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Nomenclature for supercritical chromatography
and extraction

(IUPAC Recommendations 1993)

Abstract: The report present definitions for the terms and symbols used when
supercritical fluids are employed as the liquid phase in chromatography and allied
areas including sample extraction. The terms supplement those in the general
Nomenclature for Chromatography and includes additional more specific terms.

INTRODUCTION

Following the General Assembly Meeting in 1989 the Limited Life Time Commission for
Chromatography and Other Analytical Separations took over the work on the nomenclature for
chromatography that had previously been undertaken by the Commission for Analytical Nomenclature.
A major part of the work was the Nomenclature for Chromatography which had been developed over a
number of years by L. S. Ettre and has recently been published [1]. This work was comprehensive and
included all the major areas of chromatography. Specialist chapters covered the specific areas of size
exclusion chromatography and ion-exchange chromatography. However, it was clear that as further
new areas of separation science were developed specific terminologies of further additional terms and
definitions would be needed.

Over the last few years the use of a supercritical fluid as the mobile phase in chromatography has
become an accepted routine method. In the Nomenclature for Chromatography Ettre noted (1.4.04) “In
general, the terms and definitions used for gas or liquid chromatography are equally applicable to
supercritical-fluid chromatography”. However, supercritical fluid chromatography has also lead to the
use in the literature of a number of new terms whose meanings have been generally adopted by workers
in the field. These new terms are formalised in the present Supplement to the general nomenclature of
chromatography. Supercritical fluids have also been used for the extraction of samples and frequently
similar equipment and operating conditions have been employed and many of the terms are also appli-
cable in this field.

This nomenclature is designed to be used as a supplement to the principal nomenclature paper
and is written as Section 7 of that paper [1]. It therefore omits any terms which have already been
defined unless a new or additional definition has been necessary. The paper is also complementary to
the definitions and terms for supercritical fluid chromatography recently published by ASTM [2].
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Basic Definitions

Critical temperature (T_)
The maximum temperature at which a gas can be converted into a liquid by an increase in
pressure.

Critical pressure (p,)

The minimum pressure which would suffice to liquefy a substance at its critical temperature.
Above the critical pressure, increasing the temperature will not cause a fluid to vaporise to give
a two-phase system.

Critical point

The characteristic temperatuig)(and pressurep() above which a gas cannot be liquefied.
Supercritical fluid

The defined state of a compound, mixture or element above its critical preggsang Critical
temperatureT).

Reduced temperature (T,)
The ratio of the temperaturg)(in the system to the critical temperaturfe)

T=T/T,

Reduced pressure (p,)
The ratio of the pressure in the systgnt¢ the critical pressure ).

p.=p/p,
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The Mobile Phase
The mobile phase was defined previously in 1.1.06

Mobile-phase pressure

Outlet pressureo()

Defined as in 3.6.02.2. However, unlike gas and liquid chromatography the outlet pressure in
supercritical-fluid chromatography has to be maintained above ambient pressure by a flow
restrictor (7.3.1) or back-pressure regulator (7.3.2).

Pressure drop across the column (D p)
Defined as 3.6.02.3.

Mobile-phase volume flow rate
Defined as 3.6.04. In supercritical-fluid chromatography this is usually quoted as the rate of
delivery of the pumping system.

Mobile-phase mass flow rate

The rate of mass flow through the column. It is usually determined by measuring the gas-flow
rate (or liquid-flow rate) at ambient conditions after the mobile phase has been depressurised.
If liquid modifiers are present in the mobile phase, corrections will be needed.

Mobile-phase composition
The composition of the mobile-phase which is delivered to the column. This should be described
in such a way that it can be reproduced in different laboratories. It can be expressed on a mass,
volume, or mole fraction basis but in each case the temperature and pressure must also be
defined.

If the individual components are pumped separately, the relative delivery flow rates should
be defined.

Premixed eluents are often used and can be defined by their mass composition as recorded
by the manufacturer. However, the delivered composition may depend on the relative volatility
of the components and can change as a function of syringe pump volume and time.

Mobile-phase modifier
Modifiers are materials (usually organic compounds such as methanol or acetonitrile) added to
the supercritical fluid being used as the mobile phase to alter the elution properties.

Instrumentation

Most of the components of the instrumentation for supercritical-fluid chromatography are in
common with liquid and gas chromatography and are defined in Section 2.1 Apparatus for
Column Chromatography.

Flow restrictor
This is a device which restricts the flow of the mobile phase leaving the columns and is used to
maintain the pressure in the chromatographic column.

Capillary restrictor
This is a capillary tube which may be tapered or constricted and acts as a mass-flow controller.
The column pressure is controlled by adjusting the pump flow rate.
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Frit restrictor
A frit placed at the end of an open-tubular column to act as a flow restrictor. Sometimes referred
to as arintegral frit restrictor

Back-pressure regulator

This is a device which is placed after the column and is used to regulate the pressure in the
column by a pressure-adjustable diaphragm or controlled nozzle so that the same column-
outlet pressure is maintained irrespective of the mobile-phase pump flow rate.

Sample injector as defined in 2.1.02.
The most common form in supercritical-fluid chromatography isbiyass injector(see
2.1.02.2). In capillary supercritical-fluid chromatographinged injectoris often used.

Timed injector
This is a form otbypass injectoin which the rotation of the valve is timed so that only a
portion of the contents of the sample loop can pass to the column.

High-pressure flow cell
A flow-through cell (usually spectroscopic) designed for use at high pressures so that the
sample remains dissolved in the mobile phase during detection.

