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1. Details of the experiment 

1.1. Purification of the synthetic clay samples 

 The clay mineral samples received from Topy Industries Ltd. (Tokyo, Japan) were 

the aqueous sol (FHT; NHT-sol-B2) or powders (FTSM; DMA-350) and both of them contained 

certain amount of impurities.  These fluorinated clay minerals were synthesized from a molten 

mixtures of the materials, according to the company.  We established very simple and effective 

procedure to remove most of the impurities in the as-received samples as follows.  First, we 

prepared the clay colloidal sols of ca. 5 wt. % by dispersing the FTSM powder in water or by 

using the as-received FHT sol.  After centrifugation of the sol at 15000 rpm for 1 h, we 

obtained three phases with clear boundaries: upper supernatant phase, intermediate viscose sol 

phase, and bottom sediment phase.  We finally collected only the intermediate viscose sol 

phase, which contain 7-10 wt. % of pure clay nanosheets and very small amount of the 

impurities.  The impurities were condensed into the bottom sediment phase.  This is 

confirmed by XRD measurement of the powders recovered from each phases (Fig. S1).  After 

this purification process, about 40-60 wt. % of the starting material is recovered.   

 

1.2. Control of the mean lateral sizes of the nanosheets by ultrasonication.   

The control of lateral size of the nanosheets is crucial in investigations of clay colloid.  We 

found very effective way to control the lateral size of niobate nanosheet as reported in the 

literature (N. Miyamoto and T. Nakato, J. Phys. Chem. B, 2004, 108, 6152).  This 

methodology is advantageous over other methods such as selection of the nanosheets size only 
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by centrifugation or controlling particle size of starting material; we can obtain size-controlled 

nanosheets in very high yield by the very simple and easy procedure. 

 Here, this methodology was successfully applied to the clay mineral system in the 

present study.  The purified clay colloid was ultrasonicated for 24 h in a conventional 

ultrasonic cleaner (FU-22H, Fine; 150 W) in a glass vessel.  It should be noted that many 

factors such as the power of ultrasonic, the duration of the sonication, and colloid concentration 

affect the resulting mean lateral size and polydispersity of the nanosheets.  Details are now 

under investigation.  

 

1.3. Elemental analyses of the purified fluorinated clay minerals 

 We performed elemental analyses of the purified FHT and FTSM samples, and 

obtained the results as shown in Table S1.  Based on the assumption that the molar ratio of Si 

over O is 4:1 in general 2:1 type clay minerals such as hectorite and mica, we calculated the 

chemical compositions as Na0.46Mg2.60Li0.46Si4O10F2.00 and Na0.75Mg2.83Si4O10F2.13 for FHT and 

FTSM, respectively, from the obtained results.   

 

Table S1 The results of elemental analysis (mass %)     

sample Si Mg Li Na F 

FHT 24.50 13.90 0.70 2.30 8.30 

FTSM 24.20 14.80 0.00 3.70 8.70 

 

 The evaluated composition of FHT is mostly in accordance with the "ideal" 

composition (Na0.33Mg2.67Li0.33Si4O10F2) given by the supplier, Topy Industries Ltd.  The result 

(Na0.46Mg2.60Li0.46Si4O10F2.00) indicates that all of the hydroxy groups are replaced by F atoms as 

expected.  The degree of the isomorphous substitution of Mg2+ in the octahedral layer by Li+ is 

higher than the ideal value, so that the amount of exchangeable Na in the interlayer space is also 

larger. 

 In the case of FTSM, the "ideal" chemical composition given by the supplier is 

Na1.0Mg2.5Si4O10F2; it is thought that a part of Mg site is vacant or substituted by Na+ so that the 

clay sheet have negative charge compensated by interlayer Na+, while hydroxy group is fully 

substituted by F.  The evaluated composition (Na0.75Mg2.83Si4O10F2.13) shows some difference 

in the amount of Mg and Na than expected. 
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 The methods for the elemental analyses are as follows: For the analysis of Si, a 

powder sample was dissolved in the presence of sodium carbonate and boric acid.  For analysis 

of Li, Na, and Mg elements, a powder sample was dissolved in the presence of hydrofluoric 

acid and sulfuric acid.  For the analysis of F element, a powder sample was dissolved in the 

presence of sodium peroxide.  Si and Mg were analyzed with inductively coupled plasma 

atomic emission spectroscopy (Seiko Instruments Inc. SPS1700HVR).  Varian Spectra AA-20 

atomic absorption spectrometer was used for the analyses of Li and Na.  F element was 

analyzed by lanthanum/alizarin complexone method, by using JASCO Ubest-35 spectrometer. 

 

 

2. Supporting Figures 

 

Fig. S1. XRD patterns of (a) purified FHT, (b) the precipitate removed by centrifugation of FHT, 

(c) purified FTSM, (d) the precipitate removed by centrifugation of FTSM.  The peaks marked 

as F, T, P, and C are ascribed to fluorohectorite, fluortetrasilisic mica, protoamphibole, and 

cristobalite, respectively.  It is confirmed that only trace amount of impurity remains after the 

purification. 
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Fig. S2.  Flow-curves of (a)-(d) FHT and (e)-(i) FTSM colloids.  The concentrations are (a) 3, 

(b) 4, (c) 5, and (d) 7 wt. % for FHT systems, and (e) 1, (f) 2, (g) 3, (h) 5, and (i) 6 wt. % for 

FTSM systems.  The curves indicate that most of the colloids show Newtonian or weak 

pseudo-plastic flow behavior.  In the FTSM colloids of 5 and 7 wt. %, the curves are 

characteristic to Bingham liquids, indicating they are weak physical gels.  In all the 

concentration range, the shear stresses are larger for FHT than FTSM, showing that FHT 

colloids are more viscose than FTSM. 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /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 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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /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 false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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 <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 [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


