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The Chiral Technologies (Exton, PA, USA) column utilized was the Chiralpak
AD-H.  The dimension of the column is 4.6 x 250 mm with 5 um particle size.  

The analysis method for the Van Deemter study was isocratic, and the mobile 
phase was comprised of 88% liquid CO2 and 12% methanol.  Flow rate was 
varied between 1.0 and 6.0 mL/min. Oven and nozzle temperature were set to 
35 oC, and the outlet pressure was 100 bar.  Injections consisted of 10 uL of a 
TSO solution with a concentration of 2.0 mg/mL.  

Preparative SFC instrumentation, columns, and methods

MultiGram II

The preparative SFC was a Berger MultiGram™ II from Mettler-Toledo 
Autochem (Newark, DE, USA).  The components were the Separator Control 
Module (SCM)-2500, Electronics Control Module (ECM-2500), ventilated 
collection cabinet, UV variable wavelength detector, and a waste containment 
vessel.  Organic modifier was delivered via a Varian (Walnut Creek, CA, 
USA) SD-1 Pump.  CO2 was delivered using a modified Varian SD-1 pump.  
The injector was a Modular Digital Pump (Model XL3000) from Cavro
Scientific Instruments Inc. (Sunnyvale, CA, USA).  CO2 was cooled using a 
Julabo (Allentown, PA, USA) chiller.  The software used in the purification 
was Berger SFC ProNTo™ v. 1.5.305.15. 

MultiGram III

The preparative SFC was a Berger MultiGram™ III from Mettler-Toledo 
Autochem (Newark, DE, USA).  The components were the Separator Control 
Module, Electronics Control Module (ECM-2500), and a UV variable 
wavelength detector. Organic modifier was delivered via a Varian (Walnut 
Creek, CA, USA) SD-1 Pump.  CO2 was delivered using a modified Varian 
SD-1 pump.  The injector was a Modular Digital Pump (Model XL3000) from 
Cavro Scientific Instruments Inc. (Sunnyvale, CA, USA).  CO2 was cooled 
using a Huber (Offenburg, Germany) Unichiller chiller.  Effluent is collected 
in a ventilated cabinet.  The cabinet also stores the organic solvent and is 
outfitted with a CO2 detector.  Software used in the purification was Berger 
SFC ProNTo™ v. 1.5.305.15. 

Columns

Chiral Technologies (Exton, PA, USA) columns utilized were the Chiralpak
AD-H and Chiralcel OD-H (21 x 250 mm with 5 um particle size), as well as 
the Chiralpak AD-H (30 x 250 mm with 5 um particle size).   The Princeton 
Chromatography (Cranbury, NJ, USA) column used was the Princeton PAA 
(21.2 x 250 mm with 5 um particle size).   

Methods

Van Deemter study

Preparative SFC methods utilized a mobile phase consisting of 88% liquid 
CO2 and 12% methanol.  Flow rate was varied between 10 mL/min and  
70 mL/min for the MultiGram II; the flow rate was varied between 10 mL/min 
and 180 mL/min for the MultiGram III.  Oven temperature was set at 35 oC.  
Outlet pressure was 100 bar.  Injections consisted of 0.5 mL of a 2.0 mg/mL 
TSO solution for the 30 x 250 mm column and 0.5 mL of a 1.0 mg/mL TSO 
solution for the 21 x 250 mm column.  

Throughput study

Preparative SFC methods utilized a mobile phase consisting of 88% liquid 
CO2 and 12% methanol.  The flow rates used were 70 and 140 mL/min. Oven 
temperature was set at 35 oC.  Outlet pressure was 100 bar.  Each injection 
consisted of 1.5 mL of a 50 mg/mL solution of TSO.  

Discussion

The Van Deemter curves (Figure 1) clearly show that the separation of TSO 
was achievable at flow rates up to 180 mL/min on a 21 x 250 mm, 5 um 
column without sacrificing plate height.  Plate height changed little between 
the 70 mL/min and 180 mL/min flow rates.  Such a wide range of allowable 
flow rates would not be expected for reverse or normal phase separations.  
Plate height was also stable over a wide range of flow rates for the 30 x  
250 mm, 5 um column.  The 4.6 x 250 mm, 5 um column on the analytical 
SFC showed a gradual increase in plate height over the range of 
investigated flow rates.  The empirical plate heights for all columns and 
systems were greater than theoretical calculations.  

