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Abstract
In this study the MCM-41 mesoporous material was first prepared by using hydrothermal method in the presence of 1-butyl-2,3-
dimethylimidazolium hexafluorophosphate ([BMMIM]PF6) ionic liquid (IL) as template. The IL presented the average yields
between 67 and 76%. The obtainedMCM-41 showed the main structural parameters associated with the formation of condensed
silica (Si −O − Si), a hexagonal mesostructure with a compact arrangement of cylindrical tubes and agglomerated spherical
particles.
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1 Introduction

Ionic liquids (ILs) can be defined as organic salts in which at
room temperature are in the molten state. They consist of
inorganic anions asymmetrically arranged with organic cat-
ions and are important because of their physicochemical prop-
erties such as: low volatility and flammability, high thermal
stability, and high ionic conductivity [1, 2].

Recently, ILs have attracted considerable interest in the
development and research of their properties and applications
in materials science not only as solvents and catalysts for
green chemistry, but also in polymer science and as surfactant
(template) [1–5]. There are some examples of the use of ionic
liquids in the preparation of porous materials such as zeolites,
MCM-41, and moreover studies have shown that ILs are via-
ble template in the synthesis of micro/mesoporous materials
[6–9].Wang et al. [6] prepared theMCM-41 from the use of 1-

hexadecyl-3-methylimidazolium chloride IL as template and
NaOH as the catalyst, however the synthesis gel obtained at
45 °Cwas hydrothermally treated for 3 days. Sanaeishoar et al.
[10] used a mixture of templates for the synthesis of MCM-41
micro-mesoporous, in this work the ILs (N-butyl-Dabco bro-
mide, N-butylpyridinium bromide, and N-butyl-hexamethy-
lenetetramine bromide) were used as co-templates and the
main template was cetyltrimethylammonium bromide
(CTAB).

On the other hand, Kumar et al. [11] prepared the ordered
mesoporous aluminosilicate (AlIITM-41) from the use of 1-
hexadecyl-3-methylimidazolium chloride IL as template in
the presence of aluminum sulphate and fumed silica (silica
sou r c e ) , a nd L iu e t a l . [ 12 ] u s ed 1 - c e t hy l - 3 -
methylimidazolium bromide to prepare the Al-MCM-41 on
7 days of crystallization. However, the synthesis of pure
MCM-41 with the 1-butyl-2,3-dimethylimidazolium
hexafluorophosphate ([BMMIM]PF6) IL as template has not
been found in the literature.

Several methods have been proposed for synthesis of
mesoporous materials. However, the hydrothermal method is
more efficient and the most used in the literature [13–17]. This
method was proposed from the traditional sol-gel method, so
the aqueous solution obtained is transferred to a reactor and
placed under heat treatment. However, to obtain this solution,
it is necessary to use a catalyst in aqueous media (acid or
basic), a silica source, and a surfactant (template); the latter
is responsible for directing the final structure of the mesopo-
rous material.
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In previous studies [13–15, 18, 19], our research group has
synthesized different types of mesoporous materials from the
use of cetyltrimethylammonium bromide (CTABr) as tem-
plate. However, in the present study the 1-butyl-2,3-
dimethylimidazolium hexafluorophosphate ([BMMIM]PF6)
ionic liquid was synthesized and used as template in the syn-
thesis of MCM-41 mesoporous material. From our knowl-
edge, there are no previous works reporting the use of
[BMMIM]PF6 as molecular template to MCM-41 mesopo-
rous material.

2 Materials and Methods

2.1 Standards, Solvents, and Reagents

The 1,2-dimethyl imidazoline (Aldrich), toluene (Synth), 1-
chlorobutane (Aldrich), acetonitrile (Synth), ethyl acetate
(Synth), potassium hexafluorophosphate (KPF6, Aldrich),
deuterated chloroform (Aldrich), tetraethylorthosilicate
(TEOS, 98.0%, Aldrich), and ammonia monohydrate
(NH3.H2O, Synth) were used without further purification.

