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Before the late 1970s, large-scale
preparative organic purifications
relied predominantly on long-

column chromatography in which samples
were loaded at the top of the column and
proceeded to separate through the resin
under the force of gravity.
“Although the results are some-
times satisfactory,” wrote Clark
Still in his seminal paper (1),
“the technique is always time
consuming and frequently gives
poor recovery due to band tail-
ing.” To address this problem,
Still and his colleagues
combined the advantages of
medium-pressure and short-
column chromatography to
develop a system that was capa-
ble of separating milligram to
gram quantities of samples in
a matter of minutes.

Although some modifications
have been introduced over the
intervening years, the flash chro-
matography setup has remained
largely unchanged since Still’s
early experiments. The system
is composed of a short glass
(or plastic) column that is filled with a sili-
ca- or alumina-based resin (Figure 1).
Because the resin particles are typically
much smaller than those used in gravity
separations, sample and eluent can be
drawn through the column by either pres-
surized gas from above or a vacuum from
below.

Although the single-run glass-column
approach is still quite popular, one should
not walk away with the perception that
flash chromatography is merely a low-tech-
nology low-throughput separation method.
Because organic synthesis has become auto-
mated and parallelized, by necessity, so has
flash chromatography. Several purification
systems, such as the Quad3 System from

Biotage, Inc., or the FlashMaster II from
Argonaut Technologies, are now available
where several disposable cartridges can be
run in parallel and exchanged rapidly to
facilitate medium, if not high, sample
throughput. Alternatively, using a system

such as the CombiFlash System Sq16X
from Isco, Inc., it is possible to run sever-
al samples sequentially on a single column
in a fully automated manner.

Resin d’etre
In many respects, the resins used in flash
chromatography are not all that different
from those used in other forms of LC.
Recently, however, researchers have been
working to bring some very interesting
chemistry to the field. For example, Shah-
naz Ghassemi, senior research scientist at
Biotage, Inc., recently described a new tech-
nique for the parallel synthesis and purifi-
cation of esters using a phenylsulfonyl chlo-
ride silica resin (2). The ester synthesis

reaction occurs in a reaction cartridge, which
is subsequently placed into the flash chro-
matography cartridge for purification. By
performing all of the steps on-column, Ghas-
semi completed the synthesis and purifica-
tion in 45 min instead of the typical 3 h.

Similarly, Biotage researchers
have been working with scien-
tists at Fluorous Technologies,
Inc., to create a fluorinated sili-
ca resin that can be used to
rapidly separate fluorous com-
pounds from organic reagents
and each other. Because of their
peculiar phase-shifting charac-
teristics—fluorous compounds
transition from solid to liquid
under different conditions than
their unfluoridated homo-
logues—fluorous chemistry and
derivitization have become
increasingly popular tools in
parallel synthesis and combi-
natorial scavenging. Thus,
according to Philip Yeske, COO
of Fluorous Technologies (3),
“The combination [of fluorous
chemistry and flash chro-
matography] is a natural fit and

one that provides chemists a revolution-
ary new way to rapidly and efficiently
perform synthesis and purification of new
compounds.”

Purification Partnership
In some situations, however, the resolv-
ing power of flash chromatography is
insufficient to provide the purity levels
needed for further experimentation. In
such cases, the method becomes just the
first (or an early) step in preparing a sample
for final analysis.

Done in a Flash
A quiet workhorse of the synthesis lab, flash
chromatography continues to make strides.
Randall C. Willis
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Figure 1. Low-Tech, High-Tech. Flash chromatography systems run the
gamut from glass funnels on Erlenmeyer flasks (left) to multichannel automat-
ed systems. (Illustration adapted with permission from Ref. 5; image courtesy
of Biotage, Inc.)
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For example, Lu Zeng and colleagues
at the biopharmaceutical company Sequoia
Sciences, Inc., used flash chromatography
in conjunction with preparative HPLC
and LC-MS-ELSD in the development
of a natural product library from plant
samples harvested from Gabon in Africa
and Missouri (4). In this case, the
researchers used both silica and C18 flash
systems to isolate polar and nonpolar frac-
tions from the plant extracts for further
characterization by HPLC. This step
also helped the overall fractionation process
by removing various pigments, high-
molecular-weight tannins, and polysac-
charides from the druglike compounds
that the researchers were seeking.

Bulk Detection
In many experiments, the sample compo-
nents are actually visible as they pass
through the column, allowing researchers
to collect only the most appropriate
aliquots. With uncolored analytes, howev-
er, other tracking methods have to be used.
Still’s classic approach involves the collec-
tion of numerous fractions followed by
analysis by thin-layer chromatography
(TLC).

