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The analytes interacting most

strongly with the stationary

phase will take longer to pass

through the system than those

with weaker interactions.

These interactions are usually

chemical in nature, but in some

cases physical interactions can

also be used.



3.) Chromatographic techniques may also be classified based on the type of support material

used in the system:

Packed bed (column) chromatography

Open tubular (capillary) chromatography

Open bed (planar) chromatography



Theory of Chromatography

1.) Typical response obtained by chromatography (i.e., a chromatogram):

chromatogram - concentration versus elution time

Wh

Wb

Where:

tR = retention time

tM = void time

Wb = baseline width of the peak in time units

Wh = half-height width of the peak in time units

Inject



Note: The separation of solutes in chromatography depends on two factors:

(a) a difference in the retention of solutes (i.e., a difference in their time or volume of

elution

(b) a sufficiently narrow width of the solute peaks (i.e, good efficiency for the separation

system)

A similar plot can be made in terms of elution volume instead of elution time. If volumes

are used, the volume of the mobile phase that it takes to elute a peak off of the column is

referred to as the retention volume (VR) and the amount of mobile phase that it takes to

elute a non-retained component is referred to as the void volume (VM).

Peak width & peak position
determine separation of peaks



3.) Efficiency:

Efficiency is related experimentally to a solute’s peak width.

- an efficient system will produce narrow peaks

- narrow peaks � smaller difference in interactions in order to separate two solutes

Efficiency is related theoretically to the various kinetic processes that are involved in

solute retention and transport in the column

- determine the width or standard deviation (σ) of peaks

Wh

Dependent on the amount of time that a solute spends in the column (k’ or tR)



Number of theoretical plates (N): compare efficiencies of a system for solutes that have

different retention times

or for a Gaussian shaped peak

N = 16 (tR/Wb)
2

The larger the value of N is for a column, the better the column will be able to separate

two compounds.

- the better the ability to resolve solutes that have small differences in retention

- N is independent of solute retention

- N is dependent on the length of the column



∗ H = L/N

∗ H= Plate height

∗ L= Length of column

∗ N= Number of theoretical plates

∗ N = L/H

Number of Theoretical Plates



GAUSSION SHAPE PEEK



VAN DEEMTER EQUATION





∗ A Term = Multiple path term

∗ B Term = Longitudinal Diffusion

∗ C Term = Mass Transfer term

VAN DEEMTER EQUATION



Plate height or height equivalent of a theoretical plate (H or HETP): compare efficiencies of

columns with different lengths:

H = L/N

where: L = column length

N = number of theoretical plates for the column

Note: H simply gives the length of the column that corresponds to one theoretical plate

H can be also used to relate various chromatographic parameters (e.g., flow rate, particle size,

etc.) to the kinetic processes that give rise to peak broadening:

Why Do Bands Spread?

a. Eddy diffusion

b. Mobile phase mass transfer

c. Stagnant mobile phase mass transfer

d. Stationary phase mass transfer

e. Longitudinal diffusion



a.) Eddy diffusion – a process that leads to peak (band) broadening due to the presence 

of multiple flow paths through a packed column.

As solute molecules travel through the column, 

some arrive at the end sooner then others simply 

due to the different path traveled around the 

support particles in the column that result in 

different travel distances.

Longer path arrives at end of column after (1).



CTerm= Mass transfer Term – band-broadening due to the movement of solute 

between the stagnant phase and the stationary phase.

Since different solute molecules 

spend different lengths of time in the 

stationary phase, they also spend 

different amounts of time on the 

column, giving rise to band-

broadening.

The degree of band-broadening due to stationary phase mass transfer 

depends on:

1) the retention and diffusion of the solute

2) the flow-rate of the solute through the column

3) the kinetics of interaction between the solute and the 

stationary phase



B Term=Longitudinal diffusion – band-broadening due to the diffusion of the solute along the 

length of the column in the flowing mobile phase.

The degree of band-broadening due 
to longitudinal diffusion depends on:

1) the diffusion of the solute
2) the flow-rate of the solute through  

the column





Van Deemter equation: relates flow-rate or linear velocity to H:

H = A + B/µ + Cµ

where:

µµµµ =  linear velocity (flow-rate x Vm/L)

H =  total plate height of the column
A = constant representing eddy diffusion & 

mobile phase mass transfer
B = constant representing longitudinal diffusion
C = constant representing stagnant mobile phase 

& stationary phase mass transfer

One use of plate height (H) is to relate these kinetic process to band broadening to a

parameter of the chromatographic system (e.g., flow-rate).

This relationship is used to predict what the resulting effect would be of varying this

parameter on the overall efficiency of the chromatographic system.

Number of theoretical plates(N) (N) = 5.54 (tR/Wh)
2 peak width (Wh)

H = L/N



Numerical Problems



∗ N=L/H

∗ H = 16tr2/Wav

Tr= retention time

Wav = average peak width

Solution



Numerical Problems



Numerical Problems



µ optimum

Plot of van Deemter equation shows how H changes with the linear velocity (flow-rate) of 

the mobile phase

Optimum linear velocity (µopt) - where H has a minimum value and the point of maximum 

column efficiency:

µopt = ����B/C

µopt is easy to achieve for gas chromatography, but is usually too small for liquid 

chromatography requiring flow-rates higher than optimal to separate compounds



Example 12: Given the following data and a 24.7 cm column

calculate the resolution between species C and D. What column length is 

required for a resolution of 1.5?

Compound Retention Time (min) Peak Width(WB, min)

Nonretained 3.1 -

A 5.4 0.41

B 13.3 1.07

C 14.1 1.16

D 21.6 1.72



∗ Packed Column

∗ Open Tubular column

TYPES OF COLUMN



∗ It is completely packed or filled with stationary phase

PACKED COLUMN















∗ Gaussian Shape Band ( Ideal Shape)

∗ Overloading

∗ Tailing

ASYMMETRICAL BAND SHAPES





∗ Overloading occur when we apply large mount of 
sample.

∗ Under action of gravity, pressure of sample push it 
out of the column.

∗ It can be controlled by applying small sample amount.

Overloading



∗ Tailing occur when sample strongly bonded with 
stationary phase.

∗ Mostly –OH group of silica strongly attach sample 
with it.

Tailing



∗ Gas chromatography (GC) is a common type of

chromatography used in analytical chemistry for

separating and analyzing compounds that can be

vaporized without decomposition.

GAS CHROMATOGRAPHY
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