, lead tetraacetate.

44 Catalytic hydrogenation, selectivity of reduction, homuogeneowus
hydrogenation, reduction by dissolving metals.

45 Reduction by hydride transfer reagents — aluminium alkoxides, LAH,
sodium borchydride, sodum cycnoborohydride, trialikylborohydrides.

45 FElectrochemical organic syrthesis

Self study:

Wolff-Kishner reduction, desulphurisation of thio-acetons, di-
imide, low valent titanium spacies.

UNIT 5 Salected Organic synthesis (10hours)
Reagents for organic synthesis and their applications - Synthesls
of Z-Hereicos-6-er-11-one, Disperlure, Z-Jasmone, helicenes,
annulenes, progestarone, cortisone and peptide synthesis.

Self study:
Wolff-kshner redudion, desulplhurisation of thic-acetons, di-imide,
lowe valenl tilanium spoces.

Reference books

1. R.K Mackie, D.MSmith and R.Alan Aitken, Guidz book to organic
synthesis, il Edition, Longman Group Limited, 1999,

2. lreland RE, Organic synthesis, Prentice Hall India, Goel publishing
house, 1900

3. Smith, M.B, Organic synthesis, Il Edilion, McGraw Hill
Internaticnal, 2002

4, House HO. Modern Synthetic reactions, W.A, Benjamin In¢, 1872

5 Carruthers, W, Modern Methods of organic synthesis, [1l edition,
Cambridge University Press, 1986.

& Morman R.0.C., Drganic synthesis, Chapman Hall, London, 1280

7. Susan E Thomas, Organic synthesis, Oxford sclence publicetions,
1984,

8 LL.Finar, Organic synthesls, Longiman, 2004.

9. Francis A,.Carey anc Sundbery, Advanced Organic Chemistry, 5"
edition, Tata McGraw-Hill, New York, 2003

10. Smilly and Jerry March, March's Advenced Organie Chemistry, John
Wiley, 2007.

CH 1455 : COORDINATION AND SUPRAMOLECULAR CHEMISTRY
Paper - Il
Credils :
Hours/week | 6

Semastar |
Category : Electiva Subject (ES)

Objectives
1. To quaniify banding parameters in cubic and distorted ceometries
from electronic specia.




To itentify suitable coordination compounds for the construction of
supramaoleciitar assemblies and nanostructures,

Toleamn the methadology of constructing supramolecular assemblies
wih desired peoperties for specific application.

To identify complexes suitabie for application in medieinal norgenic
chemistry

To set research goals in the hignly Iopical areas of research in
ceordination and supramolecular chemistry.

Unit1: Electronic Structure and Geomotry of Coordination
Compounds (15 h)

1.1

1.2

13

1.4

15

Electronic spectroscopy: crystal field spectra of 0, and T,
complexes, effect of distortion on the specira, structural evidence
fram electronic spectra, evaluation of D and D values in Co{lll)and
Ni(ll) ©, and T_ complaxes, quantification of covalency-nephelauretic
ratio

Tetragonal distorfion in octahedral complexes and evaluation ofD ™
and D *in tetaganally distorted octahedral Co(lll)complexes.
Nuclear magnetic resonance spectroscopy: application of spin-spin
coupling to inorganic structural determinations, NMR spectra of
cuadrupolar nuclel, NMR of paramagnebic lransition matal
complexes: scalar shift and pseudocontzct shift, scalar shift and
covalency.

Electron spin resonance spectrascopy: hyperfine and zero field
effec's on the epr spectra of coordination compounds ligand field
interpretation of the g- and A-lensors, nuclear qudrupole interaction,
Mossbauer spectroscopy. quadrupole and magnetic interacticns,
isorrier shift and site symmetry of metal ions In coordination
compourds, Mossbauer emission spectroscopy and applications.

Self study

{al Causesoftetragonal distortion it transition metal complexes and
their effect on the electronic spectra.

(b  Effect of quadrupole nuclel on spin-spin splitting and hypertine
splitting.

(i  Causesof anisolropy and anisoiropic g-valuas.

