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Possible questions:
1. A good place to begin analyzing a paper is to determine what the authors are trying to accomplish. The main reaction being performed is catalyzed by 2. Write out this reaction, including all substrates, products, and catalytic species. Be sure to consider both schemes 1 and 2 when formulating your answers.

2. Now let’s focus on the transition metal catalyst.  Determine the oxidation state, d-electron count, and total electron count for the starting complex 1. What is the coordination number on the iridium? 

3. Draw three reasonable resonance structures for complex 2 in order to explain the dashed lines. Assign the oxidation state, d-electron count, and total electron count for each. Based on your resonance structures, what does deprotonation of the ligand do to the electron donating ability of the ligand?  Treat the Cp* ring as an aromatic system, ignoring its specific resonance structures.

4. What are the differences between homogeneous and heterogeneous catalysts, and what are the advantages of each?

5. Is the catalyst described in this paper homogeneous or heterogeneous?

6. What does it mean for a chemical process to be called “green”?

7. Which green chemistry principles does this paper address?

8. Why are the solubility and activity of the iridium catalyst dependent on pH?  Be specific, what happens at low pH?  What happens at high pH?

9. Define TON and TOF and explain the difference between the terms? Why does the TON for the catalytic system increase with greater KOH concentrations?  (Hint: In Figure 1, notice that the initial catalytic rate is the same for all concentrations.) What would the ideal TON and TOF be for an industrial process? What are legitimate values for TON and TOF to be considered for use by industry? 

10. This catalyst is somewhat unique in that it has the ability to “shut itself off”.  How is this effect achieved, and how do the researchers make use of this ability?

11. What other groups could you tether to the phenanthroline ring that would confer pH-dependent solubility?  Would making these analogues result in a compound with the same desirable properties as the one used in this paper?

12. The researchers determine the purity of their potassium formate product by 13C NMR, and conclude that there is no bicarbonate present in their product.  Based on the comment in endnote #15, what is the maximum amount (mol %) of bicarbonate that could be in their sample and remain undetected?

13. Using standard values, determine the standard enthalpy of the reaction from question #1.  How does this change if the formic acid product isn’t deprotonated by potassium hydroxide?

14. What is the thermodynamic driving force for this process, and what implication does it have for the “greenness” of this process?

15. In analyzing the viability of using this as a green industrial process, the products need to be useful at an industrial level. What are the products used for? On what scale are they used? How would this change if all the potassium was replaced with sodium?

16. For a green industrial process, the substrates also need to be available via a green process on the necessary scale. Is this the case for the substrates involved in this reaction? What would be the advantages, if any, of replacing any potassium-containing substrates with sodium-containing substrates?
