Chemistry 342






   February 18, 2005
Atomic Structure and Spectra.

I. Lecture Topics.

Schrödinger equation for one-electron atoms.
Separation of variables.

The H-atom



R, Ө, and ф equations.



Eigenfunctions and eigenvalues.



Interpretation of the wavefunctions.

Shapes of orbitals.

Energy levels and spectrum of the H atom.

The quantum numbers.

The many-electron atom.

Approximation methods in quantum mechanics.

II. Reading assignment.

ADP, Chap. 12, pp. 355-364; Chapter 13, pp 365-409 (all); relevant sections of Quanta and McQuarrie and Simon.  (For a detailed description of solutions to the H-atom problem, see Pauling and Wilson, especially Chapter 5.
III. Problem Set #3, due 2/25.  (Hand in #’s 3, 4, 6, and 7). 
1. Show that the assumption ψ = RӨф, where R, Ө, and ф are each dependent on one variable alone, leads naturally to a separation of the variables in the H-atom problem, and a replacement of the 3-D Schrödinger equation by three 1-D equations.

2. Calculate the radius of a Bohr orbital with principal quantum number n = 100.  Compare this number to the size of a typical molecule (e.g., benzene).
3. Show that the 1s and 2s hydrogen-like wavefunctions are each normalized, and that the two wavefunctions are orthogonal to each other.

4. Show by differentiation that the maximum in the radial distribution function for the 2pz orbital of the hydrogen atom occurs at the same radius as is given by the simple Bohr theory for n = 2.
5. ADP, Prob. 13.12.
6. From the table of wavefunctions handed out in class, prepare graphs showing the values of Yl,m and /Yl,m/2 for the 2px, 2py, and 2pz orbitals of the H atom in the xy, yz, and zx planes.

7. Show that the sum of all probability distributions for a given value of l is constant.  (This is Unsold’s theorem).  Comment on its significance.

8. ADP, Prob. 13.2.

9. ADP, Exer. 13.12a.  Calculate the magnitude of j in each case.

10. ADP, Prob. 13.6.

