
Reaction Networks Resemble Low-
Dimensional Regular Lattices 

Exploring the vast and diverse chemical 
space of possible molecular structures 
is key to discovering new molecules 
and predicting reactions pathways. 
However, its dimensionality grows ex-
ponentially with each additional atom, 
making exploration challenging. To en-
able the exploration of chemical space, 

we developed a lower-dimensional discrete reaction 
network representation, where nodes are collections of 
molecules with fixed stoichiometry (number of atoms) 
and edges are stoichiometry-preserving transformation 
rules, i.e., bond breaks and bond formations. To under-
stand the inherent structure of reaction networks, which 
are expensive to generate, we compared reaction net-
works composed of Carbon, Hydrogen, Nitrogen, and 
Oxygen against various known generative network mod-
els. Our comparison encompasses networks construct-
ed randomly, such as Erdős–Rényi networks, networks 
constructed following a regular pattern such as a regular 
lattice, and networks constructed following a regular pat-
tern with an adjustable probability to rewire connections, 
such as Watts-Strogatz networks. Examining fundamen-
tal network properties, such as the fractal dimension and 
the average square clustering coefficient, revealed that 
reaction networks closely resemble low-dimensional reg-
ular lattices with intermittent random rewiring of edges. 
This insight is important as it suggests that  we can ex-
plore these networks more effectively by leveraging their 
regular structure.
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