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— a variety of chemically modified supports prepared from
polymers, silica or porous graphite, used in reversed-phase
LC, where the separation is based principally on partition
of the molecules between the mobile phase and the
stationary phase,

— special chemically modified stationary phases, e.g.
cellulose or amylose derivatives, proteins or peptides,
cyclodextrins etc., for the separation of enantiomers
(chiral chromatography).

Most separations are based upon partition mechanisms
utilising chemically modified silica as the stationary phase
and polar solvents as the mobile phase. The surface of the
support, e.g. the silanol groups of silica, is reacted with
various silane reagents to produce covalently bound silyl
derivatives covering a varying number of active sites on the
surface of the support. The nature of the bonded phase
is an important parameter for determining the separation
properties of the chromatographic system.

Commonly used bonded phases are shown below:

octyl = Si-[CH2]7-CH3 C8

octadecyl = Si-[CH2]17-CH3 C18

phenyl = Si-[CH2]n-C6H5 C6H5

cyanopropyl = Si-[CH2]3-CN CN

aminopropyl = Si-[CH2]3-NH2 NH2

diol = Si-[CH2]3-O-CH(OH)-CH2-OH

Unless otherwise stated by the manufacturer, silica based
reversed-phase columns are considered to be stable in
mobile phases having an apparent pH in the range 2.0
to 8.0. Columns containing porous graphite or particles
of polymeric materials such as styrene-divinylbenzene
copolymer are stable over a wider pH range.

Analysis using normal-phase chromatography with
unmodified silica, porous graphite or polar chemically
modified silica, e.g. cyanopropyl or diol, as the stationary
phase with a non-polar mobile phase is applicable in certain
cases.

For analytical separations, the particle size of the most
commonly used stationary phases varies between 3 µm
and 10 µm. The particles may be spherical or irregular, of
varying porosity and specific surface area. These parameters
contribute to the chromatographic behaviour of a particular
stationary phase. In the case of reversed phases, the nature
of the stationary phase, the extent of bonding, e.g. expressed
as the carbon loading, and whether the stationary phase is
end-capped (i.e. residual silanol groups are silylated) are
additional determining factors. Tailing of peaks, particularly
of basic substances, can occur when residual silanol groups
are present.

Columns, made of stainless steel unless otherwise prescribed
in the monograph, of varying length and internal diameter
(Ø) are used for analytical chromatography. Columns with
internal diameters of less than 2 mm are often referred to as
microbore columns. The temperature of the mobile phase
and the column must be kept constant during an analysis.
Most separations are performed at room temperature,
but columns may be heated to give higher efficiency. It is
recommended that columns not be heated above 60 °C
because of the potential for stationary phase degradation or
changes occurring to the composition of the mobile phase.

MOBILE PHASES
For normal-phase chromatography, less polar solvents are
employed. The presence of water in the mobile phase is
to be strictly controlled to obtain reproducible results. In
reversed-phase LC, aqueous mobile phases, with or without
organic modifiers, are employed.
Components of the mobile phase are usually filtered to
remove particles greater than 0.45 µm. Multicomponent
mobile phases are prepared by measuring the required
volumes (unless masses are specified) of the individual
components, followed by mixing. Alternatively, the solvents
may be delivered by individual pumps controlled by
proportioning valves by which mixing is performed according
to the desired proportion. Solvents are normally degassed
before pumping by sparging with helium, sonication or using
on-line membrane/vacuum modules to avoid the creation of
gas bubbles in the detector cell.
Solvents for the preparation of the mobile phase are normally
free of stabilisers and are transparent at the wavelength of
detection, if an ultraviolet detector is employed. Solvents
and other components employed are to be of appropriate
quality. Adjustment of the pH, if necessary, is effected using
only the aqueous component of the mobile phase and not
the mixture. If buffer solutions are used, adequate rinsing
of the system is carried out with a mixture of water and
the organic modifier of the mobile phase (5 per cent V/V)
to prevent crystallisation of salts after completion of the
chromatography.
Mobile phases may contain other components, e.g. a
counter-ion for ion-pair chromatography or a chiral selector
for chromatography using an achiral stationary phase.

DETECTORS
Ultraviolet/visible (UV/Vis) spectrophotometers,
including diode array detectors, are the most commonly
employed detectors. Fluorescence spectrophotometers,
differential refractometers, electrochemical detectors, mass
spectrometers, light scattering detectors, radioactivity
detectors or other special detectors may also be used.

METHOD
Equilibrate the column with the prescribed mobile phase
and flow rate, at room temperature or at the temperature
specified in the monograph, until a stable baseline is
achieved. Prepare the solution(s) of the substance to be
examined and the reference solution(s) required. The
solutions must be free from solid particles.
Criteria for assessing the suitability of the system are
described in the chapter on Chromatographic separation
techniques (2.2.46). The extent to which adjustments of
parameters of the chromatographic system can be made
to satisfy the criteria of system suitability are also given in
this chapter.
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2.2.30. SIZE-EXCLUSION
CHROMATOGRAPHY
Size-exclusion chromatography is a chromatographic
technique which separates molecules in solution according
to their size. With organic mobile phases, the technique is
known as gel-permeation chromatography and with aqueous
mobile phases, the term gel-filtration chromatography has
been used. The sample is introduced into a column, which is
filled with a gel or a porous particle packing material, and is
carried by the mobile phase through the column. The size
separation takes place by repeated exchange of the solute

General Notices (1) apply to all monographs and other texts 47



2.2.31. Electrophoresis EUROPEAN PHARMACOPOEIA 6.0

molecules between the solvent of the mobile phase and the
same solvent in the stagnant liquid phase (stationary phase)
within the pores of the packing material. The pore-size range
of the packing material determines the molecular-size range
within which separation can occur.

