
 
 
 
 
 

 

 

 

 
 
 
 

 Inverse Problems in Biomimetic Nanotechnology:  

How to design Lego blocks so that you can assemble any 

structure you want just by shaking the box 
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Self-assembly is a process where individual 
building blocks organize by themselves to 
assemble into larger more complex structures. 
This process is ubiquitous in biological systems. 
For a long time, the field of nanotechnology has 
looked to biological self-assembly for inspiration 
for achieving complex behavior at nanoscale 
level.  Despite tremendous progress over the 
past few decades, it remains a difficult challenge 
to reliably self-assemble target shape. Here, we 
present a new solution to the inverse problem, 
which aims to design building blocks that form a 
target structure while at the same time avoid all 
undesired competing structures that the system 
might be able to form. We show that we can map 
the inverse design problem to a Boolean 
Satisfiability Problem. In combination with 
numerical simulations, we can identify the 
competing assemblies and use the SAT solvers 
to design building blocks that can assemble to 
the target lattice. To demonstrate the versatility 
of our approach, we show how we can use it to 
design building blocks that self-assemble some 
of the most sought-after crystal lattices: 
pyrochlore, diamond, and clathrate lattices.  Our 
systems are amenable to experimental 
realization, and we will show some preliminary 
results of our attempts to realize such lattices 
using DNA nanotechnology. 
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