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Molecular Dynamics Simulation of “Quasi—Gemini”
Anionic Surfactant at the Decane/Water Interface

Xia, Kun Kang, Zhihong
Yuan, Ruixia Niu, Ruixia*
(College of Chemistry and Chemical Engineering, Northeast Petroleum University, Daqing 163318)

Gao, Simeng* Nai, Yongning

Abstract Anionic surfactants play a key role in many industrial fields such as drug delivery, detergent, oil displacement and
food processing because of their unique amphiphilic properties. The structure of surfactant in oil-water system has a great
influence on the interfacial behavior. It is of great significance to study the structure and interfacial properties of surfactants.
In this paper, the all-atomic molecular dynamics method was used to study the aggregation behavior of nonylphenol-
substituted series of alkyl sulfonate surfactants (C,-NPAS) at the decane/water interface. The effects of different sulfoalkyl
chain lengths on the interfacial properties of nonylphenol-substituted alkyl sulfonate surfactants were investigated by analyz-
ing the interface thickness, interface formation energy, interfacial tension, the radial distribution function and coordination
number. Simulation results have shown that the interfacial thickness increases at first and then decreases as the length of sul-
foalkyl chain increases. The same trend was found in the results of the interface formation energy (IFE). The absolute value
of IFE follows the order of C;,-NPAS>C4-NPAS>C;,-NPAS>C5-NPAS>Cy-NPAS, indicating that the C;,-NPAS is the
most stable system in terms of energy which should be attribute to the stronger aggregation ability. Moreover, it is observed
that the trend of interfacial tension is in agreement with that of interface formation energy and the interface thickness. Sur-
factant C;,-NPAS induces the minimum interfacial tension. The calculation results are consistent with the experimental data.
Furthermore, the radial distribution function and the coordination number of water around the surfactant headgroup were
obtained for evaluating the interaction strength between the hydrophilic headgroup and water molecules. The results are well
in accordance with the trend of the interface formation energy and interfacial tension. This indicates that the length of alkyl
tail affect the interaction between hydrophilic headgroup and water indirectly. Simulation results suggest that the length of
alkyl tail plays a dominant role in the interfacial behaviors. We expect that the results of this study could be valuable for the
understanding of mechanism and the design of high performance surfactants.

Keywords nonylphenol substituted alkyl sulfonate; molecular dynamics; interface property; oil-water interface; aggrega-
tion behavior

518

LU T 2 e ) S ek 2R T R A AR A,

AR, VR B2 500 R LR MR PEREAT T2

SR T P 7 T SRR P 79 2% AR 1 S AR VR ST

MIRRIRAAAE T 30, B2 AE A, AT B H 2 )iz,
FEPT AN Pk, K. 915 Al TUE ST
PSP i ol U, R TS LR T
APEIE, SO A TUA SRR AR A e
7R TR AR 7R A T A B P AR S S K T

* E-mail: gaosimeng2006@126.com; niuruixia999@sina.com
Received October 12, 2019; published January 10, 2020.

BEE TR PR R, VF 2K 1Bl 1%
7 B T /K S T R o0 AL ER AN F i
NI R R DAk 2 X (Vs N DR ) 7
R T PR (K08 25 R S AL A R R (1520, He TR

Project supported by the National Natural Science Foundation of China (No. 21606042), Northeast Petroleum University Cultivation Fund (No.
2017PYQZL-08) and Northeast Petroleum University Talent Engineering Research Start Fund (No. RC201724).
i H % [ 5K B AR A 8 (No. 21606042) AR AL Al K22 8E 7 32 (No. 2017PYQZL-08) M AR LA i K22 A A LRI B 4:(No. RC201724) B ).

Acta Chim. Sinica 2020, 78, 155—160

© 2020 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

http://sioc-journal.cn 155



o F 5 R

%Eéﬁ“]%ﬁﬁﬁz‘?iﬂﬁ%ﬁm@ﬁ%ﬁﬁﬁ?%ﬁuzﬂi'ﬁiﬁ%
IR R SRAE AR A R AT, SRR K
jj'ﬁk*%}%%’ﬁzﬁcr” KRR ﬁa@ Jang it fIZH 1)

