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Energy Nuggets: Wise Energy Use – The Challenge of Nitrogen Fixation

Class Presentations:  Thursday, 26 March, 2009 and Tuesday, March 31, 2009

I want the class to divide into 2 teams.  One team will read paper 1 below, divide up the questions amongst the team, and be prepared to present the answers to the rest of the class, using PowerPoint slides for graphic illustrations.  The other team will read paper 2 below, and similarly divide up the questions and present the answers using PowerPoint slides to the rest of the class.  You may need to conduct additional research to answer these questions.  I do not care who does what as long all the questions are covered and everyone contributes and participates.  I have set up a Nitrogen Fixation Wiki on the Moodle to facilitate your planning.  At the top is a table to sign up for which paper you would like to work on and which question(s).  You can also make use of the Discussion Forum to which you can attach PowerPoint files if you want to pass one or more documents back and forth.

You are welcome to read the other paper, but keep in mind that your presentation should not assume that the other team has read what you have read.  Your job as a team is to teach us all what you have learned.

Paper #1:  Oliver Einsle, F. Akif Tezcan, Susana L. A. Andrade, Benedikt Schmid, Mika Yoshida, James B. Howard, and Douglas C. Rees, “Nitrogenase MoFe-Protein at 1.16 Å Resolution:  A Central Ligand in the FeMo-Cofactor,” Science, 2002, 297, 1696-1700.
1) What is the Haber-Bosch process?  What are the typical conditions for the reaction?  What can you find out about the catalyst that is used in this process?  Why do you think such extreme conditions are needed?  Consider both the thermodynamics and the kinetics of the reaction in your answer.

2) Do some research to determine how much NH3 is produced industrially on a global scale each year.  What are the top 5 ammonia-producing countries?  In the US, how does NH3 production compare to the production of other chemicals?  Can you find or calculate an estimate for the energy requirements of annual global NH3 production?  Please cite your sources and any assumptions you make.

3) Write the balanced half reaction for the reduction of N2 to ammonia in biological systems.  Describe the basic components of the nitrogenase enzyme and in simple terms, the role of each component.

4) This paper reports the high resolution X-ray crystallographic structure of the Fe-Mo cofactor, the active site for dinitrogen reduction.  Do not worry about trying to understand the methods of how the authors came to their conclusions (I really do not understand them myself).  Rather, describe what was the main question they were trying to resolve and what their conclusions were.  In other words, what was the status of the knowledge immediately prior to this paper and what was so groundbreaking in this report?

5) As a metal-centric chemist, I am most interested in the coordination environments of the metal atoms in metalloenzymes.  Describe the structural environment around each metal atom in the Fe-Mo cofactor.  What are the ligands and metal–ligand bond distances?  What is the coordination geometry around each metal?

6) Using Web of Science, how many times has this paper been cited since it was published?  Sort these results by the “Times Cited.”  Aside from review articles (which will usually top the list of “Times Cited” articles), list the top 5 citing articles.  One might assume, these represent the very “hottest” results in this field.  After reading the abstracts of the 5 papers, briefly describe the subject areas of these papers. 

Paper #2: Dmitry V. Yandulov and Richard R. Schrock, “Catalytic Reduction of Dinitrogen to Ammonia at a Single Molybdenum Center,” Science, 2003, 301, 76-78.  There is also an interesting companion Perspective piece: G. Jeffrey Leigh, “So That’s How It’s Done – Maybe,” Science 2003, 301, 55-56.
1) Look up the structure of the first N2 complex reported in the literature.  Who did the work and where was it done?  Describe any salient features of this coordination complex and how it was characterized.  Using Web of Science, how many times has this historic paper been cited?

2) Prior to this work by Schrock, what was the best synthetic analog for the reduction of N2 to NH3?  Why are the synthetic analogs discovered to date likely unrelated to the mechanism of dinitrogen reduction at the active site in nitrogenase? What does it mean to achieve catalytic conversion of N2 to NH3 with a metal complex?

3) Draw the structure of the ligand.  How do you think about the properties of this ligand?  A lot of cutting-edge inorganic chemistry centers around ligand design.  Why is this ligand particularly well suited for this chemistry?  How is the initial metal complex prepared?

4) Present the proposed mechanism for N2 reduction by this complex, highlighting which intermediate species have been characterized.  Rationalize the oxidation states and magnetic properties of the characterized intermediate complexes.

5) Describe the chemistry of the somewhat unusual proton sources and electron sources used in this study.  Draw the structures of the reagents and explain their chemistry. 

6) What “tricks” or conditions did the authors use to finally achieve catalytic conversion of N2 to NH3 with this metal complex?  The authors describe that they have attained catalytic activity using “the weakest reductant of all abiological systems.”  Explain how one determines the relative reducing power of a particular reagent.  What is E˚’ and how it is used in this context?

7) Describe what aspects of this chemistry had been previously published by Schrock’s group.  In what journals?  Describe the new results that were presented in this paper.  Why or how did these represent a major advance in the field of nitrogen fixation chemistry and worthy of publication in Science?

8) Using Web of Science, how many times has this paper been cited since it was published?  Sort these results by the “Times Cited.”  Aside from review articles (which will usually top the list of “Times Cited” articles), list the top 5 citing articles.  One might assume, these represent the very “hottest” results in this field.  After reading the abstracts of the 5 papers, briefly describe the subject areas of these papers. 
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