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The aggregates in sodium dedecylsulphate (SDS)/dimethylbenzene/
water systems have been investigated using dissipative particles dy-
namic (DPD) simulation method. Through analyzing three-dimen-
sional structures of aggregates, three simmlated results are found.
Onme is the phase separation, which is clearly observed by water
density and the aggregates in the simulated cell; another is the wa-
ter morphology in reverse micelle, which can be found through the
isodensity slice of water including bound water, trapped water and
bulky water; the third is about the water/oil interface, i. e. , ionic
surfactant molecules, SDS, prefer to exist in the interface between
water and oil phase at the low concentration.

Keywords mesoscopic simulation, dissipative particles dynamic
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Introduction

One important application of surfactants is that their
aqueous solutions are able to dissolve substantial amounts of
compounds which have very low solubility in water. Similar-
ly, surfactants can also greatly increase the solubility of water
and other polar compounds in hydrocarbons and other liquids
of low polarity.! Some experimental methods*” and computer
simulation® have been devoted to the spreading of surfactant/
water/oil system. Especially for reverse micelle or w/0 mi-
croemulsion of these termary systems, different experimental
techniques®’* and molecular dynamics (MD) methods'> were
concentrated on investigating the water morphology in these
systems. Moreover, for vapor/liquid interface of three-dimen-
sional Lennard-Jones fluids, both MD and Monte Carlo (MC)
methods'®® have been reported, but few simulations have
considered the liquid/liquid interface, because it is difficult
to investigate the liquid/liquid interface of Lennard-Jones flu-
ids in three components systems containing several thousands
particles using MD or MC methods.

In this paper, we study water morphology and liquid/
liquid interfacial properties in surfactant/oil/water system us-
ing mesoscopic simulation method. The different surfactant
systems through dissipative particles dynamics (DPD) simula-

tion have been investigated.!>*?® This method is an effective
coarse-grained molecular dynamics simulation method for sim-
ulating complex fluids, such as surfactant solutions and poly-
mer melts. In this technique, surfactant molecules are de-
scribed by particles that act as centers of mass, and each par-
ticle represents a large number of atoms. The aggregation
properties of different systems can be investigated using the
mesoscopic simulation method.

Simulation model

DPD technique is a mesoscopic simulation method for
complex fluids. A modified velocity-Verlet algorithm?®! is used
to integrate the Newton’ s equations of motion. The position r;
and momentum p; of particles at the next position can be ob-

tained using the following equations: 2%
dr; = (ﬂ) dt (1)
m
dpi= D 0;ydt (2)
i
0.2

where w is r-dependent weight function vanishing for the dis-
tance r between the particles and w(r) =(1-7r) for r<1
and w(r) =0 for r > 1. Three forces are conservative force,
dissipative force and random force in the square brackets of
the equation (3). The detailed methods have been depicted
in the former papers.'®® In the DPD method, two properties
must be considered, one is the liquid compressibility, and
the other is the mutual solubility. These parameters can be
used to show the properties of surfactant systems.

For the present application, we used the simplest possi-
ble model, i.e., the surfactant molecules are represented by
two beads tied together by a harmonic spring; the water
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molecule and the oil molecule are represented by one bead re-
spectively. The interaction parameters among the head, the
tail, water and oil can be obtained via Blend program in
Cerius® package. The system that we selected includes ionic
surfactant, SDS, water and oil, dimethylbenzene.

In the simulation, the calculated interaction parameters
are listed in the following table in the matrix form (Table 1) .
When these interaction parameters are used in DPD simula-
tion, the mesoscopic properties of surfactant/oil/water system
can be obtained, such as the micelle shape, the density dis-
tribution of water in the micelle, and so on.

All computational works were performed on the SGI
workstation, and the software programs Cerius? and DPD from
MSI (Molecular Simulations Inc.), San Diego. The simula-
tions comprised of a total of 3000 beads including surfactant,
water and oil beads in a cubic cell of size 10 x 10 x 10R%,
where R is a cut-off radius. The spring constant between dif-
ferent beads in the surfactant molecule is equal to 4 according
to the paper reported.? The DPD times are usually equal to

10000 in order to obtain the steady and balanceable results.

