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BASIC PRINCIPLES OF 
CHROMATOGRAPHY



• Chromatography has a great impact on all areas of analysis
and, therefore, on the progress of science in general.
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EXTRACTION

• Extraction refers to the transfer of a solute from one liquid
phase to another.

• Extractions may be categorized as batch, continuous, or
counter-current processes.
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Batch extraction

• In batch extraction the solute is extracted from one solvent
by shaking it with a second, immiscible solvent.

• The solute partitions, or distributes, itself between the two
phases and, when equilibrium has been reached, the
partition coefficient, K, is a constant.
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Continuous extraction

• Continuous liquid–liquid extraction requires special
apparatus, is more efficient than batch separation.

• One example is the use of a Soxhlet extractor for extracting
materials from solids.

• Solvent is recycled so that the solid is repeatedly extracted
with fresh solvent.
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Counter-current extraction

• Counter-current distribution refers to a serial extraction
process.

• It separates two or more solutes with different partition
coefficients from each other by a series of partitions
between two immiscible liquid phases.
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CHROMATOGRAPHY

• Modern chromatography originated in the late nineteenth and
early twentieth centuries.

• Day developed procedures for fractionating crude petroleum
by passing it through Fuller’s earth, and Tsvet used a
column packed with chalk to separate leaf pigments into
coloured bands.

• Tsvet recognized and correctly interpreted the
chromatographic processes and named the phenomenon
chromatography, he is generally credited with its discovery.

• Modern chromatographic techniques, including automated
systems, are widely utilized in the characterization and
quality control of food raw materials and food products.

7



General technology

• Chromatography is a general term applied to a wide variety
of separation techniques based on the partitioning or
distribution of a sample (solute) between a moving or
mobile phase and a fixed or stationary phase.

• The relative interaction of a solute with these two phases is
described by the partition (K) or distribution (D)
coefficient (ratio of concentration of solute in stationary
phase to concentration of solute in mobile phase).
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• The mobile phase may be either a gas (GC) or liquid (LC) or
a supercritical fluid (SFC).

• The stationary phase may be a liquid or, more usually, a
solid.

• The field of chromatography can be subdivided according to
the various techniques applied, or according to the
physicochemical principles involved in the separation.
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A scheme for subdividing the field of 
chromatography, according to various 

applied techniques
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Characteristics of different chromatographic methods



Gas chromatography

• Gas chromatography is a column chromatography
technique, in which the mobile phase is gas and the
stationary phase is either an immobilized liquid or a solid
packed in a closed tube.

• GC is used to separate thermally stable volatile components
of a mixture.
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• Gas chromatography, specifically gas–liquid
chromatography, involves vaporizing a sample and
injecting it onto the head of the column.

• Under a controlled temperature gradient, the sample is
transported through the column by the flow of an inert,
gaseous mobile phase.

• Volatiles are then separated based on several properties,
including boiling point, molecular size, and polarity.
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Liquid chromatography

• There are several liquid chromatography techniques applied
in food analysis:

– Planar chromatography:
 paper chromatography, 
 thin layer chromatography (TLC)

– Column liquid chromatography, all of which involve a liquid
mobile phase and either a solid or a liquid stationary phase.

• The physical form of the stationary phase is quite different in
each case.

• Separation of the solutes is based on their physicochemical
interactions with the two phases.
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1. Paper chromatography
• In paper chromatography the stationary phase and the

mobile phase are both liquid (partition
chromatography).

• Paper generally serves as a support for the liquid stationary
phase.

• The dissolved sample is applied as a small spot or streak
one half inch or more from the edge of a strip or
square of filter paper, which is then allowed to dry.

• The dry strip is suspended in a closed container in which
the atmosphere is saturated with the developing
solvent (mobile phase), and the paper chromatogram is
developed.
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• When the solvent front has travelled the length of the paper,
the strip is removed from the developing chamber and the
separated zones are detected by an appropriate method.

• The stationary phase in paper partition chromatography is
usually water.

• In the case of complex sample mixtures, a two-dimensional
technique may be used.

• The sample is spotted in one corner of a square sheet of
paper, and one solvent is used to develop the paper in one
direction.
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• The chromatogram is then dried, turned 90°, and developed
again, using a second solvent of different polarity.

• Another means of improving resolution is the use of ion-
exchange papers.

