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Abstract: As a new kind of green ionic liquid, deep eutectic solvents have many advantages such as low
saturated vapor pressure, low melting point, low price, non-toxicity and degradability, and are widely
used in scientific research and engineering applications. Their physical and chemical properties, such as
density, viscosity and lattice structure, are the basis for developing solvents with specific functions and
their applications. In this work, the density and viscosity of choline-based deep eutectic solvents at
293.15~353. 15 K were calculated by molecular dynamics simulation within the framework of GAFF
force field, and their average absolute deviations with experimental values in literature were 0. 30% and
6.19%, respectively. At the molecular level, the radial distribution function is used to describe the

structure distributions in different systems and the formation of hydrogen bonds network. It was found
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that the extensive hydrogen bonds network of the deep eutectic solvent system was mainly formed by the

interaction of Cl atoms and H atoms on hydroxyl, and the interaction decreases with the increase of tem-

perature, and increases with the increase of the length of the hydrogen bond donor alkyl chain. The

present work will help us to further study the interaction mechanism between the composition, structure

and physical properties of deep eutectic solvents.

Keywords: Deep eutectic solvent; Molecular dynamics simulation; Density; Viscosity; Radial distribu-

tion function
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Tab. 1 Composition of deep eutectic solvents

& HBA HBD JEEIR L Vinmin i
Etgline SALRRERH (ChCD Z — T (ethylene glycol) 1:2 250 ¢ 500
13proline SRS (ChCD 1,3—N (1, 3-propanediol) 1:3 150 : 450
1:4 110 = 440
14bdline S ALNEHE (ChCD 1,4—T (1, 4-butanediol) 1:3 150 = 450
1:4 110 = 440

034001-2



EIFE, ¥ A EmE KIS

| #5855 3h h F AR

%59 &

(a) &AA2a% (ChCD (b) Z=B(ETG)

(© 1,3 " =81,3-PRO)

@

(d1,4-T =8 (1,4-BDL)

B 1 DES #j &4¢ 24k (HBA) #» 242 -4k (HBD)
Fig. 1 Hydrogen bond acceptor (HBA) and hydrogen bond donor (HBD) of DES
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Tab. 2 Density and viscosity of choline chloride + ethylene glycol /1, 3-propylene glycol /1, 4-butanediol systems simula-

ted values and experimental values and their relative deviation

& T/K oexp/ (kg + m™3) ppa/ (kg + m™?) 8/ % Yexp/ (mPa + 8)  pma/(mPa + s) 8,/ %
293.15 / 1118. 76 / 57.68 /
303. 15 / 1112. 09 / 35. 88 /
313.15 1108. 11 1106. 01 —0.19 25. 80 25.09 —2.77
Etgline (1 + 2) 323.15 1102. 47 1099. 12 —0.30 18. 80 17. 68 —5.97
333.15 1096. 87 1092. 63 —0. 39 14. 20 13. 04 —8.19
343. 15 1091. 31 1085. 62 —0.52 11. 00 9.79 —10.98
353. 15 1085. 79 1078. 89 —0. 64 8.79 7.57 —13.85
293.15 1076. 27 1079. 77 0. 33 61.31 58. 57 —4. 47
303. 15 1070. 62 1074. 48 0. 36 40. 70 41.16 1.13
313.15 1064. 97 1068. 45 0. 33 27.31 29.75 8.93
13proline1(1: 4y 323.15 1059. 33 1062. 12 0. 26 19. 63 21.72 10. 63
333.15 1053. 72 1055. 95 0. 21 14. 66 16. 56 12.93
343.15 / 1047. 37 / / 12. 08 /
353.15 / 1041. 07 / / 9. 39 /
293.15 / 1049. 53 / / 90. 89 /
303. 15 1040. 30 1043. 20 0. 28 54.75 57.20 4. 48
313. 15 1034. 80 1036. 61 0. 17 36. 66 36. 44 —0. 61
Labdline ] (1 ¢ 4) 323.15 1029. 30 1029, 92 0. 06 25.74 25.30 —1.72
333.15 1023. 80 1022. 92 —0.09 18. 68 17.47 —6.48
343.15 1018. 30 1016. 35 —0.19 14. 00 13.23 —5.50
353. 15 / 1016. 35 / / 9. 94 /
®3 AR DESEREXTFAXDMRKXG S
Tab. 3 Parameters of formula (4) and (5) for different DES systems
K% A/(kgem 2« K1) B/(kg+m?) 70/(107 " mPa +s) E, (k] + mol™1) R?
Etgline —0. 6641 1313. 6085 0. 9998 1. 9861 30. 6193 0. 9974
13proline (1 3 3) —0. 5935 1254, 4499 0. 9994 33. 8000 23.9472 0. 9956
13proline (1 3 4) —0.6529 1272. 3130 0. 9959 13. 4000 26. 0351 0. 9999
14bdline (1 : 3) —0. 6464 1243. 3172 1. 0000 1. 8108 32. 4615 0. 9996
14bdline (1 : 4) —0. 6659 1244. 9408 0. 9999 0. 9974 33.4331 0.9991
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Fig. 2 Relationship between density and temperature

of different DES
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Fig. 4 RDF of Etgline (1 : 2): (a) Cl is the reference atom; (b) O7 is the reference atom
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Fig. 5 COM-RDF among components of Etgline (1 ¢ 2): (a) COM-RDF among different molecules; (b) COM-RDF among

similar molecules
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Fig. 6 RDF of Etgline at 273. 15~353. 15 K. (a) Cl-Hc21; (b) CI-HS
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Fig. 8 RDF of 1,4bdline at 273. 15~353. 15 K: (a) Cl-Hc21; (b) Cl-H14
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Tab. 4 Peak heights and nearest distances of CI-HC21 and
CI-H in different DESs at different temperatures

T/K g(») Cl-He2l (HBA) r/A  g(») CHFH (HBD) r/A

Etgline

273.15 11. 956 2.26 9.219 2.3

313.15 11. 043 2. 26 8. 309 2.3

353. 15 10. 044 2.26 7.499 2.3
1,3proline

273.15 13.113 2.28 10. 789 2.28

313.15 13.132 2.28 9. 800 2. 30

353.15 11. 911 2.28 9. 006 2.30
1,4bdline

273.15 18. 317 2.28 11. 696 2.3

313.15 16. 719 2.28 10. 614 2.3

353.15 15. 197 2.28 9. 565 2.32

MFE AT LR 458 (D) AR RHP A
IR R 9 Cl-He21 ([Cho ™ )T i g S kb
KIEARAELE 2. 26 A,CI-H (HBD) ## K A4 &
7623 A (2) B T e CH-He21 f1 CHH
(HBD) AR 332 /)N, B CLJE A2 7E i A
JIEARR B 5 1 1 0 I A D i 2, Rl R T v TR
B T RE 2 CLAT H 22 18] (/9 A0 B AE FHIE0ES » X &
SROTE A IR 5 (3) YL BE T = B 8 40 [E) #H AR
FI A7 A P 4340 1 JE 8 1 iR VS A A sk
TS T4 3 A R 2 R AR
3.3.3 A KE DESKZIT AN A N
TR N R R A 1) e S K 3 R R 54 1)
S, 144 C-H (HBD) \CI-H ([Cho ™) JF[f]
HF ) 43 A R AN 9 o, oA T HEBR HBD AH XS
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