 SEQ CHAPTER \h \r 1Chem 161 - Exam 2 


October 18, 2006


Prof. W.R. Leenstra
NAME: _____________________________   PLEASE take a minute to read the instructions:
$ 
Start each problem 1-7 on the front side of a new page to facilitate the grading process.

$ 
NUMERICAL problems must be justified, i.e., show all your work and reasoning completely to get full credit for your work.  Also, I don’t want to search for the answers or your path to it, so don’t scrimp on paper. [This exam features one derivative question (#3), one integration problem (#7), and a few brief calculational problems (#1)]

$ 
WORD problem (#4d, 6) answers must be thorough and well written.  In other words, think about your presentation before putting it down on paper; be concise and precise; use a diagram/sketch to illustrate your point whenever possible; write legibly, i.e., take your time and, again, use plenty of space. [All other problems are short answer problems.]

$ 
Circle the best multiple-choice answer right on each question.

$ 
Points distribution is as follows:1-13, 2-5, 3-15, 4-13, 5-13, 6-6, 7-15, 8-20.

Part I.  Harmonic Oscillator
1. 
(a)  
The carbon monoxide molecule (12 and 16 amu, for C and O, respectively) has its IR absorption at 2,170 cm-1.  Using the formula < = 1/2B • (k/:)½ , calculate k [please use the cgs system throughout].



(b) 
From that result, calculate the classical (stretching) turn-around point for CO in state v=0.  Incorporating that idea, give a brief description of tunneling.


(c) 
What is the magnitude of force constant k for the isotope of carbon monoxide in which oxygen-18 is substituted?


2. 
Sketch the probability density map of the sixth HO wavefunction.

Part II.  Rigid Rotor and Angular Momentum
3.  
The un-normalized rigid rotor wavefunction (1, +1) is given by sin2 @eiN.  Confirm that this function is an eigenfunction of the Hamiltonian operator given below:

In so doing, confirm that the energy eigenvalue is given by the formula E = R(R+1) B.

4.  
This problem is about angular momentum as applied to the H atom’s 4p orbital:


(a)
What is the expectation value of *L* for the hydrogen atom 4p-1 wavefunction?


(b)
What is the expectation value of Lz for the hydrogen atom 4p-1 wavefunction?


(c)
What is the expectation value of Ly for the hydrogen atom 4p-1 wavefunction?


(d) 
The 4p wavefunction cannot have an mR value of 2.  Show with a clear sketch, and well reasoned commentary, why it makes physical sense (in terms of angular momentum vectors) why this combination is forbidden.

Part III.  Hydrogen Atom
5.  
On the graph paper provided at the back of the exam, draw a series of 3 graphs, one exactly lined up above the other, that depicts the following:


(a)
the radial portion of the 4d2 wavefunction


(b)
the probability density R2 of the 4d2 wavefunction, as a function of r


(c)  
the radial probability density (a.k.a. “radial distribution function”) of the 4d 2 wavefunction.

6.  
By solving the Schrodinger equation for the hydrogen atom, we found that the probability densities of the p+1 and the p-1 wavefunctions were “donut shaped”.  A linear combination of these two yielded two other p-orbitals that were “dumb-bell shaped”.  Give a coherent explanation as to why we don’t just retain the mathematically valid p+1 and the p-1 representations in discussions of bonding.

7.  
Calculate the expectation value <r> of the radius of a 1s orbital.  The wavefunction is:



R1s = N exp[-2r/a]   where the normalization constant N = {1/Ba3}½
8.  
Multiple Choice [Circle the best answer in each question]

The spacings between successive energy levels for the rigid rotor


a.
increase proportionally with the square of the quantum number.


b.
decrease as the quantum number increases.


c.
increase linearly with the quantum number.


d.
None of the above


The most probable extension position for the HO


a.
moves to higher values as quantum number is increased.


b.
moves to lower values as quantum number is increased.


c.
remains at the equilibrium value for all quantum numbers.


d.
None of the above.

The spin angular momentum of an electron in units of S is


a.
½



c.
¾


b.
square root of ½

d.
square root of ¾


The quantum mechanical expression for the y-component of angular momentum is


a.
-iS (z d/dx - x d/dz)

c.
-iS (x d/dy - z d/dy)

b.
-iS y(d/dy)


d.  
-iS (d2/dy2)

Which of the following has the proper components to be one of the harmonic oscillator wavefunctions? 
(exp[a] means ea.)


a.  
(4x2-2) exp[-x/2]




b.  
2x exp[-x2/2]






c.  
(8x3-12x) exp[x/2]


d.  
(16x4-48x2+12) exp[x2/2]