• In paper and thin-layer chromatography, components of a
mixture are characterized by their relative mobility (Rf)
value.
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2. Thin-layer chromatography

• Thin-layer chromatography (TLC), first described in 1938.

• It has largely replaced paper chromatography because it is
faster, more sensitive, and more reproducible.

• The resolution in TLC is greater because the particles on the
plate are smaller and more regular than paper fibres.
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• Several distinct advantages to TLC:
– high sample throughput,
– low cost,
– the possibility to analyze several samples and standards

simultaneously,
– minimal sample preparation, and that a plate may be stored for

later identification and quantification.

• TLC is applied in many fields, including environmental,
clinical, forensic, pharmaceutical, food, flavours, and
cosmetics.

• Within the food industry, TLC may be used for quality
control.
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• For example, corn and peanuts are tested for
aflatoxins/mycotoxins prior to their processing into corn
meal and peanut butter.

• General procedures:
– TLC utilizes a thin (ca. 250 μm thick) layer of sorbent or

stationary phase bound to an inert support in a planar
configuration.

– The support is often a glass plate, plastic sheets and aluminium
foil also are used.

– Precoated plates, of different layer thicknesses, are commercially
available in a wide variety of sorbents.
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– Four frequently used TLC sorbents are silica gel, alumina,
diatomaceous earth, and cellulose.

– Modified silicas for TLC may contain polar or nonpolar groups,
so both normal and reversed-phase thin-layer separations may
be carried out.

– High-performance thin-layer chromatography (HPTLC)
simply refers to TLC performed using plates coated with
smaller, more uniform particles.

– This permits better separations in shorter times.

– If adsorption TLC is to be performed, the sorbent is first
activated by drying for a specified time and temperature.
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– Sample (in carrier solvent) is applied as a spot or streak 1–2 cm
from one end of the plate.

– After evaporation of the carrier solvent, the TLC plate is placed in
a closed developing chamber with the end of the plate nearest
the spot in the solvent at the bottom of the chamber.

– Traditionally, solvent migrates up the plate (ascending
development) by capillary action and sample components are
separated.

– After the TLC plate has been removed from the chamber and
solvent allowed to evaporate, the separated bands are made
visible or detected by other means.
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– Specific chemical reactions (derivatization), which may be
carried out either before or after chromatography, often are used
for this purpose.

– Common physical detection methods include the measurement
of absorbed or emitted electromagnetic radiation by means of
autoradiography and the measurement of β-radiation from
radioactively labelled compounds.

– Biological methods or biochemical inhibition tests can be used to
detect toxicologically active substances.

– Quantitative evaluation of thin-layer chromatograms may be
performed (1) in situ (directly on the layer) by using a
densitometer or (2) after scraping zone off the plate, eluting
compound from the sorbent, and analyzing the resultant solution.
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• Factors affecting thin-layer separations

– Separation can occur by adsorption, partition, ion-exchange, size-
exclusion, or multiple mechanisms.

– Solvents for TLC separations are selected for specific chemical
characteristics and solvent strength (a measure of interaction
between solvent and sorbent.

– The higher the solvent strength, the greater the Rf value of the
solute.

– An Rf value of 0.3–0.7 is typical.
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– Mobile phases have been developed for the separation of various
compound classes on the different sorbents.

– Several other factors must be considered when performing planar
chromatography.

– These include the type of developing chamber used, vapour
phase conditions (saturated vs. unsaturated), development
mode and development distance.
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3. Column liquid chromatography

• Column chromatography is the most useful method of
separating compounds in a mixture.

• Fractionation of solutes occurs as a result of differential
migration through a closed tube of stationary phase, and
analytes can be monitored while the separation is in
progress.

• In column liquid chromatography, the mobile phase is
liquid and the stationary phase can be either solid or
liquid supported by an inert solid.
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In this diagram, the column effluent is being split between two detectors in order to monitor
both enzyme activity (at Right) and UV absorption (at Left).

The two tracings can be recorded simultaneously by using a dual-pen recorder.

A system for low-pressure 
column liquid chromatography



• The analyst must first prepare the stationary phase (resin,
gel, or packing material).

• The stationary phase often must be hydrated or preswelled
in the mobile phase.

• The prepared stationary phase then is packed into a column.

• Longer and narrower columns usually enhance resolution and
separation.

• Adsorption columns may be either dry or wet packed.

