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Course Objectives

The objectives of this course are as follows:

e To imparts basic knowledge of Organometallic compounds and catalysis,

e To enrich students with the knowledge of various types of bonding and structure
of organometallic compounds and biocatalysts.

e To impart the theoretical and practical knowledge of catalysts with the view of their
industrial applications.

e To facilitate chemical transformations by providing the necessary conditions and catalysis.

e To analyze different crystal systems and understand their properties.

e To study Curie's and Curie-Weiss law and its application to paramagnetic and
ferromagnetic materials, respectively.

e To understand the principles of powder-XRD and structural analysis of solids.

Learning outcomes

By studying this course, the students will be able to:

¢ Understand the role of catalyst in industrial applications.

e Gain sound knowledge of various types of catalyst.

e QGet skilled in the scientific method of planning, developing, conducting, reviewing and
reporting experiments.



e Get skilled concepts of industrial catalysis which will help them to explore new innovative
areas of research

e Understand various reducing agents, oxidizing agents, and their applications in organic
synthesis.

e Understand the conversion of specific functional groups without affecting others and
maximize yields and selectivity for the desired products

e Analyze the distingtion between lattice, unit cell, and the 14 Bravais lattices, and
understand their symmetry and properties.

e Interpret XRD patterns of NaCl, CsCl, and KCI to deduce structural information.

e Understand the Curie-Weiss law and its application to ferromagnetic materials.

e Interpret data obtained from instrumental techniques for structural analysis of crystalline
solids.

UNIT- 1: Organometallic Chemistry and Biocatalysis (15 Hours)

Definition and classification with appropriate examples based on nature of metal-carbon bond
(ionic, sigma, pi and multicentre bonds), Structure and bonding of methyl lithium and Zeise’s
salt, Structure and bonding of ferrocene, mononuclear and polynuclear carbonyls of 3d metals,
18-electron rule as applied to carbonyls, m-acceptor behaviour of carbon monoxide (MO
diagram of CO to be discussed), synergic effect and use of infrared spectroscopy data to explain
the extent of back bonding. Bio-organometallic chemistry: Conjugates of ferrocene with
biomolecules such as amino acid and protein, and their applications. Organometallic complexes
as radiopharmaceuticals.

Key aspects of Bio-catalysis, Variables affecting bio-catalysis such as temperature, pH, solvent
etc., Enzyme catalyzed reactions and their Kinetics. Detailed study of biocatalyst in the
metabolism of Hydrogen, carbon, and sulfur. Nanobiocatalysis.

UNIT- 2: Synthesis and Applications of Reagents in Organic Synthesis (15 Hours)
Synthesis and applications of BuLi, Grignard, organoaluminium, and organozinc reagents.

Triacetoxyborohydride, Lead Acetate, Phenyliodine (III) diacetate (PIDA), DCC, Tamao-
Fleming Oxidation; Dimethyldioxirane (DMDO) Oxidation; DMSO (Barton modification &
Swern Oxidation); Oxidation of organic compounds using thallium nitrate, selenium dioxide,
phase transfer catalyst, crown ethers, KMnQOs4, PCC, OsOs, CrO3, KoCr207.

Applications of hydroboration (reductions, oxidations, and carbonylation): Diborane, 9-BBN.

UNIT- 3: Crystalline Solids (11Hours)
Classification and characteristics of crystalline solids, seven crystal systems. Fundamentals of
lattice, unit cell and fourteen Bravais lattices. Types of closed-packed structures. Elementary
idea of symmetry. Crystal’s direction and planes, Miller indices. X-ray diffraction, Bragg’s
law. PXRD diffraction pattern of NaCl, CsCl, and KCl,

UNIT -4: Magnetic Properties of Solids (4 Hours)



Magnetic moment, Curie law, Curie-Weiss law, mechanism of magnetic ordering, exchange
Interaction, domain theory, hysteresis, anisotropy, paramagnetism, ferromagnetism,
ferrimagnetism, antiferromagnetism.

Practicals: Credits: 01
(Laboratory periods: 15 classes of 2 hours each)

PART A: INORGANIC CHEMISTRY

1. Synthesis of "Zeolite A" catalyst.

2. Zeolite Hydrogen-Y or dil. HC1/dil.H2SO4as a Catalyst for the Preparation of an Ester.
3. Catalytic Synthesis of biaryl.

4. Catalytic Transfer Hydrogenation of Castor Oil

PART B: ORGANIC CHEMISTRY

Identification of the product based on Melting point and spectroscopic techniques (IR, 'HNMR,
and *C NMR spectroscopy, data to be provided).

5. Synthesis of 1,2,3,4-tetrahydrocarbazole from cyclohexanone.

6. Reduction of p-nitrobenzaldehyde using NaBH4

7. Synthesis of 2,3-diphenylquinoxaline from benzil and ortho-phenylenediamine.
8. Oxidation of benzyl alcohol by KMnOsg,

PART C: PHYSICAL CHEMISTRY

9. Analysis of diffraction pattern obtained from Powder X-ray diffractometer. Identifying
crystal phase, diffraction peaks with lattice planes for a given compound.
10. Analysis of p-XRD data of a given set of Metals/ compounds* (Ag/Au/Cu/NaCl/CsCl)

and confirmation of the type of the cubic system corresponding to given species.

11. Determination of approximate crystallite size using the measured PXRD pattern of a
known inorganic compound i.e. TiO2, ZnO etc by employing Scherer equation.

12. Determination of lattice strain using Williamson-Hall equation and from the measured
PXRD pattern of a known inorganic compound for example, TiO2, ZnO etc.*

*[Diffraction patterns of known sample along with Standard JCPDS file (JCPDS: Joint
Committee for Powder Diffraction Studies) be provided to students for analysis]
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https://www.icdd.com/ (International Centre for Diffraction Data)

Assessment Methods: All examination and assessments methods shall be in line with the
University of Delhi guidelines issued from time to time.
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