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Materials and Method 

 

Synthesis. 

     1-ethyl-3-methylimidazolium bis(trifluoromethanesulfonyl)amide, 
[C2mIm+][TFSA−] ionic liquid (solvent) was synthesized and characterized by a well 

established method, reported in the previous work.1 The deuterated 
[C2mIm+]-d8[TFSA−] used in the SANS experiments, where H atoms are substituted by 

D for ethyl group and imidazolium-ring of the cation and not for methyl group, was 

synthesized as follows. 1-methylimidazole was slowly added to an acetonitrile solution 

containing bromoethane-d5 (slightly excess amount against the 1-methylimidazole) in a 

three-neck round-bottom flask at room temperature. After stirring for 12h, unreacted 

bromoethane-d5 and acetonitrile were removed by evaporation to obtain a deuterated 

1-ethyl-3-methylimidazolium bromide, [C2mim]-d5Br (white powder). To deuterate H 

within the imidazolium-ring, the [C2mim]-d5Br (0.312 mol) was added to D2O solution 
with cesium hydroxide monohydrate (0.120 mol) and was stirred at 60 °C for 16 h. 

Li[TFSA] salt added into the D2O solution to give a new phase of [C2mim]-d8[TFSA−], 

followed by washing with a large amount of D2O. The Br content was checked by 
addition of AgNO3. The [C2mim+]-d8[[TFSA−] thus obtained was dried in a vacuum 

oven at room temperature (yield = 90.0 %). The water content was checked by a Karl 

Electronic Supplementary Material (ESI) for Soft Matter
This journal is © The Royal Society of Chemistry 2012



Fischer test to be less than 100 ppm. The chemical structure of [C2mim+]-d8[TFSA−] 

was confirmed by 1H NMR. A peak assigned to H within the methyl group was 

observed and then to the ethyl group and imidazolium-ring position successfully 
disappeared [NMR result: δ=3.74 ppm (s, 3H); DMSO-d6]. It was found that the 

[C2mim+]-d8[[TFSA−] is 98.0 % and 97.5 % deuterated at the ethyl group and 

imidazolium-ring position, respectively. The chemical structure is shown in Figure S3. 
    Tetra-PEG ion gel containing [C2mim+][TFSA−] ionic liquid as a solvent was 

prepared as follows. Constant amount of Tetraamine-terminated PEG (TAPEG) and 
Tetra-NHS-glutarate-terminated PEG (TNPEG) were dissolved in the [C2mim+][TFSA−], 

respectively, and stirred at room-temperature. The TAPEG and TNPEG were 

synthesized from tetrahydoxyl-terminated PEG, which is described elsewhere in detail.2 

The two solutions were mixed at room-temperature and the resulting solution was 

poured into the mold. The solution was gelled within 1 min to obtain the freestanding 

and transparent Tetra-PEG ion gel.  

 

Methods 

 

Ionic conductivity: Ionic conductivity was measured by means of complex impedance 

measurements, using a computer-controlled impedance analyzer. The frequency range 

was covered from 5 Hz to 13 MHz at the amplitude of 10 mV. Tetra-PEG ion gel with 

10 mm diameter and 2 mm thickness (area: 0.78 cm2) was sandwiched between 

mirror-finished stainless steel electrodes sealed in a Teflon container. The 
measurements were carried out at 60 °C (highest temperature examined in this work), 

followed by a cooling to -20 °C. The samples were thermally equilibrated by waiting 1 

h at each temperature, prior to the measurements.  

 

Compression test: Compression tests were performed on cylinder-shaped specimens 

(15mm in diameter and 7.5mm in height) using a mechanical testing apparatus 

(INSTRON 3365; Instron Corporation, Canton, MA) at velocity of 1.05 mm/min. 