• The most common technique for wet packing involves
making a slurry of the adsorbent with the solvent and
pouring this into the column.
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• As the sorbent settles, excess solvent is drained off and
additional slurry is added.

• This process is repeated until the desired bed height is
obtained.

• If the packing solvent is different from the initial eluting
solvent, the column must be thoroughly washed
(equilibrated) with the starting mobile phase.

• Classical or low-pressure chromatography utilizes only
gravity flow or a peristaltic pump to maintain a flow of
mobile phase (eluent or eluting solvent) through the
column.
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• The flow rate is governed by the hydrostatic pressure,
measured as the distance between the level of liquid in the
reservoir and the level of the column outlet.

• The process of passing the mobile phase through the column
is called elution, the portion that emerges from the outlet
end of the column is sometimes called the eluate (or
effluent).

• Elution may be isocratic (constant mobile-phase
composition) or a gradient (changing the mobile phase,
e.g., increasing solvent strength or pH) during elution in
order to enhance resolution and decrease analysis time.
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• The column eluate may be directed through a detector and
then into tubes, changed at intervals by a fraction
collector.

• The detector response, in the form of an electrical signal,
may be recorded (the chromatogram), using either a
chart recorder or a computerized software, and used for
qualitative or quantitative analysis.
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4. Supercritical fluid chromatography

• SFC refers to chromatography performed above the critical
pressure (Pc) and critical temperature (Tc) of the
mobile phase.

• A supercritical fluid (or compressed gas) is neither a liquid
nor a typical gas.

• The combination of Pc and Tc is known as the critical point.

• A supercritical fluid can be formed from a conventional gas
by increasing the pressure, or from a conventional liquid
by raising the temperature.
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• Carbon dioxide frequently is used as a mobile phase for SFC;
it is not a good solvent for polar and highmolecular-weight
compounds.

• Other supercritical fluids:
– nitrous oxide,
– trifluoromethane,
– sulfur hexafluoride,
– pentane,
– ammonia.

• The high diffusivity and low viscosity of supercritical fluids
mean decreased analysis times and improved resolution
compared to LC.

33



• SFC offers a wide range of selectivity adjustment, by
changes in pressure and temperature as well as changes
in mobile phase composition and the stationary phase.

• SFC makes possible the separation of nonvolatile, thermally
labile compounds that are not amenable to GC.

• SFC can be performed using either packed columns or
capillaries.

• SFC has been used primarily for nonpolar compounds.

• Fats, oils, and other lipids are compounds to which SFC is
increasingly applied.
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PHYSICOCHEMICAL PRINCIPLES OF 
CHROATOGRAPHIC SEPARATION
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• Several physicochemical principles are involved in
chromatography mechanisms:

Physicochemical principles of chromatography/1
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Physicochemical principles of chromatography/2



37

Physicochemical principles of chromatography/3



Adsorption (liquid-solid) chromatography
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• The stationary phase is a finely divided solid to maximize the
surface area.

• The stationary phase (adsorbent) is chosen to permit
differential interaction with the components of the sample
to be resolved.



• The intermolecular forces thought to be primarily responsible
for chromatographic adsorption include the following:

– Van der Waals forces

– Electrostatic forces

– Hydrogen bonds

– Hydrophobic interactions

• Binding sites with greater affinities, the most active sites,
tend to be populated first, so that additional solutes are less
firmly bound.
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• The net result is that adsorption is a concentration-dependent
process, and the adsorption coefficient is not a constant.

• Classic adsorption chromatography utilizes silica (slightly
acidic), alumina (slightly basic), charcoal (nonpolar), or a
few other materials as the stationary phase.

• The elution order of compounds from these adsorptive
stationary phases can often be predicted on the basis of their
relative polarities.

• Compounds with the most polar functional groups are retained
most strongly on polar adsorbents and, are eluted last.

• Nonpolar solutes are eluted first.
40



41

Compounds class polarity scalea

aListed in order of increasingpolarity



• Model proposed to explain the mechanism of liquid–solid
chromatography is that solute and solvent molecules are
competing for active sites on the adsorbent.

• As relative adsorption of the mobile phase increases,
adsorption of the solute must decrease.

• Solvents can be rated in order of their strength of adsorption
on a particular adsorbent, such as silica.

• Such a solvent strength (or polarity) scale is called a
eluotropic series.
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Eluotropic series for alumina



• Once an adsorbent has been chosen, solvents can be selected
from the eluotropic series for that adsorbent.

