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Abstract−Well-dispersed hierarchical zeolite Y, structure-directed by ionic liquid 1-methyl-3-[3'-(trimethoxysilyl)
propyl] imidazolium chloride, was synthesized for the first time using a novel ultrasonic/microwave synergistic synthe-
sis (UMSS). The time required for the synthesis of zeolite Y by UMSS method was remarkably reduced to 6 h instead
of 24 h under conventional hydrothermal conditions. The structures of all samples were characterized by XRD, BET,
FT-IR, SEM and TEM. The results clearly demonstrated that the UMSS is a promising strategy to achieve zeolite Y
with improved crystallinity, large BET surface area, bulky mesopore volume, well-dispersed morphology, small zeolite
nanoparticle. The catalytic activity of hierarchically micro-mesoporous zeolite Y was evaluated by using the alkylation
of o-xylene with styrene. Mesoporous zeolite Y synthesized by UMSS method showed significantly higher catalytic
activity, stability and reusability, compared with conventional hydrothermal synthesis. It might be ascribed to its large
mesoporous volume, small crystal nanoparticle and high surface area, minimizing the diffusion length as the reactant
molecules diffuse into the pores, and correspondingly the products diffuse out of zeolites. This study suggests that
UMSS method is a good alternative for the synthesis of micro-mesoporous zeolite Y, which may be of remarkable ben-
efit for industrial applications.

Keywords: Micro-mesoporous Zeolite Y, Ionic Liquid, Ultrasonic/Microwave Synergistic Synthesis, Conventional Syn-
thesis Method, Alkylation

INTRODUCTION

Zeolite Y is a faujasite-type zeolite with a tortuous and complex
three-dimensional pore structure [1], which has been extensively
applied in multiple industrial processes, such as hydrodesulfuriza-
tion [2], aldol condensations [3], biochemistry [4], and petroleum
refining [5]. However, the tiny pore characteristic (~7.4 Å) largely
limits the diffusion of reactants to reach the active sites and reac-
tion products to break away from the active sites, leading to the
low catalytic efficiency [6,7]. An alternative method to increase the
diffused efficiency involves introducing mesopores into zeolite [8].
The hierarchical zeolites thus obtained exhibit micropores and tai-
lorable mesopores. The synergies of two channels can efficiently
improve the accessibility of active sites through its mesopores, while
maintaining the excellent hydrothermal stability of microporous
molecular sieve [9-12].

Several strategies have been successfully employed to obtain hier-
archical zeolites, such as post-processing [13], hard template method
[14], and soft template method [15]. As far as we know, a large
number of preparation methods have introduced substantial mes-
oporosity into zeolites, but these techniques show a certain degree

of defects. The post-processing method is usually time consuming,
inefficient and too difficult to control, which may etch a majority of
the unnecessary material resulting in the collapse of zeolites struc-
ture [16]. The mesopores formed by hard template cannot be mod-
ulated easily; their mesoporous structures mainly depend on the
inherent porosity of temporary/sacrificial templates (artificial or
biological) [17]. An alternative approach for the introduction of mes-
opores should therefore be attempted to avoid the disadvantages
described above. In terms of design, soft templates of tunable dimen-
sions, removable via calcination, would be an appropriate solution
for the introduction of mesopores [18]. However, when consider-
ing the high cost, rarity of templates, the complexity and low yield
of synthetic process, these factors still make them disadvantageous
for industrial applications. Furthermore, researchers generally pre-
pare molecular sieves by hydrothermal synthesis, which possess a
very long crystallization time to acquire excellent crystals [19]. It is
a significant drawback of the conventional hydrothermal synthesis,
because of the increase in preparation costs at large scale produc-
tion. Hence, what is most urgently needed now is to develop an alter-
native structure-directing agent with improved properties for tem-
plate and a novel rapid synthetic method that can efficiently reduce
synthesis time and to control nucleation and growth of zeolites.

