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Rapid carbene formation increases ion diffusivity
in an imidazolium acetate ionic liquid confined
between polar glass plates

Andrei Filippov, (2 *2® Oleg N. Antzutkin {2 °¢ and Faiz Ullah Shah () *?

1-Ethyl-3-methyl-imidazolium acetate ([EMIM][OAC]) is one of the most widely used ionic liquids for
various applications. This study is focussed on the chemical stability of [EMIM][OAc] on the surfaces of
polar glass plates. *H and **C NMR spectroscopy and NMR diffusometry of [EMIMI[OAC] IL confined
between glass plates with a specific surface area 10°-10° m~ are thoroughly investigated. A rapid and
spontaneous reaction took place on the surfaces of glass plates leading to the formation of neutral
chemical moieties as evident by the appearance of new signals in the 'H NMR spectra. These new
products are assigned as N-heterocyclic carbene (NHC) and acetic acid. These neutral chemical
moieties have significantly increased the ion diffusivity by dissociation of the cation and the anion in
[EMIM][OAC] IL. The yield and rate of formation of NHC and acetic acid are found to increase with the
increasing surface area of polar glass plates and the time of contact between the IL and glass surfaces.
Based on NMR spectroscopy, a dissociative reaction mechanism is proposed for the formation of free

rsc.li/pcecp NHC in the neat [EMIM][OAC] IL.

1. Introduction

Ionic liquids (ILs) are typically low temperature melting salts
composed of organic or inorganic cations and anions, which
remain liquid at a temperature below 100 °C. ILs have unique
physicochemical properties such as a high ionic conductivity, low
vapour pressures, non-flammability and structural designability."™
These properties make them appropriate candidates for replacing
conventional molecular liquids in many process technologies.
ILs are regarded as designer solvents due to their tunability of
physical and chemical properties based on the molecular design
of the cation and anion structures.*
1-Ethyl-3-methyl-imidazolium acetate ((EMIM][OAc]) is one
of the most commonly used ILs for processing cellulose and
chitin fibers and films,®® aerogels®'® and for biomass pre-
treatment."* [EMIM][OAc] is used also as a medium for per-
forming chemical reactions, in particular, for derivatisation of
polysaccharides.'> Many theoretical and experimental studies
of neat and mixtures of [EMIM][OAc] have been performed during
the last few years."*™® The nature of the hydrogen bonding
ability of such ILs attracts much attention due to their potential
applications in dissolution of cellulose."”” NMR relaxometry has
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demonstrated a discontinuity at a concentration of 0.43 mole
fraction of water in [EMIM][OAc], which is attributed to the
formation of a hydrogen bonded network.* The local and
translational dynamics of [EMIM][OAc] in neat IL and in mix-
tures has been studied by T; and T, NMR relaxation techniques
and NMR diffusometry."**> Interestingly, the diffusivity of the
cations in imidazolium ILs is often higher than the diffusivity of
the anions, even when the size of the anion is much smaller
compared to that of the cation.””'>'® This effect has been
explained by ionic associations in the ILs stimulated by hydrogen
bonding: ion aggregates may be weighted towards anions com-
pared to cations.'® The ratio of diffusion coefficients of cations
and anions decreases as the concentration of the polar solvent
increases in IL-solvent mixtures.">" Both the diffusivity of ions
and the relaxation are coupled with viscosity.'*"*

Confined ILs'®>? have been the research focus for the last
few years. The diffusivity of ILs confined in aligned carbon
nanotubes,** mesoporous carbon®* and silicon®'** increases by
a factor of 2-3 or even more compared with the diffusivities of
ions in the bulk ILs. Enhanced diffusion of ethylammonium
cations has been observed for ethylammonium nitrate confined
between polar glass plates.'® Recently, the effects of a strong
external magnetic field on both the diffusivity and NMR
relaxation of confined alkylammonium nitrates have been
thoroughly studied.”>*°

