) 32 2 3R Acta Phys. Sin. Vol. 69, No. 12 (2020)

123101

B[R ¥ Lennard-Jones {4 & 58 14 5t 7 B 8]

A R BB

(RAJCFERER S PR be, REIR P S AR B R A S0 2, B A 210096)

(2020 4F 1 19 HULE; 2020 4F 4 A 3 HikEIENH)

T G 2500 TR 00 7 B, DATBOWL£A R T = 0.85— 5., HFE p* = 0.85—1, #F % e = 0.97 1
Mo = 0.8—1.3WRN 22 4 B L4735 KBS H R T Lennard-Jones (L-J) 14 () 7k 550 5th 22 1 1R) 2847 7 BF
T, T HRF LIRS ZE 8 (B o' TR RBR SO G ) RSl F M (iERekiE G .
PR G ) S HREE S i, ARG IEAE o0 BT T 2 500 R A0F 3t BT 1] . Maseweell 3ty B¢ eF [] 5 J52 - 325 36 5th 7%
). HAh, A SCHR R 2 G0 N 5 T A HEAR I 0, I Kramers 36 3% 3 R30S #5857 A0 9 B0 0 Bk 7, 4R 1 JE
HEST T — PR L-J R g o B IR B k. AR ER W R T LR RS, RIS T,
Maxwell 7 75 B 5] 55 78 55004 A 5th 750 eF 1] 252 53 W Jed 5 Do~ 26 308 ot 940 WoF I 5 280 00 AR U st 74 s [ 2% 2R 42230, {HL
JE - 2 3 At 7 Ao () 199 3 0R0 Ao R R 20 K SR T () AR SR B U 0N R A 0 0 st B A () 5 8 Lk AR AT 5t 2%
V1) 0 235 SR T SR 20T . AR SCHRE Y B D - AR Rl 5802 it T S i) % T vk B — 5 B R T S RT

oA sk 2t S8 st TR I T ) RO 5 B 4 — R 17 S

X#EA: Lennard-Jones ¥, 7Ll Zhaidt, shpgastia), SO0 ik

PACS: 31.15.xv, 28.52.Fa, 46.35.+z, 96.15.Pf

1 5

RN T R IR — BN, AT
AR AT SR AR, (H 22 DRELEE AR R A
], s ZER PO A (R I fE] ), al
FERBUNFNE (Rl e I g ). Rk iy A
FUZ M THORIN 7> Tz sh A st b, k2
SN, o me N 55 A0 S IR AN RS, AT
FELET RS L DRI, B ot R A SR AR R
LR e A EE A, ELS ) SO0 e A
EAEHTEAEAR DR, ARy S 4 M) Rl s st B ik [a] 2
AT A MRI, Xt P o R R RO T 5 BAT E 1Y

FUR, BIFFEE AT T R 3k st st o] (4 Ak 5
SCEFA =P I7 95 B S AL 5t TR TR g |
Maxwell SIS 18] 7 e ~ BT R SRS ] 777

i

*ER HRBIERES (EES 51776041) B BhAYIRAL
t iBIE1E#H. E-mail: zhao lingling@seu.edu.cn
©2020 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.69.20200138

B R A Bt F5 S 18] s 2 R B A R 5 b RE
PR (14 38 5 SR 0L Y s ], LA 8 AL e B
HH 2 S A st ) RUBE B Suntharl®) 35 HS 7E 4R
D L ARAUIR SR (B R a) R Rz ) Y SR Y
fBRERL R (L) BORFHUERIE (FitE), mifem
WRAST (SR ), TR Y EE B A
FRIE, fiff BEAR it 5 H0UREASE B 1Y 5 AT X6 7 () ) [
BR8P E R 5t B B 8] 7 . Agrawal 25 ) R
ST T, AEZS I R B Sl A i A A 1) i
Rl I, 32 B AR A5 3 T o T SR IR it
A SASURERST 15, RS S 5 480y ) S5
SER—F, UER T N AL iR AT LU SR G
S S R[] 5 . Maxcwell SFEHSE] 7%, o A2
H A5 UL A SR 3 4 ot 260 A st 74 B[] 1Y
Tk, AR EE NS FRIUN TR T
Maxwell il F4 i} [8] A AH S WF 5. Hartkamp 55 6] 32
FH Green-Kubo 223X M8 11551 &7 B - A A 6

http://wulixb.iphy.ac.cn

123101-1


http://doi.org/10.7498/aps.69.20200138
mailto:zhao_lingling@seu.edu.cn
mailto:zhao_lingling@seu.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 2 3R Acta Phys. Sin. Vol. 69, No. 12 (2020) 123101

JE | TC55 KRR B UIRLEE | Maxwell 5t 55 B[] 45
LGB N P G | WERSTErI DA <L St (B VL3
ZE 9 Guillaud %5 9 3% il TIP4P/2005f J1 3714
T RVEFEIEEE TR KR AT R, 455 Bs 4R
JEMR T 285 K I, Maxwell sth B i [a] JC 1% R AF 8%
IKISTRAT R SEAESR, R o BT Rh ik i = A B,
A LT TR 9 8 LR R R
it A 285 P 5t B s B . Twashita A1 Egamil™ 7 ¥
P TR A PR N IR 7 O e e A
kL A G Rk it R, IR I8
B4R B AL AR A A Maxwell it 7 i (7]
T 32 3 At P4 B B AT L Y, S SR R A
FEfR R T B, (AR 12 38 5t 7R e ]
T BE S WL S A S A IR . Ashwin AT Senl' 7E
I3 M Yukawa AR P Maxwell it # i} &) A1 7%
At T4 Fof () ) 3 A v i S DA 37 A ot P P T R
S LI RZ) AL NGO S U AT

