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ABSTRACT

In this work, two hydrolysis reactions were used as probe to investigate the properties
of reverse micelles (RMs) formed by the ionic liquid-surfactant 1-butyl-3-methylimidazolium
1,4-bis-2-ethylhexylsulfosuccinate (bmim-AOT). The results were compared with those found
for RMs generated with sodium 1,4-bis-2-ethylhexylsulfosuccinate (Na-AOT). As external
nonpolar solvents, n-heptane (n-Hp), isopropyl myristate (IPM) and methyl laurate (ML) were
used. Thus, the effect of changing the Na" cation by bmim"™ was analyzed, as well as the impact
of the replacement of a conventional external nonpolar solvent by biocompatible solvents. The
kinetics of the hydrolysis reactions of 4-methoxybenzoyl chloride (OMe) and 4-
(trifluoromethyl)benzoyl chloride (CF3) were studied. The results indicate that the replacement
of the Na" counterion by bmim* in AOT RMs alters the rates of reactions carried out in them
and produces changes in the reaction mechanism. In bmim-AOT RMs, the bmim" cation is
located between the surfactant molecules; this has an important influence on the reaction
intermediates' stability and, therefore, in the reaction rates and mechanism. Also, the results
indicate that when IPM is used as external solvent instead of ML or n-Hp, interfacial water

molecules have larger nucleophilicity due to the higher interface penetration of IPM.

KEYWORDS: ionic liquid-like surfactant, reverse micelles, nontoxic solvents, hydrolysis,

bmim-AOT, benzoyl chloride.
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1. INTRODUCTION

Reverse Micelles (RMs) are aggregates formed by surfactant molecules in a nonpolar
organic medium.'™ In these systems, molecules with amphiphilic properties self-assemble so
that their polar groups are located towards the interior of the aggregate, while the hydrocarbon
chains point outwards, towards the nonpolar solvent. If a third component of polar nature is
added, it is encapsulated inside the micellar system. Thus, RMs present three
microenvironments: the polar core, the micellar interface, and the external nonpolar phase.’

The properties of RMs depend on mainly of the type of external nonpolar solvent, the
nature of the surfactant, and the confined polar solvent. Based on the nature of the encapsulated
solvent, two types of RMs can be defined: aqueous RMs, in which water is encapsulated,® !
and non-aqueous RMs, in which other polar solvents are confined, such as ethylene glycol,
dimethylformamide, ionic liquids (ILs), among other.>!? The external nonpolar solvent can be
a traditional solvent, such as n-heptane (n-Hp), toluene or benzene,®!*'* biocompatible

nonpolar solvents, such as isopropyl myristate (IPM) or methyl laurate (ML),'>!

or
hydrophobic ILs.'® Furthermore, a widely used parameter when studying RMs is W, which is
defined as the molar ratio between polar solvent and surfactant; when the polar solvent is water,
W=Wy and Wo=[water]/[surfactant].?

ILs are salts formed by large and asymmetric ions; many of them are liquid at room
temperature since the attractive forces between the anion and the cation are weak compared to
conventional salts."** In general, ILs consist of an organic cation, among the most widely used

3133 and an

are 1-alkyl-3-methylimidazolium?®23, N-alkyl pyridinium?°*°, tetraalkylammonium
inorganic anion, such as halide anions (CI', Br, I')**3¢ tetrafluoroborate [BF4],*” bis-
(trifluoromethylsulfonyl)imide [NTf; ]*” and hexafluorophosphate [PFs].37-8

As noted above, ILs can be used in the formation of RMs systems, constituting the

external nonpolar phase or the polar core, depending on their properties. Furthermore, there are
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ILs with amphiphilic properties that can be used as surfactants in the generation of RMs.* 44

In these IL-surfactants, at least one of the ions that form it has amphiphilic properties.!** 8

In our group, RMs have been generated using different ILs in their composition, either
as the polar component or as the surfactant.”*!** One of the IL-surfactants that we have used
in the formation of aqueous RMs is 1-butyl-3-methylimidazolium 1,4-bis-2-
ethylhexylsulfosuccinate (bmim-AOT, Scheme 1).”%!%!! Traditional nonpolar solvents such as
toluene, benzene, chlorobenzene and n-Hp were initially used. However, the formation of
bmim-AOT RMs using biocompatible nonpolar solvents (IPM and ML) was recently
reported,!! with the aim of developing less toxic and more environmentally friendly reverse
micellar systems.

