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Understanding molecular packing, interactions and other structure-determining factors in the solid 

state is key to being able to understand, govern and control the properties of materials and devices. 

The best way to gain such general understanding is to go beyond analysing a single specific sample 

and learn from bodies of data. While database mining has been achievable to an extent e.g. via 

crystallographic databases, it is not possible to rely on these bodies of data as coverage of chemical 

space is patchy due to such databases being comprised solely of published results. It is therefore 

rather surprising that there are relatively few systematic studies being conducted on the solid-state 

by specifically building and analyzing compound families/libraries for particular classes of materials. 

This approach is routine in a number of areas of materials discovery and combinatorial synthesis or 

the way that the Pharmaceutical industry investigates polymorphism and crystallization.  

This talk will present numerous systematic studies of homologous series of compounds that have 

been studied as ‘libraries’ in the solid state - sometimes these families of related compounds can 

have as many as 200-300 crystal structures. Results that enable us to derive rules and begin to 

predict solid-state behaviour will be presented. Taking this concept further, some series of ultra-

high resolution structural families will be presented. We use these studies in combination with 

theoretical approaches, so called Quantum Crystallography, to get very detailed insight into 

energetic factors contributing to structure formation and properties. Taking into account electron 

density distributions and energetic factors leads to very detailed correlations between bonding and 

reactivity. This approach will be presented for examples explaining behaviour in fundamental 

bonding, anion binding, spin-crossover compounds, organic phase transitions and pharmaceutical 

co-crystals.  
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