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ABSTRACT 

Gas chromatography is the process of separating compounds in a mixture by injecting a gaseous or liquid 

sample into a mobile phase. Gas Chromatography  is a normally utilized analytic technique as a part of 

numerous research and industrial research facilities for quality control and in addition identification and 

quantitation of components in a mixture. This technique is well-recognized for its ability in unknown 

compound analysis. This article represents GC principle, Applications, Instrumentation & Approaches 

mobile. The stationary phase is either a solid adsorbent, called Gas-Solid Chromatography (GSC), or a liquid 

on an inert support, called Gas-Liquid Chromatography (GLC). GC are quite similar in a way that it involves 

gaseous compounds and high temperature. GC is used for the both qualitative identification and quantitative 

measurement of individual compounds which is presents in complex mixtures Gas chromatography is an 

instrumental technique used forensically in drug analysis, arson, toxicology analyses of other organic 

compounds. 
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INTRODUCTION 

Gas Chromatography is a extensively used logical fashion used to separate & dissect the gassy & 

unpredictable composites. In 1952, Modern Gas Chromatography was constructed by James & Martin. 

Since early 1950’s this fashion was first used for the separation of amino acids now GC has large number 

of operations as this fashion is rapid-fire & has a great perceptivity. Both qualitative & quantitative analysis 

can be done through GC. Indeed, minute volume sample can be analysed through GC. In gas 

chromatography, the sample is dissolved in a detergent and wracked in order to separate the analytes. The 

sample is distributed between two phases a stationary phase and a mobile phase. The mobile phase is a 

chemically inert gas similar as helium, nitrogen etc. Gas chromatography is one of the unique forms of 

chromatography that doesn't need the mobile phase for interacting with the analyte. The stationary phase is 

either a solid adsorbent, nominated gas-solid chromatography (GSC), or a liquid on an inert support, 

nominated gas- liquid chromatography (GLC). The criteria for the composites to be analysed in GC is 

volatility & thermostability. [1] 

PRINCIPLE: - 

In gas-solid chromatography, a solid adsorbent is utilised as the stationery and separational  phase. In gas- 

liquid chromatography with a stationary phase adsorption process Solid consists of a thin covering of 

immobile liquid with help and detachment. Through the process of breaking up. Gas liquid chromatography 

is the most generally used organization. The break up sample is first vaporized and also combined with the 

gas Mobile stage. In the stationary phase, quickly patches run mostly densely & in the stationary phase, the 

bottom answerable factors run quickly. The sample result stored in the gadget, which is together for 

distribution, enters the gas stream that passes through the division pipe called “column”. (Helium or nitrogen 

is known as carrier gas.) different factors are break up under the column. The detector calculates the number 

of factors leaving the column. To calculate a sample with an unknown concentration, a standard sample with 

a known concentration is fitted into the instrument. The peak retention time (external form) and area of the 

standard sample are contrast with the test sample to calculate the concentration [2,3].  
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FIG. 1 GAS CHROMATOGRAPHY [4] 

 

INSTRUMENTATION GAS CHROMATOGRAPHY 

 A good gas chromatography machine contains the following important components,  

Carrier gas – 

It's the mobile phase that runs in column.  

 Hydrogen, helium, argon or nitrogen is substantially used as carrier gas.  The helium gas is substantially 

preferred because of its effectiveness and safety.  

The carrier gas is filled in force tank and controller controls the inflow of gas.  

The carrier gas must be pure.  

It's equipped with molecular sieve for filtering and junking of humidity and other contaminations if present. 

 

Sample injector – 

The sample that needs to be analyzed is fitted in Gas chromatography through sample injector.  

To fit the sample, calibrated hype is used.  

As the sample needs to travel with mobile phase, they both should be in same physical state. In Gas 

Chromatography, the mobile phase is in gaseous state hence sample also need to be gaseous state.  
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The sample injector is equipped with heater that allows the vaporization of liquid sample. 

