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Abstract: Zeolite synthesis is a wide area of study with increasing popularity. Several general reviews
have already been published, but they did not summarize the study of imidazolium species in zeolite
synthesis. Imidazolium derivatives are promising compounds in the search for new zeolites and
can be used to help understand the structure-directing role. Nearly 50 different imidazolium cations
have already been used, resulting in a variety of zeolitic types, but there are still many derivatives
to be studied. In this context, the purpose of this short review is to help researchers starting in this
area by summarizing the most important concepts related to imidazolium-based zeolite studies and
by presenting a table of recent imidazolium derivatives that have been recently studied to facilitate
filling in the knowledge gaps.
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1. Introduction

The term zeolite (from the Greek word “boiling stone”) was first coined by A. F. Crönstedt in
1756 [1]. These materials are widely used and still have much to offer [2]. New synthetic methodologies
and new types of zeolites are published and patented each year [3–5]. Zeolites can be found in Nature,
but they are also synthesized, which has been the focus of research in this area for years due to the
large quantity of factors that affect the resulting products [6]. Among the parameters that influence the
synthesis are organic structure-directing agents (OSDAs), which are organic molecules that have been
shown to influence the type of zeolitic structure obtained. In particular, imidazolium-based cations
are widely used and are still being studied to understand their effects as structure directors [7,8]. The
focus of the present review is on imidazolium-based cations and the structures obtained when they are
employed as OSDAs. The review is divided into two parts: a brief overview of zeolite and zeotype
synthesis and a discussion on the structures obtained with imidazolium-based cations. Finally, some
remarks and conclusions are presented.

2. Zeolites

Zeolitic materials are crystalline tectosilicates composed of TO4 tetrahedra linked together by the
O atoms that are on the vertices [9,10]. Atoms represented by T can be tri- or tetravalent cations and
create a wide range of possible zeolite compositions, from those made purely of silica to those with
multiple combinations of Si and Al, passing through all possible isomorphic replacements with P, B,
Ga, and Ge, and so on. Due to this fact and because zeolites are microporous and contain channels
and cavities, cations are usually found in these cavities to compensate for the excess structural charge.
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Additionally, as indicated by the etymology of the term zeolite, there may be water molecules occluded
in their pores. Then, the overall composition of zeolites can be described as follows:

Mx/n[(TIIIO2)x(TIVO2)y]•zH2O

where n, x, y, and z are dependent on the synthetic method and the zeolite structure.
Zeolites can be found in Nature or synthesized in a laboratory. An important factor when

studying the composition of zeolites, particularly the ones containing aluminum, is the avoidance
of the formation of Al-O-Al bonds due to the energy cost of the resulting repulsions between two
contiguous [AlO4] tetrahedra. This principle is known as the Loewenstein rule [11].

Currently, a criterion based on the framework density (FD, the number of T atoms per 1000 Å3) is
used to distinguish zeolite and zeolite-like materials from denser tectosilicates [12]. The maximum FD
for zeolites is 21 T atoms/1000 Å3; as an example, sodalite (SOD) has an FD of 16.7 T/1000 Å3.

2.1. Nomenclature and Classification

There are different ways of describing zeolites. The nomenclature accepted by the International
Union of Pure and Applied Chemistry (IUPAC) is different from the formula introduced above and is
as follows [13,14]:

|guest composition| [host composition] h {host structure} p {pore structure} (Sym)-IZA

The term “IZA” is a three-letter code referring to the structural topology of the zeolite defined by
the International Zeolite Association (IZA). Currently, there are 232 structural codes accepted (accessed
on 07/22/2017) [12]. An example of this nomenclature is as follows:

|Na12 (H2O)27| [Al12Si12 O48] h{3 [46]} p{0 [4668]/ 3 [4126886] <100> (8-ring)}-LTA

Zeolites are mainly classified according to their microporosity [10] and channel system [15]. They
can be divided into small pore zeolites, medium pore zeolites, large pore zeolites and extra-large pore
zeolites (Table 1).

Table 1. Classification of zeolites according to their pore size.

Pore Size Number of Tetrahedra (MR 1) Pore Diameter (Å) Example

Small 8 4 PST-1 (NAT)
Medium 10 5.5 ZSM-5 (MFI)

Large 12 7.5 ZSM-12 (MTW)
Extra-large >12 >7.5 CIT-5 (CFI)

1 MR: Members of the ring.

Zeolites can also be classified according to their channel system as 1-dimensional (e.g., AFI type),
2-dimensional (e.g., MOR) or 3-dimensional (e.g., MFI).

2.2. Construction

All zeolites are based on the TO4 tetrahedron, which is designated the Basic Building Unit (BBU) [16].
The proper union of a small number of these groups up to 16 T atoms gives rise to the so-called Secondary
Building Units (SBUs). Each SBU is designed from the assumption that the entire framework is composed
of just one type of SBU. Composite Building Units (CBUs) are formed from a finite number of SBUs and
reflect the characteristics of the zeolitic framework. Different types of CBUs can be found in a zeolitic
framework, and their use helps to identify the relationship between zeolite types. The combination
of SBUs and the CBUs usually describes the zeolitic framework. Figure 1 shows an example of the
construction process for a better understanding; the union of BBUs forms SBUs (e.g., 5-1) and CBUs (e.g.,
mor, mel, cas and mfi), and their combination describes the zeolite (e.g., MFI).



Molecules 2017, 22, 1307 3 of 19
Molecules 2017, 22, 1307 3 of 21 

 

 

Figure 1. Construction of an MFI zeolite (adapted from the IZA Database website with permission 

from ref. 12, copyright ©  2017 Structure Commission of the International Zeolite Association (IZA-

SC) [12]).. 

This arrangement has some ambiguities, which are solved with a new concept of natural tilings 
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Figure 1. Construction of an MFI zeolite (adapted from the IZA Database website with permission from
ref. 12, copyright © 2017 Structure Commission of the International Zeolite Association (IZA-SC) [12]).

This arrangement has some ambiguities, which are solved with a new concept of natural
tilings [17]. The tilings correspond to the cavities and cages or to the channel formations and are
obtained by observing several rules described by Blatov et al. [18], such as: the tilings must maintain
the symmetry of the framework, the faces of the tiles must be of similar sizes, and every face must be
connected to others in the tiling (no face is by itself). Continuing with the example of the MFI zeolite,
its natural tilings are found in Figure 2. Compared with the previous construction, some of the tilings
are similar to the CBUs; for example, the CBU-mfi is identical to the natural tiling t-mfi-1, and the
CBU-mel is equivalent to the natural tiling t-mel-1.
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Figure 2. Construction of an MFI zeolite with natural tilings (adapted from the IZA Database website
with permission from ref. 12, copyright © 2017 Structure Commission of the International Zeolite
Association (IZA-SC) [12] and adapted from ref. 17, copyright © 2010 American Chemical Society [17]).
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3. Zeotypes

The classical definition of zeolites included only the silicates and aluminosilicates [9]. Therefore, the
introduction of phosphorous in the zeolitic framework was disruptive in chemical terms, as it opened
a new field full of different materials that could be new or analogous to the aluminosilicates [19,20].
These materials were known as zeotypes, and some of them possessed interrupted open frameworks.
The first substitution performed in the synthesis of these materials was to obtain an aluminophosphate
or AlPO, which refers to the composition [21]. The introduction of silica into these materials gave the
silicoaluminophosphates, or SAPOs. In the same way, it was possible to add other metals or elements
to the framework of AlPOs or SAPOs, resulting in MeAPOs/ElAPOs or MeAPSOs/ElAPSOs.

As mentioned in the introduction, there are several forbidden bonds in zeolitic structures, so in these
phosphorous-based materials, it was interesting to study the same property to deepen the knowledge of
this type of material. For this reason, Flanigen et al. observed that several bonds seemed to be repeated
and gave neutral or negatively charged frameworks, and other bonds were never observed, as they
would have created positively charged frameworks [19]. These data are collected in Table 2.

Table 2. Bonds observed in zeotypes and bonds not possible in zeotypes 1.

Observed Bonds Impossible Bonds

Al-O-P P-O-P
Si-O-Si P-O-Si
Si-O-Al Al-O-Al
M-O-P M-O-Al

M-O-P-O-M M-O-M
1 M stands for other elements.

As in aluminosilicates, Si-O-Si and Si-O-Al bonds were observed, but following the Loewenstein
rule, Al-O-Al bonds were forbidden in zeotypes. Phosphorous acted similarly to aluminum in the
sense that P-O-P bonds were also forbidden. In the case of aluminophosphates, Si atoms substituted
for P atoms in the same way that Al substituted for Si in the pure silica frameworks, requiring one
positively charged ion to compensate for the charge and imparting acidity on the resulting material.
This substitution was the origin of the “silica islands” that will be explained later.

The differences between aluminophosphate and the typical aluminosilicate can be classified
according to three main aspects: aluminum can coordinate 4, 5 or 6 oxygen atoms (5 coordination is
related to interaction with fluoride anions), the strict alternation of the Al polyhedra and P tetrahedra
gives an even number of T atoms (i.e., 8, 10, 12, 14, ...), and the zeotype framework and the organic
structure-directing agents interact through van der Waals forces and hydrogen bonds [22]. The second
aspect was already explained, and the third is going to be treated subsequently in this text. Focusing
on the coordination of aluminum, in aluminosilicates, this element is mostly found in the tetrahedra
in the framework and in an octahedral state when not incorporated [23]. However, there exist some
exceptions, such as in the case of zeolite beta, which is synthesized in hydrofluoric media [24]. The
aluminum was found to interact through oxygen with the fluoride anions. However, this octahedral
state returned to tetrahedral by calcination of the sample, and sometimes, the tetrahedral state was
also created by partial hydrolysis of the Al-O-Si bonds during the hydration process after calcination.
In the case of AlPOs, 5- or 6-coordination was maintained but was not necessarily related to fluoride,
but the interaction with fluoride also appeared in these cases [20,25].

Barthomeuf proposed a topological model by which the introduction of silicon in the framework
was defined, that is, if Si was isolated (Figure 3I) or directly bound to other Si tetrahedra, giving what
was called “silica islands” [26]. This distribution is shown in Figure 3, omitting the oxygen bridges to
facilitate its comprehension. There were three types of islands proposed at that time: 5-Si tetrahedra
islands (Figure 3.IIA), 11-Si tetrahedra islands (Figure 3IIB) and 11-Si tetrahedra islands where one
tetrahedron was replaced by an Al tetrahedron (Figure 3IIC). The importance of this distribution was
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reflected in the explanation of the different acidities of the SAPOs; for example, the acidity in presence
of the “silica islands” was located on their edges. Several studies with respect to the presence of silicon
islands in certain compositions of the samples were performed [27], resulting in the establishment of
some compositional limits for certain zeotypes or in the recommendation of techniques that may help
in the identification, such as 29Si MAS NMR [28].
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Martens and Jacobs developed the isomorphic substitution mechanism (SM) by which they
defined how the different atoms were incorporated in the framework [29]. The structures are
classified as:

• SM I: substitution of the aluminum bound to phosphorous tetrahedra by monovalent (SM Ia),
divalent (SM Ib) or trivalent (SM Ic) elements, resulting in M-O-P bonds.

• SM II: substitution of the phosphorous bound to aluminum tetrahedra by tetravalent (SM IIa) or
pentavalent (SM IIb) elements, resulting in M-O-Al bonds.

• SM III: substitution of adjacent aluminum and phosphorous tetrahedra for two silicon tetrahedra.

4. Some Concepts on the Synthesis of Zeolites and Zeotypes

Some very interesting reviews summarize the history of zeolite and zeotype synthesis, such as
the one by Masters and Maschmeyer [30] or the one published by Cundy and Cox [9]. In the present
article, some concepts will be noted due to their importance and relation to imidazolium cations.

The first proven synthetic zeolite was a chabazite obtained by Barrer in 1948. To synthesize this
zeolite, he mimicked the conditions under which these materials appeared in Nature, resulting in the
well-known hydrothermal synthetic method. This method required high temperatures and autogenous
pressure to obtain the desired materials. A higher pH and lower crystallization temperature were
selected by Milton at the Linde laboratories in 1949 to solubilize the reagents.
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In 1897, Ostwald observed that solids first crystallized in a less-stable crystal structure and then
converted over time to a more-stable polymorph, which was called “Ostwald’s rule of stages” [31].
As a result of further observation, Ostwald combined this rule with the “Gibbs-Thomson effect”,
resulting in what was known as “Ostwald ripening”, which stated that small crystals dissolved as
larger crystals continued to grow. In the development of zeolite syntheses, these materials were also
found to follow these rules, and they also included a series of intermediates that were less-stable than
the final dense non-zeolitic phase [32]. These rules were essential for understanding the result of the
scientists who started in zeolite synthesis. Currently, these rules are still important in the search for
materials with chiral enantiopurity, such as those applied in the pharmaceutical industry [2].

In 1961, Barrer and Denny used tetraalkylammonium ion to obtain high-silica zeolites [30].
This was the moment when the concepts of templates and organic structure-directing agents began
to be discussed. This discussion posed the question of the role of these compounds. Davis and
Lobo proposed a classification system in which these compounds were divided into three groups:
true templates, where the obtained zeolites adopted the geometric and electronic configuration of
the “templating” molecule even after calcination; structure-directing agents, whose effect was to
direct the formation of a specific type of zeolite; and space-filling compounds, which increased the
thermodynamic stability of the organic framework composite [33].

In another review by Lobo, Zones and Davis, structure direction was discussed and inorganic
cations and heteroatoms were also discussed as having an influence on the synthesis [34]. For example,
certain zeolites could only be obtained in the presence of Na+ or K+. The authors summarized the
important aspects of an organic structure-directing agent in comparison to what had been reported
previously. Several of the directing agents were stable under the synthetic conditions, had certain
rigidity, a moderate hydrophobicity and the ability to interact via van der Waals forces or hydrogen
bonds. It was also discussed that the shape and radius of gyration influenced the type of zeolite
synthesized and that it was important not to forget the distribution of charges.

From the high-silica zeolites, the next step was the search for pure silica zeolites, and in 1978,
researchers from Union Carbide led by Flanigen published the synthesis of the first pure silica MFI
zeolite, silicalite-1 [35]. The novelty of this synthesis was the start of the fluoride revolution, which
had the same role as the hydroxide media (a mineralizer agent that helped to dissolve the reagents,
including the silica) and was also involved in the subsequent concentration of the synthetic gels [36].
Since then, the use of HF became common in synthesis, being studied as frequently as the synthesis in
basic media, not only to obtain pure silica zeolites but also zeolites with other heteroatoms incorporated
in them, such as aluminum or germanium [37–39]. Some interesting aspects were the low number of
defects, the location of the fluoride anions inside the D4R cages and the formation pentacoordinated Si,
where one of the bonds was to the fluoride anion [40].

Flanigen and co-workers at Union Carbide were interested in the incorporation of new elements [30].
Therefore, in 1982, Wilson et al. published the first known study on aluminophosphates [21]. Since then,
zeotypes have been studied under multiple conditions, such as in basic or hydrofluoric media [25,41].

