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Introduction to:

Figure A: Michael Tswelt (1872-1919)

Figure B: Tswett's Experiment

Chromatography Brief History and Definition:
Liquid chromatography was defined in the early 1900’s by the work
of the Russian botanist, Mikhail S. Tswett. He discovered the basic
principles of column chromatography. His pioneering studies
focused on separating compounds [leaf pigments], extracted from
plants using a solvent, and in a column packed with particles.
Tswett filled an open glass column with particles. Two specific
materials that he found useful were powdered chalk [calcium
carbonate] and alumina. He poured his sample [solvent extract of
homogenized plant leaves] into the column and allowed it to pass
into the particle bed. This was followed by pure solvent. As the
sample passed down through the column by gravity, different
colored bands could be seen separating because some
components were moving faster than others. He related these
separated, different-colored bands to the different compounds that
were originally contained in the sample. He had created an
analytical separation of these compounds based on the differing
strength of each compound’s chemical attraction to the particles.
The compounds that were more strongly attracted to the particles
slowed down, while other compounds more strongly attracted to
the solvent moved faster. This process can be described as
follows: the compounds contained in the sample distribute, or
partition differently between the moving solvent, called the mobile
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phase, and the particles, called the stationary phase. This causes
each compound to move at a different speed, thus creating a
separation of the compounds.
Tswett coined the name chromatography [from the Greek words
chroma, meaning color, and graph, meaning writing—literally, color
writing] to describe his colorful experiment. [Curiously, the Russian
name Tswett means color.]
Chromatography is an analytical method that is widely used for the
separation, identification, and determination of the chemical
components in complex mixtures. No other separation method is
as powerful and generally applicable as is chromatography.

A GENERAL DESCRIPTION OF CHROMATOGRAPHY:
The term chromatography is difficult to define rigorously because
the name has been applied to such a variety of systems and
techniques. All of these methods, however, have in common the
use of a stationary phase and a mobile phase. Components of a
mixture are carried through the stationary phase by the flow of a
gaseous or liquid mobile phase, separations being based on
differences in migration rates among the sample components.
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Ion Chromatography in Environmental Analysis
Ion chromatography (IC) is a subset of liquid chromatography
applied to the determination of ionic solutes, such as inorganic
anions, cautions, transition metals, and low molecular weight
organic acids and bases. Although these solutes can be analyzed
using a number of separation and detection modes, ion-exchange
is the primary separation mode and suppressed conductivity is
the primary method of detection in IC. Normally, such separations
are performed on a column packed with a solid ion-exchange
material. But if we define chromatography broadly as a process in
which separation occurs by differences in migration, capillary
electrophoresis may also be included.

Figure D: Ion-Exchange Chromatography

IC is well established as regulatory method for the analysis of
inorganic anions in environmental samples as there are few
alternative methods which can determine multiple anions in a
single analysis. However, there are relatively few regulatory
methods for cation analysis which use IC. Methods for cation
analysis tend to be based upon spectroscopic techniques,
although IC offers the advantage of providing information on metal
speciation.
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Modern ion chromatography is built on the solid foundation
created by many years of work in classical ion-exchange
chromatography. The relationship between the older ionexchange chromatography and modern ion chromatography is
similar to that between the original liquid chromatography and the
later high performance liquid chromatography (HPLC) in which
automatic detectors are used and the efficiency of the separations
has been drastically improved. Ion chromatography as currently
practiced is certainly "high performance" even though these
words are not yet part of its name. Sometime in the future an
even better form of ion chromatography (IC) may be dubbed
HPIC.

