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A Trail of Calculation of Entropy by Molecular Dynamics Method
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The possibility of effective calculation of entropic properties by the molecular dynamics method was
examined. The ‘test particle method’, which is known to be useful for dilute equilibrium system, was
thoroughly examined for Lennard-Jones fluid in NVE ensemble system. For the future applications such
as the direct simulation of phase change phenomena, the possibility of reliable estimation of chemical
potential with a short time averaging was explored. The convergence of the test particle method was
summarized for number of test particles, number of real particles, number density and temperature.
Finally, a suggestion for the modification of the test particle method is discussed.

Keywords: Molecular Dynamics Method, Entropy, Lennard-Jones Potential, Test Particle Method, Chemical Potential

000000 0OO00O0D0O000O0O0000O00000
0000000000000 D000000D0O00DO0o
0000000000000 0000o0oOo0ooooo
0000000000000 0000000000ononono
jo0000000O0O0O0O0O0O0Oo000O0oOooOoooo
jo0000000O0O0O0O0Oo000O00O0oOooOoooo
0000®l0000000000000ooOoooooon
00 NVEODODODOOOOOODODDODODODOO0OO
00000000000000O000O0O0O0O0oOoOoOooon
0000000000000O00000O0O0O0O0OoOoOooo
jo0000000O00O0O0O0O0O0O00oO0oOooooooo
OO0, NVT, NTPOOOOO0OO0OO0O0O0O0O0O0O0O0OO0O0OOO
Jo0o0000O000000o000000O0OoOooOoooo
0000 Grand Canonical Ensemble D 0000000000
0000000000000 0000000O0OoOoOooon
jo0000000O00O0O0O0O0O0O0O0oO0oooooooo
0000000000000 o0o0o0OO0O0OD0O0ooOoooon
0000000000000 000O0O0ooOoooOoon
00000000000000000000 NVE OOO
0000000000000 D000000D0O00DOoOo
jo0000000O000O0O0O0O0O0OoOo0oO0Oooooo
0 O Oeoupling parameter 0 00 0000000000000
000000000000000000O0O00O0OoOoooo
00000 T,0000 ,00000000000000

S(1)-S(T) = f%[g—fjdhf%ﬂ ()
000000000T,0 ,0000O0O0O0O0O00ooooo
go0o000oO0oOocG O TOO0O0O0O0O0O0O0O0O0OO
0000000000 dcoupling parameter 1 0 000 00O O
0000000000000 D000000D00O00D0OoOo
0000000000000 D00000D0O00nO0o
Jo00000000000O00O000O0O0O0OoOoOoooo
jo0000000O0O000o0000O0O0O0oOooOoooo
0000000000000 ooooooooooooDoon
0000000000000 D000000D00O00D0OoOo
jo0000000O0O0O0O0O0O0O0O0O0oO0oOooooooo
J00000000000000000000ooooon
0000000000000000000O0O0O0oOooooo
0000000000000 0O000Oono

Lennard-Jones 0 0 0000000 OO0OOOOOOOOO
0000000000000000 Ree®O Nicolas0®0 0O

gboobooboooooboboobobobobobooobooon
gbobooobooboboobooooboboon

P*=p3T*4P*= p*T %4/ (p*T%) @
goooodoobooooooobooooboooooooan

oboobo0 1 o0bobooocbooboobooboboo
A,=4-4,00d4=-SdT-pPay 00 oooooon

A@*_T*f[p*T*_l]de* 3)

gopbodbobobboobooboboobgecbboobo
obooboo0Op=GNDOOG=4+Proooooooonon
goooboboboooooudgd
*
}M*(@
P

T* = K*L P*_T*ap
. p* oT *

gbobooooooobobobobobosoooboooboon
oboooooon

U+ AT
¢ oT *

*
T*&*=U*+{§;—T*j‘%* ®)

0000000000000 0000000000O00on

000000000000 WebOOODOOODOOOOO®O

00000000 0O00000000000000000

y:Jﬁg]:%{ﬂﬁq 000D0OMNVEOOODOOO
oN EV ON EV

0000000000000 0D00O0DO

—p-p = —kTln| — 32 ayp| =L
I"le - IJ u[g len[ <kT>3/2 <(kTm) eXp|: kTm :|>:l (6)

Table 1 Non-dimensional parameters.

