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Abstract: Molecular dynamics simulations for the penetrable-sphere model have been carried out over a wide range of
the packing fraction ¢ and the repulsive energy parameter £* to investigate the self-diffusion properties of the bounded
repulsive fluids. The resulting self-diffusion data D are compared with theoretical approximations including Boltzmann
and Enskog diffusion predictions in the gas kinetic theory. Empirical Enskog-like approximation based on the Enskog the-
ory in the hard-sphere model we also proposed. The product of ¢D exhibits the transitional behavior from a nearly con-
stant function of density in the lower repulsive system (£*=0.25) where the soft-type collisions are dominant, to a rapidly
decreasing function in the higher repulsive system (£¥=4.0) where most particle collisions are the hard-type reflections.
For highly repulsive systems with high densities, a relatively poor agreement with our proposed prediction are observed
due to the cluster-forming structure and phase transition from the fluid-like to the solid-like state in such bounded repul-
sive fluids.

Keywords: self-diffusion, molecular dynamics simulation, bounded repulsive fluid.

M B

195080 &2 8 ) aeAe] AY e

A4 Flory-Krighaum 1523} 19701l Bz] ,

@ T LA S 98 HE 545 d9ste ol
Q12252 F33510d, Flory-Krighaum-Stillinger

= 2 34 FJElZ5E Gaussian core model(GCM)

4733
d g

ﬂ‘r‘

Y
o AN

O

Stillinger
]

A
>

1M o o

"To whom correspondence should be addressed.
E-mail: shsuh@kmu.ac.kr
©2016 The Polymer Society of Korea. All rights reserved.

594

olg 2ozl F-Et}, o] Hr} dutslel ¢lg wdS 4
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Figure 1. A semi-logarithmic plot for the product of the packing
fraction ¢ and the reduced self-diffusion coefficient D* as a function
of ¢. Symbols denote MD results for the PS fluid; the chain-dotted
and the chain-dot-dotted lines correspond to the HS Enskog pre-
diction in eq. (6) and the MD-based HS empirical equation in eq.
(11), respectively; the solid lines represent our proposed Enskog-
like approximation at a given g*-value in eq. (12).
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H, Boltzmann®] Stosszahlansatz(collision number hypothesis)’
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Figure 2. Normalized velocity autocorrelation function as a func-
tion of #7% for (a) £=0.25; (b) &=4.0.
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Figure 3. Mean-square displacement curve as a function of #7™ for
(a) &*=0.25; (b) *=4.0.



Figure 3(b)] &=4.09] 745, 53] =2 D=9 Z7ofA
Figure 3(a)2} vi-¢- th2 5/4& Ho|i St} 27| ro] 71&
71E Zte A S5 A7 A gEA A4S vl &
2 AZWARE A = B o] 7)o =Eet] Ko
7o) #olF Fej= Walslal Atk ol e=4.0 2 $>0.6
Z70M As ko] B STl A YRFEe] A 0]
A2 W7 2% (translational motion)= .t} YEo] A4 2
$-5(vibrational motion) & ¥FES YERNL Sitt o=
o], Figure 3(b)2] ¢=1.02] MSDS] =71 AJ7F Wslo] wh
2} 7] s oF 0.020%0 77H-H, wEbA ol A
PS #1e] #17 WHah= oF 0.1400] WAE AR DFsIaL
t}. ol dF2] YA % d(blob formation)l] &3k A
o] EAL Wkgsl U}, 3k sk 2 =57 dAF
J12E A E A AR gk npe} Zho], PS YRS =2
g2 AUA] 27X EErt S71el wet As JAEe]
ME HA = & FYEHE I8 =M LFE] Ssit on top
of each other’?] Eo|3F 1% = 7S 2n|slal Sk

it offt do o 19 ¢

>

¢

2 o

44 =

—
T E HAF
AAA o2 aAstaA), st B 3 X g3
oA/ MD A4t BARS Felslal o] & F3ol| HarE o]
123} vlaskgleh. SAlo HS Ao 33+ Enskog o] &
12 7122, PS Ao tiste] Enskog eS| AHZ AA)|
]2 Aletatdnt. 3uF Y% g 02 ZA0A MD A
2} Sonine ZAPHE ©]-8-3F PS Boltzmann &4+
Het A3E 2o o PS §A47 7=