In the present work, we continue with the study of the properties of bmim-AOT RMs in
n-Hp, IPM and ML, and its comparison with the micellar systems formed by the traditional
surfactant sodium 1,4-bis-2-ethylhexylsulfosuccinate (Na-AOT), using two reactions as probe.
The objective is to obtain more information about the interfacial composition and properties of
bmim-AOT and Na-AOT RMs, and at the same time, analyze the effect that these systems have
when they are used as nanoreactors.

Two substrates were used for this study: 4-methoxybenzoyl chloride (OMe) and 4-
(trifluoromethyl) benzoyl chloride (CF3) (Scheme 1). This choice is based on the fact that the
hydrolysis reaction of these benzoyl chlorides (Scheme 2) is very sensitive to the properties of
the reaction medium.>® Furthermore, the solvolysis of these substrates has been studied in

51,52

different supramolecular systems, such as direct micelles,’!*? vesicles,*® and reverse micelles>*~

53 with very interesting results. In particular, studies in RMs show interesting aspects since both
the rate and the mechanism of the reaction are modified.>*->>’

Both OMe and CF3 are very poorly soluble in water, thus it can be assumed that in RMs

they are only located in the external nonpolar solvent and/or the micellar interface.’® Thus, the



118  hydrolysis reaction only occurs at the interface, where both the substrate and the water are
119  present, allowing to obtain information about the properties of the micellar interface and

120 interfacial water.
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122 Scheme 1. Molecular structure of bmim-AOT and the benzoyl chlorides OMe and CFs.
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125  Scheme 2. Hydrolysis reaction of benzoyl chlorides OMe and CFs.
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The obtained results provide kinetic evidence of the different interfacial properties of
Na-AOT and bmim-AOT RMs, and the influence of the replacement of the external nonpolar
solvent n-Hp by the biocompatible IPM and ML. The present work shows that when studying
reactions in reverse micellar systems, it is not only important to take into account the effect of
the counterion on the properties of interfacial water, but also the location of the counterion in
the RM and the impact of this on the stabilization of the reaction intermediate. In some cases,
as in the hydrolysis of benzoyl chloride OMe in bmim-AOT RMs, this factor is very important,
not only produces changes in the reaction rates but also in the mechanism.

Furthermore, the results found evidenced the different penetration of biocompatible
external solvents in bmim-AOT RMs, which had not been possible to detect previously by 'H
NMR. Therefore, the present work also shows that the study of the kinetics of the hydrolysis
reactions in RMs is an interesting alternative to techniques more commonly used in

investigating these micellar systems, such as the 'H NMR technique.

2. RESULTS AND DISCUSSION
To determine the kinetic parameters from the experimental data, a model developed in
previous works based on the formalism of the micellar pseudophase was used. The pseudophase

model was originally developed for direct micelles®® ¢!

, however, it can be applied to other
supramolecular systems such as RMs with satisfactory results. According to this model, the
reverse micellar system consists of an aqueous phase, the interface and the continuous nonpolar
medium.>*%> When a substrate is added to the system, it is located in one or more of the micellar
pseudophases according to its solubility. Thus, the overall reaction rate of the substrate is given

by the sum of the reaction rates in each pseudophase and will depend on the reagent

concentrations in the aqueous phase, the interface and the continuous medium. As noted before,



153 both OMe and CF3 are poorly soluble in water,> thus it can be assumed that in RMs they are
154  only present in the external nonpolar solvent and/or the micellar interface. Accordingly, the
155  hydrolysis reaction only occurs at the interface, where both the substrate and the water are

156  present (Scheme 3).

