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Chemistry 125    Second Examination        Name ________________

October 18, 2000

The exam budgets 50 minutes, but you may have 60 minutes to finish it.   Good answers can fit in the space provided.
Read each question carefully to see what it asks for, and be sure to answer all of its parts.

1.

 =  Const  ( e-a1 r1) ( e -a2 r2) ( r3 e- a3 r3  cos 3)

a)
(3 min)  What atomic or molecular system might the wavefunction  be written to describe?   __________________

b)
(4.5 min)  Give each of the 3 expressions in a name.  Explain where it came from and what the numerical subscripts mean.

( e-a1 r1) 

( e -a2 r2)
( r3 e- a3 r3  cos 3)
c)
(6 min)  Use  to describe in words how one goes about improving a wave function by the Self-Consistent-Field procedure without introducing any additional terms into the formula.

d)
(2.5 min)  What is fundamentally wrong with a wavefunction of this type?

2. 
(5 min) How much hybridization is there in the bonding MO of H2?  Explain what factor favors this hybridization, and what opposes it.

3.
The following three wave functions satisfy the Schrödinger equation for double-minimum potentials. Two of the functions come from the same potentials with wells of equal depth, another has wells of different  depth.

I.
II.
III.
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a) 

(4.5 min)  Describe each wave function in terms of simpler wave functions that would solve the Schrödinger equation for isolated individual harmonic potentials corresponding to half of the double-minimum well.


I.

II.

III.

(continued next page)

(Question 3 continued)

b)
(7 min) Assuming that the very bottom of the left wells are at the energy shown by the dashed line below, draw three energy level diagrams (for I-III) .  In each show the two component single-minimum wavefunction energies flanking the two energy levels of the paired composite wavefunctions. Use the same energy scale on all three diagrams, and be sure to label the composite levels I, II, and III.      [Hint: I and II have different overlap.]

I.
II.
III.
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c)
(7.5 min)  Although wavefunctions I-III were derived to describe a proton in harmonic double-minimum potentials, each is a very close analogue of a particular electronic molecular orbital for some diatomic molecule.  Explain what MO in what molecule each would be analogous to.

I.

II.

III.

4.
It is more difficult to distort BH3 away from planarity than CH3.

a)
(5 min) Provide specific experimental evidence to support this statement, using several sentences to explain the evidence.

b)
(5 min)  Rationalize the greater stiffness of BH3 in terms of orbital energies.
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