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Abstract: Molecular simulations via the molecular dynamics method have been carried out to investigate an
equation of state of penetrable—sphere model fluids over a wide range of packing fraction ¢ and finite
repulsive energy &*. The resulting simulation data are compared to theoretical predictions from the two
limiting cases of high— and low—penetrability approximations available in the literature. A good agree—
ment between theoretical and simulation results is observed in the case of £¥<3.0. However, for the
highly repulsive energy systems of ¢* = 3.0, where the potential energy barrier is more than two
times higher than the particle kinetic energy, a poor agreement is found due to the clustering formation
and the non—continuum size effects in the dense systems of ¢ = 0.7 and g*=6.0.

Keywords: equation of state, penetrable—sphere model, molecular dynamics simulation.

M = Gaussian core 227} qizle] 25 ARl B|HEH
penetrable—sphere (PS) Edo] Qluh A8A gelr & u), Fx}e]
AR aAl ol@ 9l dal AL Rolel 9loid 20000 thE: 29 AA S AE FAk2) gA 9 B4 G s ekt #
5t} AE Al F2] Bhohes 49) A S Al (soft condensed & 012 Sel|Ee] A7 28 5 gl AHo) gpr) 3k o2 1
G dofa], A Holg@A AT S S 7 Ao B o), 42 4990 PS ¥ hard—sphere (HS) 2}

o} olefst AAAE SRR Ze, E=o|T, viAd FAA], A B3k o o) o1& Fkp At 2k Qe ol Ornstein—7Zernike equation
AE E vkl Hololl 8 o gk 2Rl -8 A thard con—

T

densed matter) ®Ji= hard—sphere, square—well, Yukawa, Lennard— ool TW8led R} #alo] 9l =RR= Likos EHS 25
SR Tkt Bele] <1# ¥ el (interaction potential) Marquest 9} Wittenelf® 2Jaio] Ferel of Z58A12] 754 2%
o] AbgEIIL glont HhA AAE SAAE A B A o 8 Brde AmEl) gale] Ao A4 PS Bl o

Fstructural fuctuation) & FF3 AAA g (macroscopic sofmess) Aldedst o) ul Ak A} Bopol] Y] ARSE T Qo e

=48 e TRIRIHOR 7% 7} vl ofziek A8 SANA HS welo] EAA) o] RS uh-
7AE A} vlmsie] Agtd o® A4 T 9lAlg AAE (reference system) &&= 2 FARH, PS K
el A OEEAR) oY ¥eld ndE & gk gl AAL] So8k VAR S8 ¢ otk gE B, Fele
T o) - o= — agle ¢l
+tTo whom correspondence should be addressed. == 10{} square well Be sauare shoulder OEHT} %75‘:4 N
E-mail: shsuh@kmu.ac.kr g = A ofur|E Fofla, olol AF & (perturbation theory)
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Figure 1. The compressibility factor Zas a function of the packing
fraction ¢ The symbols (with lines to guide the eye) represent our
simulation data for the penetrable—sphere model; the chain—dotted
and the chain—dot—dotted curves, respectively, correspond to HPA
and LPA predictions (see details in the text); the solid curves in
(a) and (b) are given by eq. (13) for the hard—sphere model.
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Figure 2. The reduced configurational energy U/NkT as a
function of the packing fraction ¢ The symbols (with lines to
guide the eye) represent our simulation data for the penetrable—
sphere model.
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Figure 3. The reduced excess chemical potential #™/47T as a

function of the packing fraction ¢ The symbols (with lines to guide

the eye) represent our simulation data for the penetrable—sphere

model; the solid curves in (a) and (b) are given by eq. (15) for

the hard—sphere model.
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Figure 5. The radial distribution function g(s) as a function of
Hofor (@) $=0.2; () $=0.8. The symbols (with lines to guide
the eye) represent our simulation data for the penetrable—
sphere model.
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