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Key Concepts for the Final Exam

· Understanding the QM recipe, and how (and when) to apply it. Operator algebra, expectation values, commutation rules, etc.

· Properties of wavefunctions.  Eigenfunctions and eigenvalues.

· Solutions to the time-independent Schrödinger equation (TISE) for the free particle, the particle-in-a-box, the harmonic oscillator (HO), and the particle-on-a-ring.

· Extensions to many dimensions.  2D and 3D PIB, 2D and 3D HO, particle-on-a-sphere.

· Quantum numbers and what they mean.

· Application of the TISE to the hydrogen atom.  Eigenfunctions and eigenvalues.

· Properties of atomic orbitals.  Radial distribution functions, spherical harmonics.  Dependence on n, ℓ , and mℓ .  Nodal structure.

· Angular momentum and spin.

· The many-electron atom.  Aufbau principle.  Term symbols.

· Approximation methods in QM.  Perturbation theory and variation methods.  The secular equation (determinant).

· Beyond atoms.  Molecules and the chemical bond.  Why is energy given off when chemical bonds form?

· Molecular orbital (MO) and valence bond (VB) theory.  Similarities and differences.  Applications to H2+,  H2.

· MO theory for diatomic molecules.  Why the properties of a molecule depend upon how many electrons it has. (Term symbols.)

· VB approach to polyatomic molecules.  Hybridization.

· Symmetry and group theory.

· MO approach to polyatomic molecules.  Using symmetry to simplify the secular determinant.  Application to water, etc.  MOPAC.  Free-electron MO theory.  Hückel MO theory.  Semi-empirical and ab initio methods.

· Comparing theory to experiment.  Spectroscopy and selection rules.  The light-matter interaction.  Fermi’s Golden Rule.

· Rotational degrees of freedom.  Particle-on-a-ring and particle-on-a-sphere (rigid rotor) models for the rotational motions of diatomic and polyatomic molecules.  Applications of microwave spectroscopy.

· Vibrational degrees of freedom.  Harmonic oscillator model for the vibrational motions of diatomic and polyatomic molecules.  Effect of anharmonicity.  Normal modes of vibration.  Applications of infrared and Raman spectroscopy.

· Electronic degrees of freedom.  Testing the predictions of MO theory using UV/Vis spectroscopy  The Franck-Condon Factor.  Rotational fine structure.  Applications to large molecules.
· Lasers, photochemistry, and radiationless transitions.  “QM in action.”

· Spin degrees of freedom.  Probing the behavior of angular momentum using magnetic resonance.  Relevant interactions in NMR and EPR.  Similarities and differences.  Applications in chemistry, including 1D and 2D techniques like COSY and NOESY.  Matrix QM.

· X-ray diffraction and the solid state.  Lattices and unit cells.  Identification of lattice planes.  Investigation of structure (Bragg’s Law, scattering factors, structure factor, etc.)  Applications.

· Statistical thermodynamics.  The Boltzmann distribution.  The canonical ensemble, and the assumptions upon which it is based.  Calculating macroscopic properties using partition functions.

· Molecular reaction dynamics.  Collision theory.  Activated complex theory.  Potential energy surfaces.  Trajectory calculations.  Experimental approaches to exploring and controlling the dynamics of chemical reactions.