As was mentioned, the use of fluoride media allowed for a decrease in the amount of water
employed in the synthesis. In addition, from this point, several researchers started to think about
solventless synthetic methods. One attempt to examine the possibility of not using water as the
solvent in the synthesis was published by Althoff et al. in 1994, where the authors dried several
reagents (including ammonium fluoride) at 650 ◦C and the precursors at 100 ◦C to ensure that there
was no water in the initial mixture [42]. After different lengths of time in an autoclave at 180 ◦C, the
authors found that an MFI phase was formed. Therefore, it was proposed that the silica reacted with
ammonium fluoride through the following reaction:

SiO2 + 4NH4F→ SiF4 + 4NH3 + 2H2O

The authors argued that the amount of water created was not enough to reach the saturation
pressure needed in this reaction, but they could not exclude the formation of a thin film of water on
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the surface or the presence of a small liquid phase constituted by capillary condensation. Nevertheless,
a hypothesis based on vapor mass transfer with SiF4 as the mobile species was proposed. Some
other factors had to be taken into account because the synthesis in these conditions was not and still
is not simple or currently understand. Recently, Morris and James published a short article about
this question [43]. The presence of very small amounts of water in what had been called water-free
synthetic methods was identified, except in the case of solid-state reactions that were performed at
extremely high temperatures.

Another trend in zeolite synthesis these last years has been the use of non-aqueous solvents,
which meant that the main solvent was not water, as opposed to the solventless method established in
the last paragraph. A review by Morris and Weigel in 1997 classified the organic solvents based on the
strength of their interaction with silica through hydrogen bonding (high-medium, low-medium or
non-hydrogen bonding), as these solvents could also act as templates, structure directors or space-filling
compounds in the synthesis [44].

5. Imidazolium Ions in Synthesis of Zeolites and Zeotypes

Imidazolium-derivative cations are heterocyclic compounds without exocyclic conjugation that
are obtained from the quaternization of the N in the corresponding imidazole derivative [45–47]. The
resulting compounds are generally soluble in water, in contrast to the low solubility of the initial
reagent, and have low melting and relatively high boiling points. These last characteristics and the fact
that their vapor pressure is low are the reasons for considering the use of some of these organic salts as
ionic liquids.

Different mechanisms for the synthesis of the cations have been proposed, which usually involve
deprotonation of the imidazole derivative [48,49]. In Figure 4, one of the possible mechanisms for
obtaining 1,3-dimethylimidazolium is shown:
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The most stable tautomeric form resulting from the first methylation can be influenced by the
type of substituent that the initial imidazole has at the C positions, which will decide the final product
in the case of more complex imidazolium derivatives. As an example, the volume occupied by
the substituents may indicate the preferred insertion position by enforcing substitution at the less
hindered N.

A question that can arise is the importance of studying imidazolium derivatives and not limiting
the studies to the quaternary ammoniums that have already been effective. First, it is important
to note that the chemistry of the two types of compounds is different; imidazolium derivatives
are heteroaromatic compounds that include the N atom in the aromatic ring [49,51]. The aromatic
characteristic of the imidazolium derivatives helps to stabilize the positive charge. This aromatic
ring also gives certain rigidity to the structure, as the ring is planar, allowing control of the flexibility
through the substituents chosen for the study; meanwhile, quaternary ammonium derivatives are more
flexible unless they are designed with planar substituents. Another characteristic of the imidazolium
derivatives is the possibility of their use as solvents and structure-directing agents and their ability to
be recycled [43,52]. Both characteristics will be addressed later. One last difference is that imidazolium
derivatives and quaternary ammonium derivatives lead to different geometries and volumes, so both
can enforce the synthesis of a wide variety of possible structures, which may be different between
the two groups. Imidazolium cations and quaternary cations are not in competition; together their
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characteristics and possibilities may be used to better understand zeolites and to obtain different
functional materials.

The first time that an ionic liquid (IL) was used in the synthesis of zeotypes was in 2004, and it
was reported by Cooper et al. in the journal Nature [53]. The IL used, 1-ethyl-3-methylimidazolium
bromide, led to the formation of the materials SIZ-1, SIZ-2, SIZ-3, SIZ-4, SIZ-5, SIZ-8 and SIZ-9. ILs are
defined as compounds that melt at temperatures above 100 ◦C with low vapor pressure. However,
when applied to the synthesis of zeolites, this temperature could be raised slightly to approximately
150–200 ◦C. This fact justifies their use as solvents. In that article, imidazolium derivatives were used
as both solvents and templates, and the main characteristic was that they were fundamentally based
on ions, despite the presence of very small quantities of water. At this point, the use of ionic liquids
defined a new class of synthesis called “ionothermal synthesis” [54]. Since these compounds act as
solvents and templates, the competition between the solvent-framework and template-framework
interactions, which is a characteristic of the hydrothermal synthesis, is eliminated. It is important to
remark that using a separate solvent from our OSDA could influence the structure obtained. Using
the same molecule to fill a double role may help to study and better control the effects of directing
groups; however, the other interactions could also result in products of interest. Therefore, neither
type of synthesis is better to study, and both are needed.

ILs have also been used in hydrothermal syntheses where low quantities of water were added
as a solvent and a form of hydroxide, and they have also been used in microwave syntheses. In the
first case, ILs have facilitated the formation of new zeolites, such as HPM-1, or already-known zeolites
with new morphologies, such as spherical ZSM-5 [55,56]. In the second case, these compounds were
considered excellent microwave absorbents due to their high ionic conductivity and polarizability, and
reviews have already been published on this topic [52,54]. In general, ILs have been used from room
temperature to 200 ◦C with different compositions (e.g., pure silica, Si/Al, Si/Ge, AlPOs, and MAPOs)
and in a variety of time periods (from hours to months).

Imidazolium derivatives are also related to a particular type of Metal-Organic Frameworks
(MOFs) known as Zeolitic Imidazolate Frameworks (ZIFs) [57,58]. These materials are composed of
imidazolate linkers and metal ions, and their structures resemble zeolites. These materials are not
a subject of this review, but it is interesting to mention that ZIFs make up a whole new complete area,
and several reviews have already been published for those who want to learn more about them [59,60].

Table 3 was constructed by reviewing the articles published using ILs in hydrothermal or
ionothermal syntheses. Due to the complexity and enormous variability in the synthetic conditions,
the imidazolium-based cation name, the types of frameworks that were obtained (pure phases, such
as pure silica, aluminosilicate, or other zeotypes), and some recent references for each are presented,
which may help researchers with their projects. The new types of zeolites and the materials whose
structures are still not classified into the three-letter zeolite types have been marked with a symbol.

As was explained at the beginning of this section, ionic liquids are characterized by having
a low melting point and relatively high boiling point [54–56]. Therefore, it can be assumed that their
decomposition temperatures will also be high. However, it is still necessary to confirm that the OSDAs
do not decompose during synthesis. For this reason, it is recommended to use techniques such as
CHN elemental analysis, 1H- and 13C-MAS NMR (magic angle spinning nuclear magnetic resonance)
spectroscopy, and/or infrared spectroscopy to help identify the imidazolium ring and its substituents
and other possible contaminants [51,61,62]. The table below contains examples where the imidazolium
derivative was not decomposed as far as we know.
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Table 3. Imidazolium-based cations used in zeolite and zeotype syntheses (the cations were designed
with the program Marvin Sketch [50]).

Cation Type
Neutral compound

Imidazole
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CIT-13 ¥ [3]. 

1,3-Bis(1-adamantyl) imidazolium 
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3-Methyl-1-[(2-methylphenyl) 

methyl]-1H-imidazol-3-ium 
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CIT-13 ¥, MFI [3], NUD-2 
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1-[(3,5-Dimethylphenyl)methyl]-3-

methyl-1H-imidazol-3-ium 
CIT-13 ¥ [3]. 

1,3-Bis(1-adamantyl) imidazolium 
AFX, CFI, FAU, MOR, 

STF [67] 

1,3-Bis(bicyclo[2.2.1]heptan-2-

yl)imidazolium 
BEA*, SSZ-70 ¥ [67] 
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1,3-Bis(pentan-3-yl)imidazolium 
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70 ¥ [67] 

3

4

5

6

7

8

9

10

11

12

13

CIT-13 ¥ [3]

1,3-Bis(1-adamantyl) imidazolium
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3

4

5

6

7

8

9

10

11

12

13

AFX, CFI, FAU, MOR, STF [67]

1,3-Bis(bicyclo[2.2.1]heptan-2-
yl)imidazolium
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3-Methyl-1-[(2-methylphenyl) 

methyl]-1H-imidazol-3-ium 
NUD-2 ¥ [66] 

3-Methyl-1-[(3-methylphenyl) 

methyl]-1H-imidazol-3-ium 

CIT-13 ¥, MFI [3], NUD-2 
¥ [66]. 

1-[(3,5-Dimethylphenyl)methyl]-3-

methyl-1H-imidazol-3-ium 
CIT-13 ¥ [3]. 

1,3-Bis(1-adamantyl) imidazolium 
AFX, CFI, FAU, MOR, 

STF [67] 

1,3-Bis(bicyclo[2.2.1]heptan-2-

yl)imidazolium 
BEA*, SSZ-70 ¥ [67] 

1,3-Bis(cycloheptyl) imidazolium BEA*, MOR, SSZ-70 ¥ [67] 

1,3-Bis(cyclohexyl)imidazolium 
BEA*, EUO, FAU, MOR, 

SSZ-70 ¥ [67] 

1,3-Bis(cyclohexylmethyl) 

imidazolium 

BEA*, FAU, MOR, MTW, 

SSZ-70 ¥ [67] 
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4

5
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13

BEA*, SSZ-70 ¥ [67]
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1,3-Bis(cyclohexyl)imidazolium 
BEA*, EUO, FAU, MOR, 

SSZ-70 ¥ [67] 
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3

4

5

6

7

8

9

10

11

12

13

BEA*, MOR, SSZ-70 ¥ [67]

1,3-Bis(cyclohexyl)imidazolium
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3-Methyl-1-[(2-methylphenyl) 

methyl]-1H-imidazol-3-ium 
NUD-2 ¥ [66] 

3-Methyl-1-[(3-methylphenyl) 

methyl]-1H-imidazol-3-ium 

CIT-13 ¥, MFI [3], NUD-2 
¥ [66]. 

1-[(3,5-Dimethylphenyl)methyl]-3-

methyl-1H-imidazol-3-ium 
CIT-13 ¥ [3]. 

1,3-Bis(1-adamantyl) imidazolium 
AFX, CFI, FAU, MOR, 

STF [67] 

1,3-Bis(bicyclo[2.2.1]heptan-2-

yl)imidazolium 
BEA*, SSZ-70 ¥ [67] 

1,3-Bis(cycloheptyl) imidazolium BEA*, MOR, SSZ-70 ¥ [67] 

1,3-Bis(cyclohexyl)imidazolium 
BEA*, EUO, FAU, MOR, 

SSZ-70 ¥ [67] 

1,3-Bis(cyclohexylmethyl) 

imidazolium 

BEA*, FAU, MOR, MTW, 

SSZ-70 ¥ [67] 

1,3-Bis(cyclopentyl) imidazolium BEA*, SSZ-70 ¥ [67] 

1,3-Bis(cyclooctyl)imidazolium BEA*, FAU, MOR [67] 

1,3-Bis(pentan-3-yl)imidazolium 
FAU, MTW, MOR, SSZ-

70 ¥ [67] 

3

4

5

6

7

8

9

10

11

12

13

BEA*, EUO, FAU, MOR, SSZ-70 ¥ [67]

1,3-Bis(cyclohexylmethyl) imidazolium
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3-Methyl-1-[(2-methylphenyl) 

methyl]-1H-imidazol-3-ium 
NUD-2 ¥ [66] 

3-Methyl-1-[(3-methylphenyl) 

methyl]-1H-imidazol-3-ium 

CIT-13 ¥, MFI [3], NUD-2 
¥ [66]. 

1-[(3,5-Dimethylphenyl)methyl]-3-

methyl-1H-imidazol-3-ium 
CIT-13 ¥ [3]. 

1,3-Bis(1-adamantyl) imidazolium 
AFX, CFI, FAU, MOR, 

STF [67] 

1,3-Bis(bicyclo[2.2.1]heptan-2-

yl)imidazolium 
BEA*, SSZ-70 ¥ [67] 

1,3-Bis(cycloheptyl) imidazolium BEA*, MOR, SSZ-70 ¥ [67] 

1,3-Bis(cyclohexyl)imidazolium 
BEA*, EUO, FAU, MOR, 

SSZ-70 ¥ [67] 

1,3-Bis(cyclohexylmethyl) 

imidazolium 

BEA*, FAU, MOR, MTW, 

SSZ-70 ¥ [67] 

1,3-Bis(cyclopentyl) imidazolium BEA*, SSZ-70 ¥ [67] 

1,3-Bis(cyclooctyl)imidazolium BEA*, FAU, MOR [67] 

1,3-Bis(pentan-3-yl)imidazolium 
FAU, MTW, MOR, SSZ-

70 ¥ [67] 

3

4

5

6

7

8

9

10

11

12

13

BEA*, FAU, MOR, MTW, SSZ-70 ¥ [67]

1,3-Bis(cyclopentyl) imidazolium
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Table 3. Cont. 

3-Methyl-1-[(2-methylphenyl) 

methyl]-1H-imidazol-3-ium 
NUD-2 ¥ [66] 

3-Methyl-1-[(3-methylphenyl) 

methyl]-1H-imidazol-3-ium 

CIT-13 ¥, MFI [3], NUD-2 
¥ [66]. 

1-[(3,5-Dimethylphenyl)methyl]-3-

methyl-1H-imidazol-3-ium 
CIT-13 ¥ [3]. 

1,3-Bis(1-adamantyl) imidazolium 
AFX, CFI, FAU, MOR, 

STF [67] 

1,3-Bis(bicyclo[2.2.1]heptan-2-

yl)imidazolium 
BEA*, SSZ-70 ¥ [67] 

1,3-Bis(cycloheptyl) imidazolium BEA*, MOR, SSZ-70 ¥ [67] 

1,3-Bis(cyclohexyl)imidazolium 
BEA*, EUO, FAU, MOR, 

SSZ-70 ¥ [67] 

1,3-Bis(cyclohexylmethyl) 

imidazolium 

BEA*, FAU, MOR, MTW, 

SSZ-70 ¥ [67] 

1,3-Bis(cyclopentyl) imidazolium BEA*, SSZ-70 ¥ [67] 

1,3-Bis(cyclooctyl)imidazolium BEA*, FAU, MOR [67] 

1,3-Bis(pentan-3-yl)imidazolium 
FAU, MTW, MOR, SSZ-

70 ¥ [67] 

3

4

5

6

7

8

9

10

11

12

13

BEA*, SSZ-70 ¥ [67]

1,3-Bis(cyclooctyl)imidazolium
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Table 3. Cont. 

3-Methyl-1-[(2-methylphenyl) 

methyl]-1H-imidazol-3-ium 
NUD-2 ¥ [66] 

3-Methyl-1-[(3-methylphenyl) 

methyl]-1H-imidazol-3-ium 

CIT-13 ¥, MFI [3], NUD-2 
¥ [66]. 

1-[(3,5-Dimethylphenyl)methyl]-3-

methyl-1H-imidazol-3-ium 
CIT-13 ¥ [3]. 

1,3-Bis(1-adamantyl) imidazolium 
AFX, CFI, FAU, MOR, 

STF [67] 

1,3-Bis(bicyclo[2.2.1]heptan-2-

yl)imidazolium 
BEA*, SSZ-70 ¥ [67] 

1,3-Bis(cycloheptyl) imidazolium BEA*, MOR, SSZ-70 ¥ [67] 

1,3-Bis(cyclohexyl)imidazolium 
BEA*, EUO, FAU, MOR, 

SSZ-70 ¥ [67] 

1,3-Bis(cyclohexylmethyl) 

imidazolium 

BEA*, FAU, MOR, MTW, 

SSZ-70 ¥ [67] 

1,3-Bis(cyclopentyl) imidazolium BEA*, SSZ-70 ¥ [67] 

1,3-Bis(cyclooctyl)imidazolium BEA*, FAU, MOR [67] 

1,3-Bis(pentan-3-yl)imidazolium 
FAU, MTW, MOR, SSZ-

70 ¥ [67] 

3

4

5

6

7

8

9

10

11

12

13

BEA*, FAU, MOR [67]
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1,3-Bis(pentan-3-yl)imidazolium
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Table 3. Cont. 

