
Tswett named this new technique chromatography based on the 
fact that it separated the components of a solution by color. 



How Does Chromatography Work? 
In all chromatographic separations, the sample is 
transported in a mobile phase.  The mobile phase can be a 
gas, a liquid, or a supercritical fluid. 
 

The mobile phase is then forced through a stationary phase 
held in a column or on a solid surface.   The stationary 
phase needs to be something that does not react with the 
mobile phase or the sample. 
 

The sample then has the opportunity to interact with the 
stationary phase as it moves past it.  Samples that interact 
greatly, then appear to move more slowly.  Samples that 
interact weakly, then appear to move more quickly.  
Because of this difference in rates, the samples can then be 
separated into their components. 



Chromatography is based on a physical equilibrium 

that results when a solute is transferred between the 

mobile and a stationary phase.   
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Where CS is the molar 
concentration of the solute in 
the stationary phase and CM is 
the molar concentration in the 
mobile phase.  

Cross Section of Equilibrium in a column. 
“A” are adsorbed to the stationary phase. 
“A” are traveling in the mobile phase. 
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As a material travels through the column, it assumes a 

Gaussian concentration profile as it distributes between the 

stationary packing phase and the flowing mobile gas or 

liquid carrier phase. 

In a chromatography column, flowing gas or liquid 

continuously replaces saturated mobile phase and results 

in movement of A through the column. 

Column is packed  

with particulate 

stationary phase. 
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In a mixture, each component has a different distribution coefficient, and thus spends a 

different amount of time absorbed on the solid packing phase vs being carried along with 

the flowing gas 

More volatile materials are carried through the column more rapidly than less volatile 

materials, which results in a separation. 



Note:   The first two components were not completely separated. 

 Peaks in general tend to become shorter and wider with time. 

If a detector is used to determine when the components elute 

from the column, a series of Gaussian peaks are obtained, one 

for each component in the mixture that was separated by the 

column. 

















Thin layer chromatography (TLC) 

is a method for identifying substances and 
testing the purity of compounds. 

 

 TLC is a useful technique because it is relatively 
quick and requires small quantities of 
material. 



Separations in TLC involve distributing a mixture of two or 
more substances between a stationary phase and a 
mobile phase.  

 
The stationary phase: 
 is a thin layer of adsorbent (usually silica gel or alumina) 

coated on a plate.  
 
The mobile phase:  
is a developing liquid which travels up the stationary 

phase, carrying the samples with it.  
Components of the samples will separate on the stationary 

phase according to 
 how much they adsorb on the stationary phase versus 

how much they dissolve in the mobile phase. 





Thin Layer Chromatography (TLC) 





TLC 



Preparing the Chamber 

 

To a jar with a tight-fitting lid add enough of 
the appropriate developing liquid so that it is 
0.5 to 1 cm deep in the bottom of the jar.  

Close the jar tightly, and let it stand for about 
30 minutes so that the atmosphere in the jar 
becomes saturated with solvent. 



(Note: Rf values often depend on the temperature and 
the solvent used in the TLC experiment. 

 

the most effective way to identify a compound is to spot 
known substances – authentic - next to unknown 
substances on the same plate.) 

 

In addition, the purity of a sample may be estimated 
from the chromatogram. 

 

An impure sample will often develop as two or more 
spots, while a pure sample will show only one spot  

http://chemscape.santafe.cc.fl.us/chemscape/catofp/chromato/tlc/purity.htm


Summary 
A TLC plate is a sheet of glass, metal, or plastic which is coated with a thin layer of a solid 

adsorbent (usually silica or alumina). 
 
A small amount of the mixture to be analyzed is spotted near the bottom of this plate.  
 
The TLC plate is then placed in a shallow pool of a solvent in a developing chamber so that only 

the very bottom of the plate is in the liquid. 
 
This liquid, or the eluent, is the mobile phase, and it slowly rises up the TLC plate by capillary 

action. 
 
As the solvent moves past the spot that was applied, an equilibrium is established for each 

component of the mixture between the molecules of that component which are adsorbed 
on the solid and the molecules which are in solution. 

 
In principle, the components will differ in solubility and in the strength of their adsorption to 

the adsorbent and some components will be carried farther up the plate than others.  
 
When the solvent has reached the top of the plate, the plate is removed from the developing 

chamber, dried, and the separated components of the mixture are visualized. 
 
 If the compounds are colored, visualization is straightforward. Usually the compounds are not 

colored, so a UV lamp is used to visualize the plates.  



Gas Chromatography (GC) 

• This method depends upon the solubility 
and boiling points of organic liquids in 
order to separate them from a mixture. 
It is both a qualitative (identity) and 
quantitative (how much of each) tool. 



GC Theory 
• An inert gas such as helium is passed through the column as a carrier gas 

and is the moving phase. A sample is injected into a port which is much 
hotter than the column and is vaporized. The gaseous sample mixes with the 
helium gas and begins to travel with the carrier gas through the column. As 
the different compounds in the sample have varying solubility in the column 
liquid and as these compounds cool a bit, they are deposited on the column 
support. However, the column is still hot enough to vaporize the compounds 
and they will do so but at different rates since they have different boiling 
points. The process is repeated many, many times along the column. 
Eventually the components of the injected sample are separated and come 
off of the column at different times (called "retention times"). 
 

• There is a detector at the end of the column which signals the change in 
the nature of the gas flowing out of the column. Recall that helium is the 
carrier gas and will have a specific thermal conductivity, for example. Other 
compounds have their own thermal conductivities. The elution of a compound 
other than helium will cause a change in conductivity and that change is 
converted to an electrical signal. The detector, in turn, sends a signal to a 
strip chart recorder or to a computer. Detectors come in several varieties, 
for example, thermal detectors, flame-ionization and electron capture 
detectors. 