Among the advantages of ionic liquids over molecular
liquids are their chemical stability and negligible volatility.
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The structural instability of ILs may limit their use in practical
applications and thus may compromise their advantages over
molecular liquids. A thorough understanding of the decom-
position behaviour of imidazolium based ILs, particularly
[EMIM][OAc],>” is crucial because they are one of the most
common commercially available ILs. The possibility of deprotona-
tion of the C2-H group of the [EMIM]" cation by means of a basic
counter-ion is known to spontaneously lead to the formation of
N-heterocyclic carbene (NHC).>*** It has been suggested that the
distillation process of [EMIM][OAc] is driven by the formation
of NHCs.?® Both theoretical®® and spectroscopic®®?° studies
of carbene formation in the gas phase have been presented.
However, the presence of carbene in a liquid has been observed
only indirectly, via “trapping” reactions.**** Evidently the charge
screening in the liquid phase stabilises ionic species more readily
compared to that in the vapour phase.**

Nuclear magnetic resonance is one of the most powerful
experimental techniques to monitor the physical and chemical
changes in ionic liquid systems in bulk as well as in different
confinements. One of the main problems in performing NMR
in a confined geometry is the background gradient due to the
difference in the magnetic susceptibilities of solid and liquid
phases of a sample.”® Using flat parallel plates as a confinement
has certain advantages from a point of view of NMR measurements,
because such a geometry allows an almost complete compensation
of the background gradient." Therefore, undistorted NMR spectra
and data on molecular and/or ionic dynamics can be obtained
using parallel plates. In this work, we investigated the effect of
confinement on the dynamics and stability of the most commonly
studied ionic liquid [EMIM][OAc] confined between flat and
parallel polar glass plates.

2. Materials and methods

2.1. Sample preparation

[EMIM][OAc] (97% purity) was purchased from Sigma-Aldrich
and was used without any further purification. The chemical
structures of the ionic components of this IL are shown in Fig. 1.

The bulk sample was prepared by placing approximately
300 pl of the neat [EMIM][OAc] in a standard 5 mm glass tube
and sealed with a plastic stopper to avoid contact with air. The
confined IL samples were prepared with glass plates settled in a
stack.’®>?® The plates measuring 14 x 2.5 x 0.1 mm (Thermo
Scientific Menzel-Gldser, Menzel GmbH, Germany) were used

Fig. 1 Chemical structures of the 1-ethyl-3-methyl-imidazolium cation
and the acetate anion. Numbers are used to label the protons and carbons
in the chemical structures and then implemented in assignments of
resonance lines in the NMR spectra.
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in all the experiments. For one experiment, the plates were
thoroughly cleaned using detergent solution and distilled water
before sample preparation. These glass plates are referred as
“untreated glass plates” in this work. More details on this type
of glass plates can be found in our previous publications.'®>*>2¢
For another experiment, the glass plates were placed in 4 wt%
hydrofluoric acid (HF) aqueous solution for 40 minutes. After
that, the HF treated glass plates were cleaned in the same
manner as the untreated plates and referred to as ‘“HF treated
glass plates” in this work. A stack of glass plates filled with
neat [EMIM][OAc] was prepared in a glove box under a dry N,
atmosphere. The samples were prepared by dropping 2 pL of
the IL onto the first glass plate, placing another glass plate on
the top, adding 2 pL of the IL on the top of this glass plate, etc.
This process was continued until the thickness of the stack
reached 2.5 mm. The IL that overflowed at the edges of the
stack was removed by sponging. The sample consisting of a
stack of ca. 37 glass plates was positioned in a rectangular glass
tube and sealed. The mean spacing between the untreated glass
plates was assessed by weighing the introduced IL, which
yielded d ~3.8-4.5 um."® A detailed description of the sample
preparation and characterisation has been reported in our
previous reports.'>?>?*3¢ Just before measurements, each
sample was vacuum treated at pressures less than 10> bar
for 12 hours to remove volatile impurities. All measurements
were performed at 294 K.

