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Energy Nugget:  Renewable energy is great, but what do we do when the sun doesn’t shine and the wind doesn’t blow?  Building better batteries

Class Discussion:  Tuesday, 28 April, 2009
Read the paper below and be prepared to present your answers to these questions in class.  Bring a written copy of your answers to class to turn in after discussion.  

Ki Tae Nam, Dong-Wan Kim, Pil J. Yoo, Chung-Yi Chiang, Nonglak Meethong, Paula T. Hammond, Yet-Ming Chiang, Angela M. Belcher, “Virus-Enabled Synthesis and Assembly of Nanowires for Lithium Ion Battery Electrodes,” Science 2006, 312, 885-888.  http://dx.doi.org/10.1126/science.1122716
If you have time and are interested, an excellent article by Jean-Marie Tarascon, one of the premier scientists in the field of lithium-ion batteries, summarizes some of the challenges and current approaches for building better batteries.

M. Armand and J.-M. Tarascon, “Building better batteries,” Nature 2008, 451, 652-657.  http://dx.doi.org/10.1038/451652a
1.  Briefly describe the motivation behind Angela Belcher’s work.  What is she trying to do and why?

2.  What questions do you have regarding the “bio-speak” in this paper?  Post these to the Moodle discussion forum by Monday night.  Most likely, I do not have the answers, but together and with the help of some other local experts, maybe we can figure them out.

3.  The cartoons drawn in Figures 1 and 3 are clever, but what experimental evidence is presented that they represent reality?  Describe the experiments and the results that support this view.

4.  Describe the chemical reactions and the redox that occurs as this new anode material is cycled.  Reference 23 might prove to be very helpful.

5.  The text describes that the assembled electrochemical cells were galvanostatically cycled between 3.0 V and 0.01 V to obtain the data shown in Figure 3C.  This means that a constant current was applied to the cell and the cell potential was monitored as a function of time.  Once the cell potential reached one of the cutoff voltages, the polarity was reversed, meaning the opposite current was then applied and the cycle was reversed.  Although the authors do not specify the applied current, they provide enough information to figure it out.  In the figure caption, they specify the cell was cycled at a rate of C/26.5, where C refers to the insertion of 8 Li ions (per Co3O4) per hour.  With this information, and other information in the paper, calculate what the applied current must be in mA.

6.  In Figures 3C and 3D, the capacity in mAh/g is plotted.  Explain how one obtains this parameter at some point in time from the galvanostatic cycling experiment described in question 5. 

7.  What can you find out about the structures of the polymers linear poly(ethylene imine) (LPEI) and poly(acrylic acid) (PAA)?  What is the significance of the work with the polymer blends?
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