• Mobile phase polarity can be increased until elution of the
compound(s) of interest has been achieved.

• Adsorption chromatography separates aromatic or aliphatic
nonpolar compounds, based primarily on the type and
number of functional groups present.

• It has been used for the analysis of fat-soluble vitamins.

• It is used as a batch procedure for removal of impurities from
samples prior to other analyses.
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Partition (liquid-liquid) chromatography

• Solutes partitioned between the two liquid phases according
to their partition coefficients, hence the name partition
chromatography.

• The more polar of the two liquids is held stationary on the
inert support and the less polar solvent is used to elute the
sample components (normal-phase chromatography).

• Using a nonpolar stationary phase and a polar mobile
phase, has come to be known as reversed-phase
chromatography.
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• Polar hydrophilic substances, such as amino acids,
carbohydrates, and water-soluble plant pigments, are
separable by normal-phase partition chromatography.

• Lipophilic compounds, such as lipids and fat-soluble
pigments, and polyphenols may be resolved with
reversed-phase systems.
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Coated supports

• The stationary phase for partition chromatography consists of
a liquid coating on a solid matrix.

• The solid support should be as inert as possible and have a
large surface area in order to maximize the amount of
liquid held.

• Silica, starch, cellulose powder, and glass beads.

• All are capable of holding a thin film of water, which serves
as the stationary phase.
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• Materials prepared for adsorption chromatography must be
activated by drying them to remove surface water.

• The liquid stationary phase is often stripped off.

• This problem can be overcome by chemically bonding the
stationary phase to the support material.
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Bonded supports

• The liquid stationary phase may be covalently attached to a
support by a chemical reaction.

• The bonded phases have become very popular for HPLC
use.

• Widely used is reversed-phase HPLC a nonpolar bonded
stationary phase (silica covered with C8 or C18 groups)
and a polar solvent (water–acetonitrile).
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Ion-exchange chromatography

• Ion exchange is a separation/purification process occurring
naturally, for example, in soils and is utilized in water
softeners and deionizers.

• Three types of separation may be achieved:

– ionic from nonionic,

– cationic from anionic,

– mixtures of similarly charged species.
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• Ion-exchange chromatography may be viewed as a type of
adsorption chromatography in which interactions between
solute and stationary phase are primarily electrostatic in
nature.

• The stationary phase (ion exchanger) contains fixed
functional groups that are either negatively or positively
charged.

• Exchangeable counterions preserve charge neutrality.

• A sample ion can exchange with the counterion to become
the partner of the fixed charge.

• Ionic equilibrium is established.
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The basis of ion-exchange chromatography

Schematic of the ion-exchange process.
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The basis of ion-exchange chromatography

Schematic of the ionic equilbria for cation- and anion-exchange processes.



• Cation exchangers contain covalently bound negatively
charged functional groups, anion exchangers contain
bound positively charged groups.

• The strongly acidic sulfonic acid moieties of strong”-
cation exchangers are completely ionized at all pH values
above 2.

• Strongly basic quaternary amine groups on “strong”-
anion exchangers are ionized at all pH values below 10.
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• “Weak”-cation exchangers contain weakly acidic carboxylic
acid functional groups, ; their exchange capacity varies
considerably between ca. pH 4 and 10.

• Weakly basic anion exchangers possess primary, secondary, or
tertiary amine residues (R – ), which are deprotonated
in moderately basic solution, thereby losing their positive
charge and the ability to bind anions.

• One way of eluting solutes bound to an ion-exchange medium is
to change the mobile-phase pH.

• A second way to elute bound solutes is to increase the ionic
strength (use NaCl) of the mobile phase, to weaken the
electrostatic interactions.
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• Chromatographic separations by ion exchange are based upon
differences in affinity of the exchangers for the ions to be
separated.

• The factors that govern selectivity of an exchanger for a
particular ion include the ionic valence, radius, and
concentration; the nature of the exchanger, and the
composition and pH of the mobile phase.

• Synthetic ion exchangers are cross-linked polyelectrolytes,
they may be inorganic or organic compounds.

• Polystyrene, made by cross-linking styrene with divinyl
benzene (DVB), may be modified to produce either anion-
or cation-exchange resins.
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Styrene

Divinylbenzene

Cross-linked styrene-divinylbenzene copolymer



• The extent of cross-linking controls the rigidity and porosity
of the resin, which, in turn, determines its optimal use.