Results and discussion
Microphase separation using the isodensity slice of water

Fig. 1 shows the process of microphase separation of the
simulated system (including 5% surfactant, 20% water and
75% oil) using the isodensity slice of water. The different
colors represent the different density of water in the simulated
cell. The black means high-density water, while the blank is
low-density. For the black region, the water density is above
0.97 DPD units, which indicates the distribution of bulky
water molecules, while the blank region represents the aggre-
gates of the oil molecules. Obviously, at the beginning of
simulation (Fig. 1a), water molecules as small liquid drops
are dispersed in the surfactant/oil/water system, and the dis-
tribution of oil and water is well proportioned in the simulated
cell. With the increase of simulated time, the flocculation

Table 1 The interaction parameters in DPD simulation®

w - h t o w h t o
w 25.00 25.33 61.12 80.85 0.000 0.100 11.047 17.079
o= h 25.33 25.11 53.57 71.16 . 0.100 0.033 8.737 14.116
Y t 61.12 53.57 24.90 43.26 Xi 11.047 8.737 -0.030 5.585
0 80.85 71.16 43.26 23.98 17.079 14.116 5.585 -0.313

¢ w represents water, h, the head of surfactant, t, the tail of surfactant and o, oil.

Fig. 1 Microphase separation in surfactant/oil/water system at different simulated steps. From a to f, the aggregates after 100, 200, 500, 1000,

2000, 10000 simulated steps respectively.
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and aggregation of aqueous drops occur followed by the colli-
sion among different drops, then the small liquid drops are
replaced by bigger drops (Fig. 1b, 1c and 1d). At last, the
phase separation is finally observed (Fig. 1e) in temary sys-
tem, and the oil/water separated system is formed (Fig. 1f).
From Fig. 1, one can see that the changes of water density in
the simulation cell can show the dynamic process in the sur-
factant/water/oil system. Firstly, water molecules are in ex-
istence as little liquid-drops (from Fig. la to lc); then un-
der the surfactant interaction, dispersive liquid-drops begin to
aggregate; and at the final equilibrium (Fig. 1f), a whole
oil/water interface can be shown by the water density.

The above figures are shown using the water density
glice. The final state of the system can also be shown using
the coarse grain model in the DPD method, and the interfa-
cial properties between water and oil phases can easily be ob-
served. As we assumed in Fig. 2, surfactant molecules dis-
tribute mostly in the interface between oil and water at the
lower concentration of surfactant, not in the oil or water
phase. Since the apolar oil molecule, dimethylbenzene, is
used in the simulated system, the solubility between oil and
water is very low. Thus, only little water molecules can dis-
solve in the oil phase in the presence of surfactant molecules.
In the other words, surfactant molecules always exist in the
interface between water and oil phase especially at the low
surfactant concentration.

Fig. 2 The final state of system after 10000 simulated steps (5% Sur-
factant, 20% water and 75% oil. Oil molecules removed, and
the long rod represents surfactant molecule) .

Different systems have different aggregates, and different
microphase separation of these systems can be shown using
DPD method. Other techniques, such as TEM, can only be
used to see the final states, while DPD simulation technique
can be used to investigate the continuous dynamic process of
aggregated morphology at the mesoscopic level.

Distribution of water in reverse micelles

According to the different ratio of water and oil, differ-
ent types of microemulsions (w/0 or o/w) or micelles are
found in surfactant/oil/water system. The water solubilized in
reverse micelles is divided into three different types, such as

