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Abstract
The catalytic applicability of various ionic liquids immobilized on different silica-supports such as amorphous, SBA, MCM
and commercial silica for the cycloaddition of CO, and epoxides is reviewed in this work. The effects of different structures
of supported ionic liquids and silica supports in the synthesis cyclic carbonate by the cycloaddition of CO, have been
remarked. The studies revealed that ionic liquids possessing functional groups or metals exhibited increased catalytic perform-
ance towards cyclic carbonate synthesis. Moreover, the reusability of SSIL catalyst and mechanism for the cycloaddition of

CO, were studied.
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Scheme 1. Synthesis of cyclic carbonate from CO, and epoxides.
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Scheme 2. Applications of cyclic carbonates.
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Scheme 3. Common mechanism using IL for the cycloaddition of CO,
and epoxide.
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Figure 1. Commercial ionic liquids.
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Table 1. Performance of Commercial Silica-supported IL Catalysts

Catalyst name Catalyst mol%  Temp. (C) Time (h) Pressure (MPa)  Xpo' (%) Sec” (%) Yrc (%) Year Ref.
n-BwNF/SiO; 98 86 84
n-BuyNCI/SiO, 99 90 90
n-BusNB1/SiO, 99 98 97

n-BuyNI/SiO, 1 150 10 8 98 98 96 2006 13
MesNBr/Si0, 98 98 96
Et4NB1/SiO; 98 98 96
n-PryNBr/SiO 99 97 97
[Cs-mim]” [BF4]/SiOz 97 99 96

[Cs-mim]" [PFe]/SiO, 1.8 160 4 8 95 98 93 2007 14
[C4mim]" Br/SiO, 98 97 95

PO : propylene oxide.
°pC : propylene carbonate.

Table 2. Performance of MCM41 Supported IL Catalysts

Catalyst name Catalyst amount (g) Temp. (C) Time (h)  Pressure (MPa) Xacte" (%) Sacc” (%)  Yaae (%) Year Ref.
TEA-MS41(6) 354 91.2 323
THA-MS41(6) 0.5 110 6 0.76 9.3 95.3 8.9 2008 18
TEAA-MS41(6) 5.1 78.2 4.0
n-EImBr-MS41 98.9 90.4 89.4
n-PImBr-MS41 0.5 110 6 1.65 99.1 97.9 97.0 2009 19
n-BImBr-MS41 99.3 98.2 97.5

*AGE : allyl glycidyl ether.
"AGC : allyl glycidyl carbonate.
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Scheme 4. Possible side reactions.
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Table 3. Performance of Amorphous Silica-supported IL Catalysts[20]
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Catalyst name IFMS*/TEOS" Catalyst amount (g) Temp. (C) Time (h) Pressure (MPa) Xace (%) Saac” (%)  Yacc (%)  Year
4.5 99.1 92.5 91.7
BImBr-SO, 6.0 0.5 110 6 3.55 98.9 87.3 86.3 2009
7.5 91.7 88.5 81.2
*IFMS : ionic liquid-functionalized organosilane.
"TEOS : tetraethyl orthosilicate.
°AGE : allyl glycidyl ether.
AGC : allyl glycidyl carbonate.
Table 4. Performance of Commercial Silica-supported IL and Functionalized IL Catalysts
Catalyst name (structure) Temp. (C) Time (h) Pressure (MPa) Xace' (%) Saac” (%) TON® Year Ref.
IMIS2 (butyl, CI') 20.6 100 17.7
IMIS3 (butyl, Br) 76.6 96.5 45.5
IMIS4 (propyl, Br’ 3 0.76 74.6 98.0 55.1
(propy _) 2009 10
IMISS (ethyl, Br) 110 67.5 95.2 41.1
IMIS6 (butyl, I) 77.8 100 48.2
IMIS2 (butyl, CI') 6 0.76 36.4 100 313
CILCI-Si (carboxyl group, CI) 6 0.86 71.0 93.0 143 2011 11
Si-IL-Zn (methyl, CI) 6 0.86 74.7 96 99 2011 12
"AGE : allyl glycidyl ether.
"AGC : allyl glycidyl carbonate.
“TON : Turnover number = number of moles of product / mole of immobilized IL.
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Table 5. The Textural Property and Catalytic Activities of Immobilized IL on Different Supports[21]

Catalyst name (silica source) Sger” (mz/g) pr (nm) Time (min) Pressure (MPa) Xpae~ (%) Seac” (%) Year
CS-BImBr (commercial) 101 7.9 73.6 100
AS-BImBr (amorphous) 477 4.2 15 80.0 100

0.97 2011
SBA-BImBr (SBA-15) 856 4.7 77.3 100
MCM-BImBr (MCM-41) 614 2.2 30 9.5 77.1
BET surface area.
bAverage pore diameter measured by N adsorption using BJH method.
AGE : phenyl glycidyl ether.
AGC : phenyl glycidyl carbonate.
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Figure 2. Recycling test of (a) IMIS3 at 110 ‘C under 0.76 MPa for 3 h (b) CILBr-Si at 110 C under 0.86 MPa for 6 h and (c) Si-IL-Zn at

110 C under 0.86 MPa for 6 h.
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