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1. Instrumentation of Gas Chromatography 

The major components of a gas chromatograph include: 

a. Carrier Gas System 

• The mobile phase in gas chromatography is an inert gas such as helium, nitrogen, or 

hydrogen. 

• It transports the sample through the column. 

• The flow rate must be carefully regulated using pressure regulators and flow controllers. 

b. Sample Injection System 

• The sample is injected using a microsyringe or an auto-injector. 

• It is introduced into a heated injection port, where it is vaporized instantly and carried into 

the column by the carrier gas. 

• Injection methods: split (for high concentration samples), splitless, and on-column. 

c. Column and Column Oven 

• Column is the heart of the GC system. 

o Packed columns: Filled with solid stationary phase, shorter in length (1–3 m). 

o Capillary columns: Fused silica with a thin coating of stationary phase, longer (15–

60 m), and offer higher resolution. 

• The oven houses the column and controls the temperature, which can be constant or 

programmed to increase over time. 

d. Detector 

• Detects and quantifies the components as they elute from the column. 

• Common detectors: 

o Flame Ionization Detector (FID) – for hydrocarbons. 

o Thermal Conductivity Detector (TCD) – universal, non-destructive. 

o Electron Capture Detector (ECD) – for halogenated compounds. 

o Mass Spectrometer (GC-MS) – for structural identification. 

e. Data Acquisition System 

• Converts the detector signal into a chromatogram. 

• Software calculates retention times, peak areas, and quantifies analytes. 

 



 

 

 

2. Derivatization in Gas Chromatography 

Derivatization is a chemical process where a compound is chemically modified to enhance its 

properties for better GC analysis. It's especially useful for: 

• Increasing volatility of non-volatile compounds 

• Improving thermal stability 

• Enhancing detectability 

• Improving separation efficiency 

Types of Derivatization: 

• Silylation: Replaces active hydrogens (e.g., –OH, –NH) with a silyl group (e.g., 

trimethylsilyl). Common reagent: BSTFA. 

• Acylation: Introduces an acyl group to hydroxyl or amino groups. Common reagent: acetic 

anhydride. 

• Alkylation: Replaces active hydrogens with alkyl groups. Reagent: diazomethane (for 

carboxylic acids to methyl esters). 

Applications: 

• Analysis of sugars, amino acids, fatty acids, and steroids. 

• Used when analytes are polar, thermally unstable, or lack volatility. 

 

3. Temperature Programming in Gas Chromatography 

Temperature Programming involves gradually increasing the oven temperature during the analysis 

to improve separation of components with a wide range of boiling points. 

Why Temperature Programming? 

• Isothermal runs (constant temperature) work for samples with narrow boiling point ranges. 



• Complex mixtures require temperature changes to: 

o Avoid long retention times for high-boiling components 

o Improve peak resolution 

o Minimize peak tailing 

Methods of Temperature Programming: 

• Linear Program: Temperature increases at a constant rate (e.g., 10°C/min). 

• Stepwise Program: Temperature increases in stages and held at each for a certain time. 

• Ramp and Hold: A combination of ramping and holding temperatures to optimize separation. 

Advantages: 

• Better resolution of early- and late-eluting compounds 

• Shorter analysis time 

• Improved peak shapes 

 

Conclusion 

Gas Chromatography is a highly sensitive and efficient technique for analyzing volatile compounds. 

Its performance relies on precise instrumentation, appropriate derivatization for difficult samples, 

and optimized temperature programming to achieve efficient separation. Mastery of these 

components enables high-quality qualitative and quantitative analysis across various scientific fields. 

Let me know if you'd like a diagram or summary table to go along with this! 

 


