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 Chemistry 125    Second Examination             Name ________________

   


October 16, 1998

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.

Your goal should be to answer the questions, not to show how much you know.
a) 1. (9 minutes)  When Lavoisier used the words “base” and “radical”, he meant them to be synonymous. 

a)
How did Lavoisier’s idea of base/radical relate to how he named oxygen?
b)
How did Liebig  & Wöhler establish the existence of Lavoisier’s hypothetical  “radical benzoique”?    What experiments did they do?
c)
About how many years had elapsed between the publication of Lavoi​-                                        sier’s book and the publication of Liebig & Wöhler’s paper on benzoyl?          _________________     
d)
What was Berzelius’s concept of dualism, and how did the benzoyl radical permit its extension to organic chemistry?
2.
(7 min) In light of MO theory the concepts of “base” and “radical” are quite distinct from one another.

a)
What kind of MO makes a molecule a base?  Illustrate with a single example that shows two factors that make it a reactive base, and identify the factors.

(continued next page)

2. (cont)
b)
What kind of MO makes a molecule a radical?  ​​​​​​​__________________________
c)
By drawing two orbital energy diagrams, explain why radicals react with radicals, but bases do not react with bases. 
3. (11 min)  The molecule O2 is in fact a diradical.  Explain why a SINGLE O2 molecule cannot react with itself through mixing the two radical orbitals to form an additional O-O bond.


    In saying “react with itself,” I am thinking of something analogous to the “reaction” of the “HOMO” (N:) and the “LUMO” (C=O) within an amide group to give resonance stabilization.

Begin your answer as follows:

• 
For simplicity consider each O atom to be sp-hybridized, (1/(2)(s + p) and (1/(2)(s - p).
• 
In a column on the right draw all eight MOs that you would expect from pairwise mixing of corres​ponding AOs of the two atoms. For each MO use only two AOs, one from each oxygen.
• 
Arrange the orbitals in order of increasing energy, with the lowest energy at the bottom.

•
Show the electron occu​pancy of the eight orbitals.

Complete your answer by ex​plaining the lack of “reactivity” within the molecule.

4.  (4 min)  Even if the diradical O2 cannot react within itself, one might imagine that two O2 molecules could react with one another.  That the bond formed by such an interaction is too weak to survive may be related to the weakness of the F-F bond.  Why is the F-F bond so weak?  How strong is it?
[image: image1..pict]5.
(19 min)  Berzelius thought it amazing “that the salt nature so entirely disappears when [cyanic] acid and ammonia combine.” Frames 1-3 of the following cartoon shows the position of atoms before, during, and after the conversion of cyanic acid and ammonia to covalent urea. The extra, smaller sets of atoms in the third frame are to show resonance structures of the product, urea.  

a) 
Complete the pictures to show all bonds, unshared pairs, and formal charges of the starting molecules, the intermediate, and the product (including its resonance structures).
b)
In Frames 1 & 2 draw curved arrows to show electron pair shifts that might cause reaction to give 2 & 3, respectively. [Note: there will be a problem with your curved arrows in 2.  Address it in Part e.]
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5. (cont) 
c)
Use HOMO/LUMO mixing to explain the resonance stabilization of urea, the product in 3. Relative to what is urea stabilized by this resonance?

d)
What makes the N atom in most amines pyramidal?  What makes the N atoms in urea planar?

e)
Considering the arrangement of orbitals, what is wrong with drawing two curved arrows in Frame 2 to show the H transfer from one N to the other to give urea, as you were asked to do in Part b?










