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[Chol][Pro], [Chol][Ser], [Chol][Ala], [Chol][MeSO3] and [Chol][2-MeBu] ionic liquids were synthesized and
then supported on five mesoporous carbon materials. A commercially available mesoporous carbon (MB)
was used as a starting material, and four additional supports were prepared from MB by heat treatment
and oxygen plasma as well as chemical oxidations, bringing about materials with differences in both textural
and surface chemical properties. The purpose of this work was to study the chemical stability of different
carbon-supported choline-based ionic liquids as a previous step to their use as heterogeneous catalysts in
liquid phase organic synthesis. To this end, the ILs were firstly immobilized on the carbon materials,
subsequently de-immobilized at increasing periods of time and finally, analyzed by 1H NMR. Their structure
was compared to that of the corresponding unsupported ionic liquid. The results demonstrated that besides
the textural and surface chemical properties of the carbon materials, the composition of the anion as well as
the strength of the anion–cation bond of the choline-based ionic liquids are crucial factors influencing on
their chemical stability after being supported. Thus, [Chol][Ala], [Chol][Ser] and [Chol][Pro] decompose quick-
ly as a consequence of the interaction between the amino group of the anion and the oxygen groups on the
surface of the carbon material. However, [Chol][MeSO3] and [Chol][2-MeBu] remain stable. A decrease of the
surface area of the carbon material as well as a highly pure carbon surface significantly increases the chemical
stability of the supported choline-based ionic liquids.

© 2012 Elsevier B.V. All rights reserved.
1. Introduction

Ionic liquids (ILs) are being applied in many fields, namely electro-
chemistry [1], organic synthesis [2], metals recovery from solutions
[3], and carbon dioxide capture [4]. Among them, the use of ILs as
solvents and/or catalysts for the production of fine chemicals are
increasingly attracting attention [2] owing to their low vapor
pressure, good solubility for a wide spectrum of compounds even
gases, non-flammability, thermal and chemical stability, possibility
of recycling and suitability for modifications [5]. However, the wide-
spread utilization of ILs as catalysts in chemical processes is still ham-
pered by some drawbacks in relation to reaction products separation,
large amount needed in biphasic systems, mass transfer limitations
and reusing. To overcome these problems, a new class of advanced
systems in which the ILs are immobilized on solid supports has
been proposed [6]. Thus, silica- and polymer-supported ILs have
been tested as catalysts in organic synthesis with variable results
regarding activity and recycling [7,8].

However, concerns have risen over the potential toxicity and bio-
degradability of most of the currently studied ILs [9]. In this respect,
some ILs have been already prepared from renewable and non-toxic
biosources [10], thus meeting with one of the main principles of
rights reserved.
green chemistry [11]. Among these sources, natural products with
an interesting molecular diversity have the potential to be converted
into ILs by means of green procedures, such as simple ion-exchange
and/or acid–base [12]. Thus, ionic liquids were prepared in our
facilities from choline hydroxide—an essential water-soluble nutrient
grouped within the B-complex vitamin—and different amino acids as
cation and anion sources, respectively, following an economical and
green route in which the only by-product is water. They were
successfully applied as catalysts in the Knoevenagel condensation
between benzaldehyde and different active methylene compounds
to synthesize α,β-unsaturated carbonyl compounds which are impor-
tant intermediates for the production of fine chemicals [10d].

In view of the results of the homogenous reaction, [Chol][Pro],
[Chol][Ser] and [Chol][Ala] as well as the choline-based [Chol]
[MeSO3] and [Chol][MeBu] ILs were firstly synthesized and then
supported on different porous carbon materials by physical
adsorption to obtain, in a simple way, efficient and stable IL/carbon
catalysts. Carbon materials offer several advantages as supports
such as availability, high mechanical strength, chemical stability,
and a pore structure as well as an attractive surface chemistry
which allows modifications to suit the ILs immobilization needs [13].

