Chinese Physical Society
Mﬂ#ﬁ Acta Physica Sinica :

€D Institute of Physics, CAS

BlEF Lennar d-Jones RIS D FRIDFETR
I# SR FX AR
Molecular dynamics study on structural characteristics of Lennard—Jones supercritical fluids

Wang Yan  XuJin-Liang LiWen  Liu Huan

5|5 K. Citation: Acta Physica Sinica, 69, 070201 (2020) DOI: 10.7498/aps.69.20191591
TEZE 2 View online: https://doi.org/10.7498/aps.69.20191591
AN View table of contents: http://wulixb.iphy.ac.cn

BT BB A HAB S EE

Articles you may be interested in

A SRR B LB BRI 7318 12205
Molecular dynamics study on permeability of water in graphene—carbon nanotube hybrid structure

PB4, 2018, 67(5): 056102  htips:/doi.org/10.7498/aps.67.20172424

O35Sl 3 AR A IR R B B TR MRS S S R T A O
Structure evalution of electron irradiated borosilicate glass simuluated by molecular dynamics

YrH2E4R. 2017, 66(10): 106102 https://doi.org/10.7498/aps.66.106102

AR B Si/Ge St N T BETIHILR 1970 F-3h 12205
Molecular dynamics study of release mechanism of stress at Si/Ge interface on a nanoscale

WIHEAEAR. 2019, 68(2): 026801  hitps://doi.org/10.7498/aps.68.20181530

PTG REL SUR R s e DA )
Molecular dynamics simulation of freezing process of water droplets impinging on cold surface

YA 2018, 67(5): 054702  https://doi.org/10.7498/aps.67.20172174

PSR A S AR R > Bl 5
Molecular dynamics study of trapping and detrapping process of hydrogen in tungsten vacancy

YIFIEHR. 2019, 68(24): 240201  https://doi.org/10.7498/aps.68.20190701


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20191591
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.67.20172424
https://doi.org/10.7498/aps.66.106102
https://doi.org/10.7498/aps.68.20181530
https://doi.org/10.7498/aps.67.20172174
https://doi.org/10.7498/aps.68.20190701

) 32 % 3R Acta Phys. Sin. Vol. 69, No. 7 (2020) 070201

#Bllf 5 Lennard-Jones i 48 25 #9435 14
DF=ERR

TH#Y

i B 120

=2 O

1) (fdbrs iR, AR AL BEIR 2 AR 5 AL st E R 5080 %, Jbar 102206)
2) (fEdLr IR, HiRERE AL S REHE I IR, Juat  1022006)
(2019 4E 10 H 21 Hik#l; 2020 4E 2 A 9 HEMEUHR)

B 5 B e S R T AN [) s g Rt B 14 445 R A TE AT B T T8 220 Bt A 28R TR I L A . AR SCR 1
B 32 7 AL I S T Ul SR R S U A ) 2 A R o B U S R A HES R, e ATIR S S U i B
Wil 25 R R, IR, A2 1 23 A R BRI R T R B — G R L I 1) A7 A% Bl (AT AL W R B T i i
S B A 38 DR DR 383, T W SR TR g I, R 0 (A ) T 00 A% R T 4 AR AR L — B, TR
R, ZIGHE R ARTE Ty 40 i By B AR . RE AR b LA AR E B IR X, W i E AR
T S A DR A — 8 AT R, A A e DR AP P A5 T T 407 28 5O (A BT A T 04 5 A1 ek 2 8 I [
B I B R E e, 26 SR B R B W B ARy 1 (R A RE | A il TR A AR BRGSO i L R T, R
(P) 2 LK I F I T3 (P) i, HEFUAAE 0.99 A% B9 4l SR (T,) iR BV /M, P = 1.3P, F1 1L.5P I, #x
ANHES R 55 55 T A6 A RO s (B T 0 s PRI — B, TR T AR SR R, A AU T D0 4 R A 51 ) 3 20 0555

AR S P o

SR IR, 4 A%, SR, HEIA

PACS: 02.70.Ns, 61.20.-p, 78.15.4¢, 05.45.Tp

1 3

JRE S TR I B R SR e TR AR ) A
I L A A A (22 A e 0Bk Ry i A
JE— IS PIRAS, WA ARIX ). SR, BEE i
FEAARAE Tl 12 R, R 22 i 5 45 5]
FFIE. B B LB, n] LR R A
EN=R R A S el R P iy S R | S W P
Widom £k, I BE I AH DG BREL Y 58728 i I 2K,
31 Frenkel 2k &8I AL 11 55 — 1
R4y FRE O HAh, Banuti 2 78 5% 140 T3 )1 2%
RN HE T (04 J5 1t — 2D B R I Ui ARl 43 g 2

i

DOI: 10.7498/aps.69.20191591

W RN = A X, M5 8 1 B
DU RAAIG | e 4 | B4 S 0 S AR B I L ot A4 A
ARz .

