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Quantum Chemistry

And

Chemical Kinetics

From:

 “Physical Chemistry” 2nd Ed. by T. Engel and P. Reid, Pearson:San Francisco, 2010.

FROM CLASSICAL TO QUANTUM MECHANICS 

Why Quantum Mechanics?

Blackbody radiation

The Photoelectric effect

Particles exhibit wave-like behavior

Diffraction by a double slit

Atomic spectra

THE SCHRODINGER EQUATION

When do we need quantum mechanics?

Classical waves

Quantum mechanical waves and the Schrodinger equation

Operators, Observables, eigenvalues and eigenfunctions

Properties of eigenfunctions

THE QUANTUM MECHANICAL POSTULATES

Meaning associated to the wave function

Observables and operators

The result of an individual measurement

The expectation value

Time evolution of quantum mechanical systems

USING QUANTUM MECHANICS ON SIMPLE SYSTEMS

Free particle

The particle in a box (PIB): 1D

The PIB: 2D and 3D

Postulates and PIB

THE PARTICLE IN THE BOX

The particle in the finite depth box

Pi electrons in conjugated molecules

Conductivity

Tunneling through a barrier

The Scanning Tunneling Microscope (STM)

Tunneling in chemical reactions: Ammonia

COMMUTING AND NONCOMMUTING OPERATORS

Commutation relations

The stern-Gerlach experiment

Heisenberg uncertainty principle

QUANTUM MODEL OF VIBRATIONS AND ROTATIONS

Quantum mechanical Harmonic Oscillator (HO)

Rotations in two dimensions

Rotations in three dimensions

Quantization of the angular momentum

Spherical harmonics

DIATOMIC MOLECULES{VIBRATIONS AND ROTATIONS

Introduction to spectroscopy

Absorption, spontaneous emission, and stimulated emission

Introduction to vibrational spectroscopy

Origin of the selection rules

Infrared absorption spectroscopy

Rotational spectroscopy

THE HYDROGEN ATOM

Formulating the Schrodinger equation (SE)

Solving the SE for the hydrogen atom.

Eigenvalues and Eigenfunctions

Hydrogen atom orbitals

The radial probability distribution function

Validity of the shell model of the atom

CHEMICAL KINETICS: MACROSCOPIC APPROACH

Determination of rate laws

Order of a reaction rate

CHEMICAL KINETICS: MICROSCOPIC APPROACH

Elementary reactions

Mechanistic approach

Catalysis

Complex mechanisms

DYNAMIC SYSTEMS

Introduction to nonlinear dynamics

Modeling biological systems

Linear analysis and stability

Numerical analysis of simple models

Complex dynamics