3-Methyl-1-[(2-methylphenyl) 

methyl]-1H-imidazol-3-ium 
NUD-2 ¥ [66] 

3-Methyl-1-[(3-methylphenyl) 

methyl]-1H-imidazol-3-ium 

CIT-13 ¥, MFI [3], NUD-2 
¥ [66]. 

1-[(3,5-Dimethylphenyl)methyl]-3-

methyl-1H-imidazol-3-ium 
CIT-13 ¥ [3]. 

1,3-Bis(1-adamantyl) imidazolium 
AFX, CFI, FAU, MOR, 

STF [67] 

1,3-Bis(bicyclo[2.2.1]heptan-2-

yl)imidazolium 
BEA*, SSZ-70 ¥ [67] 

1,3-Bis(cycloheptyl) imidazolium BEA*, MOR, SSZ-70 ¥ [67] 

1,3-Bis(cyclohexyl)imidazolium 
BEA*, EUO, FAU, MOR, 

SSZ-70 ¥ [67] 

1,3-Bis(cyclohexylmethyl) 

imidazolium 

BEA*, FAU, MOR, MTW, 

SSZ-70 ¥ [67] 

1,3-Bis(cyclopentyl) imidazolium BEA*, SSZ-70 ¥ [67] 

1,3-Bis(cyclooctyl)imidazolium BEA*, FAU, MOR [67] 

1,3-Bis(pentan-3-yl)imidazolium 
FAU, MTW, MOR, SSZ-

70 ¥ [67] 

3

4

5

6

7

8

9

10

11

12

13

FAU, MTW, MOR, SSZ-70 ¥ [67]

1,3-Bis(tert-butyl)imidazolium
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Table 3. Cont. 

1,3-Bis(tert-butyl)imidazolium FAU, MOR [67] 

1,3-Bis(2,4,4-trimethylpentan-2-

yl)imidazolium 
FAU [67] 

1-Butyl-3-methylimidazolium 

AEL [68], AFI [64], 

ANA, BEA*, MFI 

[8,56,69], FAU [70], 

LTA [71], TON [8,72], 

UWY $ [73] 

1,3-Dimethylimidazolium 
ITW $ [74], FER [75], 

TON [67] 

1,3-Diethylimidazolium MFI, TON [67] 

1,3-Diisopropylimidazolium 
MTT, MTW, SSZ-70 ¥ 

[67] 

1,3-Diisobutylimidazolium 
BEA*, FAU, MOR, 

MTW, SSZ-70 ¥ [67] 

1-Ethyl-3-methylimidazolium 

AEI, SIV $, SOD [76], 

AEL, CHA, LTA [64], 

CLO [71], TON [77], 

UOS $ [78],  

1-Hexyl-3-methylimidazolium LTA [71] 

1-Isopropyl-3-methyl 

imidazolium 
MRE*, MTT [79] 

1-Methyl-3-pentylimidazolium LTA [71] 

1-Methyl-3-propylimidazolium LTA [71] 

1-(Propan-2-yl)-3-(4-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl]butyl)-

1H-imidazol-3-ium 

MTW, TON [79] 

 14

15

16

17

18

19

20

21

22

23

24

25

26

FAU, MOR [67]

1,3-Bis(2,4,4-trimethylpentan-2-
yl)imidazolium
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Table 3. Cont. 

1,3-Bis(tert-butyl)imidazolium FAU, MOR [67] 

1,3-Bis(2,4,4-trimethylpentan-2-

yl)imidazolium 
FAU [67] 

1-Butyl-3-methylimidazolium 

AEL [68], AFI [64], 

ANA, BEA*, MFI 

[8,56,69], FAU [70], 

LTA [71], TON [8,72], 

UWY $ [73] 

1,3-Dimethylimidazolium 
ITW $ [74], FER [75], 

TON [67] 

1,3-Diethylimidazolium MFI, TON [67] 

1,3-Diisopropylimidazolium 
MTT, MTW, SSZ-70 ¥ 

[67] 

1,3-Diisobutylimidazolium 
BEA*, FAU, MOR, 

MTW, SSZ-70 ¥ [67] 

1-Ethyl-3-methylimidazolium 

AEI, SIV $, SOD [76], 

AEL, CHA, LTA [64], 

CLO [71], TON [77], 

UOS $ [78],  

1-Hexyl-3-methylimidazolium LTA [71] 

1-Isopropyl-3-methyl 

imidazolium 
MRE*, MTT [79] 

1-Methyl-3-pentylimidazolium LTA [71] 

1-Methyl-3-propylimidazolium LTA [71] 

1-(Propan-2-yl)-3-(4-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl]butyl)-

1H-imidazol-3-ium 

MTW, TON [79] 

 14

15

16

17

18

19

20

21

22

23

24

25

26

FAU [67]

1-Butyl-3-methylimidazolium
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Table 3. Cont. 

1,3-Bis(tert-butyl)imidazolium FAU, MOR [67] 

1,3-Bis(2,4,4-trimethylpentan-2-

yl)imidazolium 
FAU [67] 

1-Butyl-3-methylimidazolium 

AEL [68], AFI [64], 

ANA, BEA*, MFI 

[8,56,69], FAU [70], 

LTA [71], TON [8,72], 

UWY $ [73] 

1,3-Dimethylimidazolium 
ITW $ [74], FER [75], 

TON [67] 

1,3-Diethylimidazolium MFI, TON [67] 

1,3-Diisopropylimidazolium 
MTT, MTW, SSZ-70 ¥ 

[67] 

1,3-Diisobutylimidazolium 
BEA*, FAU, MOR, 

MTW, SSZ-70 ¥ [67] 

1-Ethyl-3-methylimidazolium 

AEI, SIV $, SOD [76], 

AEL, CHA, LTA [64], 

CLO [71], TON [77], 

UOS $ [78],  

1-Hexyl-3-methylimidazolium LTA [71] 

1-Isopropyl-3-methyl 

imidazolium 
MRE*, MTT [79] 

1-Methyl-3-pentylimidazolium LTA [71] 

1-Methyl-3-propylimidazolium LTA [71] 

1-(Propan-2-yl)-3-(4-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl]butyl)-

1H-imidazol-3-ium 

MTW, TON [79] 

 14

15

16

17

18

19

20

21

22

23

24

25

26

AEL [68], AFI [64], ANA, BEA*,
MFI [8,56,69], FAU [70], LTA [71],

TON [8,72], UWY $ [73]

1,3-Dimethylimidazolium
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Table 3. Cont. 

1,3-Bis(tert-butyl)imidazolium FAU, MOR [67] 

1,3-Bis(2,4,4-trimethylpentan-2-

yl)imidazolium 
FAU [67] 

1-Butyl-3-methylimidazolium 

AEL [68], AFI [64], 

ANA, BEA*, MFI 

[8,56,69], FAU [70], 

LTA [71], TON [8,72], 

UWY $ [73] 

1,3-Dimethylimidazolium 
ITW $ [74], FER [75], 

TON [67] 

1,3-Diethylimidazolium MFI, TON [67] 

1,3-Diisopropylimidazolium 
MTT, MTW, SSZ-70 ¥ 

[67] 

1,3-Diisobutylimidazolium 
BEA*, FAU, MOR, 

MTW, SSZ-70 ¥ [67] 

1-Ethyl-3-methylimidazolium 

AEI, SIV $, SOD [76], 

AEL, CHA, LTA [64], 

CLO [71], TON [77], 

UOS $ [78],  

1-Hexyl-3-methylimidazolium LTA [71] 

1-Isopropyl-3-methyl 

imidazolium 
MRE*, MTT [79] 

1-Methyl-3-pentylimidazolium LTA [71] 

1-Methyl-3-propylimidazolium LTA [71] 

1-(Propan-2-yl)-3-(4-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl]butyl)-

1H-imidazol-3-ium 

MTW, TON [79] 

 14

15

16

17

18

19

20

21

22

23

24

25

26

ITW $ [74], FER [75], TON [67]

1,3-Diethylimidazolium
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Table 3. Cont. 

1,3-Bis(tert-butyl)imidazolium FAU, MOR [67] 

1,3-Bis(2,4,4-trimethylpentan-2-

yl)imidazolium 
FAU [67] 

1-Butyl-3-methylimidazolium 

AEL [68], AFI [64], 

ANA, BEA*, MFI 

[8,56,69], FAU [70], 

LTA [71], TON [8,72], 

UWY $ [73] 

1,3-Dimethylimidazolium 
ITW $ [74], FER [75], 

TON [67] 

1,3-Diethylimidazolium MFI, TON [67] 

1,3-Diisopropylimidazolium 
MTT, MTW, SSZ-70 ¥ 

[67] 

1,3-Diisobutylimidazolium 
BEA*, FAU, MOR, 

MTW, SSZ-70 ¥ [67] 

1-Ethyl-3-methylimidazolium 

AEI, SIV $, SOD [76], 

AEL, CHA, LTA [64], 

CLO [71], TON [77], 

UOS $ [78],  

1-Hexyl-3-methylimidazolium LTA [71] 

1-Isopropyl-3-methyl 

imidazolium 
MRE*, MTT [79] 

1-Methyl-3-pentylimidazolium LTA [71] 

1-Methyl-3-propylimidazolium LTA [71] 

1-(Propan-2-yl)-3-(4-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl]butyl)-

1H-imidazol-3-ium 

MTW, TON [79] 

 14

15

16

17

18

19

20

21

22

23

24

25

26

MFI, TON [67]

1,3-Diisopropylimidazolium
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Table 3. Cont. 

1,3-Bis(tert-butyl)imidazolium FAU, MOR [67] 

1,3-Bis(2,4,4-trimethylpentan-2-

yl)imidazolium 
FAU [67] 

1-Butyl-3-methylimidazolium 

AEL [68], AFI [64], 

ANA, BEA*, MFI 

[8,56,69], FAU [70], 

LTA [71], TON [8,72], 

UWY $ [73] 

1,3-Dimethylimidazolium 
ITW $ [74], FER [75], 

TON [67] 

1,3-Diethylimidazolium MFI, TON [67] 

1,3-Diisopropylimidazolium 
MTT, MTW, SSZ-70 ¥ 

[67] 

1,3-Diisobutylimidazolium 
BEA*, FAU, MOR, 

MTW, SSZ-70 ¥ [67] 

1-Ethyl-3-methylimidazolium 

AEI, SIV $, SOD [76], 

AEL, CHA, LTA [64], 

CLO [71], TON [77], 

UOS $ [78],  

1-Hexyl-3-methylimidazolium LTA [71] 

1-Isopropyl-3-methyl 

imidazolium 
MRE*, MTT [79] 

1-Methyl-3-pentylimidazolium LTA [71] 

1-Methyl-3-propylimidazolium LTA [71] 

1-(Propan-2-yl)-3-(4-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl]butyl)-

1H-imidazol-3-ium 

MTW, TON [79] 

 14

15

16

17

18

19

20

21

22

23

24

25

26

MTT, MTW, SSZ-70 ¥ [67]

1,3-Diisobutylimidazolium
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Table 3. Cont. 

1,3-Bis(tert-butyl)imidazolium FAU, MOR [67] 

1,3-Bis(2,4,4-trimethylpentan-2-

yl)imidazolium 
FAU [67] 

1-Butyl-3-methylimidazolium 

AEL [68], AFI [64], 

ANA, BEA*, MFI 

[8,56,69], FAU [70], 

LTA [71], TON [8,72], 

UWY $ [73] 

1,3-Dimethylimidazolium 
ITW $ [74], FER [75], 

TON [67] 

1,3-Diethylimidazolium MFI, TON [67] 

1,3-Diisopropylimidazolium 
MTT, MTW, SSZ-70 ¥ 

[67] 

1,3-Diisobutylimidazolium 
BEA*, FAU, MOR, 

MTW, SSZ-70 ¥ [67] 

1-Ethyl-3-methylimidazolium 

AEI, SIV $, SOD [76], 

AEL, CHA, LTA [64], 

CLO [71], TON [77], 

UOS $ [78],  

1-Hexyl-3-methylimidazolium LTA [71] 

1-Isopropyl-3-methyl 

imidazolium 
MRE*, MTT [79] 

1-Methyl-3-pentylimidazolium LTA [71] 

1-Methyl-3-propylimidazolium LTA [71] 

1-(Propan-2-yl)-3-(4-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl]butyl)-

1H-imidazol-3-ium 

MTW, TON [79] 

 14

15

16

17

18

19

20

21

22

23

24

25

26

BEA*, FAU, MOR, MTW, SSZ-70 ¥ [67]

1-Ethyl-3-methylimidazolium
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Table 3. Cont. 

1,3-Bis(tert-butyl)imidazolium FAU, MOR [67] 

1,3-Bis(2,4,4-trimethylpentan-2-

yl)imidazolium 
FAU [67] 

1-Butyl-3-methylimidazolium 

AEL [68], AFI [64], 

ANA, BEA*, MFI 

[8,56,69], FAU [70], 

LTA [71], TON [8,72], 

UWY $ [73] 

1,3-Dimethylimidazolium 
ITW $ [74], FER [75], 

TON [67] 

1,3-Diethylimidazolium MFI, TON [67] 

1,3-Diisopropylimidazolium 
MTT, MTW, SSZ-70 ¥ 

[67] 

1,3-Diisobutylimidazolium 
BEA*, FAU, MOR, 

MTW, SSZ-70 ¥ [67] 

1-Ethyl-3-methylimidazolium 

AEI, SIV $, SOD [76], 

AEL, CHA, LTA [64], 

CLO [71], TON [77], 

UOS $ [78],  

1-Hexyl-3-methylimidazolium LTA [71] 

1-Isopropyl-3-methyl 

imidazolium 
MRE*, MTT [79] 

1-Methyl-3-pentylimidazolium LTA [71] 

1-Methyl-3-propylimidazolium LTA [71] 

1-(Propan-2-yl)-3-(4-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl]butyl)-

1H-imidazol-3-ium 

MTW, TON [79] 

 14

15

16

17

18

19

20

21

22

23

24

25

26

AEI, SIV $, SOD [76], AEL, CHA,
LTA [64], CLO [71], TON [77], UOS $ [78]

1-Hexyl-3-methylimidazolium
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Table 3. Cont. 

1,3-Bis(tert-butyl)imidazolium FAU, MOR [67] 

1,3-Bis(2,4,4-trimethylpentan-2-

yl)imidazolium 
FAU [67] 

1-Butyl-3-methylimidazolium 

AEL [68], AFI [64], 

ANA, BEA*, MFI 

[8,56,69], FAU [70], 

LTA [71], TON [8,72], 

UWY $ [73] 

1,3-Dimethylimidazolium 
ITW $ [74], FER [75], 

TON [67] 

1,3-Diethylimidazolium MFI, TON [67] 

1,3-Diisopropylimidazolium 
MTT, MTW, SSZ-70 ¥ 

[67] 

1,3-Diisobutylimidazolium 
BEA*, FAU, MOR, 

MTW, SSZ-70 ¥ [67] 

1-Ethyl-3-methylimidazolium 

AEI, SIV $, SOD [76], 

AEL, CHA, LTA [64], 

CLO [71], TON [77], 

UOS $ [78],  

1-Hexyl-3-methylimidazolium LTA [71] 

1-Isopropyl-3-methyl 

imidazolium 
MRE*, MTT [79] 

1-Methyl-3-pentylimidazolium LTA [71] 

1-Methyl-3-propylimidazolium LTA [71] 

1-(Propan-2-yl)-3-(4-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl]butyl)-

1H-imidazol-3-ium 

MTW, TON [79] 

 14

15

16

17

18

19

20

21

22

23

24

25

26

LTA [71]

1-Isopropyl-3-methyl imidazolium
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Table 3. Cont. 

