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Diffusivity, a measure for how rapidly a fluid self-mixes,
shows an intimate, but seemingly fragmented, connection to
thermodynamics. On one hand, the “configurational” contri-
bution to entropy (related to the number of mechanically
stable configurations that fluid molecules can adopt)1 has
long been considered key for predicting supercooled liquid
dynamics near the glass transition.” On the other hand, the
excess entropy (relative to ideal gas) provides a robust scal-
ing for the diffusivity of fluids above the freezing point.3f6
Here we provide, to our knowledge, the first evidence that
excess entropy also captures how supercooling a fluid modi-
fies its diffusivity, suggesting that dynamics, from ideal gas
to glass, is related to a single, standard thermodynamic quan-
tity.

Several theories of the glass transition are based upon
the idea that supercooled liquids vitrify when their configu-
rational entropy vanishes."”™ Moreover, experimentslo’11
and computer simulations'*™* reveal a quantitative link be-
tween dynamics and configurational entropy in supercooled
liquids, a prediction of Adam-Gibbs theory of structural
relaxation.” However, the configurational entropy loses rel-
evance at high temperature, and it does not generally corre-
late with dynamics far above the freezing transition. As a
result, it cannot provide a comprehensive description of
liquid-state diffusivity. On the other hand, the excess entropy,
a fundamental thermodynamic quantity that captures the cor-
relations between particles due to their finite volumes and
mutual interactions, does capture the diffusivity of equilib-
rium fluids.”>® If excess entropy also turns out to describe
supercooled liquid dynamics, which is the issue we investi-
gate here via computer simulations, then the relationship be-
tween thermodynamics and dynamics will be much simpler
than previously anticipated.

We first examine the behavior of a “core-softened”
fluid" that belongs to a larger class of model potentials
known to reproduce many of liquid water’s distinctive
properties.ls’16 In particular, we perform simulations for a
broad range of thermodynamic conditions where the model
displays pronounced increases in self-diffusivity D upon iso-
thermal compression, a well-known experimental signature
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of supercooled liquid water’s dynamics.'® Figures 1(a) and
1(b) show that the excess entropy s and diffusivity D of this
fluid have strikingly similar dependencies on density p for a
wide range of temperatures 7. In fact, when plotted along
curves of constant p [Fig. 1(c)], we find Dxexp[A(p)s*],
where A(p) is a T-independent parameter. Figure 2 shows
that this robust scaling is also exhibited by a model binary
alloy12 for conditions where it displays many of the experi-
mental characteristics of fragile supercooled liquids.u’”’18
This is a stringent test since this alloy has become one of the
most well-characterized model glass formers.

Adam-Gibbs theory predicts a different form of expo-
nential relationship between D and configurational entropy
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FIG. 1. [(a) and (b)] Excess entropy and diffusivity vs density obtained from
molecular dynamics simulations of 1000 particles interacting via a ‘“core-
softened” potential (i.e., a Lennard-Jones potential plus a Gaussian repul-
sion; for details, see Ref. 15). Symbols are simulation data, and curves are
guides to the eyes. The quantities are reported in reduced units of T
=kgT/e, p'=pa>, and D*=D(M/ec?)"?, where kg is the Boltzmann con-
stant, 7" is the temperature, & is the energy scale of the potential, p is the
number density, o is the particle diameter, and M is the particle mass. The
excess entropy s has been calculated using transition-matrix Monte Carlo
simulations (Refs. 6 and 21). (c) Diffusivity vs excess entropy for the data
shown in (a) and (b) along paths of constant p (symbols). Symbols are
simulation data, and lines reflect the form D cexp[A(p)s®*].
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FIG. 2. Diffusivity vs excess entropy for different density states of a binary
Lennard-Jones alloy (Refs. 12 and 18). Excess entropy has been obtained
from the semiempirical free energy expression reported in Ref. 18, and
diffusivity has been extracted from Fig. 3 in Ref. 18. The lines reflect the
form D ocexp[A(p)s®*]. The inset shows the linear dependence between ex-
cess entropy and the inverse product of temperature and configurational
entropy, 1/Tsc, the latter extracted from Fig. 2 in Ref. 12. The quantities are
reported in the same reduced units as in Fig. 1.

sc, Docexp[-B(p)/(Tsc)], where B(p) is a T-independent pa-
rameter. Since Adam-Gibbs relationship can adequately de-
scribe the diffusivity for many liquids near the glass transi-
tion, it is natural to ask whether s** and —(T's)™! contain the
same thermodynamic information about the supercooled
fluid. Indeed, the inset of Fig. 2 demonstrates that these
quantities are linearly related (at constant p) for the binary
alloym8 over all conditions for which data are available.
The results presented here represent, to our knowledge,
the first evidence that s®*, which provides a scaling for the
diffusivity of simple equilibrium fluids,*® also captures su-
percooled liquid dynamics. Moreover, since s is a standard
thermodynamic quantity that can be approximated based on
structural data from, e.g., scattering experiments,19 it also
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promises to provide the elusive link between structure and
dynamics20 of the liquid state.
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