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Molecular dynamics simulation of infinite
dilution diffusion coefficients for several alkanols in H,O
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Abstract: The infinite dilution diffusion coefficients (D,,) of some methanol, ethanol, and 1-propanol
in water under the condition of 0. 1 MPa and 298 ~318 K were simulated by molecular dynamics ( MD)
simulation. The microscopic structure and the intermolecular interaction was also analyzed by calculation
of the radial distribution function, coordination number (CN) between the center mass of solute and sol-
vent molecules, and the average number of hydrogen bond of this system. The simulated values are in ac-
cordance with that of experiment. In addition, the peak height of radial distribution function, coordina-
tion number, and average number of hydrogen bond all decrease with the increase of temperature, indica-
ting that the accumulated water molecules around alkanol molecule decrease and the interaction between
alkanol and water reduce. These factors jointly enhance diffusion coefficient. In general, this work pro-
vides a reliable simulation method for transfer properties of solutes in water. At the same time, the results
are helpful for one to deeper understand the relationship between microscopic structures of fluid and its
transfer properties.
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Table 1  Bond-stretching parameters and angle-bending parameters for OPLS-AA

Bond-stretching parameters

Angle-bending parameters

Bond o/ nm ky/ (kJ +mol™" « nm™?) Bond o/ nm ky/ (kI +mol™" « nm™?)
CT-CT 0. 152 90 224 262. 4 HC - CT - HC 107. 800 276. 144
CT - HC 0. 109 00 284 512.0 CT - CT -HC 110. 700 313. 800
CT - OH 0. 141 00 267 776.0 CT -CT -OH 109. 500 418. 400
HO - OH 0. 094 50 462 750. 4 HC -CT - OH 109. 500 292. 880
CT - OH -HO 108. 500 460. 240
CT-CT-CT 112.700 488.273
#2 OPLS - AA Jj37 A 240
Table 2 Dihedrals parameters of Ryckaert-Bellemans form for OPLS-AA
Dihedrals C, C, (0% C, C, Cs
HC -CT -CT - HC 0.627 60 1. 882 80 0. 000 00 -2.510 40 0 0
HC - CT - CT - OH 0.979 05 2.937 16 0. 000 00 -3.916 22 0 0
CT -CT - OH -HO -0.443 50 3.83255 0.728 01 -4.117 05 0 0
HC - CT - OH - HO 0.941 40 2.824 20 0. 000 00 -3.765 60 0 0
CT-CT-CT-CT 2.928 80 -1.464 40 0.209 20 -1.673 60 0 0
CT-CT -CT -HC 0. 627 60 1. 882 80 0. 000 00 -2.510 40 0 0
CT -CT - CT - OH 2.874 41 0.581 58 2.092 00 -5.547 99 0 0
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Table 3 Non — bonded parameters for OPLS — AA

Atom type q/e” &/ nm e/ (kJ-mol™")
CT* -0. 180 0.350 0 0.276 144
cT'’ 0. 145 0.3500 0.276 144
HC 0. 060 0.250 0 0. 125 520
OH -0. 683 0.3120 0.711 280
HO 0.418 0.000 0 0. 000 000
1) a: ZETFRAE P EROBRIE T b BT RN A AR T
F4 K THEIISE
Table 4 Model parameters of water molecules
Model /e /e (g0-0/ ky)/ Fo_o/nm To.on/ k. on/ 0, Lwon” ko, ,non/
K nm (k] - mol™' - nm?) (°) (kJ - mol™" « rad™?)
SPC-Fm'”  -0.82  0.4] 78.2 31.66  10.00 463 700 109. 50 383.0
U > kr,OH( )2 4 IMIPERRIAESE T 293. 13 K| 0.1 MPa FHIE, &
intra — Ton ~— To,0on < e
l 2 B 1 — NEETE /K H A T R B HCR B, AR
ko ,on 2 ZMRIK H 36% . 11.8% . 18.8% , A~ K FAI =2
Z ) (OLHOH - 00,4H0H> (1)
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Table 5 Molecule number N, mass fraction and

mole fraction of solutes in alkanol- water system

Solute N Mass fraction/% Mole fraction/%
CH,0H 28 0.99 0.56
C,H;OH 20 1.01 0.40

1-C,H,0H 15 0.99 0.30
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Table 6 Comparison of simulated infinite dilution diffusion coefficients of alkanols with experimental values

10°m” s

[ (b) ethanol

&(r)

.0 0.2 0.4 0.6 0.8

't (c) 1-propanol

&(r)

0.4 0.6

r/nm

0.0 0.2

&l 1
Fig. 1
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The radial distribution functions between the
mass centers of alkanols and

water molecules at different temperatures

298 K 308 K 313 K 318 K
alkanols
Exp. MD Exp. MD Exp. MD Exp. MD
methanol 1.5477 1,567 1.59 1.89M 1.89 2.10M 2.22 2,351 2.48
ethanol .22 124" 1015 157M ) 10530 1057 1.80%, 1.69M) 1.83 2.01M, 1.91M 1.95
[ —propanol  1.05) 1.02%  1.06 1.320 1.30 - 1.67 1. 68" 1.78
2T B RS TIRL RIS AR E R RO OV
Table 7 Characteristic values and coordination number for the radial distribution functions between the
mass centers of alkanols and water molecules
system T/K e g (N —ve CN (r,,)
2! 41. 1. . 25.4
CH,OH - H,0 98 8 33 58.8 5
318 41. 4 1. 31 60. 8 24. 8
298 44. 6 1.33 60.0 26.7
C,H;0H -H,0 o
318 44. 6 1.29 60. 4 26.2
C,H, OH - 1,0 298 42.6 1.34 61.4 29.2
318 42.6 1.31 61.6 28.7
1.6 (a) methanol
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Table 8 Average numbers of H bond of alkanol-alkanol, H,0-H,O and alkanol-H,O in aqueous
298 K 318 K
System
alkanol — alkanol alkanol -H,0  H,0 - H,0 alkanol — alkanol alkanol - H,0 H,0 - H,0
CH,0OH/H,0 0. 003 2.20 3.44 0. 008 2.12 3.40
C,H;0OH/H,0 0. 009 2.41 3.60 0. 005 2.33 3.50
1 -C,H,0H/H,0 0. 003 2.30 3.63 0. 001 2.26 3.52
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