2.2. NMR spectroscopy

NMR experiments were performed on a Bruker Ascend/Aeon
WB 400 (Bruker BioSpin AG, Fillanden, Switzerland) NMR
spectrometer. The working frequencies for '"H and *C NMR
were 400.21 and 100.64 MHz, respectively. The NMR spectra
were recorded using a simple single n/2 radiofrequency pulse.
The n/2 pulse durations were 7 us and 6 ps for '"H and "*C,
respectively. All resonance lines in the 'H and "*C NMR spectra
were externally referenced to tetramethylsilane (TMS).

2.3. 'H NMR diffusometry

"H NMR self-diffusion measurements of the IL were performed
with a Pulsed-Field-Gradient (PFG) probe Diff50 (Bruker). The
diffusional decays (DD) were recorded using a spin-echo pulse
sequence. For single-component isotropic diffusion, the signal

intensity, 4, changes as:*"*®

A(t,g,9) x exp (—%) exp(—y*8°¢*Diq) (1)

Here, 7 is the time interval in the pulse sequence; y is the
gyromagnetic ratio for nuclei; g and ¢ are the amplitude and the
duration of the gradient pulse; tq = (4 — 9/3) is the diffusion
time; and 4 is the time interval between gradient pulses.
D is the diffusion coefficient. Typical experimental conditions
included signal averaging with 32 scans, 32 gradient steps,
a total gradient pulse length of 6 = 1.5 ms, and a 5 s recycle
delay. 4 was 20 ms. The amplitude of g varied from 0.06

upto 15 Tm .
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3. Results and discussion
3.1.

The "H NMR spectra of the bulk and confined [EMIM][OAc]
obtained after regular intervals over a few days are shown
in Fig. 2. The '"H NMR spectrum of the bulk [EMIM]OAc]
sample coincides with the previously recorded spectra by
other researchers.”®'® The resonance line assignment is made
according to the published reports,'® as shown in Fig. 2a. No
significant changes are observed in the 'H NMR spectrum
of the bulk [EMIM][OAc] sample during three months after
keeping the NMR sample tube at room temperature. This
means that the IL is stable under these conditions in accor-
dance with a previous study.”” For [EMIM][OAc] confined
between glass plates (Fig. 2b-g), significant changes are noticed
in the 'H NMR spectra already after 1.5 hours when placed
between the glass plates (Fig. 2c). A new "H resonance line
appeared at ca. 5.9 ppm after 1.5 hours and grew in intensity
with time. The intensity of this line was gradually increased and
a ‘“‘saturation point” was reached after two days of placing the
IL between the glass plates (Fig. 2g). At the same time the
resonance lines 1, 2 and 3 gradually shifted towards lower ppm
values. In addition to the change in the chemical shift, the
resonance lines assigned to the 1-3 protons became broader
during the first 6 hours. This change in the chemical shifts and
line broadening are typical for a proton chemical exchange
in the intermediate exchange regime.*® Therefore, in the
beginning of the experiment (up to ~4 h) the system experi-
enced a transition from a slow exchange to an intermediate
exchange regime, while at a longer time, a new transition from
an intermediate to a slow exchange regime occurred. For the
observed coalescence, we can calculate the exchange rate using
the following equation:*’

Experimental data

K. = nAu/\fZ, (2)
5 6 7
a) j W f)\L Bulk IL
i
M_JL 2 min
c) A J\/L 15h
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Fig. 2 H NMR spectra of [EMIM][OAC] in the bulk (a) and confined between
HF treated glass plates recorded at regular intervals of time (b—g).
The resonance lines are assigned to the chemical groups of [EMIM][OAC]
according to the previously published work.*> A new resonance line at
5.9 ppm appeared in the spectrum which is marked by an asterisk.
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where Av is the difference of the chemical shifts in frequency
units of the two exchanging spin sites. For resonance lines 2
and 3 the difference in their frequencies is 70.1 Hz, and
therefore, K, is 155.6 s~ * as calculated using eqn (2).

