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Advanced Inorganic Chemistry I

Summary

I. Atomic Structure

II. Point Groups and Molecular Symmetry

III. Representations of Groups and Character Tables

IV. Symmetry and Vibrational Spectroscopy

V. Hybrid Orbitals and Molecular Structure

VI. Symmetry and Chemical Bonding, MO Theory

VII. Electronic and Magnetic Properties of Transition Metal Complexes

VIII. The Solid State, Periodic Structure and Symmetry, Space Groups

I. Atomic Structure

1. One-electron configurations and states 

2. Term symbols --

Hund’s Rules

ground-state term symbol

3. Variation across the periodic table:

atomic radii

ionization energy

electron affinity

stability of half-filled and filled shells

II. Point Groups and Molecular Symmetry

1. Symmetry elements and symmetry operations

2. Point-group symmetry of a molecule

III. Representations of Groups and Character Tables

1. What is a group? -- Group multiplication table

2. Reducible and irreducible representations
IV. Symmetry and Vibrational Spectroscopy

Vibrational symmetry--Normal Modes

1. Translational, Rotational and Vibrational

2. Irreducible representations

3. # independent observable vibrations (frequencies)

4. IR active

5. Raman active

6. Coincident

7. Partial normal mode determination
· Selected vibrational modes

(see lecture notes on point group symmetry)

• For polyatomic species considering a full set of normal modes is usually very time consuming

• Consideration of only selected vibrational modes is simpler and often very important. The modes may be, for example, only stretching modes of a particular type.

• Using group theoretical analysis, vibration spectroscopy may allow for distinction of isomers.

• In the simplest cases the isomers can be distinguished by the number of stretching bands observed for particular bonds in IR spectra of these isomers.

• Example: How do we assign the proper configuration to the following complexes.
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(a) assign the isomers to the appropriate symmetry point groups

(b) chose vectors, 1 and 2, of two Pd-N bonds a basis function for a reducible representation corresponding to Pd-N stretching modes.

(c) build appropriate reducible representations, decompose and find out which modes are IR active.
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V. Hybrid Orbitals and Molecular Structure

1. What atomic orbitals can be used for a given coordination geometry?

2. Lewis Octet Rule

3. Valence Shell Electron Pair Repulsion rules for molecular structure prediction
VI. Symmetry and Chemical Bonding, MO Theory

1. homonuclear diatomic molecular orbitals for first row elements

bonding, nonbonding, antibonding orbitals and bond order

2. heteronuclear molecular orbitals

bonding, nonbonding, antibonding orbitals and bond order

3. combining central atom orbitals with ligand SALC’s

assigning symmetry and predicting atomic character of the MO’s
VII. Electronic and Magnetic Properties of Transition Metal Complexes

1. Crystal Fields and Crystal Field Stabilization Energy

2. Types of electronic transition and selection rules

3. Tanabe Sugano Diagrams

4. Jahn Teller effect

5. MO theory and Electronic spectra

6. Charge Transfer spectra

7. Magnetic properties and unpaired spins

VIII. The Solid State, Periodic Structure and Symmetry, Space Groups

1. Addition of periodic translational symmetry to point group symmetry --

2. Symmetry definitions of seven crystal systems

3. Bravais lattice

4. The unit cell - definition- formula weight determination

5. Glide planes and screw axes

6. What is a space group? What are “special positions”?