In a recent preliminary work, carbon-supported [Chol][Pro] was
used as catalyst in the Michael reaction between cyclohexanone and
β-nitrostyrene to produce 2-(2-nitro-1-phenyl)cyclohexanone [14].
Excellent conversions and high diasteroselectivities similar to those
of the homogeneous catalytic reaction were attained when [Chol]
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[Pro] was supported on porous carbon materials with a highly pure
carbon surface. However, the reaction did not proceed in the presence
of this ionic liquid immobilized on carbon materials containing
oxygen surface groups. It was concluded that the catalytic activity of
carbon-supported [Chol][Pro] were strongly influenced by the
textural (surface and pore size) and surface chemical properties of
the support. Since the use of ILs in surface-dependent process is
growing, several studies have recently been focused on the
understanding of the ionic liquid–solid interface [15].

The purpose of this work was to study the chemical stability of
different carbon-supported choline-based ionic liquids as a previous
step to their use as heterogeneous catalysts in liquid phase organic
synthesis. To this end, the ILs were firstly immobilized on carbon
materials with different textural and surface chemical properties,
subsequently de-immobilized at increasing periods of time and final-
ly, analyzed by 1H NMR. Their structure was compared to that of the
corresponding unsupported ionic liquid.
2. Experimental section

2.1. Chemical reagents and solvents

The natural amino acids: alanine (Ala) (99 wt.%), proline (Pro)
(99 wt.%) and serine (Ser) (98 wt.%), 2-methylbutyric acid (C5H10O2)
(98 wt.%), methyl sulfonic acid (MeSO3H) (99.5 wt.%), choline hydrox-
ide or (2-hydroxyethyl)trimethylammonium hydroxide ([Chol][OH])
(46 wt.% in water), acetonitrile (99.8 wt.%), acetone (99.8 wt.%),
methanol (99.9 wt.%), deuterated water (standard 99.98 wt.%) and hy-
drogen peroxide (30 wt.% in water) were purchased from Sigma-
Aldrich and used without any further purification.
2.2. Synthesis and characterization of choline-based ionic liquids

[Chol][Pro], [Chol][Ser], [Chol][Ala], [Chol][MeSO3] and [Chol][2-
MeBu] ionic liquids named as (2-hydroxyethyl)trimethylammonium
DL-prolinate, (2-hydroxyethyl)trimethylammonium DL-serinate, (2-
hydroxyethyl)trimethylammonium DL-alaninate, (2-hydroxyethyl)tri-
methylammonium methylsulfonate and (2-hydroxyethyl)trimethy-
lammonium 2-methylbutyrate, respectively, were synthesized from
[Chol][OH] (choline hydroxide o (2-hydroxyethyl)trimethylammo-
nium hydroxide) and the amino acids or acids by following a previous-
ly reported route [10d]. The anion source (1.15 equivalents of Ala, Pro
or Ser, and 1 equivalent of 2-methylbutyric or methyl sulfonic acids)
was added to an aqueous solution of [Chol][OH] (1 equivalent, 46
wt.% in water) and the mixture was stirred at room temperature for
24 h to produce the ionic liquid and water as by-product. The water
was removed under vacuum at 50 °C. Moreover, in the synthesis of
[Chol][Pro], [Chol][Ser], [Chol][Ala], the unreacted amino acid in the
prepared IL was further eliminated by precipitation with acetonitrile
and methanol (the IL-solvents mixture was stirred vigorously
overnight), followed by filtration through celite. The solvents were
evaporated at reduced pressure. Finally, the ionic liquid was dried
under vacuumovernight at 60 °C and stored in a dry box under argon at-
mosphere until utilization or characterization. The ILswere characterized
by 1H NMR in a Bruker spectrometer at 400 MHzwith tetramethylsilane
as internal standard and deuterated water as solvent. All the ILs
employed in this work showed high purity after synthesis without no
sign of decomposition (for [Chol][Pro], [Chol][Ser] and [Chol][Ala] see
reference [10d], and for [Chol][MeSO3] and [Chol][2-MeBu] Fig. 4a and
b respectively). This characterization was performed at three
increasing periods of time after their synthesis, namely 1 day (1D),
2 weeks (2W) and 1 month (1 M). Therefore, for comparison purposes,
they were identified by the prefix 1D, 2W or 1M followed by the IL
designation, for example 1D-[Chol][Ser] or 1M-[Chol][Ala].
2.3. Carbon supports: preparation and surface characterization