Historical Perspective
The origins of modern IC were laid down by Hamish Small et al.
at Dow Chemical in 1975, when they first described a novel ionexchange chromatographic method for the separation and
conducti metric detection of ionic species. They employed a lowcapacity, ion-exchange stationary phase for the separation of
analyte ions, in conjunction with a second ion-exchange column
and conductivity detector, which allowed for continuous monitoring
of the eluted ions. The second column was called a ‘stripper’
column (later termed a ‘suppressor’) and served to reduce the
background conductance of the eluent and enhance the
detectability of the eluted ions. In the case of anion analysis, this
was achieved by exchanging hydronium ions from the cautionexchange suppressor for co-cautions (e.g. sodium) in the eluent,
prior to the measurement of conductance. This results in
conversion of the eluent anion to its less-conductive weak-acid
form, while enhancing the conductance of the analyte ion pair as a
result of replacing the less-conductive co-cation with the more
conductive hydronium ion. There verse situation can be described
for cation analysis, where the suppressor is an anion-exchange
column and the eluent is converted to its less-conductive weakbase form. The term ‘IC’ was subsequently introduced when this
technology was licensed to the Dionex Corporation for commercial
development.
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The introduction of IC provided a foundation for renewed interest in
the determination of ionic solutes and prompted much investigation
into the use of alternative separation and detection approaches for
the liquid chromatographic analysis of inorganic compounds. In
1979, Fritz et al, showed that a suppressor was not essential to
sensitive conductivity detection, provided that appropriate lowcapacity stationary phases and low-conductance eluents were
used. In addition, the separation of inorganic ions using traditional
C18 reversed-phase columns was also being explored at about the
same time. Since that time, a considerable variety of separation
and detection methods have been employed for the determination
of ionic species, as discussed in the article Ion Chromatography.
This, in turn, has significantly expanded the range of solutes and
applications to which IC is now applied.

Figure E: Column Chromatography – Solid-Phase Extraction [SPE]
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Figure F: High-Performance Liquid Chromatography [HPLC] System

Figure G: Understanding How a Chromatographic Column Works – Bands

Figure H: How Peaks Are Created
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Components of an IC Instrument:
The hardware is similar to that used for high pressure liquid
chromatography (HPLC) but does have important differences.
Readers who are familiar with HPLC will recognize the similarity
and the differences to IC hardware.
The hardware requirements for an IC include:
 An optional Supply of eluent(s).
 High pressure pump (with pressure indicator) to deliver the
eluent.
 Pulsation Dampener (to minimize base line noise).
 An optional Auto sampler.
 Injector for introducing the sample into the eluent stream and
onto the column.
 Column to separate the sample mixture into the individual
components.
 An optional oven to contain the column.
 An optional Suppression Unit.
 Detector to measure the analyte peaks as elute from the
column.
 Data system for collecting and organizing the chromatograms
and data.

IC set-up
Pump

Purge
valve

Injection
valve

Column

Detector

Suppressor

Pulsation
dampener

Eluent
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Schematic of an Ion Chromatography System

Suppression in Ion Chromatography

Metrohm Suppressor Module (Chemical Suppression):
The suppressor used in anion chromatography is simply a cation
exchanger and its job is to remove cations and replace them with
an H+. So a sodium carbonate eluent (~800uS) would be
converted to carbonic acid (~18uS) by the suppressor and the
analyte, for example NaCl (~126uS without suppression) would
become HCl (~426uS with suppression). The suppressor converts
the analyte to the free acid form and the background is reduced
whilst the sample signal is enhanced.
The anion chemical suppression can be taken a stage further with
a secondary CO2 suppressor instrument (fitted after the MSM)
which removes carbon dioxide from the suppressor reaction and
carbonate from the sample, which means that the mobile phase is
converted to water instead of carbonic acid so a background
conductivity approaching 1uS is then achieved. This is known as
Sequential Suppression and gives a greatly minimized injection
peak, no system peak (from eluent), super linearity and an
enhancement in the peak areas allowing lower limits of detection
to be achieved.
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Metrohm Suppressor
Modul
1) Eluent with sample

Suppressor rotor

Connection piece
with cock disc
3) Rinsing phase

front view

2) Regenerating
phase
Suppressor rear view

Screw-nut

The MSM is a Suppressor unit with chemical regeneration.
1) Eluent with sample is flowing through the suppressor
material – lowering the background conductivity.

