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Abstract The crosslinked polymer of P(IMMA-MA)-PEG1500 was synthesized by reacting polyethylene
glycol (PEG1500) with the copolymer of poly(methyl metacrylate-maleic anhydride) (P(MMA-MAh)) and
endcapping the residual carboxylic acid with methanol. The properties of gel polymer electrolyte (GPE),
consisted of P(IMMA-MAh)-PEG1500 used as polymer matrix, propylene carbonate (PC) as a plasticizer and
LiCIOy as lithium ion producer, was undoubtedly depended on the micro interaction existed in the compo-
nents. Characterization of interaction of the polar group (C=0 and C—0—C) in PC or crosslinked polymer
with Li" has been thoroughly examined using FTIR. The quantitative analysis of FTIR showed that the ab-
sorptivity coefficient (@) of PC/LiClO, and polymer/LiClO, was 0.113 and 0.267, respectively, which meant
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that the Li" bonded polar group of C=0 and C—O—C was more sensitive than free C=0 and C—O—C
in FTIR spectra. The limit value of bonded C=0 and C—O—C equivalent fraction of PC/LiClO4 and
polymer/LiClO4 was 94% and 45%, respectively, which implied that the interaction within the components

was reversible and the intensity of interaction was ordered as PC/LiClO4 and polymer/LiCIO,.
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Scheme 1 The synthesis route of crosslinked polymer (x : y=8 : 1)
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Table 1 Molecular weights and radius moments of the crosslinked polymer

Molar mass moment/(gemol ') X 10°

Radius moments/nm

Polymer
M,

M, M, R, R, R,

P(MMA-MAh)-PEG1500 8.124

8.367 8.299 339 35.0 37.5

“ M, M, and M, is number average molecular weight, weight average molecular weight and Z-average molecular weight, respectively; Ry, Ry, and R, is number aver-

age mean square radius of gyration, weight average mean square radius of gyration and Z-average mean square radius of gyration, respectively.
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# 2 PC/LICIO, i BER 4 R
Table 2 Data results of PC/LiCl0O, solution
C=0inPC
Sample = - Fy F, Abs. a 1—=f
A, (1793 cm ) A> (1776 cm )

1 wt% 0.924 0.076 0.991 0.009 0.111 41.13
3 wt% 0.789 0.211 0.971 0.029 0.115 70.30

Ave. 0.113

4 wt% 0.675 0.365 0.962 0.038 82.71
5 wt% 0.583 0.427 0.952 0.048 86.63
10 wt% 0.437 0.563 0.904 0.096 91.94
20 wt% 0.402 0.598 0.806 0.194 92.94
30 wt% 0.371 0.629 0.708 0.292 93.75
40 wt% 0.368 0.632 0.609 0.391 93.84
50 wt% 0.377 0.623 0.509 0.491 93.60

“ 4, A, represent the area fraction of free and bonded C=0 in PC, respectively. F| represent the equivalent fraction of C=0 group. F,represents the equivalent

fraction of Li". & is the absorptivity coefficient of C=0 group. 1 —fis the equivalent fraction of the lithium ion bonded C=0.
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Figure 6 FTIR spectra of polymer/LiClO, blends from 1850 to
1130 cm ™! with the content of LiClO, from 1 to 50 wt%
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Table 3 Data results of polymer/LiClO, blends

Cc=0 c—0—C
Sample - - - - F F, F;  Abs.a 1—f
A;(1731cm ) A, (1708 cm ) A3 (1152 cm ) Ay (1145 cm )

1 wt% 0.823 0.024 0.151 0.002 0.153 0.840 0.007 0.266 9.09
3 wt% 0.805 0.054 0.123 0.018 0.150 0.830 0.020 0.268 22.51

Ave. 0.267

5 wt% 0.778 0.078 0.101 0.043 0.148 0.818 0.034 34.02
10 wt% 0.763 0.093 0.086 0.058 0.143  0.789 0.067 39.98
20 wt% 0.756 0.102 0.078 0.064 0.132 0.728 0.140 42.71
30 wt% 0.753 0.106 0.071 0.070 0.120 0.661 0.219 44.44
40 wt% 0.752 0.108 0.069 0.071 0.108 0.590 0.302 44.95
50 wt% 0.752 0.108 0.068 0.072 0.093 0.512 0.395 45.12

