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This Special Topic Issue on Reaction Pathways collects original research articles illustrating the state
of the art in the development and application of methods to describe complex chemical systems in
terms of relatively simple mechanisms and collective coordinates. A broad range of applications is
presented, spanning the sub-fields of biophysics and material science, in an attempt to showcase the
similarities in the formulation of the approaches and highlight the different needs of the different
application domains. Published by AIP Publishing. https://doi.org/10.1063/1.5007080

In the last few decades, our ability to generate high resolu-
tion data by computer simulation has dramatically increased.
In the field of biophysics, it is now possible to use molec-
ular dynamics (MD) simulation to fold small proteins,L2
study large conformational changes in macromolecules,® or
protein-ligand and protein-protein association* in silico. In
the fields of chemistry and material science, where bond-
breaking reactions are of particular interest, there have been
significant advances in the accuracy and scale of electronic
structure calculations of activated processes, with appli-
cations to understanding materials such as batteries’ and
catalysts.®

The advances in simulation have in turn stimulated a surge
of interest in data analysis methods,’ to extract essential infor-
mation from the data in order to enable quantitative predictions
and connect with experimental results. In particular, both in
biophysics and in material science, it is desirable to charac-
terize complex molecular mechanisms in terms of reaction
pathways.® The systems of interest are generally composed
by a large number of atoms, and the analysis of the reaction
mechanisms requires a reduction in the dimensionality of the
simulation data to a few collective variables that describe the
molecular processes under consideration.

In this Special Topic Issue of The Journal of Chemical
Physics, we have compiled examples of work where the defi-
nition of collective variables and reaction pathways is essential
to understand molecular mechanisms, with application both in
biophysics and in material science.

While methods developed in these two different sub-fields
of chemistry bear significant similarities and have sometimes a
common origin, there are also important differences associated
with the different application domains. One important distinc-
tion among these methods is based on the requirement of the
knowledge of (meta)stable states in the system of interest. In
the field of biophysics, it is desirable to sample the phase space
relevant for a molecular system, to map all the main metastable
states and the rates of interconversion between them. For a
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material scientist, it is very often the time evolution of a sys-
tem which is important, including the final states which are
not known a priori. In catalysis, for example, one typically
knows the initial structure of the catalysts and the reactions,
and what you want to know is the active site under steady state
conditions and the products that form.

In both biophysical and material science systems, the def-
inition of reaction coordinates and reaction pathways typically
rely on the existence of a separation of time scales.’ The slow
processes are usually of interest, and most methods propose
to find the important slow dynamical “directions” while aver-
aging over the faster processes. Transition state theory, for
example, can be used to separate the fast vibrational time
scale from the slower state-to-state kinetics. For the rough
landscapes found in biophysical systems, the use of collective
variables, spectral methods, Markov state models, and transi-
tion path theory is central to a description of the slowest time
evolution.” %! Here, we recognize that there are similarities
as systems in both fields become increasingly complex, and
an aim of this Special Issue is to explore common ground
between methods used in what could appear to be very diverse
fields.
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