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1. Learning outcomes: After completing this chapter, the student shall be able to: 

b. Describe the principle of gas chromatography 

c. List the various components of gas chromatographic system 

d. Describe the process of gas chromatography  

e. List the different types of detectors used 

f. List different applications of gas chromatography 

1. Introduction: chromatographic techniques are used widely across scientific disciplines and 

in industry for multiple applications, some of which may even be overlapping. Broadly classified 

into planar and column chromatography, the general principle involves the separation of 

components (i.e. analytes of interest) of a mixture (of widely varying constitution e.g. peptides, 

lipids, pigments etc.) based on their relative solubility in, and hence movement through “phases” 

i.e. mobile and stationary, used in the technique. Further, chromatography is divided into gas and 



 

 

liquid based on the nature of the mobile phase. When the mobile phase is liquid then the technique 

is referred to as “liquid chromatography” and when the mobile phase is gaseous then as “gas 

chromatography” (GC). The idea of using gas chromatography as an analytical tool was originally 

introduced by Martin and Synge in the 1940s who then demonstrated its utility by separating a 

mixture of fatty acids using GC.  

Gas chromatography is a highly sensitive technique that is routinely used in industrial laboratories 

for quantification of compounds, quality control and in forensic laboratories for detection of many 

chemicals that are present in extremely small amounts. 

The mobile phase in gas chromatography is an inert gas that does not interact with the analytes in the 

mixture to be separated. If the gas phase moves over a solid stationary phase, then it is called “gas 

solid chromatography”. If the gas moves over a non-volatile liquid phase coated over a support, then 

it is referred to as “gas-liquid chromatography”.  

2. Principle of gas chromatography 

The underlying premise of separation using GC is based on the presence of analytes that are volatile 

(or modified i.e. derivatized to be volatile) at the temperatures at the point of injection. These 

analytes are typically dissolved in a solvent, and small amounts (typically in microliters) are injected 

into the gas chromatograph through an inlet. The separation will depend how strongly the compounds 

in the injected sample interact with the stationary phase. A stronger interaction means a longer 

interaction with the stationary phase and hence a longer time to migrate through the column and exit 

the column.   

Each of the components of the sample leaves the column at a certain time called its “retention time”. 

The exit of analytes from the column is perceived by a detector and converted into electrical signals 

for each of the analytes exiting the column which are visible as peaks on the recorded output of the 



 

 

process. This output is called the “chromatogram”. There are many kinds of detectors(D) used in gas 

chromatography e.g. electron capture (ECD), flame ionization (FID), thermal couple (TCD), 

Nitrogen-Phosphorus (NPD) and mass spectrometry (MS).  

3. The gas chromatographic system: 

Overview: the system consists of an injection port, an oven containing the column which may 

operate isothermally or maybe temperature programmed, an exit port and a detector that detects the  

analytes coming out of the column. In addition, gas cylinders for maintaining the flow of the mobile 

phase i.e. gas, are also connected to the oven containing the column.  

 

 

 

Figure 1a: Schematic diagram of a gas chromatographic system 

                                                 

Components:  

4.1. Carrier gas: is the medium in which the sample mixture is carried along the column, and flows 

out. The carrier gas should be inert, should allow a sufficient detector response and from a practical 



 

 

perspective, also be low-cost. The gases usually selected as carrier gases are helium or nitrogen 

although some other gases have also been used. Certain types of detectors such as the Flame 

Ionization Detector also need a source of combustion for the detector to function (i.e. the flame to be 

lighted). The gas used for this is hydrogen. 

4.2: The injection port is where the sample is introduced into the column (i.e. the column head).  In 

modern gas chromatographs, the port is usually heated so that sample injection and vaporization can 

take place simultaneously. The sample volumes typically injected are in the range of a few 

microliters through a rubber septum and into the vaporization chamber.  Depending on whether the 

whole sample is needed (uncommon) for analysis or only a small amount is needed, the injection can 

be split less or split by means of a splitter that directs excess sample to a waste collector.  

