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Accelerating the identification of a biomolecular crystal with an extraordinarily high 

piezo response is one of the main objectives of our group’s research project Pb-FREE. 

Crystallizing biomolecules creates a network of unit cell dipoles identical to the 

mechanisms of classical inorganic piezoelectrics, which allows for biological single 

crystals to easily fulfil the role of piezoceramics, e.g., in stack actuation. Biomolecular 

piezoelectric materials are considered a strong candidate material for biomedical 

applications due to their robust piezoelectricity, biocompatibility, and low dielectric 

property. A combination of modelling and characterization can provide much-needed 

insight into how piezoelectric properties are modulated by unit cell properties, such as 

dipole moments, molecular packing, and composition.   

Using automation, computer simulations can make the integration of high throughput 

screening simpler. We are exploring biomolecular crystals for excellent piezoelectric 

performance using high throughput Density Functional Theory (DFT) computations. 

(DFT) utilizes periodic boundary conditions to simulate bulk material behavior and can 

quantify material physical properties of crystals, including the dielectric, elastic, and 

piezoelectric constants. By studying biomolecular crystals in this way, the predicted 

physical properties can be directly related to single crystal experiments, allowing 

effective screening of organic crystals for experimental investigation. In this talk, I will 

discuss the piezoelectric properties of a number of novel, multi-component crystals I 

have screened using these methods.  
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