SYLLABUS
CHEMISTRY 158a, FALL, 2008


Chemistry 158, Physical Chemistry, applies the fundamental principles of physics such as mechanics and mathematical methods to the understanding of chemical phenomena.  The first semester of course takes a microscopic perspective and covers quantum mechanics and statistical mechanics.  The material on statistical mechanics will serve as a bridge for a treatment of classical macroscopic chemical thermodynamics in Chemistry 158b.  Molecular spectroscopy will be seen as applied quantum mechanics.  The text for both semesters of the course is D. A. McQuarrie & J. D. Simon, Physical Chemistry, A Molecular Approach, University Science Books, Sausalito, CA (1997).  Useful information can be obtained on the Web page for the course and MolData, an annotated bibliography of  reliable databases on the WWW.  The links to these and other pages maintained by the instructor can be found at http://pages.pomona.edu/~wsteinmetz. 

The schedule of the topics to be covered in lecture is given below.  Suggested reading assignments for each topic are given in parentheses.  However, treat the text as a resource that complements the lectures rather than material that must be mastered in complete detail.  The homework exercises are the primary vehicle for learning the subject.  Each problem set will be checked by the instructor for errors but will not be given a numerical grade.  He will provide a subjective indication of the quality of the work: +, for an excellent job; (, for average work; and -, for poor work.  The final grade will be primarily based on the comprehensive final examination (20%), the two midterm examinations (20% each), and the two graded exercises (20% each).  Performance on the homework and other subjective criteria such as improvement over the course of the semester may be used to adjust the final grade a fraction of a letter grade.
Unit I: Fundamentals of Quantum Mechanics

 3 Sep.  Elements of classical mechanics (M&S, pp. 157-165)
 5 Sep.  Experimental evidence for quantum mechanics (M&S, pp. 1-10)

 8 Sep.  Two-slit diffraction as a quantum mechanical paradigm (Feyman, Vol. III, Ch. 1)
10 Sep.  The Fourier transform and the Heisenberg uncertainty principle (M&S, pp. 23-35 and 31-34; Feyman, Vol. III, Ch. 2)
12 Sep.  The particle in a one-dimensional box (M&S, pp. 73-83)
15 Sep.  The particle in a one-dimensional box (continued) (M&S, pp. 84-90)
17 Sep.  The particle in a multi-dimensional box (M&S, pp. 90-95)
19 Sep.  The postulates of quantum mechanics (M&S, pp. 105-112, 115-133)
22 Sep.  Perturbation theory (hand output; M&S, pp. 257-260)
24 Sep.  Overview and quantum-mechanical tunneling
26 Sep.  In-class, closed-book examination over Unit I (20%)

Unit II: Molecular Spectroscopy
29 Sep.  The two-body problem and separation of motion

 1 Oct.  Angular momentum 
 3 Oct.  NMR spectroscopy and spin angular momentum (M&S, Ch. 14)
 6 Oct.  The rigid rotor  (M&S, pp. 173-179, 13-4, 13-8, 13-12)
 8 Oct.  The harmonic oscillator (M&S, 5-1 through 5-1, 13-5)
10 Oct.  Vibrational spectroscopy of diatomic molecules (M&S, 13-1 through 13-5)
13 Oct.  Vibrational spectroscopy of polyatomic molecules (M&S, 13-9, 10)
15 Oct.  Selection rules and electronic spectroscopy (M&S, 13-6, 7, 11, 12, 13)
17 Oct.  Molecular spectroscopy and relaxation (M&S, 15-1, 2)
22 Oct.  Graded Exercise I (20%) covering Unit II is due in class.
Unit III. Quantum Mechanics of Atoms

22 Oct.  H atom: radial wave function (M&S, 6-1, 4)
24 Oct.  H atom: angular wave functions (M&S, 6-5, 6)
27 Oct.  The helium atom (M&S, 7-1 & 8-1, 2, 3)
29 Oct.  The Pauli exclusion principle (M&S, 8-4, 5, 6)
31 Oct.  Atomic states and spectroscopy (M&S, 8-8, 9, 10)
 3 Nov.  Non-covalent interactions (M&S, 16-5, 6)
 5 Nov.  Ab initio calculations: Hartree-Fock versus Kohn-Sham (M&S, 11-1, 2, 3)
 7 Nov.  In-class closed-box examination over Unit III.  You may bring one 3” x 5” index card as a reference to equations and fundamental constants.
Unit IV.  Covalent Bonding and Molecular Orbitals

10 Nov.  The hydrogen ion molecule (H2+)  (M&S, 9-1, 2, 3, 4, 5)
12 Nov.  The hydrogen molecule (H2) (M&S, 9-6)
14 Nov.  Molecular orbital theory of diatomic molecules (M&S, 9-7 through 15)
17 Nov.  Molecular orbital theory of small polyatomic molecules (M&S, 10-1, 2, 3, 4)
19 Nov.  Hückel MO theory of aromatic compounds (M&S, 10-5, 6)

21 Nov.  Ligand field theory

24 Nov.  Graded Exercise II covering Unit IV is due in class.

Unit V. Statistical Mechanics

24 Nov.  Introduction to statistical mechanics (handout)
26 Nov.  Combinatorics and microstates (handout)
 1 Dec.  The Boltzmann equation (handout, M&S, 17-1, 2 & Mathchapter J)
 3 Dec.   Statistical mechanics and thermodynamics (M&S, 19-6, 20-5, 20-8)
 5 Dec.  The partition function and equipartition of energy (M&S, 17-3 through 5)
 8 Dec.  Statistical mechanics and kinetic gas theory (M&S, 27-2, 3, 5)
10 Dec. Random Walk model for diffusion (http://en.wikipedia.org/wiki/Random_walk )   

12 Dec.  Reading period.  Discussion/review session

17 Dec.  Comprehensive closed-book final examination.  The examination will emphasize statistical mechanics since Unit V is not covered on a separate examination or graded exercise.  One 8.5” x 11” sheet is allowed as a reference to equations and fundamental constants.
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