Green chemistry is a emerging field that strives to protect human
health and the environment [20]. Room-temperature ionic liquids
(ILs) have attracted worldwide attention due to their potential as
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environmentally benign “green solvents” [21]. Moreover, they can
play multiple roles in the synthesis of hierarchical materials, such
as the template, solvent, and cosurfactant [22]. However, the gen-
eral synthesis of ILs using conventional heating methods is a flawed
process, which requires a great deal of time and energy. And it
also needs large volumes of organic solvents to extract impurities
during the purification process [23]. In view of the overwhelming
interest in the applications of ILs to synthesize nanostructures, it is
still a great challenge to develop an effective method to obtain an
extremely cheap, abundant and environmentally friendly IL.

Ultrasonic is a source of high energy at a frequency range of 18-
100 kHz, initiating reactive substances at the molecular level. The
intense heat and pressure transmit to reactive substances by for-
mation, growth, and collapse of cavity bubbles, thereby increasing
the chemical reactivity of the reaction [24,25]. Zhou et al. [26] pre-
pared hierarchical micro-mesoporous ZSM-5 with better surface
area, pore size, larger pore volume, shorter induction time for nucle-
ation and better catalytic activities by ultrasonic-assisted method in
comparison with conventional hydrothermal method. Microwaves
have ultra-high frequency electromagnetic wave in the range of
300 MHz-300 GHz [27]. Microwave heating is a process in which
the materials themselves absorb microwave energy and then trans-
form it into heat. In addition, microwaves almost pass through glass,
plastic and porcelain without being absorbed. Thus, the reactions
absorb microwaves only for self-heat, reducing energy consump-
tion, improving physical and mechanical properties [28]. When
compared with traditional heating, microwave heating can spe-
cially minimize the reaction time and largely increase the yield in
the absence of solvent [23]. The small zeolite NaX nanoparticles
with narrow particle size distribution, good crystallinity can be syn-
thesized via the microwave heating method at relatively short pro-
cessing times by control of the crystallization time and temperature
[19]. UMSS method is ultrasonic coupling with microwave syn-
thesis, which has absorbed the merits of the two energetic radia-
tions, and may present many applicative values [29]. To the best of
our knowledge, the production of micro-mesoporous zeolite Y by
UMSS method has not yet been reported.

In this study, the mesoporous structure-directing agent of IL 1-
methyl-3-[3'-(trimethoxysilyl) propyl] imidazolium chloride was
synthesized by UMSS method (Fig. 1). Then the micro-mesoporous
zeolites Y were successfully prepared by UMSS method and con-
ventional hydrothermal synthesis using IL as a mesoporous struc-
ture-directing template. Our aim was to investigate the effect of
various synthesis procedures on the crystal properties of hierarchi-
cal zeolite Y. The characteristics of the novel micro-mesoporous
zeolites Y obtained from those two methods were fully investigated
by a complementary combination technology. In addition, the
micro-mesoporous zeolite Y, combining the advantages of meso-
porous materials with intrinsic zeolite crystals, was expected to be

more suitable for applications in the alkylation of o-xylene with
styrene as a catalyst, and its catalytic activity was thus investigated.

EXPERIMENTAL SECTION

1. Materials
1-Methylimidazole (99%), 3-chloropropyl trimethoxysilan (98%),

sodium metasilicate (Na2SiO3, SiO2 44-47%), sodium aluminate
(NaAlO2), aluminum sulfate octadecahydrate (Al2(SO4)3·18H2O,
99%), sodium hydroxide (NaOH, AR, 96%) were of analytical grade,
and all were purchased from Aladdin. Deionized water was used
in all experiment. All chemicals were used as received without fur-
ther purification.
2. Synthesis of IL

IL 1-methyl-3-[3'-(trimethoxysilyl) propyl] imidazolium chloride
was synthesized by UMSS method (Fig. 1). Experimental details
and spectroscopic characteristic data of IL are given in the support-
ing information.
3. Synthesis of Micro-mesoporous Zeolite Y

Micro-mesoporous zeolite Y was synthesized by adding IL de-
scribed above to conventional synthesis compositions for microp-
orous zeolite Y, using both UMSS and conventional hydrothermal
methods (Fig. 3).
3-1. Ultrasonic/Microwave Synergistic Synthesis

The precursor was prepared as follows: 0.36 g of NaOH, 10.99 g
of Na2SiO3 and 0.82 g of NaAlO2 were dissolved in 36.0 mL of
deionized water, the solution was stirred at 50 oC for 1 h, followed
by aging at 50 oC for another 5 h to obtain the precursor.