 

Stretching test: Uniaxial stretching tests were carried out on rectangular-shaped 

specimens (30mm in length, 5mm in width, and 2mm in thickness) using a universal 

testing apparatus (EZ-test, Shimadzu, Kyoto, Japan) at velocity of 6 mm/min.  
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SANS: SANS measurements were carried out using a SANS spectrometer, SANS-U, 

installed on a JRR-3 reactor (JAEA, Tokai, Japan).3-5 Sample-to-detector distance was 2 
m to cover the momentum transfer q range (= 4πsinθ/λ, where λ and 2θ denote the 

wavelength of neutron beam (= 7 Å) and the scattering angle, respectively) from 0.014 

to 0.19 Å-1. SANS profiles corrected for background using an empty cell were 

normalized with respect to the scattering of polyethylene as a secondary standard 

material. The SANS profiles thus obtained were further corrected for the incoherent 

scattering to obtain the scattering intensity, I(q). The incoherent scattering intensity was 

estimated according to the procedure reported in our recent work.6  
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Table S1 

The fitting parameters obtained from VTF equation for ionic conductivity for 

Tetra-PEG ion gels. 

 

 TFSA system 

c mg/ml σ0 / S cm-1 B / K T0 / K 

100 0.34(2)  441(11) 181 

50 0.44(3) 500(20) 171 

0 a 0.551 534 167 

 

 FSA system 

c mg/ml σ0 / S cm-1 B / K T0 / K 

50 0.45(3) 430(20)  168 

0 b 0.23 310(20) 182 

*Values in parentheses refer to a standard deviations. a ref. 7. b ref. 8 
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Figure S1 

 

 
 
Figure S1. Aging variation of 50 mg/ml Tetra-PEG ion gel with [C2mIm+][TFSA−] 

ionic liquid and the corresponding hydrogel on hot plate at 100˚C, after (a) 0 min and 

(b) 120 min. 
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Figure S2 
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Figure S2. Result of thermogravimetric analysis for 50 mg/ml Tetra-PEG ion gel with 
[C2mIm+][TFSA−] ionic liquid (red). The measurements were carried out under nitrogen 

atmosphere. The dotted lines with black and blue shows pure amine-terminated 
Tetra-PEG and [C2mIm+][TFSA−], respectively. The rate of temperature increase was 10 

˚C/min. The first decrement in the red line at around 350 ˚C corresponds to the 

degradation of PEG component, and the second at around 400 ˚C to that of 
[C2mIm+][TFSA−] one. 

Electronic Supplementary Material (ESI) for Soft Matter
This journal is © The Royal Society of Chemistry 2012



Figure S3 

 

 

 
Figure S3. Chemical structure of d8-[C2mim+][TFSA−] ionic liquid. 

Electronic Supplementary Material (ESI) for Soft Matter
This journal is © The Royal Society of Chemistry 2012



References 

 

1. K. Fujii, T. Ueki, K. Niitsuma, T. Matsunaga, M. Watanabe and M. Shibayama, 

Polymer, 2011, 52, 1589-1595. 

2. T. Sakai, T. Matsunaga, Y. Yamamoto, C. Ito, R. Yoshida, S. Suzuki, N. Sasaki, 

M. Shibayama and U. Chung, Macromoleules, 2008, 41, 5379-5384. 

3. S. Okabe, T. Karino, M. Nagao, S. Watanabe and M. Shibayama, Nuclear Inst. 

and Methods in Physics Research, A, 2007, 572, 853-858. 

4. S. Okabe, M. Nagao, T. Karino, S. Watanabe, T. Adachi, H. Shimizu and M. 

Shibayama, J. Appl. Cryst., 2005, 38, 1035-1037. 

5. H. Iwase, H. Endo, M. Katagiri and M. Shibayama, J. Appl. Cryst., 2011, 44, 

558-568. 

6. M. Shibayama, T. Matsunaga and M. Nagao, J. App. Cryst., 2009, 42, 621-628. 

7. M. A. B. H. Susan, T. Kaneko, A. Noda and M. Watanabe, J. Am. Chem. Soc., 

2005, 127, 4976-4983. 

8. S. Tsuzuki, K. Hayamizu and S. Seki, J. Phys. Chem. B, 2010, 114, 

16329-16336. 

 

 

Electronic Supplementary Material (ESI) for Soft Matter
This journal is © The Royal Society of Chemistry 2012



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile 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 <>
    /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.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