1,3-Bis(tert-butyl)imidazolium FAU, MOR [67] 

1,3-Bis(2,4,4-trimethylpentan-2-

yl)imidazolium 
FAU [67] 

1-Butyl-3-methylimidazolium 

AEL [68], AFI [64], 

ANA, BEA*, MFI 

[8,56,69], FAU [70], 

LTA [71], TON [8,72], 

UWY $ [73] 

1,3-Dimethylimidazolium 
ITW $ [74], FER [75], 

TON [67] 

1,3-Diethylimidazolium MFI, TON [67] 

1,3-Diisopropylimidazolium 
MTT, MTW, SSZ-70 ¥ 

[67] 

1,3-Diisobutylimidazolium 
BEA*, FAU, MOR, 

MTW, SSZ-70 ¥ [67] 

1-Ethyl-3-methylimidazolium 

AEI, SIV $, SOD [76], 

AEL, CHA, LTA [64], 

CLO [71], TON [77], 

UOS $ [78],  

1-Hexyl-3-methylimidazolium LTA [71] 

1-Isopropyl-3-methyl 

imidazolium 
MRE*, MTT [79] 

1-Methyl-3-pentylimidazolium LTA [71] 

1-Methyl-3-propylimidazolium LTA [71] 

1-(Propan-2-yl)-3-(4-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl]butyl)-

1H-imidazol-3-ium 

MTW, TON [79] 

 14

15

16

17

18

19

20

21

22

23

24

25

26

MRE*, MTT [79]

1-Methyl-3-pentylimidazolium
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Table 3. Cont. 

1,3-Bis(tert-butyl)imidazolium FAU, MOR [67] 

1,3-Bis(2,4,4-trimethylpentan-2-

yl)imidazolium 
FAU [67] 

1-Butyl-3-methylimidazolium 

AEL [68], AFI [64], 

ANA, BEA*, MFI 

[8,56,69], FAU [70], 

LTA [71], TON [8,72], 

UWY $ [73] 

1,3-Dimethylimidazolium 
ITW $ [74], FER [75], 

TON [67] 

1,3-Diethylimidazolium MFI, TON [67] 

1,3-Diisopropylimidazolium 
MTT, MTW, SSZ-70 ¥ 

[67] 

1,3-Diisobutylimidazolium 
BEA*, FAU, MOR, 

MTW, SSZ-70 ¥ [67] 

1-Ethyl-3-methylimidazolium 

AEI, SIV $, SOD [76], 

AEL, CHA, LTA [64], 

CLO [71], TON [77], 

UOS $ [78],  

1-Hexyl-3-methylimidazolium LTA [71] 

1-Isopropyl-3-methyl 

imidazolium 
MRE*, MTT [79] 

1-Methyl-3-pentylimidazolium LTA [71] 

1-Methyl-3-propylimidazolium LTA [71] 

1-(Propan-2-yl)-3-(4-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl]butyl)-

1H-imidazol-3-ium 

MTW, TON [79] 

 14

15

16

17

18

19

20

21

22

23

24

25

26

LTA [71]

1-Methyl-3-propylimidazolium
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Table 3. Cont. 

1,3-Bis(tert-butyl)imidazolium FAU, MOR [67] 

1,3-Bis(2,4,4-trimethylpentan-2-

yl)imidazolium 
FAU [67] 

1-Butyl-3-methylimidazolium 

AEL [68], AFI [64], 

ANA, BEA*, MFI 

[8,56,69], FAU [70], 

LTA [71], TON [8,72], 

UWY $ [73] 

1,3-Dimethylimidazolium 
ITW $ [74], FER [75], 

TON [67] 

1,3-Diethylimidazolium MFI, TON [67] 

1,3-Diisopropylimidazolium 
MTT, MTW, SSZ-70 ¥ 

[67] 

1,3-Diisobutylimidazolium 
BEA*, FAU, MOR, 

MTW, SSZ-70 ¥ [67] 

1-Ethyl-3-methylimidazolium 

AEI, SIV $, SOD [76], 

AEL, CHA, LTA [64], 

CLO [71], TON [77], 

UOS $ [78],  

1-Hexyl-3-methylimidazolium LTA [71] 

1-Isopropyl-3-methyl 

imidazolium 
MRE*, MTT [79] 

1-Methyl-3-pentylimidazolium LTA [71] 

1-Methyl-3-propylimidazolium LTA [71] 

1-(Propan-2-yl)-3-(4-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl]butyl)-

1H-imidazol-3-ium 

MTW, TON [79] 

 14

15

16

17

18

19

20

21

22

23

24

25

26

LTA [71]

1-(Propan-2-yl)-3-(4-[1-(propan-2-yl)-
1H-imidazol-3-ium-3-yl]butyl)-

1H-imidazol-3-ium
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Table 3. Cont. 

1,3-Bis(tert-butyl)imidazolium FAU, MOR [67] 

1,3-Bis(2,4,4-trimethylpentan-2-

yl)imidazolium 
FAU [67] 

1-Butyl-3-methylimidazolium 

AEL [68], AFI [64], 

ANA, BEA*, MFI 

[8,56,69], FAU [70], 

LTA [71], TON [8,72], 

UWY $ [73] 

1,3-Dimethylimidazolium 
ITW $ [74], FER [75], 

TON [67] 

1,3-Diethylimidazolium MFI, TON [67] 

1,3-Diisopropylimidazolium 
MTT, MTW, SSZ-70 ¥ 

[67] 

1,3-Diisobutylimidazolium 
BEA*, FAU, MOR, 

MTW, SSZ-70 ¥ [67] 

1-Ethyl-3-methylimidazolium 

AEI, SIV $, SOD [76], 

AEL, CHA, LTA [64], 

CLO [71], TON [77], 

UOS $ [78],  

1-Hexyl-3-methylimidazolium LTA [71] 

1-Isopropyl-3-methyl 

imidazolium 
MRE*, MTT [79] 

1-Methyl-3-pentylimidazolium LTA [71] 

1-Methyl-3-propylimidazolium LTA [71] 

1-(Propan-2-yl)-3-(4-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl]butyl)-

1H-imidazol-3-ium 

MTW, TON [79] 

 14

15

16

17

18

19

20

21

22

23

24

25

26

MTW, TON [79]

1-(Propan-2-yl)-3-(5-[1-(propan-2-yl)-
1H-imidazol-3-ium-3-yl]

pentyl)-1H-imidazol-3-ium
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Table 3. Cont. 

1-(Propan-2-yl)-3-(5-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

pentyl)-1H-imidazol-3-ium 

EUO, MFI, MRE* 

[79] 

1-(Propan-2-yl)-3-(6-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

hexyl)-1H-imidazol-3-ium 

EUO, MFI, MRE*, 

MTW, TON [79] 

1-(Propan-2-yl)-3-(7-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

heptyl)-1H-imidazol-3-ium 

MTT [79] 

1-(Propan-2-yl)-3-(8-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

octyl)-1H-imidazol-3-ium 

MRE*, MTT, MTW 

[79] 

1-(Propan-2-yl)-3-(9-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

nonyl)-1H-imidazol-3-ium 

MFI, MRE*, MTW 

[79] 

1-(Propan-2-yl)-3-(10-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

decyl)-1H-imidazol-3-ium 

MFI, MRE*, MTW, 

NES, TON [79] 

1-(Propan-2-yl)-3-(11-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

undecyl)-1H-imidazol-3-ium 

MTT [79] 

1-(Propan-2-yl)-3-(12-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

dodecyl)-1H-imidazol-3-ium 

MRE*, MTT [79] 

1-(Propan-2-yl)-3-(14-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

tetradecyl)-1H-imidazol-3-ium 

FER, MTW [79] 

1-(Propan-2-yl)-3-(16-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

hexadecyl)-1H-imidazol-3-ium 

FER [79] 

1-(Triethoxysilyl propyl)-3-

dodecylimidazolium 
MFI [80] 

27

28

29

30

31

32

33

34

35

36

37

EUO, MFI, MRE* [79]

1-(Propan-2-yl)-3-(6-[1-(propan-2-yl)-
1H-imidazol-3-ium-3-yl]

hexyl)-1H-imidazol-3-ium
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Table 3. Cont. 

1-(Propan-2-yl)-3-(5-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

pentyl)-1H-imidazol-3-ium 

EUO, MFI, MRE* 

[79] 

1-(Propan-2-yl)-3-(6-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

hexyl)-1H-imidazol-3-ium 

EUO, MFI, MRE*, 

MTW, TON [79] 

1-(Propan-2-yl)-3-(7-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

heptyl)-1H-imidazol-3-ium 

MTT [79] 

1-(Propan-2-yl)-3-(8-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

octyl)-1H-imidazol-3-ium 

MRE*, MTT, MTW 

[79] 

1-(Propan-2-yl)-3-(9-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

nonyl)-1H-imidazol-3-ium 

MFI, MRE*, MTW 

[79] 

1-(Propan-2-yl)-3-(10-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

decyl)-1H-imidazol-3-ium 

MFI, MRE*, MTW, 

NES, TON [79] 

1-(Propan-2-yl)-3-(11-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

undecyl)-1H-imidazol-3-ium 

MTT [79] 

1-(Propan-2-yl)-3-(12-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

dodecyl)-1H-imidazol-3-ium 

MRE*, MTT [79] 

1-(Propan-2-yl)-3-(14-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

tetradecyl)-1H-imidazol-3-ium 

FER, MTW [79] 

1-(Propan-2-yl)-3-(16-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

hexadecyl)-1H-imidazol-3-ium 

FER [79] 

1-(Triethoxysilyl propyl)-3-

dodecylimidazolium 
MFI [80] 

27

28

29

30

31

32

33

34

35

36

37

EUO, MFI, MRE*, MTW, TON [79]
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Table 3. Cont.

Cation Type

1-(Propan-2-yl)-3-(7-[1-(propan-2-yl)-
1H-imidazol-3-ium-3-yl]

heptyl)-1H-imidazol-3-ium
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Table 3. Cont. 

1-(Propan-2-yl)-3-(5-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

pentyl)-1H-imidazol-3-ium 

EUO, MFI, MRE* 

[79] 

1-(Propan-2-yl)-3-(6-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

hexyl)-1H-imidazol-3-ium 

EUO, MFI, MRE*, 

MTW, TON [79] 

1-(Propan-2-yl)-3-(7-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

heptyl)-1H-imidazol-3-ium 

MTT [79] 

1-(Propan-2-yl)-3-(8-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

octyl)-1H-imidazol-3-ium 

MRE*, MTT, MTW 

[79] 

1-(Propan-2-yl)-3-(9-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

nonyl)-1H-imidazol-3-ium 

MFI, MRE*, MTW 

[79] 

1-(Propan-2-yl)-3-(10-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

decyl)-1H-imidazol-3-ium 

MFI, MRE*, MTW, 

NES, TON [79] 

1-(Propan-2-yl)-3-(11-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

undecyl)-1H-imidazol-3-ium 

MTT [79] 

1-(Propan-2-yl)-3-(12-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

dodecyl)-1H-imidazol-3-ium 

MRE*, MTT [79] 

1-(Propan-2-yl)-3-(14-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

tetradecyl)-1H-imidazol-3-ium 

FER, MTW [79] 

1-(Propan-2-yl)-3-(16-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

hexadecyl)-1H-imidazol-3-ium 

FER [79] 

1-(Triethoxysilyl propyl)-3-

dodecylimidazolium 
MFI [80] 

27

28

29

30

31

32

33

34

35

36

37

MTT [79]

1-(Propan-2-yl)-3-(8-[1-(propan-2-yl)-
1H-imidazol-3-ium-3-yl] octyl)-

1H-imidazol-3-ium
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Table 3. Cont. 

1-(Propan-2-yl)-3-(5-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

pentyl)-1H-imidazol-3-ium 

EUO, MFI, MRE* 

[79] 

1-(Propan-2-yl)-3-(6-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

hexyl)-1H-imidazol-3-ium 

EUO, MFI, MRE*, 

MTW, TON [79] 

1-(Propan-2-yl)-3-(7-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

heptyl)-1H-imidazol-3-ium 

MTT [79] 

1-(Propan-2-yl)-3-(8-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

octyl)-1H-imidazol-3-ium 

MRE*, MTT, MTW 

[79] 

1-(Propan-2-yl)-3-(9-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

nonyl)-1H-imidazol-3-ium 

MFI, MRE*, MTW 

[79] 

1-(Propan-2-yl)-3-(10-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

decyl)-1H-imidazol-3-ium 

MFI, MRE*, MTW, 

NES, TON [79] 

1-(Propan-2-yl)-3-(11-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

undecyl)-1H-imidazol-3-ium 

MTT [79] 

1-(Propan-2-yl)-3-(12-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

dodecyl)-1H-imidazol-3-ium 

MRE*, MTT [79] 

1-(Propan-2-yl)-3-(14-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

tetradecyl)-1H-imidazol-3-ium 

FER, MTW [79] 

1-(Propan-2-yl)-3-(16-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

hexadecyl)-1H-imidazol-3-ium 

FER [79] 

1-(Triethoxysilyl propyl)-3-

dodecylimidazolium 
MFI [80] 

27

28

29

30

31

32

33

34

35

36

37

MRE*, MTT, MTW [79]

1-(Propan-2-yl)-3-(9-[1-(propan-2-yl)-
1H-imidazol-3-ium-3-yl] nonyl)-

1H-imidazol-3-ium
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Table 3. Cont. 

1-(Propan-2-yl)-3-(5-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

pentyl)-1H-imidazol-3-ium 

EUO, MFI, MRE* 

[79] 

1-(Propan-2-yl)-3-(6-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

hexyl)-1H-imidazol-3-ium 

EUO, MFI, MRE*, 

MTW, TON [79] 

1-(Propan-2-yl)-3-(7-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

heptyl)-1H-imidazol-3-ium 

MTT [79] 

1-(Propan-2-yl)-3-(8-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

octyl)-1H-imidazol-3-ium 

MRE*, MTT, MTW 

[79] 

1-(Propan-2-yl)-3-(9-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

nonyl)-1H-imidazol-3-ium 

MFI, MRE*, MTW 

[79] 

1-(Propan-2-yl)-3-(10-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

decyl)-1H-imidazol-3-ium 

MFI, MRE*, MTW, 

NES, TON [79] 

1-(Propan-2-yl)-3-(11-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

undecyl)-1H-imidazol-3-ium 

MTT [79] 

1-(Propan-2-yl)-3-(12-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

dodecyl)-1H-imidazol-3-ium 

MRE*, MTT [79] 

1-(Propan-2-yl)-3-(14-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

tetradecyl)-1H-imidazol-3-ium 

FER, MTW [79] 

1-(Propan-2-yl)-3-(16-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

hexadecyl)-1H-imidazol-3-ium 

FER [79] 

1-(Triethoxysilyl propyl)-3-

dodecylimidazolium 
MFI [80] 

27

28

29

30

31

32

33

34

35

36

37

MFI, MRE*, MTW [79]

1-(Propan-2-yl)-3-(10-[1-(propan-2-yl)-
1H-imidazol-3-ium-3-yl] decyl)-

1H-imidazol-3-ium
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Table 3. Cont. 