Separation of TSO enantiomers (see Figure 2) utilizing a “superoptimal”
flow rate doubled the throughput (see Table 1) without requiring a change 
of column or injection loop size.  Doubling the flow rate reduced the cycle 
time by half (4.5 min to 2.25 min).  A factor that may limit the flow rate 
allowed for a separation requiring higher organic content is inlet pressure.  
The methanol pump on the preparative SFC is limited to 279 bar. 

Figures 3 and 4 show the application of “superoptimal” flow rates for the 
purification of actual samples.  The use of a 140 mL/min flow rate for the 
separation of Sample A shows how a sample of low solubility (3 mg/mL) 
was purified in a timely manner by using a “superoptimal” flow rate.  
Injecting a small amount (4.5 mg) of sample every minute allowed over  
200 mg to be purified each hour.   The entire sample was purified in half the 
time it would have required by using a more standard 70 mL/min flow rate 
for the purification.   Figure 4 shows the purification of Sample B at a flow 
rate of 110 mL/min.  Again, simply increasing the flow rate decreased the 
time required to complete the purification of the sample.  

Conclusions

Utilizing “superoptimal” flow rates (flow rates greater than 100 mL/min for 
a 21 x 250 mm column) with SFC is an excellent way of increasing
throughput without modifying column or injection loop size.  High flow 
rates are achieved without sacrificing plate height.  This practice is now 
utilized regularly in our labs to decrease turnaround times for achiral and 
chiral purifications.  It would be expected that using superoptimal flow 
rates with larger columns would further increase throughput.

The limitation of viable flow rates (over the ranges that were studied) lies in 
the pressure threshold (279 bar for the instruments of interest) allowed by 
the instrument.  A higher organic content in the mobile phase will cause an 
increase in system pressure, thus decreasing the maximum allowable flow 
rate.  

Lastly, throughput can be increased via a number of method parameter 
modifications (e.g., sample loading, column choice, etc…).  However, 
simply increasing the flow rate to improve sample throughput is a simple 
but effective option.   
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Abstract

Supercritical fluid chromatography (SFC) utilizes liquid CO2, allowing higher 
flow rates compared to liquid chromatography.  The use of a large-scale SFC 
preparative device makes it possible to achieve greater flow rates (up to 400 
mL/min total flow) compared to a lower flow (70 mL/min) model. 
“Superoptimal” flow rates (>100 mL/min) with typical 250 x 21 mm, 5 um 
columns have been achieved and are beneficial for decreasing the cycle time 
of purifications.  Two commercial compounds were analyzed to generate Van 
Deemter plots to utilize a large-scale SFC at an optimal flow rate.  In addition, 
Van Deemter plots were generated for both a 70 mL/min device and an 
analytical SFC.  Purification cases and Van Deemter analyses data will be 
presented.

Introduction

Supercritical fluid chromatography (SFC) is an advantageous technique for 
purification of samples due to its inherent benefits.  The liquid CO2 is 
removed during the process, leaving behind just the organic modifier 
(including acidic and/or basic additives); these volumes are usually quite less 
than reverse or normal phase.  Because of the low viscosity and high 
diffusivity of liquid CO2 in its mobile phase, flow rates are achieved for 
separations that are much higher than typical reverse or normal phase liquid 
chromatographic conditions.  

“Superoptimal” flow rates can be used to purify samples via typical 21 x    
250 mm, 5 um columns.  Flow rates greater than 100 mL/min on the
aforementioned columns are considered superoptimal.  Though sample 
amounts per injection are less than that expected when utilizing a column of 
larger dimensions, the dramatic reduction in cycle time increases throughput.  
Samples of poor solubility are handled nicely by injecting less but more 
frequently.  In addition, no modification of sample loop size or purchase of 
the larger columns is necessary to do this.  

It is useful to understand the viable flow rates for a separation.  An acceptable 
purification flow rate can be determined through observation; peak shape and 
separation are noted.  A more thorough method involves a systematic analysis 
and generation of a Van Deemter plot.  Ideally, one would want to achieve a 
flow rate that will decrease cycle time but not at the expense of theoretical 
plate height, which could deleteriously affect a separation.  In this poster, a 
Van Deemter study is shown along with examples of superoptimal
purifications.  Overall, it was observed (using trans-stilbene oxide (TSO)) that 
the plate height varied little between 70 and 180 mL/min.  