Length and Time P =rl/o, t*=t/\Nmo’/¢e

Temperature and Pressure T*=kT /e, P*=Po’/¢

Number density p*=po’=No’ IV

E*=E, /(N€)

Kinetic and Potential Energy
U*=U/(N¢)

Helmholtz and Gibbs free energy A*=A/(N€g), G*=G/(N¢)

Chemical potential MW= /e =G/(N¢)

Entropy S*=S/(Nk)

Subscripts: e = excess from idea gas  Ig = ideal gas




D000, =26/3v) 00000000000
L, =-kTh|l(pAH| 000000000000 000

A=4yr*/2mkT) 000000000000 OO0OOODOO

gooboobobo ybobooboboboboboobo
gooboooobooobbooooboboobobooo

cut-off 0 0 0O (Lennard-Jones 0 0O OO O OO0 DOOOO

U=Upp—— (7

gbobeuoOobooboobobobo NyOobooobooo
goooboboobaob
Oooooooooooo0 oogoooooobooao

Lennard-Jones 0 O u=4£{(0/r)12 —(U/r)(’} 000r = 2.500
cut-off 00 OO0 0OO0ODOO 10000000O00O000O0DOO0
0000000000 0Om =39.95 amu, € = 1.67x102' J, 0 =

3.405A000000000g/k=12096K, 1= {mo’ /e =2.146
psO00MO00000000 VerletDODOODOOODOO
ooooooo0l ps000000D0000DODOOO00OODODO
oooOoOloops 000000 DODOO0O0DODOOO0OODOD
000 200ps 00000000000 DOO0OOOOOOOODO
100000000000 NOODOODOODOODO0
00 (,00000000000000000000000
000000D000000000 10 2500000

0100000 N=2560000p*=0.7, 00 T*=1274
O0DO0ONO 216000 4096 0000000000000
00000000000 1000000000000000
0000000000000 D00000000000000
00000000000 000000000000000d
0000000000000 D00000000000000
00000000 ORee™D Nicolas 0®0 000000 ((3)0
U=G/N=A/N+P/p000000000000000O0O
00000000000 0000000000000000
0000000000000 00000000000000
0000000d(UDO0D000D000N00N0nooong
200000000000000000000000000
0000000000000 00000000000000
000000000 loopsd0 0000000000000
oooo0oooooon

02000p*=0.7, T*=1250000 1000ps 00000
0000000000000 D00000000000000
000000000000000000O00d00 Nicolas O
0000000000000 00000000000000
0000000000000 D00000000000000
0000000000 NDOODOOODOOODOODOOOOO
000000000000000000000000000
0000000000000 D0000ONODOOODOOOO
oooooooodog
0300000000000000000000 1000ps
0000000000000 00000000000000
OD000 Reed Nicolas 0D O00D000000DOODOO
0000000000000 D00000000000000
0000000000000 00000000000000
0000000000000 D00000000000000
0000000000000 D00000000000000
00o00@0 exp(-U, (k7,000 0000000000
p* =09 0000000000000 0O0DO0O000
exp(-U, (kT,) 0000000000000 ODOOOOO
0000000000000 00000000000000d
000000000 0D000D00000000000000
000000000oDooooo

~1.6[7 : ; ; . 1.3
N=4096 Temperature

= 1128 ,

8 [

S -1.8J, o

-— I =)

5 i/ AN AN M 2

s q1.26

[

ks g

§ ; i

5 2f 1.24

o ;

3

X Nicolas

w 41.22
—2.2y N=216

0 200 400 600 800 1 O(}O2
Time (ps)
Fig. 1 Convergence of chemical potential by test particle method.
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Fig. 2 Effect of number of test particles and real particles.
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Fig. 3 Effect of temperature and number density.
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