4.3. Column: the column is the heart of the gas chromatography based separation process. There are 

hundreds of types of columns available with varying chemical composition and lengths. They are 

broadly categorized into “packed” and “capillary”. In the initial decades of analytical gas 

chromatography, packed columns were used, in which a glass or metal (mostly stainless steel but 

also aluminium, copper, polytetrafluorethylene) column tubing is packed with small spherical inert 

supports (e.g. diatomaceous earth).  The liquid phase adsorbs onto the surface of these beads in a thin 

layer. Packed columns have higher sample capacity1. However, packed columns are usually are less 

efficient and have lower resolution as compared to capillary columns. They are often used for 

preparative work and gas analysis. Their inner diameters range from 1.5 mm to 6 mm. A category of 

micro-packed columns are also available. They are micro pore tubes having inner diameters ranging 

from 0.3-1 mm and at lengths varying from 1 to 15 m, packed with particles 0.007-0.3 mm in 

diameter. 

                                                           
1 The amount of sample that can be applied to a column without overloading. 



 

 

The other kind of columns, called “capillary columns” are more in use nowadays and consist of a 

tubing, the walls of which are coated with the stationary phase or an adsorbent layer, which supports 

the liquid phase. Stationary phase thickness is typically 0.25 microns. Capillary columns have a 

higher efficiency and hence better peak separation than packed columns. Capillary columns are 

categorized into “The Wall Coated Open Tubular (WCOT)” columns, “Support Coated Open 

Tubular” (SCOT) and the “Porous Layer Open Tubular (PLOT)” columns. Capillary columns have 

inner diameters ranging from 0.10 to 0.20 mm and lengths including 10 m, 15m, 30m, 50 m, upto 15 

m depending on the inner diameter. A very efficient, popular type of WCOT column is the fused-

silica wall-coated (FSWC) open tubular column that is chemically very inert and requires very small 

sample sizes.  

The columns are typically packed or coated with solid material which could perform the role of 

adsorbent (Gas Solid chromatography), in which case the separation takes place by adsorption, or the 

solid material could be support for stationary phase (which is a non-volatile liquid), as in Gas Liquid 

Chromatography, coated on a granular material, in which case the separation takes place by 

absorption. 

A vast array of solid and liquid stationary materials have evolved for use over time, numbering into 

hundreds. These are sometimes naturally occurring materials such as Kieselguhr (diatomaceous earth 

based, that contain polysilicic acid as hydrated amorphous silica with a porous structure and varying 

amounts of metal oxides of Fe, Al, Mg, Ca, Na, K) or synthetically created polymers such as 

Squalane, teflon. If a liquid is chosen as the stationary phase, it should dissolve all the components of 

the samples differentially, be practically non-volatile at the temperature of the column, be chemically 

inert and have high thermal stability. The liquid may be non-polar (e.g. silicone oils methylsilicone 

type), polar (polyethylene glycol, silicone oils with cyanopropyl groups) or of intermediate polarity 



 

 

(e.g. phenyl methyl silicone phase, dinonyl phthalate). The organic compounds are also empirically 

classified based on their chromatographic separation from Class I (very polar) to Class V (non-polar). 

The suitability of the packing/coating material of the column for analysis of the sample mixture will 

depend on the chemical (and occasionally, structural) nature of the analytes in the mixture so as to 

allow an interaction between the stationary phase so that retention times vary as per the respective 

degrees of interaction between the analyte and stationary phase. In case the analyte is polar, the 

stationary phase should be polar and if the analyte is non-polar, then a non-polar/less-polar stationary 

phase should be chosen. Since compounds vary in their polarity in the same mixture, a compromise 

is often made while choosing the stationary phase.  

The stationary phases on the GC columns need to be conditioned and activated by allowing the 

mobile phase to flow over the column before the samples for analysis are applied onto the column for 

separation. Also, while using the columns, care must be taken to understand the robustness of the 

column chemicals with regard to its thermal stability and also the effect of certain corrosive 

chemicals that may poison the column (e.g. oxygen, chromic acid, potassium hydroxide, 

perfluoroacids). To minimize changes of such damage, a guard column can be installed ahead of the 

main column. Sometime trimming a few feet of the initial part of the column can remove the 

damaged section.     



 

 

Fig 2: Types of GC columns and their stationary phases:                  

 

4.4 Detectors: 

Analysis: The quantitative analysis of a given component is based upon evaluating the 

chromatographic peak, which is triangle-shaped when columns with filling are used; its surface is 

measured and divided by the total surface, in different percentages for different types of detectors. 

