
Evaluation of Operating Evaluation of Operating p gp g
Conditions in Analytical Conditions in Analytical 

d P ti SFCd P ti SFCand Preparative SFCand Preparative SFC
Larry Miller, Matt Potter and Ian SebastianLarry Miller, Matt Potter and Ian Sebastian

AmgenAmgen
Cambridge, MACambridge, MA

A

DDiscoveryiscovery
AAnalyticalnalytical

SSciencesciences



AgendaAgenda
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IntroductionIntroduction

•• SFC HistorySFC History
–– Initial growth in the ’80s (capillary SFC)Initial growth in the ’80s (capillary SFC)
–– Resurgence in ’90s (packed column)Resurgence in ’90s (packed column)

•• Majority of users are in industryMajority of users are in industry
–– Mostly application based researchMostly application based research
–– Little fundamental researchLittle fundamental research
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Preparative SFC InjectionPreparative SFC InjectionPreparative SFC Injection Preparative SFC Injection 
TechniquesTechniques

T o approaches c rrentl sedT o approaches c rrentl sed•• Two approaches currently usedTwo approaches currently used
–– Modifier stream injectionModifier stream injection™ (Berger/Mettler(Berger/Mettler--

Toledo)Toledo)Toledo)Toledo)
–– Mixed stream injectionMixed stream injection

•• Berger presented data showing modifier Berger presented data showing modifier g p gg p g
stream injectionstream injection™ better than mixed stream better than mixed stream 
injectioninjection
–– Achiral examples under gradient conditionsAchiral examples under gradient conditions
–– Do same trends hold under isocratic conditions Do same trends hold under isocratic conditions 

and for chiral separations?and for chiral separations?
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Modifier Stream InjectionModifier Stream Injection
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Injection SchematicsInjection SchematicsInjection SchematicsInjection Schematics

Waste Sample

Mixed stream Injection Modifier stream injection™

Waste Sample
Modifier

CO2

Column

Sample

Modifier

CO

Column

CO2 CO2

Advantage:
Injection at head of column (no

Advantage:
Less risk of sample precipitation (?)•Injection at head of column (no 

delay)

Disadvantage:

•Less risk of sample precipitation (?)

Disadvantage:

•Delay to sweep sample ontoDisadvantage:

•Increased risk of sample 

precipitation (?)

•Delay to sweep sample onto 

column at low co-solvent 

percentages
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Equipment SetupEquipment Setup
Mixed Stream InjectionMixed Stream Injection Modifier Stream InjectionModifier Stream Injection™Mixed Stream InjectionMixed Stream Injection Modifier Stream InjectionModifier Stream Injection

Thar SFC350, equipped with manual injector
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Analytical EvaluationAnalytical Evaluation
•• Chiralpak AD, 3 x 25 cm, 1 mg injectionsChiralpak AD, 3 x 25 cm, 1 mg injectionsp , , g jp , , g j
•• Fifteen racemates, elution at various Fifteen racemates, elution at various 

methanol percentages, plate counts methanol percentages, plate counts 
ddmeasuredmeasured

•• ResultsResults
Five racemates showed no difference betweenFive racemates showed no difference between–– Five racemates showed no difference between Five racemates showed no difference between 
injection techniques (<25% difference)injection techniques (<25% difference)

–– Eight racemates were better with modifier Eight racemates were better with modifier 
stream injectionstream injection™

–– Two racemates were better with mixed stream Two racemates were better with mixed stream 
injectioninjection
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Analytical EvaluationAnalytical Evaluation
Analytical EvaluationAnalytical Evaluation
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Preparative Injection EvaluationPreparative Injection Evaluation

•• Chiralpak AD, 3 x 25 cm, 1Chiralpak AD, 3 x 25 cm, 1--5 ml injections 5 ml injections 
of 20 mg/ml solutionof 20 mg/ml solution

•• Elution at varied methanol percentages Elution at varied methanol percentages 
–– Maintain elution at 1Maintain elution at 1--3 minutes3 minutes

