Gas chromatography: Introduction, theory
Introduction:
Gas chromatography (GC) is a widely used analytical technique for separating and analyzing volatile and semi-volatile compounds. It is based on the principles of partitioning and selective adsorption of compounds between a stationary phase (usually a liquid or solid) and a flowing mobile phase (inert gas). GC is used in various fields, including environmental analysis, pharmaceuticals, forensics, food and beverage, and petrochemicals.
Theory of Gas Chromatography:
The basic components of a gas chromatography system include an injection port, a column, a detector, and a data acquisition system. Here is an overview of the key concepts and theory behind gas chromatography:
1. Injection of Sample:
· The sample to be analyzed is injected into the gas chromatograph using an injection port. The sample can be introduced as a liquid, gas, or solid, depending on the nature of the analyte and the injection technique.
2. Stationary Phase:
· The stationary phase in gas chromatography can be a liquid coated on a solid support (known as packed column) or a thin layer of liquid on the inner surface of a capillary column (known as capillary column).
· The choice of stationary phase depends on the analyte properties and the separation requirements.
· The stationary phase acts as a selective adsorbent, interacting differently with different compounds based on their physicochemical properties such as polarity, size, and affinity for the stationary phase.
3. Mobile Phase:
· The mobile phase, also called the carrier gas, is typically an inert gas such as helium, nitrogen, or hydrogen.
· The carrier gas flows through the column and carries the sample components with it.
· The choice of carrier gas depends on factors such as column compatibility, system requirements, and detection sensitivity.
4. Separation Process:
· As the carrier gas flows through the column, the sample components interact with the stationary phase.
· Compounds that have a stronger affinity for the stationary phase will spend more time in the column and elute later (have longer retention time), while those with weaker affinity will elute earlier (have shorter retention time).
· This differential partitioning and adsorption behavior of compounds lead to their separation in the column.
5. Detection:
· Various detectors are used in gas chromatography to detect and quantify the separated components.
· Common detectors include flame ionization detector (FID), thermal conductivity detector (TCD), electron capture detector (ECD), and mass spectrometer (MS).
· Each detector has its own detection principle and sensitivity to different types of compounds.
6. Data Acquisition and Analysis:
· The detector signal is converted into electrical signals, which are recorded and processed by a data acquisition system.
· The chromatogram generated by the data system shows the peaks corresponding to the separated components, their retention times, and their peak areas.
· The data can be further processed and analyzed to identify and quantify the components in the sample using reference standards or library databases.
Gas chromatography is based on the principles of compound separation using selective adsorption and partitioning between the stationary phase and the mobile phase. The efficiency and selectivity of the separation depend on factors such as column properties, stationary phase selection, temperature programming, and choice of detector. Gas chromatography offers high sensitivity, resolution, and the ability to analyze a wide range of compounds, making it a powerful technique for qualitative and quantitative analysis in various fields of research and industry

