Valence-Bond Theory vs. Molecular-Orbital Theory

You will need: table of valence orbital potential energies (VOPE’s).

Groups of 4-6 people. Requires 30-40 minutes.

We used CH4 in this: other compounds like CO2, CO32–, PH3 are also OK, as long as the photoelectron spectrum is known.

Valence-Bond Model (i.e. Lewis structure)

· Draw valid Lewis structures, prioritize resonance structures if necessary, to derive a conceptual model of the molecule as you did in the first workshop.

· How many different kinds of bonding electrons and lone-pair electrons are present? Use the symmetry operations of the molecule to decide which bonds and lone pairs have identical energies. 

· Remember that a double bond is made up of a  bond and a  bond, each of which has a different energy.

· Your result should be the number of different electron energies in the molecule.

Molecular-Orbital Model

· Create a molecular-orbital diagram from the atomic orbitals using the method from class. Start with atomic orbitals at the appropriate VOPE’s; when atomic orbitals interact, the resulting bonding and antibonding orbitals are split by a few eV, depending on overlap and energy matching considerations.

· Using the relative energies of the molecular orbitals in your diagram, predict how many different electronic energy levels should be observed in the molecule.

Now, you have two testable hypotheses. Look at the experimental electronic energies and determine which model is more consistent with the experimental data. Explain any deviations between your predictions (number and energy) and the data. Finally, discuss the advantages and disadvantages of the VB and MO methods.

