
 

In-situ-SANS Investigations of C5F12 Condensation in Mesoporous 
Silicas with a Hierarchical Pore Structure  

S. Mascotto1, B.M. Smarsly1, D. Wallacher2, A. Brandt2   

1Physikalisch-Chemisches Institut, Justus Liebig Universität, Heinrich Buff Ring 58, 
35392 Giessen, Germany; 

2Helmholtz Zentrum Berlin, Glienicker Strasse 100, 14109 Berlin, Germany; 

 E-mail: simone.mascotto@phys.chemie.uni-giessen.de; 

1. Introduction 
The condensation of liquids from the gas phase and the pore emptying mechanism in 

mesoporous frameworks (pore size 2 – 50 nm) represents an important scientific issue 
owing both to the significant industrial relevance (catalysis, separation process, etc.), but 
also to its importance for the fundamental understanding of the behavior of fluids in 
confined space. In general, the field of physisorption suffers from the lack of suitable 
independent techniques to verify theoretical models, which themselves are the basis for 
the determination of exact pore sizes. Furthermore, the basic phenomenon of filling and 
emptying large mesopores (> ca. 5 nm) from the filled state through smaller pores is still 
a matter of intense discussion and has to be regarded as one of the most fundamental 
topics in the field of physisorption [1]. 

In our previous work successful results were obtained performing in-situ small-angle 
neutron scattering (SANS) study during N2 sorption at 77 K taking advantage of contrast 
matching between amorphous SiO2 and liquid N2. In essence, liquid N2 has practically the 
same scattering length density as amorphous silica regarding neutrons. Since the small-
angle scattering intensity I(s) is related to the difference in scattering length densities 
(SLD) of void and silica/ N2, I(s) ~ (δvoid - δsilica/nitrogen)2, only unfilled pores contribute to 
SANS. If performed at various relative pressures p/p0 during adsorption/desorption, the 
SANS curves therefore comprise information of the sorption mechanism [2].  

2. Perfluoropentane Adsorption in Hierarchical Mesoporous Silica 
Following the same principle in this work will be presented in-situ-sorption-SANS 

experiments using perfluoropentane (C5F12) which in liquid form posses almost the same 
SLD (3.6 10-6 Ang-1) as amorphous silica (3.5 10-6 Ang-1). This use of this gas is highly 
important to study sorption processes at ambient temperatures of organic molecules, 
because most technological processes are performed with hydrocarbons. Besides that 
C5F12 has a bigger molecular size than N2 so the connectivity of the pores can be 
compared. 

The materials used in this study are two samples of mesoporous SiO2 containing 
spherical mesopores of 14 and 20 nm in diameter, connected through smaller mesopores 
(3 nm), termed “KLE-IL” and “PIB-IL” silica respectively. Furthermore, these model 
materials possess a few additional, non-defined micropores of ~ 1nm in size in the SiO2 
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matrix. Thus, this mesoporous silica can be regarded as a “hierarchical” architecture, in 
that the 3 nm pores are located between the larger spherical mesopores [3]. 

   a)      b) 
 

 
Fig.1: SANS pattern at different relative pressure of C5F12 for PIB-IL (a) and KLE-IL (b) 
silica    

The SANS patterns reveal a substantially different behavior of the materials with 
respect to C5F12  adsorption, evidencing fine structure diversity regarding the connection 
of the larger mesopores through the smaller meso- and micropores. In the case of PIB-IL 
silica the filling of the micropores and the small mesopores takes place at small p/p° 
values. Enhancing the pressure of C5F12 the larger mesopores get also filled, which 
evident from the decrease in scattering intensity at small q values. At p/p° = 1 the whole 
silica matrix is filled with the gas and no meaningful signals can be seen, proving ideal 
pore connectivity. The KLE-IL silica shows a completely different behavior. At large 
p/p° values the intensity of the signal corresponding to the larger 14 nm mesopores is still 
visible, indicating that they are not accessible for the relatively larger C5F12 molecules 
through the smaller connecting pores (small meso- and micropores). 

3. Conclusion 
Thus, the combination of physisorption of perfluoropentane with SANS provides a 

unique methodology to directly investigate the pore connectivity in hierarchical porous 
architectures, evidencing structural differences which inhibit the diffusion of relatively 
large molecules.    

References 
[1]    Thommes, M. Nanoporous Materials, Imperial College Press, Chapter 11, 2004 
[2]   Sel, O.; Brandt, A.; Wallacher, D.; Thommes, M.; Smarsly, B. Langmuir 2007, 23, 
4724    
[3] Sel, O.; Kuang, D. B.; Thommes, M.; Smarsly, M. Langmuir 2006, 22, 2311-2322 

2© 2009, S. Mascotto
diffusion-fundamentals.org 11 (2009) 94, pp 1-4


	In-situ-SANS Investigations of C5F12 Condensation in Mesoporous Silicas with a Hierarchical Pore Structure 
	1. Introduction
	2. Perfluoropentane Adsorption in Hierarchical Mesoporous Silica
	3. 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