ZE LR, 78 L3R = Fh 3R R sth et [ 1)
D5, BT AR ST R B A A A AR B
P R AR, (R TR EE RN R T W5 ) i
REA S AP FERL &, TR R | TR R AR .
Maxwell 5t 7 B [8] (9 11 58 fi) 28, (5 L $ 34 %2 3]
Maxcwell #5270 131 {1y R il 17 J6 2 0 T 5832 14
Jo 14, D5 4 3 st T4 sF ) R A% DAL 7 JRE i R Y
IR J3kasth = A= i IR R (HCHA R B AR 2R
IR RIRGEITEF R sk, Wik, dE—3F
JEAT Y SR vk s PR i R v ST BT
A L.

AR SCE A 0 FH A8 285 43— A AEL A O vk X T
T*=0.85—5 . % p* = 0.85—1, B =0.97—1
Flo = 0.8—1.3 35 [F] PN W 31 A7 285 B 25 1 B i
F Lennard-Jones (L-J) fRAFL 3 PESETT THFSE,
THRT ZE R S0, 00T T R MR st R B
[E] . Maxcwell ity 75 st (] R0 503742 38 5t 4 6F 1] B4R,
AT R G0 JR - HEAR A SERE ) A Kramers 3
AR R SR TP B DR R, R
ST PR L-J RS N s, wT oA AR
R P st (] () A 5T 4R T A S

2 HFRXNZ R %

21 MN&ERGE
R XA G A T A ) AT, AR SO Y
YYBLAEY R <L AL B R 07, EAR < o,

T =Tk/e, p* = po®, t*=t\/e/mjo, r*=r/0,
p*=pa’/e, n* =no’/yme. HH e Ml oy L-J
SR, A FRBEE R 0 B AR TIEES | SAREBIFIR
FEs m IR B, TN E SN IR AL, B
FK; p RRERE, BN mol/L; p b g, B
i MPa; n AZEE, B fuPass.

ARSCHSN YRR L-J R R SR H JE 0
FEORAE IO TR R (BE&T) M 16 x 16 x
16 AT AARFR, I BEORH 7 1) %85 B 4 B s N R
FH, WE 1 PR,

K1 LJEITERS
Fig. 1. L-J fluid simulation system.
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Fig. 2. Verification of viscosity of L-J fluid at different tem-

peratures.
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Abstract

Viscoelastic relaxation time is an important concept to characterize the viscoelastic response of materials,
which is directly related to the interactions among the microscopic atoms of materials. Few studies have focused
on the methods of characterizing viscoelastic relaxation time. To investigate how to represent viscoelastic
relaxation time effectively, the viscoelastic relaxation times of the monoatomic Lennard-Jones system on 22
conditions in a range of 7* = 0.85-5, p* = 0.85-1, ¢ = 0.97-1, and ¢ = 0.8-1.3 are discussed from a microscopic
perspective by the equilibrium molecular dynamics methods. Static viscoelasticity (viscosity 7", high-frequency
shear modulus G%,) is calculated by the Green-Kubo formula, and the Fourier transform is applied to the
calculation of dynamic viscoelasticity (storage modulus G’* and loss modulus G’*). On this basis, the
viscoelastic characteristic relaxation time (myp ), Maxwell relaxation time ( Tywen ) and the lifetime of the state
of local atomic connectivity (7c) are calculated. The viscoelastic characteristic relaxation time myp, defined
when the two responses crossover, is the key measure of the period of such a stimulus when the storage modulus
(elasticity) equals the loss modulus (viscosity). Maxwell relaxation time Twen = 7*/Gh, where 1" is the static
viscosity under infinitely low stimulus frequency (i.e., zero shear rate), G%, is the instantaneous shear modulus
under infinitely high stimulus frequency, and 7c is the time it takes for an atom to lose or gain one nearest
neighbor. The result is observed that 7. is closer to myp than m.we - But the calculation of 7 needs to take
into count the trajectories of all atoms in a certain time range, which takes a lot of time and computing
resources. Finally, in order to characterize viscoelastic relaxation time more easily, Kramers’ rate theory is used
to describe the dissociation and association of atoms, according to the radial distribution functions. And a
method of predicting the viscoelasticity of the monoatomic Lennard-Jones system is proposed and established.
The comparison of all the viscoelastic relaxation times obtained above shows that Ty 1S quite different from
™o at low temperature in the monoatomic Lennard-Jones system. Compared with mywer, Trc 1S close to mp.
But the calculation of 7- requires a lot of time and computing resources. Most importantly, the relaxation time
calculated by our proposed method is closer to myp. The method of predicting the viscoelastic relaxation time of
the monoatomic Lennard-Jones system is accurate and reliable, which provides a new idea for studying the

viscoelastic relaxation time of materials.

Keywords: Lennard-Jones system, molecular simulation, viscoelasticity, relaxation time, prediction method
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