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Understanding the mechanism for a transition between
metastable states of a system is of fundamental interest to
the natural sciences. Reaction theories seek to derive the
rate constant from underlying system dynamics and have
led to increased insight into the reaction mechanism, the
sequence of elementary steps by which a reaction occurs.
A notable example is transition-state theory and its exten-
sions [1–3], which conceptualize the activated complex (or
transition-state species) as a key dynamical intermediate
and makes use of its properties (e.g., free energy relative
to the reactant) to derive an approximate rate constant for
large classes of reactions. The transition state is one
identifiable state along the reaction coordinate, a one-
dimensional collective variable that preserves all quantita-
tive and qualitative aspects of a reaction under projection of
the multidimensional dynamics [4,5].

Motivated by rare-event sampling methods [6], transition-
path theory [7] was developed to quantitatively describe the
entire reaction and determine its rate constant, without
assumptions of metastability for the reactant and product
or any specific details of the reaction mechanism (e.g., the
presence of a single transition state). This statistical descrip-
tion relies on the definition of the committor function qϕ
(also called the commitment or splitting probability), the
probability that a trajectory initiated from microstate ϕ
reaches the product before returning to the reactant. The
committor maps the state space onto the interval qϕ ∈ ½0; 1�
and has been called the “true” or “ideal” one-dimensional
reaction coordinate [4,8–11]. The committor allows calcu-
lation of the reaction rate from a one-dimensional descrip-
tion [12] and identifies the transition-state ensemble as states
making up the qϕ ¼ 0.5 isocommittor surface [13].

In this Letter, we derive a novel information-theoretic
justification of the committor as the reaction coordinate.

We show how selecting the transition-path ensemble (the
set of trajectories from reactant to product) from a long
ergodic equilibrium trajectory results in entropy production
that precisely equals the information generated by system
dynamics about the reactivity of trajectories.

The components of entropy production and information
generation due to an arbitrary system coordinate are
also equal; this reveals equivalent thermodynamic and
information-theoretic measures of the suitability of low-
dimensional collective variables that encode information
relevant for describing reaction mechanisms. The commit-
tor is a single coordinate that preserves all system entropy
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selected based on the trajectory outcome Sþ [the next
mesostate (A or B) visited by the system] and origin S− (the
mesostate most recently visited by the system). This
partitions the supertrajectory into four trajectory suben-
sembles, each with particular s≡ ðs−



where pðsÞ ¼ P
ϕ pðϕ; sÞ is the marginal probability





Combining Eqs. (1), (8a), and (9b) gives the full TPE
entropy production as a function of the forward committor,
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for which one has physical intuition can provide a low-
dimensional model that allows increased insight into the
reaction mechanism.

More concretely, this connection we have established
between transition-path theory and stochastic thermody-
namics suggests a novel method for rigorously grounded
inference of reaction coordinates: generate an ensemble of
transition paths using transition-path sampling [6,31] or
related algorithms [32–34]; estimate entropy production
along chosen coordinates [35–37] or identify linear combi-
nations of coordinates producing the most entropy using
dissipative components analysis [38]; use these most
dissipative coordinates to enhance sampling of transition
paths, and through further iteration identify system coor-
dinates producing the most entropy in the transition-path
ensemble and hence of most relevance to the reaction.

Machine-learning approaches to solve for high-dimensional
committor coordinates
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