157
Wuﬁa’c@f
‘monolay,e,_r/"
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——— Bz(Cl,
Nonpolarsolvent

158

159  Scheme 3. Benzoyl chloride (BzCl) distribution processes in the reverse micellar system and
160  location of the reaction. Kgzci is the partition constant of BzCl; ki is the hydrolysis rate constant
161  at the micellar interface; BzCle and BzCli are the substrate located at the external phase and
162  interface, respectively.

163

164 According to Scheme 3, the relationship between the composition of the micellar system
165  and the pseudo first-order rate constant, kobs, for the hydrolysis of benzoyl chloride is given by

166  the equation 1 3662

" Kpzcl+Z (M
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where ki is the rate constant of hydrolysis at the micellar interface and Kg-c is the partition
constant of benzoil chloride between the external nonpolar solvent (BzCle) and the interface
(BzCli):

_ [BzCl];

In equation 2, the concentrations refer to the total volume of the system and Z is defined as Z =
[nonpolar solvent]/[surfactant].

Reordering Equation 1 the following expression is obtained:

1 1 4 yA
=TT 3
Kobs ki  KiKpzcl 3)

according to which, if 1/kobs is plotted as a function of Z parameter, a straight line is obtained
whose slope is equal to 1/kiKszc1 and the intercept 1/ki; the Kszc1 value can be obtained from
the relationship between the intercept and the slope. Then, once the Kszc1 value is known, the
rate constant ki is obtained through Equation 1.

Experimentally, the hydrolysis reactions of OMe and CF3 were followed by monitoring
the UV-vis absorbance of the substrate as a function of time and the pseudo first-order rate
constant, kobs, was obtained by nonlinear regression of the absorbance-time data, by the

integrated first-order rate equation 4:

At = AO + (Aoo - AO) eXp(_kobs t) (4)

where Ao, At, and A are the absorbances at times 0, t and infinity, respectively.
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First, the hydrolysis reaction rates of OMe and CF3 were obtained in bmim-AOT and
Na-AOT RMs, varying the surfactant concentration and keeping the water content constant
(Wo). Then, Kgszc1 values for OMe (Kome) and CF3 (Kcr3) in each micellar system were
determined from the experimental data and applying Equation 3.

Furthermore, a series of experiments were carried out in which the water content (Wo)
was varied in order to analyze the influence of the degree of hydration of the micellar interface
and the interfacial composition on the reaction rate. The kobs values were obtained under the
different experimental conditions and then, with the Ksc1 values and Equation 1, the ki values
were calculated.

The results obtained from the study of the hydrolysis reactions of OMe and CF3 in
bmim-AOT and Na-AOT RMs using #n-Hp, IPM and ML as nonpolar solvent, following the

procedure described, are presented below.

2.1. Hydrolysis of OMe

The absorption spectra of a typical run corresponding to the hydrolysis of OMe in Na-
AOT/n-Hp RMs are shown in Figure S1. In Na-AOT/biocompatible solvent, bmim-AOT/n-Hp
and bmim-AOT/biocompatible solvent RMs the absorption behaviors were similar. Initially, a
single band corresponding to the absorption of OMe is observed in the spectrum; then, the
absorbance of this band decreases with time and a new band develops at a shorter wavelength
that corresponds to the product of the reaction. An isosbestic point between these bands can be
observed. The OMe hydrolysis reaction in the RMs was followed by monitoring the
disappearance of the reagent at 280-295 nm depending on the micellar system (see pages S11-

S201 and S275-S751 of the Supporting Information).

10
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As mentioned before, a series of experiments were performed in which the reaction rates
of OMe in the RMs were determined at different concentrations of surfactant keeping the water
content constant, to calculate the Kome values (see the Supporting Information).

