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Preface

Over the last 15 years, there has been renewed interest in supercritical
fluids owing to their unique properties and relatively low environmental
impact. Greatest attention has been given to the extraction and separation of
organic compounds. Supercritical fluids have also been successfully used for
particle production, as reaction media, and for the destruction of toxic waste.
Supercritical carbon dioxide has been the most widely used supercritical fluid,
mainly because it is cheap, relatively nontoxic, and has convenient critical
values. Supercritical fluids have also been used on analytical and preparative
scales for many biological and other applications.

Many papers have been published on the use of supercritical fluids.
However, few have acted as a detailed instruction manual for those wanting to
use the techniques for the first time. We anticipate that this Methods in
Biotechnology volume, Supercritical Fluid Methods and Protocols will sat-
isfy the need for such a book.

Every chapter has been written by experienced workers and should, if
closely followed, enable workers with some or no previous experience of
supercritical fluids to conduct experiments successfully at the first attempt.
The Introduction to each chapter gives the reader all the necessary background
information. The Materials and Methods sections describe, in detail, the
apparatus and steps needed to complete the protocol quickly, with a minimum
of fuss. The Notes section, an acclaimed feature of the Methods in Biotech-
nology series, gives additional information not normally seen in published
papers that enable the procedures to be conducted easily. Some of the chap-
ters describe how the procedures can be modified for application to new situ-
ations. The first chapter is not a detailed procedure, but a theoretical, general
introduction to the area of supercritical fluids intended to instruct novices in
this branch of technology.

it is envisaged that Supercritical Fluid Methods and Protocols will be
useful to both student and experienced research workers in biology and
related areas. Our hope is that the experience gained when using these tech-
niques will give these workers the confidence to explore new applications for
supercritical fluids.



vi Preface

One can envisage a time in the future when the use of sub- and supercritical
carbon dioxide and water becomes very important in laboratory work, with
organic solvent use considerably reduced.

Finally, we would like to thank Professor John Walker for allowing us to
edit this volume and for his cooperation during the compiling of this book.
We would also like to acknowledge Professor E. D. Morgan of Keele Univer-
sity, UK for passing this opportunity on to us. We thank Thomas Lanigan and
his colleagues at Humana for their help in seeing our book through press.

John R. Williams
Anthony A. Clifford
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1

Introduction to Supercritical Fluids
and Their Applications

Anthony A. Clifford and John R. Williams

1. Pure Substances as Supercritical Fluids

Cagniard de la Tour showed in 1822 that there is a critical temperature
above which a single substance can only exist as a fluid and not as either a
liquid or gas. He heated substances, present as both liquid and vapor, in a sealed
cannon, which he rocked back and forth and discovered that, at a certain tem-
perature. the splashing ceased. Later, he constructed a glass apparatus in which
the phenomenon could be more directly observed. These phenomena can be put
into context by reference to Fig. 1, which is a phase diagram of a single sub-
stance. The diagram is schematic, the pressure axis is nonlinear, and the solid
phase at high temperatures occurs at very high pressures. Further solid phases and
also liquid crystal phases can also occur on a phase diagram. The areas where
the substance exists as a single solid, liquid, or gas phase are labeled, as is
the triple point where the three phases coexist. The curves represent coexistence
between two of the phases. If we move upward along the gas—liquid coexist-
ence curve, which is a plot of vapor pressure vs temperature, both temperature
and pressure increase. The liquid becomes less dense because of thermal expan-
sion, and the gas becomes more dense as the pressure rises. At the critical
point, the densities of the two phases become identical, the distinction between
the gas and the liquid disappears, and the curve comes to an end at the critical
point. The substance is now described as a fluid. The critical point has pressure
and temperature co-ordinates on the phase diagram, which are referred to as
the critical temperature, T, and the critical pressure, p., and which have par-
ticular values for particular substances, as shown by example in Table 1 (1).

In recent years, fluids have been exploited above their critical temperatures
and pressures, and the term supercritical fluids has been used to describe these

From: Methods in Biotechnology, Vol. 13: Supercritical Fluid Methods and Protocols
Edited by: J. R. Williams and A. A. Clifford © Humana Press Inc., Totowa, NJ
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Fig. 1. The phase diagram of a single substance.

media. The greatest advantages of supercritical fluids are realized when they
are used not too far above (say within 100 K of) their critical temperatures.
Nitrogen gas in a cylinder is a fluid, but is not usually considered as a
supercritical fluid, but more often described by an older term as a permanent
gas. The region for supercritical fluids is the hatched area in Fig. 1. It has been
shown to include a region a little below the critical pressure. as processes at
these conditions are sometimes included in discussions as “supercritical.”
Lower pressures are important in practice also because these conditions are
relevant to separation stages in supercritical processes. There are no phase
boundaries below and to the left of the supercritical region in Fig. 1, and behav-
ior does not change dramatically on moving out of the hatched area in these
directions. The liquid region to the left of the supercritical region has many of
the characteristics of supercritical fluids and is exploited in a similar way. For
this reason some people prefer the term near-critical fluids and the adjective
subcritical is also used. The term supercritical fluid has. however, gained cur-
rency: is convenient and not problematic provided the definition is not too
rigid. Supercritical fluids exhibit important characteristics, such as compress-
ibility, homogeneity, and a continuous change from gaslike to liquidlike prop-



Introduction to SCF 3

Table 1
Substances Useful as Supercritical Fluids
Critical Critical

Temperature, Pressure,
Substance T.(K) p. (bar)
Carbon dioxide 304 74
Water 647 221
Ethane 305 49
Ethene 282 50
Propane 370 43
Xenon 290 58
Ammonia 406 114
Nitrous oxide 310 72
Fluoroform 299 49

Parameters from Reid et al. (1).

erties. These properties are characteristic of conditions inside the hatched area
in Fig. 1 and, to different degrees, in the area around it.

Table 1 shows the critical parameters of some of the important compounds
useful as supercritical fluids. One compound, carbon dioxide, has so far been
the most widely used because of its convenient critical temperature, cheap-
ness, chemical stability, nonflammability, stability in radioactive applications,
and nontoxicity. Large amounts of carbon dioxide released accidentally could
constitute a working hazard, given its tendency to blanket the ground, but haz-
ard detectors are available. It is an environmentally friendly substitute for organic
solvents. The carbon dioxide is obtained in large quantities as a by-product of
fermentation, combustion, and ammonia synthesis and would be released into
the atmosphere sooner rather than later, if it were not used as a supercritical
fluid. Its polar character as a solvent is intermediate between a truly nonpolar
solvent. such as hexane, and weakly polar solvents. Because the molecule is
nonpolar, it is often classified as a nonpolar solvent, but it has some limited
affinity with polar solutes because of its large molecular quadrupole. To improve
its affinity with polar molecules further, carbon dioxide is sometimes modified
with polar entrainers (see Subheading 3.). However, pure carbon dioxide can
be used for many organic solute molecules even if they have some polar char-
acter. It has a particular affinity for fluorinated compounds and is useful for
working with fluorinated metal complexes and fluoropolymers.

Carbon dioxide is not such a good solvent for hydrocarbon polymers and
other hydrocarbons of high molar mass. Ethane, ethene, and propane become
alternatives for these compounds, although they have the disadvantages of



