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Ionic liquids are expanding their applications in various fields of chemistry, due to their unique properties such as negligible
volatility, immisciblity with hydrocarbons, high electrical conductivity, and tunable acidity and basicity. In this paper, the
physical properties, synthesis, and commercial applications of ionic liquids are discussed. Recent research trends are also brief-

ly reviewed, particularly on application of ionic liquids to catalysis, biomass, and CO, capture and utilization.
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Method 1: R’NVN R’N\//N“H
HX = HTFSI, HCI, CF3CO,H, amino acid..
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Method 2: NN + RX ——— P
R & YaN R,NVN\R'
R' X = alkyl halide, alkyl sulfate, alkyl phosphate...
Method 3: NN A . NN Yo, Mx
RTNTR R TR

Y-: BF4, PFg", CH3CO,", TFSI", N(CN),", SCN", NO3", CF3COy"..
Figure 1. Representative synthesis of ILs.
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R 2. Fl Ik rt-80 C, 5h RO R

1 . Fluoroalkene, rt - : 3ord

3 R; = -CF,CHFCF;
4 Rf = -CF2CHF2

R = butyl, methyl or methyl propionate
X =CF3C0OO0, BF4, CI,, NO3~, TFSI®

Scheme 1. One-pot synthesis of alkyl polyfluoroalkyl imidazo-
lium-based ILs.
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Table 1. Melting Points of Na and EMIM Salts

Melting point (C)

X NaX [EMIM]X
cr 801 87
[BF4] 384 6
[PFs] >200 60
[AICL] 185 7
[CF3SOs] 253 9
[CF5CO,] 205 -14
[CH;CO,] > 300 -45
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Table 2. Physicochemical and Electrochemical Properties of Representative

ILS
. .. .. Melting point Viscosity = Conductivity Electrochemcal
Tonic liquid (C)  (mmJ/s, 25 C) (mS/em)  Window (V)
[EMI-BTI] -17 18 3.8 4.1
[BMP-BTI] -50 71 2.2 5.5
[HMI-HFP] -80 548 1 5.5
[EMI-DCA] 221 17 27 5.9
[MOI-TFB] -88 422 0.43 6
Table 3. Commercialized Processes using ILs
Company Process Role of IL Scale
BASF Acid scavenging Auxiliary Commercial
BASF Extractive Extractant Pilot
BASF dlStll.l atl(?n Solvent Commercial
Chlorination
IFP . O]?ﬁn. Solvent Pilot
dimerization
Hydrosilylation Solvent Pilot
Degussa e Performance .
Compatibilizer . Commercial
additive
Arkema Fluorination Solvent Pilot
Chevron Phillips _, Olefin Catalyst Pilot
oligomerization
Scionix Electroplating (Cr)  Electrolyte Pilot
Eli Lily Cleavage of ether Catalyst/reagent Pilot
Air Products  Storage of gases Liquid support Pilot
ITolitec/Wandres  Cleaning fluid Perfor_n?ance Commercial
additive
Linde Gas compression  Liquid piston Pilot
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3.1. Acid Scavenging: The BASIL Process

2002 BASF+ photoinitiator2] 52! alkylphenylphosphine 3
uk-g-o] BASIL™ (Biphasic Acid Scavenging utilizing Tonic Lliquids)Z}
© 3745 A8A7 FEsleidinh WA 13 Zo] 719 alkylphe-
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HO™™~~"~-CH o e e OH L T
DCB

HES THF

+ C|/\/\/O\/\/\0|
DCBE
Scheme 2. Chlorination of butane diol using HCI.

nylphosphine #| 7 WFS-oll+= WS- 5 A== HCIS 33F ofl o2
AASR=], A/ 33 oFL-HCI 42 F7) vll$- 1 AFEZ K-
E] A A7F golskA] st ol& sl dst] $18ll BASFE] A7 A=<
32} obql thal o] 2 A1) A1 1-methylimidazole2 HCI #]|A
A= AR, oAt 27 AAE 1-methylimidazolium chloride
T 75 T 5538 283 UThH$2] 2). & oo 7S B8l
A& HAZ HEAZ F o wEbA W g S e Este] A
28 4 313Ick BASF
of =W HAAARI WSEEE uig- Wk 7] ofE vk

AAE 28 Jetd VR vl = Qla AIH 02 80000H]S] AAk
=

*é% 1-methylimidazolium chloride =€

4% 7}x4%uh B3k Qltk BASIL™E] AF Al SAket
HES %25 712 acylation, slylation “72] 37 elimination HF-g-o% 4

gol AEHIL UHH5].

