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Classification and characterization of liquid
chromatography stationary phases

Part I: Descriptive terminology

(IUPAC Recommendations 1997)

Abstract: A wide range of stationary phases and column packing materials have
been developed over the years for liquid chromatography and these need to be
described accurately and unambiguously. The present paper, which is the first of a
series planned for this area, recommends terms for the description of the stationary
phase materials and their properties and expands the list of terms given in
Nomenclature of Chromatograph§AC, 1993,65, 819-872]. It concentrates on

the chemical properties and chromatographic role of the materials. Many of the
terms to describe their physical properties as particles have been discussed in a
recent paper on the characterization of porous s¢titis [1994,66,1739-1758].
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1. INTRODUCTION

One of the major problems throughout analytical liquid (and supercritical fluid) chromatography has
been in reproducibly transferring methods between columns and systems. One of the main factors is
that there are large differences in the chemical and physical properties of stationary phase materials,
even between those which are nominally the same, such as octadecylsilyl (ODS)-bonded silicas. In
addition, the methods used to describe the physical and chemical properties of these stationary phase
materials are not standardised and even the terms used have not been agreed. In the laboratory, the
behaviour of the stationary phases is also dependent on the nature of the interaction of specific mobile
phases and analytes with the stationary phase.

The present discussions will concentrate on chromatographic applications of stationary phases.
The standardisation of analytical stationary phase materials falls into two areas.

a. Terms needed to describe the physical and chemical properties of the stationary phase materi-
als.

b. Methods and tests needed to describe the operational properties of these materials. This is an
important area but one where research is still active and as yet no consensus of approaches and
techniques has been reached. This topic still requires much experimental work and was
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considered inappropriate for the Commission to consider at this time. It is also the subject of
work by ASTM committees and others who are in a better position to carry out experimental
work and to organise comparative studies.

The present paper considers the first of these areas and recommends a number of terms for the
description of stationary phase materials and their chemical and physical properties. Some descriptive
terms for the stationary phase have already been defined in the Nomenclature of Chromatography (NC)[1]
and in the recently published Nomenclature for Analytical Chiral Separation methods (CS) [2]. In addi-
tion many of the Recommendations for the Characterization of Porous Solids published by the Physical
Chemistry Division [3] are relevant to the physical description of stationary phase materials.

Amended and expanded definitions are now recommended for a number of the terms. The origi-
nal versions are included in the Appendix.

2. GENERAL DESCRIPTIVE TERMS FOR THE STATIONARY PHASE

A number of these terms are generally applicable throughout chromatography and were defined previously
in the Nomenclature for Chromatography (NC)[1]. However, in a number of cases, an inappropriate
capitalisation was used in NC, particularly of the second word in terms and these have been corrected in
the definitions reproduced here.

2.1 Stationary phase [Replaces NC 1.1.05]

One of the two phases forming a chromatographic system. It is the part of a chromatographic
system responsible for the retention of the analytes, which are being carried through the system
by themobile phaselt may be a solid, a gel or a liquid. If a liquid, it may be distributed on a
solid support This solid supportmay or may not contribute to the separation process. The
liquid may also be chemically bonded to the solidnded phageor immobilized onto it
(immobilized phage

The expressionhtomatographic bedr sorbentmay be used as a general term to denote
any of the different forms in which the stationary phase is used.

Note: Particularly in gas chromatography where the stationary phase is most often a liquid,
the termliquid phaseis used for it as compared to thas phaseij.e., the mobile
phase. However, particularly in the early development of liquid chromatography, the
term “liquid phase” had also been used to characterize the mobile phase as compared
to the “solid phase” i.e., the stationary phase. Due to this ambiguity the use of the
term “liquid phase” is discouraged. If the physical state of the stationary phase is to
be expressed, the use of the adjective forms, sdifuabstationary phasandsolid
stationary phasebonded stationary phasar immobilized stationary phaseye
recommended.

2.2 Packing material, stationary phase material [Replaces NC 3.1.07]
The packingis the active solid, stationary phase plus solid support or swollen gel which is
contained in the chromatographic column. In liquid chromatography the usage of the terms
packing materialand stationary phase materiare often synonymous. The tepacking
materialis preferred as a general term for a loose, usually particulate, material intended for
chromatographic use before it is packed into the column. Once it is packed and in contact with
the mobile phase, it becomes #tationary phasas one of the two chromatographic phases.
Thestationary phasesually consists of a specifitationary phase materialyhich has been
packed into a column. Both are typically given the same description.
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2.5

Classification and characterization of liquid chromatography stationary phases

Solid support (NC 3.1.03)
A solid that holds the stationary phase but, ideally, does not contribute to the separation process.