The *C NMR spectra of [EMIM][OAc] in the bulk and con-
fined between HF treated glass plates after two days are shown in
Fig. 3. The "*C resonance lines are assigned using a “Predict **C
carbon NMR spectra software”.** The spectra of the bulk and
confined [EMIM][OAc] are coincident except for the resonance
line of carbons 2 and 8. The doublet for carbon 2 is slightly
shifted towards lower ppm values from 140.4 ppm to 138.8 ppm
and the singlet for the carboxylate carbon 8 is shifted toward
higher chemical shift values from 175.9 ppm to 177.5 ppm. This
clearly indicates that chemical changes occurred in the structure
of the imidazolium cation of the IL at the glass surfaces. In
general, "*C NMR spectroscopy appeared to be less sensitive
to such structural changes that occurred with the confined
[EMIM][OAc] compared to 'H NMR spectroscopy (Fig. 2).

After recording the NMR spectra of [EMIM][OAc] confined
between glass plates for two days, the sample was again vacuum
treated for 12 hours at 10~* mbar pressure and room temperature.
The resonance line at ~5.9 ppm disappeared from the "H NMR
spectrum of the freshly vacuum treated sample and the spectrum
looked like the one shown in Fig. 2b. This reveals that the new
products formed on the surfaces of the glass plates are volatile and
have left the system under vacuum for 12 hours. To confirm the
repeatability of this process, the same was repeated and the
"H NMR spectra were recorded at regular intervals. It was found
that the process shown in Fig. 2b-g with the appearance of the new
resonance line at ~5.9 ppm and increasing intensity up to satura-
tion was reproducible. This procedure was then repeated several
times, and the spectral changes as a function of time were
reproduced each time. Therefore, confined [EMIM][OAc] degrades
producing volatile products with a new resonance line at ~5.9 ppm
in the "H NMR spectra. The volatile products can be pumped
out by vacuum treatment to obtain the neat [EMIM][OAc] again.

8
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Fig. 3 *C NMR spectra of [EMIM][OAC] in the bulk (a) and confined
between HF treated glass plates after two days (b).
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Generally, a change in the molecular structure leads to a
change in the dynamic properties of the molecules or ions in a
liquid. The change in the dynamic properties can be monitored
by measuring the diffusivity of molecules and ions. Therefore,
we measured the diffusion coefficients of [EMIM][OAc] in bulk
and in confinement between the glass plates at regular intervals
for a few days. The diffusion of the [EMIM]" cation and the
[OAc]™ anion was measured using diffusion decays (eqn (1)) of
the corresponding resonance lines of the "H NMR spectra (lines
1-5 and 7 for the imidazolium cation and line 6 for the acetate
anion). The diffusion coefficient of a species corresponding to a
new resonance line that appeared in the "H NMR spectrum of
the confined [EMIM][OAc] at ~ 5.9 ppm (Fig. 2, asterisk) was
also measured in the experiment. The bulk [EMIM][OAc] values
of the diffusion coefficient for cations and anions at 294 K are
6.9 x 107> m*s ' and 5.7 x 107 m* s, respectively. These
values are comparable to the previously reported diffusion
coefficients for the neat bulk [EMIM][OAc] ionic liquid."*"*
It is observed that the diffusion coefficient of the acetate anion
is smaller than that of the imidazolium cation, which is in
accordance with the previous reports on [EMIM][OAc] and other
imidazolium ILs."*'>'® Noteworthily, for a bulk sample of
[EMIM][OAc] neither new resonance lines appeared, nor the
values of diffusion coefficients for the imidazolium cation and
the acetate anion changed during three months of the sample
placement in the NMR tube. This suggests that no change has
occurred in the structure of the bulk [EMIM][OAc] IL in the
NMR tube. In contrast, significant changes occurred in the
structures of the [EMIM][OAc] IL that led to an increase in
the diffusion coefficients of cations, anions and the volatile
components, when the [EMIM][OAc] IL was confined between
glass plates. Dependences of diffusion coefficients on the time
of the experiment, as well as the intensity of the new resonance
line at ~5.9 ppm corresponding to a volatile product of the IL
decomposition, are shown in Fig. 4. As is clearly seen in Fig. 4,
the diffusivities of the imidazolium cation, the acetate anion
and the new product increase in a concerted way as a function
of time. In addition, the intensity of the resonance line corres-
ponding to the new product also increases in a similar fashion
to the diffusivities of the components.