Unit 2: Supramolecular and Dendritic Chemistry (15h]

2.1

2.2

2.3

24

25

Supramolecular assemblies and archilectures: natuwe of
supramoleculer inleractions, homo- anc heteropolymetallic
polypyrdyl systems, supramolecular host-guest compounds.
Templales and sell assembly: biochemical self-assembly, sell
assembly in synthstic systems, sclf assembling coordination
compounds, calensnas and rotaxaroes.

Supramolecular deviees: photoinduced elelctron and energy transfer,
photo- and electrochemical sensors, light conversion and energy
transfer davices, molecular elactronic devices (molectar switches,
wirae, snd rectifiers), molaecular machinas

Dandrimers and melzlladendrimers: synthatic mathodaology-
divergent ard canvergent methodologies: lypes of
metallodandrimers. characlerization technicues.

Dendrimer encapsulated metal nanoclusters: silver and gold
nanoclisters end nanoparticles, quantum dols, quantum size
relatec pholochemical properties, dendrimar encapsulated
catalysis.

Self study

(@)

(1)

Terpyridine and bipyridine-appended spacers, phanazens baved
SPacers.

Different kinds of supramolecular assemblies constructed by
covalent-, coordination-, and hydrogen bonging.

B



Unit 3: Electrochemistry and Photochemistry (12 h)

41 Inteicomponent energy and electron transfer in supramolecular
assomblies: role of bridging |gands.

22 Applications of cyclic voltammetry, and ditterential pulse
roltammelry ld the study of coordination compounds anc
metallosapramolecular assemblies: computation of electrochemica
parameters and evalsation of reversibility of the redox processes.

3.3 Spectroelect-ochemistry; optically transparent electroces and ceils,
chronoabsomptometry.

34  Solar and rencwable energy: light-to-chemical energy conversiar
in lameliar solids and thin films, solar energy conversion by dye-
sensitized photovollaic colls and by ccordination compounds
anchored onto semiconductor surfaces.

45 Photachemistry of lanthanide complexes: A-ET-E processas, NIR-
io-visthle photon upeonversion, nonlirear optical behevior, exciton
rultiplication and relaxation dynamice in guantum dote and
applicaticns. oplical fiber lasers and amplifiars containing lanthanide

complexes.

Self study

fa) Causes of eectochemical irevarsibility and coupled chemical
reactions.

{b)  Fhotochemistry of Ru(ll) and Qs(ll) polypyridyl complexes and
Jablonskl diagram. |

(e} Emission propeities end applications of lanthanide emitters.

Unit 4: Bioinorganic and Medicinal Inorganic Chemistry (10h)

4.1 The supramolecular chemisty of life: photosynthesis-biological
protosynihesis, chemical approaches to artificial photosynthesis
(light harvesting dendrimers and multiporphyrin arrays), Rhodopsin
(& supramalecular photong device); biochemical salf-assembly.

Rl

49  Contrast enhancing agents for medical diagnostics: thoeory of MRI
imaging, Ga-based conirasi agenls-synthesis and structural
teaturas; optical contras| agertis-Ag and AyMPs; matal complexes
as photosensitizers.

43  Metal complexes lor radictheraoy: ciagnostic rad lopharmaceuticals,
Aon-techiiitium for diagnostic imaging, Tedabelled small malaciles
and peplides as disgnoesticradiopharmaceuticais

44 Tageted cancer nanotherapy: magnetic nanoparticies and cancer
therapy: gold nanoparticies-tunable optical prapertias and in vivo
cancer deteclion and therapy.

Self study _
(a)  Antenna effect and funneling of electronic energy in supramolecular
assemblies.

(b) Generation of *Techetares.

Unit 5: Synthesis of Novel Coordination Compounds and

Supramolecular Assemblies (B1)

5.1 Templales and seif-assembly; syrihesis of Schiff base macrocycles
and macrocyclic binucleating ligands by goordination tomplate
effects, self-assembling coordinaton compounds-design principles,
molecular cubes, squares and bores; self-assembly af metal arrays;
catenanas and rotexsres.:

52 Polyazamacrocycles and macrocyelas with pendant arms.
53 Construction of polynuciear supramolecular assemblles and

nangalivctures.