Continuous bed packing
A column packing, which is a single entity, rather than being composed of individual particles.

Carbon loading (of the packing material)

Mass fraction of the packing material which is carbon. Usually taken as a guide to the extent of
alkyl substitution on the surface. Usually reported as percentage carbon determined using
elemental analysis.

3. TERMS FOR THE NATURE OF THE STATIONARY PHASE MATERIAL

3.1

3.11

3.1.1.1

3.1.2

3.121

3.1.2.2

3.1.2.3

3.124

3.1.2.5

Immobilized stationary phase (material) [replaces NC 1.1.05.2]

A stationary phase which has been immobilized on the support particles, or on the inner wall
of the column tubing, e.g. by either a physical attractioated stationary phageby chemical
bonding bonded stationary phager byin situpolymerisation¢ross-linked stationary phase

after coating..

Coated stationary phase (material)
A material in which a stationary phase is immobilized by a physical attraction to the surface of
the solid support.

Filled stationary phase (material)
An immobilized stationary phase (material) in which a liquid fills the pores of the solid phase.

Bonded stationary phase (material) [Replaces NC 1.1.05.1]

A stationary phase which is covalently bonded to solid support particles or to the inside wall of
the column tubing. Sometimes referred to berded phase (materialhe bonded stationary
phase (material) may bmonomeri¢ polymericor polymer-grafted phase (materiadnd the
stationary phase (materiatan also receive additional treatment to givagpedend-capped)
stationary phase (material).

Bonded phase
seeBonded stationary phagBeplaces NC 1.1.05.1]

Monomeric-bonded stationary phase (material)
Bonded stationary phase (material) prepared using a reagent, usually monofunctional, which
reacts with single sites on the surface of the solid support.

Polymeric-bonded stationary phase (material)
Bonded stationary phase (material) prepared using a polyfunctional reagent which can react
both with the surface of the solid support and/or with additional reagent molecules.

Polymer-grafted stationary phase (material)
Bonded stationary phase (material) in which a pre-formed polymer has been bound to the
surface by a chemical bond.

Capped stationary phase (material) (also known as end-capped stationary phase (material))
Bonded stationary phase (material) which has been treated with a second (usually less bulky)
reagent, which is intended to react with remaining functional (e.g. silanol) groups which have

© 1997 IUPAC, Pure and Applied Chemistry 69, 1475-1480



3.1.2.6

3.1.2.7

3.1.2.8

3.1.2.9
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not been substituted by the original reagent because of steric hindrance.

Alkyl-bonded stationary phase (material)
Bonded stationary phase (material) in which the group bound to the surface contains an alkyl
chain (usually between, @nd G,).

Phenyl-bonded stationary phase (material)
Bonded stationary phase (material) in which the group bound to the surface contains a phenyl

group.

Cyano-bonded stationary phase (material)
Bonded stationary phase in which the group bound to the surface contains a cyanoalkyl-
(-[CH,],, -CN) group.

Diol-bonded stationary phase (material)
Bonded stationary phase in which the group bound to the surface contains a vicinal
dihydroxyalkyl (-[CH] -CHOH-CHOH) group.

3.1.2.10 Amino-bonded stationary phase (material)

Bonded stationary phase in which the group bound to the surface contains an aminoalkyl-
(usually a - [CH] | - NH,) group.

3.1.2.11 Internal surface reversed-phase (ISRP) materials)

3.1.3

3.2

3.3

Bonded stationary phase in which the external surface of the solid support carries different
bonded groups from the internal pores (usually an external hydrophilic layer with a more
hydrophobic internal layer). Examples includstricted-access stationary phase (material)

in which polar macromolecules are excluded from the internal pores.

Cross-linked stationary phase (material)
A stationary phase (material) in which the liquid phase coating on a solid support has been
polymerised or cross-linked after coating to make it insoluble in the mobile phase.

