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Runge-Kutta algorithm 

To curve-fit our hydrolysis data using the Michaelis–Menten equation (Eq. 1), the Runge-Kutta 

algorithm was followed to make four evaluations of d[S]/dt between each time step. The first 

evaluation is the same as the Euler's method. The second and third use the previous step to 

evaluate d[S]/dt at the middle of the time step, and the fourth evaluation uses the third at the end 

of the time step. The four evaluations are weighted and used to generate a single step from i to 

i+1. The equations are:  

k1 = t d[Si]/dt  

k2 = t d([Si] + k1/2)/dt  

k3 = t d([Si] + k2/2)/dt  

k4 = t d([Si] + k3)/dt  

[Si+1] = [Si] + k1/6 + k2/3+ k3/3 +k4/6  

Values of Vmax and Km can be calculated from the above equations using Excel Solver through 

minimizing the SSE value (sum of the squares of the error), which is defined below as the sum of 
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squared differences between predicted and measured values (or known as least squares of the 

residuals), 

𝑆𝑆𝐸 = �([𝑆]𝑖,𝑒𝑥𝑝 − [𝑆]𝑖,𝑐𝑎𝑙)2
𝑛

𝑖=1

 

Where n is the total number of time-dependent data for each hydrolysis reaction. 
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Table S1 Ionic liquids and DES for the pretreatment of Avicel PH-101 cellulose 
Ionic solvent Molar mass 

(g/mol) 
Commercial source (catalog #) 

/preparation and purity 
Cellulose recovery (%) 

(pretreated by pure, 2.0 M and 
1.0 M IL or DES respectively) 

Different anions  
1 [BMIM]Cl 174.67 Alfa Aesar (L19749), 96% 175%, 100%, 100% 

2 [BMIM]Br 219.12 Alfa Aesar (H27201), 99% 69%, 92%, 95% 
3 [BMIM][BF4] 226.02 Alfa Aesar (L19087), 98% 85%, 99%, 96% 
4 [BMIM][CF3COO] 252.23 Anion exchange (using CF3COOH),1, 2 

99% 
94%, 96%, 95% 

5 [BMIM][OAc] 198.26 Fluka (39952), 95% 96%, 95%, 97% 
6 [BMIM][OTf] 288.29 Alfa Aesar (L19765), 98% 83%, 92%, 95% 
7 [BMIM][MeSO3] 234.32 Aldrich (724394), 99% 90%, 94%, 88% 
8 [BMIM][HSO4] 236.29 Fluka (57457), 95% 70% (4.0 M), 75%, 85% 
9 [BMIM][SCN] 197.30 Aldrich (724408), 95% 95%, 86%, 93% 
10 [BMIM][dca] 205.26 Anion-exchange method,3 99% 95%, 99%, 97% 
11 [BMIM][NO3] 201.22 Anion-exchange method,3 99% 98%, 90%, 91% 
12 [BMIM][MeSO4] 250.32 Alfa Aesar (H27754), 99% 101%, 97%, 95% 
13 [BMIM][Me2PO4] 264.17 A modification from literature methods 4, 

5: refluxing an equal molar equiv. of 1-
butylimidazole and trimethylphosphate, 
in acetonitrile for 12 h; 99% 

128%, 99%, 98% 

14 [BMIM][PF6] 284.18 Alfa Aesar (L19086), 98% 104%, 91%, 97% 
15 [BMIM][Tf2N] 419.36 Precipitation method,3 99% 100%, 82%, 93% 
Different cations  
16 [EMIM][OAc] 170.21 Anion-exchange method,1, 2 99% 93%, 93%, 94% 
5 [BMIM][OAc] 198.26 Fluka (51053), 95% 96%, 95%, 97% 
17 [HMIM][OAc] 226.22 Anion-exchange method,1, 2 99% 191%, 87%, 93% 
18 [CH3(OCH2CH2)3-Et-Im][OAc] 302.12 See our earlier paper,3 99% 163%, 95%, 96% 
19 [CH3(OCH2CH2)2-Et3N][OAc] 307.00 See our earlier paper,3 99% 106%, 102%, 97% 
20 [CH3(OCH2CH2)3-Et-Pip][OAc] 319.15 See our earlier paper,2 99% 122%, 87%, 98% 
Deep eutectic solvents(DES)  
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21 Choline chloride/urea (1:2)  See our earlier paper,6 99% 95%, 96%, 94% 
22 Choline chloride/glycerol (1:2)  See our earlier paper,6 99% 94%, 95%, 99% 
23 Choline acetate/glycerol (1:1.5)  See our earlier paper,6 99% 85%, 90%, 88% 
Note: the cellulose recovery over 100% is likely due to the presence of residual ILs as discussed in the main text.
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Fig. S1 Enzymatic hydrolysis of Avicel PH-101 pretreated by [BMIM][OAc] (1.0 mL citrate 

buffer (pH 4.8, 50 mM), 0.02 g pretreated Avicel PH-101, 3.0 mg Trichoderma reesei cellulase 

and 1.0 mg β-glucosidase under gentle agitation at 50 °C); model calculations by the Michaelis–

