2012 458 70 4 77 i)k Vol. 70, 2012
551, 6~14 ACTA CHIMICA SINICA No. 1, 6~14

s WFFTIRC
AYNEFiRIAE Gemini BRI R ELE R EK AR FP RIS F 31 FiEH

XEFE  BAWC  xhg®RT T MF° F O#E" O BAKC
(“PRIRIE T R B2 B2 R BRI 150001)
C AR T 2B KK 163318)
CRKRMHEARITTAR R R R KK 163453)

WE RT3 R TTE T R 57 A Gemini DKM I PR 7R A T IR 2 TG PRI SR AL g ).
RS RN, T ) sk AR B R oK B EL R /D, 3R LUE IERBRIE; 70130 )1 2 U5 21 10 s S A L
AAC KA SEIARAT, T LUE PE BUAAN R 4540 1) 8 VB Gerind WK 237 R FRUBRAR RE 5 2 AT Ry 2 BRI 2
fdazg), AFIT BT RAA Gemini KM G R FILE K WP R RBOR; BEAh, WFF0E A IR FE AN [ F) 1 19 ¢
) Gemini K IV 14 770 ] EIEAR AN R (M BR AL BB, S<<6 IN, BaAN T A Ul R 5 R AE SR A T R IR AL, Bl
Bk bR Bk BERRE G N, [C,-4-C,im B AR RE Ty $ ;M0 B D BRI E RN, [Cio-S-Croim] IR AL RE I AR, 24 S
>6 I, 73 FEREETS WO ANILE 2 7 ek By B LA NS B 23185 7, TR J R R (A AR B e A A5 TG 6k LA
LRGN, SRR a9, WA LA HI3G 3, [Coo-S-Coolm] B AL BE 1 32 5.

FEEE I FRAR L, JERAL; 2278 )R B AT Gemind KM TG PR, IkHHE ]

Molecular Dynamics Simulation of lonic Liquid-type Gemini
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Abstract The surface activity and the ability of micellization of ionic liquid-type Gemini imidazolium
surfactants in aqueous solution were investigated by the molecular dynamics simulation. The simulation re-
sults indicate that the surface tension calculated from pressure tensor is lower and need to be corrected by
multiplying the modified coefficient. The critical micelle concentration calculated by molecular dynamics
simulation is consistent with experimental values, and can be used to discriminate the capacity of micelliza-
tion of ionic liquid-type Gemini imidazolium surfactants. As the temperature rises, the micellization of ionic
liquid-type Gemini imidazolium surfactants becomes more difficult with the aggravation of molecular
movement. In addition, we found that ionic liquid-type Gemini imidazolium surfactants with different spacer
lengths should follow the various mechanism of micellization. At S<6, the self-assembly ball of single
molecule begin to form the larger micelle. As the carbon atoms of the alkyl chains on the imidazole increase,
the formation ability of the micelles of [C,-4-C,im] is enhanced. But the formation ability of the micelles of

[C10-S-Cioim] decrease with the longer spacer. However, at $>6, one molecule inserts the crooked spacer
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into the interspace between the alkyl chains of the other molecule which leads to the formation of the larger

micelles. Therefore, the micelle formation ability of [Cj-S-Cjoim] enhances because the repulsion forces

decrease and the hydrophobic interactions become stronger with the spacer lengths increasing.
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Table 1 Structure and symbol of ionic liquid-type Gemini imi-
dazolium surfactants
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S =4, [C,-4-C,im|Br,

n = 10, [C1¢-4-C1oim]Br,
n =12, [C12-4-C42im]Br,
n=14, [C14-4-C14im]Br2

S=0, [C,mim]Br

n =10, [C4omim]Br
n =12, [C4omim]Br
n =14, [C44mim]Br

Sample S n
[Comim]Br — 10
[C{;mim]Br — 12
[Ci4mim]Br — 14

[C19-4-C1yim]Br, 4 10
[C1-4-Cy,im]Br, 4 12
[C14-4-C14im]Br, 4 14
[C10-6-C1pim]Br, 6 10

[C10-8-C10im]Br2 8 10

“Cjo, Ci2, Ci4: the number of carbon atoms of long alkyl chain; 4, 6, 8: the
number of methylene group of the spacer; im: imidazole; mim: monomer

imidazole.
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Table 2 Surface tension of water and a series of ILGIS at 298.15 K