%zﬂﬁﬂ%ﬂﬁ/ﬂﬁn?wk)%&ﬁﬁﬂ’wgﬁ
%éi%ﬁk?%ﬁiﬁ%%ﬁﬂﬁ%ﬁﬁﬁmﬁ AR S
A rh 25 S AN, SR A 4-C 6 I RO RE K 'ﬁzﬂaﬁj\ﬁﬁiﬁ,
AT GE 2 T BT T A 3 T ¥ M R HE A T R AR I
(o FETH 5K 0 i E BRI PV YR 4 1 Bh ) 2
BEAUHIT T T F2 5 AR 110 ot ok TR At e 28 0 2 ML 7K /<R
TR/ b T THI PR35 B 43 A B 2 AL RO SR THI 3G P ) SR AR 45
MBI P B, R T 3R TH S P 770 45 A6 R Jo 2 1 ) %
A HRBASRE S T3 TR R T AT
F G M 7S e 38 Z IR 3 75 1E -+ /S bi—/K F i 1)
RGN, WHIT T RIAERR R L AT B0 K
TIPSR FR S T R AL SR 4y 1 Bh 1 SRR T
HHLT D FRHE-3 5k B IR R AN TR NS MR A AR/
AT R 2 R AR I R, 4 TR 3R W 4% o J B 1) 1) A
AR R T VAR R S R o B K VE .

FERTEI TR, ARl A/ T — 2R 8
WUF-" 25 K6 1) T B gy AR ot STt I b R T V& 1 7, SR
e B G N 5 T 95 e FE R 2 (C,-NPAS, n=38, 10,
12, 14, 16)/KEHH-—KBIA SR /), H52 7 R
P 7 e KXo Y — /K BN A ST 7 T R, 4 SRR
C1,-NPAS 1A R BEHE 7= A AR LTI 5K /0. Kk &R A 3R
THT 375 1 7 0 &5 F o ST AT A R ORI U ek
SRS S5 MR R R A EEE L A TAE
DA By HAR 1) o S R 36 3R T VG ME A T X 4, R
AR 50 18 71 2% D7 1ER AL 1 T R Ty AR ) do i il
I B 7E ZE e/ /K ST O SR B2 AT S, DABARESE 5+
AR R B K R B K B S e /K ST AT R IR R
R SEEG i — D I AR AR AR .

2 EEE

1 A TRV RSB K 1) T My AR e S s B By R T
R TR EE, 1d/E C,-NPAS (n=8, 10, 12, 14,
16). {4 F packmol F2 7! V) @ 1 /2 I i 1k 701K/ 2 T
TE PSR, o T 10700 N K 41 RA
JHA 700 AN IEZE e 57, /KPS AR A 65 MR
TSR T RIRFR R R AR PE, K I
T 260 4~ Na'. R ESRTAH 8.0 nmX8.0 nmX 15 nm.
FITE AT 35 SR ) = o J Ik 254, DA iy S 38 1 5
M.

S BRI 5% ] gromacs2016 FEFR05E K, BT
JEF¥RH GAFF 77372750, K45+ H SPCE
AR 5 LA 3 FH 20 SR FEL 95 (RESP) 543 81, X1
B—MER, HCRA R T FBFZE TR E R/ ML, B
Ja R4 ¥ 8 15 J71EAE 101.325 kPa. 298 K 4614 F %
AT IEM REZEINVT) RIS S R RZZINPT)RL S 10

156  http://sioc-journal.cn

© 2020 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

ns. [k JJFVRBE 53 K - Berendsen fHJEFI Velocity-
rescale THIR Y7772, ShIZS 8] 5504 1.0 A1 0.1 ps. 15
R 7RO K AE ] LINCS 57353172415, Lennard-
Jones A ELAE F A 124428 1.2 nm. i Particle-Mesh
Ewald (PME)RFIVEXT & HAH BAEH B AE S 0 21T 1
THE. BJS/E NPT RZ5 X &R RIHAT T 30 ns 1501
B SIZEERL, BE KN 2 fs. iiT 30 ns B AR,
R R AR BRI T4 Ak 1S SRR R fa e
B ) 5525 1) 10 ns BUZEHISK 3. SRA VMD 1.9.1
AR 7 WS 5)) 7] 54008

SO; S03 SO; SO;
o % o o
Cg-NPAS C10-NPAS C12-NPAS C14-NPAS
\/Ks/ L& g
‘r‘ l,. ‘\_

decane

water
C16-NPAS

B RIETER 1SS BRI o i 2
Figure 1 Molecular structures of surfactants, decane and water mole-
cule
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First hydration shell Second hydration shell

Total

Os-OW OO -OW Os-OW Oo -OW
Cs-NPAS 0.21 0.25 0.46 0.32 1.24
Cio-NPAS  0.21 0.25 0.45 0.36 1.27
C;;-NPAS  0.22 0.26 0.49 0.37 1.34
Ci4-NPAS  0.22 0.25 0.47 0.35 1.29
Cis-NPAS  0.22 0.25 0.46 0.34 1.27
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