
 

The Release Properties of the Mesoporous Materials SBA-15 and 
PHTS for their Use in the Controlled Release of Ibuprofen and 

Vancomycin 
 

Kristoff J.F. Lievens*, Vera Meynen‡, Pegie Cool‡, Etienne F. Vansant‡, Gino V. Baron* 
and Joeri F.M. Denayer* 

 
* Department of Chemical Engineering, Vrije Universiteit Brussel, Pleinlaan 2, 1050 

Brussels, Belgium 
‡ Department of Chemistry, Laboratory of Adsorption and Catalysis, University of 

Antwerpen, Universiteitsplein 1, 2610 Wilrijk, Belgium 
 
1. Introduction 
 Mesoporous materials are emerging as new drug delivery systems. Drug-loaded 
particles appear suitable for controlled release and drug targeting. These particles may 
have a potential as drug carriers because they could be able to enhance the bioavailibilty 
of poorly absorbed drugs, entailing a lowering of the therapeutic dose. These particles 
could also be efficient for entrapping slightly water-soluble drugs. MCM-41 is a typical 
mesoporous templated silica and it presents nanosized pores that allow the inclusion of 
drugs. Therefore, this material has been largely studied as a potential drug delivery 
system and shows promising results [1-3]. A serious disadvantage of MCM-41 is its low 
stability. 
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 In this work, two promising mesoporous materials (SBA-15 and PHTS) were tested 
on their release properties of ibuprofen and vancomycin. Ibuprofen (2-(4-
isobutylphenyl)propionic acid) was selected as one of the model molecules since it is a 
well documented and much used non-steroidal anti-inflammatory drug. Vancomycin is an 
antibiotic drug as well as a very big biomolecule. Since these two molecules have largely 
different molecular sizes, a difference in diffusion rate can be expected.   

 In this work, two promising mesoporous materials (SBA-15 and PHTS) were tested 
on their release properties of ibuprofen and vancomycin. Ibuprofen (2-(4-
isobutylphenyl)propionic acid) was selected as one of the model molecules since it is a 
well documented and much used non-steroidal anti-inflammatory drug. Vancomycin is an 
antibiotic drug as well as a very big biomolecule. Since these two molecules have largely 
different molecular sizes, a difference in diffusion rate can be expected.   

SBA-15 and PHTS (Plugged Hexagonal Templated Silica) are both SBA (Santa 
Barbara Amorphous) –type materials. SBA-15 consists of a 2-D hexagonally ordered 
array of long pore channels with diameters that can vary within the range of 4.6 – 30 nm 
[4]. This material has a high thermal and hydrothermal stability compared to M41S-
materials [4] and has both meso- and micropores [5]. PHTS is a plugged variant of SBA-
15. It contains extra silica nanoparticles (“plugs”) inside the mesoporous channels, which 
makes PHTS more stable than the pure SBA-15 [6]. Moreover, these plugs will probably 
have an effect on the diffusion of molecules. 
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with an internal diameter of 1.6 mm, a length of 3 mm and minimal dead volumes was 
developed. In this column around 6 mg of material could be packed.  

Ibuprofen was loaded into the mesoporous material in two different ways. One 
way was to bring the material together with ibuprofen and hexane in a vial and stirring 
for 24 hours. Afterwards the material was packed into the ZLC-column. Then the column 
was purged with a flow of pure hexane and desorption of ibuprofen was followed with an 
UV-detector. Ibuprofen shows a strong absorbance at 254 nm.   
In the other case the material was first packed into the ZLC-column. Then the sorbent 
was equilibrated with a flow of hexane with 1% ibuprofen. Once equilibrium was 
reached, the flow was switched to pure hexane and again desorption was followed with 
an UV-detector. 
The same was done with ethanol and water as solvent to check if the interactions between 
the compound and the mineral surface of the mesoporous material did depend on solvent 
properties. Vancomycin was not soluble in hexane and ethanol. Therefore this experiment 
was only done with water as solvent. 
 
3. Conclusion 

SBA-15 and PHTS exhibit exciting structural features and are therefore 
promising for their use as drug delivery system. The effect of the plugs of PHTS, the 
influence of different solvents and of the molecular size of the pharmaceutical 
compounds and the effect of the preloading procedure on these release properties was 
discussed. 
 
References 
[1] M. Vallet-Regi, A. Ramila, R.P. del Real, J. Pérez-Pariente, Chem. Mater. 13 (2001) 

308 
[2] A. Ramila, B. Muñoz, J . Pérez-Pariente, M. Vallet-Regi, J. Sol-Gel Sci. Technol. 26 

(2003) 1199 
[3] C. Charnay, S. Bégu, C. Tourné-Péteilh, L. Nicole, D.A. Lerner, J.M. Devoisselle, 

European Journal of Pharmaceutics and Biopharmaceutics 57 (2004) 533-540 
[4] D. Zhao, J. Feng, Q. Huo, N. Melosh, G.H. Frederickson, B.F. Chmelka, G.D. Stucky, 

Science 279 (1998) 548 
[5] R. Ryoo, C.H. Ko, M. Kruk, V. Antochshuk, M. Jaroniec, J. Phys. Chem. B 104 

(2000) 11465 
[6] P. Van der Voort, P.I. Ravikovitch, K.P. de Jong, M. Benjelloun, E. Van Bavel, A.H. 

Janssen, A.V. Neimark, B.M. Weckhuysen, E.F. Vansant, J. Phys. Chem. B 106 
(2002) 5873 

[7] M. Eic, D.M. Ruthven, Zeolites 8 (1988) 40-45 
[8] D.M. Ruthven, P. Stapleton, Chemical Engineering Science 48 (1993) 89-98 
[9] P. Cherntongchai, S. Brandani, Adsorption 9 (2003) 197-204 
 

Diffusion Fundamentals 2 (2005) 99.1 - 99.2 2



<<
  /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


