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Molecular Dynamics Simulation of the Vibrational Energy Relaxation of

I, in Nano-confined Argon Solution

MAO Rong-Rong LU Yang ZHOU Li-Chuan LI Qin-Ning LI Shen-Min"

(Liaoning Key Laboratory of Bioorganic Chemistry, Dalian University, Dalian 116622, Liaoning Province, P. R. China)

Abstract:
simulated by the equilibrium molecular dynamics (EMD) approach. The solute vibrational energy relaxation time 7}, as

The vibrational energy transfer of I, in argon solution confined in a nano-spherical cavity has been

a function of the radius of the spherical cavity and the solvent density, is calculated and discussed. According to the
analysis of intermolecular interactions at atomic and molecular level, the reason of 7, increasing with the cavity radius
decreasing is explored. The results showed that the geometry confinement and surface effect played an important role
in the solvent distribution, which would influence the vibrational relaxation significantly. In addition, the simulations
of bulk system indicated the values of 7; obtained by EMD and non-equilibrium molecular dynamics (NEMD)

were in good agreement for I,/Ar system.
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Table 1 Potential parameters

Potential Parameter Ar I Cavity
Lennard-Jones™! o/nm 0.345 0.378 0.250"
(elks)/K 124.9 4729 231.6*

Mores!™”! DJeV 1.54

a/nm™ 18.6

ry/nm 0.267

(a) The 9-3 potential parameters for the cavity are the same as in Ref.[46].
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Fig.1 Vibrational energy relaxation time T’ of I, from
EMD and NEMD simulations at different argon
densities
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Fig.2 Vibrational energy relaxation of I, from the
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Table 2 Average number of argon atoms in the

important regions around I, and the T for bulk
system with varying solvent densities

pl(g-cm™) I+I1 I il T\/ps*
0.5 6.73 3.36 3.37 53.0
0.7 9.11 4.30 4.81 40.7
0.9 11.10 5.17 5.93 28.1
1.1 13.12 6.09 7.02 19.4

(a) T, is calculated from the EMD simulation.
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Fig.3 Autocorrelation function of the force acting on
solute along the vibrational bond
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Table 3 Average number of argon atoms in the important regions surrounding I, confined in
the spherical cavities

I+11 I 1T
R/nm VJV*
bulk surface bulk surface bulk surface
1.2 0.59 8.59(0.67)° 5.41(0.33) 4.30 2.87 4.29 2.54
1.5 0.48 8.31(0.71) 5.57(0.29) 4.10 291 4.21 2.66
1.8 0.40 8.23(0.82) 5.53(0.18) 4.10 2.93 4.23 2.60
2.2 0.33 8.00(0.81) 5.43(0.19) 3.88 2.68 4.12 2.75

(a) The ratio of the surface volume to the whole solvent volume; (b) The probabilities of mass center of I, in the two solvent

layers are given in parentheses.
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Fig.8 Mean square displacements of solute I, in the
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Table 4 Forces (x100 J-nm™) along the solute bond and their ratios

Rmm A Somax Ju S Hfa Somdfio
1.2 39.28 49.20 282.60 0.80 0.14 0.17
1.5 32.06 49.15 298.60 0.65 0.11 0.16
1.8 22.89 48.77 290.14 0.47 0.079 0.17
2.0 16.68 48.66 292.48 0.34 0.057 0.17
1.8° 3.19 51.85 331.42 0.062 0.01 0.01

(a) The potential for the spherical cavity is without abstraction term.
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st 4 T

HE— 25 () 73 (B AR EAE T 0 A R W, 7245 78
T HEAE T, BRAC X7 B4R o sth 74 1 sk /1
R 7, (ERE A2 A0/ mi 3 in . /N 2f ik &
(R=1.2 nm) "1, BRFE 5Tk 422 10 57 ik f5e A 0 7 771 e
T SR, B3k R K I R B A SRR TR Y
17%, PRI 7906 5 1, AR 3hath 3545 BE FH i 2R A0
TOCHEARAAIRE R, A, 8 el AR SR A

2, BT NS HFR B2 AR R RS5Ol 45
TR, BR7E 1 2 1 FH X 52 BRVE Y0 A7 1 52 Wi 48
K, PRI L, Bt ot 7™ A 3 A i) X i 25
FERLSE BRI R b, o TR IEAVE R 280, IR3h
STE AT -5 A SO [R]R) JLAT AR G R

B, X FARSZ RAAHH, R A A ——
P53 1% (NEMD) Ji i A 2580 71 %#(EMD)
Ik, BE T ARRIBET, WAr RS0 E, 15287
WS PRshRe bRt ] 7. A EbF NEMD £ 41
J7, EMD FHLIRR T 5.
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