The Chromatographic Medium

Supercritical-fluid chromatographic separations are carried out using capillary columns or
packed columns similar to those used in gas or liquid chromatography (see section 3.1).
Stationary phases are usually chemically bonded to the support. Non-chemically bonded phases
are often unsuitable as the stationary phase may be soluble in the mobile phase.

Terms Related to the Chromatographic Process

Isobaric separation
Chromatographic separation carried out using constant inlet and outlet pressure conditions.

Isopycnic separation

Chromatographic separations carried out using constant density conditions. The temperature
and pressure may be altered during the run (originally theiserronfertic separationvas

used but this term is not recommended).

Programmed elution

A procedure is which the conditions of the separation are changed in a programmed manner.

Unlike gas or liquid chromatography both the pressure and temperature can be programmed.
The term Gradient elutiori should be restricted to changes in composition of the mobile

phase with time (see 1.6.04).

Density-programmed elution
A separation carried out using a pressure and/or temperature programme so that the density of
the mobile phase changes with time in a pre-determined manner during the separation.

Pressure-programmed elution
A separation carried out using a programmed increasing pressure with time.
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7.5.3.3 Pressure/temperature-programmed elution

7.6

7.6.1

7.6.2

7.6.3

7.7

7.7.1

7.7.2

7.7.3

A separation carried out using conditions where the pressure and temperature are programmed
simultaneously. The temperature may be programmed to increase or decrease.

Coupled-Systems

As well as discrete chromatographic detectors, supercritical-fluid chromatography has been
coupled to more complex detectors and to other separation techniques and the most widely
used are listed here.

Coupled supercritical-fluid chromatography-mass spectrometry (SFC-MS)
Separation system in which the column effluent from a supercritical-fluid chromatograph is
passed directly to the inlet chamber of a mass spectrometer.

Coupled supercritical-fluid chromatography-Fourier-transform infrared spectrometry
(SFC-FTIR)

Separation system in which the column effluent from a supercritical-fluid chromatograph is
passed directly through a Fourier-transform infrared spectrometer.

Coupled supercritical-fluid chromatography-gas chromatography (SFC-GC)
Separation system in which a fraction from the supercritical-fluid chromatograph effluent is
transferred directly to the inlet port or column of a gas chromatograph system.

Supercritical-Fluid Extraction

Superecritical-fluid extraction (SFE)

Extraction of a material using a supercritical fluid. The extracted material is usually recovered
by reducing the temperature or pressure of the extraction fluid and allowing the volatile
components of the mobile phase to evaporate. Instrumentally supercritical-fluid extraction can
use many of the components of a supercritical-fluid chromatographic system. It can used either
as an on-line sample introduction method for a chromatographic separation or as an off-line
sample preparation method.

Coupled supercritical-fluid extraction-supercritical-fluid chromatography (SFE-SFC)

System in which a sample is extracted with a supercritical-fluid which then places the extracted
material in the inlet port of a supercritical-fluid-chromatographic system. The extract is then
chromatographed directly using a supercritical fluid.

Coupled supercritical-fluid extraction-gas chromatography (SFE-GC) and Coupled
supercritical-fluid chromatography-liquid chromatography (SFE-LC)

System in which a sample is extracted using a supercritical fluid which is then depressurised to
deposit the extracted material in the inlet port or column of a gas or liquid chromatographic
system, respectively. The extract is then chromatographed directly.

TABLE 1. Index of Additional Terms

Back-pressure regulators 7.3.2
Capillary restrictors 7.3.1.1
Coupled supercritical-fluid chromatography

-mass spectrometry 7.6.1
Coupled supercritical-fluid extraction-Fourier

-transform infrared spectroscopy 7.6.2
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Coupled supercritical-fluid chromatography-gas

chromatography

7.6.3

Coupled supercritical-fluid extraction-gas chromatography  7.7.3
Coupled supercritical-fluid extraction-liquid chromatography 7.7.3

Coupled supercritical-fluid extraction-supercritical-fluid

chromatography
Critical point
Critical pressure
Critical temperature
Density-programmed elution
Flow restrictors
Frit restrictor
High-pressure flow cell
Integral frit restrictor
Isobaric separation
Isopycnic separation
Mobile-phase composition
Mobile-phase modifiers
Mobile-phase mass flow rate
Mobile-phase volume flow rate
Pressure programmed elution
Pressure/temperature-programmed elution
Programmed elution
Reduced temperature
Reduced pressure
Supercritical fluid
Supercritical-fluid extraction (SFE)
Timed injector

TABLE 2. List of Symbols

P, Critical pressure 7.1.2
T, Critical temperature 7.1.1
P, Reduced pressure 7.1.6
T Reduced temperature 7.1.5

TABLE 3. List of Acronyms

SFE Supercritical-fluid extraction

7.7.2
7.1.3
7.1.2
7.1.1
7531
7.3.1
7.3.1.2
7.3.4
7.3.1.2
7.5.1
7.5.2
7.2.5
7251
7.2.4
7.2.3
7.5.3.2
7.5.3.3
7.5.3
7.1.5
7.1.6
7.1.4
7.7.1
7.3.3.1

SFC-FTIR Supercritical-fluid chromatography-Fourier transform infrared spectroscopy
SFC-GC Supercritical-fluid chromatography-gas chromatography

SFC-LC Supercritical-fluid chromatography-liquid chromatography

SFC-MS  Supercritical-fluid chromatography-mass spectrometry

SFE-GC Supercritical-fluid extraction-gas chromatography

SFE-LC Supercritical-fluid extraction-liquid chromatography
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SFE-SFC  Supercritical-fluid extraction-supercritical-fluid chromatography
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