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Molecular Dynamics Simulations and Free Energy Perturbation
Calculations of Alkyl Aryl Sulfonate
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Abstract: To investigate the influence of surfactant molecular structure on micellization in solution, we used
molecular dynamics to simulate the molecular structure and interaction of three alkyl aryl sulfonates in vacuum and in
solution. The solvation free energy was calculated from the free energy perturbation (FEP) method and the obtained
result was consistent with that obtained using the surface tension method. Research has shown that the micellization of
alkyl aryl sulfonates in an aqueous solution is a spontaneous process as the aromatic ring shifts from the edge to the
center of long carbonic chains, which results in a decrease in the ability of micelles to form and a decrease in their
stability. Changes in the “iceberg structure” around the hydrophobic groups and the water molecules may affect the
stability of the micelles and we studied the “iceberg structure” by considering the lifetime of the hydrogen bonds.
Additionally, we find that the number of hydrogen bonds between the hydrophilic groups of the alkyl aryl sulfonates
and the water molecules can affect the decomposition and stability of the micelles.
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Table 1 Thermodynamic parameters of the solvation
alkylaryl sulfonate at 298.15 K

Alkylaryl sulfonate AGy/(kJ-mol™) AG/(kJ*mol™) AG/(kJ-mol™)

30C14S 6.421+0.002 —59.587+0.005 -66.008+0.007
50C14S 6.810x0.002 —57.710+0.005 -64.520+0.007
70C14S 6.791+£0.002 —53.286+0.005 —60.077+0.008
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Table 2 Thermodynamic parameters of the
micellization of alkyl aryl sulfonates in aqueous

solution at 298.15 K

10'cmc (mol-L™)

Alkyl aryl sulfonate AG,/(kJ+mol™)

30C14S 0.9643 —65.77
50C14S 1.289 -64.33
7PC14S 3.006 -60.13

cme: critical micelle concentration; AG,,: micellization free energy
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Table 3 Statistical analysis of MD trajectory

Alkyl aryl sulfonate AFE./(kJ-mol™) AE,/(kJ-mol™) Nakgrvat

30C14S 2.351+0.213 18.17+0.321  2.340+0.0001
50C14S 3.670£0.205 15.92+0.345  2.345+0.0015
70C14S 6.635+0.208 10.34+0.331  2.380+0.0013

AE,., AE,: mean difference in water and in vacuum; Ny average
hydrogen bond number between hydrophilic group and water molecule
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Table 4 Summary of results of hydrogen bonding lifetimes

T 30C14S 5PC14S 79C14S Water
ype Rate (ps™) t'/ps DG (kJ-mol™) Rate (ps™) '/ps DG (kJ-mol™) Rate (ps™) ¢'/ps DG (kJ-mol™) Rate (ps™) t'/ps DG (kJ+-mol™)
forward 2.86 0.35 2.54 222 0.45 3.14 1.67 0.60 3.32 146  0.683 3.58
backward  12.50 0.08 0.39 6.66 0.15 0.65 3.85 0.26 1.12 329 030 1.58
relaxation 0.26 3.85 7.84 0.24 4.10 7.99 0.22 4.46 8.25 021  4.66 8.34
rate: response frequency; #': response time; DG: hydrogen-bonding energy
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0. 7K Ly DX Jaf i) BR il 38 18 B 4 A2 ¥ grochange 521
SICHR2TIANR, A3 7 THESRAEXT A S A7 AE
R H B AH S PR AL Eht FoRFEIE R, B
T3 7B AR IS S5 Ay 32 252 S SR 8 A B J 1R, SR AR )
£ (RZY 0.5-1 h), {HXF SU5EAR Ak A9 25 28 0 4 1,
17 BB 1 ik 3 FH 1 B

Rt — 2 B S AR, B 9 g T UKL X3
IRy F i B el £, o] DLBH B o B AE W) 4R B BE TS
PRI R T, “vKINE5 " G TE B, 7453 [H]
SHEVERT ZAMA R K 3o B B )3 K, st g%
TR T B A A VR R B TR R, R EE R 2 T
B KRS | JI4E R T 06 A B 46 G SE T i PR vk 1L
T 17 X &7 e 0 W 4 [ By R € A
BRI REAL, R R 2R, XS
Tanford > Pr it AH — 2. £ 4 NP Hr B ST
BIgE R, s Tt R R SRR Eh A5 B
SCIX 35§, P B U 4 R A Y I 1] (forward) 1 36 1]
(backward ) A% 52 0 i 550 S 45 44 it ¥4 475 L (relaxation).
FH SCHER[241 AT 1, SUSHEAF 76 JR 038 5 LA IE ) 2 1 s
6] R, T s N 3DC14S<5PCI4S<7DCL4S. FKH
Z RS E AR A aT A R R K T R
SR MR AT AR N, BRI B A, SRR g
AV SR B3, DKL S5 R A [, e 2 B
IRAE FESR “ UK L2540 " MEBE IR, 4 7 REERA T
TERL. R, = Fhab A i e HEIT A1 3P C14S>
5$C14S>7PC14S.

RGN UK LI A5 R A A AR R
Bt 0 P ) R Be S v [B) 7 B B8 B, R MV PR 40
TR A FE ARG R ME, HIE R i k22, B
X =R 30C14S 1 5 T UK HIB U R
IcARsE . [Al, 2% 4 W5 T 4l K 7% W (water) Hh 2B

SR LA TR 5 SCHRAE 0681 1223

3 4

FHI >80 J127 07, BAUL T = e 55 JE i
PRERAE L5 MK IR T A S5 A FIAR LA, JF
R E R TR AR P k& B e E
Uiy bR o7 T e R - S & el L1 i D R
VR B /K 800 %o J AR A S AR S, AR A 1)
ST RS E B KIS S RIS RS 58 T Kk 3
JE K 535 ST A A . ST SR, T P e
I HEREPREL T AL i R B R A T, FLBOR
ARE T3 Bl 55 A i) e BE B F 18] 47 B0 20 T Dl 5535 45511
A B Hh o3 7 TRV FE A AR ELA A R A 3
i, HESh T AR RS Bl 2 K2 5 JE [ K 70 1
R A H I 2, 23 TR PR, R AL RE
US55 /KR Ji] R DK L 250 o S SR A A B
B K RER IR DK L 2854 X RE AR, AR A i R AN
Sy ieAs, BT IS RALBE J1dess .
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