 If sample is in solid state, it's crushed and grinded and converted to liquid state. 

Column – 

The column consists of stationary phase (liquid adsorbed on inert solid support).  

The column is substantially made from pristine sword.  

The column can be packed with stationary phase called as packed column or thin subcaste of stationary 

phase is clicked on the inner walls of column forming concave tube called open tubular column  

The length of column used in gas chromatography is in range from1.5 to 10m with periphery of 2-4 mm. 

It's present in the form of coil.  

The column is present inside the roaster. The temperature of roaster is controlled and covered by the 

software.  

The temperature of roaster increases gradationally.  

The high temperature of roaster ensures the sample to stay in gassy state.  

The optimum temperature of roaster is depending on sample’s boiling point and hence it's varying from 

sample to sample.  

When the sample is fitted via injector, it travels with carrier gas (mobile phase) in column filled with 

stationary phase. The factors of admixture (sample) interact with both immiscible phases in else.  

Due to difference in the commerce with stationary and mobile phase, the time taken by individual factors to 

travel the column is different.  

The time spend by individual element in the column is called as retention time. This specific is used for 

identification of sample. 

Detector – 

The Sensor measures the volume of the factors or constituents of sample.  

There are different types of sensors available. The working medium of different sensors varies. They also 

differ in selectivity i.e., capability to quantify rested on patch’s physical and chemical property.  

The most generally used sensors are Flame Ionization and Thermal conductivity sensor. 

http://www.ijcrt.org/


www.ijcrt.org                                                 © 2024 IJCRT | Volume 12, Issue 2 February 2024 | ISSN: 2320-2882 

IJCRT2402634 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org f380 
 

A. Flame Ionization detector – When the carrier gas that carries the sample in column and enters the 

sensors and passes through hydrogen air honey. It causes chemical corruption and ionization of sample. 

The collector collects the produced ions. It causes increase in the current. The current is directly 

commensurable to volume of sample that's burned. Hence, the number of ions (produced during 

ionization) depicts the attention or volume of sample. The produced current is converted into digital 

form and present in the affair device. As the workshop on ionization caused by burning of sample in 

hydrogen honey, the sensor is called as Flame Ionization sensor. 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Flame Ionization detector  

 

B. Thermal conductivity Detector – This detector works by measuring the difference in thermal 

conductivity caused by flux on carrier gas with sample with reference to flux of only carrier gas. TCD 

is also located at the end of the column. It consists of paired tube- suchlike thermistors. When carrier 

gas and sample expedition through tube, it causes change in the temperature. This change in 

temperature is tasted by Wheatstone ground. When pure carrier gas is passed through both the tubes, 

there is no difference in the temperature of the tubes and hence ground is balanced. When one tube 

carries pure carrier gas while carries carrier gas with sample, the ground come unstable. It's because 

of difference in temperature of both the tubes. The extent of difference of temperature is directly 

commensurate to the attention of sample. The difference in the temperature is measured and recorded 

and converted to digital signal and presented in affair device. [4]  
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Signal Recorder- 

An archivist is used to record the response attained from the sensor after modification. Potentiometric 

sensors are generally used in gas chromatography. In this type of archivist, the input response is continuously 

compensated by the feedback response. kissers linked by this system move proportionally along the range 

of the map paper and record the signal. At the same time, the map paper moves at a constant speed along its 

length. You must record that zero before operating the archivist. [5] 

The archivist should be generally 10 mv (full scale) fitted with a fast response pen (1 sec or lower). The 

archivist should be connected with a series of good quality resistances connected across the input to 

devaluate the large signals. An integrator may be a good addition.  

