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            Abstract
Molecular crystals cannot be designed in the same manner as macroscopic objects, because they do not assemble according to simple, intuitive rules. Their structures result from the balance of many weak interactions, rather than from the strong and predictable bonding patterns found in metal–organic frameworks and covalent organic frameworks. Hence, design strategies that assume a topology or other structural blueprint will often fail. Here we combine computational crystal structure prediction and property prediction to build energy–structure–function maps that describe the possible structures and properties that are available to a candidate molecule. Using these maps, we identify a highly porous solid, which has the lowest density reported for a molecular crystal so far. Both the structure of the crystal and its physical properties, such as methane storage capacity and guest-molecule selectivity, are predicted using the molecular structure as the only input. More generally, energy–structure–function maps could be used to guide the experimental discovery of materials with any target function that can be calculated from predicted crystal structures, such as electronic structure or mechanical properties.
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                    Figure 1: Candidate building blocks for porous solids.


Figure 2: From structure prediction to energy–structure–function (ESF) maps.


Figure 3: ESF maps for T2.


Figure 4: Predicted and experimental structures and gas adsorption isotherms for polymorphs of T2.


Figure 5: Crystal structure stability and solvent stabilization.


Figure 6: Predicted and experimental structures and properties for
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Energy–structure–function maps of crystals
It can be difficult to predict and optimize the structure and properties of crystalline molecular compounds without resorting to a 'wet' synthesis. Rather than crystallizing according to simple rules, their structures result from the combination of many weak interactions. Computational calculations and screening can help, but are limited by the computational power available and often rely on prior knowledge and assumptions about the structure. Here, Graeme Day and colleagues use structure prediction maps to computationally scan various packings for small molecular crystals, and assign functions, such as porosity or gas storage capacity, to each plausible structure found. These energy–structure–function maps can guide synthetic work by ruling out seemingly promising structures that are calculated to have undesirable properties. To validate the method, the authors synthesize a molecule that crystallizes as a porous solid with a record low density for a porous organic compound.
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