Experimental

Materials

The SFC-grade carbon dioxide was obtained from BOC Gases (Murray Hill, 
NJ, USA).  Methanol (MeOH) was HPLC-grade from Mallinckrodt Baker 
(Muskegon, MI, USA).  Diethylamine (DEA) was purchased from Sigma-
Aldrich (St. Louis, MO, USA ).  Trans-stilbene oxide (TSO) was purchased 
from TCI (Portland, OR, USA).  

Analytical SFC instrumentation, columns and analysis methods

The analytical SFC instrument used was a Berger SFC unit (Mettler-Toledo 
Autochem, Newark, DE, USA) with an FCM1200 flow control module, a 
dual pump control module, a TCM2100 thermal column module, a column 
selection valve capable of switching between six columns, and a solvent 
control valve for up to six modifiers to be selected.  The SFC was equipped 
with an Agilent 1100 photodiode array detector with a high-pressure flow cell 
(Agilent Technologies, Palo Alto, CA, USA).  The autosampler/injector was a 
CTC LC Mini PAL from Leap Technologies (Carrboro, NC, USA).  A Waters 
(Milford, MA, USA) ZQ benchtop single quadrapole mass spectrometer with 
an atmospheric pressure chemical ionization (APCI) source was coupled to 
the SFC.  The software used in the analyses were Berger MassWare™ v. 4.01 
and MassLynx™ v. 4.0 SP1.
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Table 1.  Comparison of throughputs between the 70 and 140 mL/min 
flow rate separations of TSO.

Figure 1.  Modified Van Deemter plots for 30 mm (A) (MultiGram III), 
21 mm (B) (MultiGram II and III) and 4.6 mm (C) (analytical SFC) 
diameter columns, as well as a combined Van Deemter plot (D) for all 
columns and systems (including theoretical).  TSO was utilized in these 
analyses.  

Separation of TSO– 70 mL/min vs 140 mL/min 

Example #2 – Sample B – purification of a chiral sample 
using a “superoptimal” flow rate

Figure 2.  Preparative SFC chromatograms showing the separation of TSO 
(50 mg/mL) enantiomers at 70 mL/min (A) and 140 mL/min (B).          
Column:  Chiralpak AD-H (21 x 250 mm, 5 um)                                           
Mobile phase:  12% methanol (isocratic).  

Figure 4.  Example preparative SFC chromatogram showing the purification 
of Sample B.   39 mg of material was injected each cycle.       
A:  Test injection.  B:  Stacked injections.                    
Column:  Chiralcel OD-H (21 x 250 mm, 5 um).                                          
Mobile phase:  26% methanol (isocratic).  
Flow rate:  110 mL/min.  

Figure 3.  Example preparative SFC chromatogram showing the purification 
of sample A.  The compound was soluble at 3 mg/mL.  4.5 mg of sample was 
used per injection.  A:  Test injection.  B:  Stacked injections.                                                               
Column:  Princeton PAA (21 x 250 mm, 5 um).                     
Mobile phase:  16% methanol (0.2% DEA) (isocratic).  
Flow rate:  140 mL/min.

Example #1 – Sample A – purification of a “poorly”
soluble, achiral sample using a “superoptimal” flow rate

Results

Van Deemter Plots
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Comparison of 70 vs 140 mL/min  
Flow Rate 
(mL/min)  Cycle Time 

(min)  Throughput 
(mg/hr)  Resolution 

    
  70  4.50    900  1.56 

       
140  2.25  1800  1.53 

    
    

 

Van Deemter Plot for the 4.6 x 250 mm Column (Analytical SFC)

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00

Flow Rate (mL/min)

H
E

TP
 (u

m
)

Van Deemter Plots Combined

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80

Linear Velocity (cm/s)

H
E

T
P 

(u
m

) MG II - 2 cm
MGIII - 2 cm
MG III - 3 cm
Analytical
Theoretical

Van Deemter Plot for the 21 x 250 mm Column (MG II and III)

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

0 50 100 150 200

Flow Rate (mL/min)

H
E

TP
 (u

m
)

MG II
MG III

Van Deemter Plot for the 30 x 250 mm Column (MG III)

0.00
5.00

10.00
15.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00

0 50 100 150 200

Flow Rate (mL/min)

H
E

TP
 (u

m
)



<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