• Lightly cross-linked resins permit rapid equilibration of
solute, but particles swell in water, thereby decreasing
charge density and selectivity of the resin for different ions.

• More highly cross-linked resins exhibit less swelling, higher
exchange capacity, and selectivity, but longer equilibration
times.

• The small pore size, high charge density, and inherent
hydrophobicity of the older ion-exchange resins have
limited their use to small molecules [molecular weight
(MW) <500].
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• Ion exchangers based on polysaccharides, such as cellulose,
dextran, or agarose, have proven very useful for the
separation and purification of large molecules, such as
proteins and nucleic acids.

• These materials, called gels, are much softer than polystyrene
resins, and thus may be derivatized with strong or with
weak acidic or basic groups via OH moieties on the
polysaccharide backbone.

• They have much larger pore sizes and lower charge densities
than the older synthetic resins.
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Chemical structure of one 
polysaccharide-based ion-

exchange resin 
Matrix of cross-linked dextran
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Chemical structure of one 
polysaccharide-based ion-

exchange resin 

Functional groups that may be used to impart ion-exchange properties to the matrix.



• Food-related applications of ion-exchange chromatography:
separation of amino acids, sugars, alkaloids, and proteins.

• Fractionation of amino acids in protein hydrolyzates was
initially carried out by ion-exchange chromatography.

• Automation of this process led to the development of
commercially produced amino acid analyzers.

• Many drugs, fatty acids, and the acids of fruit, being
ionizable compounds, may be chromatographed in the ion-
exchange mode.
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Size-exclusion chromatography

• Size-exclusion chromatography (SEC), also known as
molecular exclusion, gel permeation (GPC), and gel-
filtration chromatography (GFC).

• It is widely used in the biological sciences for the resolution
of macromolecules, such as proteins and carbohydrates.

• In the ideal SEC system, molecules are separated solely on
the basis of their size; no interaction occurs between solutes
and the stationary phase.
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• The stationary phase in SEC consists of a column packing
material that contains pores comparable in size to the
molecules to be fractionated.

• Solutes too large to enter the pores travel with the mobile phase
in the interstitial space (between particles) outside the
pores.

• The largest molecules are eluted first from an SEC column.

• As solute dimensions decrease, approaching those of the
packing pores, molecules begin to diffuse into the packing
particles and, consequently, are slowed down. Solutes of low
molecular weight that have free access to all the available
pore volume.
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• The behaviour of a molecule in a size-exclusion column may
be characterized by available partition coefficient.

• The value of Kav defines the proportion of pores that can be
occupied by that molecule.

• A size-exclusion column is calibrated with a series of solutes
of known molecular weight.

• An estimate of molecular weight (or size) of the unknown is
made by interpolation of the calibration curve.
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Relationship between Kav and log (molecular weight) for globular proteins
chromatographed on a column of Sephadex G-150 Superfine.



• Column packing materials for SEC can be divided into two
groups: semirigid, hydrophobic media, and soft,
hydrophilic gels.

• SEC can be used, directly, to fractionate mixtures or,
indirectly, to obtain information about a dissolved species.

• SEC is used to determine the molecular weight distribution of
natural and synthetic polymers, such as dextrans and
gelatin preparations.
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Affinity chromatography

• Affinity chromatography is unique in that separation is
based on the specific, reversible interaction between a
solute molecule and a ligand immobilized on the
chromatographic stationary phase.

• Affinity chromatography usually involves immobilized
biological materials as the stationary phase.

• These ligands can be antibodies, enzyme inhibitors, lectins,
or other molecules that selectively and reversibly bind to
complementary analyte molecules in the sample.
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Principles of bioselective affinity 
chromatography

(a) The support presents the immobilized
ligand to the analyte to be isolated.

(b) The analyte makes contact with the
ligand and attaches itself.

(c) The analyte is recovered by the
introduction of an eluent, which
dissociates the complex holding
the analyte to the ligand.

(d) The support is regenerated, ready for
the next isolation.



• A ligand, chosen based on its specificity and strength of
interaction with the molecule to be isolated, is
immobilized on a suitable support material.

• As the sample is passed through this column, molecules that
are complementary to the bound ligand are adsorbed while
other sample components are eluted.

• Bound analyte is subsequently eluted via a change in the
mobile-phase composition.

