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Building Blocks and Architectures Break-out

T. B. Rauchfuss

The overarching goal is to invent new methods of synthesis directed by rational functional design to thoroughly understand how structure underpins catalysis.  Research aims to manipulate the shape, form, composition, and organization on all length scales to facilitate catalytic processes.

Overview of Discussion

The area is particularly diverse and one where molecular chemistry meets solid-state sciences.  Molecular methodology and broader chemical classes will increasingly guide advances in catalysis.

Synthetic Methods
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Low temperature routes to deposition enable new classes of catalytic materials, such as metal catalysts supported on soft matter.  Illustrative is the Shelnutt’s use of photocatalysts to deposit Pt dendrites onto liposomes (scheme to right).

· Biomineralization could be harnessed to produce nano-structured materials and building blocks.

· Protection-deprotection schemes, borrowed from organic chemistry, allow sophisticated assembly.  Linking building blocks to preformed catalysts to form catalyst-support-ensemble, automatically leads to nano-sized and nano-patterned active sites. Jones is employing such approaches to the preparation of supported catalysts (below).
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Building Block Supply

· Research is currently limited by building block diversity in the area of catalyst supports.  Greater emphasis should be given to materials beyond alumino-silicates.  These new materials might include compositions from non-traditional elements such as heavier main group elements, nitrides instead of oxides.  Fundamental main group chemistry often underpins the development of building blocks and architectures. 

· In the area of catalyst precursors, opportunities abound especially in terms of metal clusters, including those derived from the carbonyls, [image: image4.jpg]


oxides, and, most recently, cyanides.  Mixed metal carbonyls continue to display high catalytic activities, and the use of interstitial atoms (applicable to several areas of metal clusters) assists in ensuring fidelity between precursor and catalyst compositions.  Maatta has demonstrated how oxide clusters can be functionalized in ways that facilitate heterogenization (right).

· As a philosophical point, researchers should focus on building blocks that lead to scientific breakthroughs vs. selecting those that (currently) lend themselves to mass-production.

Specific Comments on Pt Metals for Catalysis

· The specific issue: reserves of Pt cannot support projected demands for fuel-cell technology.  We must use Pt more efficiently, and we must continue to strive to replace platinum-metal catalysts with base metals.
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· Complex functionality is often more feasible for lower temperature, which may be limiting but, when wedded to catalysis, offers advantages in selectivity and the opportunity for scientific discovery.  Research on such “smart” catalytic materials is illustrated by the work of Lin who utilizes gatekeeper groups that select substrates prior to entry in the reaction chamber
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Bucky-carbons are thermally robust and amenable to functionalization.  In fact, C60 can now be approached via rational synthesis.  Properties of these carbonaceous materials can be designed by tailored catalytic synthesis, illustrating the concept of catalysis to generate catalytic materials.

· New catalsts can be anticipated to flow from the union of soft catalysts to hard supports.  This work is illustrated by Suib’s work in myoglobin-Mn-O composites (right) and Carrado’s use of organosilicon-modified clays to support enzymes.

· Rapid advances are being realized for supramolecularly organized cages and ship-in-the-bottle syntheses.  Catalysis in exquisitely sculpted enzyme cavities and in zeolitic cages demonstrates the feasibility and advantages to coupling catalysis and containers.  Further advances can be anticipated that utilize supramolecular organic, organometallic, and coordination compounds.  Illustrative of the designs possible is the insertion of a functional organometallic catalyst into a coordination cage by Bergman and Raymond (scheme to right).

Some Specific and General Challenges and Opportunities

· Nano-structures with correspondingly confined environments that lead to novel product distributions.

· Ways to desymmetrize and functionalize building blocks and nanoparticles.

· Ability to generate 2- and 3-D structures with nano-patterned catalysts.

· Novel linking technologies: non-aqueous, low temperature, reversible (self-assembled).

· Structured photocatalysts that emulate features of photosynthetic centers.

Characterization Methods and Facilities

· In situ characterization is needed for many applications.

· High throughput methods must be carefully weighed in light of our emphasis on fundamental science.  In many cases, the project gets to the stage of needing high-throughput, the important science is often complete and the search focuses on refinements (methyl vs. ethyl).  In other cases, as illustrated by the work of Turner on propylene polymerization catalysis, high throughput methods can uncover novel principles that would have gone undetected in traditional studies.

· DoE facilities equipped and staffed to handle reactive (catalytically active) samples.
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