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BERWEH¥HP SYLLABUS
# 2 H#% Course Objectives

Inorganic chemistry deals with the properties of all of the elements in the periodic table.

Our aim is to provide a comprehensive and contemporary introduction to the diverse and fascinating
discipline of inorganic chemistry. A foundation of inorganic and organometallic chemistry principles and
theory followed by descriptive chemistry of the elements will also be included.
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In this particular part of the Inorganic Chemistry Course, the students should have basic understanding of
the Organometallic Transformations and Catalysis at the end of this course.
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The core course coordinator is Prof. Jason C.-Y. Ho.

The course content included but not limited to how the electron counts and complex structural features may
affect the reaction pathways, and it will illustrate how the combinations may achieve the desired selectivity
and reactivity.

Those will be distributed in the Fall semester throughout accordingly.
The course consists of 4 credits, which will focus on

A) Coordination Chemistry (12 hrs)

- Basis of Coordination Chemistry (6 hrs)

Werner Theory, Difference between original formulation with modern formulation, Coordination Numbers,
Relationship between coordination numbers with geometries, Nomenclature, Naming of coordination
compounds with various rules, Structure and Isomerism, Structural or constitutional isomers including
Hydrate isomers, lonization isomers, Linkage isomers and Coordination isomers; and Stereo or
configurational isomers including Diasteromers or geometric isomers and Enantiomers or optical isomers

- Bonding (6 hrs)

Valence bond theory, Structural relationship with different hybridization schemes, Crystal field theory
Octahedral crystal field, Tetrahedral crystal field, Square planar crystal field, Understanding of crystal field
concept and stabilization energy in different geometries, Ligand field theory, Molecular orbitals from s
interactions, [J -interactions with [J -donor ligand, [J -interactions with [J -acceptor ligand, Understanding
of ligand field concept by the interaction between ligand group orbitals and metal orbitals; comparison of
crystal filed theory and ligand filed theory.

B) Organometallic Chemistry (16 hrs)
- Introduction on Organometallic Chemistry (4 hrs: basic idea and the general)
- Electron counting (4 hrs, distributed equally: 18 electron rule, conformation, structures)

The 18-electron rule is a rule used primarily for predicting and rationalizing formulae for stable metal
complexes, especially organometallic compounds. The rule is based on the fact that the valence shells of
transition metals consist of nine valence orbitals (one s orbital, three p orbitals and five d orbitals), which
collectively can accommodate 18 electrons as either bonding or nonbonding electron pairs. This means that,
the combination of these nine atomic orbitals with ligand orbitals creates nine molecular orbitals that are
either metal-ligand bonding or non-bonding.

Electron counting is a formalism used for classifying compounds and for explaining or predicting electronic
structure and bonding. Many rules in chemistry rely on electron-counting

- Common organometallic complexes (8 hrs, distributed equally: H, C, pi, CO and Carbene)

Transition metal hydrides are chemical compounds containing a transition metal bonded to hydrogen. Most
transition metals form hydride complexes and some are significant in various catalytic and synthetic
reactions. The term "hydride" is used loosely: some so-called hydrides are acidic (e.g., H2Fe(CO)4),
whereas some others are hydridic, having H—-like character (e.g., ZnH2).

Transition metal alkene complex is a coordination compound containing one or more alkene ligands. Such
compounds are intermediates in many catalytic reactions that convert alkenes to other organic products.

Metal carbonyls are coordination complexes of transition metals with carbon monoxide ligands. Metal
carbonyls are useful in organic synthesis and as catalysts or catalyst precursors in homogeneous catalysis,
such as hydroformylation and Reppe chemistry. In the Mond process, nickel carbonyl is used to produce
pure nickel. In organometallic chemistry, metal carbonyls serve as precursors for the preparation of other
organometalic complexes.

In organometallic species, metal complexes with the formulae LnMCRR' are often described as carbene
complexes. Such species do not however react like free carbenes and are rarely generated from carbene
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precursors, except for the persistent carbenes. The transition metal carbene complexes can be classified
according to their reactivity, with the first two classes being the most clearly defined:

Fischer carbenes, in which the carbene is bonded to a metal that bears an electron-withdrawing group
(usually a carbonyl). In such cases the carbenoid carbon is mildly electrophilic.

Schrock carbenes, in which the carbene is bonded to a metal that bears an electron-donating group. In such
cases the carbenoid carbon is nucleophilic and resembles Wittig reagent (which are not considered carbene
derivatives).

C) Reactions (12 hrs)

- Fundamental steps in Organometallic Chemistry (4 hrs, distributed equally: substitution, associative and
dissociative mechanism)

Associative substitution describes a pathway by which compounds interchange ligands. The terminology is
typically applied to coordination and organometallic complexes, but resembles the Sn2 mechanism in
organic chemistry. The opposite pathway is dissociative substitution, being analogous to the Snl pathway.
Intermediate pathways exist between the pure associative and pure dissociative pathways, these are called
interchange mechanisms.

- Oxidative addition & reductive elimination (4 hrs, distributed equally)

Oxidative addition and reductive elimination are two important and related classes of reactions in
organometallic chemistry. Oxidative addition is a process that increases both the oxidation state and
coordination number of a metal centre. Oxidative addition is often a step in catalytic cycles, in conjunction
with its reverse reaction, reductive elimination.

- Insertion and B-elimination (4 hrs, distributed equally)

B -Hydride elimination is a reaction in which an alkyl group bonded to a metal centre is converted into the
corresponding metal-bonded hydride and an alkene. The alkyl must have hydrogens on the B-carbon. For
instance butyl groups can undergo this reaction but methyl groups cannot. The metal complex must have an
empty (or vacant) site cis to the alkyl group for this reaction to occur.

D) Catalysis (20 hrs)

- Applications and Catalysis (including: Hydrogenation, Dimersol Processes, Hydrovinylation,
Polymerization, Heck Reactions, Olefin Metathesis, Cycloisomerization, and Monsanto Process).

E) Basic Compound Characterization (4 hrs)
- Basic characterization methods, (4 hrs, distributed equally: NMR, IR, MS for Organometalic compounds)
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M RILESEEE Textbook and Supplementary Readings

1. L. M. Garey and A. T. Donald, Inorganic Chemistry, Fourth Edition Pearson Education (J& i) [TG#HL{b
27 SV AR (R2ENRR), Higher education Press /5 25 20 & H At ]

2. P. W. Atkins, T. L. Overton, J. P. Rourke, M. T. Weller, and F. A. Armstrong Inorganic Chemistry, Fifth
Edition 2010, W. H. Freeman and Company New York

3. F. A. Cotton, G. Wilkinson, C. A. Murillo, M. Bochmann, Advanced Inorganic Chemistry, 6th Edition,
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4. Wiley-VCH H bR 2 7S B[] Advanced Inorganic Chemistry (4% #: F. A. Cotton, G. Wilkinson, C. A.
Murillo, M. Bochmann)

5. 5540w 2011 4FE B Inorganic Chemistry 25 VURR (43535 : G. L. Miessler #1 D. A. Tarr)
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