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Graphical Abstract 
 

 
 
 
Ionic liquids were used as templates for the synthesis of mesoporous ionosilica phases. The 
textures of the formed solids can efficiently be controlled by the quantity of IL and the length of 
the alkyl chain of the IL. 
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ABSTRACT 

Due to their unique self-assembly properties, ionic liquids (ILs) are versatile soft templates for the 

formation of mesoporous materials. Here, we report the use of ionic liquids as soft templates for 

the straightforward formation of mesoporous ionosilica phases. Ionosilicas are highly polyvalent 

functional materials that are constituted of ionic building block that are covalently immobilized 

within a silica hybrid matrix. Ionosilicas attracted significant interest in the last few years due to 

their high potential for applications in water treatment and upgrading, separation and drug delivery. 

The straightforward and reproducible formation of mesoporous ionosilica phases is therefore 

highly desirable. In this context, we report the formation of mesoporous ionosilica phases via non-

hydrolytic sol-gel procedures in the presence of ionic liquids. Ionic liquids appear as particularly 

versatile templates for mesoporous ionosilicas due to the high chemical similarity and affinity 

between ILs and silylated ionic precursors. We therefore studied the textures of the resulting 

ionosilica phases, after IL elimination, using nitrogen sorption, small angle X-ray scattering 

(SAXS) and transmission and scanning electron microscopy. All these techniques give concordant 

results and show that the textures of the ionosilica scaffolds in terms of specific surface area, pore 

size, pore size distribution and connectivity, can efficiently be controlled by the nature and the 

quantity of the ionic liquid that is used in the ionothermal sol-gel procedure. 
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bis-triflimide IL and the length of its cation alkyl chain. We demonstrate that ILs allow an efficient 

control of the texture of ionosilicas in terms of specific surface area, pore size and pore volume. 
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Results and discussion  

Nonhydrolytic sol-gel reactions of silylated precursors in the presence of ionic liquids result in 

the formation of silica based ionogels, where an ionic liquid is trapped within a silica matrix.22 

Following this strategy, we recently reported ionosilica ionogels, a special case of all-ionic 

composite materials,43 formed from ionosilica precursors. Whereas the confinement of the IL was 

investigated and strong interactions between ionic host and guest could be demonstrated, the 

texture of the formed ionosilica scaffolds that are formed in this non-hydrolytic sol-gel approach 

has not been investigated so far. In this work, we therefore focused on the characteristics of the 

formed ionosilica scaffolds formed by non-hydrolytic sol-gel approach, obtained after IL 

elimination by washing. We determined in particular the textural characteristics of the ionosilicas 

as a function the reaction parameters, in particular of the quantity and the constitution of the used 

IL. We investigated the characteristics of the ionosilica materials as a function of two parameters: 

(1) the amount of ILs [CxMIM]TFSI in the hydrolysis-polycondensation mixture and (2) the length 

of alkyl chain on the imidazolium cation. 

 

a)   b) 

   

Figure 1 (a): molecular structure of the ionosilica precursor tris(3-(trimethoxysilyl)propyl)amine 

(TTA); (b): molecular structure of the used imidazolium-based ionic liquids [CxMIM]TFSI. 
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parameters, the quantity of IL used for the sol-gel procedure on the one side (figure 7 - vertical) 

and the alkyl chain length of the imidazolium cation on the other side (figure 7 - horizontal), 

contribute to the evolution of the texture and morphology of the formed ionosilica materials. The 

increase in the amount of the IL leads to an increase of the specific surface area and enlarged 

mesopore diameter and primary clusters within the ionosilica scaffold. On the other side, the 

increase of the alkyl chain length of the cation also contributes to increasing specific surface areas. 

However, a significant increase of the pore diameters could only be observed with long-chain 

substituted ILs, i.e., imidazolium cations bearing dodecyl or hexadecyl groups. The texture of 

ionosilicas formed in non-hydrolytic sol-gel syntheses involving room-temperature ionic liquids, 

can therefore efficiently be controlled by the two studied parameters.  

 

 

Figure 7 Scheme resuming the mesoporosity control via the number of moles of confined IL and 

the cation alkyl chain length.  
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Conclusion 

We report ionosilica materials obtained via a non-hydrolytic sol-gel procedure in the presence 

of various methyl-alkylimidazolium bis-triflimide ILs. The aim was to study the effect of the 

amount of confined IL and the length of its cation alkyl chain on the morphological and textural 

properties of the ionosilica scaffold after the extraction of the IL. This study clearly shows a clear 

correlation between both investigated parameters and the textural properties of the ionosilica 

scaffold. It also reveals for our ionolica monoliths, the existence of both macro and mesoporosity. 

Electron microscopies indicate that the ionosilica scaffolds show a tunable interconnected 

macroporosity. Nitrogen sorption and SAXS measurements give concordant results and show that 

by increasing the quantity of a given IL, an increase of the mesoporosity in terms of the specific 

surface area, pore volume and pore diameter could be observed, with a maximum for the materials 

synthesized in the presence of 20 mmoles of IL. Regarding materials obtained in the presence of a 

specific amount of IL [CxMIM]TFSI bearing different alkyl chain length (x = 2, 4, 6, 8, 12 and 

16), an increase of the specific surface area could be detected. However, different substitution of 

the imidazolium cation leads to increasing pore size only with long-chain substituted ILs (C>8), 

thus highlighting a particular self-aggregation behavior of imidazolium bis-triflimides bearing 

dodecyl or hexadecyl groups. Our results indicate that the supramolecular aggregation of 

imidazolium based bis-triflimide ILs in hydrophilic and hydrophobic domains has a direct impact 

on the texture of the formed ionosilicas.  
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