P+ 2ROH + 2RN — =
Q ci ° “oR

+ 2 RgN*HCl )

| |
cl N OR N
, ,
P. + 2 ROH 2 —_—
O+ 2 () Ot 202
i

) ®
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Figure 2. Dimersol-Difasol process scheme for 1-butene dimerization.
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Scheme 3. Hydrosilylation of olefins using IL-based Pt catalysts.
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Figure 3. Photographs of Venturi nozzle after 10 h use: (A) with 1
wt% aq. NaCl, B. with ionic liquid.
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3.7. Performance Chemicals % Engineering Fluids

3.7.1. ™7| YX[H|(Antistatic Additives for Cleaning Fluids)
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Scheme 4. Interactions of ILs with PH; or BF:.

N _
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Table 4. Gas Storage Capacity of Various ILs for PH; and BF;

Reversibility (%) Working

Gas Support Temp. (mo?ag") (pressure capacit_}lf
(Torr)) (mol L)
PH; [BMIM][ALCl;] RT 1.8 89 (20-760) 1.6
PH; [BMIM][AICL] 0.06
PH; [BMIM][Cu,Cl;] RT 7.6 84 (736) 6.4
PH; [BMIM][CuCl;] RT 1.4
PH; CH;SO;H RT 0.86 75 (20-514) 0.6
PH; CF;CO.H RT 5.3 0 (20-721) 0
PH3 TiCly 12°C 13.8 41 (44-428) 5.6
PH;3 Zeolite S5A 66 (20-710) 1.9
BF;  [BMIM][BF,] RT 5.2 70 (20-724) 3.6
BF3 tetraglyme 12.3 0
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Figure 4. Gas solubility in [hmpy][Tf;N] at 25 T.
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Figure 5. CO; solubility at 25 C in various solvents.
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Scheme 5. Mechanism for the chemical absorption of CO, by an
imidazolium-based IL with an amine functionality on the cation.
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Scheme 6. Mechanism for the reversible CO, absorption in DBU.
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Table S. Catalytic Activities of Various Zn-containing ILs in the
Carboxylation of EO and PO

Entry Catalyst TOF ()
EO PO
1 [Bmim]Cl 10 5
2 [Bmim]Br 78 37
3 ZnBr, nr nr
4 [Bmim]Cl + ZnBr 2112 1295
5 [Bmim]Br + ZnBr, 3545 1679
6 [Dmim]>ZnBr,Cl, 2697 1001
7 [Emim]>ZnBr,Cl, 2137 1335
8 [Emim]>ZnBry4 3588 1617
9 [Bmim],ZnBr,Cl, 2538 1328
10 [Bmim]>ZnBry 3579 1683
11 (1-Benzyl-3-methyllimidazolium),ZnCly 210 79
12 (1-Benzyl-3-methyllimidazolium),ZnBr,Cl, 2527 1201
13 (1-Benzyl-3-methyllimidazolium),ZnBry4 3424 1846

100 C, 3.5 MPs of CO»
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Scheme 7. Synthesis of oxazolidinone from aziridine in the co-pres-
ence of supercritical CO, and IL.
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Scheme 8. Structures of ILs bearing an amine functionality on the
cation.
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Figure 6. Structures of cellulose.

Figure 7. Cellulose fiber obtained by dissolving cellulose in [EMIM]AcO.
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Figure 8. Application of cellulosed-based materials as energy sources.
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