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Abstract: The surfactant TX-100 can be dissolved in ionic liquid bmimPF4 and decrease the
surface tension of 1-butyl-3-methylimidazolium hexafluorophosphate (bmimPFy) solutions. Here,
we confirmed that in this new system, the pure solvents need rearrangement at the air-water
interface at the initial stage. The dynamic surface tension (DST) study shows that at the initial
adsorption stage, the adsorption model of surfactant accords with the diffusion-controlled
adsorption mechanism, and the dilute ionic liquids solutions is further close to the
diffusion-controlled adsorption.
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Ionic liquids (ILs) are receiving much attention as a class of neoteric solvents and have
been used widely as solvents for organic synthesis'”, chemical separations®’. As an
ideal substitute for organic solvents, they afford significant environmental benefits and
can contribute to green chemistry.

Surfactant tension measurement can afford much valuable information, it is
necessary to measure the surfactant tension for the surfactants ILs solutions.
Furthermore, DST is also an important property as it governs many important industrial
processes'®.  To our knowledge, the study on dynamic surface tension of ILs solutions
has not been reported so far. The study is significant to further understand the
adsorption mechanisms of surfactants from theoretical viewpoint.

Experimental

The surfactant TX-100 was purchased from Merck. Water was doubly distilled and used
throughout the experiments. Ionic liquid bmimPFs used in our experiments was
prepared according to the literature''. Equilibrium surface tensions were measured
using a Kriiss K12 tension apparatus. DSTs were measured by MBP tensiometer. The
samples were thermostated to +0.1°C.
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Results and Discussion

Figure 1 shows the surface tension of TX100 of ionic liquid solution as a function of
surfactant concentration at 25°C. 'We found that the dissolution of TX-100 in bmimPF,
can depress the surface tension. This phenomenon shows that there are ionic liquids
solvatophobic interactions with the hydrocarbon portion of the surfactants. The main
differences (see Figure 2) between ILs and aqueous solutions are that the initial surface
tension of the neat ILs is lower and the cmc (about 0.01mol/L) is greatly higher than that
(about 1.7x10"mol/L) of the same surfactant aqueous solution. TX-100 contains
polyoxyethylene groups and each individual subunit of these groups contains oxygens
with lone pair electrons that are capable of accepting hydrogen or interact with positive
charge groups, therefore there are enhanced interaction between TX-100 and bmimPF.
So, the polyoxyethylene group is “ILs-philic”. Therefore, the ILs systems which
possess the surface activity and formed micelle will be further determined their
properties of DST.

The asymptotic Ward and Tordai equation describes the diffusion-controlled
adsorption I'(t) of surface active molecules at a flesh interface'>. These asymptotic
equations are given by Miller et al.".
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The parameters C, I, and D represent the bulk concentration, equilibrium surface
and monomer diffusion coefficient of the surfactant. If the adsorption is purely
diffusion controlled, then Eq. 1 and 2 should account for the tension decay. DST
measurements were made between 0.003 and 0.07 mol/L for TX-100 surfactant
concentration. Example y(t) decays of the same concentrations ILs and aqueous
solutions are shown in Figure 3. As can be seen from Figure 3, the surfactant TX100
is more active in water than ILs. ;/(t)t _, 1s in some extent larger than y, of neat
bmimPFs. For dilute aqueous solutions, the similar phenomenon is also observed and
argued diffusely'®. However, for thick surfactant aqueous solutions, the phenomenon
can not be obtained. The reason is that surface adsorption is so fast that surface tension
decrease can not be captured using current MBP tensiometer. The viewpoint, that the
pure solvents need rearrangement at the air-water interface at the initial stage, is
generally accepted'.

In this neoteric ILs solvent system, this phenomenon is much more obvious, which
is correlative with the complicated structure and properties of ILs. High viscidity and
low diffusion coefficient of ILs perhaps contribute to the slow rearrangement considering
bmimPFg containing a butyl on the imidazolium ring, these short hydrophobic tails
maybe protend out the air-liquid interface like surfactant tails. The premise is based on
that bmimPF can slightly decrease surface tension of water. Thus, the anions PFs  also
rearrange accordingly due to the rearrangement of cations. When a new interface forms
in bmimPFg, the rearrangement time is much longer than neat water. As a novel system,
our results further confirm the above viewpoint.
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Figure 1 Surface tension of TX-100 ionic Figure 2 Surface tension of TX-100 aqueous
liquid solution as a function of solution as a function of surfactant
surfactant concentration at 25° molar concentration at 25°C
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Figure 4 shows the y(t) decays for TX-100 plotted vs t"2, and in this representation
the short time data linearize as predicted by Eq 1. The lines are least-squares fits over
an appropriate time range, with the intercept fixed close to y, of bmimPF,, suggesting a
near diffusion-controlled adsorption at the initial adsorption stage, which is accordance
with the result reported previously'. Eq 1 can describe the adsorption stage well before
about 4s, but poor agreement with long time. This behavior is entirely consistent with
the presence of a weak adsorption barrier. Thus, the DST decays belong to the mixed
diffusion-controlled adsorption mechanism as proposed by Liggieri'’.

In addition, adsorption mechanism at low concentration is close to diffusion
controlled. Recently, Eastoe et al.'” found that for a surfactant aqueous solution, there
is some evidence for a weaker adsorption barrier. Later, Chen et al.'® have investigated
the DST of octadecyl dimethylammionum chloride and found that the higher the
concentration of surfactant system, the higher the adsorption barrier. Chai et al.'® have
also discovered the similar results through investigating CTAB. This phenomenon can
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be explained as follows: when the surfactant concentration is quite low, the equilibrium
surface coverage is low and every molecule arriving at the surface is likely to arrive at an
empty site, the monomer can be instantaneously adsorbed at the surface and the diffusion
process from the bulk to subsurface is close to the rate-controlling step, and thus the
adsorption barrier is very small. With the increase of surfactant concentration, the
number of monomers adsorbed at the surface gradually increase, and thus, surface
pressure 7 increases, which induces the appearance of energy barrier'™ . In this case,
the mixed diffusion controlled adsorption mechanism dominates at this stage. Similarly,
when the surfactant concentration is high, the adsorption process is controlled by a
diffusion step at the beginning, toward the end, it changes to a mixed diffusion
adsorption mechanism'® "7,
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