In a typical synthesis of micro-mesoporous zeolite Y: 15.38 g of
Na2SiO3 was dissolved in 46.83 mL of deionized water. 9.45 g por-
tion of the precursor was added dropwise into the solution and
stirred thoroughly for 1.5 h at 50 oC. Then IL (water solution) was
slowly dropwise added into the mixture. After the mixture was fur-
ther stirred for 1.5 h, 0.18 g of NaOH, 3.49 g of Al2(SO4)3·18H2O,

Fig. 1. Scheme for successful synthesis of IL by UMSS method.

Fig. 2. Scheme of the ultrasonic/microwave synergistic method.
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1.17 g of NaAlO2 were added to the synthesis mixture under mag-
netic stirring. The resultant aluminosilicate gel had a molar com-
position of 1.0 Na2O : 0.093 SiO2 : 0.0087 Al2O3 : 21.86 H2O : 0.15 IL.
Then hydrothermal crystallization was then performed by UMSS
or conventional hydrothermal method.

UMSS method was conducted as follows: the resultant gel was
slowly poured into flat-bottomed glass flask and placed into ultra-
sonic/microwave synergistic instrument. The ultrasonic power was
set as aforementioned. The microwave was irradiated at 200W, reac-
tion temperature was 80 oC and irradiation continued for a total of
10 min with a reverse duty cycle of 2 min. Eventually, a homoge-
neous milk white solution was observed, which was then trans-
ferred into a Teflon-lined autoclave and heated in an oven at 100 oC
for 6 h (referred to as the crystallization time). The crystallization
products were collected by filtration, dried at 100 oC in an air, and
calcination was carried out with a heating rate of 3 oC·min−1, then
kept at the target temperature 600 oC for 5 h to remove the tem-
plate. The final product was denoted as Y(UMSS).
3-2. Conventional Synthesis Method

The synthesis procedure was the same as that of UMSS method
except the ‘‘ultrasonic/microwave radiations step’’ and crystalliza-
tion time, whereby the 10 minutes of ultrasonic/microwave radia-
tions had been replaced by further stirred at 50 oC for 12 h and the
crystallization time was lengthened to 24 h. The final product was
named as Y(C).
4. Catalysts Preparation

To decrease the Na content of zeolite Y and thus increase its
acidity, H+ was used for ion-exchange of Na+ in zeolite NaY. The
H-form samples of zeolite Y were obtained by repeated procedure
of ion exchange with 1 M NH4Cl solution at 90 oC for 4 h, and
then samples were converted to the H+ form via calcination in air
at 550 oC for 6 h and denoted as HY(UMSS), HY(C), respectively.
5. Catalytic Tests

The alkylation reactions were carried out in a continuously
stirred oil batch reactor under reflux conditions. 5.89 g of styrene,
45 g of o-xylene (molar ratio of o-xylene to styrene is 7.5 : 1) and
1.00 g of catalyst were introduced in a 100 mL three-neck round-
bottom flask equipped with a condenser at 120 oC for 3 h. One
third of o-xylene were added to the round-bottom flask, followed
by the desired amount of catalyst, then the mixture of 5.89 g of
styrene and the remaining o-xylene was dropwise added into the
flask for 2 h. The final reaction mixture remained for another 1 h.
After the reaction, unreacted o-xylene was distilled out under atmo-

spheric pressure. Then the obtained liquid was denoted by crude
product, which was analyzed with GC-9890A gas chromatograph
equipped with OV-1 capillary column and a flame ionization
detector (FID). The yield of PXE was defined as follows:

6. Characterizations
Fourier transform infrared spectra (FT-IR) of samples were re-

corded on a Bruker Tensor 27 (German) using DRIFT techniques,
scanned from 4,000 cm−1 to 500 cm−1. The sample was smeared on
a KBr substrate. The samples were evacuated at 100 oC for 4 h before
the measurement. 1H NMR and 13C NMR spectra were performed
on an AvanceII 200 spectrometer (Bruker), using CDCl3 as a sol-
vent. Powder X-ray diffraction (XRD) patterns were recorded on a
Bruker D8 Advance diffractometer (Germany) system equipped
with Cu-Kα radiation (operation at 40 KV, 30 mA). And the XRD
patterns were collected in the range of 3-50o in 2θ/θ scanning
mode with a 0.02o step and scanning speed of 10o/min. Transmis-
sion electron microscopy (TEM) experiments were conducted on
a JEM-1230 microscope operated at 100 kV. The samples for the
TEM measurements were dispersed in ethanol ultrasonically and
were supported on a Cu grid. Scanning electron microscope (SEM)
images were recorded on a Hitachi S-3400N SEM at an accelera-
tion voltage of 20 kV. Samples were fixed using a conductive car-
bon double-sided sticky belt. The nitrogen adsorption and desorption
isotherms were measured with an ASAP-2020 (Micromeritics USA)
at 77 K. The samples were out gassed for 6 h at 350 oC before the
measurements. The specific surface area (SBET) was determined
from the linear part of the Brunauer-Emmett-Teller BET equation
(P/P0=0.05-0.25). The pore size distribution was calculated using
the Barrett-Joyner-Halenda (BJH) method from the desorption
branch of the N2 isotherm. The total pore volume (Vtotal) was esti-
mated from the amount of nitrogen adsorbed at a relative pres-
sure (P/P0) of ca.0.995.

RESULTS AND DISCUSSION

1. Characterization of Hierarchically Micro-mesoporous Zeo-
lite Y

To compare the zeolites synthesized by the UMSS method with
those obtained by the conventional synthesis process, the XRD
(Fig. 4) was applied to analyze the crystal structures. The XRD
patterns of these synthesized samples exhibit well-resolved peaks
in the high 2θ region of 3-50o; the peak positions are nearly identi-
cal. And the high-angle XRD peaks are characteristic of the crys-
talline structure of zeolite Y [30-32]. As for the two samples, the
reflections from the sample Y(UMSS) are obviously sharper and
the corresponding intensity are higher than sample Y(C), which is
attributed to the higher crystallinity of the sample Y(UMSS). It is
demonstrated that ultrasonic and microwave can provide a high
energy for the formation of zeolite, so that it is easier to crystallize
even in the shorter crystallization time.

Fig. 5 clearly shows that both two samples exhibit a broad peak
in the low 2θ region of 0.5-5o, suggesting the formation of uniform
mesoporous structures in zeolite Y [15]. These results provide abun-

yield of PXE %( )  = 
actual product weight

theoretical product weight
--------------------------------------------------------------- 100%×

Fig. 3. Schematic representation of the procedure of micro-meso-
porous zeolite Y synthesized by UMSS method and conven-
tional synthesis route.
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dant proof that hierarchically micro-mesoporous zeolite Y can be
facilely synthesized via UMSS method.

Fig. 6 shows the IR spectra of the samples synthesized by UMSS
method (a), conventional synthesis route (b). The peak positions
of the two samples are nearly synonymous. The as-synthesized sam-
ples have broad bands around 469 cm−1 which can be assigned to
deformational vibration and symmetric vibration of -Si-O-Si- and
-Al-O-Al- bonds. The band at 572 cm−1 appears which is attributed
to the presence of double six-member rings in zeolite Y, suggest-
ing the nature of primary and secondary structural building units
[1]. These results provide an obvious evidence for the formation of
the zeolite Y obtained by UMSS method in a short crystallization
time.

