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A B S T R A C T

The ability of room temperature ionic liquids (RTILs) to act as media for self-aggregation of amphiphilic mo-
lecules have been widely reported. However, insights on how the self-aggregation of amphiphiles occur in RTILs
at the atomic level is very important to further utilize its potential. Here, the ability of a non-ionic surfactant to
self-aggregate in RTILs was modelled and evaluated using computational approach. Molecular dynamics (MD)
simulations were carried out to model the self-aggregation process of Polysorbate 80 (T80) in water and in 1-
butyl-3-methylimidazolium hexafluorophosphate, [BMIM][PF6] and 1-butyl-3-methylimidazolium tetra-
fluoroborate, [BMIM][BF4]. The aggregation behaviour of T80 in water and both RTILs were observed during 50
ns of MD simulations. In comparison to water, the self-aggregation of T80 was found significantly slower in both
RTILs. Simulation results revealed weak solvophobicity of RTILs in comparison with the hydrophobic effect in
water. The effect of different anions was unclear, possibly due to the equal ability of both RTILs to facilitate self-
aggregation when compared with water. A spherical model of T80 aggregate was built and then simulated in
water and in both RTILs. Results indicated that the aggregate had better structural stability in RTILs than in
water.

1. Introduction

Self-aggregated structures like micelles can form in different kinds
of media [1,2]. The famous ones are normal micelles that can sponta-
neously form by surfactant aggregation (with the hydrophobic tails
toward the centre and the hydrophilic head groups at the outer surface)
in water. Reverse or inverse micelles (water in oil emulsions) also can
form in non-polar organic solvents [1]. As surfactant molecules are
added to aqueous solutions, surfactant monomers form a layer at the
liquid-air interface. When the surface becomes saturated with surfac-
tant monomers, micelles (emulsions) begin to form in the bulk solution
[1]. This point is referred to as the critical micelle concentration (CMC)
[2]. Since the surfactants at the air-water interface push their hydro-
phobic tails towards the air, the surface tension of the solution is de-
pressed. Room temperature ionic liquids (RTILs) have been proven as
useful solvents in organic synthesis [3] and in chemical separations [4].
RTILs have the ability to undergo various solvation interactions with
numerous molecules which makes them among the most complex sol-
vents [4]. When surfactants are dissolved in RTILs, the surface tension
along with aggregation behaviours can be examined using various
techniques such as surface tensiometry, light scattering, and small-

angle neutron scattering to name a few. Forming self-aggregated
structures in RTILs will produce a mesoscopic structuring that can po-
tentially diverse the functionality of these solvents. Since there are still
a number of solutes that are not soluble in RTILs, organized media such
as micelles could significantly increase the solubility of sparingly so-
luble solutes and thus, enhance RTIL applications. In parallel with our
efforts on improving palm-based nano-emulsions [5–8], these systems
(surfactant in RTILs) are of great interest. Formulating palm-based
nano-emulsions in similar environment could alter their properties and
open the possibility for new applications. It is important to note that
long alkyl chain RTILs themselves can aggregate in water and form
micelles and microemulsions [9].

In recent studies, Armstrong’s group found that the dissolution of
many different surfactants in RTILs also depressed the surface tension in
a manner analogous to aqueous solutions [10]. This phenomenon in-
dicates that there are RTILs’ solvophobic interactions with the hydro-
carbon portion of the surfactants studied. However, not all RTILs can
perform as media for self-aggregation of amphiphilic molecules. The
weak solvophobicity in aprotic RTILs containing longer alkyl chain
cation being one of the reasons. The alternative is to optimise the sol-
vophobic effect by mixing RTILs to obtain a suitable hydrocarbon
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solubility. It was reported that polyoxyethylene-type non-ionic surfac-
tant (C12E6) was immiscible in 1-ethyl-3-methylimidazolium tetra-
fluoroborate and no micelles were detected in 1-hexyl-3-methylimida-
zolium tetrafluoroborate [11]. However, the mixture of both RTILs
showed a formation of micelles. This led to the proposition that 1-butyl-
3-methylimidazolium ([BMIM]+) cation can provide the optimal hy-
drocarbon solubility for imidazolium-based RTILs [12]. The effect of
anion towards the ability of RTILs to support self-aggregation of am-
phiphiles has been studied as well [10,13–15]. It was found that using
different types of anions led to different micellar sizes and aggregation
numbers [13]. Hydrophilic RTIL such as 1-butyl-3-methylimidazolium
tetrafluoroborate [BMIM][BF4] showed stronger solvophobic interac-
tion when compared to the more hydrophobic RTIL in 1-butyl-3-me-
thylimidazolium hexafluorophosphate [BMIM][PF6] due to its weaker
cation-anion interaction [15].

