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Every large pharmaceutical organi-
zation includes groups that support
the activities of medicinal or

synthetic chemists. Among these support
groups will typically be a chromatog-
raphy laboratory. Such a lab generally
is staffed by specialists who work close-
ly with medicinal chemists in an
attempt to reduce the time needed to
bring a new entity from the test tube
to something called drug candidate
status. Note that medicinal chemists
are perfectly capable of purifying their
own mixtures and that some organi-
zations still allow them to do so (or
even insist on it).

Chromatographers earn their keep
by assembling in one area the special-
ized and automated equipment that,
either because of scale or technique, would
only occasionally be used by any one
medicinal chemistry laboratory. The acqui-
sition, maintenance, and operation of
modern chromatography science in all its
hyphenated variations are capital-intensive
activities. Scientists dedicated to these activ-
ities can efficiently keep up with the liter-
ature, attend appropriate conferences,
and test and recommend equipment
purchases that will keep the specialized
laboratory at the cutting edge of new devel-
opments. These scientists will know the
needs of their medicinal chemistry clients.

A modern chromatography laboratory
will include extensive collections of station-
ary phases, especially chiral stationary phas-
es (CSPs), as well as instruments that
would be too expensive to duplicate in
more than one location. This laboratory
will develop separations for medicinal
chemistry activities that can be turned over
to another laboratory for routine work, be
routinely done on an automated basis in
the chromatography service laboratory, or
scaled up to provide anywhere from

milligrams to hundreds of grams of pure
compounds in a short time.

For most chromatography laboratories,
the term “chromatography” means liquid

chromatography (LC) and, often, only
reversed-phase liquid chromatography.
Chromatography laboratories engaged in
the resolution of mirror-image racemate
compounds also include normal-phase
chromatography under that umbrella
term. This article discusses the rationale
for including supercritical-fluid chro-
matography (SFC) as a routine tool in
every chromatography laboratory.

The “Dry Ice” Story
First, a word about supercritical carbon
dioxide: Carbon dioxide is, of course, a gas
at standard temperature and pressure (STP),
but it is also a familiar solid as dry ice and
can be purchased as a liquid in cylinders
under moderate pressure. It is inexpensive
and is obtainable as a byproduct from large-
scale processes that use limestone or fermen-
tation. At pressures above 100 bar (1500
psi) and temperatures above 30 °C, carbon
dioxide exists as a supercritical fluid, as
shown in Figure 1. Note that above the crit-
ical point, the densities of both gas and liquid
become identical and any distinctions

between the two physical states disappear.
The properties of a fluid in this region can
be very useful in chromatography. 

Supercritical carbon dioxide is a fluid
with a polarity comparable to that of
n-heptane. However, the polarity of
supercritical carbon dioxide can be
modulated with pressure, thereby
allowing solvent properties to, in effect,
be tuned to the needs of a particular
separation. Increasing the pressure
increases the dissolving power of the
fluid, a property long used to advan-
tage in supercritical-fluid extraction
processes. The viscosity of liquid carbon
dioxide is quite low, allowing high flow
rates with low back pressures in chro-
matographic columns. One can remove
the carbon dioxide by simply reducing

the pressure, as at the effluent end of a chro-
matography column. Compared with the
organic solvents commonly used in HPLC,
carbon dioxide is inexpensive, is easy to
remove from collected samples, generates
no disposal costs, and has a low toxicity.

All chromatography laboratories face
similar demands to better meet organiza-
tional goals. The demands include (1) a
reduction in turnaround time (the time
that elapses from sample submission to the
return of an analytical report or pure
sample), (2) reduction in capital costs
(equipment purchases), (3) reduction in
organic solvent consumption and con-
comitant waste disposal, (4) increased
productivity using existing staffing levels,
(5) increased safety, and (6) improved
utilization of space.

The replacement of LC methods by
SFC methods can be a significant step in
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Figure 1. Phase diagram of carbon dioxide showing super-
critical region where gas and liquid properties coalesce.
(Courtesy of Thar Technologies.)



48 TODAY’S CHEMIST AT WORK OCTOBER 2004 www.tcawonline.org

TECHNOLOGY & TOOLS

the resolution of all these
issues. The adoption of SFC
methods will not by itself lead
to a utopian chromatography
laboratory, but it will be an
advance toward that goal.

For example, activities
loosely called “methods devel-
opment” occupy a substantial
portion of the workday of
chromatography laboratory
personnel. This author has
extensive experience with LC
methods development with
CSPs. These phases typically
are used in the isocratic mode
after an equilibration period
with the mobile phase. In addition, an
empirical approach is usually the most prac-
tical method to determine a set of parame-
ters that will effect a satisfactory analysis.
That is, one usually hasn’t a clue about
what will work for a particular sample.