A pertinent question is what is the reason for the increase
in the diffusion coefficients of [EMIM][OAc] between the HF
treated glass plates? It was observed earlier that an increase in
the amount of a molecular solvent or a molecular impurity lead
to an increase in the diffusion coefficients of ions."**"** This is
mainly due to the dissociation of ions by the solvent, which
leads to a decrease in the inter-ionic interactions and viscosity
of the ionic liquid.

In our previous studies, we observed a change in the diffu-
sion coefficients and NMR relaxation times of alkylammonium
nitrate ILs confined between polar glass plates and placed in
an external static magnetic field of 9.4 T as a function of time-
exposure in the magnetic field.*>>%° Therefore, we investigated
the effect of an external static magnetic field on the '"H NMR
spectra and diffusivities of [EMIM][OAc]. For this, in a separate
experiment the confined [EMIM]OAc] IL between glass plates
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Fig. 4 Variation of the diffusion coefficients of the imidazolium cation
(filled black circles), the acetate anion (empty black circles) and the
new resonance line at 59 ppm (filled red circles) of [EMIM][OAc]
confined between HF treated glass plates. An increase in the integral intensity
of the new resonance line at 5.9 ppm (stars) in the *H NMR spectrum of
the confined [EMIM][OAc] between HF treated glass plates. Arrows point
towards the Y-axis for each curve.

was kept outside the magnetic field of the NMR spectrometer
most of the time and was placed in the spectrometer only for a
short time (~3 min) of measurements. The same effect for the
'H NMR spectrum and the diffusivities of ions was observed for
the sample which was placed inside the NMR probe throughout
the experiment. Therefore, the effect of the static magnetic
field, if it exists in this system, is negligibly smaller compared
to the effect of the confinement between polar glass plates.

3.2. N-heterocyclic carbene formation mechanism

Although the thermal decomposition temperature of [EMIM][OAc]
IL is higher than 200 °C, it is known to be deprotonated by
the acetate anion.?” The deprotonation leads to formation of
N-heterocyclic carbene (NHC) which is a very efficient ligand
and organocatalyst. Therefore, great interest has been seen over
the past decades in this particular ionic liquid. The mechanism
of NHC formation and its presence in [EMIM][OAc] IL is still
debated in the scientific community. On the one side, the
transformation of charged species into neutral molecules via
proton transfer from the C2-H group of the imidazolium cation
to the acetate anion is unfavourable due to the highly polar
environment of this system.>® On the other side, it has been
experimentally demonstrated that imidazolium acetate based
ILs can react as carbene with metal ions,*® metal oxides,**
carbon dioxide®® and chalcogens®® forming carbene-adducts or
complexes with these substrates.

There are two plausible reaction mechanisms of carbene
formation in [EMIM][OAc] IL, the first one is a dissociative
reaction mechanism and the second one is an associative reaction
mechanism. In the dissociative mechanism, proton transfer
occurs from the C2-H group of the imidazolium cation to the
basic acetate anion leading to the formation of free carbene and
acetic acid in the system. The highly reactive carbene moiety
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then reacts with the substrate forming a covalent bond. On the
other hand, the proton transfer and the chemical bond for-
mation take place through a concerted reaction path. Recently,
Gehrke et al.*” have performed electrochemical studies on neat
[EMIM][OAc] IL and found that the associative reaction mecha-
nism is slightly more favourable on the surface of platinum,
which was further supported by density functional theory (DFT)
calculations and ab initio molecular dynamics (AIMD) simula-
tions. These authors have suggested that the mechanism of
reaction is determined by the reaction conditions, the type of
substrate and the side chain of the imidazolium cation. There-
fore, it is not possible to draw a general conclusion on the
reaction mechanism of carbene formation.