1-(Propan-2-yl)-3-(5-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

pentyl)-1H-imidazol-3-ium 

EUO, MFI, MRE* 

[79] 

1-(Propan-2-yl)-3-(6-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

hexyl)-1H-imidazol-3-ium 

EUO, MFI, MRE*, 

MTW, TON [79] 

1-(Propan-2-yl)-3-(7-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

heptyl)-1H-imidazol-3-ium 

MTT [79] 

1-(Propan-2-yl)-3-(8-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

octyl)-1H-imidazol-3-ium 

MRE*, MTT, MTW 

[79] 

1-(Propan-2-yl)-3-(9-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

nonyl)-1H-imidazol-3-ium 

MFI, MRE*, MTW 

[79] 

1-(Propan-2-yl)-3-(10-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

decyl)-1H-imidazol-3-ium 

MFI, MRE*, MTW, 

NES, TON [79] 

1-(Propan-2-yl)-3-(11-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

undecyl)-1H-imidazol-3-ium 

MTT [79] 

1-(Propan-2-yl)-3-(12-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

dodecyl)-1H-imidazol-3-ium 

MRE*, MTT [79] 

1-(Propan-2-yl)-3-(14-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

tetradecyl)-1H-imidazol-3-ium 

FER, MTW [79] 

1-(Propan-2-yl)-3-(16-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

hexadecyl)-1H-imidazol-3-ium 

FER [79] 

1-(Triethoxysilyl propyl)-3-

dodecylimidazolium 
MFI [80] 

27

28

29

30

31

32

33

34

35

36

37

MFI, MRE*, MTW, NES, TON [79]

1-(Propan-2-yl)-3-(11-[1-(propan-2-yl)-
1H-imidazol-3-ium-3-yl] undecyl)-

1H-imidazol-3-ium
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Table 3. Cont. 

1-(Propan-2-yl)-3-(5-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

pentyl)-1H-imidazol-3-ium 

EUO, MFI, MRE* 

[79] 

1-(Propan-2-yl)-3-(6-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

hexyl)-1H-imidazol-3-ium 

EUO, MFI, MRE*, 

MTW, TON [79] 

1-(Propan-2-yl)-3-(7-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

heptyl)-1H-imidazol-3-ium 

MTT [79] 

1-(Propan-2-yl)-3-(8-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

octyl)-1H-imidazol-3-ium 

MRE*, MTT, MTW 

[79] 

1-(Propan-2-yl)-3-(9-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

nonyl)-1H-imidazol-3-ium 

MFI, MRE*, MTW 

[79] 

1-(Propan-2-yl)-3-(10-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

decyl)-1H-imidazol-3-ium 

MFI, MRE*, MTW, 

NES, TON [79] 

1-(Propan-2-yl)-3-(11-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

undecyl)-1H-imidazol-3-ium 

MTT [79] 

1-(Propan-2-yl)-3-(12-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

dodecyl)-1H-imidazol-3-ium 

MRE*, MTT [79] 

1-(Propan-2-yl)-3-(14-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

tetradecyl)-1H-imidazol-3-ium 

FER, MTW [79] 

1-(Propan-2-yl)-3-(16-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

hexadecyl)-1H-imidazol-3-ium 

FER [79] 

1-(Triethoxysilyl propyl)-3-

dodecylimidazolium 
MFI [80] 

27

28

29

30

31

32

33

34

35

36

37

MTT [79]

1-(Propan-2-yl)-3-(12-[1-(propan-2-yl)-
1H-imidazol-3-ium-3-yl] dodecyl)-

1H-imidazol-3-ium
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Table 3. Cont. 

1-(Propan-2-yl)-3-(5-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

pentyl)-1H-imidazol-3-ium 

EUO, MFI, MRE* 

[79] 

1-(Propan-2-yl)-3-(6-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

hexyl)-1H-imidazol-3-ium 

EUO, MFI, MRE*, 

MTW, TON [79] 

1-(Propan-2-yl)-3-(7-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

heptyl)-1H-imidazol-3-ium 

MTT [79] 

1-(Propan-2-yl)-3-(8-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

octyl)-1H-imidazol-3-ium 

MRE*, MTT, MTW 

[79] 

1-(Propan-2-yl)-3-(9-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

nonyl)-1H-imidazol-3-ium 

MFI, MRE*, MTW 

[79] 

1-(Propan-2-yl)-3-(10-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

decyl)-1H-imidazol-3-ium 

MFI, MRE*, MTW, 

NES, TON [79] 

1-(Propan-2-yl)-3-(11-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

undecyl)-1H-imidazol-3-ium 

MTT [79] 

1-(Propan-2-yl)-3-(12-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

dodecyl)-1H-imidazol-3-ium 

MRE*, MTT [79] 

1-(Propan-2-yl)-3-(14-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

tetradecyl)-1H-imidazol-3-ium 

FER, MTW [79] 

1-(Propan-2-yl)-3-(16-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

hexadecyl)-1H-imidazol-3-ium 

FER [79] 

1-(Triethoxysilyl propyl)-3-

dodecylimidazolium 
MFI [80] 

27

28

29

30

31

32

33

34

35

36

37

MRE*, MTT [79]

1-(Propan-2-yl)-3-(14-[1-(propan-2-yl)-
1H-imidazol-3-ium-3-yl] tetradecyl)-

1H-imidazol-3-ium
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Table 3. Cont. 

1-(Propan-2-yl)-3-(5-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

pentyl)-1H-imidazol-3-ium 

EUO, MFI, MRE* 

[79] 

1-(Propan-2-yl)-3-(6-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

hexyl)-1H-imidazol-3-ium 

EUO, MFI, MRE*, 

MTW, TON [79] 

1-(Propan-2-yl)-3-(7-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

heptyl)-1H-imidazol-3-ium 

MTT [79] 

1-(Propan-2-yl)-3-(8-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

octyl)-1H-imidazol-3-ium 

MRE*, MTT, MTW 

[79] 

1-(Propan-2-yl)-3-(9-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

nonyl)-1H-imidazol-3-ium 

MFI, MRE*, MTW 

[79] 

1-(Propan-2-yl)-3-(10-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

decyl)-1H-imidazol-3-ium 

MFI, MRE*, MTW, 

NES, TON [79] 

1-(Propan-2-yl)-3-(11-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

undecyl)-1H-imidazol-3-ium 

MTT [79] 

1-(Propan-2-yl)-3-(12-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

dodecyl)-1H-imidazol-3-ium 

MRE*, MTT [79] 

1-(Propan-2-yl)-3-(14-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

tetradecyl)-1H-imidazol-3-ium 

FER, MTW [79] 

1-(Propan-2-yl)-3-(16-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

hexadecyl)-1H-imidazol-3-ium 

FER [79] 

1-(Triethoxysilyl propyl)-3-

dodecylimidazolium 
MFI [80] 

27

28

29

30

31

32

33

34

35

36

37

FER, MTW [79]

1-(Propan-2-yl)-3-(16-[1-(propan-2-yl)-
1H-imidazol-3-ium-3-yl] hexadecyl)-

1H-imidazol-3-ium
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Table 3. Cont. 

1-(Propan-2-yl)-3-(5-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

pentyl)-1H-imidazol-3-ium 

EUO, MFI, MRE* 

[79] 

1-(Propan-2-yl)-3-(6-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

hexyl)-1H-imidazol-3-ium 

EUO, MFI, MRE*, 

MTW, TON [79] 

1-(Propan-2-yl)-3-(7-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

heptyl)-1H-imidazol-3-ium 

MTT [79] 

1-(Propan-2-yl)-3-(8-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

octyl)-1H-imidazol-3-ium 

MRE*, MTT, MTW 

[79] 

1-(Propan-2-yl)-3-(9-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

nonyl)-1H-imidazol-3-ium 

MFI, MRE*, MTW 

[79] 

1-(Propan-2-yl)-3-(10-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

decyl)-1H-imidazol-3-ium 

MFI, MRE*, MTW, 

NES, TON [79] 

1-(Propan-2-yl)-3-(11-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

undecyl)-1H-imidazol-3-ium 

MTT [79] 

1-(Propan-2-yl)-3-(12-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

dodecyl)-1H-imidazol-3-ium 

MRE*, MTT [79] 

1-(Propan-2-yl)-3-(14-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

tetradecyl)-1H-imidazol-3-ium 

FER, MTW [79] 

1-(Propan-2-yl)-3-(16-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

hexadecyl)-1H-imidazol-3-ium 

FER [79] 

1-(Triethoxysilyl propyl)-3-

dodecylimidazolium 
MFI [80] 

27

28

29

30

31

32

33

34

35

36

37

FER [79]

1-(Triethoxysilyl
propyl)-3-dodecylimidazolium
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Table 3. Cont. 

1-(Propan-2-yl)-3-(5-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

pentyl)-1H-imidazol-3-ium 

EUO, MFI, MRE* 

[79] 

1-(Propan-2-yl)-3-(6-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

hexyl)-1H-imidazol-3-ium 

EUO, MFI, MRE*, 

MTW, TON [79] 

1-(Propan-2-yl)-3-(7-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

heptyl)-1H-imidazol-3-ium 

MTT [79] 

1-(Propan-2-yl)-3-(8-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

octyl)-1H-imidazol-3-ium 

MRE*, MTT, MTW 

[79] 

1-(Propan-2-yl)-3-(9-[1-(propan-2-

yl)-1H-imidazol-3-ium-3-yl] 

nonyl)-1H-imidazol-3-ium 

MFI, MRE*, MTW 

[79] 

1-(Propan-2-yl)-3-(10-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

decyl)-1H-imidazol-3-ium 

MFI, MRE*, MTW, 

NES, TON [79] 

1-(Propan-2-yl)-3-(11-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

undecyl)-1H-imidazol-3-ium 

MTT [79] 

1-(Propan-2-yl)-3-(12-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

dodecyl)-1H-imidazol-3-ium 

MRE*, MTT [79] 

1-(Propan-2-yl)-3-(14-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

tetradecyl)-1H-imidazol-3-ium 

FER, MTW [79] 

1-(Propan-2-yl)-3-(16-[1-(propan-

2-yl)-1H-imidazol-3-ium-3-yl] 

hexadecyl)-1H-imidazol-3-ium 

FER [79] 

1-(Triethoxysilyl propyl)-3-

dodecylimidazolium 
MFI [80] 

27

28

29

30

31

32

33

34

35

36

37
MFI [80]

1-(Triethoxysilyl
propyl)-3-methylimidazolium
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Table 3. Cont. 

1-(Triethoxysilyl propyl)-3-

methylimidazolium 
MFI [80] 

Tri-substituted imidazolium 

1-Benzyl-2,3-dimethyl 

imidazolium 
ITW $, MTW [65] 

2,3-Dimethyl-1-[(2-methyl 

phenyl)methyl]-1H-imidazol-3-

ium 

CIT-13 ¥, IWS $, 

LTA [81]. 

2,3-Dimethyl-1-[(3-methyl 

phenyl)methyl]-1H-imidazol-3-

ium 

CIT-13 ¥ [3]. 

2,3-Dimethyl-1-[(4-methyl 

phenyl)methyl]-1H-imidazol-3-

ium 

BEC, LTA [81] 

1-[(3,5-Dimethylphenyl) methyl]-

2,3-dimethyl-1H-imidazol-3-ium 
CIT-13 ¥ [3]. 

1-((2-[(1,2-Dimethyl-1H-imidazol-

3-ium-3-yl)methyl]phenyl)-

methyl)-2,3-dimethyl-1H-

imidazol-3-ium 

BEA* [81] 

38

39

40

41

42

43

44

MFI [80]

Tri-substituted imidazolium

1-Benzyl-2,3-dimethyl imidazolium
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44
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44
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Molecules 2017, 22, 1307 14 of 21 

Table 3. Cont. 
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3-ium-3-yl)methyl]phenyl)-

methyl)-2,3-dimethyl-1H-

imidazol-3-ium 

BEA*, IWS $ [81] 

1-((4-[(1,2-Dimethyl-1H-imidazol-

3-ium-3-

yl)methyl]phenyl)methyl)-2,3-

dimethyl-1H-imidazol-3-ium 

BEA*, BEC [81] 

1-(2,3-Dihydroxipropyl)-2,3-

dimethylimidazolium 
AFI [82] 

2-Ethyl-1,3-dimethyl imidazolium 

CSV $, ITW $, MTW, 

RTH, STF, STW$ 

[75] 

1-Ethyl-2,3-dimethyl 

imidazolium 

AFI [83], ITW $, 

MTW [32] 

2-Isopropyl-1,3-dimethyl 

imidazolium 
MOR, STF [75] 

1,1′,1′′-(2,4,6-Trimethyl benzene-

1,3,5-triyl)tris (methylene)tris-(3-

methyl-1H-imidazol-3-ium) 

-ITV $ [4] 

45

46

47

48

49

50

51

BEA*, IWS $ [81]

1-((4-[(1,2-Dimethyl-1H-imidazol-
3-ium-3-yl)methyl]phenyl)methyl)-

2,3-dimethyl-1H-imidazol-3-ium
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[75] 
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AFI [83], ITW $, 
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2-Isopropyl-1,3-dimethyl 

imidazolium 
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1-((3-[(1,2-Dimethyl-1H-imidazol-

3-ium-3-yl)methyl]phenyl)-
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imidazol-3-ium 
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1-((4-[(1,2-Dimethyl-1H-imidazol-

3-ium-3-
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3-ium-3-yl)methyl]phenyl)-

methyl)-2,3-dimethyl-1H-

imidazol-3-ium 

BEA*, IWS $ [81] 

1-((4-[(1,2-Dimethyl-1H-imidazol-

3-ium-3-
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dimethyl-1H-imidazol-3-ium 
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[75] 
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2-Isopropyl-1,3-dimethyl 

imidazolium 
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46
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benzene-1,3,5-triyl)tris

(methylene)tris-(3-methyl-
1H-imidazol-3-ium)
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methyl)-2,3-dimethyl-1H-

imidazol-3-ium 

BEA*, IWS $ [81] 

1-((4-[(1,2-Dimethyl-1H-imidazol-

3-ium-3-
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47

48

49

50

51

-ITV $ [4]

1,2,3-Trimethylimidazolium
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1,2,3-Trimethylimidazolium 

AFI, CHA, HPM-3 ¥ 

[25], ITW $ [78], 

RTH [75], MFI, STF 

[84] 

1,3,4-Trimethylimidazolium 
ITW $, TON [74], 

MOR, RTH [75] 

1,3,5-Tris(1,2-dimethyl 

imidazolium)benzene 
IWR $, LTA [85] 

Tetra-substituted imidazolium 

2-Ethyl-1,3,4-trimethyl 

imidazolium 

ITW $, MTF, STW $ 

[5,55], MOR, MTW, 

RTH [75] 

1,2,3,4-Tetramethyl imidazolium 
MOR, RTH, STW $ 

[75] 

1,2,3-Triethyl-4-methyl 

imidazolium 
STF [84] 

Penta-substituted imidazolium 

1,2,4,5-Tetramethyl-3-[3-

(tetramethyl-1H-imidazol-3-ium-

3-yl)propyl]-1H-imidazol-3-ium 

CSV $, IWV $, STW $ 

[86] 

1,2,3,4,5-Pentamethyl 

imidazolium 
RTH, STW $ [75] 

$ New zeolitic framework type. ¥ Materials in study. 

52

53

54

55

56

57

58

59

AFI, CHA, HPM-3 ¥ [25], ITW $ [78],
RTH [75], MFI, STF [84]

1,3,4-Trimethylimidazolium

Molecules 2017, 22, 1307 15 of 21 

Table 3. Cont. 