•• Flowrate: 127 ml/min (0.38 cm/sec)Flowrate: 127 ml/min (0.38 cm/sec)
•• Resolution measured for each injectionResolution measured for each injection
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Preparative Injection ResultsPreparative Injection Resultsp jp j
Modifier stream injection better across all Modifier stream injection better across all 
loadsloads

55
loadsloads
Initially the same or mixed injection better, Initially the same or mixed injection better, 
but with increased load modifier stream but with increased load modifier stream 

55

injectioninjection™ had higher resolutionhad higher resolution
No difference between injection techniquesNo difference between injection techniques 66

Initially the same or modifier stream Initially the same or modifier stream 
injectioninjection™ better, but with increased load better, but with increased load 

22

mixed injection had higher resolutionmixed injection had higher resolution
Mixed injection better across all loadsMixed injection better across all loads 00
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Preparative ResultsPreparative Resultspp
Increase in Resolution: Modifier Stream to 
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Preparative Injection Results (cont.)Preparative Injection Results (cont.)

•• With mixed injection technique the With mixed injection technique the 
temporary, localized increase in methanol temporary, localized increase in methanol 
due to sample injection could be causingdue to sample injection could be causingdue to sample injection could be causing due to sample injection could be causing 
peak distortionpeak distortion

•• Injection amount kept constant (100 mg),Injection amount kept constant (100 mg),Injection amount kept constant (100 mg), Injection amount kept constant (100 mg), 
dissolution volume decreased (5 ml to 0.625 dissolution volume decreased (5 ml to 0.625 
ml)ml)

•• Resolution increased with decreasing injection size Resolution increased with decreasing injection size 
•• Comparable resolution seen for modifier stream Comparable resolution seen for modifier stream 

injectioninjection™ @ higher injection volumes@ higher injection volumes
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Chiral Results: PrepChiral Results: Prep
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A

DDiscoveryiscovery
AAnalyticalnalytical

SSciencesciences SFC Conference   October 1, 2008

0 1 2 3 4 5 6

MeOH in Sample (mL)
0.63 mL0.63 mL 160 mg/mL160 mg/mL 0.8930.893



Injection Evaluation SummaryInjection Evaluation Summary

•• In majority of cases modifier stream In majority of cases modifier stream 
injectioninjection™ gave higher resolution vs. gave higher resolution vs. 
mixed stream injectionmixed stream injection
–– Effect more pronounced as injection volume Effect more pronounced as injection volume 

increasesincreasesincreasesincreases
•• No trends seen with regard to percent coNo trends seen with regard to percent co--

solvent or retentionsolvent or retentionsolvent or retentionsolvent or retention
–– In the range we investigated; may be different In the range we investigated; may be different 

at low organic modifierat low organic modifier
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Evaluation of CoEvaluation of Co--Solvent for SFCSolvent for SFCEvaluation of CoEvaluation of Co--Solvent for SFC Solvent for SFC 
Chiral ResolutionChiral Resolution

•• SFC chiral method development screenSFC chiral method development screen
–– Chiralpak AD, AS, Chiralcel OD, OJChiralpak AD, AS, Chiralcel OD, OJ

M th l th l i l t it ilM th l th l i l t it il–– Methanol, ethanol, isopropanol, acetonitrile Methanol, ethanol, isopropanol, acetonitrile 
(each with 0.2% diethylamine), gradient(each with 0.2% diethylamine), gradient

•• Which modifier gives best resultsWhich modifier gives best resultsWhich modifier gives best resultsWhich modifier gives best results
–– 197 racemates (Amgen and commercial)197 racemates (Amgen and commercial)
–– Sixteen analyses per racemate, 3152 Sixteen analyses per racemate, 3152 

i ti texperimentsexperiments
–– Results evaluated based on difference in Results evaluated based on difference in 

retention times of two enantiomersretention times of two enantiomers

A

DDiscoveryiscovery
AAnalyticalnalytical

SSciencesciences SFC Conference   October 1, 2008



CoCo--solvent Resultssolvent Results

CC S l tS l t P t f T t lP t f T t lCoCo--SolventSolvent Percent of TotalPercent of Total
AcetonitrileAcetonitrile 29.029.0
IsopropanolIsopropanol 19 519 5IsopropanolIsopropanol 19.519.5

