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Introduction

Chromatography is an essential technique in scientific research,
industrial processes, environmental monitoring, and quality
control, allowing for the effective separation, identification, and
analysis of complex mixtures. Its versatility makes it a valuable
tool in diverse applications across multiple industries.



Chromatography

* Chromatography is a laboratory technique
used for separating mixtures into their
individual components. It involves passing
the mixture dissolved in a "mobile phase"
(which can be a liquid or a gas) through a
stationary phase (a solid or a liquid
supported on a solid). As the mixture
moves through the stationary phase, its
components travel at different speeds due
to differences in their interactions with
the stationary phase, allowing for their
separation.
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Applications of Chromatography

 Chromatography is widely used in various fields, including:

» Pharmaceutical Industry: Purification of Compounds: Used to separate and purify
drugs and other chemical compounds. Quality Control: Ensures the purity and
potency of pharmaceuticals.

» Environmental Testing: Water and Soil Analysis: Detects pollutants, pesticides, and
other contaminants in water and soil samples. Air Quality Monitoring: Identifies
and measures pollutantsin the air.

» Food and Beverage Industry: Flavor and Additive Analysis: |dentifies flavors,
additives, and preservatives in food products. Quality Control: Ensures food safety
by detecting contaminants, toxins, or adulterants.



Applications of Chromatography (cont.)

» Biochemistry and Biotechnology: Protein and Enzyme Purification: Isolates and
purifies proteins, enzymes, and nucleic acids for research or medical use. DNA
Analysis: Separates DNA fragments for genetic studies or forensic identification.

» Petroleum Industry: Oil Refining: Analyzes the composition of crude oil and
separates its components. Quality Control: Ensures the quality of fuels and
lubricants.

» Forensic Science: Drug Testing: Analyzes biological samples (e.g., blood, urine) for
the presence of drugs or toxins. Ink and Dye Analysis: Used in document analysis for
detecting ink or dye composition.

» Medical Diagnostics: Clinical Testing: Detects and measures biomarkers, hormones,
or metabolites in blood or urine samples.



What is lon Chromatography?

lon Chromatography (IC) is a form of - ®
liquid chromatography that is
specifically used to separate and
analyze ions (charged particles)
present in a sample. It is particularly
effective for separating anions
(negatively charged ions) and cations
(positively charged ions) in aqueous
solutions. The technique is widely
used for analyzing water samples,
biological fluids, pharmaceuticals, and
food products.




How lon Chromatography Works

In ion chromatography, the sample is introduced into a column that
contains a stationary phase (typically a resin) capable of exchanging ions
with those in the sample. The mobile phase (usually a liquid) carries the
sample through the column under pressure. The ions in the sample
interact differently with the stationary phase based on their charges,
size, and affinity, which results in their separation as they move through
the column at different rates.



General components of an ion-exchange
chromatography

» A high pressure pump with pressure and flow indicator, to deliver the eluent.
» An injector for introducing the sample into the eluent stream and onto the column.
» A column, to separate the sample mixture into the individual components.
» An oven, optional.

» A detector, to measure the analyte peaks as eluent from the column.

» A data system for collecting and organizing the chromatograms and data.
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Basic Steps in lon Chromatography
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Types of lon Chromatography

Cation Exchange Chromatography:
» Used to separate and analyze positively charged ions (cations).

» The stationary phase contains negatively charged groups that attract and hold the
cations.

Anion Exchange Chromatography:
» Used to separate and analyze negatively charged ions (anions).

» The stationary phase contains positively charged groups that attract and hold the
anions.



Applications of lon
Chromatography

» Environmental Monitoring: Water Quality
Testing: Detects and quantifies
contaminants such as fluoride, chloride,
nitrate, sulfate, and phosphate in drinking
water, wastewater, and groundwater. Air
Quality Analysis: Measures the presence of
acidic or basic ions in airborne particulate
matter.

» Food and Beverage Industry: Quality
Control: Analyzes salt content,
preservatives, and other ionic compounds in
food products. Dairy Analysis: Measures
anions like nitrate and phosphate in milk
and dairy products.




Applications of lon
Chromatography (cont.)

» Pharmaceutical Industry: Drug Analysis:
Monitors the purity of drugs by detecting
trace ions. Quality Assurance: Ensures the
ionic composition of pharmaceutical
products meets safety and efficacy
standards.

» Clinical and Medical Diagnostics: Biological
Fluid Analysis: Measures ionic
concentrations in blood, urine, or other
body fluids for diagnostic purposes. Dialysis
Monitoring: Assesses ion balances in
solutions used for dialysis treatments.




Applications of lon
Chromatography (cont.)

» Chemical and Petrochemical Industries:
Process Control: Monitors ionic impurities in
chemicals and petrochemical products.
Corrosion Analysis: Identifies corrosive ions
in process streams to prevent equipment
damage.

» Power Industry: Water Purity Testing:
Ensures the purity of water used in boilers
and cooling systems by detecting trace ionic
contaminants




Advantages of lon Chromatography

» High Sensitivity: Capable of detecting trace amounts of ions at
very low concentrations.

» Specificity: Provides highly selective separation of ions.

» Versatility: Applicable to a wide range of sample types and
industries.

» Automated and Rapid Analysis: Modern ion chromatography
systems can quickly analyze multiple samples with minimal
manual intervention.



Summary

lon Chromatography is a powerful analytical technique for the
separation and quantification of ionic species in various
samples. Its ability to accurately measure low concentrations
of ions makes it an essential tool in environmental monitoring,
food safety, pharmaceutical quality control, and many other

industries.
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