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ǍƓǐîìƗǁä ƛǄƑǆîƓǁä ùäìǉà 
 

 пЯК ϼϸϝЦ ϞϼϹϧгЮϜ днЫт пϡтϼϹϧЮϜ ϭвϝжϽϡЮϜ ϣтϝлж пТ:- 

 

č- çïǒƓõƙǆǃå ǊƕƬā çïǒƓõƙǆǃåā ǊǄǒǀƛǃå Ǌǒāưƶǃå èƓƛāǄǆǃå ñƓǒǀǃ Ǌǆíǀƙǆǃå ûïõǃƓƕ þƓǆǃǙå 

Ď- èåíǒƕǆǃå ýƛǆ ǊǄǒǀƛǃå Ǌǒāưƶǃå èƓƛāǄǆǃå ñƓǒƿ ǏǄƵ çïíǀǃå 

ď-  ǏǄƵ çïíǀǃåçïǒƓõƙǆǃå ǊƕƬ Ǌǒāưƶǃå èƓƛāǄǆǃå ñƓǒƿ 

Đ- Ăāưƶǃå ÿāƕïǂǃå ñƓǒƿ ǏǄƵ çïíǀǃå 

đ- ǊǒǈǒƞāǃƓǌǃå èƓƛāǄǆǃå ñƓǒƿ ǏǄƵ çïíǀǃå 
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Gas Chromatography 
1-What is Chromatography?  

It is technique used for separation a mixture of different compounds using 

certain stationary phase (column) carrying by certain mobile phase. 

Or it is the process (Adsorption) in which the mix of components to be 

separated by distributed between two phase one called mobile phase and 

other called stationary phase.  

SO the Chromatography in its simplest form is like putting ink on blotting 

paper and watching the colors separate.  

 

   

 

2-What is the History of Chromatography? 

First classic (LC) was carried out by scientific Russian called Tswett in 1903 

by separation plant pigments using glass packed column consist of powdered 

calcium carbonate and alumina as stationary phase calling (Precipitated 

Chalk) and Hexane as mobile phase and the flow was gravity so the pigment 

separate in different colors in the column which occur due to some pigments 

move faster than other due to related to different compounds, then he take 

from Greeks words two word!! First Chroma mean color and graph mean 

writing (Color writing)  
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3-How can we decide using GC or LC? 

First to answer this question we should know the different between them. 

 

The first different is the mobile phase 

 Which is in GC is Gas and in LC is Liquid and it appear Cleary from the name 

of two instruments!! 

 

Second different is the column 

In GC it is capillary column and the mixture need to separate carrying by gas 

and the separation depends on the different in temperature called (thermal 

program)  

In LC is packed column is made from bare or bonded silica; it separates a 

mixture of compounds by how polar they are. We can use a gradient of 

different solvents for different polarity. 

òColumnò which is made from bare or bonded silica, it separates a mixture of 

compounds by how polar they are. We can use a gradient of different 

solvents. So if the column in non-polar, the compound to elute first will be the 

most polar.  

 

So our decision will be: 

For GC analysis, a compound must have sufficient volatility and thermal 

stability. 

¶ If the species in a mixture are in the gas or vapor phase at 400 ï 450 °C or 

below, and they do not decompose at these temperatures, the mixture can 

probably be analyzed by GC.(more volatile). 

For LC a compound must has polarity to can be separated  
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¶ If species in a mixture are not easily transformed into the gaseous phase 

or not thermally stable LC is likely to be appropriate(less volatile). 

 

Chromatographic Areas 
4-What the GC consist of? 

1-  Sample introduction  

2- Column Oven and column  

3- Detector  

 

 

Schematic GC System 
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What the sample introduction consist of  

1-Auto sampler 

2-Injection port  

 

1- Auto sampler  

The auto-sampler consists of: 

A-Tray  

It is multi vials position in which the vials are arranged. 

 

B-Injector tower  

It is mechanical motion by which the sample introduction into the injection port 

and it consist of (Syringe for drawing sampling & Motor for mechanical 

motion). 

 

 

 

2- Injection port 

It is a port that transferee the sample to the column which consists of: 

1- Septum which is from silica rubber and chemically inert prevent the 

sample get out from the glass liner. 

 

 
 

2- Glass liner  

Which coated to be inert and it had different shape according to the 

application like (line with goose nick, line with two goose nick, straight line and 

line with or without glass wall). 
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3- Heater 

Very impotent to evaporate the sample before going to column it temperature 

from 50°C to 300°C). 

 

 

 

 

 

¶ Types of injection on GC 

1- On column  

1- Were the sample inject directly on column without any effecting of 

injection port. 