Then, OMe reaction rates in the different micellar systems were determined by varying
the water content. From the kobs values obtained in these experiments and the partition constants
(Table S1), the values of the rate constant of hydrolysis at the micellar interface, ki, were
calculated using Equation 1. Figure 1 shows the results obtained for the hydrolysis of OMe in
Na-AOT/n-Hp and bmim-AOT/n-Hp RMs. Similar tendencies were found when using IPM and

ML as nonpolar external solvents (Figure S4 and S5).
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Figure 1. Log ki as a function of the water content (Wo) for OMe hydrolysis reaction in Na-

AOT/n-Hp and bmim-AOT/n-Hp RMs. T = 25°C.

As can be seen in Figures 1, S4 and S5, in Na-AOT RMs a gradual increase in the
hydrolysis reaction rate occurs with increasing Wo. Interestingly in bmim-AOT RMs, the

observed trend depends on the Wo range analyzed. At Wo> 5, the reaction rate increases with

11
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increasing water content as for Na-AOT systems; however, at Wo<5 a decrease in the reaction
rate is observed when increasing the amount of water confined in the micellar system.

Benzoyl chlorides can react with nucleophiles via nucleophilic acyl substitution which
involves the formation of a tetrahedral anion intermediate (SNAc), or through a dissociative
mechanism (Sx1), in which an acyl carbocation is formed.’%*35-¢ The latter predominates in
benzoyl chlorides with electron-donating substituents since they stabilize the carbocation; while
the SNAc mechanism is favored for benzoyl chlorides with electron-withdrawing groups
because they stabilize the anionic intermediate.’*>*

The hydrolysis of OMe generally occurs through a dissociative mechanism (Sn1):°%°°
In this case, the reaction rate is strongly affected by the polarity of the medium and the ability
to stabilize the leaving group.’*>*>¢ Water encapsulated within a reverse micellar system is less
polar and less available compared to a continuous aqueous phase;* therefore, the hydrolysis of
OMe in the micellar medium is slower than in pure water. Furthermore, the lower the water
content in the RMs, greater will be the reduction in the polarity of the encapsulated water.
Therefore, in Na-AOT RMs the increase in the hydrolysis rate of OMe with increasing water
content (Figures 1, S4 and S5) can be attributed to the increasing polarity of the medium.
Similar results have been found for water/Na-AOT/isooctane, water/H-AOT/isooctane,’® and
water/ammonium bis(2-ethylhexyl)phosphate/isooctane®’.

Previous studies of Na-AOT RMs in n-Hp, IPM, and ML, using 'H NMR

10.11 reveal that interfacial water molecules interact with the anionic head group

spectroscopy,
of AOT. At low water contents, practically all water molecules are involved in the hydration of
the surfactant, through the formation of hydrogen bonds between the hydrogen of the water and

the oxygen of the sulfonate group of AOT. Therefore, in addition to the decreasing polarity of

the medium, at low Wo the water molecules are not available for the solvation of the leaving

12
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group (CI’), which makes the reaction less favorable. Because of this, in Na-AOT RMs, the
hydrolysis reaction is slower at low water content.

In bmim-AOT RMs, the increase in the reaction rate of OMe when the water content is
increased for Wo=5-30 can also be explained based on the increasing polarity of the
encapsulated water and the higher ability to stabilize the CI" ion. However, to explain the
observed trend at low Wo values (Wo<5), other factors must be considered.

Unlike the dissociative mechanism, the rate of the hydrolysis reaction that proceeds
through SNAc mechanism is highly dependent on the nucleophilicity of water.>>*>® In both
Na-AOT and bmim-AOT RMs, interfacial water molecules have larger nucleophilicity than
bulk water as a result of the interaction with the AOT polar head. As Wo decreases, the
proportion of interfacial AOT-interacting water increases, which could favor water
nucleophilicity and thus SNAc reaction mechanism. In Na-AOT RMs, even at low water
contents, the Sn1 mechanism predominates, which is in agreement with the increase in the
hydrolysis rate observed when Wo increases (Figures 1, S4 and S5). However, the results
suggest that in bmim-AOT RMs, at low Wo (Wo<5) the SNAc mechanism is more favorable,
finding a decrease in the reaction rate when the water content increases. These differences found
for Na-AOT and bmim-AOT RMs at low Wo can be explained taking into account the chemical
nature of the surfactant counterion and how this influences the stabilization of the reaction
intermediate.