Mesoporous carbon beads (MB) of particle size in the range
0.5–1.0 mm with spherical shape were used as starting support.
They are commercially available phenolic resin-based activated
carbon materials with a bi-modal pore texture [16]. MB carbon
material was heated at 1500 °C or 2000 °C for 1 h in a graphite
electrical furnace, at a heating rate of 10 °C min−1 in Ar flow. The
new materials prepared were named MB-1500 and MB-2000
respectively. Oxidation of MB was carried out with oxygen plasma
and hydrogen peroxide, the resulting materials denoted MB-LTA
and MB-H2O2, respectively. For the plasma oxidation, an Emitech
K1050X plasma reactor where oxygen was excited using radiofre-
quency (RF) energy (13.56 MHz) at a power of 75 W was used. The
total MB material exposure time was 30 min in successive periods
of 10 min each in order to attain a homogeneous surface oxidation,
the material being stirred manually between periods. The treatment
of MB material with hydrogen peroxide (30 wt.% in water) was
carried out at 50 °C during 16 h followed by washing with distilled
water and further drying. SEM images of the carbon supports appear
as supporting information in Fig. S1.

The surface area and pore size distribution of the carbon supports
were derived from the N2 adsorption-desorption isotherms
performed at −196 °C in a Micromeritics ASAP 2420 volumetric
adsorption system. Prior to measurement, samples were degassed
overnight by heating at 250 °C under vacuum. Specific surface areas
(SBET) were calculated using the BET (Brunauer–Emmett–Teller)
method, taking 16.2 nm2 for the cross-sectional area of the
nitrogen-adsorbed molecule. Total micropore volumes (VDRN2)
were assessed by applying the Dubinin–Radushkevich (DR) equation
to the suitable adsorption data. Total pore volumes (Vt) were
determined by the amount of N2 adsorbed at p/po=0.99. Pore size
distributions were obtained by applying the DFT (Density Functional
Theory) method to the N2 adsorption isotherms and they are given
as supporting information (Fig. S2).

The X-ray photoelectron spectroscopy (XPS) surface chemical
analysis of the carbon supports was carried out in a SPECS Phoibos
100 analyser using Mg Kα X-rays (1486.6 eV) at a power of 120 W
in a residual vacuum of 10−13 bar. Measurements were made with
the analyser in fixed transmission mode and normal to the plane of
the sample. Analyser pass energy of 80 eV has been used to collect
broad scan spectra (0–1100 eV). The total atomic percentages of the
different elements present in the approximately 10 nm upper layers
were calculated from the survey spectra by considering the
integrated areas of the main XPS peaks. The surface oxygen distribu-
tion in different functional groups was determined by considering the
integrated areas of the C1s peaks and their sensitivity factors (Figs. S3
and S4 in supporting information). Corel level curve fitting was
performed using a Shirley background and a standard least square
algorithm. Each component was fitted to a deconvolution of a
Gaussian and a Lorentzian functions (80:20).
2.4. Immobilization of choline-based ionic liquids on carbon supports

The corresponding ionic liquid (20 wt.% of carbon) dissolved in
methanol was mixed with the carbon material. Previously, the carbon
supports have been heated at 70 °C in an oven overnight to remove
any residual moisture. To ensure an optimal penetration of the IL
into the carbon material pores, the mixture was stirred at 400 rpm
for 3 h followed by a careful removal of the solvent in a vacuum
line. The carbon-supported ionic liquid system was then dried over-
night at 30 °C under vacuum and finally, stored in a dry box under
argon atmosphere and a water content bellow 1 ppm until utilization.
The carbon-supported choline-based ionic liquids were named [Chol]
[X]/carbon material, such as [Chol][Ala]/MB or [Chol][Ser]/MB-1500.



Table 2
XPS carbon and oxygen analysis of the carbon materials (atom. %).