Theory of Operation 

• Velocity of a compound through the column 
depends upon affinity for the stationary phase 

Area under curve is 
______ of compound 
adsorbed to stationary 
phase 

Gas phase concentration 
Carrier gas 

mass 



Process Flow Schematic 

Carrier gas 
(nitrogen or 
helium) 

Sample injection 

Long Column (30 m) 

Detector (flame 
ionization 
detector or FID) 

Hydrogen 
Air 



Theory GC 
• As the gas moves the solute (analyte) 

through and over the stationary phase, 
the solute will be in equilibrium with the 
gas and the solid phase.  Since there is 
a mobile phase, the separation will 
appear as a chromatogram showing the 
separation of the analytes.  



Theory 

• In order to understand GC,  need to focus on 
the general principles of separations which 
has its roots in solvent extraction.  The 
theory of solvent extraction are used to 
explain all forms of chromatography i.e. HPLC, 
LC, GC, EP, and TLC. 

• Consider two solvents S1 and S2 and solute X 
that is in S1.  The partition between the two 
phases. 

• X(S1)           X(S2);  



GC Theory 

• Partition coefficient K is an equilibrium 
constant is  K = [X]S1/[X]S2.  Suppose 
that solute X in V1 (water) is extracted 
with V2 (CCl4).  Let m be the moles of X 
in the system and let q be the fraction 
of X remaining in phase 1 at equilibrium.  
The molarity in phase 1 (water) is 
therefore qm/V1.  



GC Theory 

• The fraction of total solute transferred to 
phase 2 (CCl4) is (1-q) and the molarity in 
phase 2 is  

• (1-q) m / V2.  Then  

• K = ((1-q) m / V2)/ q m V1. 

• For GC: 

• K = Cs/Cm  where Cs is the concentration in the 
stationary phase (column) and Cm is the 
concentration in the mobile phase (gas).  



GC Theory 

To detector 

Analyte 

Column + packing 

Time 



Separations 

To detector 

Time 1 Time 2 Time 3 



GC General 

• The chromatogram shows the order of elution 
(order of components coming off the column), 
the time of elution (retention time), and the 
relative amounts of the components in the 
mixture. The order of elution is related to 
the boiling points and polarities of the 
substances in the mixture. In general, they 
elute in order of increasing boiling point but 
occasionally the relative polarity of a 
compound will cause it to elute "out of order". 
This is analyzing your sample. 



GC Chromatogram 



GC Instrumentation 



Sample Injections 
• The injector should provide consistent and 

reproducible injections.  The micro-syringe is used to 
load the sample onto the column.  The syringe should 
be clean and accurate and gas tight.  The syringe is 
injected through a rubber septum. The septum should 
be replaced after many injections to insure gas 
tightness onto the column.  An auto sampler can be 
used to inject the samples.  Typical volumes range 
from 0.2 to 20 Ls.  With capillary columns it is 
necessary to use a splitter.  (See Figure.)  A suitable 
solvent is also necessary for the proper separations 
and injections. 



GC Injector 



Carrier Gas 

 

• This is the mobile phase and should be pure 
gas so as not to react with the column or 
analyte.  Gas is usually He, Ar, N2, or H2.  
Choice will depend on the type of detector 
used.  He and H2 give better resolution 
(smaller plate height) than N2.  Pressure is 
also important and as expected the system 
comes with regulators.   



Columns 
 

• The column is the most important component of GC.  
Here is where the separations take place.  All the 
various equations we discussed above are dependent 
on properties of the column.  There are four types of 
columns:  wall-coated open tubular (WCOT), support 
coated open tubular (SCOT), micropacked, fused 
silica open tubular (FSOT), and packed column.  The 
FSOT column is the most flexible.  Open tubular is 
also capillary. Particle size is important because the 
efficiency of GC column increases rapidly with 
decreasing particle size of the packing material. 



Detectors 
 • How is the analyte detected?  Several detectors are 

available for GC. 
• FID (flame ionization detector) is the most widely 

used detector.  See figure 27-6, Pg 707.  Based on 
the production of ions when compounds are burned 
then detecting the current produced from the 
ionization.  What compounds can not be detected with 
this detector?   

• TCD (thermal conductivity detector).   Operates on 
the changes in the thermal conductivity of the gas 
stream brought about by the presence of analyte 
molecules.  See Figure 27-7 on page 708.  He is the 
carrier gas most often used with this detector 
because it has a high thermal conductivity.  



Detection 

• The effluent from the column is mixed with hydrogen and air, 
and ignited. Organic compounds burning in the flame produce 
ions and electrons which can conduct electricity through the 
flame. A large electrical potential is applied at the burner tip, 
and a collector electrode is located above the flame. The 
current resulting from the pyrolysis of any organic compounds is 
measured. FIDs are mass sensitive rather than concentration 
sensitive; this gives the advantage that changes in mobile phase 
flow rate do not affect the detector's response. The FID is a 
useful general detector for the analysis of organic compounds; it 
has high sensitivity, a large linear response range, and low noise. 
It is also robust and easy to use, but unfortunately, it destroys 
the sample. 



Advantages of Gas Chromatography 

• Requires only very small samples with little 
preparation 

• Good at separating complex mixtures into 
components 

• Results are rapidly obtained (1 to 100 minutes) 

• Very high precision 

• Only instrument with the sensitivity to detect volatile 
organic mixtures of low concentrations 

• Equipment is not very complex (sophisticated oven) 


































































