The hydrolysis of OMe via nucleophilic acyl substitution involves the formation of an
anionic intermediate, therefore, this reaction pathway would be favored in an environment in
which the negative charge of the intermediate is stabilized. Considering the more hydrophobic
character of bmim" compared to Na*, in bmim-AOT RMs the bmim" cation is part of the
surfactant layer. Therefore, the presence of the bmim* cation at the micellar interface, which is

where the hydrolysis reaction occurs, stabilizes the intermediate with a partial negative charge

13
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294

of the SNAc mechanism. In contrast, since the Na" counterion is located in the aqueous
pseudophase in Na-AOT RMs, the negative charge density at the interface is larger than in the
system formed by bmim-AOT (Scheme 4); therefore, the increased electrostatic repulsion with
the anionic intermediate of the SNAc mechanism makes the OMe hydrolysis reaction less

favorable in Na-AOT RMs.

—\_,\@ bmim* @ Nat

A Water B Water
H,0
O 0 . ©"¢. | uw® @
S o I| CI \\\ ! /
N C ,
B |

Nonpolar solvent Nonpolar solvent

Scheme 4. The bmim® cation at the micellar interface of bmim-AOT RMs stabilizes the
intermediate with a partial negative charge of the SNAc mechanism (A); in Na-AOT RMs, the
Na* counterion is located in the aqueous phase therefore the greater negative charge at the

interface destabilizes the intermediate (B).

In summary, for the hydrolysis of OMe in Na-AOT RMs, the dissociative mechanism
predominates in all the range of Wo analyzed; however, in the micellar systems formed by
bmim-AOT, both reaction mechanisms compete, being more favorable the SNAc mechanism
at low water contents and the Sn1 for Wo> 5. Therefore, the replacement of the Na™ counterion
by bmim" in AOT RMs not only alters the interfacial properties and the reaction rates carried

out in them but also produces changes in the reaction mechanism.
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Previous works have reported a similar mechanistic switch for the hydrolysis of benzoyl
chlorides in RMs. In particular, studies of the hydrolysis of benzoyl chloride and 4-
methylbenzoyl chloride in water/ammonium bis(2-ethylhexyl) phosphate/isooctane®”’,
isooctane/Brij 30/water>® and isooctane/Na-AOT/water’® RMs show changes in the reaction
mechanism when the water content is varied. Unlike the present work, in these previous reports,
the change of mechanism is due to interfacial water properties and the surfactant charge.

It is important to note that at Wo> 5, where the Sx1 mechanism predominates in both
Na-AOT and bmim-AOT RMs, the reaction rates are slightly larger in the micellar systems
formed by the traditional surfactant Na-AOT (Figure 1, S4 and S5). This can be attributed to
the higher stability of the carbocationic intermediate in Na-AOT RMs, as a result of a larger
negative charge density of the micellar interface compared to bmim-AOT RMs, as previously
commented.

Figure 2A shows the log ki as a function of water content for the hydrolysis of OMe in
Na-AOT RMs in n-Hp, IPM and ML, while Figure 2B shows the results corresponding to the

bmim-AOT systems.

A B
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Figure 2. Log ki as a function of the water content (Wo) for OMe hydrolysis reaction in (A)

Na-AOT and (B) bmim-AOT RMs, using n-Hp, IPM and ML as nonpolar external solvent.