• After reequilibration with the initial mobile phase, the
stationary phase is ready to be used again.
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• The ideal support for affinity chromatography should be a
porous, stable, high-surface-area material that does not
adsorb anything itself.

• Affinity ligands are usually attached to the support or matrix
by covalent bond formation, and optimum reaction
conditions often must be found empirically.

• Immobilization generally consists of two steps: activation
and coupling.

• During the activation step, a reagent reacts with functional
groups on the support, such as hydroxyl moieties, to
produce an activated matrix.
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• After removal of excess reagent, the ligand is coupled to the
activated matrix.

• When small molecules are immobilized, a spacer arm
(containing at least four to six methylene groups) is used to
hold the ligand away fromthe support surface, enabling it to
reach into the binding site of the analyte.

• Ligands for affinity chromatographymay be either specific or
general.

• Specific ligands, such as antibodies, bind only one particular
solute.

• General ligands, such as nucleotide analogs and lectins, bind to
certain classes of solutes.
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• Bound solutes then can be separated as a group or
individually, depending upon the elution technique used.

• In addition to protein purification, affinity chromatography
may be used to separate supramolecular structures such as
cells, organelles, and viruses; concentrate dilute protein
solutions; investigate binding mechanisms.

• Affinity chromatography has been useful especially in the
separation and purification of enzymes and glycoproteins.

• Carbohydrate-derivatized adsorbents are used to isolate
specific lectins.
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ANALYSIS OF CHROMATOGRAPHIC PEAKS

• After separation is achieved and chromatographic peaks are
obtained, qualitative as well as quantitative analysis can be
carried out.

74



Developing a separation

• The analyst begins by evaluating what is known about the
sample and defines the goals of the separation.

• How many components need to be resolved?

• What degree of resolution is needed?

• Is qualitative or quantitative information needed?

• Molecular weight (or molecular weight range), polarity, and
ionic character of the sample will guide the choice of
chromatographic separation mechanism.
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A schematic for choosing a 
chromatographic separation mode based 

on sample molecular weight and solubility



• Having chosen a separation mode for the sample at hand, one
must select an appropriate stationary phase, elution
conditions, and a detection method.

• Trial experimental conditions may be based on the results of
a literature search, the analyst’s previous experience with
similar samples, or general recommendations from
chromatography experts.

• Isocratic elution is the most simple and widely used
technique, in which solvent composition and flow rate are
held constant.
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• Gradient elution involves reproducibly varying mobile phase
composition or flow rate (flow programming) during the
LC analysis.

• Gradient elution is used when sample components possess a
wide range of polarities, so that an isocratic mobile phase
does not elute all components within a reasonable time.

• The change may be continuous or stepwise.

• Gradients of increasing ionic strength are extremely valuable
in ion-exchange chromatography.
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• It is commonly used for desorbing large molecules, such as
proteins, which can undergo multiple-site interaction with a
stationary phase.

• Increasing the “strength” of the mobile phase, shortens the
analysis time.

• Once an initial separation has been achieved, the analyst can
proceed to optimize resolution.

• This generally involves manipulation of mobile phase
variables, including the nature and percentage of organic
components, pH, ionic strength, nature and concentration
of additives, flow rate, and temperature.
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Chromatographic resolution
• The main goal of chromatography is to segregate components

of a sample into separate bands or peaks as they migrate
through the column.

• A chromatographic peak is defined by several parameters
including retention time, peak width, and peak height.

• The volume from an LC column is called the retention
volume, VR.

• The associated time is the retention time, tR.

• Shifts in retention time and changes in peak width greatly
influence chromatographic resolution.
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Measurement of chromatographic retention
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Measurement of peak width and its contribution to resolution

Idealized Gaussian chromatogram, illustrating the measurement of w and w½.
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Measurement of peak width and its contribution to resolution

The resolution of two bands is a function of both their relative retentions and peak widths.



• The resolution of two peaks from each other is related to the
separation factor, α.

• Values for α depend on temperature, the stationary phase, and
mobile phase used.

• Resolution is defined:
RS = resolution

Δt = difference between retention times of peaks 1 and 2

w2 = width of peak 2 at baseline

w1 = width of peak 1 at baseline

• Chromatographic resolution is a function of column
efficiency, selectivity, and the capacity factor.
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Column efficiency

• An efficient column keeps the bands from spreading and
gives narrow peaks.

Column selectivity

• Chromatographic resolution depends on column selectivity
as well as efficiency.