H 1 ¢RI PR AR 53 3 ) 2# i 32
LR TR AE PR R 32 T T ) AR DA SO [ S5 pR R
BT AR BE O TR 25 RS2 45 7 T -2 Ry Je
LA AR HR AL T SE 11 B S 40 Skarmoutsos Fl
Samios!"*1 SR F 73 8l 15 7 iAW H I FLK U
FIRE, REWE (1) MIGFRE (T,) W HE
T/T. = 1.03, &R % FE WG SR AN 3 ) “F Rt 5 R GE
R OC R, I AN A X% A R 2k b B
CO, 1% FE G SRUN HEA TS, & BRI Fh I 1A 35
TE 0.7 5 Im A2 L (po ) IS5 B R Y 1S 9 AR

* EFE SR AES: 2017YFB0601801) FIESR H AR A4 (S 51821004) ¥E BRI

t BIEYEE. E-mail: xjl@ncepu.edu.cn
©2020 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

070201-1


http://doi.org/10.7498/aps.69.20191591
mailto:xjl@ncepu.edu.cn
mailto:xjl@ncepu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 69, No. 7 (2020) 070201

Yoshii fll Okazakil'” X} Lennard-Jones (LJ) JifA
WAFRZ T/T, = 1.03, 2% B T A ik
SER RN HEA TR ST, IA ARS8 PR T 7E I S X
SUNAETE BRI L BT R, i 5% FE i AR TR IR A
1AL 1 Metatla 55 17 AR AEAR 7] 4341 pR AL 11
AR R R B2 R OC R BFSEAf E 400 C
G F K 2 A7 e v AR B X 38 5T 45 4
Maddox %5 81 5 4330 )2 7 B 7 =4k L)
DARTEFZ T It S ST 25 BRI 50k, 48 iz el
G FEE CHAERTE T R “Im S B P AR FHBIL
LR R 45 5 Yamane 45 B9 B0 T 48 1)
O3 AT BB S EEA 7o AT i R SRR R R
1T ELATFSE 1 30T 1 55 6 B J AR i %) T A5 50 R A T
BRI OC R, 19 2L I S BT AR 2548
T3y ) 2L B FH RS ) R G A R A A
WA, BRarT3l 1 MNA AT 228 R L2 1
SERUINR B XSO B S50 % B I A A
AR S A T R S 2023

ZE L TIR, BAT SCHERGHRR G ST AA i 25 Fa R
RGBT, SCBR LT #R A th e i — i A TR
b W KBRS D, TEAREL R A
1M H A 2% FEAE S Widom ZeH 5 45 R Y
A ANAERRIm AR T, MG 5 B 3 A ) 45
A AR P TR B () e Ak it B A B SR A1 Ak T 25 1.
W, X I SR g A R s RRT A  i SR A  2
R AR R B BIFFE AR B . A SR 1
B 12T UGN R R ) L ASTR) IR EE T s A
Tt AR P 235 4 R 0 s TR RN B ) AR 1, 404 R
1R B A S S, T IRTE S8 )

4

(a)

ARG R 5 TS A0 1) R 2 X i s i) P 51 g 2
AT T, BT AR 00T e /A DO I ™
e fre/ NHES G ) A HIBIL. BFFE45 R ARUR
JEE 2 T4 7 M SR B R PR A ) S k)
I S L A ) S PR LRI 45 K. AR H]
THIE ST 3 1 # RN LAMMPS S8, 734
BURHT Ovito B F kAT Al Ak

2 MEARA FOEN AT

El 1(a) WP B RER. RENE 2, v,
2 = AT AR FH R A A6 R A R R
ML, =L, =L, =L, BG5S i
W, VIR PR FCC Mg HEs i . A
SCHR OB R, R I S I AR DL R R A
KB RGN, 1528 THE 45 R BA B e a4
PR, A SCESLS B v, &R0 T 4 RE R 40
JEFECR 100 A4~ ARYEAS RT3 T 00 AR EE FE T,
B S TR I 6 B, A5 BIAAULA R 4 RO i el
S 27.2283 05 —40.80400 .