MethanolMethanol 17.317.3
EthanolEthanol 10 210 2EthanolEthanol 10.210.2

Unexpected results: Acetonitrile often usedUnexpected results: Acetonitrile often used 
as co-solvent of last resort
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CoCo--Solvent CorrelationSolvent Correlation

All All 
CSPCSP

ADAD ASAS ODOD OJOJ

MeOH to EtOHMeOH to EtOH 0.650.65 0.420.42 0.650.65 0.480.48 0.680.68

• Highest 
correlation seen 
b t th l

MeOH to IPAMeOH to IPA 0.390.39 0.150.15 0.590.59 0.440.44 0.420.42

MeOH to ACNMeOH to ACN 0.200.20 0.040.04 0.280.28 0.250.25 0.540.54

between methanol 
and ethanol
•Lowest correlation 

EtOH to IPAEtOH to IPA 0.510.51 0.260.26 0.810.81 0.870.87 0.420.42

EtOH to ACNEtOH to ACN 0.230.23 0.050.05 0.250.25 0.430.43 0.560.56

between methanol 
and acetonitrile
•Ignores potential

IPA to ACNIPA to ACN 0.320.32 0.100.10 0.310.31 0.530.53 0.560.56

Ignores potential 
for reversal of 
elution order
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CSPCSP CoCo--
SolventSolvent

% of Total % of Total 
(all)(all)

% of Total % of Total 
(Amgen)(Amgen)

% of Total % of Total 
(commercial)(commercial)

ADAD MeOHMeOH 11.311.3 13.213.2 8.48.4

CoCo--Solvent SummarySolvent Summary
••99% of Amgen racemates 99% of Amgen racemates 

l dl d ADAD EtOHEtOH 1111 11.311.3 10.610.6

ODOD ACNACN 10.710.7 1313 7.57.5

ADAD IPAIPA 9.89.8 12.412.4 5.95.9

ASAS IPAIPA 8 68 6 6 76 7 11 411 4

resolved resolved 
••90% of commercial racemates 90% of commercial racemates 
resolvedresolved
••Commercial racemates moreCommercial racemates more ASAS IPAIPA 8.68.6 6.76.7 11.411.4

OJOJ IPAIPA 7.17.1 7.57.5 6.66.6

ADAD ACNACN 5.55.5 4.14.1 7.57.5

OJOJ ACNACN 5.45.4 0.90.9 1010

••Commercial racemates more Commercial racemates more 
diverse than Amgen racematesdiverse than Amgen racemates

CSP/CoCSP/Co--solventsolvent % Best % Best ΔΔRtRt
OJOJ ACNACN 5.45.4 0.90.9 1010

ASAS ACNACN 5.15.1 4.14.1 6.66.6

ODOD MeOHMeOH 4.84.8 44 66

ASAS MeOHMeOH 4.24.2 4.34.3 4.24.2

ADAD 3838
ASAS 1919
ODOD 2020

OJOJ MeOHMeOH 44 4.84.8 2.92.9

ODOD IPAIPA 2.82.8 2.92.9 2.62.6

ODOD EtOHEtOH 2.22.2 22 2.62.6

OJOJ 1818
MeOHMeOH 2424
EtOHEtOH 1616

ASAS EtOHEtOH 1.41.4 0.30.3 3.13.1

OJOJ EtOHEtOH 1.41.4 1.41.4 1.61.6

No No 
sepnsepn

N/AN/A 4.64.6 0.90.9 1010

IPAIPA 2828
ACNACN 2727
NoneNone 55
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Evaluation of CoEvaluation of Co--Solvent onSolvent onEvaluation of CoEvaluation of Co--Solvent on Solvent on 
Analytical EfficiencyAnalytical Efficiency

