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The The ““stuffstuff”” you do before you do before 
you analyze a you analyze a ““complexcomplex””

samplesample
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Chromatography basicsChromatography basicsChromatography basics

MobileMobile and and StationaryStationary
phasephase
Retention Retention -- MigrationMigration
Bands or zonesBands or zones
Equilibrium!Equilibrium!

Column vs. planarColumn vs. planar
Liquid vs. gas vs. SFLiquid vs. gas vs. SF
High vs. low resolutionHigh vs. low resolution
PartitionPartition
AdsorptionAdsorption
Ion exchangeIon exchange
Size exclusionSize exclusion



ChromatographyChromatographyChromatography
A. Column Chromatograpgy, B. Planar Chromatograpgy



Column ChromatographyColumn ChromatographyColumn Chromatography

Chromatogram

Dilution &
Peak broadening!



Chromatography:  Peak separationsChromatography:  Chromatography:  Peak separationsPeak separations



Chromatography:  Peak ResolutionChromatography:  Chromatography:  Peak ResolutionPeak Resolution

Poor resolution

More separation

Less band spread



Chromatography: 

Distribution Constant (recommended by IUPAC)
(old term: partition coefficient) 
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Distribution ConstantDistribution Constant (recommended by IUPAC)(recommended by IUPAC)
(old term: partition coefficient) (old term: partition coefficient) 
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A mobile ↔ A stationary

K ~ constant linear chromatography

>>>K >>> Retention in the stationary phase Retention times

How to manipulate K?

CS = nS/VS,    CM = nM/VM



Chromatography  Retention TimesChromatography  Chromatography  Retention TimesRetention Times

tM = retention time of mobile phase (dead time)
tR = retention time of analyte (solute)
tS = time spent in stationary phase (adjusted retention time)
L = length of the column



Chromatography: Velocities
Linear rate of solute migration!

Chromatography: Chromatography: VelocitiesVelocities
Linear rate of solute migration!Linear rate of solute migration!
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Velocity = distance/time length of column/ retention times

Velocity of solute:

Velocity of mobile phase:



Chromatography  
Velocity/Retention time and Kc
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Velocity/Retention time and Velocity/Retention time and KcKc
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Chromatography  
Velocity Relationships
Chromatography  Chromatography  
Velocity RelationshipsVelocity Relationships
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Chromatography  
Retention Factor : are we there yet?
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Retention Factor : are we there yet?Retention Factor : are we there yet?
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Relative retention time:

RRT = tR/tRs

tRs = retention time of internal standard



Chromatography  
Selectivity Factor: can you separate from your neighbor
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Selectivity Factor: can you separate from your neighborSelectivity Factor: can you separate from your neighbor
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Chromatography  
Column Efficiency - Theoretical Plates

Plate and Rate Theories

Chromatography  Chromatography  
Column Efficiency Column Efficiency -- Theoretical PlatesTheoretical Plates

Plate andPlate and Rate TheoriesRate Theories
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σ standard deviation σ2/L variance per unit length. 

L = length of column packing



Chromatography  
Relation between column distance and 

retention times
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Relation between column distance and Relation between column distance and 

retention timesretention times
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Chromatography  
Relation between column distance and 

retention times

Chromatography  Chromatography  
Relation between column distance and Relation between column distance and 

retention timesretention times
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Chromatography  
Determining the Number 

of Theoretical Plates
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Determining the Number Determining the Number 

of Theoretical Platesof Theoretical Plates
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Summary of Plate TheorySummary of Plate Theory

Successfully accounts for the peak shapes Successfully accounts for the peak shapes 
and rate of movementand rate of movement
Does not account for the Does not account for the ““mechanismmechanism””
causing peak broadeningcausing peak broadening
No indication of other parametersNo indication of other parameters’’ effectseffects
No indication for adjusting experimental No indication for adjusting experimental 
parametersparameters



Rate TheoryRate Theory

Zone broadening is related to Mass Transfer Zone broadening is related to Mass Transfer 
processesprocesses



Column EfficiencyColumn Efficiency
Kinetic variablesKinetic variables



Zone BroadeningZone Broadening
Flow Rate of Mobile PhaseFlow Rate of Mobile Phase

Liquid chromatography Gas chromatography

Note the differences in flowrate and plates height scales

Why GC normalluy has high H, but also high overall efficiency? 



Zone BroadeningZone Broadening
Kinetic ProcessesKinetic Processes

µµ )(/ MS CCBAH +++=

Van - Deemter
Equation

λ and γ are constants that 
depend on quality of the 
packing.

B is coefficient of 
longitudinal diffusion.

Cs and Cm are 
coefficients of mass 
transfer in stationary and 
mobile phase, 
respectively.   



Zone BroadeningZone Broadening
Kinetic ProcessesKinetic Processes

µµ )(/ MS CCBAH +++=

Van - Deemter Equation



Zone BroadeningZone Broadening
Multiple PathwaysMultiple Pathways

Eddy Diffusion: band broadening 
process results from different path 
lengths passed by solutes.

1. Directly proportional to the 
diameters of packing

2. Offset by ordinary diffusion
3. Lower mobile-phase velocity, 

smaller eddy diffusion

Stagnant pools of mobile phase
retained in stationary phase.



Zone BroadeningZone Broadening
Longitudinal DiffusionLongitudinal Diffusion

The higher the The higher the µµ, , 
the smaller the Hthe smaller the H
Much smaller in LC Much smaller in LC 
than in GCthan in GC

Column

Diffusion



Zone BroadeningZone Broadening
Mass Transfer between PhasesMass Transfer between Phases

Slow equilibrium of solute between mobile and Slow equilibrium of solute between mobile and 
stationary phasesstationary phases
Time is required for solute molecules to diffuse Time is required for solute molecules to diffuse 
from the interior of these phase to there interface from the interior of these phase to there interface 
where transfer occurwhere transfer occur



Zone BroadeningZone Broadening
Longitude vs.Longitude vs. Mass TransferMass Transfer

LongitudeLongitude
Parallel to the flowParallel to the flow

Inversely proportional to the flow of the mobile Inversely proportional to the flow of the mobile 
phasephase

Mass TransferMass Transfer
Diffusion tends to be right angles to the flowDiffusion tends to be right angles to the flow

The faster the mobile phase moves, the larger the The faster the mobile phase moves, the larger the 
band broadeningband broadening



Chromatography
Resolution

ChromatographyChromatography
ResolutionResolution
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Chromatographic
Separations with a twist 
ChromatographicChromatographic
Separations with a twist Separations with a twist 



Chromatographic DefinitionsChromatographic Definitions



Chromatographic Chromatographic 
RelationshipsRelationships



Quantitative AnalysisQuantitative Analysis

Peak areasPeak areas
Peak heightPeak height
Calibration and standardsCalibration and standards
Internal Standard methodInternal Standard method



SummarySummary

Relate to column chromatographyRelate to column chromatography
Retention timesRetention times
Velocities of mobile and componentVelocities of mobile and component
Height equivalent of theoretical platesHeight equivalent of theoretical plates
Peak or zone broadeningPeak or zone broadening
ResolutionResolution


