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The development of the lithium-ion battery has enabled many of the modern electronics that increasingly form an integral part of society in the 21st century.  The LiCoO2/graphite cell commercialized by SONY in 1990, while adequate for many low power applications, will not meet all the requirements for high power devices.   The high power applications include hybrid electric vehicles (HEVs) and electric vehicles (EV), the current vehicles using nickel metal hydride (and lead-acid) batteries.  Cheaper, safer batteries, which can be charged and discharged faster, last longer and can withstand a wide range of temperatures, are required to power these devices.
Our work has focused on an understanding of the role that local structure plays in controlling electrochemical function. For example, 6Li MAS NMR spectroscopy has been used to study local electronic structures and Li local environments in a variety of potential cathode materials for lithium ion batteries including spinels and layered cathode materials such as Li[M’xM1-x]O2 (M,M’ = Mn, Ni, Co etc.).  We first developed a fundamental understanding of the causes of the large (hyperfine) NMR shifts typically observed in these paramagnetic samples. This knowledge was then applied, in conjunction with X-ray and neutron diffraction studies, to follow structural changes after charging and discharging of a battery, to help establish why some materials function well as electrode materials and others fail.  Results will be discussed for the Li2MnO3-Li(NiMn)0.5O2, and  LiCoO2-Li(NiMn)0.5O2 systems.  New in situ NMR methods will be described for following battery cycling in real time. 
Rapid anionic conductivity is required for a number of applications, which include solid oxide fuel cells (SOFCs), oxygen-nitrogen separations and oxygen sensors.  The commercial electrolyte material generally used in these applications is yttrium-stabilized zirconia (YSZ), and the low oxygen-ion conductivity of this material requires that the devices are typically operated at above 500 (sensors) or 700 ºC (fuel cells).   The focus of our work has been to develop new 17O MAS NMR methods to study dynamics in a series of ionic conductors.  Since the individual oxygen-ion sites may be resolved with high-resolution NMR methods, we can now use a combination of one- and two-dimensional NMR methods to observe the mobile sites directly and propose mechanisms for anion conduction.