2.2 Synthesis of 1-Butyl-2,3-Dimethylimidazolium
Hexafluorophosphate ([BMMIM]PF6)

The method was based on the work described by Cammarata
et al. [20]: The 1,2-dimethyl imidazoline (60.08 g) was added
in a 3-necked flask containing toluene (62.5 mL, 0 °C, N2

atmosphere), then 1-chlorobutane (72 mL) was added to the
flask, which was refluxed for 24 h at 110 °C. After this time,
the flask was placed in a cooler ( 20 °C, 14 h) for decantation
and removal of toluene, then acetonitrile was added for crys-
tallization. Subsequently, a further crystallization was carried
out with ethyl acetate (40 °C, 24 h). Finally, the 1-butyl-2,3-
dimethylimidazolium chloride ([BMMIM]Cl) (Fig. 1a) ob-
tained was placed in a petri dish and dried under vacuum for
24 h. Then, to Ionic exchange of [BMMIM]Cl: Potassium
hexafluorophosphate (KPF6) (88.2 g) was added to a solution
of [BMMIM]Cl with dichloromethane (138 mL) under stir-
ring for 24 h. The suspension was filtered to remove the pre-
cipitated chloride salt and the organic phase was washed a few
times with water until complete precipitation of the AgCl into
the aqueous phase from the addition of an AgNO3 solution.
The organic phase was then washed twice more with water for
complete removal of the chloride salt and the solvent was
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Fig. 1 Synthesis reaction of a 1-
butyl-2,3-dimethylimidazolium
chloride [BMMIM]Cl and b 1-
butyl-2,3-dimethylimidazolium
hexafluorophosphate
[BMMIM]PF6

Fig. 2 13C-NMR spectrum of 1-butyl-2,3-dimethylimidazolium hexafluorophosphate [BMMIM]PF6.
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removed under vacuum to provide the 1-butyl-2,3-
dimethylimidazolium hexafluorophosphate ([BMMIM]PF6)
(Fig. 1b).

2.3 Synthesis of MCM-41 Mesoporous Material

The synthesis of MCM-41 was performed according to the
methodology described previously [19], with modifications:
The [BMMIM]PF6 IL (2.0 g) was dissolved in NH3.H2O
(12 mL), followed by addition of H2O (26 mL) and TEOS
(5.5 mL). After, the mixture obtained was agitated for 48 h at
ambient temperature and then transferred to a Teflon-lined
stainless steel autoclave (100 °C, 48 h). The solid product
was separated by filtration, washed with deionized water,
and air-dried at 100 °C for 12 h. The IL template was removed
from the synthesized material by calcination at 550 °C for 5 h

and the temperature was gradually increased to 550 °C at a
rate of 1 °C min−1.

2.4 Characterizations of IL and MCM-41

TheMCM-41was characterized by Fourier transform infrared
spectroscopy (FTIR), with spectra obtained in the region
4000–400 cm−1 using a Varian 3100 spectrophotometer oper-
ated at room temperature with resolution of 4 cm−1 and 32
scans. The samples were prepared in the form of KBr pastilles.
The SAXS analysis was obtained using the D2A beamline of
the Brazilian Synchrotron Light Laboratory (LNLS,
Campinas, Brazil) according to the methodology described
previously [19]. SEM analysis was obtained in a Phillips mi-
croscopy (FEG-XL), using an accelerator power of 3 kV and
analyzed with the help of a secondary electron detector. The

Fig. 3 1H-NMR spectrum of 1-butyl-2,3-dimethylimidazolium hexafluorophosphate [BMMIM]PF6.

Fig. 4 FTIR spectra of a IL, b MCM-41 with IL surfactant, and c MCM-41 without IL surfactant
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NMR spectra were obtained at room temperature using a
Bruker Advance 400 spectrometer. The measures of 13C
NMR were performed at 100 MHz, using deuterated water
(D2O) as a solvent and the measures 1H NMRwere performed
at 400 MHz using deuterated chloroform (CDCl3) as the sol-
vent. The chemical shifts were calculated from the internal
standard TMS (tetramethylsilane).