Figure 2A shows that the hydrolysis reaction rate of OMe in Na-AOT RMs practically
does not vary when changing the external solvent. In bmim-AOT RMs, there are no differences
for Wo>5 either; however, at low water content (Wo < 5), it is evident that the type of external
solvent affects the reaction rate (Figure 2B). To explain these results, first, it is necessary to
consider the reaction mechanism that predominates in each case.

Furthermore, in previous works, it was found that in bmim-AOT RMs, IPM and ML
penetrate the micellar interface, unlike n-Hp, whereby the ester group of the biocompatible
solvent interacts with the bmim" cation which is part of the surfactant monolayer.!' This
decreases the bmim*-AOT" interaction and increases the negative charge density at the polar
head of the surfactant. Consequently, the nucleophilicity of water molecules that interact
through hydrogen bonding with AOT also increases. This has a great effect on the reaction rate
of the hydrolysis that occurs through SNAc mechanism. Therefore, this explains why in bmim-
AOT RMs, when the predominant mechanism is SNAc (Wo< 5), higher reaction rates are

observed when using IPM and ML instead of n-Hp as the external solvent.

2.2. Hydrolysis of CF3

In the absorption spectra recorded for the hydrolysis of CF3 in Na-AOT/n-Hp RMs
(Figure S6), a single band corresponding to the absorption of the substrate is initially observed.
The absorbance of this band decreases with time and a new band develops at a shorter
wavelength that corresponds to the absorption of the product. The hydrolysis of CF3 in Na-
AOQOT/biocompatible solvent, bmim-AOT/n-Hp and bmim-AOT/biocompatible solvent RMs

showed similar tendencies on the spectra. In all cases, the hydrolysis reaction was followed by
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monitoring the disappearance of the substrate at a wavelength between 293-295 nm depending
on the micellar system (see pages S201-S275 and S752-S869 of the Supporting Information).
CF3 hydrolysis rates in the studied micellar systems were determined by varying the
surfactant concentration, at constant Wo, in order to determine Kcrs values (see the Supporting
Information). A series of experiments in which the hydrolysis rate was determined at different
values of Wo were also performed. Then the values of ki were calculated from the experimental
data (kobs and Kcr3) and Equation 1. The results obtained for the hydrolysis of CF3 in Na-AOT

and bmim-AOT RMs are shown in Figure 3.
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Figure 3. Log ki as a function of the water content (Wo) for CF3 hydrolysis reaction in Na-AOT

and bmim-AOT RMs, using n-Hp, IPM and ML as nonpolar external solvent.

It can be seen from Figure 3 that, in all the micellar systems, the reaction rate decreases
with increasing water content. This can be understood taking into account that the hydrolysis
of benzoyl chlorides with electron-withdrawing substituents, such as CF3, generally occurs

through an SNAc mechanism.>*> Therefore, the reaction rate is strongly influenced by the
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nucleophilic character of the water. In the studied micellar systems, the interfacial water
molecules interact with the sulfonate groups of AOT, resulting in an increase in the
nucleophilicity of water compared to pure water. At low Wo, practically all the encapsulated
water interacts with the surfactant, therefore, the reaction is faster than at high water contents.
As Wy increases and the hydration of the interface is completed, the amount of free water
increases and it begins to recover its hydrogen-bond network structure, thereby decreasing the
nucleophilicity of the water molecules. Consequently, increasing the water content decreases
the hydrolysis reaction rate of CFs.

Although a decrease in log ki is found in all micellar systems with increasing water
content, CF3 hydrolysis rates vary significantly depending on whether Na-AOT or bmim-AOT
RMs are used. For example, at Wo = 4, in bmim-AOT/IPM ki = 1.7x10! s, while in Na-
AOT/IPM ki = 1.4x10 s'!; in bmim-AOT RMs the reaction rate is more than 10 times larger
than in the Na-AOT system. Similar tendencies were found when using n-Hp or ML as the
external solvent. It is important to note that in bmim-AOT RMs, the nucleophilicity of
interfacial water is lower than in Na-AOT.*!%!! Therefore, if only this factor is taken into
account, a SNAc reaction would be expected to be more favorable in Na-AOT than in bmim-
AOT RMs. However, this is not what is observed experimentally, as there is another factor that
must be taken into account: the counterion bmim* location compared to Na* and the effect of
this on stabilizing the reaction intermediate, as previously mentioned.