2 YA 1.5 k7% vlaste] W2 AEA o
A2 zh= =025 2 0.75 2719 75, B AeA Aeke
Enskog SE]9] PS EHbale H|w2] BE L% HEloA o
AT & AAT 2 DTt SR et 2 F
A ofR] 27 (e4=4.00014 & A2 £-879¢] Hl=
stk dAF T EEF AR A AT o] @l
gD= oA W3t EAS HAth olE o, 9AF g 5
o] FH vk HHA ofux] A £=0.2504 AL A
T4 g el Holuh, vhH AR BUbsst A ARk
FEo] FH =2 HHH x| 2791 ex=4.004 ¥4
4 ¥4 FEE YeEE o]ge 2 UxoA VAR 72
Fejol] et 572 28] 2ot A A St Alge
PAF=2] AFo] 4F

e

7Fsd PS BY A9 AA it &
2 2HE A oyA|

o,

N
1> A o rh

>«r1.m

d
o

>,
S

r
J
tlo

. do

Jﬁr
<|
E:Fé
Ho rir

$

Q)

=

w3
L

)
O.

o,
=Y

i

WEste] dx $R3E
¢l Universidad de Extremadura®]
Andrés Santos XA ZARE EsH= njo|th

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

AT 1A 2 599

il

f 1

o
ror

. P.J. Flory and W. R. Krighaum, J. Chem. Phys., 18, 1086 (1950).
. F. H. Stillinger, J. Chem. Phys., 65, 3968 (1976).
. S. Prestipino, F. Saija, and P. V. Giaquinta, Phys. Rev. E, 71,

50102 (2005).

. B. M. Mladek, D. Gottwald, G. Kahl, M. Neumann, and C. N.

Likos, J. Phys. Chem. B, 111, 12799 (2007).

. B. M. Mladek, P. Charbonneau, C. N. Likos, D. Frenkel, and G.

Kahl, J. Phys.: Condens. Matter, 20, 494245 (2008).

. W. P. Krekelberg, T. Kumar, J. Mittal, J. R. Errington, and T. M.

Truskett, Phys. Rev. E, 79, 031203 (2009).

. J. P. Mithen, A. J. Callison, and R. P. Sear, J. Chem. Phys., 142,

224505 (2015).

. M. J. Fernaud, E. Lomba, and L. L. Lee, J. Chem. Phys., 112, 810

(2000).

. M. Schmidt and M. Fuchs, J. Chem. Phys., 117, 6308 (2002).
10.

L. Acedo and A. Santos, Phys. Lett. A, 323, 427 (2004).

A. Santos and A. Malijevsky, Phys. Rev. E, 75, 021201 (2007).
A. Malijevsky, S. B. Yuste, and A. Santos, Phys. Rev. E, 76,
021504 (2007).

K. Qamhieh and A. A. Khaleel, Colloids Surf. A, 442, 191
(2014).

C. N. Likos, Phys. Rep., 348, 267 (2001).

C. N. Likos, Soft Matter, 2, 478 (2006).

S.-C. Kim and S.-H. Suh, J. Chem. Phys., 117, 9880 (2002).
S.-H. Suh, C.-H. Kim, S.-C. Kim, and A. Santos, Phys. Rev. E,
82, 051202 (2010).

S.-H. Suh and H. L. Liu, Bull. Korean Chem. Soc., 32, 1336
(2011)

V. Chihaia, J. M. Calderon-Moreno, N. Stanica, V. Parvulescu,
M. Gartner, and S.-H. Suh, Rev. Roum. Chim., 56, 1115 (2011).
C.-H. Kim and S.-H. Suh, Polym. Korea, 35, 325 (2011).

C.-H. Kim and S.-H. Suh, Polym. Korea, 35, 513 (2011).

A. Santos, “Kinetic Theory of Soft Matter: The Penetrable-sphere
Model”, in Rarefied Gas Dynamics, M. Capitelli, Editor, AIP
Conf. Proc., No. 762, p 276 (2005).

S. Chapman and T. G Cowling, The Mathematical Theory of
Nonuniform Gases, Cambridge Univ. Press, Cambridge, 1970.
J. O. Hirschfelder, C. F. Curtiss, and R. B. Bird, Molecular
Theory of Gases and Liquids, John Wiley & Sons Inc., NY, 1954.
J.-P. Hansen and 1. R. McDonald, Theory of Simple Liquids,
Academic, Amsterdam, 2006.

N. F. Carnahan and K. E. Starling, J Chem. Phys., 51, 635
(1969).

H. Sigurgeirsson and D. M. Heyes, J. Molec. Phys., 101, 469
(2003).

B. J. Alder and T. E. Wainwright, J. Chem. Phys., 31, 459 (1959).
J. M. D. MacElroy and S.-H. Suh, J. Chem. Phys., 106, 8595
(1997).

J. M. D. MacElroy, L. A. Pozhar, and S.-H. Suh, Colloids Surf.
A, 187, 493 (2001).

Polymer(Korea), Vol. 40, No. 4, 2016



