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Abstract: Molecular dynamics simulation was used to study the aggregation behavior of mixed N-dodecyl-N,
N-dimethy-3-ammonio-1-propanesul fonate (SB12-3)/sodium dodecyl benzene sulfonate (SDBS) surfactant
system at oil/water interface. The effects of Ca?* on the properties of the mixed surfactant system were
investigated from a microscopic point of view. The simulation results showed that the mixed SB12-3/SDBS
system with a molar ratio of 4:6 exhibited the best synergistic effects. The additive Ca?* could replace Na'
at the oil/water interface, which compressed the polarity head groups of SB12-3 and SDBS so that both the
surfactants were arranged at oil/water interface more closely. Radial distribution functions indicated that the
interaction between —S0O;3 in SB12-3 and SDBSand water molecules increased with the addition of Ca?*,
Na" was closer to —SO5 in SB12-3, which compressed the thickness of electric double layer. Meanwhile,
the solvent accessible surface areas declined obviously in the presence of Ca®*. By calculating order
parameter and angles between the hydrophilic groups and hydrocarbon chains of SDBS and SB12-3, it was
found that Ca?* could enhance the interaction between oil and hydrocarbon chains of SB12-3 and SDBS,
and reduce the oil/water interfacial tension.
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Fig. 1 Molecular structures of SDBS and SB12-3 after GAMESS
optimization (Blue, purple, yellow, red and white are,
represented for C, N, S, O and H, respectively)
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Table 1 Charge digribution of SDBS and SB12-3 after GAMESS

optimization
J??‘ff? LA J - L fif fe ETRE B0 J5 - HL fif e
= SDBS SB12-3 SDBS SB12-3
1 -0.153  -0.092 14 -0.280 0.145
2 0.173 0.120 15 -0.051 0.145
3 -0.020 0.005 16 —0.044 -0.029
4 -0.016 —0.065 17 -0.051 0.244
5 —0.001 0.067 18 -0.281 -0.159
6 0.019 -0.024 19 0.876 0.908
7 -0.044 0.003 20 -0.584 -0.568
8 0.072 0.038 21 -0.584  -0.568
9 -0.088  -0.015 22 -0.584  -0.568
10 0.029 0.010 23 0.123
11 0.098 0.157 24 0.106
12 -0.167 -0.078 25 0.122
13 0.225 0.324 26 0.106

¥ 2 SB12-3/SDBS F i 4 & ik RO ERAET 1)
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Fig. 2 Schematic of the mixed SB12-3/SDBS system with
amolar ratio of SB12-3 to SDBSin the initial state
(Green, blue, purple, yellow, red, white and orange
are represented for oil, C, N, S, O, H and Na’,
respectively)
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Table2 Simulation systems and their compositions
I3 T EE T AL

(I np tny - P or
SB12-3 SDBS Water Oil Na" CI~ Ca

B0S10 0:10 0 120 5000 1000 120 0
B1S9 1:9 12 108 5000 1000 108 O O
B2S8 2:8 24 96 5000 1000 96 O O
B3S7 3:7 36 84 5000 1000 84 O O
B4S6 4:6 48 72 5000 1000 72 0 O
B5S5 5:5 60 60 5000 1000 60 O O
B64 6:4 72 48 5000 1000 48 0 O
B7S3 7:3 84 36 5000 1000 36 0 O
B8S2 8:2 96 24 5000 1000 24 0 O
B9S1 9:1 108 12 5000 1000 12 O O
B10SO 10: 0 120 0 5000 1000 0 O O
B4S6C20 4:6 48 72 5000 1000 72 40 20

3 KEBIKERN LG X IFE
Table 3 Total energy and IFE of mixed systems

(LA nytomg Eoal (kImol)  IFE/(kJ/mol)
B0S10 0:10 —263947 -338.158
B1S9 1:9 —268200 —387.000
B2S8 2:8 —267364 -393.433
B3S7 3:7 —266016 —395.600
B4S6 4:6 —264881 —399.542
B5S5 5:5 —262947 —396.825
B6S4 6:4 —260993 —393.942
B7S3 7:3 —259007 —390.792
B8S2 8:2 —256991 —387.392
B9S1 9:1 —254968 -383.933
B10S0 10: 0 —248792 —345.867
B4S6C20 4:6 -301621 —705.708

E,«=-179808 kJmol Espps= —363 kJmol Esgio3= —229 kJmol
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Fig. 3 Mass density profiles of B4S6 and B4S6C20 systems
along Z axis
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Fig. 4 Snapshots of B4S6 and B4S6C20 systems (Blue, purple,

yellow, red, white, orange and green are represented
for C,N, S, O, H, Na" and Ca®", respectively)
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Fig. 5 Mean square displacement of water moleculesin B4S6
and B4S6C20 systems
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Fig. 6 Radia distribution functions between -SOz and hydrogen
atoms of water in B4S6 and B4S6C20 systems
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Table 4 Amounts of hydrogen bonds in B4S6 and B4S6C20

systems
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Fig. 7 Radial distribution functions between -SO3 and Na*
in B4S6 and B4S6C20 systems
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