2- Excellent Quantitative Results. 

3- No Discrimination. 

4- Suited for trace Analysis. 

5- No Septum. 

6- No Thermal Decomposition. 

7- Narrow injection Band by Solvent Focussing. 

8- Not Suitable for ñdirtyò samples. 

 

 

2- Split/Splitless Injector 

Which had two mode: 

Frist Split injection 

On-column  
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1- Narrow Injection Band 

2- Elimination of Pollution 

3- Uniform 

4- Not for trace analysis 

5- Critical Design 

6- Discrimination of high boiling compounds 

 
Second Splitless Injection 

1- Suited for trace analysis 

2- Narrow injection band by solvent trapping and cold trapping 

3- Difficult to employ: trial and error 

4- Discrimination of high boiling compounds 

5- Only suitable with chemically bonded phases 

 

 
 

Chromatogram showing the difference between the two types of 

injection (Direct vs. Split less Injection). 

 
Splitless 
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A- Programmed Temperature Vapourisation (PTV) 

This mode is universal it can use in hot or cold and Spilt or spiltless. 

The most advantage it can progrmmed Temperature for sample injaction 

before the column thermal program and also it help for injaction large volume 

for more sensitvty  
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Column and Column Oven  

The GC column is the heart of GC and it consist of coil tube packed of 

stationary phase. 

 

General specs of column  

1- Low Bleed  

2- Lower Detection Limits 

3- Improved Quantitation 

4- Improved Compound Identification 

5- Less System Maintenance  

6- Stable in high temp. 

 

To get will know about column we need Define tow term in any column 

must be consist of: 

1- Mobile phase: The fluid which carry out the components along the 

stationary phase to the detector and t may be Gas(Helium or Hydrogen & 

methane or Nitrogen)or Liquid. 

2- The Stationary: The bed in which happened adsorption for the 

components on it and it may be solid or gel or liquid an if liquid must be 

distributed on solid. 

 

 

¶ The GC Mobile phase  

The mobile phase in GC is Gases!! It may be (Helium, Hydrogen, Nitrogen 

and Argon/methane) it can be drawn from gas cylinder or obtained in 

Hydrogen or Nitrogen from onsite generators. 

The carries gas must be free from hydrocarbon, water and oxygen because 

all of them may damage the stationary phase and decrease the sensitivity of 

the detectors.  

For this reason the line of carriersô gases and all gases in GC like make up 

gases or gases using in detectors supplying by filter contains a molecular 

sieve for removing the impurities. 

 

The relationship between the viscosity and Linearity  

The viscosity of gas and its flow affecting on the analyte dispersion in the 

stationary phase and their diffusion on the mobile phase. 

The best gas for separation is hydrogen, but due to safety considerations, it is 

preferable to use Helium. 

By increasing the temperature, the viscosity of gas will increase, these will 

effect on the flow rate of carrying gas (Increase) and also it will effect on the 

pressure, so we need to maintain the flow rate constant during the change of 

Temperature which called Electronic Pressure Control (EPC)  
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Types of Columns in Gas Chromatography: 

1. Conventional packed column 

¶ The former are usually 2 to 4 mm I.D. and 1 to 4 meters long and, packed 

with a suitable adsorbent, are mostly used for gas analysis.  

¶ Packed columns are usually constructed from stainless steel or Pyrex 

glass.  

¶ Pyrex glass is favored when thermally labile materials are being separated 

such as essential oils and flavor 

components. However, glass has pressure 

limitations and for long packed columns, 

stainless steel columns are used as they 

can easily tolerate the necessary elevated 

pressures. 

¶ The sample must, of course, be amenable 

to contact with hot metal surfaces. Short 

columns can be straight, and installed 

vertically in the chromatograph. Longer 

columns can be U-shaped but columns 

more than a meter long are usually coiled. 

Such columns can be constructed of any practical length and relatively 

easily installed. 

¶ Pyrex glass columns are formed to the desired shape by coiling at about 

700°C and metal columns by bending at room temperature. 

¶ Glass columns are sometimes treated with an appropriate silanizing 

reagent to eliminate the surface hydroxyl groups which can be catalytically 

active or produce asymmetric peaks. Stainless steel columns are usually 

washed with dilute hydrochloric acid, then extensively with water  

¶ Followed by methanol, acetone, methylene dichloride and n-hexane. This 

washing procedure removes any corrosion products and traces of 



иϝув сϚϝугуЪ ϣУуДнЮ сУуДнЮϜ ϼϝЃгЮϜBasic Courses In Organic Analysis -  ϣϫЮϝϪ ϣϮϼϸ 
 

 

 

 ϣЏϠϝЧЮϜ ϣЪϽЇЮϝϠ ϣтϽЇϡЮϜ ϸϼϜнгЮϜ ϣугзϦ ИϝГЦï сУуДнЮϜ ϼϝЃгЮϜ БуГϷϧЮ ϣвϝЛЮϜ ϢϼϜϸъϜ ̸̻ 

lubricating agents used in the tube drawing process. The columns are then 

ready for packing. 

