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Figure 2. Separation of polythymidine mixture: (1) solvent, (2) d(pT),, (3) d(pT)3, (4)
d(pT)4 , (5) d(pT) 6, (6) d(pT)ia (7) d(pT)iz-d(pT)is, (8) d(pT)1 2, (9) d(pT)14 , (10)
d(pT)i,, (11) d(pT)16, (12) d(pT)i,, (13) d(pT)ri. 0.3 mM Cu(II) added to the buffer.
Buffer: 7 M urea, 5 mM Tris, 5 mM Na2HPO, pH 7, capillary 650 mm X 0.05 mm i.d.
Column length 450 mm.
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Figure 3. High performance capillary SDS-PAGE separation of
myoglobin and several of its fragments. Conditions: 400 V/cm,
34 AA, 25 'C, migration distance 20 cm; fused-silica capillaries;
75 Am ID, T-12.5%, c=3.3%. Buffer: 0.1 M Tris-HPO0
(pH=6.9), 0.1% SDS, 8 M urea.

Supercritical fluid chromatography (SEC) is fast
becoming the method of choice for many separa-
tions involving nonvolatile, reactive, and thermally
labile compounds. In particular, supercritical car-
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bon dioxide has found wide applicability as the mo-
bile phase in SFC because of its low critical para-
meters, mild chemical properties, and excellent
compatibility with a variety of detection systems.
Supercritical fluids have lower densities and,
hence, yield higher chromatographic efficiencies
for equal analysis times when compared to liquids,
and they possess solvating power to modify reten-
tion instead of relying on temperature for this pur-
pose such as in gas chromatography.

Most SFC work in the past has been more quali-
tative in nature than quantitative. This is a result of
the newness of the technique and efforts to explore
the full range of its applicability. As the technique
has become an established member of the analytical
arsenal, more emphasis on quantitative aspects has
arisen.

The most important contributing factors to the
use of SFC in trace analysis are (a) sample intro-
duction, (b) column inertness and resolving power,
and (c) detector sensitivity. Packed columns have
traditionally been preferred for trace analysis in
chromatography because larger sample volumes
could be injected onto such columns, thereby
providing greater target analyte amounts for detec-
tion. However, these high surface area packings of-
ten exhibit some adsorption and/or catalytic
decomposition of sensitive compounds, leading to
lower sensitivities and reproducibilities. Further-
more, the carrier fluid flow rates are often too
large to introduce directly into the desired detec-
tors, and splitting of the column effluent is re-
quired. This again reduces the sensitivity. A
compromise is achieved by using microbore
columns packed with low surface area, highly de-
activated microparticulate packings.

Capillary columns have the advantages that
chromatographic peaks are narrower, the columns
can be made more inert, and direct coupling, with-
out splitting, to detectors is usually straightfor-
ward. Using the new dehydrocondensation
deactivation reagents to mask surface silanol
groups during column manufacture, polar com-
pounds can be chromatographed using supercriti-
cal carbon dioxide with little or no reversible and
irreversible adsorption at the subnanogram level.
With such columns, underivatized carboxylic acids
[2], steriods [3], polar pharmaceuticals [3], and drug
metabolites have been successfully analyzed.

Polysiloxane stationary phases containing care-
fully designed organic pendant groups have broad-
ened the scope of selectivity in capillary SFC. The
incorporation of n-octyl, biphenyl, cyano, and liq-

uid crystalline groups onto the polysiloxane back-
bone has increased the variety of selective station-
ary phases [4]. The biphenyl group has a very
strong dipole induced-dipole character, while
cyano groups are moderately polar as well as
strongly polarizable. Geometric orientation is the
interactive force that is characteristic of the liquid
crystal groups. These useful interactive forces have
demonstrated that the selection of stationary
phases for use in SFC has a great influence on the
separation of critical solutes.