Material CT OT OC―OR OC O OO C―OR

MB 91.5 5.0 2.4 1.1 1.5
MB-LTA 70.4 25.8 7.8 6.0 12.0
MB-H2O2 86.3 11.2 6.5 1.5 3.2
MB-1500 98.3 1.7 1.1 0.3 0.3
MB-2000 99.0 1.0 0.8 0.2 0.0

CT and OT: Total carbon and oxygen.
OC―OR, OC O, OO C―OR: Oxygen distribution in functional groups.
R: H, alkyl or aryl.
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2.5. De-immobilization of choline-based ionic liquids from carbon
supports

To study the chemical stability of the supported choline-based ILs,
they were de-immobilized from the carbon supports by stirring
100 mg of the corresponding [Chol][X]/carbon material system in
1 ml of deuterated water for 1 h. This step was done at three increas-
ing periods of time after ILs supporting, namely 1 day (1D), 2 weeks
(2W) and 1 month (1M). The deuterated solutions of the de-
immobilized ILs were then analyzed by 1H NMR as described above.
They were identified by the prefix 1D, 2W or 1M followed by the
carbon-supported ionic liquid designation in which the prefix De
was added, for example De-1D-[Chol][Ser]/MB, De-2W-[Chol][Pro]/
MB-1500 or De-1M-[Chol][Ala]/MB-LTA.
3. Results and discussion

3.1. Surface properties of the carbon materials

To help in discussing the results of the chemical stability of the
carbon-supported ionic liquids based on choline, the surface proper-
ties of MB, MB-H2O2, MB-LTA, MB-1500 and MB-2000 employed as
supports are firstly considered. The textural parameters (surface
area and pore volume) and surface chemical analysis (total oxygen
and carbon, and oxygen distribution in functional groups) of these
materials are given in Tables 1 and 2, respectively. As seen, MB
shows relatively high micro and mesoporous volumes. The oxidation
of MB causes little changes in the textural parameters. Thus, BET sur-
face areas of 1294, 1251 and 1211 m2 g−1 and meso/total pore
volume ratio of 0.56, 0.56 and 0.58 were calculated for MB, MB-LTA
and MB-H2O2, respectively. However, the heat treatment of MB
reduces significantly the surface area (by 6.1 times at 2000 °C) at
the expense of the micropore volume, since the mesopore remains
practically unchanged (Table 1). This effect is particularly remarkable
in MB-2000 carbon with a meso/total pore volume ratio of 0.88. DFT
calculations on the nitrogen adsorption isotherms rendered
bi-modal pore size distributions for the carbon supports, with a
mesopore distribution centred at approx 34 nm for MB, MB-LTA and
MB-1500, at 37 nm for MB-2000 and 28 nm for MB-H2O2 (Fig. S2 in
supporting data). The surface chemical analysis by XPS of the carbon
materials reveals compositional differences of the outermost layers of
MB after both treatments (Table 2). Hydrogen peroxide and plasma
oxidations of MB increase the amount of surface oxygen (from~5
atomic% in MB to~11 atomic % in MB-H2O2 and~26 atomic % in
MB-LTA), whereas it was reduced by heat treatment, thus leading to
a highly pure carbon surface (C atomic % of~98 in MB and~99 % in
MB-2000). Therefore, the oxygen functional groups on the support
surface that are available to interact with the choline-based ionic liq-
uids increase as follows MB-2000bMB-1500bMB≪MB-H2O2≪MB-
LTA. It is thus expected that the hydrophilicity of the supports raises
in a parallel way. This trend was confirmed by the oxygen distribution
in the different groups in Table 2. As seen, MB-LTA material exhibits
Table 1
Textural parameters of the carbon materials.

