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Separation Techniques
Gas-Chromatography

• ECD
– Electron gets emitted, causes ionization of 

gas. When organic compounds present a 
constant current can be established.

• TCD
• Thermal conductivity of helium 6-

10 times greater than organic 
compounds� dramatic change in 
presence of analyte.� temperature 
of filament changes.

Separation Techniques
Theory

• Nomenclature
– Base-line: any part of Chromatogram 

where only solvents are emerging from 
column.

– Injection-point: sample put on column.

– Dead-point(volume, time): pos. of peak-
max of unretained solvent. (vol. of 
column + tubing).

– Retention-time(volume): elapsed 
time(volume) for peak-max after 
injection. 

– Corrected Ret.-time: Retention 
time/volume – dead time/volume.
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DEAD VOLUME
Vo, Dead volume is the volume of the liquid phase in the column

Simple rule:  
Column dead volume = 65% of the volume of empty column
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Separation Techniques
Theory

• Nomenclature
– Peak-height:distance of peak-max to 

baseline.

– Peak-width: at height 0.607h distance 
between each side.

– Peak width at half height at height 0.5h 
distance between each side.

– Peak-width of a base:is the distance 
between the intersections of the tangents 
drawn to the sides of the peak and the 
peak base geometrically produced.
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Separation Techniques
Theory

• Analyte dilution
– In general: if compounds stay longer in 

column they get diluted ��� � peak 
broadening. 

– We always end up with “broader” peaks 
than we started .

– Highest possible concentration for 
injection.

Separation Techniques
Theory

• Migration Rates
– Distribution constant.                        cS conc. Stat.phase cM mobile phase

– Retention time   nnnn = L/t R L; Length of column, tR: retention time
– Rate of movement u = L/t M                     tM: dead time

– Relationship between Retention time and distribution constant.
• nnnn = u x fraction of time solute spends in mobile phase

• nnnn = u x                                                 VM VS : phase volume

• nnnn = u x

– Retention factor (capacity factor); used to describe migration rates of solutes 
in columns.
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Separation Techniques
Theory

• Migration Rates
– Retention factor (capacity factor); used to describe migration rates of solutes 

in columns.              kA = KAVS/VM.

nnnn = u  x (1/1+ kA)
– Rearrange to relate it chromatographic properties:

kA =( tR – tM )/ tM.

tR = tM : no separation
tR >> tM (20 –30). Very long elution time.

typically 2-3.

– Selectivity factor    aaaa = KB/KA  = 
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Separation Techniques
Theory

• Column efficiency affected by:
– Linear velocity of mobile phase

– Diffusion coefficient in mobile phase
– Diffusion coefficient in stationary phase

– Retention factor
– Diameter of packing particles

– Thickness of liquid coating on stationary 
phase 
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Separation Techniques
Theory  - Van Deemter plot

• Column efficiency 
affected by Linear 
velocity of mobile 
phase, expressed as 
“plate height” H

Note : different flow rates GC/LC
Note : both have a minimum H, 
or maximum efficiency

Separation Techniques
Theory  

• Particle size distribution 
effect separation.

• Different path length �
broadening of peaks
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MULTIPATH EFFECT
(Eddy Diffusion)

INITIAL PACKED BED FINAL

A = 2lll l dp

Dp is the diameter of the particles packed in a column and l is 
the packing factor.
To minimize A smaller particles should be used.

Separation Techniques
Theory  

• Longitudinal diffusion.
– Part of the peak moves ahead, or falls behind, due to 

diffusion. Leads to band broadening. Analytes diffuse 
from the concentrated center of a band to the more dilute 
regions ahead of and behind the band center.  Toward and 
opposed to the direction of flow of the mobile phase.

– Inverse proportional to velocity of mobile phase
• Slow flow rate high contribution
• Fast slow rate low contribution 
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LONGITUDINAL DIFFUSION
(MOBILE PHASE)

•B is directly proportional to the diffusion coefficient, which is a 
constant equal to the rate of migration under a unit concentration 
gradient.
•The diffusion coefficients in liquids are orders of magnitude 
smaller than those in gases and therefore the role of the B term
plays a small role on the band broadening in HPLC

Separation Techniques
Theory  

• For a good separation we need to optimize:
– Flow rate

– Distribution of components between 
mobile/stationary phase

• Column material
• Mobile phase
• Temperature
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CAPACITY FACTOR


