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Solvent, host-guest and intermolecular interactions

Solvent, host-guest, and intermolecular interactions-”How and why are catalytic mechanisms affected by the molecular and long-range environment: novel media and solvents, confined states, multiple phases, pore structures, secondary and teriary structures?”

Breakout topics suggested prior to meeting (areas amplified at breakout are italicized):

1. Catalysis in novel media and aggregation states, including polymers, synthetic supramolecular systems, and multiphase catalysis

2. Ways to develop new supramolecular and “nanovessel” catalysts--how to move from binding studies to the development of useful materials; understanding the principles that control catalysis in “active sites” of enzymes and large synthetic molecular systems

3. Use of unusual media or multiphase systems to drive endothermic reactions

4. Developing catalytic reactions in unusual media: e.g., gels, fluorous media, micelles and vesicles, dendrimers, membranes, multi-phase systems, ionic liquids, supercritical solvents, etc.
5. Development of air- and water-stable catalysts

6. Conducting both heterogeneous and homogeneous catalysis in water; advantages or disadvantages

7. Catalysis in confined phases: mesoporous solids, layered compounds
Hybrid organic-inorganic phases; their design for tuned reactivity

Suggested opportunities arising from breakout discussions:


•
Homogeneous catalysis has been investigated largely in “traditional” solvents…those used by the organometallic community.


New solvent media (e.g. water at variable pH and ionic strengths (esp very high ones), ionic liquids, strong Br(nsted acids/bases, fluorocarbon solvents, solutions as films adsorbed onto solids (esp on solids other than silica and alumina), on strongly acid surfaces (solid acids environmentally preferred), etc.
Possible advantages: 

1. stabilization of polar transition states, specifically hydrogen-bonded or charge-stabilized TS’s, or those having a large number of weaker interactions using hydrophobic/hydrophilic, van der Waals forces for orientation; reduce ion-pairing

2. reactive distillation of volatile products from involatile solvents/biphasic separation to enhance selectivity: combining catalysis and separation

3. dissolution of unresponsive substrates in ionic liquids, etc (e.g. cellulose)

Supercritical media for investigating well defined catalysts to benchmark theory for gas-phase reactions


•
Nanovessel, supramolecular and membrane catalysts: moving from “simple” binding to understanding the principles that control catalysis in active sites of enzymes and “large” synthetic systems:


What types of structures/interactions might be beneficial in catalysis here?


 possible strategies:

1.  put polymerization catalysts into nanochannels to make and simultaneously orient polyolefin, including Kevlar from microporous acidic solid


2.  grow nanowires in core of nanotubes (e.g. Au in porphyrin nanotubes)
3.  micelles as nanovessels for homogeneous catalysis amenable to NMR characterization; mini-reactors for homogeneous catalysts as heterogeneous ones; emulsion polymerization; nucleation and mass transfer rate studies


4.  attach homogeneous catalysts inside enzymes to take advantage of enzymatic selectivities for binding; adapt catalysis to water


5.  use of nanovessels and mesoporous or layered solids to increase local concentrations, orient and induce laminar flow of reagents

6. preparation of imprinted molecular catalytic sites, particularly with soft materials…hand in glove binding

7. use confinement to allow incompatible catalysts for sequential reactions to operate in the same reaction vessel

•
Membranes and building blocks for constructing biphasic catalytic systems and supramolecular catalysts:


possible strategies:


1.  new nanoparticles (other than Au) that have useful catalytic properties (Pt, metal oxides and sulfides); uniform and adjustable size nanoparticles, multi-component (e.g. half Pt/half Rh) nanoparticles; new shapes (other than spherical) to expose edge and corner sites; designed and near-neighbor arrays of nanoparticles on surfaces


2.  new tethering strategies for anchoring catalytic nanoparticles onto surfaces (other than thioate) to prevent sintering


3.  selectively-permeable membrane(-supported) catalysts to increase selectivity and to drive endothermic catalytic reactions


4.  adsorption of chiral groups on metal surfaces; place hydrophobic/hydrophilic or chiral groups inside pores to control entry/exit of reagents/products


5.  attach catalysts in organized spatial arrangements onto surfaces to optimize multistep transformations

•
“Smart” catalysts that will reversibly change its nature when triggered by:


1. changes in T, p, h

2.  switchable hydrophobic/hydrophilic; fluorophobic/fluorophilic; polar/nonpolar, etc  to adsorb/desorb reactants or intermediates…or posions

3.  adapt to undesirable reagent/product concentrations (too high or too low) or appearance of poison molecules (e.g. sulfur in fuel cell fuels)


4.  switchable catalysts that change mesopore size photolysis (e.g. Brinker’s azobenzene functionalized mesopores)

