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Direct Comparison of HPLC and SFC for the Milligram to Gram Scale Purification of 
Enantiomers
Philip J. Koerner1, Peter C. Rahn1, Gary W. Yanik2, and Irene Tranquil2
1 Phenomenex, Inc., 411 Madrid Ave., Torrance, CA 90501 USA 
2 PDR-Chiral Inc. 1331A South Killian Drive, Lake Park, Florida 33403 USA

Introduction
High-throughput analysis and purification of enantiomers are im-
portant in drug discovery. With today’s regulations to improve 
safety and efficacy of drugs, the pharmaceutical industry needs 
to provide high quality pure enantiomers for pharmacological test-
ing. Historically, chiral purification has been achieved with normal 
phase HPLC, and more recently, with reversed phase separations. 
In recent years, SFC has gained acceptance as a very effective 
complementary tool for other chiral separation modes to produce 
pure enantiomeric compounds.

This technical note compares the throughput (grams per hour) for 
the same chiral preparative separations performed under HPLC 
conditions and SFC conditions. In this work, three different poly-
saccharide-based chiral stationary phases (CSPs) are utilized  
(Figure 1): Lux Cellulose-1, Lux Cellulose-2, and Lux Amylose-2. 
The same 5 μm media was used to produce both the analytical 
columns and the Axia packed preparative columns. This work also 
demonstrates the capability to directly scale analytical chiral sepa-
rations to preparative chiral separations when both column sizes 
are packed with 5 μm media.

 

High efficiency Axia™ preparative columns packed with Lux® polysac-
charide-based chiral stationary phases are utilized to compare chiral 
SFC and HPLC purification of several pharmaceutical compounds.

Background 
In the past, the same particle size chiral media packed in 4.6 mm 
ID columns was packed into preparative columns but the column 
performance and lifetime decreased as the column internal diam-
eter increased. Column stability was also inherently less for the pre-
parative chiral columns compared to analytical columns. The lower 
initial performance and/or loss of performance are inherent in all 
slurry packed chiral preparative columns and caused by: 

	 1.	 Packed bed structure being disturbed after the media is 	
		  packed

	 2.	 Media fracture, and or fines, created by packing media in 	
		  large diameter columns

	 3.	 Non-uniform packing density throughout the column

	 4.	 Media extrusion from the packed bed during final hardware 	
		  assembly (Figure 2).

 
A major improvement in preparative chiral column performance 
has been achieved by adapting Axia packing technology to 
manufactured Lux chiral preparative columns. Axia packing 
technology (Figure 3) has been utilized to produce stable, high 
performance achiral preparative columns. This same technology 
is now employed to produce preparative chiral columns packed 
with 5 μm chiral stationary phases. The Lux media is engineered 
to be mechanically stronger than previous chiral media, allowing 
higher packing pressures to be applied. A computerized 
mechanical process packs the column bed. The force applied 
to the column is carefully controlled during the packing process 
to prevent crushing or cracking of the media. Once the column 
bed forms, the media is never allowed to expand or extrude 
from the column and the internal packing force is maintained on 
the column during final hardware assembly. The advantages of 
combining the new Lux media and Axia packing technology to 
produce high performance stable preparative chiral columns are 
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Lux® Cellulose-2 
Cellulose tris
(3-chloro-4-methylphenylcarbamate)

Lux® Cellulose-1 
Cellulose tris
(3,5-dimethylphenylcarbamate)

Lux® Amylose-2 
Amylose tris
(5-chloro-2-methylphenylcarbamate)

Figure 1.  
Structures of Polysaccharide-based Chiral Phases

Figure 2.  
Conventional Slurry Packed Preparative Chiral Column

High pressure solvent forces sedimentation of the slurry

After sedimentation, column is disas-
sembled from slurry chamber and 
capped (as quickly as possible).

During disassembly, the bed “relaxes” 
and extrudes from column.

This problem is inherent in all slurry 
packed columns
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illustrated in this technical note. The Axia packing technology 
produces preparative columns packed with 5 μm media having 
the same efficiency and peak symmetry as analytical columns 
(Figure 4). Axia packed preparative columns are manufactured 
with Lux 5 μm chiral media in 100, 150 and 250 mm lengths with 
21.2, 30 and 50 mm internal diameters.