To maximise the potential of RTILs as media for amphiphile self-
aggregation, understanding the mechanism behind the process is cru-
cial. It is interesting to know how different types of RTILs can affect the
self-aggregation behaviour. Such insights can be acquired by per-
forming computational simulations on the self-aggregation process.
Molecular dynamics (MD) simulation is an excellent tool that can
provide atomic level, time-dependent observations on the self-ag-
gregation process. Previously, our group have successfully observed the
self-aggregation process in binary and ternary phase systems by per-
forming MD simulations [5–8]. Currently, there are a number of RTIL
self-aggregation studies via MD simulations already been reported, ei-
ther in water [16–19] or in mixture with surfactants [16]. To our
knowledge, the self-aggregation behaviour of surfactants in RTIL was
not widely studied through computational approach. Herein, we report
a computational study to determine the self-aggregation behaviour of a
non-ionic surfactant, Polysorbate 80 (T80) in water, [BMIM][PF6] and
[BMIM][BF4] (Fig. 1). The self-aggregation behaviour of T80 in water
and in both RTILs were compared and the effect of changing the RTIL
anion were studied.

2. Methodology

2.1. System setup

The self-aggregation of T80 in water and RTILs were modelled by
MD simulations, starting from a random distribution of T80 in the in-
itial coordinates. The molecular models for T80 [5] and RTILs [20,21]
were adopted from previously reported works. All molecules were
parameterized according to the Optimized Potential for Liquid Simu-
lation (OPLS) force field [22]. TIP4P-2005 model was used for the
water molecules [23]. Initial configuration was generated using the
Packmol program [24]. Firstly, 18 T80 molecules were packed ran-
domly in a (12 nm× 12 nm× 12 nm) cubic unit cell. This set of co-
ordinates for T80 was then used to generate the starting structures for
simulations in water and the RTILs. Distance tolerance between

molecules was applied when packing the molecules. They were made
sure to be at least 0.2 nm away from one another to avoid bad contacts.
Table 1 lists the number of molecules that were used in each simulated
systems. Note that for each system, the same number of molecules were
used when simulating the spherical aggregate.

2.2. Simulation details

MD simulations were carried out using GROMACS v5.0.4 software
package [25]. Periodic boundary conditions were applied in all direc-
tions. Grid neighbour-searching was applied at 5 integration steps in-
terval with a 1.2 nm cut-off radius. All long-ranged, non-bonded in-
teractions were cut-off at 1.2 nm using the Verlet cut-off scheme
employed in GROMACS. The long-ranged electrostatic interactions
were treated with Particle-Mesh Ewald method [26] using fourth order
interpolation. The van der Waals interactions were treated with simple
cut-off to ensure all possible interactions were taken into account. The
temperature of the system was controlled at 300 K using the Velocity-
rescaling thermostat [27], with a temperature-coupling constant of
1.0 × 10−4 ns (1.0 × 10−5 ns for pre-equilibrating). Berendsen’s
pressure coupling method [28] was applied when simulating in iso-
thermal-isobaric (NPT) ensemble. The pressure was coupled at 1 bar
with a relaxation time of 1.5 × 10−3 ns for systems in RTILs and
0.5 × 10−3 ns for systems in water. The isothermal compressibility was
set at 4.23 × 10−5 bar−1 for systems in RTILs [29] and
4.6 × 10−5 bar−1 in water. The energy properties and trajectories were
recorded every 500 integration steps.

All systems were subjected to several steepest-descent energy
minimization steps in order to bring down the potential energy of the
system. Position-restraint were applied to all T80 molecules (using a
force constant of 1.0 × 103 kJ/mol nm2) from this stage until the pro-
duction run. This allowed the solvent molecules to settle and making
sure that when the actual simulations were performed, the self-as-
sembly process started in equilibrium. Temperature and velocity were
introduced to the system using a short canonical (NVT) ensemble MD
simulation at 300 K with a step-size of 2.0 × 10−6 ns. Upon con-
vergence, the systems were equilibrated using NPT ensemble MD si-
mulation. The simulated systems were judged to have reached equili-
brium by monitoring the convergence of pressure and potential energy.
Production MD simulation were performed for 50 ns (10 ns for sphe-
rical model systems) in NPT ensemble where the T80 molecules were
released from position-restraint. For the self-assembly simulations, the

Fig. 1. Chemical structures of a) [BMIM]+ cation, b) [PF6]− anion, c)
BF4− anion and d) T80 molecules.

Table 1
The number of molecules involved in all MD simulations.

System Initial volume (nm3) NT80 Ncation Nanion Nwater

T80/water 1728 18 – – 55837
T80/[BMIM][PF6] 2836 2836 –
T80/[BMIM][BF4] 3568 3568 –

M.A.M. Latif, M.B. Abdul Rahman Separation and Purification Technology xxx (xxxx) xxx–xxx

2



Download English Version:

https://daneshyari.com/en/article/7043983

Download Persian Version:

https://daneshyari.com/article/7043983

Daneshyari.com

https://daneshyari.com/en/article/7043983
https://daneshyari.com/article/7043983
https://daneshyari.com

