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Fivefold Bonding in a Cr(I) Dimer

Read the following paper before class:  

“Synthesis of a Stable Compound with Fivefold Bonding Between Two Chromium(I) Centers”  by Tailuan Nguyen, Andrew D. Sutton, Marcin Brynda, James C. Fettinger, Gary J. Long, and Philip P. Power, Science 310, 844-847 (2005).
To prepare for discussion, write out the answers to these questions and bring them with you to conference.

1. Draw the Lewis structure for the Ar’ ligand used in this paper. Keep in mind that the ligand is anionic with a 1- charge. Convince yourself that your Lewis structure is valid by counting electrons on each of the carbon atoms on the central ring.
2. Determine the point group of the ArʹCrCrArʹ molecule.
3. The chromium-chromium bonding in this molecule uses the 3d orbitals of the chromium atoms.
a. Draw the 3d orbitals of a chromium atom being sure to label the x, y and z axes. Standard convention is that the z-axis is parallel to the internuclear axis.
b. Draw the MO energy diagram for an isolated [Cr2]2+ fragment (no ligands!) assuming the interactions of only the 3d orbitals. Assume that the z-axis is parallel to the internuclear axis
c. Next to each energy level, draw pictures of the molecular orbitals for [Cr2]2+ .
d. Label the orbitals with the appropriate bond types (symbols).

e. Fill in the partial MO diagram constructed in part b with the proper number of valence electrons for chromium. Write the ground state electronic configuration, and determine the bond order of the dimer.
f. Based on your partial MO diagram, would you expect this molecule to be paramagnetic or diamagnetic? Why

g. Consider the orbitals you drew in your answer to part b and the symmetry of the molecule you determined in question 2. Assign the proper symmetry labels (irreducible representations) to your Cr-Cr bonding orbitals.
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h. What is the HOMO?
i. What is the LUMO?
j. The complex displays two absorption bands in the UV-vis spectrum at 250 nm and 488 nm. From looking through the paper, which corresponds to the HOMO-LUMO gap?
4. Compare the calculated energy level diagram presented in Figure 3 in the paper with your predicted diagram.
a. Drawing calculated and predicted diagrams side-by-side and connect the sigma, pi, and delta orbitals in each diagram with a dotted line.
b. In what respects did your predicted diagram agree with the calculated diagram?  
c. In what respects do they differ?
d. Will the bond order change depending on which diagram is used?
e. σ bonds are “normally” lower in energy than π bonds because they are more directional. Provide one possible explanation for the calculated ordering of the bonding orbitals in Ar’CrCrAr’. Where have you previously seen this trend?
5. Multiple bonds between metal atoms are seen with metals besides chromium.

a. Using the MO diagram from question 3, fill in the correct number of electrons and determine the bond order for [Fe2]2+ and [Co2]2+. 
b. Look for the reported M- M bond lengths in the paper. Do the predicted results in part a agree with these data?  

c. Explain the importance of Ar’FeFeAr’ and Ar’CoCo Ar’ to the discussion of bonding in Ar’CrCrAr’.
d. Based on your answer to part b, predict the spin state for each compound, [Cr2]2+, [Fe2]2+ and [Co2]2+? 

e. What methods could be used to determine the differences in unpaired electrons in these complexes? Explain.
6. Some skeptics might argue that the planar trans-bent core geometry disproves the existence of a quintuple bond.  Describe what their argument might be.
7. What is the total electron count for each chromium atom in the complex Ar’-CrCr-Ar’, assuming a quintuple Cr-Cr bond?
8. Discuss the role of the ligand in stabilizing the metal-metal quintuple bond. What is significant about the ligand chosen?