Experimental Conditions
Analytical HPLC separations were developed using an Agilent® 
1100 system with diode array detector (Agilent, Palo Alto, CA). 
The Gilson 845ZPREP™ HPLC system (Gilson, Middleton, WI) 
was used for the preparative HPLC separations and fraction 
collection. For SFC separations, a Berger preparative SFC 
system was utilized consisting of the pumping system, variable 
UV and PDR-Chiral detectors, and a 6-port fraction collector 
capable of collecting hundreds of milliliters of eluent. The 
advanced laser polarimeter (ALP) detector (PDR-Chiral, Lake 
Park, FL) measures the rotation of plane-polarized 660 nm laser 
beam passing through the flow cell and indicates the optical 
rotation of each enantiomer. Using a mobile phase consisting of 
25 % polar modifier (methanol or ethanol) added to the carbon 
dioxide (CO2), a flow rate of 50 mL/min through the 21.2 mm 
diameter columns was easily achieved without exceeding the 
200 bar pressure limits of the SFC instrument.

Results and Discussion
Figures 5A – 5D contain the SFC and HPLC chromatograms, pu-
rification conditions, and results for each sample. Figure 5A com-
pares the Atenolol separation for SFC and HPLC. The SFC condi-
tions required 25 % methanol while the HPLC conditions yielded 
the best separation with 20 % ethanol. The PDR-Chiral detector 
(ALP) indicates the optical rotation of each enantiomer. The SFC 
cycle time was 4 minutes and the HPLC cycle time was 6 minutes. 
In addition to a faster cycle time the total load on the column was 
also 1.8 times higher for SFC (102 mg for SFC vs. 60).

Figure 5B compares the Terfenedine HPLC and SFC separations. 
The Lux Cellulose-1 column using 25 % methanol as the polar 
modifier provided the best SFC separation. The Lux Cellulose-1 
column with the polar organic mobile phase of 3 % isopropanol 
and 97 % acetonitrile provided the best HPLC separation. SFC 
sample load per cycle was 105 mg compared to 12 mg/cycle for 
the HPLC runs in the same 7 minute cycle time for SFC and for 
HPLC. This results in a significantly higher throughput for SFC 
(840 mg/hour) compared with HPLC (102 mg/hour) and a signifi-
cantly smaller volume collected per gram of product. The overall 
purity and recovery for HPLC and SFC were the same. 

Figure 5C compares the two Propranolol chiral separations. For 
SFC, the Lux Cellulose-1 column with 25 % methanol polar modi-
fier provided the best separation with a sample load of 120 mg 
per cycle. The HPLC conditions also utilized the Lux Cellulose-1 
column with 20 % isopropanol as the polar solvent (hexane as the 
non-polar solvent) and a sample load of 60 mg per cycle. Since the 
load per cycle was higher for SFC, the throughput for SFC was 450 
mg/hour compared to 553 mg/hour for HPLC and the total volume 
collected for 1 gram of product was 508 mL for SFC compared to 
799 mL for HPLC. 

The Propafenone separations using Lux Amylose-2 are shown in 
Figure 5D. Lux Cellulose-1 and Lux Cellulose-2 could not resolve 
these enantiomers in HPLC or SFC but a 50 mm long Lux Amy-
lose-2 provided the best resolution possible although the resolution 
is on the low end for a preparative purification. The SFC conditions 
utilized 20 % ethanol as the polar solvent with a load of 15 mg per 
7 minute cycle. Under HPLC conditions, 50 % isopropanol was 
required to achieve the separation on the Lux Amylose-2 column 
with a load of 18 mg per 4 minute cycle. The throughput is limited 
by the resolution between the two compounds, which is minimal 
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Figure 3.  
Axia™ Packing Process Integrates Axial Compression Technology into Pre-
packed Chiral Preparative Columns

Figure 4.  
Axia™ Packed Lux® Preparative Columns Provide the Same High Perfor-
mance Independent of Column Diameter
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Conditions same for all separations:
Column: Lux 5 µm Cellulose-2

Mobile Phase: Hexane / IPA (90:10) 
Temperature: Ambient

Detection: UV @ 220 nm
Sample: Trans-Stillbene oxide

Dimensions: 250 x 50 mm 
Flow Rate: 50 mL/min 
N = 75,156   
s = 1.19 
SN 456633-1

Dimensions: 250 x 4.6 mm
Flow Rate: 0.5 mL/min 
N = 70,664    
s = 1.19 
SN 461603-13

Media Added Column Bed 
Formed

Hydraulic Piston 
Compresses Bed

Piston Retainer 
Added

End Fitting Sleeve 
Attached

Dimensions: 250 x 21.2 mm 
Flow Rate: 20 mL/min 
N = 77,180
s = 1.22 
SN 455733-2
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for a preparative separation. A longer column could be used to 
improve resolution, but the overall throughput would remain the 
same. A larger diameter column is required for higher throughput. 

