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1. Introduction 
The Li intercalated polymorphs of titanium disulfide – the trigonal (layered) and the 

cubic modification – form a unique model system for comparison of Li self-diffusion in 
two and three dimensions, respectively, within two host structures of the same composi-
tion [1]. 

Slow Li+ transport in cubic LixTiS2 (x = 0.6) was probed by 7Li stimulated echo NMR 
spectroscopy (see, e. g., [2,3]) and compared with results obtained by recording diffusion 
induced maxima of the NMR spin-lattice relaxation rate 1/T1ρ in the rotating frame. Both 
methods are sensitive to very slow Li jumps. Whereas 1/T1ρ-measurements are useful to 
detect Li jumps with rates between 104 to 105 s–1, ultraslow Li motions down to the 
sub-Hz range are directly accessible by the stimulated echo NMR technique. Further-
more, the data is compared with results on Li diffusion in the layered, trigonal modifica-
tion Li0.7TiS2 [4]. 

2. Experimental 
Spin-lattice relaxation rates 1/T1ρ 

were measured with a modified Bruker 
MSL 100 spectrometer at different lock-
ing frequencies (2 - 10 kHz) in the tem-
perature range between 250 K to 500 K. 
Spin-alignment echoes (SAE), i.   e. 
Jeener-Broekaert echoes [5], at a radio  
frequency of 155 MHz for 7Li were re-
corded at fixed evolution time tp and 
variable mixing time tm (10−5 - 101 s) be-
low 250  K using a Bruker MSL 400 
spectrometer. For the sample prepara-
tion see Ref. [1]. 

3. Results   
Li jump rates obtained by T1ρ- and 

SAE-NMR for Li intercalated cubic 
TiS2 are shown vs reciprocal temper-
ature in Fig. 1. For comparison our re-
sults for the trigonal modification 
Li0.7TiS2 are shown, too. In both cases 

Fig. 1: Arrhenius plot of slow Li jump rates in
cubic Li0.6TiS2 and trigonal Li0.7TiS2. In both
cases the Li transport process is thermally acti-
vated with ≈ 0.4 eV.  
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the same activation energy of about 0.4 eV for the diffusion process is obtained. This 
result is not surprising comparing the crystal structures of the two polymorphs. In cubic 
as well as in trigonal TiS2 the Li+ ions preferentially occupy octahedral positions. 
According to the spin-alignment measurements they use the same diffusion pathways 
which are supposed to be formed by face sharing octahedral and tetrahedral sites [6], so 
that the same activation energy is obtained in each case. Interatomic distances of octahe-
dral and tetrahedral sites are very similar for Li contents x between 0.6 and 0.7 in both 
modifications. Obviously, the dimensionality of the transport process, studied in Ref. [1] 
via the frequency dependence of the spin-lattice relaxation rate, has no influence on the 
local energy barriers probed here. However, the jump rates in the cubic modification are 
about one order of magnitude lower than in the layered counterpart (cf. Fig. 1). 

4. Conclusion 
    The Li diffusion process in cubic Li0.6TiS2 was investigated by two different 7Li NMR 
techniques. Very slow Li jump rates with values ranging from 10 - 105 s−1 were measured  
by spin-alignment and 1/T1ρ relaxation NMR. The results are compared with NMR data 
of an analogous study on Li+ transport in layered Li0.7TiS2.    

References 
[1] W. Küchler, P. Heitjans, R. Schöllhorn, and A. Payer, Solid State Ion. 70/71 (1994) 434. 
[2]  F. Qi, G. Diezemann, H. Böhm, J. Lambert, and R. Böhmer J. Magn. Res. 169 (2004) 225. 
[3] M. Wilkening and P. Heitjans, Defect and Diff. Forum 237-240 (2005) 1182. 
[4] M. Wilkening and P. Heitjans, in preparation. 
[5] J. Jeener and P. Broekaert, Phys. Rev. 157 (1967) 232. 
[6] P.G. Bruce and M.Y. Saidi, Electrochimica Acta 36 (1991) 569. 

Diffusion Fundamentals 2 (2005) 60.1 - 60.2 2


	Ultraslow Cation Diffusion in Li Intercalated Cubic TiS2 
	1. Introduction 
	2. Experimental 
	3. Results   
	4. Conclusion 
	References 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /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 true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


