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Abstract The supramolecular assembly through host-guest complexation between cyclodextrin (CD) hosts and hydropho-
bic guests is a powerful method of constructing tunable and switchable polymeric networks. Recently, another interesting
way to form polymeric networks by using CD-dimers to crosslink guest substituted polymers was reported. In this work, we
demonstrate that a,a-CD Dimer and viologen polymer form polymeric hydrogels. a-Cyclodextrin (a-CD) was bound to a
terephthalic moiety by the reaction of 6-amino-a-CD with terephthalic acid in DMF to give the a,a-CD Dimer. Viologen
polymer were prepared by treatment of 4,4'-dipyridyl with 1,10-dibromodecane in DMSO by heating for 2 d. Viologen poly-
mer was chosen since viologen polymer is known to be included and held strongly in a-CD. The "H NMR spectrum of the
mixture of the a,a-CD Dimer and VP showed that the signals of VP protons shifted to the lower field. This result indicated
the formation of the inclusion complex between CD and VP. To get more insight on the interaction of host-guest complex, we
determined the viscosity of the mixture of VP with a,a-CD Dimer. High viscosity enhancements were observed when a,a-CD
Dimer was added to VP solutions as a result of the polymer inclusion association. The hydrogel was prepared by mixing VP
and a,a-CD Dimer in aqueous solutions at 100 C for 24 h followed by evaporating the solvent, then adding a little water to
give a brown gel. When the VP concentration was 30 mmol/L, increasing the concentration of a,a-CD Dimer, a hydrogel was
formed with a phase transition at 30 mmol/L. Additionally, the influences of a,a-CD Dimer concentration, temperature and
type of Dimers on the hydrogel formation were also studied. Adding a competitive guest molecule into the hydrogel induced
a phase transition into the sol state. The hydrogel also has good thermal stability.
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Figure 3 Partial "H NMR spectrum of VP, and VP with a,a-CD Dimer in D,0 at 30 C
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Figure 6 Photographs of the hydrogel of VP and a,a-CD Dimer at 25
°C (left), the hydrogel of VP and a,a-CD Dimer after heating 12 h at 100
°C (right)
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Figure 8 Addition of Guest as a competitive guest (10 equiv. for the
a,0-CD Dimer) into the hydrogel of VP and a,a-CD Dimer induced a
phase transition into the sol state
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Scheme 3  Structure of a,a-CD Dimer
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Scheme 4  Structure of 4,4-CD Dimer

Acta Chim. Sinica 2012, 70, 2066—2072

B,B-CD Dimer

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

http://sioc-journal.cn

2071



W F F R

MR

References

[1] Dong, S.; Zheng, B.; Xu, D.; Yan, X.; Zhang, M.; Huang, F. Adv.
Mater. 2012, 24, 3191.
[2] Yan, X.; Xu, D.; Chi, X.; Chen, J.; Dong, S.; Ding, X.; Yu, Y.;
Huang, F. Adv. Mater. 2012, 24, 362.
[3] Dong, S.; Luo, Y.; Yan, X.; Zheng, B.; Ding, X.; Yu, Y.; Ma, Z.;
Zhao, Q.; Huang, F. Angew. Chem., Int. Ed. 2011, 50, 1905.
[4] Deng, W.; Yamaguchi, H.; Takashima, Y.; Harada, A. Angew.
Chem., Int. Ed. 2007, 46, 5144.
[5] Szejtli, J. Chem. Rev. 1998, 98, 1743.
[6] Kataoka, T.; Kidowaki, M.; Zhao, C.; Minamikawa, T.; Shimizu, K.;
Ito, J. J. Phys. Chem. B 2006, 110, 24377.
[7]1 Yuan, R.; Shuai, X. J. Polym. Sci. Part B: Polym. Phys. 2008, 46,
782.
[8] Nakama, T.; Ooya, T.; Yui, N. Polym. J. 2004, 36, 338.
[9] Sabadini, E.; Cosgrove, T.; Taweepreda, W. Langmuir 2003, 19,
4812.
[10] Jing, B.; Chen, X.; Wang, X.-D.; Zhao, Y.-R.; Qiu, H.-Y. Chem.
Phys. Chem. 2008, 9, 249.
[11] Wei, H.-L.; He, J.-Y.; Sun, L.-G.; Zhu, K.-Q.; Feng, Z.-G. Eur.
Polym. J. 2005, 41, 948.
[12] Wei, H.-L.; Zhang, A.-Y.; Qian, L.-J.; Yu, H.-Q.; Hou, R.-X.; Qiu,
Z.-G.; Feng, Z.-G. J. Polym. Sci. Part A: Polym. Chem. 2005, 43,
2941.

2072 http://sioc-journal.cn

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

[13] Ogoshi, T.; Takashima, Y.; Yamaguchi, H.; Harada, A. J Am.
Chem. Soc. 2007, 129, 4878.

[14] Kretschmann, O.; Choi, S. W.; Miyauchi, M.; Tomatsu, I.; Harada,
A.; Ritter, H. Angew. Chem. Int. Ed. 2006, 45, 4361.

[15] Weickenmeier, M.; Wenz, G.; Huff, J. Macromol. Rapid Commun.
1997, 18, 1117.

[16] Auzely-Velty, R.; Rinaudo, M. Macromolecules 2002, 35, 7955.

[17] Koppmans, C.; Ritter, H. Macromolecules 2008, 41, 7418.

[18] Tomatsu, I.; Hashidzume, A.; Harada, A. J. Am. Chem. Soc. 2006,
128,2226.

[19] Zhao, Y. L.; Stoddart, J. F. Langmuir 2009, 25, 8442.

[20] Choi, H. S.; Ooya, T.; Huh, K. M.; Yui, N. Biomacromolecules
2005, 6, 1200.

[21] Guo, X.; Wang, J.; Li, L.; Chen, Q.; Zheng, L.; Pham, D. T.;
Lincoln, S. F.; May, B. L.; Prudhomme, R. K.; Easton, C. J. 4IChe
J. 2010, 56, 3021.

[22] Harada, A.; Adachi, H.; Kawaguchi, Y.; Okada, M.; Kamachi, M.
Polym. J. 1996, 28, 159.

[23] Yan, J.-L.; Liu, J.; Chen, X.; Fang, Y. Acta Chim. Sinica, 2007, 65,
1779. GZFEAR, XU, Vi, B, 163 53R, 2007, 65, 1779.)

[24] Li, S.-J.; Wu, F.-P.; Li, M.-Z.; Wang, E.-J.; Mao, S.-Z.; Du, Y.-R.
Acta Chim. Sinica 2005, 63, 1841. (Z=ik, 5 &M, 2=ibvi, F/K
%, BIFE, MG, /LFFIR, 2005, 63, 1841.)

[25] Melton, L. D.; Slessor, K. N. Carbohydr. Res. 1971, 18, 29.

[26] Boger, J.; Corcoaran, R. J.; Lehn, J.-L. Helv. Chim. Acta 1978, 61,
2190.

(Lu, Y.)

Acta Chim. Sinica 2012, 70, 2066—2072




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