For additional technical notes, visit www.phenomenex.com

Figure 6 graphically compares the SFC and HPLC results to ob-
tain 1 gram of purified product. The total volume collected was al-
ways less for SFC, in some cases as much as one-half the volume 
collected for HPLC. However, since significant amounts of polar 
solvent modifiers were required for SFC, the difference in volume 
was not as dramatic as expected. However, the lower volume of 
solvent collected for SFC would result in less time to remove the 
solvent and recover the desired product. With the exception of 
the propafenone separation, the SFC yields (mg/hour) were sig-
nificantly greater than the HPLC yields.

Conclusions
Axia preparative columns packed with 5 μm Lux polysacchari-
de-based media are compatible with SFC and HPLC conditions 
and gave the same high performance as the analytical columns, 
allowing for scale up under both SFC and HPLC separation con-
ditions. Larger diameter Axia packed preparative columns are 
available if higher flow rate SFC systems are utilized.

Sample solubility is a major problem for both SFC and HPLC. 
The use of polar organic solvents such as methanol, ethanol and 
isopropanol to improve solubility can have an adverse effect on 
peak shape, retention time, and resolution. If the polar solvent 
in the sample is too high, the strong polar solvent will cause 
sample breakthrough and reduce resolution. For these examples 
the column capacity was higher than the actual load achieved 
because the polar solvent limited the total volume that could 
be injected. The use of polar solvents also directly impacts the 
column operating pressure and limits the overall flow rate on the 
SFC system. The polar solvents also create higher backpressure 
on the HPLC systems but generally these systems have higher 
pressure limits.

Figure 5A.  
Purification of Atenolol

Figure 5B.  
Purification of Terfenedine

Figure 5C.  
Purification of Propranolol

Figure 5D.  
Purification of Propafenone

Figure 6.  
Comparison of Yield and Total Collected Volume
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Column: Lux 5 µm Cellulose-1
Dimensions: 250 x 21.2 mm

Part No.: 00G-4459-P0-AX
Mobile Phase: 0.1 % Diethylamine in Methanol /

	0.1 % Diethylamine in Carbon  
Dioxide (25:75)

Flow Rate: 50 mL/min
Temperature: 37 ˚C

Detection: UV @ 254 nm
Injection Volume: 5.1 mL

Injection 
Concentration: 20 mg/mL in Ethanol

Column: Lux 5 µm Cellulose-1
Dimensions: 250 x 21.2 mm

Part No.: 00G-4457-P0-AX 
Mobile Phase: 0.1% Diethylamine in Methanol /  

0.1% Diethylamine in Carbon  
Dioxide (25:75)

Flow Rate: 50 mL/min (135 bar)
Temperature: 37 ˚C

Detection: UV @ 220 nm

Column: Lux 5 µm Cellulose-1
Dimensions: 250 x 21.2 mm

Part No.: 00G-4459-P0-AX 
Mobile Phase: 0.1% Diethylamine in Methanol /  

0.1% Diethylamine in Carbon  
Dioxide (25:75)

Flow Rate: 50 mL/min (135 bar)
Temperature: 37 ˚C

Detection: UV @ 254 nm

Column: Lux 5 µm Cellulose-1
Dimensions: 250 x 21.2 mm

Part No.: 00G-4459-P0-AX
Mobile Phase: 0.1 % Diethylamine in Ethanol /

	0.1 % Diethylamine in  
Hexane (20:80)

Flow Rate: 50 mL/min
Temperature: 20 ˚C

Detection: UV @ 254 nm
Injection Volume: 2 mL

Injection 
Concentration: 30 mg/mL in Methanol

Column: Lux 5 µm Cellulose 2
Dimensions: 250 x 21.2 mm

Part No.: 00G-4457-P0-AX
Mobile Phase: 0.1% Diethylamine in Isopropanol /  

0.1% Diethylamine Acetonitrile (3:97)
Flow Rate: 20 mL/min 

Temperature: 20 ˚C
Detection: UV @ 220 nm

Column: Lux 5 µm Cellulose-1
Dimensions: 250 x 21.2 mm

Part No.: 00G-4459-P0-AX
Mobile Phase: 0.1% Diethylamine in Isopropanol / 

0.1% Diethylamine in Hexane (20:80)
Flow Rate: 20 mL/min (135 bar) 