•• CoCo--solvent study showed acetonitrile solvent study showed acetonitrile 
often gave greatest chiral separationoften gave greatest chiral separation

•• When ACN methods scaled to preparative, When ACN methods scaled to preparative, 
loadings were lower than expectedloadings were lower than expected

•• To achieve same retention ACN To achieve same retention ACN 
percentages are often higher than MeOHpercentages are often higher than MeOH
–– What impact does this have on analytical What impact does this have on analytical 

efficiency?efficiency?
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Van Deemter CurvesVan Deemter Curves
Van Deemter HPLC vs SFC Van Deemter HPLC IPA EtOHVan Deemter HPLC vs. SFC

30
35
40

Van Deemter-HPLC-IPA-EtOH

40

50

HPLC SFC
P k 2

15
20
25
30

H
 (u

m
)

20

30

H
 (u

m
)

Peak 1

Peak 2

EtOH

0
5

10

0 0 2 0 4 0 6 0 8 1 1 2 1 4

0

10

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

EtOH
IPA

0 0.2 0.4 0.6 0.8 1 1.2 1.4
Linear Velocity (cm/sec) Linear Velocity (cm/sec)

• Van Deemter curve shows higher efficiency for SFC at higher 
flowrates relative to HPLCflowrates relative to HPLC

• Little difference in Van Deemter curve for IPA/heptane vs. 
EtOH/heptane (EtOH > IPA)

I d i h SFC l ?
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Critical PointsCritical Points
Temp Temp Pressure Pressure • Usually operate in sub-pp

(C)(C) (bar)(bar)
COCO22 3131 7474

critical mode
• Each co-solvent has 

different critical temperature
IPAIPA 236236 5454

OO

different critical temperature 
and pressure

• How close to “supercritical” 
one operates will changeEtOHEtOH 241241 6161

MeOHMeOH 239239 8181

one operates will change 
with type and percent co-
solvent

ACNACN 272272 4949
• What effect does this have 

on analytical efficiency and 
preparative resolution?
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Critical Point Changes With Critical Point Changes With 
CoCo--Solvent PercentageSolvent Percentage

Critical Temp vs. Mole Fraction Co-Solvent Critical Pressure vs. Mole Fraction Co-Solvent
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ExperimentalExperimental

•• Chiralpak AD, 5 Chiralpak AD, 5 μμ, 4.6 x 150 mm, 4.6 x 150 mm
•• CoCo--solvents studiedsolvents studied

–– Methanol (10, 20, 30, 40%)Methanol (10, 20, 30, 40%)
–– Ethanol (10, 20, 30%)Ethanol (10, 20, 30%)
–– Isopropanol (10, 20, 30%)Isopropanol (10, 20, 30%)
–– Acetonitrile (10, 20, 30%)Acetonitrile (10, 20, 30%)

f /f /•• Flowrates from 0.25 to 9.9 ml/minFlowrates from 0.25 to 9.9 ml/min
•• Trans stilbene oxide (TSO)Trans stilbene oxide (TSO)
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Van Deemter Curves Van Deemter Curves -- MethanolMethanol
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Van Deemter Curve Van Deemter Curve -- EthanolEthanol
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Van Deemter Van Deemter -- IsopropanolIsopropanol
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Van Deemter Van Deemter -- AcetonitrileAcetonitrile
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Van Deemter Van Deemter –– 10% Co10% Co--SolventSolvent
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Acetonitrile ResultsAcetonitrile Results

•• Why does acetonitrile give lower Why does acetonitrile give lower 
efficiencies than other SFC coefficiencies than other SFC co--solvents for solvents for 
chiral separations?chiral separations?
–– SFC effectSFC effect

I ti t t it il ith hi l lI ti t t it il ith hi l l•• Investigate acetonitrile with achiral columnInvestigate acetonitrile with achiral column
–– Chiral stationary phase effect?Chiral stationary phase effect?

