
 

Our research is concerned with the design and synthesis of novel porous framework solids that find applications 
as functional materials, in particular as adsorbents and catalysts.  These include zeolites and related structures, 
through novel organic-inorganic hybrid solids to well-ordered mesoporous solids. We introduce design into the 
synthesis of these materials by using molecular templates and inorganic building blocks.  Once prepared, these 
solids must be modified chemically to activate them, by removing the organic template and by introducing 
additional catalytic sites.  Many of the structures are novel, so we need to determine their structures, making 
use of central facilities (synchrotron X-rays, neutrons) as well as state-of-the-art techniques (solid state NMR, 
high resolution electron microscopy, single crystal XRD) available at St. Andrews.  
 

Microporous solids have applications in gas separation and storage. We are currently involved in projects to 
purify hydrogen and separate carbon dioxide from hydrocarbons, using our own STA-n materials and modifying 
the framework chemistry. These solids are also active catalysts for hydrocarbon transformations. Limitations of 
conventional zeolites include their restricted range of pore size and chemistry, with highly polar internal 
surfaces. Metal organic frameworks can be prepared with a much wider chemical range of inorganic and 
organic groups, and we preparing novel types of these, including phosphonates. We are also studying new 
structure types of mesoporous solids, which possess regular arrays of pores in the 10-100 Å range, and their 
use in the synthesis of fine chemicals, for example by immobilization of enzymes active for chiral synthesis. 
 

           
Novel aluminosilicate zeolites, microporous metal phosphonates and mesoporous silicas (left to right, above) find 
application in gas storage and separation and catalysis 
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