Fig .3 Thermal conductivity Detector 

 

http://www.ijcrt.org/


www.ijcrt.org                                                 © 2024 IJCRT | Volume 12, Issue 2 February 2024 | ISSN: 2320-2882 

IJCRT2402634 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org f382 
 

 

 

 

 

 

THE PROCEDURE OF GAS CHROMATOGRAPHY 

Step 1: Sample Injection and Vapourization 

a. A small quantum of liquid sample to be anatomized is drawn up into a hype. 

b. The hype needle is deposited in the hot injection harbourage of the gas chromatograph and the 

sample is fitted snappily.  

c. The injection of the sample is considered to be a “point” in time, that is, it's assumed that the entire 

sample enters the gas chromatograph at the same time, so the sample must be fitted snappily. 

d. The temperature is set to be advanced than the boiling points of the factors of the admixture so that 

the factors will decimate.  

e. The wracked factors also mix with the inert gas mobile phase to be carried to the gas 

chromatography column to be separated. 

Step 2: Separation in the Column 

a. Factors in the admixture are separated grounded on their capacities to adsorb on or bind to, the 

stationary phase.  

b. An element that adsorbs most explosively to the stationary phase will spend the utmost time in the 

column (will be retained in the column for the longest time) and will, thus, have the longest retention 

time (Rt). It'll crop from the gas chromatograph last.  

   FIG. 4 SIGNAL RECORDER  

 

http://www.ijcrt.org/


www.ijcrt.org                                                 © 2024 IJCRT | Volume 12, Issue 2 February 2024 | ISSN: 2320-2882 

IJCRT2402634 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org f383 
 

c. An element that adsorbs the least explosively to the stationary phase will spend the least time in the 

column (will be retained in the column for the shortest time) and will, thus, have the shortest 

retention time (Rt). It'll crop from the gas chromatograph first.  

 

If we consider a 2-element admixture in which element A is more polar than element B also  

I. element A will have a longer retention time in a polar column than element B. 

II. element A will have a shorter retention time in anon-polar column than element B. 

Step 3: Detecting and Recording Results 

a. The factors of the admixture reach the sensor at different times due to differences in the time they're 

retained in the column.  

b. The element that's retained the shortest time in the column is detected first. The element that's 

retained the longest time in the column is detected last.  

c. The sensor sends a signal to the map archivist which results in a peak on the map paper. The element 

that's detected first is recorded first. The element that's detected last is recorded last.[7] 

HOW DOES GAS CHROMATOGRAPHY WORK? 

After sample collection and medication, the analytes of interest are separated inside the column and also a 

sensor measures the volume of the factors that exit the column. In GC, an analyte is fitted into the 

instrument’s slice harbourage and enters an roaster where it's wracked. The wracked sample is transported 

through a chromatographic column by the inflow of inert gas that forms the mobile phase. composites in 

the sample partition between the column’s stationary phase and the carrier gas. The strength of emulsion-

stationary phase commerce determines an analyte’s retention time. At the column’s outlet, a sensor) creates 

a signal when composites pass in. A chromatogram is the result of a GC separation. 

 To measure the attention of a test sample, a standard sample with known attention is fitted into the GC 

instrument. The peak retention time and area of the standard is compared to the test sample’s results to 

determine the unknown attention. In GC, external and internal norms are generally employed in order to 

insure dependable quantification of the test sample. When known norms are run independently from the 

factual sample of interest and the response is compared to that of the sample in another chromatogram, it's 

appertained to as an external standard. When the standard is added to the sample and analysed 

contemporaneously, it's called an internal standard. [8] 
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APPLICATIONS 

GC has wide range of operations in colorful fields. It has a medicinal & pharmaceutical operation. It's used 

in food, libation, flavour & scent analysis. It's also helpful in environmental analysis and monitoring. It's 

used to descry doping of medicines. In forensics, it's used in cases of wildfire, discovery of body fluids, for 

the testing of fibre, blood alcohol, discovery of venoms, fungicides & also to descry snares remainders. It's 

also useful in Security and chemical warfare agent discovery.  

