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         March 11, 2005
Molecular Structure and Symmetry.

I. Lecture Topics.

Localized bonding approach to polyatomic molecules.


Simple hydrides


Hybridization


Ethane, ethylene, and acetylene


Formaldehyde

Nonlocalized bonds in polyatomic molecules.


Symmetry and group theory


Symmetry orbitals


Water


Carbon dioxide


Walsh’s rules

Large molecules.


Free electron MO theory


Hückel MO theory

Other approaches

II. Reading Assignment.

ADP, Chap. 14, pp. 432-452; Chap. 15, pp. 453-480; books on reserve.
III. Problem Set #5, due 3/18.  (Hand in Problems # 2, 6, 7, and 10.) 
1. Which of the following triatomic molecules and ions are expected to be linear; (a) CO2, (b) NO2, (c) NO2+, (d) NO2-, (e) SO2, (f) H2O.  Give the reasons for your answer in each case.
2. Verify mathematically that the angle between any pair of bonds in a tetrahedral molecule such as CH4 is 109˚ 28 ́.
3. Construct MO diagrams for (a) ethylene, (b) acetylene, and (c) formaldehyde, assuming that the molecules are formed from appropriately hybridized CH2 or CH fragments.  Predict, on the basis of these diagrams, the ground state geometries (bond angles and distances) of the three molecules.
4. ADP, Probs. 15.13a and 15.14b.
5. ADP, Prob. 15.4.
6. Given the results on Problem 5, determine the number of symmetry orbitals of each type of H2O, and draw approximate pictures of them.
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10.

Use Walsh’s rules to predict the geometries of the water molecule in its ground and
first excited electronic states (see Herzberg, Vol. III).

ADP, Problem 14.14.

Use Hiickel molecular orbital theory to construct the n-electron energy level diagram

for the ground electronic state of the allyl radical, CH, -CH=CH,. What are the
orbital coefficients? Calculate the resonance energy.

According to Hiickel theory, the n-electron molecular orbitals of benzene are

Va = (672 (b +b,+d; +d, +b, + )

Ve = 74 -9)+12)" (P, —d, -, + b))
Ve = @7 (b, +d; s —b)

Ve = O (@ +)+12)72 (b, +; + b + ;)
Ve = (7 (b,-d; + s~ d)

Vo = (677 (4 -, +d;~d, +b, - b,)

a) What are the ¢y,....,¢¢ orbitals?

b) The character table for the point group Dy is given in the back of the text. Assign
symmetry types to the molecular orbitals ya and yp. (Hint: yp is Big, Bag, Biu,

or Byy; the C, axis (and o4 planes) bisect opposite C-C bonds.)
c) Draw pictures of w4 and yp (¢f. Fig. 14.38).

d) The radical anion of benzene, C¢Hg , is easily synthesized by reduction with alkali
metals and contains a single unpaired electron. Assume this electron occupies the
orbital yc, and give the charge densities due to this electron at each of the carbon
atoms.




