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SUMMARY 

Supercritical fluid chromatography (SFC) has undergone much development 
in the past 5 years. Important to this progress is the introduction of capillary SFC 
and improved detection capabilities connected with the use of small-bore columns. 
However, a better understanding of the possibilities of SFC, compared with other 
chromatographic techniques, is still desirable. This paper gives a realistic view of the 
present possibilities by discussing three limitations of SFC. 

The first aspect is solubility, particularly of polar solutes, in various fluids. A 
short overview, with some examples, is given of the properties of common mobile 
phases and the implications of the addition of modifiers. The second aspect is con- 
nected with the currently available instrumentation. The properties of the major 
pumping systems and the most common restrictors are briefly evaluated, in conjunc- 
tion with the mobile phase and the size of the column. The third limitation is con- 
cerned with injection on to capillary columns, which requires relatively concentrated 
sample solutions. In order not to overload the columns, split injection is usually 
applied. Different ways of obtaining splitless injection in SFC are discussed, and a 
few results from preliminary studies are presented. 

INTRODUCTION 

It is generally acknowledged that supercritical fluids are attractive as mobile 
phases in chromatography owing to their low viscosity and a high diffusivity relative 
to liquids. Varying the density is the main way of controlling retention in supercritical 
fluid chromatography (SFC), analogous to varying the temperature in gas chro- 
matography (GC). Additional means of controlling retention in SFC include varying 
the temperature or the mobile phase composition. Based on the diffusion coeffi- 
cients, it is easy to show that the highest efficiency per unit time is obtained by GC, 
followed by SFC and high-performance liquid chromatography (HPLC)l . However, 
this comparison requires similar columns, either packed or open capillaries. As the 
state of the art today includes open capillaries in SFC and packed columns in HPLC, 
the relevance of such comparisons is arguable. Standard packed columns with 3-5 
pm particles will theoretically find their equivalence in open tubes with a diameter 
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of 8- 13 pm, or possibly slightly larger owing to the higher density drop over a packed 
column in SFCZ. As these diameters are currently out of range for practical SFC, 
the claims for high efficiency per unit time could well be moderated. In our opinion, 
the detection capabilities of SFC are much more important than efficiency per unit 
time, at least with open-tubular columns. 

Gouw and Jentoft3 estimated that gas chromatography could be used directly 
on 15% of all known compounds. Even assuming an expansion of the GC range by 
a factor of 2 by employing appropriate derivatization techniques, an estimated 60- 
80% of all compounds are in direct need of other methods, such as HPLC or SFC. 
The main deficiency of HPLC, in our opinion, is the absence of a simple, sensitive 
universal detector, like the flame ionization detector in GC. Not all chromatogra- 
phers agree with this view, emphasizing the need for selective detection more than 
universal detection. Selectivity is naturally more important when the analytical prob- 
lem is to determine low concentrations of one component in a complex sample, ir- 
respective of the remainder of the sample. However, in the characterization of crude 
oil and petroleum fractions, of other oils and waxes, in fingerprint analysis and in 
the industrial control of many raw materials and products, the need for a universal, 
mass-sensitive detector is obvious. Compared with HPLC, the advantage of SFC is 
the ability to use the universal flame ionization detector, in addition to some of the 
selective GC detectors, in addition to most HPLC detectors and mass spectrometers. 

The main limitation of SFC lies in the limited solubility of compounds with 
polar groups in fluids such as carbon dioxide. Another limitation has been the slow 
progress in the commercial availability of various instrument parts, and a third lim- 
itation is connected with injection on to capillary columns. In this paper we discuss 
some implications of these three limitations in view of the progress that has been 
made recently. 

INSTRUMENTS 

Instrument I 
One instrument contained an ISCO p-LC 500 syringe pump for fluid delivery. 

A cooling tube was coiled around the pump cylinder. Cold methanol at - 15°C was 
pumped through the tube during filling. Cooling is essential in order to be able to fill 
the pump cylinder with liquid carbon dioxide. Without cooling, a large part of the 
volume was filled with gas. The filling procedure, which takes 45 min, was performed 
at the end of each day in order to allow the cylinder to return to room temperature. 
This procedure resulted in fewer leaks and better pressure control than what was 
obtained with constant cooling of the cylinder. With new piston seals, the loss of 
fluid overnight from the cylinder was not measurable. After a few months of use the 
seals had to be replaced. 

The fluids were pumped through a purifier column (500 x 7 mm I.D.) filled 
with active carbon (Alfa Products, Danvers, MA, U.S.A.). The purifier was replaced 
after 20 kg of liquid carbon dioxide, or whenever another fluid was installed. Shut- 
off valves (SSI 02-0120; Scientific Systems, State College, PA, U.S.A.), mounted at 
the inlet and outlet of the pump and after the purifier column, allowed the remainder 
of the system to be held at the equilibrium pressure during pump filling, column 
replacement, tank replacement, etc. 
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the major part of the solvent is separated from the solutes at the inlet of the column, 
causing no interference with a solute band concentration at the column inlet. In our 
opinion, the best ‘way to achieve this is to use a pre-column with a low k’ value 
compared with the main column. Owing to the limited availability of columns with 
various films, the combination of a narrow thin-film pre-column with a thicker film 
main column has not yet been studied. However, even an uncoated pre-column had 
a considerable effect on the separation of solvent and solute (Fig. 12). The results 
from other splitless arrangements, including pre-column solvent venting, will be pre- 
sented in a later publication. 
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