The application of gas chromatography to environmental analysis: 

GC has significant part in the identification & quantification of adulterants of terrain.       Capillary GC is 

used in the analysis of colorful classes of patient organic pollutants in air, water, soils, sediments and biota. 

The organic contaminant groups like unpredictable organic composites (VOCs); polycyclic sweet 

hydrocarbons (PAHs); fungicides; and halogenated composites similar as polychlorinated dibenzo- p- 

dioxins and dibenzofurans, polychlorinated biphenyl, terphenyls, naphthalene and alkanes, organochlorine 

fungicides, and the brominated honey retardants, polybrominated biphenyls and polybrominated diphenyl 

ethers are analysed by GC.[9]  

 

Application of gas chromatography in food analysis:  

Gas chromatography (GC) is widely used in food analysis. Quantitative and qualitative analysis of food 

composition, natural products, food additives, flavour and aroma components, a variety of transformation 

products and contaminants, such as pesticides, fumigants, environmental pollutants, natural toxins, 

veterinary drugs, and packaging materials are done through GC [10] 

Application of GC in catalysis:  

Determination of the physicochemical properties of solid catalysts and adsorbents, catalyst evaluation and 

kinetics of catalytic reactions, and study of catalytic reactions are done under chromatographic conditions. 

GC is 110 longer to be regarded merely as an analytical tool for the quick (and, if necessary, continuous) 

determination of product composition, but as an essential part of an integrated program of kinetic analysis, 

including the determination of reaction parameters as well as diffusional constants. GC can be used in the 

study of catalysis in two ways. In the first, the catalyst under study is packed in a chromatographic column, 

and the properties are estimated by the chromatographic parameters such as retention time, retention 

volume, band width and shape, and behaviour of the chromatographic peak; while in the second, a micro 

reactor, in which a catalytic reaction or certain measurements on the catalyst are carried out, is directly 

connected to the chromatographic system whose function is to provide a rapid analysis of feed and products 

of the catalytic process.[11]  
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Application of GC to the qualitative & quantitative Copolyamide analysis:  

The former ways used for the analysis of copolyamide are time consuming & are unfit to give both 

qualitative as well as quantitative analysis. The gas chromatographic separation of the diacids recovered 

from hydrolyzed copolyamides prepared from hexamethylenediamine gives both qualitative & quantitative 

results. The system requires only lower also or0.2 gm samples. The percent 6 nylon in copolyamide is 

determined, by difference & with copolyamide made from further than diamine, a calibration wind for each 

diamine also be prepared as well as for diacids. This system involves the gas chromatographic resolution of 

the polymer hydrolyzate. the delivered diacids in the hydrozylate are esterified with the boron trifluoride – 

methanol & the diesters are recovered in the diethyl ether, dried, gas chromatographed & the retention time 

is measured to identify the corresponding diacid. A alternate hydrolyzed used is made acidulous, uprooted 

with n- butanol which is also removed by atmospheric distillation & therefore the residue is gas 

chromatographed to identify diamines.[12] 

GC analysis of xylene isomers:  

Xylene isomers are precursors to many chemicals. o-xylene is a precursor for pthalic anhydride, m- xylene 

is a precursor for isopthalic acid, p- xylene is aprecursor for tetrapthalic acid & dimethyl terepthalate. The 

cresol isomers are precursors to many chemicals. The chromatogram of a mixture of aromatic & methyl 

phenol compounds was generated using an SLB-IL60 ionic liquid column. It’s interation mechanisms allows 

the separation of all three xylene isomers & all three cresol isomers.[13] 

GC analysis of petroleum products:  

The petroleum products such as jet fuel petrol, diesel, kerosene is also analysed through GC. Test parameters 

involves column- supeul –Q PLOT, oven-35 degree celsius, 16 degree per min. to 250 degrees Celsius, 

detector – TCD, carrier gas – He, sample-jet fuel. GC analysis of water ib gasoline is also done.[13] 

Other common applications 

I. Identification of hazardous compounds in waste damps.  

II. Quantification of drugs & their metabolites in blood & urine for both pharmacological & forensic 

applications.  

