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The Self-Organizing Matter group focuses on the dynamic interplay 
between chemical reactions and crystallization phenomena to control the 
emergence of complexity in the solid state. In particular, we aim to design 
physical/chemical schemes to self-organize complex materials and develop 
new chiral amplification methods for the synthesis of enantiomerically pure 
building blocks. Current research includes the development of new routes 
to control crystallization, material composition, shape and hierarchical 
organization of mineralized structures and the design of physical/chemical 
feedback mechanisms to self-correct and amplify the emergence of 
complexity.

Highlights 

• �We demonstrated new chiral amplification 
mechanisms and developed practical synthesis 
routes towards a wide range of molecules including 
block buster pharmaceuticals.

• �We introduced light-controlled steering of self-
assembly following user-defined light-patterns.

• �We developed shape-preserving ion exchange 
reactions to more than 50 chemical compounds 
including catalysts and semiconductors, in addition 
resulting in the founding of the startup company 
LumetalliX.

• �We combined reaction/diffusion processes with 
mechanically mediated transport phenomena to 
achieve simple and scalable pattern formation of 
complex motifs that can serve for instance as for 
optomechanical sensors and tunable diffraction 
grating.

Plans
Future research will be aimed at the following two 
directions: 
1. �We aim to develop new chiral amplification mecha-

nisms: in particular by exploiting non-equilibrium 
conditions. A breakthrough in this field would open 
new routes to important molecular building blocks 
and reveal unexplored mechanism for manipulating 
crystallizing materials. 

2. �We will pursue the development of new light-
controlled reactions to steer self-assembly proces-
ses with spatiotemporal control and develop new 

mechanochemical feedback mechanisms to create 
complexity according to exact designs. Ultimately, 
these results may be exploited for developing new 
materials with advanced next generation functio-
nalities.
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Conversion of a sand dollar skeleton into a green  

light-emitting perovskite.


