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What is the residual multiparticle
entropy (RMPE)?

® Consider a fluid system with number density p,
inverse temperature B=1/k;T, and entropy
per particle s(p,p) (in units of k).

o 5(p:B)=s5a(P:B)+5x(P:B)

Ideal gas EXxcess entropy (interactions & correlations)

* sex(PsB)=52(p,B) +As(p,B)

|
Pair correlations RMPE (cumulated correlations
of 3, 4, 5, ... particles)
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The residual two-particle entropy

tion (RDF)
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Role of the RDF g
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Why is the RMPE As(p.f}) worth studying?

* Even though the interaction potential is pairwise additive, there
exist spatial correlations involving more than 2 particles.

* The net contribution to entropy of those non-pair correlations is

represented by the RMPE As(p,B)=s..(p,B)-s5(p,B).

* |t can be either negative (typically at low densities or high
temperatures) or positive.

* If As(p,p)>0, increasingly stronger multiparticle correlations
cooperatively concur in increasing the entropy of the system.

* |t has been observed that a zero-RMPE criterion, As(p,)=0,
may signal the onset of ordering processes leading to a phase
transition (e.g., freezing).
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PRL 115, 097

Our system:

PHYSICAL REVIEW LETTERS

Classical Liquids in Fractal Dimension

. oo 2 1 , 3
Marco Heinen, © Simon K. Schnyder,” John F. Brady, and Hartmut Lowen”
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FIG. I (color online). Snapshot of a Monte Carlo simulation
where 300 fractal particles are located on a percolating cluster,
shown in blue. The dimensi [each particle and of the cluster is

a (cf. Fig. 2

by particles. (Red) Particle center regions distance to a
particle center is less than 0.16). (Black) Particle rim regions
(chemical distance to a particle center is more than 0.40 and less
than 0.56). (Gray) Regions between particle centers and rims.
Every pixel in the figure corresponds to one vertex in the
simulation. One quarter of the whole simulation box is shown,
containing here 72 particle centers.

FIG. 2 (color online). Lattice schematic. From an 8 x 8 square
lattice with periodic boundaries, 17 vertices have been removed.
Circles are the remaining vertices and black lines are the bonds of
length a. The chemical distance between the orange and the blue
filled circle is / = 8« along any of the three paths indicated by
red, blue, and orange arrows. The corresponding Euclidean
distance is r = 2a.

¢ : volume (or packing)

fraction
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Our approach:

PHYSICAL REVIEW E 93, 062126 (2016)

Radial distribution function for hard spheres in fractal dimensions: A heuristic approximation

Andrés Santos”
Departamento de Fisica and Instituto de Computacion Cientifica Avanzada (ICCAEx), Universidad de Extremadura, Badajoz, E-06071, Spain

Mariano Lopez de Haro'
Instituto de Energias Renovables, Universidad Nacional Auténoma de México (U.N.A.M.), Temixco, Morelos 62580, Mexico
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— analytic dependence on both r and ¢

a(@), S (@), P (&) : determined from

consistency conditions
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How good is this approximation?

d=1.67659

2.9

MC _ 4
PY ; PY
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Results:

Excess entropy and its pair contribution
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RMPE

-0.4
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Non-universal behavior
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Minimum RMPE
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Locations of the minimum and zero RMPE

min
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Non-universal behavior
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Non-universal behavior?
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Conclusions and outlook

* Simple theory applied to estimate the excess
entropy and the RMPE of a fractal hard-sphere fluid.

* The minimum value of the RMPE exhibits «
nonmonotonic d-dependence, becoming extremal at

d=2.38.

* Some sort of ordering process is expected beyond
the packing fraction ¢, where the RMPE vanishes.

* If a freezing ftransition in fractal fluids exist, the
zero-RMPE criterion would provide a reasonable
(lower?) estimate of the freezing density.

* Computer simulations needed!
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