Polymeric stationary phase (material)

Stationary phase (material) based on particles of a cross-linked organic polymeric material.
Typical materials arpolystyrene divinylbenzene copolym@s-DVB) and modifie@S-DVB
materials.

Liquid-coated stationary phase (material)
A material in which a liquid stationary phase is coated on the surface of the solid support.

4. MODES OF APPLICATION OF STATIONARY PHASE MATERIALS

Stationary phases are often defined in terms of the mode of chromatography being employed in the
separation.

4.1

4.2

Size exclusion chromatographic phases
These phases are describe@ampendium of macromolecular nomenclafdigterm 3.4.6).
or in the Nomenclature for Chromatography section 6 [1].

lon-exchange stationary phases
The principal terms have already been defined in NC (Section 5) and are included here for
comparison.

© 1997 IUPAC, Pure and Applied Chemistry 69, 1475-1480



Classification and characterization of liquid chromatography stationary phases

4.2.1 Cation exchanger (NC 5.3.02)
lon-exchanger with cations as counter-ions. The tation-exchange resimay be used in
the case of solid organic polymers.

4.2.2  Anion exchanger (NC 5.3.03)
lon-exchanger with anions as counter-ions. The teionaexchange resimay be used in the
case of solid organic polymers.

4.3 Chiral stationary phase (CS 2.4 [2])
A stationary phase which incorporateshéral selector If not a constituent of the stationary
phase as a whole, the chiral selector can be chemically bondgdréd honded stationary
phas@ or immobilised onto the surface of a solid support or column whltg] coated
stationary phasg or simply dissolved in the liquid stationary phase.

4.4. Affinity stationary phase (material)
Bonded stationary phase (material) containing attached (adsorbed or covalently bonded) ligand
molecules with a specific biological interaction for a particular molecule or small group of
related molecules.

4.5 Perfusion stationary phase (material)
Stationary phase in which the mobile phase primarily travels through the pores of the stationary
phase.

5. PHYSICAL PROPERTIES OF THE STATIONARY PHASE MATERIAL

Recommendations for the characterization of porous solids have recently been published by the
Commission on Colloid and Surface Chemistry [3] and many of these are relevant to the characterization
of stationary phase materials. In particular the conclusions presented in that paper should be noted,
especially, thatin many cases absolute values of the parameters such as pore diameter and surface
area cannot be obtainedThe measured value frequently depends on the method of measurement (and
this should always be stated) and the selection of a method of characterization starts from the intended
use of the material. These comments would also apply to the determination of particle diameter. In
addition, the calculation methods for average particle diameters, such as number average or weight
average, must be reported.

5.1 Previously defined general terms

5.1.1 Particle diameter ;)d(NC 3.1.08)
The average diameter of the solid particles

5.1.2 Pore radiusp()r(NC 3.1.09)
The average radius of the pores within the solid particles
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7. APPENDIX 1.

Terms from the “Nomenclature for Chromatography “ [1] which have been redefined.

1.1.05. Stationary phase
One of the two phases forming a chromatographic system. It may be a solid, a gel or a liquid.
If a liquid it may be distributed on a solid. This solid may or may not contribute to the separation
process. The liquid may also be chemically bonded to the boliéd phageor immobilized
onto it (mmobilized phage
The expressionftomatographic bedr sorbentmay be used as a general term to denote
any of the different forms in which the stationary phase is used.

Note: Particularly in gas chromatography where the stationary phase is most often a liquid,
the termliquid phaseis used for it as compared to thas phasei.e., the mobile
phase. However, particularly in the early development of liquid chromatography, the
term “liquid phase” had also been used to characterize the mobile phase as compared
to the “solid phase”, i.e. the stationary phase. Due to this ambiguity the use of the
term “liquid phase” is discouraged. If the physical state of the stationary phase is to
be expressed the use of the adjective forms, suauas stationary phasandsolid
stationary phasébonded phaserimmobilized phaseare recommended.

1.1.05.1 Bonded phase
A stationary phase which is covalently bonded to the support particles or to the inside wall of
the column tubing.

1.1.05.2 Immobilized phase
A stationary phase which is immobilized on the support particles, or on the inner wall of the
column tubing, e.g., b situ polymerisation (cross-linking) after coating.

3.1.07 Packing
The active solid, stationary phase plus solid support or swollen gel contained in a tube.
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