The N2 adsorption-desorption isotherms for both samples (Fig.
7(a)) show representative hysteresis loops of type IV. Each has an
obvious well-defined step at relative pressure of 0.4-0.8, which is
attributed to a characteristic of mesoporous structure in those sam-
ples [11,33]. Meanwhile, the adsorption amount of nitrogen at the

lower relative P/P0=0-0.1 implies the presence of micropores in
zeolites [34]. It can be clearly seen from Fig. 7(b) that the meso-
porous size is around 3.89 nm and the pore distribution of the

Fig. 5. Small-angel XRD patterns for samples Y(UMSS), Y(C).

Fig. 4. Power X-ray diffraction patterns in the high 2θ region of sam-
ples Y(UMSS) and Y(C).

Fig. 7. N2 adsorption-desorption isotherms of samples were obtained
via UMSS and conventional hydrothermal method (a); the
corresponding pore size distributions of those samples (b).

Fig. 6. FT-IR spectra of two sample: (a) Y(UMSS), (b) Y(C).
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sample Y(UMSS) is larger than Y(C). From the physicochemical
properties summarized in Table 1, note that the surface area and
pore volume of the sample Y(UMSS) are also increased, compared
with the sample Y(C). Notably, the sample Y(UMSS) exhibits a BET
surface area of 752 m2·g−1, in the case, 70 m2·g−1 is from the exter-
nal surface and the mesopore volume is increased to 0.12 cm3·g−1.
Ultrasonic can affect reactive substances at the molecular level so
that the templates ILs are evenly dispersed in the conventional com-
position of zeolite Y to form more mesoporous channels at 3.89
nm than conventional hydrothermal synthesis. It also can be dis-
played from the images of TEM (Figs. 8(a) and (b)). These results
demonstrate that the hierarchical zeolites Y were successfully syn-

thesized via UMSS method in a short crystallization time of 6 h.
The presence of micropores and mesopores can be directly

inferred from the TEM images (Figs. 8(a) and (b)). The mesopores
are both present in good agreement between the neighboring micro-
porous frameworks (the mesopores in the crystal are marked by
black lines), forming the hierarchical structure of the zeolite Y.
Moreover, the diameters of wormlike mesostructures vary through
the mesoporous channels and the mesoporous channels are not
straight, which may be ascribed to the aggregation of template IL.
The phenomena suggest that intracrystalline mesoporosity could
be formed through the sequential anchoring and templating mecha-
nism of ILs.

The SEM images show that micro-mesoporous zeolites Y both
have similar morphology (Figs. 8(c) and (d)). The primary parti-
cles are schistose block and aggregate to form cauliflower-like. The
presence of physically separated amorphous mesoporous crystals
was not detected throughout the entire sample. The sample Y(C)
shows closer cauliflower-like structure sized at ca. 0.85µm with many
macropores present between the particles, which introduce some
macropores at about 65 nm (Fig. 7(b)). Whereas, UMSS method
shortens the crystallization time and consequently decreases exces-
sive crystal growth rate and reduces the aggregation rate [35]; thus
the sample Y(UMSS) exhibits well-dispersed cauliflower-like mor-
phology at ca. 0.81µm. Also, the particle size distribution of zeolite

Table 1. Textural and structural properties of the synthesized micro-
mesoporous zeolite Y by different methods

Sample SBET
a

(m2·g−1)
Sext

b

(m2·g−1)
Vmeso

(cm3·g−1)
Vtotal

(cm3·g−1)
Pore sizec

(nm)
Y(C) 672 74 0.09 0.37 3.89
Y(UMSS) 752 70 0.12 0.40 3.89

aBET method
bt-Plot method
cBJH model applied to the desorption branch of the isotherms

Fig. 8. TEM images of the novel micro-mesoporous zeolite Y synthesized by the conventional heating (a), the UMSS method (b) (the meso-
pores in the crystal are marked by black lines). The SEM images of samples Y(C) (c) and Y(UMSS) (d).
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Y(UMSS) are visually more uniform than the conventionally heated
zeolites. Such dispersedly cauliflower-like morphology and small
zeolite nanoparticle minimize the diffusion length of reactant mol-
ecules into the pores and correspondingly the products out of zeo-
lites. Thus, it is believed that the hierarchic sample Y(UMSS) has a
potential for the high adsorption ability or the superior catalytic
activity in the reaction involving large molecular species.

