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abstract

It has been said that residual silanol groups on C18 silica
stationary phase yielded peak tailing for basic compounds. A
lot of efforts have been exerted for reducing effect of residual
silanol groups by an end-capping or embedding a polar group
in an alkyl chain. Consequently, a sharp peak of a basic
compound has been obtained although retention of a basic
compound has been getting little. On the other hand, on
hydrophilic interaction chromatography (hilic) mode, silica
column is recently used under a mixture of organic solvent
and buffer solution, which is the same as a mobile phase used
for reversed-phase liquid chromatography. In this mode, a
peak shape of a basic compound is good not tailing. In other
words a silanol group on a silica stationary phase is not a
cause for tailing of a basic compound, at least on hilic mode.
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We found that a silanol group controlled its activity by the heat
treatment didnt make a basic compound tailing even if it
existed on the C18 reversed-phase. Secondary interaction
based on residual silanol groups for reversed-phase liquid
chromatography was evaluated using C18 stationary phase
with silanol groups controlled its activity. It was observed that
retention of basic compounds and polar compounds was
several times larger than that using a conventional end-capped
C18 silica stationary phase, furthermore it dropped as pH value
of @ mobile phase decreased and salt concentration in a mobile
phase increased while retention of neutral compounds didn‘t
change completely. It is considered that an ion exchange
interaction occurred clearly by residual silanol groups on C18
silica stationary phase. As a result, a residual silanol group
controlled its activity could change selectivity of basic

compounds without peak tailing.
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Ouvur hypothesis

m Peak tailing of a basic compound is caused by
the state of silanol groups, not by existence of
silanol groups on silica surface.

= Silanol groups near a strong hydrophobic site
don’'t occur an ion-exchange interaction efc.
rapidly.

Consequence . =

m Decrease density of alkyl groups and make
hydrophobicity low.

m Control activity of silanol groups near only
hydrophobic site
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Variation of water on silica surface
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. Condensation of silanol group starts from near 100 °C.
1 © Vacuum heat tfreatment makes an amount of silanol

: group low by water deprivation and siloxane produces.
| » Under 400 °C, siloxane reverts silanol groups by

' rehydration.

: e Over 400 °C, rehydration do not occur.
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Control of silanol group

---------------------------------------------------------------------------

: Siloxane near hydrophobic

i site (C18) is kept at the N N
: same state and no silanol
: goup produces by 5
rehydration. e ,- Active silanol oo

Prevention of tailing for basic compound |3 & Somoaunds - » caonge 1o
............................................................................................. /l H\ /H ! H\O/H
. Siloxane away from Si 3 ! "
. hydrophobic site is cla/ 0 (lg/ \?@ @
rehydrated. Consequently i )\ A AR A
: silanol group produces and . .

. it is unaffected by
. hydrophobic site.

Increase of retention of polar and basic compounds, in
spite of no change of retention of a neutral compound
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Experiment

= Silica gel
m Pore diameter: 12 nm, Specific surface area: 340 m?4/g,
Parficle size: 5 um
= Bonded Octadecyilsilane
m Carbon content: 14%
m Asreference, prepareCl18 phase with end-capping (TMS)

= Heat treatment in a vacuum
m Temperature: 200 °C, Treatment time: 48 hours
m Asreference, prepare C18 phase without heat tfreatment

= Evaluation
m Column: Sunrise C18-SAC (with heat treatment)
Sunrise C18 (with end-capping)
m Column dimension: 150 mm x 4.6 mm i.d.
m Mobile phase: acetonitrile or methanol/buffer solution
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Comparison of pyridine peak shape
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Separation of xanthine

C18 with TMS
Sunreise C18 5 \ N R . 1=Theobromine 2=Theophylline
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Column dimension: 150 x 4.6 mm

Mobile phase: Methanol/20mM Phosphate buffer (pH4.5)=(30:70)
Flow rate: 1.0 mL/min

Temperature: 40 °C
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Separation of antidepressants
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Control of retention by mobile phase pH

! ) Column: C18 with TMS, Sunrise C18,
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Separation of basic compounds with

ammonium acetate: Effect of pH

pH 2.7 2 5 Column: C18 with heat treatment,
4 .
Only acetic acmM Sunrise C18-SAC
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Separation of basic compounds with

ammonium acetate: Effect of salt concentration

1 Column: C18 with heat treatment,
% 5 Sunrise C18-SAC
200 mM } N=12,000 Mobile phase:
—A Acetonitrile/ ammonium acetate (70:30)
LI Flow rate: 1.0 mL/min
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Relationship between buffer

concentration and retention
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Separation of metal chelating compound

Other pure ODS C18 with heat treatment
1 2
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Separation of nucleic acid bases
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[Conclusions)

m Residual silanol group in proposed C18 phase made
retention of polar compounds including basic
compounds high.

= Silanol group controlled its activity by heat treatment
did not make peak of basic compounds tailing.

= Furthermore, ion-exchange interaction was recognized
and retention of basic compounds could be changed
by pH or salt concentration in mobile phase.

m Proposed C18 phase was effective to separation of a
metal chelating compound. It is surmised that
hydration or change of state of silanol groups
contributed 1o suppress influence of a metal impurity
on silica support.

2008/03/03 Pittcon 2008 19



	Study of Secondary Interaction Based on Residual Silanol Groups for Reversed-Phase Liquid Chromatography
	abstract
	Form of silanol groups and peak shape of pyridine
	Our hypothesis
	Variation of water on silica surface
	Change of silanol groups by heat treatment
	Control of silanol group 
	Experiment
	Comparison of pyridine peak shape　
	Separation of xanthine
	Separation of antidepressants
	Control of retention by mobile phase pH
	Separation of basic compounds with ammonium acetate: Effect of pH
	Separation of basic compounds with ammonium acetate: Effect of salt concentration
	Relationship between buffer concentration and retention
	Separation of metal chelating compound
	Separation of nucleic acid bases
	【Conclusions】


<<
  /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