Self siudy ;
(a) Design of Rebson-type compartmental Schiff base macrocycles

derived from 2, 6-diformyl-4-methyiptiend and 2,6-d iformylpyriding
(b}  Methods of self-assembling coordination compounds.

41
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CH 1156: ADVANCED COORDINATION CHEMISTRY
Paper - 1l
Credits | 6
Hoursiweek . 6

Objectives:

i.
2.

To give the studenis an advanced insight into coordiration chumisiny
To make them familiarize with the structural, spectrl and (ha
reactivity of the coordination complexes

1



3 Tantroduce the features of organa-retalic and biu-inrganic metal

canlers and comploles

Unit 1: Synthesis of Novel Coordination Compounds (5 hrs)

a.  Synthesls of macrocyclic ligands by schiff base condensation and
by coardination lemplate effects, Preparation of crown ethers

b. cumpanmmu-qr Ligands: design andsynihesis of maarocyclic and
nonmacrocyclic binucleating ligands and their complexes.

-3 Synthesis of triple decker sandwitches and cluster compounds

Urit 2: Determination of Electronic and MolecularStructure (25 hrs)

a.  Elecironic spectroscopy - Evaluation of Dq'*. D xy and D, values
in cobalt{l) octahedral complexes and letragonaly distorted cobalt(ll)
octahedral complexes Evaluation of D, values in the nickel(l)
octahedral complexes.

b.  infrared and Raman Spectroscopy — Structural diagonosis by IR
@nd Raman spectra. IR spectra assignments of prominint function
groups of coordinated ligands in metal complexes, differentiation of
isomars, Resonence Raman Spactroscopy - Principle and any
twi applications,

c. Photcelectron and X-ruy photoglectron spectroscopy — principle and

applications.

Application of Nuclear Magnelic Resonance Speciroscopy —

fluxional behavior (temperature varialion, NMR spectral siudies),

Nuclear Quadrupole Rescnance Speciroscopy; relationship

hetween elactic field gradient and moleculsr sliuclure, applications

ininorganic and coordination complexas.

8. Mossbauer Spactroscopy: Significance of Isomer shifl and
quadrupole splitting. applications 1o Fe and Sn complexes.
Magnetic interaclions, Melhod and two examples of single crystal
X-ray analysis of conrdination complexes, Significance and
applications of EXAFS studies

44

Unit

Study of chiral coardination compounds by CRDand CD

3: Study of paramagnetic and Antiferro magnetic
compounds (Shrs) ,
Magnetic behavior of coordination compounds; Magnelic
susceplbility and the geomelry of the complexes. Walnus
hehavior, Antiferro magrefic interactons, spin-crossover sysiems
Electron paramagnetic Resonance Spectroscopy — ligand field
m:ﬁrprmannn of the g-and A-Tensors, Nuclear spin intaractions,
Hyperfine and zerofield effect onthe spectrum. Application o Cu(Ily
and Mn(ll) complexes.

Unit 4 : Kinetics of coordination complexes (15 hirs)

a

inert and labila nature: Thermodynamic and kinetic stabifity — waler

exchange reaclions. Aguation” acid and base hydrolysis - D, A

and SN1CB mechanisms. Factors influencing the rate of the

reactions in octahedral complexes. Atfack on ligands.

Trans effect — Synthetic applications. Kinetics of hydrolyss and
ligand exchange in square planar complexes,

Inner sahere and outer sphere mechanisms.