A mechanism is proposed in the synthesis of micro-mesoporous
zeolite Y by UMSS method. The UMSS method and IL 1-methyl-
3-[3'-(trimethoxysilyl) propyl] imidazolium chloride are played essen-
tial roles in the crystallization stage. The results of this research show
that the formation of mesoporous channels could be ascribed to
the hydrolyzing and anchoring of the template IL. The head groups
(CH3O)-Si- hydrolyze to -Si-OH and attract the conventional com-
position synthesis of zeolite Y to from -Si-O-Si-, -Si-O-Al- bonds.
Moreover, the electrostatic interaction between the positively charged
imidazole head group and negatively charged aluminosilicate gels
plays an important role in the formation of mesopores. Like the
case of zeolite synthesis, the organic tail of IL directs the meso-
porous channels, while the silica moiety is incorporated in the resul-
tant aluminosilicate frameworks. Therefore, mesoporous channels
are constructed with crystalline microporous zeolite Y by calcina-
tion to eliminate the ILs. Microwave heating enhances the dissolu-
tion of the gel precursors, consequently raising the nucleation and
crystallization rate of zeolite Y. Correspondingly, zeolites with small
crystal nanoparticle, large surface area as well as high crystallinity
are synthesized. In addition, the intense heat and pressure transmit
to reactive substances by formation, growth, and collapse of cavity
bubbles with the assistance of ultrasonic. It can form acoustic cavi-
tation phenomenon which can shear the reunion and reduce the
particle size. At the same time, the ultrasonic can largely enhance
mass transfer to promote a chemical reaction. Thereby the template
IL is evenly dispersed in the conventional composition of zeolite Y
to the formation of more mesoporous channels at 3.89 nm. Hence,
in the presence of IL, UMSS method can easily synthesize micro-

mesoporous zeolite Y with well-dispersed morphology and small
particle size in a shorter crystallization time.
2. Catalytic Activity

To investigate the effect of the facile diffusion in the micro-mes-
oporous zeolite Y on catalytic performance, alkylation of o-xylene
with styrene over the HY(C) and HY(UMSS) catalysts was cho-
sen as a probe reaction to discover their differences. In this reac-
tion, the sample HY(UMSS) shows a higher catalytic activity com-
pared with HY(C) (Table 2). It can be attributed to its large meso-
porous volume, small crystal nanoparticle and the relatively high
surface area.

Stability and reusability of the catalyst are significant for any cat-
alytic system. Note that the deactivation of HY(C) lost is much faster
and its PXE yield dropped to 65.1% after the fourth recycling experi-
ments. However, only 5.6% reduction in the activity was observed
even after four runs with the HY(UMSS) catalyst. The outstanding
durability of the HY(UMSS) catalyst can be attributed to the real-
ity that ultrasound/microwaves enhance the stability of the meso-
porous structure. These results show that the UMSS method is
applicable for the improvement of catalytic activity and stability of
HY.

Fig. 9. Schematic representation of phase transformation detected by XRD, SEM and TEM during the conventional hydrothermal synthesis
and UMSS method of micro-mesoporous zeolite Y using IL as a template.