To column, detector
and bottles

2) The inside is being washed around by an acidic
regeneration agent e.g. diluted sulfuric acid (H2SO4)
3) The regeneration agent is rinsed by means of water (H2O).
©2005-2008 MetroService, Metrohm AG, CH-Herisau

Suppressors
Metrohm Suppressor Module «MSM»
Packed bed suppressor
Na+  H+ / Na2CO3  H2CO3
Me+  H+ / MeCl  H+ + Cl–
Suppression
 H2SO4

Regeneration

 H2O
Rinsing

©2005-2008 MetroService, Metrohm AG, CH-Herisau
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Metrohm Suppressor
Modul

The Metrohm Suppressor Modul (MSM)
is an optional component to improve the
detection of the analyte.
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The MSM chemically suppresses the high
background conductivity of the eluent.
Thus enabling a more sensitive detection of
the analyte.
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Dionex Suppressor Module (Electrolytic Suppression):

The sodium hydroxide eluent flows through the channel in the
suppressor between the cation exchange membranes. Under the
influence of the electric field, the sodium eluent ions cross the
cation exchange membranes and migrate towards the cathode.
They are replaced by the hydronium ions that are continuously
being generated at the anode through the electrolysis of water.
After passage through the suppressor, the eluent and the analyte
anions pass through the conductivity cell. In the recycle mode the
eluent stream then passes through the regen side of the
suppressor, where it provides the source of hydronium ions and
sweeps the sodium counter ions away to waste.
Auto suppression is a form of continuous suppression, meaning
fresh regenerant is continuously being supplied with no
interruptions in chromatography required. The advantages of
continuous suppression, as opposed to "batch" suppression in
which the suppressor must be periodically regenerated off-line will
be discussed in the next few slides.
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Everything on the high pressure side, from the pump outlet to the
end of the column, must be strong enough to withstand the
pressures involved. The wetted parts are usually made of PEEK
and other types of plastics although other materials, such as
sapphire, ruby, or even ceramics are used in the pump heads,
check valves, and injector of the system. PEEK and other high
performance plastics are the materials of choice for ion
chromatography. Stainless steel can be used provided the
system is properly conditioned to remove internal corrosion and
the eluents that are used do not promote further corrosion. (Almost
all IC eluents are not corrosive.) Stainless steel IC components are
considered to be more reliable than those made from plastics, but
require higher care. The stainless steel IC is normally delivered
from the manufacturer pretreated so that corrosion is not present.
The reader is advised to consult the IC instrument manufacturer
for care and upkeep instructions.

Dead Volume:
Dead volume is any empty space or unoccupied volume.
The presence of too much dead volume can lead to extreme
losses in separation efficiency due to broadening of the peaks.
Eluent entering the pump should not contain any dust or other
particulate matter. Particulates can interfere with pumping action
and damage the seal or valves. Material can also collect on the
inlet frits or on the inlet of the column, causing pressure buildup.
Eluents or the water and salt solutions used to prepare the
eluents neither is normally filtered with a 0.2 or 0.45 µ nylon
filter.
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Degassing the Eluent
Degassing the eluent is important because air can get trapped in
the check valve (discussed later in this section), causing the pump
to lose its prime. Loss of prime results in erratic eluent flow or no
flow at all.
Another reason for removing dissolved air from the eluent is
because air can result in changes in the effective concentration of
the eluent. Carbon dioxide from air dissolved in water forms
carbonic acid. Carbonic acid can change the effective
concentration of a basic eluent, including solutions of sodium
hydroxide, bicarbonate and carbonate. Usually, degassed water is
used to prepare eluents and efforts should be made to keep
exposure of eluent to air to a minimum after preparation.
Modern inline degassers are becoming quite popular. These are
small devices that contain two to four channels. The eluent travels
through these devices from the reservoirs to the pump. The tubing
in the device is gas permeable and surrounded by vacuum. Helium
Sparging can also be used to degas eluents. Extended sparging
may cause some retention shifts, so Sparging should be reduced
to a trickle after the initial few minutes of bubbling. Finally, it is best
to change the eluents every couple of days to keep the
concentration accurate.