Furthermore, it can be seen that not only the chemical nature of the surfactant affects
the reaction rate of CF3, but also the identity of the external nonpolar solvent used in the
formulation of the RMs. In both bmim-AOT and Na-AOT RMs, hydrolysis reaction rates are
larger in biocompatible solvents than in n-Hp. This can be explained taking into account the
higher biocompatible solvents interface penetration compared to n-Hp, and the effect of this on

the nucleophilicity of water, as discussed before.
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Also, from Figure 3, it is evident that when using IPM instead of ML, the hydrolysis of
CF3 is faster, both in bmim-AOT and Na-AOT RMs. Previous studies reveal that IPM
penetrates more into the interface of reverse micelles than ML, due to its higher viscosity and
polarity.!"!> This suggests that the interaction of the biocompatible solvent with the counterion
of the surfactant is more effective in the case of IPM; thus, the increase in the negative charge
density on AOT, and therefore, the increase in nucleophilicity of the water molecules that
interact with the surfactant is higher when using IPM instead of ML as the external solvent.
Consequently, the reaction rates are higher when using IPM to formulate the RMs.

Previously bmim-AOT and Na-AOT RMs were studied through 'H NMR
spectroscopy;!! In these studies, the different penetration of IPM and ML in Na-AOT RMs was
evidenced, obtaining different chemical shifts when using each biocompatible solvent.
However, in bmim-AOT RMs, chemical shifts were very similar when using IPM and ML;
therefore, these 'H NMR studies did not allow to differentiate the penetration of biocompatible
solvents into bmim-AOT systems. Taking into account all the results exposed in the present
work, the use of the hydrolysis reaction of CFs as a probe allows detecting the different

penetration of IPM and ML not only in Na-AOT RMs but also in bmim-AOT RMs.

3. CONCLUSIONS

The results indicated that the hydrolysis of OMe in Na-AOT RMs occurs through a
dissociative mechanism in all the range of Wo analyzed. However, in the micellar systems
formed by bmim-AOT only at Wo>5 the Sx1 pathway predominates; at low water contents (Wo
<5) the SNAc mechanism is more favorable, leads to a change of mechanism. These differences
between bmim-AOT and Na-AOT are directly related to the chemical nature of the surfactant

counter ion and its role in the stabilization of the SN Ac reaction intermediate.
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In systems formed by Na-AOT, the Na" counterion is located in the aqueous
pseudophase, while in bmim-AOT, the bmim"™ cation is located at the micellar interface,
between the AOT molecules, due to its more hydrophobic character. The presence of bmim" at
the interface, which is where the hydrolysis reaction occurs, allows stabilizing the anionic
intermediate of the SNAc pathway. Thus, in bmim-AOT RMs at low water contents, where the
Sx1 pathway is less favorable, OMe hydrolysis occurs through the SNAc mechanism.
Therefore, the replacement of the Na* counterion by bmim" in Na-AOT RMs, not only alters
the rates of reactions carried out in them but also produces changes in the reaction mechanism.

The hydrolysis of CF3 occurs through an SNAc mechanism in all the studied micellar
systems, showing an increase in reaction rate with decreasing water content. These results were
consistent with the fact that, both in Na-AOT and in bmim-AOT RMs, at low Wo, practically
all the water interacts with the polar head of AOT, thus its nucleophilicity is higher compared
to pure water. Furthermore, the hydrolysis reactions were faster in bmim-AOT RMs compared
to Na-AOT, because the presence of the bmim" cation at the interface stabilizes the anionic
intermediate.