I AR PGSR (T,) 7 150.687 K,
J£J1 (P.) 3 4.863 MPa, % (p. ) 4 535.6 kg/m?,
B R AN [F] R T AP RS () BRI I
ST A 5 Ry o B ) ) 50 il 2 D sl R, BEE
1.1 P.—2.0 P.4 MBI F R J7, WK 1(b) PR,
ANTE 7T B 0.95 The —1.05 Ty 7 A T80 E 47 B 48
3.

R A5 8 I 3L 3t A P 0 1k 2 BRI A Dt 58 45 R
LIS B, 8 e HEIES () A0 B A I 1Y £ B

(b) 12
Liquid-like

10 20P.—>e © ege o o

8 QQ\)
- L
% e o oese o eo«— 15P,
< ol o © ege © o©<«— 131,

e o o e e6«—1.1P, Gas-like
n N
C(150.687 K, 4.863 MPa)
2 . . .
140 150 160 170 180

T/K

1 (a) PEEERLIE (b) AEUDRAS SUTEAR & T i 2 A1

Fig. 1. (a) Physical model of system; (b) simulation points on phase diagram with Widom line, liquid-like and gas-like region.

070201-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 69, No. 7 (2020) 070201
2.5
(b)
20l %} Max point
7
< T L
T. ;:f 1.5
2 =
2 £ Lot
E. Max point
0.5 ! :l— i
ol L Il Il 0 1 /IV L
0.950 0.975 1.000 1.025 1.050 0.950 0.975 1.000 1.025 1.050
T/Tpe T/Tpe
Bl 2 (a) R (c,) 28 MRMIZR; (b) SFIRRST R B () 22 ILIZ

Fig. 2. (a) The curve of ¢, under different pressures; (b) the curve of by under different pressures.

i Widom £&, &I AL X I 43 F il £&,
T T 00 8 HE A 0 28 A A &) 2(a)
JiR, VHE TR T 2RI R, BAREE
FEAAIG 5 S BT . AR R 1Y) 55 T 48 R B (fer) Y72
R 2(b) s, WEIHFRT LS EIE P = 1.1P,
B, A IR 40 R A PO B T IS AR (A, Rl
FEJ7 M K, BUAS AR A B R B R, T
P =1.3P. M 1.5P, i, ¥I7E 1.01T,. 15 B W A8 5, 24
JEJI¥E K3 2.0P, I, Z5R R 40 R 8070 S s B
THAR B DX (] N 2 — P22 ) T, A i
PR AEL S BRI AR M 2 A S AR 2 4 A
FERYEARFREN, s TOUT b s Z i %
BRI E.

STl D1 SRR A A e A, ELERAA
T EE RN A ) 22 R AR

d’l"i

F; =ma; = m e (1)

Hdr m flr 53500 5 F B B AR A&, TR
i BN 4, A B R R B R R R 1Y
T BE a;, FoMBRF 4 Pz e ER ).

AR 4 - 2 18] 0 A EAE AR Lennard-
Jones (LJ) #fetil, Kik=h

=[O0 o

b X T AR RS AR R R T =2 [l RT

2400 =0.3405 nm, i mES4L e = 1.67 x 102,

PR m = 6.69 x 10 2g. MIEHESCHRAFFT,

TEB I AL B rh A GE BT 42 R 5.88 0 1,
i BB, HAHBAE 2R

% H Velocity-Verlet 5. 125 3K fift iz o 75 #2, B

[ DK BOCH 1 fs. FERCHL L B8 X HE A R Geiti fin
NVT % %:, % Nose-Hoover #5177 %, 1 5E
3155 15 ns, B 10 ns b o4 s -7 72, J5
5 ns TGttt fi S, JRemgitd i,
Z Wt g AR A E], B NGRS 20T il s st
6] 0.

