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Introduction 
 
The impedance of phase boundary between glassy carbon (GC) and gel polymer 
electrolytes based on polymethylmethacrylate (PMMA) and propylene carbonate  (PC) 
was studied as a part of extended investigation of gel polymer electrolytes [1-3]. The gels 
were prepared according to our procedure by polymerization of methyl methacrylate 
(MMA) to which a salt solution in PC was added. A capacitive impedance was found as a 
prevailing component of the equivalent circuits in the anodic range of potentials. A marked 
dependence on potential at 0.1 to 0.3 V vs. Cd-Cd2+  pseudo - reference electrode [4] was 
observed. 
 
 
Experimental 
 
A sheet of gel was prepared by mixing of the monomer MMA and solution of the salt in PC 
with the initiator of polymerization SUPERACRYL (Spofa Dental, Inc., Czech republic) in a 
Petri dish [1-2]. 
 
Lithium, sodium, potassium and tetraethylamonium salts were used as perchlorates or 
tetrafluoroborates (all from Aldrich). Their concentration is given in mole/liter of the solution 
in PC used for gel preparation. 
 
The impedance spectroscopy and cyclic voltammetry were measured in a three - electrode 
cell containing glassy carbon counter electrode fig.1 and cadmium pseudo-reference 
electrode [4]. Both working and counter electrode were fabricated from glassy carbon rods 
∅ 0.61 mm (i.e., 0.292 cm2 of geometric surface area). Potentiogalvanostat PGSTAT 10 
(Eco Chemie, The Netherlands) was used for electrochemical measurements including 
module for impedance measurement FRA21 and Autolab software for impedance spectra 
analysis. 
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Results and discussion 
 
New cell for electrochemical measurements was developed (see Fig. 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Cell for solid-state electrochemical measurements in the medium of polymer gel electrolytes. 
 
 
The voltammetric curve of glassy carbon in LiClO4 gel electrolyte is shown in Fig. 2. As we 
see, some electrochemical process appears at negative potential while the voltammogram 
does not contain any in the range of positive potentials up to 1.0 to 1.2 V. The process 
below -0.2 V may be ascribed to the reduction of PMMA-PC either electrolyte itself or of 
some impurity such as residual water content. Also the reduction of functional groups on 
the electrode surface might be responsible for that. Hence, we have restricted the 
impedance measurements to positive potentials only. 
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Fig. 2 Cyclic voltammetry of PMMA-PC gel electrolyte containing lithium perchlorate. 
 
 
A typical example of electrode impedance in LiClO4 gel is plotted in Fig. 3 as Cole-Cole 
plot of impedances and as Bode plot in Fig. 4. 
The equivalence circuit was obtained by the software in FRA21 pack. We used a rather 
complex circuit for the elucidation of data. Aside the high – frequency component R1 
(corresponding to uncompensated residual resistance of the electrolyte, it contains a R2-C 
chain, a constant phase element, marked as Q of properties close to those of a pseudo-
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capacitor (phase angle 70o or more).  Sometimes a final low-frequency resistance R3 
appears in parallel to the element Q. 
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Fig. 3 (left) Cole-Cole plot of PMMA gel electrolyte containing lithium perchlorate. 
Fig. 4 (right) Bode plot of PMMA-PC gel electrolyte containing lithium perchlorate. 
 
 
The R2 – C chain is probably connected with some inert film formed on the electrode 
surface; its properties can be described as a solid electrolyte interface (s.e.i.) known 
generally in the electrochemistry of lithium batteries. The component Q is the capacity of 
the electrode itself, perhaps that of the double layer. Finally, the R3 is the residual leakage 
current by side reactions ion the positively charged electrode. 
We can see that the resistance R1 is much higher in more diluted gels. Contrary to this, the 
pseudocapacitance Q changes in opposite direction and is the lowest in very diluted gels 
containing KClO4. 
 
 
Acknowledgements 
 
This work was supported by the Academy of Sciences (Research Plan AV0Z40320502), 
Ministry of Education (project MSM 0021630516) and Ministry of Environment (project VaV 
SN/171/05). 
 
 
References 
 
1. J. Vondrák, J. Reiter, J. Velická, M. Sedlaříková, Solid State Ionics 170 (2004) 79-82 

and citations therein. 
2. J. Vondrák, J. Reiter, J. Velická, B. Klápště, M. Sedlaříková, J. Dvořák, J. Power 

Sources (in press). 
3. J. Vondrák, M. Sedlaříková, J. Velická, B. Klápště, V. Novák, J. Reiter, Electrochim. 

Acta 48 (2003) 1001-1004. 
4. J. Reiter, J. Vondrák, F. Opekar, M. Sedlaříková, J. Velická, B. Klápště: New 

reference electrode based on PMMA polymer electrolytes, 12th International Meeting 
on Lithium Batteries, Nara, Japan, 27th June - 2nd July 2004, Meeting Abstracts, 
abstract 237. 


	Introduction
	Experimental
	Acknowledgements
	References


<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>






    /HEB (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /CZE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [283.465 396.850]
>> setpagedevice


