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7.5 Chromatography and Instrumentation in Organic 

Chemistry 

- Chromatography as a separation technique in which a 

mobile phase carrying a mixture is caused to move in 

contact with a selectively absorbent stationary phase. 

- Brief reference to the principles of each method.   

                  

- (3 periods) 

 

Chromatography 
 

Chromatography is the term used to describe a separation 

technique in which a mobile phase carrying a mixture is 

caused to move in contact with a selectively absorbent 

stationary phase. There are a number of different kinds of 

chromatography, which differ in the mobile and the 

stationary phase used. 

   

Paper Chromatography 
 

In paper chromatography, the 

mobile phase is a solvent, and the 

stationary phase is water held in the 

fibres of chromatography paper. A 
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solution of the mixture to be separated is spotted onto a strip 

of chromatography paper (or filter paper) with a dropper. 

The chromatogram is developed by placing the bottom of the 

paper (but not the sample spot) in a tank containing a 

suitable solvent. The solvent is drawn up the paper by 

capillary action. The components of the mixture move up the 

paper with the solvent at different rates due to their differing 

interactions with the stationary and mobile phases. 

Rf = Distance the solute moves 

        Distance the solvent front moves 

 

Column Chromatography 
 

 In column chromatography, the mobile phase is 

again a solvent, and the stationary phase is a finely 

divided solid, such as silica gel or alumina. 

Chromatography columns vary in size and polarity. 

There is an element of trial and error involved in 

selecting a suitable solvent and column for the 

separation of the constituents of a particular 

mixture. A small volume of the sample whose 

constituents are to be separated is placed        on 

top of the column. The choice of the eluting solvent 

should ensure that the sample is soluble. However, 

if the sample was too soluble the mobile phase (solvent) 

would move the solutes too quickly, resulting in the non-

separation of the different constituents. 

Solvent

Column

Bands of 
Separated 
Constituents 
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Thin Layer Chromatography 
 

 In thin layer chromatography, the mobile phase is also a 

solvent, and the stationary phase is a thin layer of finely 

divided solid, such as silica gel or alumina, supported on 

glass or aluminium. Thin layer chromatography is similar to 

paper chromatography in that it involves spotting the mixture 

on the plate and the solvent (mobile phase) rises up the plate 

in the chromatography tank. It has an advantage over paper 

chromatography in that its separations are very efficient 

because of the much smaller size of 

the particles in the stationary phase.  

Thin layer chromatography is 

particularly useful in forensic work, 

for example in the separation of 

dyes from fibres. Gas 

chromatography and high 

performance liquid chromatography are more sophisticated 

chromatographic techniques. 

 

Gas Chromatography 
 
A gas is the mobile phase and the stationary phase can be either a 

solid or a non- volatile liquid.  

There are five basic GC components: 

1) Pneumatic system – gas supply (flow control and 

measurement). 
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2) Injection system – a heated injector port, where the sample 

is vaporised if necessary. 

3) Column – where the separation occurs. 

4) Oven –The coiled column is wholly contained in a 

thermostatically controlled oven. 

5) Detector – integral detector or link to a mass spectrometer. 

 

How does Gas Chromatography Work? 

1) A carrier gas, examples of which are Helium and Neon flows 

through the system. A valve controls the flow rate. 

2) A sample of the volatile mixture is injected into the carrier 

gas. The sample is vaporised in the heated injector port.  

3) The carrier gas carries the vaporised sample into the 

column. The columns are stainless steel or glass tubes. They 

can be up to 25 m in length and are of narrow bore (2-10 

mm). Therefore the column is often wound into a coil. The 

packed columns contain porous support material. The 

sample mixture undergoes a series of interactions between 

the stationary and mobile phases as it is carried through the 

system by the carrier gas. Due to the wide choice of 

materials available for the stationary and mobile phases, it 

is possible to separate molecules that differ only slightly in 

their physical and chemical properties. 

4) The coiled column is contained in the thermostatically 

controlled oven.  
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5) Separated components emerge in the order of increasing 

interaction with the stationary phase. The least retarded 

component comes through first. Separation is obtained when 

one compound is sufficiently retarded to prevent overlap 

with another component of the sample, as it emerges from 

the column. 

6) Two types of detector can be used: (1) thermal conductivity 

detectors which respond to changes in the thermal 

conductivity of the gas leaving the column and (2) flame 

ionisation detection (FID), which is more commonly used. In 

thermal conductivity, as the carrier gas leaves the column, it 

cools the detector. When a solute emerges with the carrier 

gas, it does not cool the detector to the same extent. 

Alternatively, samples can be passed from the oven directly 

into a mass spectrometer, where they are analysed. 

 

Retention time is defined as the time taken for a component to go 

from injection to detection. This varies depending on  

a) The nature of and the interactions between the solute and the 

stationary and mobile phases. 

b) The flow rate of the carrier gas, 

c) The temperature of the column (shorter retention times are 

obtained at higher temperatures), 

d) The length and diameter of the column, 
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Once GC has separated a mixture, the components can be 

identified using known retention times. For unknown compounds 

the solutes are collected individually and analysed using another 

method, e.g. mass spectrometry. 

For each compound in a mixture one peak is observed on the 

chromatogram. In the particular set of operating conditions 

relating to the column, the retention time will increase with the size 

and polarity of the compound. To find the concentration of a 

particular compound, the peak height should be measured.                                                     

 
 

GC is used to analyse blood samples for the presence of alcohol. It 

is also used to analyse samples taken from athletes to check for the 

presence of drugs. In each case, it separates the components of the 

mixture and indicates the concentrations of the components. Water 

companies test samples of water for pollutants using GC to 

separate the pollutants, and mass spectrometry to identify them.  
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High Performance Liquid Chromatography 
 

Basic Components: 

1) Solvent Reservoir. 

2) The Pump System controls the flow and measures the 

volume of solvent (the mobile phase). The flow rates of 

HPLC columns are slow – often in the range of 0.5 - 5 cm3 

min-1. 

3) The Injector System: The sample to be separated is injected 

into the liquid phase at this point. 

4) The Column is made of steel and packed usually with 

porous silica particles (the stationary phase). Different 

materials can be used depending on the nature of the liquid. 

A long column is not needed because separation in HPLC is 

very efficient. Columns are usually 10 –30 cm long, with an 

internal diameter of 4 mm. 

Different components of the sample are carried forward 

at different rates by the moving liquid phase, due to their 

differing interactions with the stationary and mobile 

phases. 

5) The Detector: When the components reach the end of the 

column they are analysed by a detector. The amounts passing 

through the column are small, so solutes are analysed as they 

leave the column. Therefore HPLC is usually linked to a 

spectrometer (e.g. ultra violet or mass spectrometry). 

The length of time it takes for a compound to reach the 

detector  allows the component to be identified. Like the GC, 
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once the retention time of a solute has been established for a 

column using a particular set of operating conditions, the 

solute can be identified in a mixture. A chromatogram is 

obtained for the sample. 

 

Uses 

HPLC has many uses such as drug testing, testing for vitamins 

in food and growth promoters in meat. In each case components 

of the mixture are separated and detected. 

 

Comparison of HPLC over GC 

Less volatile and larger samples can be used with HPLC. 
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Chromatogram & Mass Spectrometry Data 
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