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INTRODUCTION

Reversed-phase chromatography (RPLC) is still the
most universally accepted and implemented
technique for method development. Recently, there
has been resurgence in the use of hydrophilic
interaction chromatography (HILIC) to complement
RPLC due to its ability to retain and separate highly
polar compounds. Combining these two techniques
during method development will ensure the
broadest range of selectivity is investigated for
mixtures containing compounds with a broad range
of chemical properties. However, there are many
challenges associated with the instrument setup
and column conditioning/equilibration procedures
that prevent simultaneous method development
with both RPLC and HILIC.

The current work reviews the principles of a logical
screening approach to method development for
both RP and HILIC chromatography. The influence
of various instrument parameters on the
chromatographic performance of HILIC is also
discussed. A protocol is presented for the
sequential development of chromatographic
methods using both RPLC and HILIC. New
capabilities in instrument operation enable RP and
HILIC separations to be performed in a single
experiment, thus eliminating the need to switch
mobile phases and/or wash solvents. Further, the
columns used in this protocol provide a wide range
of selectivity for mixtures containing polar and non-
polar analytes. The combined RP/HILIC method
development approach will be applied to the areas
of food safety and monitoring of controlled
substances.
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Figure 1. Diagram showing partial overlap in the compounds that can be analyzed
with three different modes of chromatography. The volatile mobile phases used in
both RP and HILIC make them ideal modes for modern applications.
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Figure 2. Analysis of basic drugs on different UPLC columns. ACQUITY UPLC system with PDA.
Mobile phase A is 10 mM NH,COOH, pH 3; mobile phase B is MeOH. Gradient from 35 to 80%
B in 3 min. Flow rate is 0.4 mL/min. UV @ 260 nm, 1 uL injection, 30 °C. All columns 2.1 x
50 mm, 1.7 um.
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Figure 3. Comparison of different HILIC stationary phases. ACQUITY UPLC system with PDA.
The isocratic mobile phase was 90/10 ACN/H,0 with 10 mM NH,COOH, pH 3. The flow rate
was 0.5 mL/min. The column temperature was 30 °C and the UV detector was set to 254 nm.
Injection volume is 5 L.
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Figure 4. Influence of mobile phase pH on selectivity and retention in RP. ACQUITY UPLC
system with PDA. The low pH mobile phase is 0.1% HCOOH in water. The high pH mobile
phase is 0.1% NH,OH in water. The organic solvent is ACN. Gradient from 5-95% ACN in 5
min. The flow rate was 0.5 mL/min. The column temperature was 30 °C and the UV detector
was set to 254 nm. Injection volume is 2 uL. The sample diluent is 75/25 MeOH/water.

HILIC

Compounds

1. Methacrylic acid (20 pg/mL)
2. Nortriptyline (20 pg/mL)

3. Nicotinic acid (5 pg/mL)

4. Cytosine (20 pg/mlL)

4

s

2
M
Voo,
4
1
3
00 1

.00 2.00 3.00
Minutes

0.

Figure 5. Influence of mobile phase pH on selectivity and retention in HILIC. ACQUITY UPLC
system with PDA. The isocratic mobile phase was 90/10 ACN/H.O with either 10 mM
NH,COOH, pH 3 or 10 mM NH,CHsCOO, pH 9. The flow rate was 0.5 mL/min. The column
temperature was 30 °C and the UV detector was set to 220 nm. Injection volume is 5 pL.
The sample diluent is 75/25 ACN/MeOH.
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Figure 6. Influence of elution solvent on selectivity and retention in RP. ACQUITY UPLC system
with PDA. Mobile phase A is 0.1% NH,OH in water. Mobile phase B is ACN or MeOH. All other
conditions as in Figure 4. Peak ID is in Figure 4.
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Figure 7. Influence of organic solvent on selectivity and retention in HILIC. ACQUITY UPLC
system with PDA. The isocratic mobile phase is 10 mM NH,CHsCOO with 0.02% acetic acid.
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Figure 8. Comparison of the selectivity differences between RP and HILIC.
The orthogonality (scattered distribution of data in the plot) of RP and
HILIC makes them ideal modes of chromatography to be combined into one
automated method development scheme.

Automating RP/HILIC Method Development

Performing both RP and HILIC method development using a
single system configuration is difficult. First, the mobile
phases need to be premixed for HILIC on a binary pumping
system. Second, the presence of a weak and strong needle
wash on a fixed loop-style injector can influence the
chromatography since the needle wash or washes may come
into contact with the sample plug (see Figure 9 below).

