RESEARCH IN THE EVANS LABORATORY

General Goal:  Discover new fundamental science ultimately useful in practical applications while providing an educational environment for the next generation of PhD chemists to develop a philosophy on chemical research.  

Emphasis:  Address energy-related issues that will lead to diminishment of carbon dioxide in the atmosphere with emphasis on under-developed parts of the periodic table:  lanthanides, actinides, yttrium, and bismuth. 

Approach:  The lanthanide and actinide metals constitute an unexplored part of the periodic table.  Since these f orbital metals have unique properties compared to other metals, we have engaged in a focused exploration of these elements.  This has led to opportunities in a broad range of areas—not just inorganic and organometallic, but also organic synthesis, polymer and materials chemistry, and energy and environmental chemistry.  Some of the projects are as fundamental as developing new methods of doing reduction, one of the most basic types of chemical reaction, and some are as focused as finding better routes to synthesize nuclear fuels like UN, uranium nitride.  Recently, we have expanded our research to explore applications in solar water splitting.  Descriptions of some of the projects in our lab to explore these elements are given below.  

NSF:  The Special Reductive Chemistry of the f Elements

The reductive chemistry of Sm(II) alone has provided many unique advances in chemistry including bent metallocenes, new types of dinitrogen complexes, and thermally stable non-classical carbonium ion complexes.

Recently, the first molecular complexes of the much more reducing Tm(II), Dy(II), and Nd(II) ions have been discovered.  These have potential in organic synthesis to replace SmI2/HMPA (HMPA is a carcinogen) and fill the gap between the common one electron reductants SmI2 and Na/NH3.

Equation 1

More generally,we have discovered three (!) new ways to do reductive chemistry with complexes of redox-inactive metals. It is unusual to be able to find a new way to do something as fundamental as redox chemistry.  

One method is called Sterically Induced Reduction (SIR) and uses extreme steric crowding to generate reductive chemistry.  This is unusual since redox is usually controlled by electronic not steric factors.

Equation 2

A second method uses a combination of an alkali metal and a redox-inactive trivalent metal to get chemistry equivalent to that expected from a divalent metal even though that divalent state is unknown.  Hence, we are generating "virtual oxidation states" that exist only in the sense they can accomplish real reductions.  Combinations like LnZ3/M and LnZ2Z'/M give chemistry equivalent to "LnZ2" where Z = anion and M = alkali metal.   

Equation 3

A third method uses ligands such as (N2)2-, H1-, and (BPh4)1- in conjunction with metal-based redox to accomplish multi-electron reductions:  2, 3, 4, 6, and 8 electron reductions can be accomplished by a single molecule. 

Equation 4  (N2)2- to ketene carboxylate

Equation 5 Cp*2UH/COT

Equation 6  Cp*2UBPh4/PhNNPh

Equation 7  arene complex COT

Equation 8  arene complex PhNNPh

We are exploring the ramifications of these new reductive routes to redox chemistry in general as well as their applications in organic synthesis, in dinitrogen reduction, in reductively-induced polymerization chemistry, and in small molecule activation.  

This reductive chemistry has also generated molecules that supercede conventional theories of structure and bonding.

TRIS, ARENE COMPLEX

DOE:  Fundamental Research on the f Elements 

Related to Energy Conservation and Environmental Concerns

We seek to develop the fundamental knowledge that will allow us to use the unique combination of physical properties of the lanthanides and actinides to solve energy and environmental problems in ways not possible with other types of metals.  

This spans many areas including (a) more efficient polymerization catalysis of isoprene to synthetic rubber for the manufacture of high mileage tires, (b) recycling spent borohydride fuel used in the hydrogen economy, (c) development of better mixed metal systems currently used in the three way automobile catalysts (Ce/Zr), fluorescent lighting (Eu, Tb), and high tech applications such as high efficiency light/information transmission (Nd, Er) and energy doubling upconversion systems (Tm), (d) the synthesis of nanometer size polymetallic nitride compounds that could be precursors to nuclear fuels, and (e) the synthesis and reaction chemistry of new classes  lanthanide and actinide complexes relevant to separation of lanthanides and actinides in nuclear waste streams. 

Equation 9  TMM synthesis

Equation 10 Tris Lu CH activation

Equation 11  Triazole synthesis