Menten equation (R2 = 0.980, 0.975 and 0.971 for hydrolysis of cellulose pretreated by neat, 2.0 

M and 1.0 M [BMIM][OAc] respectively). 

 
Fig. S2 Correlation of Vmax/Km (g L-1 h–1) of Avicel PH-101with viscosity B-coefficients7, 8 of 

[BMIM]+-based ILs (Hofmeister series). 
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Fig. S3 Correlation of Vmax/Km (g L-1 h–1) of Avicel PH-101with log P values of [BMIM]+-based 

ILs [data references for ILs’ log P values: NO3
- and OAc-,9 BF4

-, dca- and Tf2N-,10 Br- and Cl- 11, 

and PF6
- 12]. 

 

Fig. S4 TGA scans of Avicel cellulose: A1 ― untreated; A2 ― regenerated from [BMIM][OAc]; 

A3 ― treated by 2.0 M [BMIM][OAc]; A4 ― treated by 1.0 M [BMIM][OAc]. 
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Fig. S5 TGA scans of Avicel cellulose: A1 ― untreated; A5 ― regenerated from 
[BMIM][MeSO3]; A6 ― treated by 2.0 M [BMIM][MeSO3]; A7 ― treated by 1.0 M 
[BMIM][MeSO3]. 

 

Fig. S6 TGA scans of switchgrass: A8 ― untreated; A9 ― treated by [BMIM][OAc]; A10 ― 

treated by 2.0 M [BMIM][OAc]; A11 ― treated by 1.0 M [BMIM][OAc]. 
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Fig. S7 T. reesei cellulase adsorption isotherm (4 ºC) of Avicel PH-101 pretreated by neat or 

aqueous choline chloride/glycerol (1:2). 

References 
 
1. I. Dinarès, C. G. de Miguel, A. Ibáñez, N. Mesquida and E. Alcalde, Green Chem., 2009, 

11, 1507-1510. 
2. S. Tang, G. A. Baker, S. Ravula, J. E. Jones and H. Zhao, Green Chem., 2012, 14, 2922-

2932. 
3. H. Zhao, G. A. Baker, Z. Song, O. Olubajo, T. Crittle and D. Peters, Green Chem., 2008, 

10, 696-705. 
4. E. Kuhlmann, S. Himmler, H. Giebelhaus and P. Wasserscheid, Green Chem., 2007, 9, 

233-242. 
5. A. W. T. King, A. Parviainen, P. Karhunen, J. Matikainen, L. K. J. Hauru, H. Sixta and I. 

Kilpeläinen, RSC Adv. , 2012, 2, 8020-8026. 
6. H. Zhao, G. A. Baker and S. Holmes, Org. Biomol. Chem., 2011, 9, 1908-1916. 
7. H. Zhao, J. Chem. Technol. Biotechnol., 2006, 81, 877-891. 
8. H. Zhao, J. Chem. Technol. Biotechnol., 2006, 81, 1723. 
9. J. L. Kaar, A. M. Jesionowski, J. A. Berberich, R. Moulton and A. J. Russell, J. Am. 

Chem. Soc., 2003, 125, 4125-4131. 
10. H. Zhao, G. A. Baker, Z. Song, O. Olubajo, L. Zanders and S. M. Campbell, J. Mol. 

Catal. B: Enzym., 2009, 57, 149–157. 
11. L. Ropel, L. S. Belvèze, S. N. V. K. Aki, M. A. Stadtherr and J. F. Brennecke, Green 

Chem., 2005, 7, 83-90. 
12. S. H. Lee, T. T. N. Doan, S. H. Ha and Y.-M. Koo, J. Mol. Catal. B: Enzym., 2007, 45, 

57-61. 
 

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

45.0

0.0 1.0 2.0 3.0 4.0

Ce
llu

la
se

 a
ds

or
pt

io
n

(m
g 

pr
ot

ei
n/

g 
ce

llu
lo

se
)

Cellulase protein (mg/mL)

ChOCl/Glycerol (1:2)

2.0 M ChOCl/Glycerol (1:2)

1.0 M ChOCl/Glycerol (1:2)

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