Temperature: 20 ˚C
Detection: UV @ 254 nm

Column: Lux 5 µm Amylose-2
Dimensions: 250 x 21.2 mm 

Part No.: 00G-4472-P0-AX
Mobile Phase: 0.1% Diethylamine in Isopropanol / 

0.1% Diethylamine in Hexane (50:50)
Flow Rate: 20 mL/min 

Temperature: 20 ˚C
Detection: UV @ 220 nm

Column: Lux 5 µm Amylose-2
Dimensions: 250 x 21.2 mm 

Part No.: 00G-4472-P0-AX
Mobile Phase: 0.1% Diethylamine in Ethanol / 

0.1% Diethylamine in Carbon Dioxide  
(20:80) 

Flow Rate: 20 mL/min 
Temperature: 37 ˚C

Detection: UV @ 254 nm
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Terms and Conditions 
Subject to Phenomenex Standard Terms and Conditions which may be viewed 
at http://www.phenomenex.com/TermsAndConditions.

Trademarks 
Lux is a registered trademark of Phenomenex in the U.S. and in all EU countries. Axia and Se-
curityGuard are trademarks of Phenomenex, Inc. Gilson 845ZPREP is a trademark of Gilson, 
Inc. Agilent is a registered trademark of Agilent Technologies, Inc.

Disclaimer 
The research presented in this technical note was a joint effort between Phenomenex, Inc. 
and PDR-Chiral Inc. Comparative separations may not be representative of all applications. 
 
Axia is patented by Phenomenex. U.S. Patent No. 7,674,383

Copying or re-use of this information is not allowed without written permission from  
Phenomenex.

© 2010 Phenomenex, Inc. All rights reserved. 

Conclusions (cont‘d)
Advantages of SFC relative to HPLC are dependent on the analy-
te, the CSP, and the amount of polar solvent required. Generally, 
higher load and higher flow rates were achieved with SFC but 
the volume collected per gram of product was not as different 
as other achiral separations previously reported. This is a result 
of the higher percentage of polar mobile phase solvent used in 
the SFC separations.
.

**PREP SecurityGuard Cartridges require holder, Part No. : AJ0-8223
+PREP SecurityGuard Cartridges require holder, Part No. : AJ0-8277

Ordering Information  
Lux® 5 μm Axia™ Packed Preparative Columns (mm) SecurityGuard™ Cartridges (mm)

Phases 150 x 21.2 250 x 21.2 250 x 30 250 x 50 15 x 21.2** 15 x 30.0+

Cellulose-1 00F-4459-P0-AX 00G-4459-P0-AX 00G-4459-U0-AX 00G-4459-V0-AX AJ0-8405 AJ0-8406

Cellulose-2 00F-4457-P0-AX 00G-4457-P0-AX 00G-4457-U0-AX 00G-4457-V0-AX AJ0-8400 AJ0-8401

Cellulose-3 00F-4493-P0-AX 00G-4493-P0-AX 00G-4493-U0-AX 00G-4493-V0-AX AJ0-8624 AJ0-8625

Cellulose-4 00F-4491-P0-AX 00G-4491-P0-AX 00G-4491-U0-AX 00G-4491-V0-AX AJ0-8629 AJ0-8630

Amylose-2 00F-4472-P0-AX     00G-4472-P0-AX     00G-4472-U0-AX     00G-4472-V0-AX    AJ0-8473 AJ0-8474

for ID: 18–29 mm 30–49 mm

For analytical and semi-prep sizes and pricing, please contact us.
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Luxembourg
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+31 (0)30-2383749� 
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Mexico
(55) 5018 3791 
(310) 328-7768� 
tecnicomx@phenomenex.com
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The Netherlands
030-2418700� 
030-2383749� 
nlinfo@phenomenex.com
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New Zealand
09-4780951 
09-4780952 
�nzinfo@phenomenex.com
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Norway
�81 00 20 05 
�+45 4810 6265 
�nordicinfo@phenomenex.com

t: 
f: 

Puerto Rico
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�(310) 328-7768 
�info@phenomenex.com
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United Kingdom
�01625-501367 
�01625-501796 
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All other countries: 
Corporate Office USA    
(310) 212-0555 
(310) 328-7768 
�info@phenomenex.com

www.phenomenex.com
Phenomenex products are available worldwide. �For the distributor in your country,  
contact Phenomenex �USA, International Department at international@phenomenex.com

If Axia™ packed columns do not provide LONGER LIFETIME when 
used with SecurityGuard PREP, as compared to a competing 
column of the same particle size, phase and dimensions, send in 
your comparative data and the column within 45 days for a FULL 
REFUND.