Molecules small enough to penetrate all the pore spaces
elute at the total permeation volume (Vt). On the other
hand, molecules apparently larger than the maximum pore
size of the packing material migrate along the column only
through the spaces between the particles of the packing
material without being retained and elute at the exclusion
volume (V0 void volume). Separation according to molecular
size occurs between the exclusion volume and the total
permeation volume, with useful separation usually occurring
in the first two thirds of this range.

Apparatus. The apparatus consists essentially of a
chromatographic column of varying length and internal
diameter (Ø), if necessary temperature-controlled, packed
with a separation material that is capable of fractionation
in the appropriate range of molecular sizes and through
which the eluent is passed at a constant rate. One end of the
column is usually fitted with a suitable device for applying
the sample such as a flow adapter, a syringe through a
septum or an injection valve and may also be connected
to a suitable pump for controlling the flow of the eluent.
Alternatively the sample may be applied directly to the
drained bed surface or, where the sample is denser than the
eluent, it may be layered beneath the eluent. The outlet of
the column is usually connected to a suitable detector fitted
with an automatic recorder which enables the monitoring
of the relative concentrations of separated components of
the sample. Detectors are usually based on photometric,
refractometric or luminescent properties. An automatic
fraction collector may be attached, if necessary.

The packing material may be a soft support such as a swollen
gel or a rigid support composed of a material such as glass,
silica or a solvent-compatible, cross-linked organic polymer.
Rigid supports usually require pressurised systems giving
faster separations. The mobile phase is chosen according to
sample type, separation medium and method of detection.
Before carrying out the separation, the packing material
is treated, and the column is packed, as described in the
monograph, or according to the manufacturer’s instructions.

Criteria for assessing the suitability of the system are
described in the chapter on Chromatographic separation
techniques (2.2.46). The extent to which adjustments of
parameters of the chromatographic system can be made
to satisfy the criteria of system suitability are also given in
this chapter.

DETERMINATION OF RELATIVE COMPONENT
COMPOSITION OF MIXTURES
Carry out the separation as stated in the monograph. If
possible, monitor the elution of the components continuously
and measure the corresponding peak areas. If the sample
is monitored by a physico-chemical property to which all
the components of interest exhibit equivalent responses
(for example if they have the same specific absorbance),
calculate the relative amount of each component by dividing
the respective peak area by the sum of the peak areas of all
the components of interest. If the responses to the property
used for detection of the components of interest are not
equivalent, calculate the content by means of calibration
curves obtained with the calibration standards prescribed in
the monograph.

DETERMINATION OF MOLECULAR MASSES
Size-exclusion chromatography may be used to determine
molecular masses by comparison with appropriate calibration
standards specified in the monograph. The retention
volumes of the calibration standards may be plotted against
the logarithm of their molecular masses. The plot usually
approximates a straight line within the exclusion and total
permeation limits for the separation medium used. From the
calibration curve, molecular masses may be estimated. The
molecular-mass calibration is valid only for the particular
macromolecular solute/solvent system used under the
specified experimental conditions.

DETERMINATION OF MOLECULAR SIZE DISTRIBUTION
OF POLYMERS
Size-exclusion chromatography may be used to determine
the distribution of the molecular size of polymers. However,
sample comparison may be valid only for results obtained
under the same experimental conditions. The reference
substances used for the calibration and the methods for
determination of the distribution of molecular sizes of
polymers are specified in the monograph.
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2.2.31. ELECTROPHORESIS

GENERAL PRINCIPLE

Under the influence of an electrical field, charged particles
dissolved or dispersed in an electrolyte solution migrate in
the direction of the electrode bearing the opposite polarity.
In gel electrophoresis, the movements of the particles are
retarded by interactions with the surrounding gel matrix,
which acts as a molecular sieve. The opposing interactions of
the electrical force and molecular sieving result in differential
migration rates according to sizes, shapes and charges
of particles. Because of their different physico-chemical
properties, different macromolecules of a mixture will migrate
at different speeds during electrophoresis and will thus be
separated into discrete fractions. Electrophoretic separations
can be conducted in systems without support phases (e.g.
free solution separation in capillary electrophoresis) and in
stabilising media such as thin-layer plates, films or gels.

FREE OR MOVING BOUNDARY ELECTROPHORESIS

This method is mainly used for the determination of mobility,
the experimental characteristics being directly measurable
and reproducible. It is chiefly employed with substances
of high relative molecular mass and low diffusibility. The
boundaries are initially located by a physical process such
as refractometry or conductimetry. After applying a given
electric field for an accurately measured time, the new
boundaries and their respective positions are observed. The
operating conditions must be such as to make it possible to
determine as many boundaries as there are components.

ZONE ELECTROPHORESIS USING A SUPPORTING
MEDIUM

This method requires the use of small samples only.

The nature of the support, such as paper, agar gel, cellulose
acetate, starch, agarose, methacrylamide, mixed gel,
introduces a number of additional factors modifying the
mobility :

a) owing to channelling in the supporting medium, the
apparent distance covered is less than the real distance,
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