For capillary columns with good resolution, the signal takes the shape of straight lines and 

calculating the composition of the mixture is done in the order of succession, dividing each 

individual line by the total number of lines and using an adequate calibration curve, drawn upon 

determinations of known compounds 

Mixture components can be identified by comparison using chromatographic standards – that are 

pure substances or known mixtures of components. In these cases, universal detectors may be used. 

For unknown mixtures, mass spectrometry is recommended.  

In gas chromatography, the area under the peak is proportional to the concentration of the analyte. 

Figure 3: Representative chromatogram of fatty acid profile in serum: 



 

 

 

Detectors: A wide range of detectors are available that are linked to gas-chromatography systems 

and are of varying sensitivities and application. The background levels (i.e. noise) and interferences 

are very low because the carrier gases used in GC are transparent to most detectors. Some of the 

detectors available are able to detect a wide range of samples down to picogram limits. The key 

attributes of a detector are sensitivity [which is indicated by the limit of detection 2 (LOD)], 

selectivity3 and dynamic range4. Finally, the detector may respond to the concentration of an analyte 

passing through it or to the mass of the analyte passing through it. The former is called 

concentration-sensitive detector and the latter, mass sensitive detector. One of the detector types 

linked to the GC instrument, the thermal conductivity detector (TCD), is the most commonly used 

concentration-sensitive detector.  

 

                                                           
2 This is the minimum quantity of material than can be distinguished from background 

3 the ratio of the amount of a compound that does not contain the selected property that generates the same signal 

as a compound with the selected functionality  

4 the usable (operating) range over which the detector will generate a changing signal as the amount of analyte 

changes 



 

 

The list below describes the most common types of detectors used in gas chromatography: 

Type of detector Type of 

response 

Response 

characteristic 

Destructive  LOD 

Flame Ionization Detector Universal to C* Mass Yes 1 pg/s  

Thermal Conductivity Detector  Universal  Concentration  No 500 pg/ml  

Electron Capture Detector Selective Concentration No 5 fg/s  

Nitrogen Phosphorous Detector Selective Mass Yes 1 pg N/s 

Flame Photometric Detector Selective Mass Yes 0.1-1pg P or S /s 

Mass Spectrometry Both Mass Yes .25 to 100 pg  

Atomic Emission Detector Both  Mass Yes 0.1 ng-1 pg/s 

*Carbon. 

 

5. Applications of gas chromatography: 

Gas chromatography has many applications, both quantitative and qualitative. These include: 

a. Environmental analysis: pesticides’ analysis in water/vegetables, vehicle emissions 

b. Clinical medicine: blood alcohol, drugs (nicotine, opioids) 

c. Forensic medicine: explosives 

d. Consumer goods quality control 

e. Food analysis: fatty acid composition, flavor components of edible products 

f. Petrochemicals: petrol composition; solvent purity, gas refineries 

 



 

 

6. Factors to be considered during GC method development to optimize 

time of separation and optimum resolution5: 

 Carrier gas flow rate : an increase in flow rate shortens retention times but may decrease 

resolution  

 Temperature program heating rates: very high column temperatures lead to loss of 

resolution; optimum separation and retention time are usually achieved with temperature 

gradients. 

 Column length , column diameter: A longer column and thinner diameter improve 

resolution 

 Thickness of the stationary phase: Standard thickness in capillary columns is 0.25 microns; 

thicker stationary phases increase sample capacity and retention time as well as improve 

resolution of early peaks. 

 Sample volumes: the sensitivity of capillary column based gas chromatography also limits 

the sample volume that can be applied to the column; overloading the column can lead to 

tailing of peaks and poor resolution. 

 

A modified gas chromatography technique, called “Fast Gas chromatography” is able to shorten 

analysis time without loss of resolution. The process typically uses shorter length columns e.g. 20m, 

with smaller internal diameters (i.d.) to shorten analysis times with good resolution.  

 

                                                           
5 Resolution is a measure of how well two elution peaks can be differentiated in a chromatographic separation. 



 

 

7. Illustrative methodology of gas chromatography using the example of analysis of fatty 

acids in serum: this method involves the conversion of fatty acids into their methyl esters so 

that they can be volatilized, extraction of the derivatized esters into an organic phase and 

analysis on a polar gas chromatographic capillary column.  