We suggest that the carbene formation in [EMIM][OAc] IL
confined between glass plates is a result of the catalytic activity
of the glass surface. To further confirm the effect of the surface,
we studied [EMIM][OAc] IL confined between two types of glass
plates, i.e. HF treated glass plates and untreated glass plates.
NMR diffusometry was employed to investigate the influence of
the substrate on the ion diffusion in [EMIM][OAc] IL. The effect
of the substrate on the ion diffusivities by the surfaces of the
untreated glass plates and the HF treated glass plates is shown
in Fig. 5. It is clearly seen that the ion diffusivity in [EMIM][OAc]
IL increases as a function of time in the case of both the
untreated glass plates and the HF treated glass plates. However,
both the rate of change of D and the level of saturation are
much higher in the case of [EMIM][OAc] IL on the HF treated
glass plates.

Now we can relate the observed effects with the specific
areas of the studied systems. The specific area in the case of a
liquid placed in a 5 mm outer diameter NMR tube is ~10°m™".
The specific surface area of the untreated glass plates (esti-
mated from the mean distance between plates ~3.8 um)®® is
~5.3 x 10° m~'. However, the specific surface area of the glass

3.0x10™ . . , . . : . .

2.5x10™] .

__2.0x10™] i

~
o~
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Fig. 5 Variation of diffusion coefficients of cations (solid circles) and
anions (open circles) of [EMIM][OAC] IL confined between the untreated
glass plates (blue circles) and the HF treated glass plates (black circles,
from Fig. 4).

This journal is © the Owner Societies 2019

View Article Online

Paper

plates changes when the surface is HF etched. When a smooth
surface is etched, the surface roughens and cusp-like structures
are formed.*® This formation is related to the presence of flaws
in the surface before etching. The size or depth of these flaws
changes from microcracks to larger cracks after polishing,
which are formed as a result of mechanical actions such as
grinding or particle erosion. The closed flaws or microcracks
are etched open and this surface defect is gradually trans-
formed into a cusp as etching proceeds.*® The untreated and
HF treated glass plates were analysed by the Brunauer-
Emmett-Teller (BET) method, which is usually used to quantify
the specific surface area.*® Nitrogen adsorption-desorption
data were recorded at 77 K on a Micromeritics ASAP 2010
instrument. Prior to measurements, the samples were out-
gassed at 300 K under vacuum for 10 h. The BET surface areas
were 0.1 4 0.01 m® g~ and 0.05 & 0.01 m? g~ * for the untreated
and HF etched glass plates, respectively. These surface areas
were contributed mainly by microcracks (micropores with sizes
less than 2 nm), in which penetration of [EMIM][OAc] IL was
difficult or even impossible. At the same time, the volume of
the microcracks was extremely small, ~0.000011 cm® g '.*¢
Therefore, the specific surface area of the HF treated glass
plates is ~9.5 x 10°> m~". This reveals that an increase in the
roughness of the plate surfaces leads to an increase in the
specific surface area by a factor of ~1.8. Therefore, the use of
glass plates increases the specific surface area of the glass by a
factor of hundred in comparison with the standard NMR tube.
The specific surface area on which the process of carbene for-
mation in [EMIM][OAc] IL occurs is of the order 10°~10° m™". The
rate and completeness of carbene formation in [EMIM][OAc] IL is
directly correlated with the specific surface area of the contact
surfaces. This means that the higher the specific surface area of
the glass plates, the larger the amount of carbene formation.