• Column selectivity refers to the distance, or relative
separation, between two peaks.

• Good selectivity is more important to a given separation than
high efficiency.
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Chromatographic resolution: efficiency vs. selectivity

Good resolution due to high 
column efficiency

Poor resolution

Good resolution due to 
column selectivity.



Column Capacity Factor

• The capacity or retention factor, k’ is a measure of the
amount of time a chromatographed species (solute) spends
in/on the stationary phase relative to the mobile phase.

• Small values of k’ indicate little retention, and components
will be eluted close to the solvent front, resulting in poor
separations.

• Large values of k’ result in improved separation but also can
lead to broad peaks and long analysis times.

• On a practical basis, k’ values within the range of 1–15 are
generally used.
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Qualitative analysis

• Comparing VR or tR to that of standards chromatographed
under identical conditions often enables one to identify an
unknown compound.

• When it is necessary to compare chromatograms obtained
from two different systems or columns, it is better to
compare adjusted retention time, t’R.

• Different compounds may have identical retention times.

• Even if the retention time of an unknown and a standard are
equivalent, the two compounds might not be identical.
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Quantitative analysis

• Quantification involves measuring peak height, area, or mass
and comparing these data with those for standards of
known concentration.

• Nearly all chromatography systems now use data analysis
software, which recognizes the start, maximum, and end of
each chromatographic peak, even when not fully resolved
from other peaks.

• These values are used to determine retention times and peak
areas.
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• At the end of each run, a report is generated that lists these
data and postrun calculations, such as relative peak areas,
areas as percentages of the total area, and relative retention
times.

• Data from external or internal standards can be used to
calculate analyte concentrations.

• Having quantified sample peaks, one must compare these
data with appropriate standards of known concentration to
determine sample concentrations.

• Comparisons may be by means of external or internal
standards.
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• Comparison of peak height, area, or mass of unknown
samples with standards injected separately (i.e., external
standards) is common practice.

• Standard solutions covering the desired concentration range
(preferably diluted from one stock solution) are
chromatographed, and the appropriate data (peak height,
area, or mass) plotted vs. concentration to obtain a standard
curve.

• An identical volume of sample is then chromatographed, and
height, area, or mass of the sample peak is used to
determine sample concentration via the standard curve.
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Calibration curves for quantification of a sample component, x 
External standard technique



• This absolute calibration method requires precise analytical
technique and requires that detector sensitivity be constant
from day to day if the calibration curve is to remain valid.

• Use of the internal standard (relative or indirect) method
can minimize errors due to sample preparation, apparatus,
and operator technique.

• In this technique, a compound is utilized that is structurally
related to, but is eluted independently of, compounds of
interest in the sample to be analyzed.
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• First preparing a set of standard solutions containing varying
concentrations of the compound(s) of interest.

• Each of these solutions is made to contain a known and
constant amount of the internal standard.

• These standard solutions are chromatographed, and peak
height, area, or mass is measured.

• Ratios of peak height, area, or mass (compound of
interest/internal standard) are calculated and plotted against
concentration to obtain calibration curves.
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Calibration curves for quantification of a sample component, x 
Internal standard technique



• Next, a known amount of internal standard is added to the
unknown sample, and the sample is chromatographed.

• Peak height, area, or mass ratios are calculated and used to
read the concentration of each relevant component from the
appropriate calibration curve.

• The advantages of using internal standards are that injection
volumes need not be accurately measured and the detector
response need not remain constant since any change will not
alter ratios.

• The main disadvantage finding a standard that does not
interfere chromatographically with components of interest
in the sample.
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SUMMARY

• Chromatography is a separation method based on the
partitioning of a solute between a mobile phase and a
stationary phase.

• The mobile phase may be liquid, gas, or a supercritical fluid.

• The stationary phase may be an immobilized liquid or a solid,
in either a planar or column form.

• Based on the physicochemical characteristics of the analyte,
and the availability of instrumentation, a chromatographic
system is chosen to separate, indentify, and quantify the
analyte.
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• Chromatographic modes include adsorption, partition, ion
exchange, size exclusion, and affinity chromatography.

• Factors to be considered when developing a separation
include mobile phase variables (strength, pH, temperature,
and flow rate), and column efficiency, selectivity, and
capacity.

• Following detection, a chromatogram provides both
qualitative and quantitative information via retention time
and peak height area data.
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