3 Results and Discussion

The NMR spectra of 13C and 1H for the IL are illustrated in Figs.
2 and 3, respectively. The assignment of 13CNMRand 1HNMR
resonance peaks evidence of the ionic liquid synthesis, as well as
the average yields were between 67 and 76%. Finally, the prod-
uct has the following spectral properties: 1H NMR (400 MHz,
CDCl3) δ: 0.97 (m, 3 H), 1.50 (m, 2 H), 2.1 (m, 2 H), 3.60 (s, 3
H), 3.90 (t, 2 H), 7.26 (s, 1 H), 7.16 (s, 1H), 2.61 (s, 3 H); 13C
NMR (100 MHz, D2O) δ: 13.24 (C11), 19.2 (C10), 31.4 (C9),
34.6 (C6), 48.1 (C8), 122.2 (C5), 122.0 (C4), 143.9 (C2) ppm,
according to the work of Mehnert et al. [21].

Figure 4 shows the spectra for the IL and mesoporous ma-
terial, before and after removal of the IL template. The IL
presented its main bands, as can be seen in Fig. 4a. The bands
at around 3156 and 1727 cm−1 corresponded to C −H and
C=N stretching vibrations of the ring, respectively. The band
at around 2886 cm−1 is attributed to C −H stretching vibration
in the aliphatic chain. Bands at 1625, 1594, 1542, and
1471 cm−1 are attributed to C=C and C=N symmetrical axial
deformation in the ring and the band centered at 1135 cm−1

corresponded to C − N axial deformation. The band at
853 cm−1 is attributed to C −H angular deformation [22, 23].

Figure 4b and c show the absorption band at 3425 cm−1

corresponded to stretching of the O −H bond of H2O mole-
cules and a narrow band at around 1637 cm−1 which is attrib-
uted to the flexion vibration of H2O molecules imprisoned on
the MCM-41 [19, 24]. The characteristic bands associated
with the formation of condensed silica (Si −O − Si) in the
MCM-41 can be observed at 1106 (vas, Si −O), 806 (vs, Si
−O), and 470 cm−1 (δ, Si −O − Si) [13, 15, 18, 19]. The bands
centered at around 3156, 2966, 2886, 1542, 1471, 967, 668,
and 557 cm−1 are attributed to the IL template (Fig. 4b).
However, these bands were absent in the spectra of MCM-
41 without IL template (Fig. 4c), confirming the efficiency of
elimination of the template by calcination.

SAXS measurement can be used to prove the synthesis of
the mesoporous materials. The SAXS profile obtained for the
MCM-41 is shown in Fig. 5. The MCM-41 presented a hex-
agonal matrix, typical of the M41S family, with the distinct
Bragg diffraction peaks, which can be indexed as (100), (110),
and (200). These peaks are related to q100, q110, and q200 of
hexagonal mesostructures (P6 mm) characterized by a com-
pact arrangement of cylindrical tubes, thus confirming the
success of synthesis of the MCM-41 from the use of IL as a
template [14, 18, 19, 25, 26].

The SEM image obtained for the MCM-41 mesoporous
material is shown in Fig. 6. The SEM image was used to
determine the morphology of the synthesizedmesoporousma-
terial. The MCM-41 showed good homogeneity and
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Fig. 5 SAXS profile of the obtained MCM-41 mesoporous material

Fig. 6 Scanning electron
micrograph of the MCM-41
mesoporous material
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agglomerated spherical particles which that are a typical fea-
ture of the M41S family [13, 14].

4 Conclusions

In the present study, the [BMMIM]PF6 ionic liquid was satis-
factorily prepared and the average yields were between 67 and
76%. The hydrothermal method was efficient in the synthesis
of MCM-41 from the use of the [BMMIM]PF6 as a template.
The FTIR spectra showed the main characteristic bands of the
ionic liquid, as well as the corresponding bands of the amor-
phous silica framework, which are typical of the mesoporous
materials of the M41S family. Finally, the MCM-41 presented
a hexagonal matrix and agglomerated spherical particles, ac-
cording to SAXS and SEM results.
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