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Exploring Molecular Orbitals with Spartan
Since I am at the National Meeting of the American Chemical Society in Salt Lake City this week, I will not lecture on Monday or Wednesday, nor will I be at conference on Tuesday.  I expect that you will make use of this class time to complete the following problems on molecular orbital theory with the aid of Spartan where indicated.  If you do not recall how to use Spartan, the handouts from our Spartan conference are available on the Moodle.  You are welcome to work together, but I want each person to write up and turn in their own answers.

1.
In this problem, you will compare the MO diagrams of LiH and HF.  

(a) First, look up and report the ionization energies of H, Li, and F.

(b) Draw the MO diagrams for LiH and HF side by side to show the relative energies of all of the orbitals involved.  That is, make sure that you put the hydrogen 1s orbital at the same energy for both diagrams.  Show the electron occupancy.  Label the MO's with the appropriate symmetry labels.  Think about whether or not there is an inversion center!

(c) Spartan models for these two molecules can be found on the computers in the computer lab. Once Spartan launches, under the File menu, choose Open…then browse until you find the folder entitled Local Disk (C:)/Chem212/.  Inside this folder are a large number of subfolders and Spartan files.  Look in the Diatomics folder.  Examine these models, focusing on the various molecular orbital surfaces listed in the table below.  For each of the following MOs, draw what the Spartan surface looks like, being careful to show the location of each nucleus (label which atoms they represent).  Also draw a cartoon showing which atomic or hybrid orbitals might be contributing to each MO surface.  Draw the cartoon orbital larger if there appears to be a greater contribution from that AO to the MO.  Be sure to clearly label which orbitals you are using for each atom.  You might find it helpful to display the output and find the relative energies of these MOs.

	HF
	LiH

	HOMO
	HOMO

	HOMO-1
	HOMO-1

	HOMO-2
	LUMO

	LUMO
	


(d) What is the orientation of the dipole moment in each of these molecules?  Rationalize this based on your MO diagrams and pictures of the MOs.  

2. 
Spartan models for both CO2 and XeF2 can be found in the Triatomics folder.  

(a) First look at CO2.  Examine the output file, and draw an energy diagram showing the energies of the MOs formed from the valence orbitals of carbon and oxygen.  

(b) For each of the MOs in your energy diagram, draw a cartoon showing which atomic or hybrid orbitals might be contributing to each MO surface.  Draw the cartoon orbital larger if there appears to be a greater contribution from that AO to the MO.  Be sure to clearly label which orbitals you are using for each atom.  

(c) Assign symmetry labels (such as 1(g, 2πgnb, or 6(u*) to each MO in your energy diagram.  

(d) Fill in the electrons in your MO diagram, write the molecular orbital electron configuration, and derive a bond order for each bond in CO2.  

(e) If we exclude the use of the Xe d orbitals, then the MO diagram for XeF2 should look fairly similar to that of CO2 with a different number of electrons.  Using your MO diagram for CO2 as a guide, write the molecular orbital electron configuration for XeF2, and derive the average bond order for each Xe–F bond.  Sometimes these bonds are described as 3-center, 2-electron bonds.  Explain what you think this means.
3.  BF3 is a classic example of an electron deficient molecule with only six electrons around boron.  However, if the octet rule is strictly obeyed, resonance structures can be drawn with a delocalized B–F π bond and an admittedly unusual distribution of formal charge.  Let’s examine the MO diagram for BF3 on Spartan.  I think it is in a folder called something like Small Inorganics.  To help you understand what is going on, examine the figures in your text that show all of the group orbitals formed from the fluorine atom 2p orbitals and the MO diagram of BF3.  
(a) Examine the LUMO in BF3 on Spartan.  BF3 is best known for its behavior as a classic Lewis acid.  Draw a cartoon of the LUMO, showing which AOs contribute to this MO and explaining why it looks like a good electron acceptor.  Describe any specific geometry requirements for the interaction of BF3 with a Lewis base.  

(b) You may be somewhat surprised to find that this MO appears to have B–F π* character.  Examine some of the lower energy occupied MOs to find the B–F π bonding half of this MO.  Which Spartan MO is this?  Describe its name and energy in eV.  Why is this MO not simply the HOMO?  