Photochemistry: Photo physical processes - Florescence and
phosphorescence emission Photo substitution — Adamsons rules
—examples. Charge transter photcchemisiry

Orgﬁnt:- metaliic chemistry. Allyl complexes, maialln?an&m EOT
preparation and propeities. Akenss metathesis, oligomerization
Helercgenatzed  homogenous catalysis - polynudiear supported
catalysis. Sharpless epoxidation  (Tiisopropoxide. -BuDOH),
MeMurry Coupling (TICL/LIAIH,), Pauson- Khand R&am{nn -
Co,(CD),, Dotz Reaction — Chromuim Caroene, Heck Reacton —
Pd(PPh.),, | ;
Electrochemical methods of studying coordination compounds:
Applications of —AC and DC polarography and cyclic voltammetry
to coardination compounds. Eleclrochemical synthesis of

45




complexes. Coupled chemical reactions; EC,CE and ECE
mechanisms

Unit 5 : Inorganic Biochamistry (10hrs)

a  Ferritinandtransferitin, caboxypeptideseA, carboric anhydrase,
Blue copper protein, SOD,

[+ Electron transfer agents (bio-redox agents). cytochromes and iron-
sulphur proteins.

¢ Nitrogen fixaticn and the role of metal ions. Photosynthesis -
Phwlosystem | and Photosystem ||

d. Essential and trace elementsin biological systems, Ghelate therapy.
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CH 1157: CHEMISTRY OF NANOMATERIALS

Paper - 1l
Semester | Credits: 6
Categcry | Elective Subject (ES) Hours'week: 6
Objectives
1. To lackle rational synthesis to control size and shape of both
organic and inorganic nanostructures,

%

To connect struciure tofunclion by design and edending function 1o
dynamics of nanostruciures.

Ta think about new functions for devices based on ranosiructures.
Ta know the diferent kinds of nanoarchiectures and thelr synthesis
and functions.

To understand the growing interest in using nanostructures for
advanced medicine,

Unit 1: Fabrication and Patterning Nanostructures (15 h)

11

Preparation of nanosiructures: nucleation and pariicle growth-sol
process, sol-gel process, chemical precpitation, hydrothermal
synihesis, pyrolysis, vapor deposition.

Techniques of nanofabrication: phvtolithography, staming beam
lithogiaphy, scanning probe lihiograpty,

Nanofabrication by malding, enibossing, and printing.: hard pallec
transfar elements-step-and-flash iviprint lithography, nanainprint
lithegraphy; saft pattern transfer elements-raplica molding. solvenl-
assisied micromolding; cloctrical microcontoe! printing; nanolransior
printing.

Self-agsambly for nanofabrication: nantemplated self-assambly,
templated celi-assembly, self-acsembled monolavers (SAMs) of
thiolates on metals-preparation of SAMs, mechznisms of assembly,
SAMs as surface layers.

Surface modification of nanopariicles, characterzation tachnigues-
SEM, TEM, HRTEM AFM. SAXS | DI-MS, STM.

Self study

(@)
©)

Nanostruclures of ditteren| shapes and their images.
Lrowth mechanisms of nanosiruciures of differenl shapes.




Unit 2; Nanoarchiteciures (10 h)

2.1 Nanotubes based onamphiphilic molecules: methods for nanctube
formaticn-chiral sefi-assembly, packing-directed self-assembly,
amphiphilic polymer assembly, molecular scuipting, template
processes, synthesis of hybrid lubuler sbruclures- lemplate-directed

synthesis.

2.2 Carbon nanotubes: assembly in carbon soot, molecular structura,
rianotube marmpholingy

23  Control of dmensions: cuterdiameter, inner diameter, length, wal
thickness.

24  Nanorods: axial rods-modules and rods, singly- and doubly-linked

axial rods; zig-zag rods-oligoenes, oligothiophenes, oligopyrroles,
co-cligomers of axial and zig-zag modules.
25 Mechanical properties and technological applications of

nanoarchitectures.

Self study
Inorganic and organc building biocks for the synthesis of various
nanoarchitectures.

Unit 3: Devices Based on Nanostructures (10 n)

3.1 Molecular scale machines-interlocked macromolecules,
polyrolaxanes.

32 Chemically , electrochemicaly-, and pholochemically controllable
supramoiecular complexes, molecular shuttles, and catenates.

33  Arificial molecular rofors: rotor behavior innon-interacting systems:
interacling rotors; rolors in solution-propellers, cears, and cogwhsals.
rotation in nonsandwich porphyring; rotations of molecuar carouseéls
{sandwich compiexes}; fight-driven- and chemically driven molecular
rotors.