•• Investigate acetonitrile with CSP in HPLC (polar Investigate acetonitrile with CSP in HPLC (polar g (pg (p
organic mode)organic mode)
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SFC: Acetonitrile/AchiralSFC: Acetonitrile/AchiralSFC: Acetonitrile/AchiralSFC: Acetonitrile/Achiral
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HPLC: Polar OrganicHPLC: Polar Organic
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SFC Efficiency SummarySFC Efficiency Summaryy yy y
•• MeOH, EtOH, IPA showed comparable MeOH, EtOH, IPA showed comparable 

efficiencies with ACN significantly poorerefficiencies with ACN significantly poorerefficiencies with ACN significantly poorerefficiencies with ACN significantly poorer
•• Initial results point to CSP interactions with Initial results point to CSP interactions with 

acetonitrile vs. acetonitrile effect in SFCacetonitrile vs. acetonitrile effect in SFCacetonitrile vs. acetonitrile effect in SFCacetonitrile vs. acetonitrile effect in SFC
•• Further studies needed to confirm resultsFurther studies needed to confirm results

–– Evaluate additional racemates (achiral and chiral)Evaluate additional racemates (achiral and chiral)Evaluate additional racemates (achiral and chiral)Evaluate additional racemates (achiral and chiral)
–– Evaluate increased temperatureEvaluate increased temperature
–– Compare methanol vs. acetonitrile coCompare methanol vs. acetonitrile co--solvents for solvents for 

preparative separationspreparative separations
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SummarySummary
•• Preparative Injection TechniquesPreparative Injection Techniquesp j qp j q

–– CoCo--solvent injection often better than mixed solvent injection often better than mixed 
stream injection, especially for large volume stream injection, especially for large volume 
injectionsinjectionsinjectionsinjections

•• CoCo--solvent for SFC chiral resolutionsolvent for SFC chiral resolution
–– Acetonitrile often gave best separation of Acetonitrile often gave best separation of g pg p

enantiomers (enantiomers (ΔΔ RRtt))
–– Greatest correlation was seen between Greatest correlation was seen between 

methanol and ethanol and between ethanolmethanol and ethanol and between ethanolmethanol and ethanol and between ethanol methanol and ethanol and between ethanol 
and isopropanoland isopropanol

–– Ethanol could be dropped from screening Ethanol could be dropped from screening 
approach with minimal impact on successapproach with minimal impact on success
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approach with minimal impact on successapproach with minimal impact on success



Summary (cont.)Summary (cont.)

•• Effect of SFC coEffect of SFC co--solvent on analytical solvent on analytical 
efficiencyefficiency
–– Percent methanol has least effect on efficiencyPercent methanol has least effect on efficiency
–– Efficiency decreases with increasing percent Efficiency decreases with increasing percent 

ethanol isopropanol and acetonitrileethanol isopropanol and acetonitrileethanol, isopropanol and acetonitrileethanol, isopropanol and acetonitrile
–– Decreased efficiency seen with acetonitrile Decreased efficiency seen with acetonitrile 

relative to other corelative to other co--solventssolvents
–– Lower acetonitrile efficiencies may be due to Lower acetonitrile efficiencies may be due to 

CSP interactionsCSP interactions
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Van Deemter Van Deemter –– CoCo--SolventSolvent
@ Same Retention@ Same Retention@@

40
45

20
25
30
35

(u
m

)

20% ACN
10% MeOH
20% IPA

5
10
15
20H

 20% IPA
10% EtOH

0
0 0.5 1 1.5

Linear Velocity (cm/sec)

Negligible difference between methanol, ethanol or IPA
Efficiency significantly poorer with acetonitrile

A

DDiscoveryiscovery
AAnalyticalnalytical

SSciencesciences SFC Conference   October 1, 2008

Efficiency significantly poorer with acetonitrile