Table 2. Catalytic stability of the HY(UMSS) and HY(C) catalysts in
the alkylation of o-xylene with styrene

Catalyst/Run 1 2 3 4
HY(UMSS) 91.2 89.4 88.1 85.6
HY(C) 82.1 76.3 70.0 65.1
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CONCLUSIONS

Well-dispersed hierarchical zeolite Y was successfully synthe-
sized using IL as a mesopore director by a novel UMSS method
for the first time. Compared with conventional hydrothermal syn-
thesis, the UMSS method not only makes productive process inex-
pensive, facile, scalable, and controllable, but also produces zeolites
with large surface area, bulky pore volume as well as excellent crys-
tallinity with hydrothermal time of 6h. Besides, the sample Y(UMSS)
has well-dispersed cauliflower-like morphology with short diffusion
path length; thus reactants diffuse easily into the pores, and corre-
spondingly the products also diffuse out freely. Therefore, HY(UMSS)
exhibits a high product yield and long catalytic life in the alkyla-
tion of o-xylene with styrene. Accordingly, it is concluded that the
UMSS method can open the way to industrial synthesis of ionic
liquids and micro-mesoporous zeolites.
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SYNTHESIS AND SPECTROSCOPIC 
CHARACTERIZATIONS OF STRUCTURE-DIRECTING 

AGENT

1. Synthesis of IL
Raw materials 1-methylimidazole (0.265 mol) and 3-chloropro-

pyl trimethoxysilane (0.265 mol) were used to prepare 1-methyl-3-
[3'-(trimethoxysilyl) propyl] imidazolium chloride ionic liquid (IL)
by UMSS method (Fig. 1). The two mixtures were poured into a
reaction vessel, and then placed into a microwave oven equipped
with ultrasonic. The ultrasonic power was set at 300 W with a
cycle of working 1.1 S and intermitting 1.1 S. The mixture was
irradiated at 320 W, reaction temperature was 120 oC and irradia-
tion continued for a total of 2 min. Then the ionic liquid was di-
rectly dried under continuous evacuation (1 mm Hg) at 100 oC for
12 h without any purification. After cooling to room temperature,
the product was obtained as yellowish viscous liquid in 100% yield,
which was stored under dry conditions.
2. Results of Characterization

FTIR (KBr) spectrum for the IL is shown in Fig. S1. The ab-
sorption peaks at 3,300-2,800 cm−1 are characteristic to different
C-H bond stretching vibrations. The band appearing at 3,153 cm−1

and 3,088cm−1 can be attributed to C-H bond stretching of the imid-
azole ring. The band occurring at 1,566 cm−1 can be ascribed to
C=C bond stretching of the imidazole ring. The peak at 1,638 cm−1

corresponds to C-O bond stretching. The peak position at 1,180
cm−1 is assigned to be stretching vibrations of H-C-N of imidaz-
ole ring. Both samples exhibit peak at 1,081 cm−1, which indicates
the presence of Si-O. The peak at 620 cm−1 emerges, attributing to
the stretching vibrations of C-N-C of imidazole ring [1].

In Fig. S2(a) 1H NMR (CDCl3): δ=10.412 (s, 1H, -N-CH-N-),

Fig. S1. FT-IR (KBr) spectrum of IL. Fig. S2. (a) 1H NMR spectrum of IL, (b) 13C NMR spectrum of IL.
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7.591 (s, 1H, -N-CH=CH-N-), 7.366 (s, 1H, -N-CH=CH-N-), 4.25
(t, 2H, -N-CH2-), 4.0 (s, 3H, -N-CH3), 1.9 (quint, -CH2-CH2-CH2-),
3.433 (t, 9H, -Si-OCH3), 0.5 (t, 2H, -Si-CH2-).

In Fig. S2(b) 13C NMR (CDCl3): δ=138.01 (-N-CH-N-), 122.43
(-N-CH=CH-N-), 121.73 (-N-CH=CH-N-), 36.498 (-N-CH2-),
51.652 (-N-CH3), 24.069 (-CH2-CH2-CH2-), 5.885 (Si-CH2-), 50.625
(-Si-OCH3) [2]. Those results show a striking evidence for the syn-

thesis of IL.

REFERENCES

1. R. Kore and R. Srivastava, Catal. Commun., 18, 11 (2012).
2. M. V. Khedkar, A. R. Shinde, T. Sasaki and B. M. Bhanage, J. Mol.

Catal. A: Chem., 385, 91 (2014).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