Moreover, when the SNAc mechanism for the hydrolysis of benzoyl chlorides
predominates, the reaction rates are higher when using IPM and ML instead of n-Hp as the
external solvent. In Na-AOT and bmim-AOT RMs, IPM and ML penetrate the micellar
interface, unlike n-Hp, whereby the ester group of the biocompatible solvent interacts with the
bmim" cation that is part of the surfactant monolayer. Consequently, the cation-AOT interaction
decreases, and the negative charge density at the polar head of the surfactant increases, thereby
increasing the nucleophilicity of the water molecules that interact with AOT. This has a great
effect on the rate of hydrolysis reaction that proceeds through an SNAc mechanism since it
strongly depends on the nucleophilicity of the water. Also, the studies indicated that IPM

penetrates more the micellar interface than ML, both in Na-AOT and in bmim-AOT RMs.
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The obtained results provide kinetic evidence of the effect of replacing the Na* cation
by bmim"™ on the composition and interfacial properties of AOT RMs, and the influence of
replacing the external solvent n-Hp by the biocompatible IPM and ML.

The present work shows that when studying reactions in reverse micellar systems it is
important to take into account the location of the counterion in the RM and the effect of this on
the stabilization of the reaction intermediate. In some cases, as in the hydrolysis of benzoyl
chloride OMe in bmim-AOT RMs, this factor is very important, not only produces changes in
the reaction rates but also in the mechanism.

The obtained results in this work are consistent with those previously found using the
"H NMR technique and also allowed to detect the different penetration of the biocompatible
external solvents in bmim-AOT RMs, which it was not possible by '"H NMR. Therefore, the
use of chemical reactions as a probe is a valuable alternative in investigating the interfacial
composition and interfacial properties of RMs, since it is very sensitive to the properties of the

medium and is complementary to other techniques, such as NMR.

4. EXPERIMENTAL SECTION
4.1. Materials

The IL bmim-AOT was synthesized in our lab through the procedure previously
described®® and Na-AOT was purchased from Sigma (> 99% purity). Both surfactants were
dried under vacuum prior to use. ML (> 98% purity), IPM (> 98% purity) and n-Hp (HPLC
quality) from Sigma were used without prior purification. Ultrapure water was obtained from
Milli-Q (Millipore) equipment. The benzoyl halides OMe and CF3 from Sigma were of the

highest commercially available purity and were used as supplied.

4.2. Methods

21



454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

Preparation of RMs solutions. Stock solutions of bmim-AOT and Na-AOT in n-Hp, IPM and
ML were prepared by mass and volumetric dilution. Individual solutions of RMs were prepared
from the stock solutions, incorporating H2O with calibrated microsyringes. Thus, each reverse
micelle solution contains a different amount of water, defined as Wo = [water]/[surfactant].
Solutions of different surfactant concentrations were also prepared from the stock solutions,
incorporating pure solvent and H20. The solutions were shaken in a sonication bath to obtain
optically transparent solutions with a single phase.

Kinetic Procedure. The hydrolysis reaction was followed by monitoring the UV-vis
absorbance of the benzoil halide OMe or CF3, using a Cary 50 UV-Visible Spectrophotometer
with thermostated cell holders. The wavelengths used for the kinetic studies fell between 280-
295 nm depending on the micellar system. All experiments were carried out at 25 °C. Stock
solutions of the benzoil halides in #n-Hp, IPM and ML were prepared. Appropriate amount of
surfactant/nonpolar solvent stock solution and water was transferred into UV-Vis quartz cuvette
to obtain the desired micellar system. After thermostating for 10 min, the reaction was initiated
by the addition of the benzoil halide from stock solution. The experiments were performed
under pseudo first-order conditions were the substrate was always smaller than water
concentration ([OMe] and [CF3] = 1x10* M). The experiments were performed once since
previous experiments showed good reproducibility (results could be reproduced with an error
margin of 5%).%7 See more details of the kinetic experiments in the supplementary

information.
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