3 H#ER 536
R4 70 B R BT

T2l 534 AL (RDF) 2 RS Y X SR 5
WIBRRER L, 43F B 1P S A ) 51 R B
ok

3.1

D

N
ZZAN(T‘C*}TC+6T)

1 t=1 j=1

gre) = pAmr2dr NxD )
H p W RGEWEE, N TRE8H, DA
B SETTE (PEL), or MIREMEE 2, 3% 0T
HHAUPEE ro — ro + Sr BB TEHEN AN .
H A 3159, FEA TR TOLT, IR T8l
SR BE T A2 ) 43 A RS IR AN [ Ay e
4, 1E 1 MEE AR, BRI —MmBa)T . K
RIT” PSSR INGE, FISCHR [26] 4R VR A
EH— A RE T, AR,
WWETZEIAS /N, FE T = 1.05T ) AR —AME(E LAY
I, R SRR SRR XA — AR, TS BT
R 1 AR s, TR T 00T, Fifi i B i T
fE R 1) 43 A PR R IR 2 -SRI, PR IX
B SR LR, TEEERT, A IREN =,
P B TR, B — W (L s 300 %) A5 5 8 1) A Ml

070201-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 69, No. 7 (2020)

070201

2.5

@ o
2.1 —e— 0.99T.
2.0 _: s —+— 1.00T.
He S 20f —v— 1.01T.
—— 1.05T,
1.5 1.9 - -
- 1.05 1.10 1.15 1.20
£ N s oo
= 10t ‘\\%; S T T S I
0.5 F
0 .
0 1 2 3 4 5 6
re/o
2.5 .00
c .
© 1.95f
2.0 /\5 190 [
he'd ES
1.85f
1.5 1.80 L n n
) 1.05 1.10 1.15 1.20
\L/ Te/o
® 10t S
0.5 F
0 .
0 1 2 3 4 5 6

re/o

B3 A oA R

2.5

2.05

rgral 200
iR =

' S195)

(b)
2.0 F

1.5F

1.90 . .
1.05 1.10 1.15 1.20

To/o

1.0 e

g(re)

0.5

2.5

(d) 1.95
1.90

20 : /Q; 1.85:

1.80

1.5F

1.75 L L .
1.05 1.10 1.15 1.20
Te/o

g(re)

1.0F

0.5

re/o

(a) P=1.1P,; (b) P=1.3P; (c) P=1.5P; (d) P =2.0P,

Fig. 3. Radial distribution function: (a) P = 1.1P;; (b) P = 1.3P; (c) P = 1.5P; (d) P = 2.0P..
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Abstract

Supercritical fluids (SCF) have been widely utilized in the industrial processes, such as extraction, cleaning,
drying, foaming and power generation driven by primary energy. Therefore, SCF have attracted more and more
attention in recent years. At supercritical state, liquid, and gas phase are not clearly distinguished, but the
thermal-physical properties of fluid show an interesting characteristic, especially near the pseudo-critical
temperature. Thus, it is of great significant to study the structure and density time series evolution of SCF.Due
to high pressure and temperature for SCF, it can be challenging to collect experimental data of SCF. However,
the advantage of molecular dynamics simulation in convenience, safty and cost over experiments. Therefore, in
this paper,molecular dynamics simulation was performed to investigate the fluid structure and density series
fluctuation curves at supercritical state, and the influence of parameters varitation including pressure and
temperature onstructural characteristics was analyzed. In the simulation system, more than 10* atoms and
simple Lennard-Jones(LJ) supercritical fluids were contained. The radial distribution function(RDF),
coordination number(CN), density time series curve and permutation entropy of fluids at different pressures and
temperatures were calculated. At specified pressure, the position of the first peak value of RDF gradually moves
to the right with the increase of temperature, and the trend weakens with the increase of pressure. CN shows a
downward trend with the increase of pressure and the CN difference at different temperatures gradually
decreases. Simultaneously, the CN distribution area becomes narrow with the increase of pressure. The high/low
density region calibrated by CN is stable, concentrated and large area distribution at low pressure, and the
average density region is small, with the increase of pressure, the area of high/low density region is only a size
of a few molecular and fluctuates sharply with time, and the area of average region is constantly expanding. At
relatively low pressure, the density time series curve shows the characteristic that both the fluctuation range
and quasi-period are large at pseudo-critical temperature. Simultaneously, the permutation entropy obtained
from the time series curve shows three cases: (i) at low pressure (P = 1.1P,), the minimum permutation entropy
is obtained under the temperature that is lower than pseudo-critical temperature, and the system has higher
orderliness; (ii) at moderate pressure (P = 1.3P. and 1.5P,), the state points corresponding to minimum
permutation entropy is consistent with that corresponding to the maximum of isothermal compression
coefficient and (iii) at high pressure (P = 2.0P,), the permutation entropy curve fluctuates slightly and remains
basically on the horizontal line. The results provide reliable support for revealing the characteristics of SCF
from the microscale, and also provide useful inspiration for the practical application of SCF.

Keywords: supercritical fluids, molecular dynamics, structure characteristics, permutation entropy
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