Sample N, N, 10*X, Px/Pa py/Pa p-/Pa I/nm y/(mNem" b}
water 0 1000 0 —9.58 —9.28 5.321 2.12162 71.98
[Ciomim] 1 1190 8.4 —17.82 —2.97 222 2.32315 67.43
[Ci,mim] 1 1180 8.47 —1.96 —4.92 8.57 2.32023 64.12
[Ci4mim] 1 1170 8.55 —4.22 —5.61 5.92 2.30982 57.56
[C1p-4-Cyyim] 1 1150 8.7 —2.12 —1.15 5.563 3.51257 58.15
[C13-4-Cy,im] 1 1180 8.47 —5.92 —1.86 2.933 3.51357 55.15
[C14-4-Cy4im] 1 1200 8.33 0.89 —4.19 4.546 3.51365 50.07
[C10-6-C1pim] 1 1250 8 —4.39 —4.84 2.518 3.73584 61.29
[C10-8-Cypim] 1 1230 8.13 —4.37 —4.47 3.624 3.51487 65.03

“The first two columns (N, N,)are particle numbers of surfactants and water, respectively, X is the mole fraction of surfactants, X;=N,/(N,+N); Here, L, is the

height of the box, py., p,, and p.. represent the pressure tensor, y is the surface tension.
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Figure 2 RMSD plots of [C;p-4-C;pim] at 298.15 K
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3 298.15 K FAFEIIKEE[C,-4-C,oim] (K TH 7K J1 (N, = 1150)
Table 3 Surface tension of [C;p-4-C,gim] with different concentrations at 298.15 K (N,=1150)
N, 1 2 4 6 8 10 12 14 16 18
X 0.00087  0.0017 0.0035 0.0052 0.007 0.0087 0.01 0.012 0.014 0.016
pl(gecm™) 0.0193 0.0387 0.0773 0.1158 0.1541 0.1929 0.2315 0.2701 0.3087 0.3473
y/(mNem™") 582256  53.7612 452512  37.6904  32.5329  30.7368  30.7365  30.7366  30.7371  30.7374

R4 LKA A FRELE T 2R A ILGIS I SR AL Ko,

Table 4 Critical micelle concentration of a series of ILGIS at different temperatures by pressure tensor method

10° X,
T/K . . . . . . . .
[Ciomim] [Ciomim]  [Cyymim]  [Cyp-4-Cipim]  [Cp-4-Cppim]  [Cy4-4-Ciyim]  [Cyp-6-Cygim]  [Cy-8-Cyoim]
288.15 11.82 9.74 7.29 7.68 4.87 2.12 8.95 8.12
298.15 11.86 9.79 7.34 7.72 4.9 2.13 8.97 8.15
308.15 11.9 9.89 7.37 7.76 4.94 2.16 8.99 8.17
318.15 11.94 9.98 7.42 7.81 4.97 2.19 9.05 8.23
328.15 11.99 10.1 7.53 7.89 5.11 2.27 9.12 8.31
“ Xeme is the mole fraction (X7) of ILGIS on the critical micelle concentration.
WAL RE s, B RS 2 —EL [FR, FRATE AR 9.0 |
FEAUME I B 7> 2 — 5 SR ARE, X — MR SEH T
e R PE S T IR € ET IO 75 RN K 871
k. j&w
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Table 5 Critical micelle concentration of a series of ILGIS at 8.1 .
) —1— [C,-S-C,gim]
different temperatures by pressure tensor method
K 10 %cme/(mmol L") 781 d
[Cig4-Cygim]  [C14-Cppim]  [C14-4-C4im] T s s 1 s
288.15 427 2.71 1.18 S
298.15 4.29 2.72 1.19 Bl 5 298.15 K T[Cyo-S-Cioim] ] Xome-S 12k
308.15 431 2.74 1.21 Figure 5 X_,,.-S plots of [C}-S-C}pim] at 298.15 K
318.15 4.34 2.76 1.23
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288.15  5.05 0.68 0.10 B, IXIRGS T AR B ALGUE R b 5K B R A RO
29815 5.06 0.71 0.1 P, Bt S RN eme 2% BT
308.15  5.07 0.73 0.12 S BB KR (S>6), BA B 5 A]
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A: Initial structure of [C;(-6-Cjoim]; B: final structure of [C;p-6-C;pim]; C:

initial structure of [C;¢-8-Cyoim]; D: final structure of [C;(-8-Cjoim]
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Table 7 Average radius of gyration of [C,-S-C,im] and [C,mim] at 298.15 K (Section III)
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Figure 7 Radius of gyration plots of hydrophobic group of
[C14-4-C14im] and [C14mlm] at 298.15 K
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and water at 298.15 K
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