A, A>represent the area fraction of free and bonded C=O0 in polymer, respectively; A3 and A4 represent the area fraction of free and bonded C—O—C in polymer,

respectively. F; and F, represent the equivalent fraction of C=0 and C—O—C, respectively. F; represents the equivalent fraction of Li"

. a is the absorptivity coef-

ficient of C=0 and C—O—C group. 1 —fis the fraction of the lithium ion bonded group of C=0 and C—O—=C.
F 4 polymer/LiCIO, IR &M B 1 5%

Table 4 Ionic conductivity of polymer/LiClO, blends
Sample 1 wt% 3 wt% 5 wt% 10 wt% 20 wt% 30 wt% 40 wt% 50 wt%
Ioni tivit - - - - - - - -
Omc(;(f:itlc,)m Y 30%10°0 8.65%10° 352X107° 9.66X107° 2.15%X107¢ 897X10° 772X10° 7.11x10°°
G. Solid State Ionics 2002, 149, 275.
References 8  Akbulut, O.; Taniguchi, I.; Kumar, S.; Horn, Y. S.; Mayes,

1 Qiu, W. L.; Ma, X. H.; Yang, Q. H.; Fu, Y. B.; Zong, X. F. J.
Power Sources 2004, 138, 245.

2 Croce, F.; Gerace, F.; Dautzemberg, G.; Passerini, S.; Ap-
petecchi, G. B.; Scrosati, B. Electrochim. Acta 1993, 39,
2187.

3 Cheng, C. L.; Wan, C. C.; Wang, Y. Y. J. Power Sources
2004, 134, 202.

4 Kim, H. S.; Shin, J. H.; Moon, S. 1.; Kim, S. P. Electrochim.
Acta 2003, 48, 1573.

5 Yang, M. J; Li, W. L.;; Wang, G. G.; Zhang, J. Q. Solid
State Ilonics 2005, 176, 2829.

6 Jiang, J.; Gao, D.; Li, Z. H.; Su, G. Y. React. Funct. Polym.
20006, 66, 1141.

7  Caravanier, M. C.; Montigny, B. C.; Lemordant, D.; Bosser,

A. M. Electrochim. Acta 2007, 52, 1983.
9 Hwang, S. S.; Cho, C. G.; Kim, H. Electrochem. Commun.

2010, 72, 916.

10  Kumar, A.; Saikia, D.; Singh, F.; Avasthi, D. K. Solid State
Ionics 2006, 177, 2575.

11 Zhang, S. S.; Ervin, M. H.; Xu, K.; Jow, T. R. Solid State
lonics 2005, 176, 41.

12 Douglas, J. A.; Hatsuo, 1. Polymer 2007, 48, 6763.

13 Yu,J; Wu, P. Y. Polymer 2007, 48, 3477.

14 Biswal, D.; Hilt, J. Z. Polymer 2006, 47, 7355.

15 Sammon, C.; Li, C. M.; Armes, S. P.; Lewis, A. L. Polymer
2006, 47, 6123.

16  Smith, M. R.; Cooper, S. J.; Winter, D. J.; Everall, N. Po-
lymer 2006, 47, 5691.

17 Ding, X. L.; Fries, D; Jun, B. Polymer 2006, 47, 4718.



598 27 2E R Vol. 70,2012
18 Sammon, C.; Bajwa, G.; Timmins, P.; Melia, C. D. Polymer 22 Wu, L. D,; Chang, F. C. Polymer 2007, 48, 989.
2006, 47, 577. 23 Digar, M.; Hung, S. L.; Wang, H. L.; Wen, T. C.; Gopalan,
19  Wu, H. D.; Wu, L. D.; Chang, F. C. Polymer 2001, 42, 555. A. Polymer 2002, 43, 681.
20 Wu, H. D;; Wu, S. C.; Chang, F. C. Polymer 2001, 42, 24  Huang, Y. Ph.D. Dissertation, Northwestern Polytechnical
4719. University, Xi'an, 2008 (in Chinese).
21 Deepa, M.; Agnihotry, S. A.; Gupta, D.; Chandra, R. Elec- (E#Y, e, PHdb Tk K2, 1472, 2008.)

trochim. Acta 2004, 49, 373.

(A1104074 Zhao, X.)




<<
  /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 600
  /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 600
  /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 <<
    /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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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


