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Utilization of lignocellulosic feedstock in bioethanol production is demanded. To convert biomass into ethanol, three main 

processes consist of biomass dissolution, hydrolysis, and fermentation are required. Recently, ionic liquids (ILs) have 

demonstrated to be promising pretreatment solvents or hydrolytic catalysts for lignocellulose. On the other hand, successive 

efficient process on conversion of lignocellulosic biomass into ethanol is needed from a viewpoint of efficiency of cost and 

energy. However, the application of ILs has been limited due to their inhibition effect on fermentable microorganisms, and 

this condition critically prevents the successive process on lignocellulosic biomass conversion. In this study, we realized the 

successive process avoiding the toxicity of ILs while exploiting ILs as cellulose solvents or hydrolytic catalysts.  

     ILs show toxicity to microorganisms by destruction of cell membranes. The cation part first approaches to anionic 

phospholipid in membranes, followed by insertion of alkyl chain of the cation into hydrophobic part of the membranes.  We 

introduced the anion part of ILs to the end of the cation, namely zwitterions (ZIs), and the ZIs are expected to be effective to 

prevent the insertion of the alkyl chain of the cation to the membranes because ZIs no longer have the hydrophobic cation tail.  

As a result, the ZIs were not toxic to the growth of E. coli. We investigated the toxicity of ILs to fermentation, and the ILs 

which act as hydrolytic catalysts or cellulose solvents were highly toxic. On the other hand, ZIs were low-toxic regardless of 

the structure. By exploiting the low toxic of ZIs, we developed the two successive processes. 

     We developed a successive process with an IL as a hydrolysis catalyst. The catalytic IL, 1-(4-sulfobutyl)- 

3-methylimidazolium hydrogen sulfate ([C1imC4SH]HSO4) is composed of sulfuric acid and a ZI, 1-(4-sulfobutyl)- 

3-methylimidazolium (C1imC4S). Sulfuric acid has pretreatment ability and [C1imC4SH]HSO4 has high catalytic activity.  

Bagasse was pretreated by using sulfuric acid that included in IL, for pretreatment. Following the pretreatment, the ZI has 

added for in situ synthesis of [C1imC4SH]HSO4. This process improved the glucose yield at 77% for 40 minutes hydrolysis at 

100 ºC.  Subsequent to hydrolysis, the [C1imC4SH]HSO4 then separated into C1imC4S and H2SO4 by electrodialysis to 

decrease the toxicity of IL because the remaining ZI no longer toxic. In addition, electrodialysis successfully separated H2SO4 

from [C1imC4SH]HSO4 by the recovery at 97%; the separation enabled the successive fermentation. This successive 

conversion of bagasse into ethanol has the ethanol yield at 71%. 

     We also developed a successive process with a ZI as a pretreatment solvent. In this strategy, we come up an idea to 

replace ILs with ZIs that have ability to dissolve cellulose as a pretreatment solvent; consequently one-pot conversion of 

bagasse into ethanol would be allowed. A novel carboxylate-type zwitterion (1-(3-carboxypropyl)-3-(methoxyethoxyethyl) 

imidazolium, OE2imC3C) was synthesized. OE2imC3C dissolved 6 wt% of cellulose at 100 ºC. Since OE2imC3C does not 

show toxicity to E. coli, the one-pot process using 0.5 M of OE2imC3C obtained ethanol yield at 41%, while when using ILs 

no ethanol was obtained due to the toxicity. The viscosity of OE2imC3C was noted as a critical inhibition factor in this 

one-pot process. Dimethyl sulfoxide (DMSO) was added as a co-solvent to improve the efficiency of conversion. The 

addition DMSO into OE2imC3C accelerated dissolution of cellulose. Furthermore, OE2imC3C/DMSO (8/2) at 150 gL-1 was 

chosen as a solvent to conduct the one-pot conversion and the ethanol yield was increasing at 67%. 

    This study successfully developed successive processes by exploiting ZIs to avoid the high toxicity of ILs while the 

superior ability of ILs maintained. 

                                                                                                                                 