PROTOCOL : Fatty Acid analysis in serum: 

Step 1: Sample preparation and derivatization 

Glassware Required: 

 Borosilicate glass tubes with Teflon-lined screw capes 

Reagents Required: 

 Acetyl chloride  

 HPLC grade methanol, chloroform, and toluene. 

 Internal standard : undecanoate(C11) FAME: 1 mg /ml of C11 in CHCl3 (Chloroform HPLC 

grade) 

 2[6]di-tert-butylp-cresol(Butylated Hydroxytoluene (BHT)]: 5mg of BHT/100 ml of 

methanol (HPLC grade) 

 Potassium carbonate (K2CO3) : 6mg % in distilled water 

 Nitrogen gas  

 

PROCEDURE:  

All glassware should be rinsed with chloroform-methanol 2:1 (v/v) and dried under nitrogen before 

starting the experiment.  

 



 

 

Prepare a fresh solution containing methanol-toluene solution in the ratio of 4:1 methanol and 

toluene. Add internal standard(25 μl ) and BHT(2.5 μl) per sample followed by acetyl chloride ( e.g. 

for 20 samples, 40ml methanol + 10 ml toluene + 500μl C11 + 50μl BHT + 2.5 ml acetyl chloride - 

mix acetyl chloride dropwise while keeping tube on low speed vortex to the other components! 

IMPORTANT: CRITICAL AND HAZARDOUS STEP. Wear gloves and mask.)      

                                                                                                                   

                                                          200μl of plasma 

 

                                                                 2ml of methanol-toluene solution  

 

                                        Heat for 1hr (water bath) at 1000 C 

                                               (shake every 10-15 minutes) 

                                                                             Cool to RT, loosen cap 

    Stop the reaction with 5ml of 6% K2CO3  

  

Centrifuge at 3000 rpm at 40 C for 10 min. 

 

                           Remove the upper toluene layer, transfer to amber vials 

 

              Dry under gentle stream of nitrogen, crimp vials and store at -200 C till GC analysis 

 

Step 2: Gas chromatographic analysis: For the GC analysis a gas chromatograph equipped with a 

hydrogen flame ionization detector, split mode injector and the capillary column SP- 2560  (100 m x 

0.25 mm; biscyanopropyl siloxane stationary phase) will be used.  

The operating conditions will be: (temperatures, in 0 C): injector, 225; detector, 285; initial temp, 

100; ramp, 3 0 C/min; final temp, 240; hold 15 min. The split ratio will be set at: 200:1.  



 

 

Reconstitute sample using 2-3 µl isooctane. Take 1 µl of each FAME for GC analysis. A mixed 

FAME standard solution will be used to optimize the running protocol and identify the fatty acids 

before testing the FAMEs prepared from the samples. Individual isomers will be identified by 

comparing with known retention times relative to the internal standard, C11.0. Specific isomers are 

also identified by running the unmodified FAME mix/sample followed by one spiked with the 

individual FAME isomer of interest. 

Precautions: The reagents used must be HPLC grade and glassware used must be clean and free of 

detergent. Ideally, use of plastic ware should be avoided or it should be ensured that it is inert to 

organic reagents used in the protocol. Also, all reactions are to be run in triplicates for ensuring 

data validity when running for research purposes etc. The gas used for combustion, i.e. hydrogen is 

highly inflammable and care should be taken to maintain appropriate pressures when operating the 

gas flow valves. 
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Summary:  

The technique of gas chromatography provides a highly sensitive and specific measure for a 

numerous analytes that are thermally stable volatile and/or amenable to derivatization to 

compounds with such properties.  

 

The flexibility and range offered by this technique is due to a number of reasons including the 

separation power of the columns of the wall-coated open tubular columns type and the 

resolution possible with the widely used capillary columns.  

 

The analytical process is relatively fast, there is an immense range and specificities offered by 

the number of detectors that can be linked to the separation process.  

 

The key variables affecting the resolution of the gas chromatographic system include the 

carrier gas flow rates, column type and stationary phase thickness, length of column, and 

temperature programs followed during the analytical process.  