Material SBET (m2 g−1) a Vt (cm3 g−1) b VDRN2 (cm3 g−1) c VMESO (cm3 g−1) d

MB 1294 1.141 0.506 0.635
MB-LTA 1251 1.111 0.490 0.621
MB-H2O2 1211 1.096 0.463 0.633
MB-1500 909 0.991 0.349 0.645
MB-2000 211 0.676 0.081 0.595

a BET surface area.
b Total pore volume.
c Micropore volume.
d Mesopore volume=Vt−VDRN2.
the largest proportion of carboxyls with the strongest acidic character
followed by MB-H2O2 and MBmaterials (Figs. S3 and S4 in supporting
information).
3.2. Chemical stability of the carbon-supported choline-based ionic
liquids

The chemical stability of the carbon-supported choline-based
ionic liquids (Fig. 1) was studied by comparing their structure to
that of the corresponding unsupported ionic liquid. To this end, the
ionic liquids were de-immobilized from the carbon materials at in-
creasing periods of time after being supported by dissolution in deu-
terated water and then analyzed by 1H NMR as described in the
experimental section.

The spectra of the de-immobilized ILs from [Chol][Ala]/carbon and
[Chol][Ser]/carbon systems are reported in Figs. 2 and 3. For compar-
ison, the corresponding unsupported ionic liquid and amino acid
were also included. As seen in Fig. 2, alanine shows a doublet at
high field which is assigned to the methyl group. Due to the influence
of the cholinate moiety, this signal is shifted to lower ppm in the
spectrum of the [Chol][Ala] ionic liquid. Therefore, the chemical
shift of the methyl group is used to assess the interaction between
the anion (alaninate) and the cation (cholinate). Since the signal of
this group in the spectra of De-1D-[Chol][Ala]/carbon ILs (IL de-
immobilized from the support after 1 day) is in between the amino
acid and the ionic liquid, it is evident that carbon materials weaken
the anion/cation interaction of supported [Chol][Ala]. Even so, some
differences are appreciated depending on the carbon support. Thus,
the methyl signals of De-1D-[Chol][Ala]/MB-1500 and De-1D-[Chol]
[Ala]/MB-2000 ionic liquids appear closer to that of unsupported
[Chol][Ala] IL (Fig. 2). The surface oxygen groups, particularly, those
with acidic character, which relative proportion is larger in MB, MB-
H2O2 and, particularly, in MB-LTA (Table 2), could interact with the
―NH2 group of the alaninate anion, and eventually lead to total de-
composition of [Chol][Ala] with retention of the alanine into the
pores of the carbon materials, thus explaining the absence of the
above mentioned methyl group signal in the spectra of 1De-1M-
[Chol][Ala]/MB, De-1M-[Chol][Ala]/MB-LTA, and De-1M-[Chol][Ala]/
MB-H2O2 ILs (ILs de-immobilized from the supports after 1 month)
where only choline peaks are observed. [Chol][Ala] seems to remain
stable for a longer time on MB-2000 and MB-1500 carbon materials
since the methyl signal was still observed in the spectra of De-1M-
[Chol][Ala]/MB-1500 and De-1M-[Chol][Ala]/MB-2000 ILs (Fig. 2).
However, with regards to the corresponding De-1D-[Chol][Ala]/MB-
1500 and De-1D-[Chol][Ala]/MB-2000 ILs, this signal appears closer
to the alanine, thus suggesting a very weak cholinate-alaninate
interaction with partial [Chol][Ala] decomposition. Moreover, unlike
in MB, MB-LTA and MB-H2O2, the amino acid is not retained on
MB-1500 and MB-2000 supports with basically a pure carbon surface
(Table 2). For carbon-supported [Chol][Ser] systems, the stability is
discussed on the basis of the ―CH (triplet) and ―CH2 signals of the
serinate anion appearing at approximately 3.6 and 3.2 ppm,



