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Read the following article before class:
Jonathan M. Smieja, Matthew D. Sampson, Kyle A. Grice, Eric E. Benson, Jesse D. Froehlich, and Clifford P. Kubiak, “Manganese as a Substitute for Rhenium in CO2 Reduction Catalysts: The Importance of Acids” Inorganic Chemistry 2013, 52, 2484-2491. 
To prepare for discussion, work the following problems on a separate piece of paper to turn in.  Use your own words in your answers.

1.  Why is it important to be able to reduce CO2 to CO? What is the balanced electrochemical half reaction for the reduction of CO2 to CO in the presence of acids (H+)?

2.  Draw the structure of the 18-crown-6 crown ether and explain the naming system used.

3.  Draw the structures of complexes 1, 2, and 3.  Assuming the ligands are not redox active, what are the formal oxidation states for Mn in complexes 1, 2, and 3?  Remember that brackets indicate the coordination sphere of the metal.  If bipyridine is reduced, what type of orbital does the electron go into?

4.  What evidence did the authors have that the first reduction of the Mn complex is irreversible (as shown in Figure 3)?  Propose an explanation for why this was the case. How did the authors report reduction potentials compared to SCE when they didn’t use a SCE? 

5.  The spectroelectrochemistry experiments demonstrated that the C–O triple bond stretch occurred at a lower energy for carbonyls in the Mn complex as compared to the analogous Re complex.  Does this mean the C–O bonds are stronger or weaker in the Mn complex?  Explain the change in bond strengths considering that CO is a π-acceptor ligand.

6.  Compare the cyclic voltammograms shown in Figures 3 and 5.  How do the experimental conditions differ?  Why do they look different?  (Hint: Compare the scales on their x- and y-axes.) What is meant by “catalytic current”?

7.  The data for complex 1 included in Table 1 shows up again in Table 2.  What is the difference between these two tables?  

8.  As Table 2 shows, the Re catalyst “clearly outperforms” the Mn catalyst at low concentrations of methanol or TFE.  Assuming that the cost of these two metals scales inversely with their abundance in the Earth’s crust, should we be concerned about this result?   

9.  Which element shares the same group with Mn and Re?  Why is this element not likely to be studied as a CO2 reduction catalyst?

10.  What is the structure of KC8? What role does it play?

11.  How could dimer formation be prevented?

12.  What role do Bronsted acids play in the Mn-catalyzed CO2 reduction mechanism? Why does the catalytic response change when the type of Bronsted acid is changed? 

13.  Is TFE a stronger or weaker Bronsted acid than methanol?  Why?

14.  What is a redox non-innocent ligand? How does bipyridine act as a non-innocent ligand in these Mn and Re systems?

15.  What would you expect to have happen to the C–O stretching frequencies if there were CF3 groups on the bipyridine ligands instead of tBu groups? Why?


