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Application of lonic Liquids in Biotechnology
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lonic liquids, composed of organic cations and either organic or inorganic anions remain liquid over a wide range of
temperature. lonic liquids are a new group of solvents or extractants of great interest as a potential ‘green solvent. lonic
liquids are gaining wide recognition as novel solvents in many research fields, such as chemistry, chemical engineering,
electrochemistry, etc. However, not much researches have been done related to biotechnology using ionic liquids, while a lot
of researches have been performed in chemistry. The merits of ionic liquids in bioseparation technology are originated from
some unique properties of ionic liquids, such as negligible vapor pressure, good thermal stability, controllable viscosity and
miscibility with water and organic solvents. An appropriate selection of ionic liquid for bioprocesses requires basic knowledge
on physicochemical properties of ionic liquids. This review gives a brief overview on the application of ionic liquids in
biotechnology, including bioconversion and bioseparation.
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Table 1. The building blocks of ionic liquids
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Table 2. Some physicochemical properties of the commonly used ionic liquids in analytical chemistry

Tonic Liquids Melting point (T) Density (g/ml)

Viscosity (mPas)  Water solubility (g/100ml)  Conductivity (S/m)

[CAMIM][PF6] 10, -8 1.36-1.37 (25C) 148-450 (25C) 1.88 0.14 (25C)

[C6MIM][PF6] -61 1.29-1.31 (25C) 560-586 (25C) 0.75

[C8MIM][PF6] 1.20-1.23 25C) 681-710 257C) 0.20

[CMIM][Tf2N] 22 1.56 44 (20C) 0.84 (207C)

[C2MIM][Tf2N] -3 1.50 34 (207C) 1.77 0.88 (207C)

[CAMIM][Tf2N] -4 1.42 52 (207C) 0.88 0.39 (207C)

[C6MIM][T{2N] 1.33 0.34

[CSMIM][TE2N] 131 021

[C4AMIM][CI1] 65, 41 1.10 (supercooled liquid at 257C) Solid Miscible Solid
1.15(30C) 5 L

[C2MIM][BF4] 15 1.28(25C) 37 257C) Miscible

[CAMIM][BF4] -81 1;1828 180 (257C) Miscible 0.17 257)

[C6MIM][BF4] 314 (20C) Miscible

[CAMIM][T{O] 16 1.2920C) 90 (207) Miscible 0.37 (207C)

1-alkyl-3-methylimidazolium  (CrMIM),
hexafluorophosphate (PF6).

tetrafluoroborate  (BF4),

tifluoromethylsulfonate  (TfO),  bis[(trifluoromethyl)sulfonyllJamide ~ (Tf2N),
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Figure 1. Application of ionic liquids.
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HH-&-3to] Thebaine©2 A= GFAAE  [I-nbutyl-3-
methylimidazolium][tetraﬂuoroborate] ({Bmim] [BR4E o] &3}
FEE =JqTH14).

Phase transfer
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Homogeneous
catalysis

L_, Multiphase/
immobilized
catalysis

Surface : Heterogeneous
organocmetallic +—
catalysis catalysis

Figure 2. Links between homogeneous and heterogeneous catalysis
(Source: Cornis, B. and W. A. Herrmann (2003), J. Catalysis 216,
23-31).
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Figure 3. Schematic diagram of a continuous-flow hydroformylation

reaction in a supercritical-ionic biphasic system (Source: Cole-Hamilton,
D. J. (2003), Science 299, 1702-1706).
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Table 3. Examples of biocatalytic reactions using ionic liquids

Enzyme and Microorganism Reaction

Lipase Transesterification
Esterification
Alcoholysis

Acylation

Perhydrolysis
Aminolysis

Peptide synthesis
Transesterification
Protein_renaturation
Transesterification
Synthesis of
N-acetyllactosamine
Regeneration of NADH
Oxidation of guaiacol
Oxidation of syringaldazine
hydrolysis of
p-nitrophenol renaturation
Reduction of ketones
Recovery of n-butanol
from fermentation broth
Biotransformation of
1,3-dicyanobenzene

Protease

Esterase

Glycosidase

Oxidoreductase

Phosphatase

Baker’s yeast

Whole cell yeast

Whole cell of
Rhodococcus R312
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Figure 4. Schematic representation of the controlled release process
of CnMIM-mesoporous silica nanoparticle (MSN) and its antibacterial
activity against E. coli (Source: Trewyn, B. G, C. M. Whitman, and
V. 8. Y. Lin (2004), Nano Letters 4, 2139-2143).
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