The extremely low mobile phase flow rates (sev-
eral microliters per minute) encountered in capil-
lary SFC have encouraged the evaluation of a
variety of detection systems for this technique. Par-
ticularly noteworthy is the relative ease experi-
enced in adapting the flame ionization detector
(FID), which is by far the most popular detector in
gas chromatography, to capillary SFC. The main
obstacle that had to be overcome was the decom-
pression of the supercritical fluid at the column
outlet through a carefully designed flow restrictor.
The only apparent limitation is the required use of
inorganic mobile phases that do not give responses
in the detector.

Other flame-based detectors, thermionic [5] and
flame photometric [6], which are also common to
GC, can be used in capillary SFC. The only major
limitation is the limited choice of mobile phases.
Even CO2 gives a weak response at the sulfur
wavelength in the flame photometric detector and
reduces the detector sensitivity by one order of
magnitude. With nitrogen-selective thermionic de-
tection, picogram detection limits can be obtained
[5].

The optical detectors common to LC, i.e., uv-ab-
sorbance [7] and fluorescence [8], do not suffer
from the problems of flow restriction (the restric-
tor is placed after the detector) common to the
flame-based detectors. However, the small detector
cell volumes necessary for the small diameter
(<100 pim) capillary columns lead to reduced sen-
sitivities. Novel detector cell designs incorporating
focusing optics and optical fibers have greatly
eliminated these problems, and very sensitive de-
tectors are available. Again, picogram detection
limits can be obtained for favorable compounds us-
ing a fiber-optic based fluorescence detector [7].

The greatest challenge in coupling SFC to detec-
tion systems is the successful interfacing to infor-
mation-rich spectroscopic instruments such as mass
spectrometers and infrared spectrophotometers. In
the case of mass spectrometry, decompression into
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a vacuum must occur before fragmentation. Re-
cently, detection limits of low picograms in the full
scan mode, and low femtograms in the selected-ion
mode, were obtained using a coupled SFC-high
resolution mass spectrometer system [9].

Sample introduction is the most difficult aspect
of trace analysis in SFC. The sampling modes most
widely used require splitting of a set volume deliv-
ered from a high pressure sample loop. This re-
quires rather highly concentrated samples.
Recently, solute focusing methods utilizing a reten-
tion gap, analogous to such methods used in capil-
lary gas chromatography, have been applied in
capillary SFC [10]. Proper manipulation of pres-
sure and temperature is essential to achieving good
chromatographic performance upon injection of
large sample volumes. With I-AL injection vol-
umes, sub-ppm concentrations can be detected us-
ing an FID, and much greater detection limits can
be achieved using more selective detectors.
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From its humble beginnings in 1975 [11, ion chro-
matography has grown and expanded its scope to
the extent that the term ion chromatography may
no longer adequately describe the technique. As
initially conceived, ion chromatography was con-
figured with an ion exchange separation, followed
by an ion suppression system to permit electrolytic
conductivity detection of the analyte without over-
whelming background from the eluent. This
patented configuration found its best application in
the determination of anions at trace (1-100 Ag/mL)
levels, an area long in want of a fast, accurate and
reliable method. Some cations, specifically the al-
kali and alkaline earth metals, were also deter-
minable in the early days, but it was the capability
to determine anions that drove the technique's pop-
ularity.

Soon, variations to the original concept were in-
troduced, notably suppressorless or single column
ion chromatography [2], and new types of detec-
tors for ion chromatography. Amperometric and
uv/visible spectrometric detectors have gained
wide acceptance, especially in the determination of
metals. Considerable effort was put into resin re-
search to improve the sensitivity and resolution of
the technique and to extend its capabilities to more
ionic species. In some cases, ion exchange was no
longer the dominant retention mechanism for the
separation of various species. Hence, the term ion
chromatography now is used to categorize any
sell-contained procedure based on chromato-
graphic separation of ions followed by detection
and quantification.

1o typify the advances made in ion chromatog-
raphy by noting recent work in the field at NBS,
the detection limits for anion ion chromatography
have dipped below I ng/mL for species such as
sulfide and cyanide with amperometric detection,
without preconcentration [3,4].

In other work, a method has recently been de-
veloped to determine alkali and alkaline earths in
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