III. Identification of reaction products.  

IV. Quantification of pollutants in drinking & waste water.  

V. Analysis of industrial products for quality control.  

VI. Skin sample analysis. 

VII. RNA isolation.  

VIII. Astro chemistry & geochemical search. [14,15] 
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ADVANTAGES OF GAS CHROMATOGRAPHY 

1. The main advantage of gas chromatography is its high perceptivity, resolution and separation 

capacity, which allow it to separate a wide range of unpredictable composites. 

2. It can be upgraded to a mass spectrometer (MS), which is used to determine the mass- to- charge 

rate of ions.  

3. It comes with a variety of sensors and injectors that can be used for colorful medicinal and other 

operations.  

4. Gas chromatography can dissect a sample important faster than other chromatographic ways.  

5. It's a robust separation system that provides superior signal- to- noise rate.  

6. Only a veritably small quantum of sample needs to be fitted and its sensors are extremely sensitive, 

allowing it to descry extremely low attention.  

7. Depending on the patch needs, different types of GC columns are available in numerous compasses 

and lengths.  

8. Gas chromatography is simple, automated, and allows rapid-fire data analysis that offers fairly high 

delicacy, perfection, and reproducible results.  

9. Operating parameters similar as inflow, temperature and pressure, etc. are easy to modify indeed 

during chromatographic tests. 

 

DISADVANTAGES OF GAS CHROMATOGRAPHY 

1. The main disadvantage of GC is that only unpredictable and thermally stable composites can be 

separated by gas chromatography.  

2. The sensors used in the GC are destructive, except MS.  

3. The selectivity in HPLC or TLC is also better, because a mobile phase can be fluently changed. In 

GC you can only change the temperature of the column and the roaster, but you cannot change the 

mobile phase because you have a constant inflow of carrier gas (helium, nitrogen).  

4. Since hydrogen gas, which is used for the honey, is largely ignitable, care should be taken when 

using it.  

5. It isn't possible to recover the individual factors of the sample.[16] 

USE OF GAS CHROMATOGRAPHY IN FORESENCIS 

Gas chromatography is useful in forensic science. it is used through the following ways: 

Forensic pathology –The capability of gas chromatography to identify individual rudiments and motes in 

a given emulsion can be extremely useful in forensic pathology. It helps in determining the fluids and 

composites present in the mortal body after death. It's essential in chancing out whether the person was 

intoxicated from alcohol or medicine at the time of death. It also helps descry if there's a bane or other 
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dangerous substances in the mortal body. It helps in chancing out the possible cause of death and the motive 

and malefactor, especially if foul play is suspected. 

Crime scene testing – A gas chromatography is integral in checking the sample in a crime scene. It tests 

all possible samples similar as blood, fibre from apparel, and other accoutrements. It'll enable the scientist 

to determine what and who were present in the crime scene. It'll help the authority to come up with 

propositions about the suspect and what transpires before the crime. With gas chromatography, the error of 

periphery is close to none making it substantial substantiation in court. 

Arson investigation –A gas chromatography is helpful when probing for wildfire. In the United States, 

wildfire is one of the leading causes of fires and the alternate cause of injuries and death. To start a fire, you 

would need different composites and factors. [17] 

 

LIMITATIONS 

I. Emulsion to be anatomized should be stable under GC operation conditions.  

II. They should have a vapor pressure significantly lesser than zero.  

III. Generally, the composites anatomized are lower than 1,000 Da, because it's delicate to decimate 

larger composites.  

IV. The samples are also needed to be swab-free; they shouldn't contain ions.  

V. Veritably minute quantities of a substance can be measured, but it's frequently needed that the 

sample must be measured in comparison to a sample containing the pure, suspected substance 

known as a reference standard.[7] 
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