The design of the ACQUITY UPLC H-Class sample manager
allows both HILIC and RP to be run without needle wash
modification. Thus, method screening using both RP and
HILIC can be automated. This is due to the fact that the
purge and strong wash solvents do not contact the sample.
In addition, the ability to pump four mobile phases at once
eliminates the need for separate buffer preparations for RP
and HILIC. The technique only requires 2 dilutions of the
same sample. In order to maximize selectivity differences, 3
RP columns and 1 HILIC column are proposed for routine
screening.
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Figure 9. Influence of the weak needle wash on peak shape and retention
for a fixed loop-style injector. The mobile phase is 90/10 MeCN/H,0 with
10 mM NH,CHsCOO pH 9. The flow rate is 0.5 mL/min, 30 °C, UV 220 nm.
Injection volume and sample concentrations as in Figure 5.

RP/HILIC SCREENING
PROTOCOL

Instrument

ACQUITY UPLC H-Class with ACQUITY PDA and column
manager

Columns

ACQUITY UPLC BEH C18, 2.1 x 50 mm, 1.7 ym
ACQUITY UPLC BEH Shield RP18, 2.1 x 50 mm, 1.7 pm
ACQUITY UPLC HSS C18 SB, 2.1 x 50 mm, 1.7 pym
ACQUITY UPLC BEH Amide, 2.1 x 50 mm, 1.7 pm

Mobile phases and gradient conditions

Mobile phase A: H,O

Mobile phase B: ACN

Mobile phase C: 200 mM NH4COOH, pH 3

Mobile phase D: 200 mM NH4CH3COOQO, pH 10
Gradient (RP): 5-95 % B in 5 min with 5 % Cor D
Gradient (HILIC): 90-50 % B in 5 min with 5 % C or D
Flow rate: 0.6 mL/min

Column Temp.: 30°C

Needle wash: 50/50 ACN/H,0

Sampling Rate: 20 points/sec

Time Constant: 0.1
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Figure 10. RP/HILIC screening of morphine-related compounds using one
instrumental setup. The chromatograms shown are acquired using the low
pH conditions (ammonium formate, pH 3) specified above. The sample
diluent for RP is 81/12/7 water/MeOH/ACN w/0.2% HCOOH. The sample
diluent for HILIC is 75/25 ACN/MeOH. Each compound is present at a
concentration of 25 ug/mL. UV detection is at 280 nm. Peaks: [1] 6-
acetylmorphine, [2] morphine, [3] morphine-33-D-glucuronide.
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Figure 11. RP/HILIC screening of water-soluble vitamins using one
instrumental setup. The chromatograms shown are acquired using the low
pH conditions (ammonium formate, pH 3) specified in Figure 10. The
sample diluent for RP is water with 75 mM KH>PO,. The sample diluent for
HILIC is 68/32 ACN/water. Each compound is present at a concentration of
50 pg/mL. UV detection is at 265 nm. Peaks: [1] Nicotinamide, [2]
Pyridoxal, [3] Nicotinic acid, [4] Riboflavin, [5] Thiamine, [6] Folic acid, [7]
B12

CONCLUSIONS

« The same experimental parameters (mobile phase
pH, column chemistry, and organic solvent) affect
retention and selectivity in both RP and HILIC modes
of chromatography.

« RP and HILIC provide truly orthogonal modes of
separation that benefit the method development
process for complex mixtures.

« Instrument parameters can significantly affect the
quality of the chromatography in HILIC, thus making
automation of a combined RP/HILIC method
development protocol difficuit.

« The ACQUITY UPLC H-Class system allows

simultaneous method development using both RP and
HILIC.

A method development protocol using both RP and
HILIC was proposed for complex mixtures containing
polar molecules.

Suggested Reading

1. Neue, U. D., J. Sep. Sci. 2007, 30, 1611-1627.
2. Grumbach, E. S., Diehl, D. M., Neue, U. D., J. Sep. Sci. 2008, 31, 1511-1518.
3. Fountain, K.J., Xu, J., Diehl, D.M., Morrison, D., J. Sep. Sci. 2010, 33, 740-751.



	Introduction

	Conclusions

	Chromatographic modes

	Method development parameters for rp and hilic

	Selectivity differences between rp and hilic

	Rp/hilic screening protocol

	Rp/hilic for morphine-related compounds

	Rp/hilic for water-soluble vitamins



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /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 /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /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 true

  /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



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