1,2,3-Trimethylimidazolium 

AFI, CHA, HPM-3 ¥ 

[25], ITW $ [78], 

RTH [75], MFI, STF 

[84] 

1,3,4-Trimethylimidazolium 
ITW $, TON [74], 

MOR, RTH [75] 

1,3,5-Tris(1,2-dimethyl 

imidazolium)benzene 
IWR $, LTA [85] 

Tetra-substituted imidazolium 

2-Ethyl-1,3,4-trimethyl 

imidazolium 

ITW $, MTF, STW $ 

[5,55], MOR, MTW, 

RTH [75] 

1,2,3,4-Tetramethyl imidazolium 
MOR, RTH, STW $ 

[75] 

1,2,3-Triethyl-4-methyl 

imidazolium 
STF [84] 

Penta-substituted imidazolium 

1,2,4,5-Tetramethyl-3-[3-

(tetramethyl-1H-imidazol-3-ium-

3-yl)propyl]-1H-imidazol-3-ium 

CSV $, IWV $, STW $ 

[86] 

1,2,3,4,5-Pentamethyl 

imidazolium 
RTH, STW $ [75] 

$ New zeolitic framework type. ¥ Materials in study. 

52

53

54

55

56

57

58

59

ITW $, TON [74], MOR, RTH [75]

1,3,5-Tris(1,2-dimethyl
imidazolium)benzene

Molecules 2017, 22, 1307 15 of 21 

Table 3. Cont. 

1,2,3-Trimethylimidazolium 

AFI, CHA, HPM-3 ¥ 

[25], ITW $ [78], 

RTH [75], MFI, STF 

[84] 

1,3,4-Trimethylimidazolium 
ITW $, TON [74], 

MOR, RTH [75] 

1,3,5-Tris(1,2-dimethyl 

imidazolium)benzene 
IWR $, LTA [85] 

Tetra-substituted imidazolium 

2-Ethyl-1,3,4-trimethyl 

imidazolium 

ITW $, MTF, STW $ 

[5,55], MOR, MTW, 

RTH [75] 

1,2,3,4-Tetramethyl imidazolium 
MOR, RTH, STW $ 

[75] 

1,2,3-Triethyl-4-methyl 

imidazolium 
STF [84] 

Penta-substituted imidazolium 

1,2,4,5-Tetramethyl-3-[3-

(tetramethyl-1H-imidazol-3-ium-

3-yl)propyl]-1H-imidazol-3-ium 

CSV $, IWV $, STW $ 

[86] 

1,2,3,4,5-Pentamethyl 

imidazolium 
RTH, STW $ [75] 

$ New zeolitic framework type. ¥ Materials in study. 

52

53

54

55

56

57

58

59

IWR $, LTA [85]

Tetra-substituted imidazolium

2-Ethyl-1,3,4-trimethyl imidazolium

Molecules 2017, 22, 1307 15 of 21 

Table 3. Cont. 

1,2,3-Trimethylimidazolium 

AFI, CHA, HPM-3 ¥ 

[25], ITW $ [78], 

RTH [75], MFI, STF 

[84] 

1,3,4-Trimethylimidazolium 
ITW $, TON [74], 

MOR, RTH [75] 

1,3,5-Tris(1,2-dimethyl 

imidazolium)benzene 
IWR $, LTA [85] 

Tetra-substituted imidazolium 

2-Ethyl-1,3,4-trimethyl 

imidazolium 

ITW $, MTF, STW $ 

[5,55], MOR, MTW, 

RTH [75] 

1,2,3,4-Tetramethyl imidazolium 
MOR, RTH, STW $ 

[75] 

1,2,3-Triethyl-4-methyl 

imidazolium 
STF [84] 

Penta-substituted imidazolium 

1,2,4,5-Tetramethyl-3-[3-

(tetramethyl-1H-imidazol-3-ium-

3-yl)propyl]-1H-imidazol-3-ium 

CSV $, IWV $, STW $ 

[86] 

1,2,3,4,5-Pentamethyl 

imidazolium 
RTH, STW $ [75] 

$ New zeolitic framework type. ¥ Materials in study. 

52

53

54

55

56

57

58

59

ITW $, MTF, STW $ [5,55], MOR, MTW,
RTH [75]

1,2,3,4-Tetramethyl imidazolium

Molecules 2017, 22, 1307 15 of 21 

Table 3. Cont. 

1,2,3-Trimethylimidazolium 

AFI, CHA, HPM-3 ¥ 

[25], ITW $ [78], 

RTH [75], MFI, STF 

[84] 

1,3,4-Trimethylimidazolium 
ITW $, TON [74], 

MOR, RTH [75] 

1,3,5-Tris(1,2-dimethyl 

imidazolium)benzene 
IWR $, LTA [85] 

Tetra-substituted imidazolium 

2-Ethyl-1,3,4-trimethyl 

imidazolium 

ITW $, MTF, STW $ 

[5,55], MOR, MTW, 

RTH [75] 

1,2,3,4-Tetramethyl imidazolium 
MOR, RTH, STW $ 

[75] 

1,2,3-Triethyl-4-methyl 

imidazolium 
STF [84] 

Penta-substituted imidazolium 

1,2,4,5-Tetramethyl-3-[3-

(tetramethyl-1H-imidazol-3-ium-

3-yl)propyl]-1H-imidazol-3-ium 

CSV $, IWV $, STW $ 

[86] 

1,2,3,4,5-Pentamethyl 

imidazolium 
RTH, STW $ [75] 

$ New zeolitic framework type. ¥ Materials in study. 

52

53

54

55

56

57

58

59

MOR, RTH, STW $ [75]

1,2,3-Triethyl-4-methylimidazolium

Molecules 2017, 22, 1307 15 of 21 

Table 3. Cont. 

1,2,3-Trimethylimidazolium 

AFI, CHA, HPM-3 ¥ 

[25], ITW $ [78], 

RTH [75], MFI, STF 

[84] 

1,3,4-Trimethylimidazolium 
ITW $, TON [74], 

MOR, RTH [75] 

1,3,5-Tris(1,2-dimethyl 

imidazolium)benzene 
IWR $, LTA [85] 

Tetra-substituted imidazolium 

2-Ethyl-1,3,4-trimethyl 

imidazolium 

ITW $, MTF, STW $ 

[5,55], MOR, MTW, 

RTH [75] 

1,2,3,4-Tetramethyl imidazolium 
MOR, RTH, STW $ 

[75] 

1,2,3-Triethyl-4-methyl 

imidazolium 
STF [84] 

Penta-substituted imidazolium 

1,2,4,5-Tetramethyl-3-[3-

(tetramethyl-1H-imidazol-3-ium-

3-yl)propyl]-1H-imidazol-3-ium 

CSV $, IWV $, STW $ 

[86] 

1,2,3,4,5-Pentamethyl 

imidazolium 
RTH, STW $ [75] 

$ New zeolitic framework type. ¥ Materials in study. 

52

53

54

55

56

57

58

59

STF [84]

Penta-substituted imidazolium

1,2,4,5-Tetramethyl-3-[3-(tetramethyl-
1H-imidazol-3-ium-3-yl)propyl]-

1H-imidazol-3-ium

Molecules 2017, 22, 1307 15 of 21 

Table 3. Cont. 

1,2,3-Trimethylimidazolium 

AFI, CHA, HPM-3 ¥ 

[25], ITW $ [78], 

RTH [75], MFI, STF 

[84] 

1,3,4-Trimethylimidazolium 
ITW $, TON [74], 

MOR, RTH [75] 

1,3,5-Tris(1,2-dimethyl 

imidazolium)benzene 
IWR $, LTA [85] 

Tetra-substituted imidazolium 

2-Ethyl-1,3,4-trimethyl 

imidazolium 

ITW $, MTF, STW $ 

[5,55], MOR, MTW, 

RTH [75] 

1,2,3,4-Tetramethyl imidazolium 
MOR, RTH, STW $ 

[75] 

1,2,3-Triethyl-4-methyl 

imidazolium 
STF [84] 

Penta-substituted imidazolium 

1,2,4,5-Tetramethyl-3-[3-

(tetramethyl-1H-imidazol-3-ium-

3-yl)propyl]-1H-imidazol-3-ium 

CSV $, IWV $, STW $ 

[86] 

1,2,3,4,5-Pentamethyl 

imidazolium 
RTH, STW $ [75] 

$ New zeolitic framework type. ¥ Materials in study. 

52

53

54

55

56

57

58

59

CSV $, IWV $, STW $ [86]

1,2,3,4,5-Pentamethyl imidazolium

Molecules 2017, 22, 1307 15 of 21 

Table 3. Cont. 

1,2,3-Trimethylimidazolium 

AFI, CHA, HPM-3 ¥ 

[25], ITW $ [78], 

RTH [75], MFI, STF 

[84] 

1,3,4-Trimethylimidazolium 
ITW $, TON [74], 

MOR, RTH [75] 

1,3,5-Tris(1,2-dimethyl 

imidazolium)benzene 
IWR $, LTA [85] 

Tetra-substituted imidazolium 

2-Ethyl-1,3,4-trimethyl 

imidazolium 

ITW $, MTF, STW $ 

[5,55], MOR, MTW, 

RTH [75] 

1,2,3,4-Tetramethyl imidazolium 
MOR, RTH, STW $ 

[75] 

1,2,3-Triethyl-4-methyl 

imidazolium 
STF [84] 

Penta-substituted imidazolium 

1,2,4,5-Tetramethyl-3-[3-

(tetramethyl-1H-imidazol-3-ium-

3-yl)propyl]-1H-imidazol-3-ium 

CSV $, IWV $, STW $ 

[86] 

1,2,3,4,5-Pentamethyl 

imidazolium 
RTH, STW $ [75] 

$ New zeolitic framework type. ¥ Materials in study. 

52

53

54

55

56

57

58

59

RTH, STW $ [75]

$ New zeolitic framework type. ¥ Materials in study.



Molecules 2017, 22, 1307 14 of 19

By observing the zeolite type obtained in each case, it was possible to identify several
relationships with the role of the OSDA. First, the imidazolium derivatives act as space-fillers,
which means that the volume and geometry of the compounds define the obtained zeolites.
Generally, larger imidazolium derivatives should lead to the synthesis of zeolites with larger
cavities. Several examples of this property can be seen in the table. The MFI-type zeolite
seemed to be associated with imidazolium derivatives that have terminal alkyl chains of
more than two atoms, such as 1-butyl-3-methylimidazolium, or bridging alkyl chains, such
as 1-(propan-2-yl)-3-(10-[1-(propan-2-yl)-1H-imidazol-3-ium-3-yl]decyl)-1H-imidazol-3-ium. TON
zeolites were often synthesized from the same imidazolium derivatives as the MFI zeolite, such
as with 1,3-diethylimidazolium or 1-(propan-2-yl)-3-(6-[1-(propan-2-yl)-1H-imidazol-3-ium-3-yl]
hexyl)-1H-imidazol-3-ium. Therefore, it may be possible to obtain the MFI type in cases where
the TON zeolite was already achieved and vice versa. The length of the terminal alkyl chains has also
been an object of study, such as in the article by Wen et al. [87]. The authors studied alkyl chains with
lengths from two to 14 carbon atoms and concluded that the lower numbers of carbon atoms (two and
four) formed pure TON phases, an intermediate number of carbon atoms (six) gave mixtures of MFI
and TON zeolites, and longer alkyl chains (>eight) resulted in magadiite and/or amorphous phases.
Therefore, it was concluded that there are lower and upper limits to the number of carbons in the
terminal alkyl chains that can direct the formation of MFI or TON zeolites.

Another two types of zeolites seemed to follow a similar rule: BEA* and FAU. Both
have been synthesized using imidazolium derivatives with voluminous lateral groups, such as
1,3-diisobutyl-imidazolium or 1,3-bis(cyclohexyl)imidazolium. Comparing the cell parameters or
framework densities, the two zeolite types appear to be very different at first sight [12]. However,
the volume of the molecules that can diffuse through them (5.95 Å for BEA* and 7.35 Å for FAU) are
similar; therefore, this may be the key to the same imidazolium derivatives forming these two types
of zeolites. In the case of the RTH and STW types, which also share imidazolium derivatives, such
as 2-ethyl-1,3,4-trimethylimidazolium, their framework densities are similar (16.1 T/1000 Å3 for RTH
and 16.4 T/1000 Å3 for STW), as are the molecules that can diffuse through them (from 1.67 to 4.14 Å
for RTH and from 3.38 to 4.88 Å for STW) [12]. In addition, a final example of these relationships is
the MTW type zeolite, which has been obtained on several occasions from imidazolium derivatives
with bridging alkyl chains, such as 1-(propan-2-yl)-3-(14-[1-(propan-2-yl)-1H-imidazol-3-ium-3-yl]
tetradecyl)-1H-imidazol-3-ium.

It is also important to note that imidazolium derivatives have certain control of the flexibility
around the imidazolium ring; that is, the substituent can be chosen based on their conformational
possibilities. An example of this fact is the work published by Variani et al. [84]. The cations
1,2,3-triethylimidazolium (123TEI) and 1,2,3-triethyl-4-methylimidazolium (123TE4MI) contain several
rotatable bonds, leading to the formation of three and four most-stable non-equivalent conformers,
respectively. Based on the corresponding computational study, it was explained that 123TEI fits nicely
inside the MFI zeolite and that, initially, this zeolitic structure was not expected with 123TE4MI.
Therefore, to a certain extent, it is possible to predict and control the zeolitic structures that will be
obtained by designing the substituents and performing conformational analysis of the OSDAs.

Second, the imidazolium derivatives can also exhibit a templating effect in which their directing
influence is not only established by their geometry but also by their electronic configuration. Imidazolium
cations are able to form π-π interactions with each other through their imidazolium rings [7], which
may help to organize the BBUs and influence the final product of a synthetic method. Even though
this property has not yet been studied with these cations, some interesting studies along this line
have already been published, such as the self-assembly of ephedrine and pseudoephedrine reported
by Bernardo-Maestro et al. [88]. The computational analysis of the resulting zeolites has been successful
in explaining the zeolite types in thermodynamic terms by calculating the energies of the most stable
conformations and the locations of the imidazolium derivatives in the framework [65,84]. The host-guest
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relationships are mainly due to the electronic terms, and studies such as those of Rojas et al. and Variani et al.
demonstrated how the cation-framework was organized in the cases of the MFI, MTW and STW zeolites.

The last role of OSDAs that was described in Section 4 is the role of pure structure-directing
in which a molecule forms only one type of zeolite. However, this role should be adapted to
each condition; it is not the same to synthesize a pure silica zeolite than a silicoaluminophosphate.
Not taking this into account may just lead to an imidazolium that fulfils this pre-requisite, namely,
1,1′,1′ ′-(2,4,6-trimethylbenzene-1,3,5-triyl)tris(methylene)tris-(3-methyl-1H-imidazol-3-ium), but further
studies and tests of different conditions would probably lead to other zeolite types. Therefore,
in this sense, it is interesting to continue studying different conditions with different imidazolium
derivatives because to date, there is not enough proof to state that any imidazolium derivative is a pure
structure-directing agent for only one zeolite type in the presence of different heteroatoms. In this sense,
studying the hydrophobicity of the OSDAs can help explaining their role. Kubota et al. [89] already
studied this parameter in ammonium derivatives by partitioning the organic cations between water
and chloroform. The host/guest thermodynamic stability of the material is enhanced by the increased
stability of the components in the initial mixture. The authors concluded that the best ammonium
derivatives for pure silica zeolite synthesis were the rigid, moderately hydrophobic, bulky molecules
with the longest axis below 10 Å. The influence of hydrophobicity has begun to be studied in the case of
imidazolium derivatives, as reported by Rojas et al. [65]. The derivative 1-benzyl-3-methylimidazolium
(1B3MI) showed a slightly greater hydrophobicity character than 1-benzyl-2,3-dimethylimidazolium
(1B23DMI), and for this reason, it was predicted to perform better as an SDA.