For example, Peter Collins and col-
leagues at the National Research Council
of Canada used flash chromatography in
conjunction with TLC and flame ioniza-
tion detection (FID) in their characteri-
zation of compounds found in bitumen,
which is used in road and building
construction (5). Bitumen is a complex
mixture of nonpolar saturated hydrocar-
bons and polar polynuclear aromatics, and
as such its composition is described as
the weight percents of saturates (S), aromat-
ics (A), resins (R), and asphaltenes (As),
or SARAs. The researchers extracted the
bitumen in n-heptane and loaded the solu-
ble fraction onto silica or alumina columns,
eluting sequentially with heptane, toluene,
and tetrahydrofuran (THF). They then
analyzed the fractions using TLC-FID,
and found that the heptane fraction was
largely comprised of saturates (99% puri-
ty), while the toluene eluate was predom-
inantly aromatics (83% purity), and the
THF fraction was largely resins (97% puri-
ty). Thus, the researchers stated that their
method was more economical, greener
(it required only 25% of the solvent),
and more rapid than standard LC.

Alternatively, the collected fractions can

be analyzed by methods such as MS. For
example, Gary Takeoka and colleagues at
the Western Regional Research Center of
the U.S. Department of Agriculture used
flash chromatography in conjunction with
HPLC-MS and capillary GC in their analy-
sis and identification of potentially thera-
peutic triterpenoid compounds from
almond hulls (6 ). 

The researchers used silica-based flash
chromatography to prepare a methylated
extract of almond hulls for further char-
acterization by HPLC-MS and capillary
GC, using a pentane/diethyl ether gradi-
ent to elute the various analytes. One partic-
ular fraction included three peaks that were
later shown to be methyl derivatives of
three triterpenoids, each of which had
known therapeutic effects. “The three triter-
penoids together comprised 1% of the
hulls,” wrote the researchers, “thus reveal-
ing almond hulls as a rich source of these
promising anti-inflammatory, anti-HIV,
and anticancer agents.”

Constant Monitoring
The isolation, analysis, and detection of
appropriate samples require the collection
of numerous fractions. A better scenario
would be to identify sample-laden frac-
tions as they move through or elute from
the column.

With such a situation in mind, Sarah
Westerbuhr and Kathy Rowlen, researchers
at the University of Colorado, Boulder,
took advantage of the fact that both sili-
ca and alumina packing gels are able to
refract light (7 ). Using this fact, they could
therefore monitor the passage of analytes

through the column by watching for
changes in the column’s refractive index.
If the refractive index of an analyte is signif-
icantly different from that of the packing
material, a light beam that passes through
the column will be diffusely scattered. By
selectively positioning their adjustable
instrument along the length of the column,
the researchers could monitor a variety of
factors about the column, including sepa-
ration efficiency, capacity, solute migra-
tion, and viscous drag.

Alternatively, flash chromatography
systems are available that offer multichannel
variable-wavelength UV detection, much
like their other LC cousins. UV absorbance
becomes critical when a researcher is look-
ing to collect only the fractions of inter-
est, and by setting threshold limits, he or
she can adjust the collection to maximize
peak purity. For example, researchers at
Isco recently used detection at 254 nm to
indicate the ability of one of their columns
to separate three lipid forms—nonpolar
lipids, glycolipids, and phospholipids—
from a mixture using an elution gradient
of hexane and ethyl acetate (8). Within
20 min, the researchers achieved baseline
resolution separation of the three lipids.

The Bottom Line
Although it has not received nearly as much
press as its high-pressure cousin HPLC,
flash chromatography remains a depend-
able and convenient method for the rapid
separation of compounds ranging from
organic reactants to biological components
to synthetic peptides. And as the support-
ing chemistries continue to expand through
the efforts of academic and corporate
researchers, its place in the research and
production labs is likely to become firmer.
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Company Website

Argonaut Technologies www.argotech.com
Biotage www.biotage.com
EMD Chemicals www.emdchemicals.com
Isco www.isco.com
Macherey-Nagel www.macherey-nagel.

com
Mallinckrodt Chemicals www.mallchem.com
Merck Biosciences www.merckbiosciences.

com
Sigma-Aldrich www.sigma-aldrich.com
Varian www.varianinc.com

(For more extensive listings, visit www.labguideonline.com.) 

Table 1. Some Suppliers 
of Flash Chromatography 
Equipment and Reagents