34 Optical and elecrical properies of nanoparticles: semiconductor
quantum dols, guantum size effects and electron transition, NLO
properties, pholon upconversion and anti Stokes provesses,
sleciron-phonon relaxation.

38

45 Lanthanide-containing supramolecular devices: polymetailic
functional assemblies-A-ET-E processes, NiR-to-visible photon
upconversion, nonlinear optical behavior, exciton multiplication and
relaxation dynamics, oplical fiter ‘asers ana ampilifiers,
electroluminescant materais.

Self study

(al  Tempiale assemblyof interlocked molecules.

(bi  Larthanide-d-metaland lanhanide-s-metal containing edifices.

Unit 4; Metzllodendrimers, Nanoreactons, ard Nanocstalysis (12 h)

41 Dendrimers and metallodendrimers: evolution of dendrimers,
synthetic methodology-divergent and convergont meihodologies,
types o metalicdendrimers. characterization lechnigues.

42  Light harvesting dendrimers and photoactive metallodendrimars.

43 Dendrimer encapeulsted metal nanoclusiars: silver and gold
nanoclusters and their chemical and photochamical propertins

44 Nanoreactors: molacular nanoraactors-molacular capsules and
boves micelle-hased systems, vesicle-based systems;
mecromoieciilar nanoreacliors-polymersomes 85 nanoréactors,
polymer micelles as nanoreactors, unimolecular nanoreaclors.

45 Nanocatalysis: homogeneous catalysis-cross-coupling reactions,
electron-transfer reactions, hydrogenation reactions, oxication
reactions; helerogeneous catalysis-reactions catalyzed by
supported ransition metal nanocatalysis.

48 Dendrimer-encapsulated catalysis-dendrimers with catalyically
active cores, dendrimer nanoreactor, catalytically-active dendrimer-
encapsulaied MNFs.

Selfstuady
Techniques of growng dendrimer-encapsutaled AuNPs and AgNPs.



Unit 5: Nanostructures in Biology and Medical Technology (15 h)

a1

5.2

54

55

Biomacromolecular nanoreactors:. orotein cages, viruses-rod-shaped
and cage-structured viruges.

Nanostruciure-based detection methods: cptical detecton of nucielc
acids, proleins, siologically relevant small molecules, metal ions;
slectrical- and electrochemical delection of nucieic acids, magnetic
relaxation detection of nucieic acids, prolgins. viruses,

Biologiszl molecular mechires: Myosin-structural aspects and
chemumechanical propertles; ATF Synthases-struclure and
chemomechanical propestiers of F -ATPase and F -ATPasa rolors;
purple photosynthetic bacterie-structure, light harvesting functions.
Fluerascence imaging: single-molecule fluorescence spechioscopy,
confeeal and two pholon micrescapy, flucrescent proteins, magirig
sludies of protein localization, imaging of cell signaling.

Targeted cancer nanctherapy: magnetic nanoparticles and cancer
therapy, gold nanoparticles-tunable cptical properties and in vive
cancer datection and therapy
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CH 1217 : PROJECT WORK AND DISSERTATION
Semeaser 11 Credits: 17
Category : Major Core (MC)

Objectives

1. Te introduce the purpose and importance of research for fulure
development and sustenance.

2. To learn the ways of camying out literature search for current
awareness and for relrospective survey and to plan and carry oul
experimertal work.

3. Toknow the methodoogy of writirg thesis anc journal arficles.

The student is counsalled regarding facilities availsble and the
professors offaring guidance.  The student chooses the topic of project
and theguice althe beginning of he semester. University rules are followed

2

if the student neads axtension of time to submil the dissertation.

Evaluation of the project report:

The Controfier of Examination appoints an external examines fram
the panel suggested by the Department. The guide also functions as a
Co-examines

Vivarvooe is conduuied, Tanhs
Quality of work done and wrilten report a0
Gral presentation 25
Vhvarvoce 25
Total marks 100