Fig. 1. Structure of choline-based ILs.
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respectively, in the spectra of the unsupported 1D-[Chol][Ser] and
1M-[Chol][Ser] ILs (Fig. 3). These signals together with those of the
cholinate cation (~3.95–3.90 ppm, 3.40–3.35 ppm, 3.10–3.05 ppm)
were clearly observed in the ILs de-immobilized from [Chol][Ser]/
MB-1500 and [Chol][Ser]/MB-2000 systems, thus showing the
presence of stable [Chol][Ser]. However, the anion–cation interaction
in the de-immobilized [Chol][Ser] IL is weaker than in the unsupported
one as shown by the shift of the –CH and –CH2 signals to higher values
(closer to free serine), particularly in the spectra of De-1M-[Chol][Ser]/
MB-1500 and De-1M-[Chol][Ser]/MB-2000 ILs (1 month after being
supported). Therefore, a certain lack of stability of this ionic liquid
occurs when supported on MB-1500 and MB-2000 carbon materials.
Mostly signals from the choline cation appear in the spectra of the ILs
de-immobilized from [Chol][Ser]/MB, [Chol][Ser]/MB-LTA and [Chol]
[Ser]/MB-H2O2 systems in Fig. 3, particularly, in those obtained
1 month after [Chol][Ser] supporting. Therefore, as in the case of
[Chol][Ala], the strong interaction of the surface oxygen groups of
these carbon materials (Table 2) with the –NH2 group of the serinate
anion seems to lead to the total decomposition of supported [Chol]
[Ser], the amino acid being retained into the support. The analysis of
ILs de-immobilized from the carbon-supported [Chol][Pro] systems
(see supporting information in Fig. S5) confirmed that this IL (i) de-
composes quickly after being supported in MB, MB-LTA and MB-H2O2

(peaks of choline were only observed in the spectra, thus suggesting
Alanine

1D-[Chol][Ala]

De-1D-[Chol][Ala]/MB-1500

De-1D-[Chol][Ala]/MB-2000

De-1D-[Chol][Ala]/MB

De-1D-[Chol][Ala]/MB-H2O2

De-1D-[Chol][Ala]/MB-LTA

1M-[Chol][Ala]

De-1M-[Chol][Ala]/MB-1500

De-1M-[Chol][Ala]/MB-2000

De-1M-[Chol][Ala]/MB

De-1M-[Chol][Ala]/MB-H2O2

De-1M-[Chol][Ala]/MB-LTA

4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2

ppm

Fig. 2. 1H NMR spectra in D2O of alanine, 1D- and 1M-[Chol]
the retention of the proline into the carbon material pores) and
(ii) remains relatively stable on MB-1500 and MB-2000 (signals
assigned to [Chol][Pro] were detected). However, it was almost
completely decomposed after one month of being supported on the
latter carbon materials, the solution spectra showing signals of choline
and small amounts of free-proline.

With the above results in mind and taking into account the prop-
erties of the carbon materials (Tables 1 and 2) as well as the stability
of the unsupported [Chol][Ala], [Chol][Ser] and [Chol][Pro] ILs studied
(Figs. 2, 3 and S5), the decomposition of these ionic liquids after im-
mobilization can not only be attributed to the oxygen surface groups
of the support since it was also observed to occur when MB-1500 and
MB-2000 with a basically pure carbon surface were used. Moreover,
as regards the chemical shift of the proton signals that were selected
to study the stability of the supported ILs, a difference among the so-
lutions from these two carbon materials can be appreciated (Figs. 2
and 3). As seen, those in the spectra of ILs de-immobilized from
MB-2000 support are closer to the corresponding unsupported IL.
This fact can be associated with a higher stability of the ILs on this
carbon material. Therefore, the influence of carbon support porosity
on the chemical stability of [Chol][Ala], [Chol][Ser] and [Chol][Pro]
ILs cannot be ruled out, particularly when considering that the associ-
ation of these type of molecules is expected to be lower in materials
with higher surface area (909 m2 g−1 in MB-1500 versus 211 m2
.8 2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2 1.0

[Ala] ILs, and De-1D- and De-1M-[Chol][Ala]/carbon ILs.