Finally, the continued study of imidazolium derivatives in zeolite synthesis is important, as they
proved to be interesting in their ability to form new types of zeolites [3,25,66] for new applications and
revealed a new synthetic methodology [53], as discussed earlier. The use of imidazolium derivatives
is also considered a green chemistry process because it is possible to recover and reuse them [66]. As
observed in the table of derivatives, there are still many imidazoliums and possible conditions remaining
to be researched. Determining the relationships between imidazolium derivatives and the zeolite types
will lead to a better understanding of the synthesis and the ability to control the final products.

6. Conclusions

In this article, the state of the art techniques relevant to the synthesis of zeolites with imidazolium
derivatives were summarized, and a brief introduction on zeolites and zeotypes was presented. Several
questions related to the synthesis and structure of these materials were addressed based on analysis
of the literature. It was shown that imidazolium derivatives can act as space-fillers, templates and
structure-directing agents. Finally, a list of ionic liquids employed in zeolite and zeotype syntheses
was presented in relation to the obtained zeolitic framework in an attempt to help researchers with
experimental planning and with the discussion of results in an area that it is important for zeolitic
research and is difficult to keep up to date.

Acknowledgments: The authors acknowledge CAPES, the Postgraduate Program of Materials Science and
Engineering (PGCEM), the Federal University of Rio Grande do Norte (UFRN) and the Federal University of Rio
Grande do Sul (UFRGS).

Author Contributions: The authors contributed equally.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Cronstedt, A. Beschreibung und untersuchung einer unbekannten Bergart, Zheolites gennant. Abh. Schwed.
Akad. Wiss. 1756, 18, 111–113.

2. Davis, M.E. Zeolites from a materials chemistry perspective. Chem. Mater. 2014, 26, 239–245. [CrossRef]
3. Kang, J.H.; Xie, D.; Zones, S.I.; Smeets, S.; McCusker, L.B.; Davis, M.E. Synthesis and characterization of CIT-13,

a germanosilicate molecular sieve with extra-large pore openings. Chem. Mater. 2016, 28, 6250–6259. [CrossRef]

http://dx.doi.org/10.1021/cm401914u
http://dx.doi.org/10.1021/acs.chemmater.6b02468


Molecules 2017, 22, 1307 16 of 19

4. Chen, F.-J.; Gao, Z.-H.; Liang, L.-L.; Zhang, J.; Du, H.-B. Facile preparation of extra-large pore zeolite ITQ-37 based
on supramolecular assemblies as structure-directing agents. CrystEngComm 2016, 18, 2735–2741. [CrossRef]

5. Rojas, A.; Camblor, M.A. HPM-2, the layered precursor to zeolite MTF. Chem. Mater. 2014, 26, 1161–1169.
[CrossRef]

6. Mintova, S.; Barrier, N. Verified Synthesis of Zeolitic Materials, 3rd ed.; Elsevier (On behalf of Synthesis
Commission of the International Zeolite Association): Amsterdam, The Netherlands, 2016.

7. Tang, F.; Ohto, T.; Hasegawa, T.; Bonn, M.; Nagata, Y. [small pi]+-[small pi]+ stacking of imidazolium cations
enhances molecular layering of room temperature ionic liquids at their interfaces. Phys. Chem. Chem. Phys.
2017, 19, 2850–2856. [CrossRef] [PubMed]

8. Lopes, C.W.; Gómez-Hortigüela, L.; Rojas, A.; Pergher, S.B.C. Fluoride-mediated synthesis of TON and
MFI zeolites using 1-butyl-3-methylimidazolium as structure-directing agent. Microporous Mesoporous Mater.
2017, 252, 29–36. [CrossRef]

9. Cundy, C.S.; Cox, P.A. The hydrothermal synthesis of zeolites: History and development from the earliest
days to the present time. Chem. Rev. 2003, 103, 663–701. [CrossRef] [PubMed]

10. Camblor, M.A.; Bong Hong, S. Synthetic silicate zeolites: Diverse materials accessible through geoinspiration.
In Porous Materials; John Wiley & Sons, Ltd.: New York, NY, USA, 2010; pp. 265–325.

11. Lowenstein, W. The distribution of aluminium in the tetrahedra of silicates and aluminates. Am. Mineral.
1954, 39, 92–96.

12. Baerlocher, C.; McCusker, L.B.; International Zeolite Association. Database of Zeolite Structures. 2007.
Available online: http://www.iza-structure.org/databases/ (accessed on 22 July 2017).

13. McCusker, L.B.; Liebau, F.; Engelhardt, G. Nomenclature of structural and compositional characteristics
of ordered microporous and mesoporous materials with inorganic hosts: (IUPAC recommendations 2001).
Pure Appl. Chem. 2001, 73, 381–394. [CrossRef]

14. McCusker, L.B.; Liebau, F.; Englehardt, G. Nomenclature of structural and compositional characteristics
of ordered microporous and mesoporous materials with inorganic hosts (IUPAC recommendations 2001):
Physical chemistry division commision on colloid and surface chemistry including catalysis. Microporous
Mesoporous Mater. 2003, 58, 3–13. [CrossRef]

15. Martinez-Sánchez, P.C.; Perez-Pariente, J. Zeolites and Ordered Porous Solids: Fundamentals and Applications;
Universitat Politècnica de València: València, Spain, 2011.

16. Li, Y.; Yu, J. New stories of zeolite structures: Their descriptions, determinations, predictions, and evaluations.
Chem. Rev. 2014, 114, 7268–7316. [CrossRef] [PubMed]

17. Anurova, N.A.; Blatov, V.A.; Ilyushin, G.D.; Proserpio, D.M. Natural tilings for zeolite-type frameworks.
J. Phys. Chem. C 2010, 114, 10160–10170. [CrossRef]

18. Blatov, V.A.; Delgado-Friedrichs, O.; O’Keeffe, M.; Proserpio, D.M. Three-periodic nets and tilings: Natural
tilings for nets. Acta Crystallogr. Sect. A 2007, 63, 418–425. [CrossRef] [PubMed]

19. Flanigen, E.M.; Lok, B.M.; Patton, R.L.; Wilson, S.T. Aluminophosphate molecular sieves and the periodic
table. In Studies in Surface Science and Catalysis; Murakami, Y., Iijima, A.I., Ward, J.W., Eds.; Elsevier:
Amsterdam, The Netherlands, 1986; Volume 28, pp. 103–112.

20. Pastore, H.O.; Coluccia, S.; Marchese, L. Porous aluminophosphates: From molecular sieves to designed
acid catalysts. Ann. Rev. Mater. Res. 2005, 35, 351–395. [CrossRef]

21. Wilson, S.T.; Lok, B.M.; Messina, C.A.; Cannan, T.R.; Flanigen, E.M. Aluminophosphate molecular sieves:
A new class of microporous crystalline inorganic solids. J. Am. Chem. Soc. 1982, 104, 1146–1147. [CrossRef]

22. Yu, J.; Xu, R. Rich structure chemistry in the aluminophosphate family. Acc. Chem. Res. 2003, 36, 481–490.
[CrossRef] [PubMed]

23. Lombard, A.; Simon-Masseron, A.; Rouleau, L.; Cabiac, A.; Patarin, J. Synthesis and characterization of
core/shell Al-ZSM-5/Silicalite-1 zeolite composites prepared in one step. Microporous Mesoporous Mater.
2010, 129, 220–227. [CrossRef]

24. Abraham, A.; Lee, S.-H.; Shin, C.-H.; Bong Hong, S.; Prins, R.; van Bokhoven, J.A. Influence of framework
silicon to aluminium ratio on aluminium coordination and distribution in zeolite beta investigated by 27Al
MAS and 27Al MQ MAS NMR. Phys. Chem. Chem. Phys. 2004, 6, 3031–3036. [CrossRef]

25. Lee, J.H.; Kim, E.J.; Lopez-Arbeloa, F.; Hong, S.B.; Camblor, M.A. Microporous aluminophosphates
synthesized with 1,2,3-trimethylimidazolium and fluoride. Dalton Trans. 2016, 45, 7616–7626. [CrossRef]
[PubMed]

http://dx.doi.org/10.1039/C5CE02312B
http://dx.doi.org/10.1021/cm403527t
http://dx.doi.org/10.1039/C6CP07034E
http://www.ncbi.nlm.nih.gov/pubmed/28071776
http://dx.doi.org/10.1016/j.micromeso.2017.06.017
http://dx.doi.org/10.1021/cr020060i
http://www.ncbi.nlm.nih.gov/pubmed/12630849
http://www.iza-structure.org/databases/
http://dx.doi.org/10.1351/pac200173020381
http://dx.doi.org/10.1016/S1387-1811(02)00545-0
http://dx.doi.org/10.1021/cr500010r
http://www.ncbi.nlm.nih.gov/pubmed/24844459
http://dx.doi.org/10.1021/jp1030027
http://dx.doi.org/10.1107/S0108767307038287
http://www.ncbi.nlm.nih.gov/pubmed/17703076
http://dx.doi.org/10.1146/annurev.matsci.35.103103.120732
http://dx.doi.org/10.1021/ja00368a062
http://dx.doi.org/10.1021/ar0201557
http://www.ncbi.nlm.nih.gov/pubmed/12859209
http://dx.doi.org/10.1016/j.micromeso.2009.09.018
http://dx.doi.org/10.1039/b401235f
http://dx.doi.org/10.1039/C6DT00734A
http://www.ncbi.nlm.nih.gov/pubmed/27048542


Molecules 2017, 22, 1307 17 of 19

26. Barthomeuf, D. Topological model for the compared acidity of SAPOs and SiAl zeolites. Zeolites 1994, 14,
394–401. [CrossRef]

27. Barthomeuf, D. Topology and maximum content of isolated species (Al, Ga, Fe, B, Si, ...) in a zeolitic
framework. An approach to acid catalysis. J. Phys. Chem. 1993, 97, 10092–10096. [CrossRef]

28. Vomscheid, R.; Briend, M.; Peltre, M.J.; Man, P.P.; Barthomeuf, D. The role of the template in directing the Si
distribution in SAPO zeolites. J. Phys. Chem. 1994, 98, 9614–9618. [CrossRef]

29. Yu, J.; Xu, R. Insight into the construction of open-framework aluminophosphates. Chem. Soc. Rev. 2006, 35,
593–604. [CrossRef] [PubMed]

30. Masters, A.F.; Maschmeyer, T. Zeolites—From curiosity to cornerstone. Microporous Mesoporous Mater. 2011,
142, 423–438. [CrossRef]

31. Noorduin, W.L.; Vlieg, E.; Kellogg, R.M.; Kaptein, B. From Ostwald ripening to single chirality. Angew. Chem.
Int. Ed. 2009, 48, 9600–9606. [CrossRef] [PubMed]

32. Rojas, A.; San-Roman, M.L.; Zicovich-Wilson, C.M.; Camblor, M.A. Host-guest stabilization of a zeolite
strained framework: In situ transformation of zeolite MTW into the less dense and more strained ITW.
Chem. Mater. 2013, 25, 729–738. [CrossRef]

33. Davis, M.E.; Lobo, R.F. Zeolite and molecular sieve synthesis. Chem. Mater. 1992, 4, 756–768. [CrossRef]
34. Lobo, R.F.; Zones, S.I.; Davis, M.E. Structure-direction in zeolite synthesis. J. Incl. Phenom. Mol. Recognit. Chem.

1995, 21, 47–78.
35. Flanigen, E.M.; Bennett, J.M.; Grose, R.W.; Cohen, J.P.; Patton, R.L.; Kirchner, R.M.; Smith, J.V. Silicalite,

a new hydrophobic crystalline silica molecular sieve. Nature 1978, 271, 512–516. [CrossRef]
36. Zones, S.I.; Hwang, S.-J.; Elomari, S.; Ogino, I.; Davis, M.E.; Burton, A.W. The fluoride-based route to all-silica

molecular sieves; a strategy for synthesis of new materials based upon close-packing of guest-host products.
Comptes Rendus Chim. 2005, 8, 267–282. [CrossRef]

37. Vidal-Moya, J.A.; Blasco, T.; Rey, F.; Corma, A.; Puche, M. Distribution of fluorine and germanium in a new
zeolite structure ITQ-13 studied by 19F nuclear magnetic resonance. Chem. Mater. 2003, 15, 3961–3963. [CrossRef]

38. Moteki, T.; Lobo, R.F. A general method for aluminum incorporation into high-silica zeolites prepared in
fluoride media. Chem. Mater. 2016, 28, 638–649. [CrossRef]

39. Moliner, M.; Rey, F.; Corma, A. Towards the rational design of efficient organic structure-directing agents for
zeolite synthesis. Angew. Chem. Int. Ed. 2013, 52, 13880–13889. [CrossRef] [PubMed]

40. Koller, H.; Wölker, A.; Villaescusa, L.A.; Díaz-Cabañas, M.J.; Valencia, S.; Camblor, M.A. Five-coordinate
silicon in high-silica zeolites. J. Am. Chem. Soc. 1999, 121, 3368–3376. [CrossRef]

41. Tian, P.; Su, X.; Wang, Y.; Xia, Q.; Zhang, Y.; Fan, D.; Meng, S.; Liu, Z. Phase-transformation synthesis
of SAPO-34 and a novel SAPO molecular sieve with RHO framework type from a SAPO-5 precursor.
Chem. Mater. 2011, 23, 1406–1413. [CrossRef]

42. Althoff, R.; Unger, K.; Schüth, F. Is the formation of a zeolite from a dry powder via a gas phase transport
process possible? Microporous Mater. 1994, 2, 563–564. [CrossRef]

43. Morris, R.E.; James, S.L. Solventless synthesis of zeolites. Angew. Chem. Int. Ed. 2013, 52, 2163–2165.
[CrossRef] [PubMed]

44. Morris, R.E.; Weigel, S.J. The synthesis of molecular sieves from non-aqueous solvents. Chem. Soc. Rev. 1997,
26, 309–317. [CrossRef]

45. Katritzky, A.R.; Ramsden, C.A.; Joule, J.A.; Zhdankin, V.V. 2.4-structure of five-membered rings with two or
more heteroatoms. In Handbook of Heterocyclic Chemistry, 3th ed.; Elsevier: Amsterdam, The Netherlands,
2010; pp. 139–209.

46. Katritzky, A.R.; Ramsden, C.A.; Joule, J.A.; Zhdankin, V.V. 3.4-reactivity of five-membered rings with two or
more heteroatoms. In Handbook of Heterocyclic Chemistry, 3th ed.; Elsevier: Amsterdam, The Netherlands,
2010; pp. 473–604.

47. Katritzky, A.R.; Ramsden, C.A.; Joule, J.A.; Zhdankin, V.V. 4.3-synthesis of monocyclic rings with two or
more heteroatoms. In Handbook of Heterocyclic Chemistry, 3th ed.; Elsevier: Amsterdam, The Netherlands,
2010; pp. 704–796.