Pumps
IC pumps are designed around an eccentric cam that is connected
to a piston. The rotation of the motor is transferred into the
reciprocal movement of the piston. A pair of check valves controls
the direction of flow through the pump head. A pump seal
surrounding the piston body keeps the eluent form leaking out of
the pump head.
In single-headed reciprocating pumps, the eluent is delivered to
the column for only half of the pumping cycle. A pulse dampener is
used to soften the spike of pres- sure at the peak of the pumping
cycle and to provide a eluent flow when the pump is refilling. Use
of a dual head pump is better because heads are operated 180°
out of phase with each other. One pump head pumps while the
other is filling and vice versa.
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Pulsation dampener
Connections

The pulsation dampener (also pulsation
absorber) smoothens the pressure
variations caused by the pump and the
injector valve. This protects the
separation column and reduces
disturbing pulsations during the
conductivity measurement.
6.2620.150 Pulsation dampener

It can be operated in both directions.

The pulsation dampener is accessory. It
must not be disassembled and is therefor a
con-sumable.

©2005-2008 MetroService, Metrohm AG, CH-Herisau

Mobile phase outlet

Check Valves

Mobile phase inlet

IC pump head, piston and cam.

Mobile phase outlet

Mobile phase inlet

DELIVERY

Mobile phase outlet

Mobile phase inlet

Figure (1.5). Check valve positions during intake and delivery strokes of
the pump head piston.
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Gradient Formation
Isocratic separations are performed with an eluent at a constant
concentration of eluent buffer or salt solution, while it is desirable
(simpler) to perform IC separations with single isocratic eluent, it is
sometimes necessary to form a gradient of weak eluent to
concentrated, strong eluent over a chromatographic run. This
allows the separation of anions that may have a wide range of
affinities for the column. Weakly adhering anions elute first and
then, as the eluent concentration is increased, more strongly
adhering anions can be eluted by the stronger eluent.

Detection and Data System:
The most common and useful detector for ion chromatography is
conductivity; however, UV and other detectors can be quite useful.
The results of the chromatographic separation are generally
displayed on a computer, although, in some older systems,
recorders and integrators are used. The computer uses an AID
(analog to digital) board to convert the analog signal from the
detector to digital data. The digital information is stored and
manipulated to report results to the user.
The type of information that is most useful are the retention times
of the various peaks and the peak areas (in a few cases, peak
heights are used). Retention times are used to confirm the identity
of the unknown peak by comparison with a standard. Peak area is
compared to standards of known concentration to calculate analyte
concentrations. This calculation can be performed by the use of a
Simple ratio:

Therefore:
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It is usually better, however, to draw a calibration curve of known
peak area vs. known concentration, to find the unknown peak area
on the curve and to measure the unknown concentration on the
axis.
For the data system to measure peak area, the baseline of the
peak must be accurately drawn. The software program will attempt
on its own to draw a baseline for the peak, but frequently the user
must manually mark the baseline start and finish points to
accurately draw the peak baseline.

Chromatogram showing an anion exchange separation followed by
direct conductivity detection (non-suppressed)

Some modern IC Instruments…

IC Instruments overview
Modular system

Compact IC

Advanced IC

Online IC

Professional IC

©2005-2008 MetroService, Metrohm AG, CH-Herisau
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ICS-3000 – System Accessibility
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المراجع
 تم اإلعداد بمشاركة المشروع األلماني GIZ
 و مشاركة السادة -:
 د /سناء أحمد اإلله

شركة مياه الشرب والصرف الصحى بالفيوم

 د /شعبان محمد على

شركة مياه الشرب والصرف الصحى بالفيوم

 د /حمدى عطيه مشالى

شركة مياه الشرب والصرف الصحى بالغربية

 د /عبدالحفيظ السحيمى

شركة مياه الشرب بالقاهرة الكبرى

 د /سعيد أحمد عباس
د /مى صادق

شركة مياه الشرب والصرف الصحى بالغربية
شركة مياه الشرب بالقاهرة الكبرى
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