A general approach might be to start
with a CSP and mobile phase that worked
with a structurally related compound seen
in the past. Or one might select a likely
CSP and ensure elution of the new analyte
by choosing a very polar mobile phase and
then reducing its polarity until a reason-
able retention time is obtained. Either
approach could entail several attempts
with a number of mobile-phase compo-
sitions before a satisfactory result is
achieved. This process can be facilitated
with an investment in instruments using
column and mobile-phase switching capa-
bility and software that allow unattended
24/7 operation. An efficient laboratory
will find a satisfactory solution for most
racemates after as few as six CSPs are
tested (and after a suitable mobile phase
is found). Each laboratory will have its
own favorite CSPs and mobile phases.

The use of SFC in place of LC for
chiral methods development obviates the
need for an equilibration step. As a first
try, one could run a gradient from a very
low organic composition to a high organ-
ic composition at a relatively high flow
rate for a short run time (all compared
with LC). If the result is promising, one
can either repeat the gradient or start a
new one as fast as the system can be pres-
surized with the desired starting compo-
sition. If there is failure to see at least the
start of resolution, one switches to the next
CSP and repeats the gradient.

Two phenomena suggest that SFC is
better than LC for methods development
on CSPs. First, in using SFC, one can
observe retention and resolution of very
lipophilic racemates that are retained poor-
ly or not at all on the same CSPs in the
LC mode. Second, many more theoreti-
cal plates are often generated on a given
CSP in the SFC mode than in the LC
mode. One can obtain useful separations
in the LC mode with as few as 1000 theo-
retical plates on a 0.46 × 25 cm chiral-
phase column. Our lab has observed as
many as 40,000 plates on a column of
those dimensions. Both of these phenom-
ena may ensue from the low viscosity of
supercritical carbon dioxide. Since more
theoretical plates can be observed in the
SFC mode than in the LC mode, one
can obtain more separations on any one
CSP, and a smaller investment in exotic
CSPs may be required to resolve the odd
samples that cannot be separated with a
basic set of CSPs routinely used by any
given laboratory as first-attempt CSPs.
Figure 2 shows a typical chiral separation
carried out in less than 4 min. 

Solvent Savings
Moreover, organic solvent use is elimi-
nated. An array of 5 LC instruments
pumping mobile phase at only 1 mL/min
for an average of 12 h/day, 5 days/week,
will consume 18 L of organic solvents per
week. In addition, one must add the cost
of disposal to the purchase price of these
solvents. Preparative chromatography on
5-cm-i.d. columns can use flow rates of
100 mL/min, or more than 140 L/day.
While one can recycle much of this mobile
phase, such recycling requires an invest-

ment in large rotary evapo-
rators, wiped-film evapora-
tors, and, most importantly,
operator time. One must also
deal with safety issues result-
ing from the storage of large
amounts of recycled mobile
phases for future use.

By replacing an LC
method with an SFC method
that uses a mobile phase of
20% organic solvent in liquid
carbon dioxide, one can
reduce the consumption of
organic solvent, the need to
recycle it, the disposal cost, and
the time and equipment for

removal of mobile phase by 80%. The safe-
ty of laboratory personnel is also enhanced,
since they are exposed to reduced amounts
of toxic and flammable organic solvents.

When used with CSPs, SFC methods
typically employ higher flow rates and
yield more theoretical plates (better sepa-
rations) than those used with the LC
mode. This can reduce the time required
for an analysis and for a preparative
campaign. For the latter, turnaround time
is dramatically reduced since the need for
mobile-phase removal is much reduced.
In short, laboratory staff should be able to
produce more analytical and preparative
results in a given time.

Finally, an SFC instrument can also be
used in the LC mode (100% organic
modifier state). This can be an important
consideration for capital budgeting and
space allocation. Why buy two instru-
ments when only one will be used at any
given time? The same software and hard-
ware are used for both, so operators need
not be trained on an extra set of each.

In sum, the use of supercritical-fluid
carbon dioxide in chromatography can
reduce both purchase and solvent disposal
costs; eliminate the need to remove mobile-
phase materials from final products and,
thus, prevent possible thermal damage to
the separated product; and reduce overall
analysis time. Using SFC can help a labo-
ratory eliminate the need for a number of
exotic stationary phases. Finally, it must be
noted that using carbon dioxide as a solvent
improves laboratory safety because toxic or
flammable solvents can be eliminated.

Lester Dolak spent his 35-year career working for Upjohn
and Pharmacia. He is now a consultant working in Kalama-
zoo, MI. ◆

Figure 2. SFC chromatogram showing separation of racemic components of trans-
stilbene oxide enantiomers in under 4 min. (Courtesy of Thar Technologies.)
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