De-1M-[Chol][Ser]/MB-LTA

Serine

1D-[Chol][Ser]

De-1D-[Chol][Ser]/MB-1500

De-1D-[Chol][Ser]/MB-2000

De-1D-[Chol][Ser]/MB

De-1D-[Chol][Ser]/MB-H2O2

De-1D-[Chol][Ser]/MB-LTA

1M-[Chol][Ser]

De-1M-[Chol][Ser]/MB-1500

De-1M-[Chol][Ser]/MB-2000

De-1M-[Chol][ser]/MB

De-1M-[Chol][Ser]/MB-H2O2

4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6   
ppm

Fig. 3. 1H NMR spectra in D2O of serine, 1D- and 1M-[Chol][Ser] ILs, and De-1D- and De-1M-[Chol][Ser]/carbon ILs.
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g−1 in MB-2000) and/or higher microporosity (35 % of the total volu-
men in MB-1500 versus only 12 % in MB-2000), thus promoting the
break of the anion–cation interaction whose nature is in itself weak.
In this sense, the incorporation of ILs into porous carbon materials
has been reported to preferentially occur through the filling of the mi-
cropores followed by the mesopores [15a].

Unlike [Chol][Ala], [Chol][Ser] and [Chol][Pro] ILs, the other two
choline-based ILs studied, [Chol][MeSO3] and [Chol][2-MeBu], remain
stable after being immobilized on all of the carbon materials studied.
As seen in Fig. 4, the spectra of De-1M-[Chol][2-MeBu]/carbon and
De-1M-[Chol][MeSO3]/carbon ILs (IL de-immobilized 1 month after
4.5 4.0 3.5 3.0 2.5
ppm

1M-[Chol][MeSO3]

De-1M-[Chol][MeSO3]/MB-1500

De-1M-[Chol][MeSO3]/MB-2000

De-1M-[Chol][MeSO3]/MB

De-1M-[Chol][MeSO3]/MB-H2O2

1M-[Chol][2-MeBu]

De-1M-[Chol][2-MeBu]/MB-1500

De-1M-[Chol][2-MeBu]/MB-2000

De-1M-[Chol][2-MeBu]/MB

De-1M-[Chol][2-MeBu]/MB-H2O2

De-1M-[Chol][2-MeBu]/MB-LTA

De-1M-[Chol][MeSO3]/MB-LTA

Fig. 4. 1H NMR spectra in D2O of (a) 1M-[Chol][2-MeBu] IL and De-1M-[Chol][2-MeBu
being supported) are identical to those of the corresponding
unsupported 1M-[Chol][2-MeBu] or 1M-[Chol][MeSO3] ionic liquids
(analyzed 1 month after preparation). These results confirm that
(i) the above discussed lack of stability of [Chol][Ala], [Chol][Ser] and
[Chol][Pro] ILs after immobilization on MB, MB-LTA and MB-H2O2 car-
bon materials is essentially due to the interactions between the amino
group of the IL anion and the surface oxygen groups of the support
with not participation of the choline cation and (ii) non-ionic liquid
anion/carbon interactions appear to occur when supporting [Chol]
[MeSO3] and [Chol][2-MeBu] ILs on these carbon materials. In addition,
since the latter ILs were not either decomposed after immobilization
2.0 1.5 1.0 0.5 0.0

a

b

]/carbon ILs, and (b) 1M-[Chol][MeSO3] IL and De-1M-[Chol][MeSO3]/carbon ILs.
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on MB-1500 and MB-2000 carbon materials, it can be preliminary con-
cluded that the anion–cation bond is stronger than in [Chol][Ala],
[Chol][Ser] and [Chol][Pro] ILs.

4. Conclusions

Besides the textural and surface chemical properties of the carbon
materials, the composition of the anion as well as the strength of the
anion–cation bond of the choline-based ionic liquids are crucial
factors influencing on their chemical stability after being supported.
Thus, [Chol][Ala], [Chol][Ser] and [Chol][Pro] Bio-ILs decompose
quickly as a consequence of the interaction between the amino
group of the anion and the surface oxygen groups of the carbon sup-
port. However, [Chol][MeSO3] and [Chol][2-MeBu] remain stable. A
decrease of the surface area of the carbon material as well as a highly
pure carbon surface significantly increases the chemical stability of
the supported choline-based ionic liquids.

Supplementary materials related to this article can be found
online at doi:10.1016/j.molliq.2012.02.022.
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