 

 
 

2. Capillary Column  

The capillary column is the type which we use in trace analysis in organic 

compound in water  

¶ The stationary phase in capillary column is limited because the generation 

of the film at the surface of column required a different principle of 

impregnation.  

 

There are different type of stationary phase 

1- Polysiloxames 

¶ Based on repetitive back bone that consists of two hydrocarbon chain per 

silicon atom. 

¶ There are about 20 different composition of alkyl & aryl chain (Methyl or 

Phenyl) to which can be incorporated further functional groups (e.g. 

Cyanopropyl ,trifluropropyl). 
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¶ Monomer Combined in variable proportions also convey change in the 

properties of stationary phase e.g. (Polarity & Temperature) from 50C to 

300/350C for the dimethyl polysiloxanes. 

 

 
 

2- Poly Ethylene Glycols  

The best know representative at this family is Carbowax these is polar 

polymer  

 

 

3- Chiral stationary Phase  

 

 
 

These generally polysiloxane basic phase mixed with 10 to 20 percent by 

weight of B-cydodextrine (polysaccharide) this column suitable for racemic 

mixture. 

 

4- Solid Stationary phase 

These phase are constituted from variety of adsorbent materials as Silica or 

alumina which deactivated by minerals salts or molecular sieves or porous 

glass or graphite. 

This column is made by the deposition of these materials in the form of 

porous layer are called (Plot) this column used in the separation of gases and 

volatile organic compounds and light hydrocarbon. 
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How we can predict the behavior of column? 

¶ We can predict by this equation 

¶ The phase ratio (B)= dc/4df 

¶ Where dc is the internal diameter of column  

¶ And the df is the film thickness  

So if the B < 100 this column suitable for volatile organic compounds 
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Types of GC Detectors 

Classification of GC Detectors 

 
 

1. The Flame Ionization Detector 

¶ The Flame Ionization Detector responds to any molecule with a carbon-

hydrogen bond, but its response is either poor or nonexistent to 

compounds such as H2S, CCl4, or NH3.  

¶ Since the FID is mass sensitive, not Concentration sensitive, changes in 

carrier gas flow rate have little effect on the detector response. 

¶ It is preferred for general hydrocarbon analysis, with a detection range 

from 0.1ppm to almost 100%. 

¶ The FIDôs response is stable from day to day, and is not susceptible to 

contamination from dirty samples or column bleed. 

¶ It is generally robust and easy to operate, but because it uses a hydrogen 

diffusion flame to ionize compounds for analysis, it destroys the sample in 

the process. 

¶ This ignitor is positioned perpendicular to the stainless steel detector jet 

and does not penetrate the flame. 

¶ Opposite this flame is the collector electrode. 
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¶ A thermostatic aluminum heater block maintains stable detector 

temperature which is ushered just able up to 375°C. 

 

 

 

Theory of Operation 

¶ In the FID, the carrier gas effluent from the GC column is mixed with 

hydrogen, and then routed through an unbreakable stainless steel jet.  

¶ The hydrogen mix supports a diffusion flame at the jetôs tip which ionizes 

the analyte molecules.  

¶ Positive and negative ions are produced as each sample component is 

eluted into the flame.  

¶ A collector electrode attracts the negative ions to the electrometer 

amplifier, producing signal for the data system input. 

¶ An electrostatic field is generated by the difference in potential between 

the positively charged collector electrode and the grounded FID jet.  

¶ Because of the electrostatic field, the negative ions have to flow in the 

direction of the collector electrode. 
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The FID hydrogen diffusion flame 

 

¶ The ratio of air to hydrogen in the combustion mixture should be 

approximately 10:1.  

¶ If the carrier flow is higher than normal, the combustion ratio may need to 

be adjusted.  

¶ Flow is user adjusted through the Electronic Pressure Controllers (EPC) 

 

FID detector schematic 

 

So we can summarize the FID 

¶ Universal response 

¶ Ionization detection  

¶ Mass detector 

¶ Destructive 

¶ Very liner Dinamic range up to 8 magntiued  

¶ Not sensitive in commen impruities in carries gas. 

¶ Operating parameter 

¶ Air flow 

¶ Supplied in stoichiometric excess  

¶ The working value is in the range 300 - 600 ml/min 

¶ Hydrogen  
































































































