Taking into account the obtained NMR spectra and kinetic
dependences, we can suggest that the mechanism of chemical
reactions occurring in [EMIM][OAc] IL in the presence of glass
surfaces is through a dissociative path. Firstly, the products of
the reaction are electrically neutral and volatile, because the
new products were easily removed from the IL when placed
under vacuum. Secondly, the product of dissociation exchanges
with 2,1,3 protons of the [EMIM]" cation as confirmed by the
'"H NMR spectra. Based on the NMR analysis, the proposed
chemical reaction is shown in Fig. 6. This reaction is a typical
deprotonation of the C2-H group of the [EMIM]" cation by a
basic counter-ion leading to the spontaneous formation of
NHCs, as observed previously.?®> Therefore, the products
of dissociation of [EMIM][OAc] IL on the glass surfaces are
N-heterocyclic carbene (NHC) and acetic acid.

Indeed, the chemical shifts of protons 1 and 3 in NHC, as
shown by simulation with a NMR software,* are at 6.05 ppm. The
proton chemical shifts for the CH, and CHj; groups are shifted to
lower ppm values relative to the [EMIM]" cation, while the chemical
shifts for the protons in acetic acid remained at the same position
as for the [OAc]™ anion. The reaction shown in Fig. 6 has been
suggested earlier during distillation of [EMIM][OAc] IL,>® but its
products NHC and acetic acid have not been directly observed
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Fig. 6 Suggested dissociative reaction mechanism of carbene formation
in [EMIM][OAC] IL confined between glass plates.

in the liquid phase.*®*> This suggests that confinement of
[EMIM][OAc] IL between polar glass plates stabilises the dis-
sociation products. The bulk [EMIM][OAc] IL smells slightly as
acetic acid. This means that traces of acetic acid are present in
the bulk IL, but the equilibrium is shifted far left, in accordance
with the previously reported data.>®*> The confined IL and the
dissociation products are in a quasi-equilibrium state as con-
firmed by the changes in the "H NMR spectra (Fig. 2) on the
surfaces of glass plates. The presence of the glass surface
shifted this equilibrium to the right. Due to kinetic reasons,
this process takes place for two days. In the middle of the NHC
formation process, there is interconversion between [EMIM]"
and NHC, which is observed in the NMR spectra as a ‘“proton
exchange” in the intermediate exchange regime that leads to
"H NMR resonance line broadening for the protons 1,2,3
(Fig. 2b-e). We believe that the chemical exchange is retarded
at low (beginning of the experiment) and high (at the end of
experiment) concentrations of NHC. After the observed intermediate
exchange and lines coalescence (Fig. 2d), no fast exchange
occurs, evidently because of the quite low mobilities of [EMIM]"
and NHC at room temperature. Therefore, the suggested dis-
sociation reaction presented in Fig. 6 is in agreement with the
changes in the 'H and ">C NMR spectra (Fig. 2 and 3). The
neutral NHC and acetic acid act as solvents in the IL. They do
not interact electrostatically and thus the viscosity of the system
decreases that leads to an increase in the diffusivity of all the
ionic and molecular species present in the system.

4. Conclusions

"H and "C NMR spectroscopy and '"H NMR diffusometry were
performed on the [EMIM][OAc] ionic liquid confined between
glass plates with a specific surface area of 10°-10° m ™. The
presence and an increase with time in the fraction of neutral
and volatile products of dissociation of the [EMIM][OAc] IL
were detected by both, "H NMR and "*C NMR spectroscopy and
diffusometry. In contrast, no such dissociation products were
observed when the [EMIM][OAc] IL was placed in an NMR tube
for the same period of time. The rate and degree of dissociation
increased as the specific surface area of the glass plates
increased. Based on the NMR spectroscopy data, the products
of the dissociation reaction were found to be N-heterocyclic
carbene and acetic acid and the plausible mechanism was a
dissociative path where free carbene was present in the liquid.
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The effect of interconversion between the [EMIM]" cation and
N-heterocyclic carbene was observed in the '"H NMR spectra as
a “‘proton exchange” in the slow-intermediate exchange regime.
Dissociation reactions in the confined [EMIM][OAc] IL and the
potential formation of N-heterocyclic carbenes require more
detailed studies because of the high level of practical interest in
various applications.
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