bound water, trapped water and bulky water. In the last sev-
eral years, some molecular simulation methods are used to re-
search the water structures in surfactant/oil/water system
t00, ' but mesoscopic simulation technique is not found to in-
vestigate the water morphology in micelles. Because the inter-
action parameters used in the DPD simulation depend on the
calculations about molecular structures at the atomic level us-
ing the Blend program, in which several types of energies in-
cluding the electrostatic, hydrogen bond, non-bond and van
der Waals interactions are present, which indicates that the
DPD parameters can represent the interaction between differ-
ent molecules at the atomic level. When these DPD parame-
ters are used, some mesoscopic properties can be obtained.
In Fig. 3a, we can clearly observe the reverse micelle aggre-
gate, in which some beads representing water molecules are
surrounded by surfactant molecules. Fig. 3b is the isodensity
slice of water in the reverse micelle. There are bulky water in
the center of micelle, i.e., the red section in the isodensity
slice (A), trapped water during the palisade of micelle, i.
e., the green section (C) in Fig. 3b, and bound water
around polar beads of surfactant molecules, i.e., the yellow
section (B) which is between the red and green sections. In
Fig. 3b, we can clearly found the middle section between
bulky water and trapped water. At the same time, water ag-
gregates can easily be understood that trapped water locates
the hydrophobic section among surfactant molecules; bound
water is around the polar beads of surfactant molecules; and
bulky water is in the center of micelles. From Fig. 3, it can
be concluded that the water isodensity slice can be used to re-

search the morphology of water in reverse micelles.
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Fig. 3 Distibution of water in reverse micelles.
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Fig. 4 Effect of water content on aggregates in simulated system (Oil molecules removed in Fig. 4a and Fig. 4b, water molecules removed in Fig. 4c
and Fig. 4d) . For the systems, the concentration of surfactant is 10% , the system a includes 86% oil and 4% water; b, 76% oil and 14%

water; ¢, 45% oil and 45% water; d, 4% oil and 86% water.

Effect of water content on the aggregates

Since the interaction parameters between the head and
water are smaller than those between the tail and water (see

Table 1), this means that the head of ionic surfactant .

molecule SDS is easier to interact with water than with oil,
and it also indicates that the interaction between water and
surfactant molecules may easily form spherical micelles in wa-
ter phase when the oil concentration is low. Fig. 4 shows the
aggregates in surfactant/oil/water systems at different water
contents. In the different systems, the fixed concentration of
surfactant is equal to 10% , while the total concentration of
the water and oil is 90% , and the water and oil concentration
are changed from 4% to 86% in the simulated systems, re-
spectively. The simulated results show that no micelles are
observed in the simulated system at lower concentration of wa-
ter (below 4% ), while water exists as small liquid drops,
and surfactant molecules as single-dispersed forms attach wa-
ter molecules in the oil phase (Fig. 4a). With the increase
of water content, reverse micelles begin to form and solubi-
lized water in these reverse micelles is found (Fig. 4b).
Then a clear oil/water interface appears, and surfactant
molecules which are represented by rod-like line arrange at
the interface (Fig. 4c); when oil contents are low in the
simulated system, normal micelles are found to solubilize oil
phase(Fig. 4d). From Fig. 4, we can get the following in-
formation, surfactant molecules are single-dispersed in the

system at the lower concentration of water (Fig. 4a), while
surfactant molecules are in existence as normal micelles at the
lower concentration of oil (Fig. 4d). From Fig. 3b to
Fig. 4d, one can see that hydrophilic heads of surfactant
molecule locate in the center of reverse micelles at the begin-
ning; then arrange at oil/water interface, at high water con-
centration, lie in the outside of normal micelles. All the
changing processes of aggregates in oil/water/surfactant sys-
tem can be found by the coarse grain model using DPD simu-
lation method, and these dynamic processes can help to un-
derstand the properties of surfactant/oil/water system.

Conclusion

DPD simulation method can be used to investigate the
surfactant/oil/water system. The dynamic change of mi-
crophase separation can be found by DPD method, while oth-
er techniques such as TEM photograph can provide the final
states. A very clear isodensity slice of water can also distin-
guish three morphology of water including bound water,
trapped water and bulky water in reverse micelle, and the in-
terfacial properties between water and oil can be shown using
the coarse grain cell. These simulated phenomena show that
DPD simulation method can be considered as adjuncts to ex-
periments and provide otherwise inaccessible mesoscopic in-
formation at the mesoscopic level.
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