48. Dong, L.; Zheng, D.X.; Wei, Z.; Wu, X.H. Synthesis of 1,3-dimethylimidazolium chloride and volumetric
property investigations of its aqueous solution. Int. J. Thermophys. 2009, 30, 1480. [CrossRef]

49. Joule, J.A.; Mills, K. 1,2-azoles and 1,3-azoles. In Heterocyclic Chemistry at a Glance; John Wiley & Sons, Ltd.:
New York, NY, USA, 2012; pp. 107–121.

http://dx.doi.org/10.1016/0144-2449(94)90164-3
http://dx.doi.org/10.1021/j100141a032
http://dx.doi.org/10.1021/j100089a041
http://dx.doi.org/10.1039/b505856m
http://www.ncbi.nlm.nih.gov/pubmed/16791331
http://dx.doi.org/10.1016/j.micromeso.2010.12.026
http://dx.doi.org/10.1002/anie.200905215
http://www.ncbi.nlm.nih.gov/pubmed/19946926
http://dx.doi.org/10.1021/cm303709e
http://dx.doi.org/10.1021/cm00022a005
http://dx.doi.org/10.1038/271512a0
http://dx.doi.org/10.1016/j.crci.2004.12.009
http://dx.doi.org/10.1021/cm034515b
http://dx.doi.org/10.1021/acs.chemmater.5b04439
http://dx.doi.org/10.1002/anie.201304713
http://www.ncbi.nlm.nih.gov/pubmed/24115577
http://dx.doi.org/10.1021/ja9840549
http://dx.doi.org/10.1021/cm103512m
http://dx.doi.org/10.1016/0927-6513(94)E0027-R
http://dx.doi.org/10.1002/anie.201209002
http://www.ncbi.nlm.nih.gov/pubmed/23325511
http://dx.doi.org/10.1039/cs9972600309
http://dx.doi.org/10.1007/s10765-009-0651-x


Molecules 2017, 22, 1307 18 of 19

50. Chemaxon. Marvinsketch, 6; Chemaxon: Budapest, Hungary, 2013.
51. Katritzky, A.; Ramsden, C.; Joule, J.; Zhdankin, V. Handbook of Heterocyclic Chemistry; Elsevier: Amsterdam,

The Netherlands, 2010.
52. Morris, R.E. Ionic liquids and microwaves—Making zeolites for emerging applications. Angew. Chem. Int. Ed.

2008, 47, 442–444. [CrossRef] [PubMed]
53. Cooper, E.R.; Andrews, C.D.; Wheatley, P.S.; Webb, P.B.; Wormald, P.; Morris, R.E. Ionic liquids and eutectic

mixtures as solvent and template in synthesis of zeolite analogues. Nature 2004, 430, 1012–1016. [CrossRef]
[PubMed]

54. Morris, R.E. Ionothermal synthesis-ionic liquids as functional solvents in the preparation of crystalline
materials. Chem. Commun. 2009, 2990–2998. [CrossRef] [PubMed]

55. Rojas, A.; Arteaga, O.; Kahr, B.; Camblor, M.A. Synthesis, structure, and optical activity of HPM-1, a pure
silica chiral zeolite. J. Am. Chem. Soc. 2013, 135, 11975–11984. [CrossRef] [PubMed]

56. Mignoni, M.L.; de Souza, M.O.; Pergher, S.B.C.; de Souza, R.F.; Bernardo-Gusmão, K. Nickel oligomerization
catalysts heterogenized on zeolites obtained using ionic liquids as templates. Appl. Catal. A Gen. 2010, 374,
26–30. [CrossRef]

57. Chen, B.; Yang, Z.; Zhu, Y.; Xia, Y. Zeolitic imidazolate framework materials: Recent progress in synthesis
and applications. J. Mater. Chem. A 2014, 2, 16811–16831. [CrossRef]

58. Pimentel, B.R.; Parulkar, A.; Zhou, E.-K.; Brunelli, N.A.; Lively, R.P. Zeolitic imidazolate frameworks:
Next-generation materials for energy-efficient gas separations. ChemSusChem 2014, 7, 3202–3240. [CrossRef]
[PubMed]

59. Cui, Y.; Li, B.; He, H.; Zhou, W.; Chen, B.; Qian, G. Metal-organic frameworks as platforms for functional
materials. Acc. Chem. Res. 2016, 49, 483–493. [CrossRef] [PubMed]

60. Wang, W.; Xu, X.; Zhou, W.; Shao, Z. Recent progress in metal-organic frameworks for applications in
electrocatalytic and photocatalytic water splitting. Adv. Sci. 2017, 4, 1600371. [CrossRef] [PubMed]

61. Pavia, D.L.; Lampman, G.M.; Kriz, G.S.; Vyvyan, J.A. Introduction to Spectroscopy; Cengage Learning: Boston,
MA, USA, 2008.

62. Silverstein, R.M.; Webster, F.X.; Kiemle, D. Spectrometric Identification of Organic Compounds, 7th ed.; John Wiley
& Sons, Ltd.: New York, NY, USA, 2004.

63. Yu, J.; Williams, I.D. Two unusual layer aluminophosphates templated by imidazolium ions;
[N2C3H5][AlP2O8H2·2H2O] and 2[N2C3H5][Al3P4O16H]. J. Solid State Chem. 1998, 136, 141–144. [CrossRef]

64. Fayad, E.J.; Bats, N.; Kirschhock, C.E.A.; Rebours, B.; Quoineaud, A.-A.; Martens, J.A. A rational approach to
the ionothermal synthesis of an AlPO4 molecular sieve with an LTA-type framework. Angew. Chem. Int. Ed.
2010, 49, 4585–4588. [CrossRef] [PubMed]

65. Rojas, A.; Gomez-Hortiguela, L.; Camblor, M.A. Benzylimidazolium cations as zeolite structure-directing
agents. Differences in performance brought about by a small change in size. Dalton Trans. 2013, 42, 2562–2571.
[CrossRef] [PubMed]

66. Gao, Z.-H.; Chen, F.-J.; Xu, L.; Sun, L.; Xu, Y.; Du, H.-B. A stable extra-large-pore zeolite with intersecting 14-
and 10-membered-ring channels. Chem. A Eur. J. 2016, 22, 14367–14372. [CrossRef] [PubMed]

67. Archer, R.H.; Zones, S.I.; Davis, M.E. Imidazolium structure directing agents in zeolite synthesis: Exploring
guest/host relationships in the synthesis of SSZ-70. Microporous Mesoporous Mater. 2010, 130, 255–265.
[CrossRef]

68. Xu, R.; Chen, J.; Gao, Z.; Yan, W. From Zeolites to Porous MOF Materials-the 40th Anniversary of International
Zeolite Conference; Elsevier Science: Beijing, China, 2007.

69. Martínez-Blanes, J.M.; Szyja, B.M.; Romero-Sarria, F.; Centeno, M.Á.; Hensen, E.J.M.; Odriozola, J.A.;
Ivanova, S. Multiple zeolite structures from one ionic liquid template. Chem. A Eur. J. 2013, 19, 2122–2130.
[CrossRef] [PubMed]

70. Yuan, D.; He, D.; Xu, S.; Song, Z.; Zhang, M.; Wei, Y.; He, Y.; Xu, S.; Liu, Z.; Xu, Y. Imidazolium-based ionic
liquids as novel organic SDA to synthesize high-silica Y zeolite. Microporous Mesoporous Mater. 2015, 204, 1–7.
[CrossRef]

71. Ma, H.; Xu, R.; You, W.; Wen, G.; Wang, S.; Xu, Y.; Wang, B.; Wang, L.; Wei, Y.; Xu, Y.; et al. Ionothermal
synthesis of gallophosphate molecular sieves in 1-alkyl-3-methyl imidazolium bromide ionic liquids.
Microporous Mesoporous Mater. 2009, 120, 278–284. [CrossRef]

http://dx.doi.org/10.1002/anie.200704888
http://www.ncbi.nlm.nih.gov/pubmed/18069712
http://dx.doi.org/10.1038/nature02860
http://www.ncbi.nlm.nih.gov/pubmed/15329717
http://dx.doi.org/10.1039/b902611h
http://www.ncbi.nlm.nih.gov/pubmed/19462065
http://dx.doi.org/10.1021/ja405088c
http://www.ncbi.nlm.nih.gov/pubmed/23865767
http://dx.doi.org/10.1016/j.apcata.2009.11.017
http://dx.doi.org/10.1039/C4TA02984D
http://dx.doi.org/10.1002/cssc.201402647
http://www.ncbi.nlm.nih.gov/pubmed/25363474
http://dx.doi.org/10.1021/acs.accounts.5b00530
http://www.ncbi.nlm.nih.gov/pubmed/26878085
http://dx.doi.org/10.1002/advs.201600371
http://www.ncbi.nlm.nih.gov/pubmed/28435777
http://dx.doi.org/10.1006/jssc.1998.7777
http://dx.doi.org/10.1002/anie.201000304
http://www.ncbi.nlm.nih.gov/pubmed/20480468
http://dx.doi.org/10.1039/C2DT32230G
http://www.ncbi.nlm.nih.gov/pubmed/23212408
http://dx.doi.org/10.1002/chem.201602419
http://www.ncbi.nlm.nih.gov/pubmed/27533626
http://dx.doi.org/10.1016/j.micromeso.2009.11.018
http://dx.doi.org/10.1002/chem.201202556
http://www.ncbi.nlm.nih.gov/pubmed/23255393
http://dx.doi.org/10.1016/j.micromeso.2014.10.049
http://dx.doi.org/10.1016/j.micromeso.2008.11.018


Molecules 2017, 22, 1307 19 of 19

72. Parodia, A.; Emmerich, D.; Bernardo-Gusmao, K.; Mignoni, M.L. Estudo da síntese da zeólita tipo TON
utilizando líquidos iônicos como direcionadores de estrutura. Perspectiva (Erexim) 2014, 38, 61–69.

73. Dodin, M.; Paillaud, J.-L.; Lorgouilloux, Y.; Caullet, P.; Elkaïm, E.; Bats, N. A zeolitic material with
a three-dimensional pore system formed by straight 12- and 10-ring channels synthesized with an imidazolium
derivative as structure-directing agent. J. Am. Chem. Soc. 2010, 132, 10221–10223. [CrossRef] [PubMed]

74. Rojas, A.; Martínez-Morales, E.; Zicovich-Wilson, C.M.; Camblor, M.A. Zeolite synthesis in fluoride media:
Structure direction toward ITW by small methylimidazolium cations. J. Am. Chem. Soc. 2012, 134, 2255–2263.
[CrossRef] [PubMed]

75. Schmidt, J.E.; Deimund, M.A.; Xie, D.; Davis, M.E. Synthesis of RTH-type zeolites using a diverse library of
imidazolium cations. Chem. Mater. 2015, 27, 3756–3762. [CrossRef]

76. Parnham, E.R.; Morris, R.E. The ionothermal synthesis of cobalt aluminophosphate zeolite frameworks.
J. Am. Chem. Soc. 2006, 128, 2204–2205. [CrossRef] [PubMed]

77. Lu, P.; Chen, L.; Zhang, Y.; Yuan, Y.; Xu, L.; Zhang, X.; Xu, L. Rapid synthesis of ZSM-22 zeolites using
imidazolium-based ionic liquids as osdas in fluoride media. Microporous Mesoporous Mater. 2016, 236,
193–201. [CrossRef]

78. Lorgouilloux, Y.; Dodin, M.; Paillaud, J.-L.; Caullet, P.; Michelin, L.; Josien, L.; Ersen, O.; Bats, N. IM-16:
A new microporous germanosilicate with a novel framework topology containing d4r and mtw composite
building units. J. Solid State Chem. 2009, 182, 622–629. [CrossRef]

79. Zones, S.I.; Burton, A.W. Diquaternary structure-directing agents built upon charged imidazolium ring centers
and their use in synthesis of one-dimensional pore zeolites. J. Mater. Chem. 2005, 15, 4215–4223. [CrossRef]

80. Kore, R.; Srivastava, R. Synthesis of triethoxysilane imidazolium based ionic liquids and their application in
the preparation of mesoporous ZSM-5. Catal. Commun. 2012, 18, 11–15. [CrossRef]

81. Boal, B.W.; Deem, M.W.; Xie, D.; Kang, J.H.; Davis, M.E.; Zones, S.I. Synthesis of germanosilicate molecular
sieves from mono- and di-quaternary ammonium osdas constructed from benzyl imidazolium derivatives:
Stabilization of large micropore volumes including new molecular sieve CIT-13. Chem. Mater. 2016, 28,
2158–2164. [CrossRef]

82. Khoo, D.Y.; Awala, H.; Mintova, S.; Ng, E.-P. Synthesis of AlPO-5 with diol-substituted imidazolium-based
organic template. Microporous Mesoporous Mater. 2014, 194, 200–207. [CrossRef]

83. Ng, E.-P.; Sekhon, S.S.; Mintova, S. Discrete MnAlPO-5 nanocrystals synthesized by an ionothermal approach.
Chem. Commun. 2009, 0, 1661–1663. [CrossRef] [PubMed]

84. Variani, Y.M.; Rojas, A.; Gomez-Hortiguela, L.; Pergher, S.B.C. Study of the performance of imidazolium-
derived cations as structure directing agents in the synthesis of zeolites in fluoride media. New J. Chem. 2016,
40, 7968–7977. [CrossRef]

85. Pinar, A.B.; McCusker, L.B.; Baerlocher, C.; Schmidt, J.; Hwang, S.J.; Davis, M.E.; Zones, S.I. Location of ge
and extra-framework species in the zeolite ITQ-24. Dalton Trans. 2015, 44, 6288–6295. [CrossRef] [PubMed]

86. Schmidt, J.E.; Xie, D.; Rea, T.; Davis, M.E. CIT-7, a crystalline, molecular sieve with pores bounded by 8 and
10-membered rings. Chem. Sci. 2015, 6, 1728–1734. [CrossRef]

87. Wen, H.; Zhou, Y.; Xie, J.; Long, Z.; Zhang, W.; Wang, J. Pure-silica ZSM-22 zeolite rapidly synthesized by
novel ionic liquid-directed dry-gel conversion. RSC Adv. 2014, 4, 49647–49654. [CrossRef]

88. Bernardo-Maestro, B.; López-Arbeloa, F.; Pérez-Pariente, J.; Gómez-Hortigüela, L. Supramolecular chemistry
controlled by conformational space during structure direction of nanoporous materials: Self-assembly of
ephedrine and pseudoephedrine. J. Phys. Chem. C 2015, 119, 28214–28225. [CrossRef]

89. Kubota, Y.; Helmkamp, M.M.; Zones, S.I.; Davis, M.E. Properties of organic cations that lead to the
structure-direction of high-silica molecular sieves. Microporous Mater. 1996, 6, 213–229. [CrossRef]

© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1021/ja103648k
http://www.ncbi.nlm.nih.gov/pubmed/20662495
http://dx.doi.org/10.1021/ja209832y
http://www.ncbi.nlm.nih.gov/pubmed/22239228
http://dx.doi.org/10.1021/acs.chemmater.5b01003
http://dx.doi.org/10.1021/ja057933l
http://www.ncbi.nlm.nih.gov/pubmed/16478161
http://dx.doi.org/10.1016/j.micromeso.2016.09.002
http://dx.doi.org/10.1016/j.jssc.2008.12.002
http://dx.doi.org/10.1039/b500927h
http://dx.doi.org/10.1016/j.catcom.2011.11.012
http://dx.doi.org/10.1021/acs.chemmater.6b00031
http://dx.doi.org/10.1016/j.micromeso.2014.04.010
http://dx.doi.org/10.1039/b820883b
http://www.ncbi.nlm.nih.gov/pubmed/19294254
http://dx.doi.org/10.1039/C6NJ00444J
http://dx.doi.org/10.1039/C4DT03831B
http://www.ncbi.nlm.nih.gov/pubmed/25742045
http://dx.doi.org/10.1039/C4SC03935A
http://dx.doi.org/10.1039/C4RA07627C
http://dx.doi.org/10.1021/acs.jpcc.5b10016
http://dx.doi.org/10.1016/0927-6513(96)00002-8
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Zeolites 
	Nomenclature and Classification 
	Construction 

	Zeotypes 
	Some Concepts on the Synthesis of Zeolites and Zeotypes 
	Imidazolium Ions in Synthesis of Zeolites and Zeotypes 
	Conclusions 

