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Historical Review

• LC used extensively since 1930s
– Gravity feeding or peristaltic pumps (low P)

• Limit on how small you can make the particles in packing

– Low resolution

• Giddings, 1963: pointed the way to high efficiency
– Following the model of GC
– Smaller particles by 100 => high performance (HP)

• 1972: Majors, Kirkland demonstrate small 
particles as packings

• 1985: ESI starts to be applied to LC-MS
– Boom for bioanalytical MS

HPLC



Advantages of HPLC

• Speed (minutes)
• High resolution
• Sensitivity (ng to fg)
• Reproducibility of +/- 1% (not so for LC)
• Accuracy
• Automation

Disadvantages of HPLC

• Cost
• Complexity
• Low sensitivity for some compounds
• Irreversibly adsorbed compounds not 

detected
• Coelution difficult to detect



Normal-Phase (‘NP’) Chromatography I

• Polar stationary phase
• Less polar mobile phase
• The more polar the analyte

– the greater the retention
• Increasing polarity of mobile phase

– Decreased retention
• Most commonly adsorption

– Sometimes called ‘adsorption chromatography’

Normal-Phase Chromatography II

• SP: Silica
– Available, low cost, very well characterized
– Hydroxyl groups (-OH) on surface

• Problems: 
– lack of selectivity: compounds always eluted in 

the same order
– Water adsorbed into the strongest sites



Reversed-Phase (‘RP’) Chromatography
• The most widely used mode of HPLC
• Separate molecules in solution on basis of their 

hydrophobicity (good word for Scrabble)
– Non-polar stationary phase
– Polar mobile phase

• In practice: non-polar functional group ‘bonded’ 
to silica
– “bonded-phase chromatography”

• Sometimes polymeric (e.g. polystyrene) or solid 
(porous graphitic carbon) SP

Models of Interaction in RP Chromo



More Details on RP Chromo

• Stationary phase
– Functional group bonded to silica
– This corresponds to a volume (and VanDeemter)
– Alkyl groups –CH3, -C4H9, -C8H17, -C18H37

• Retention increases exponentially with chain length

• Mobile phases
– Polar solvent (water) with addition of less-polar 

solvent (acetonitrile or methanol)

Gradient Elution I

• Gradient Elution
– Progressive change of the mobile phase
– Normally (but not always) to increased 

concentration of the organic solvent
– Result: decreased retention

• Why is this important?
– What concept from intro?



Gradient Elution II

The SP, MP, and 
VanDeemter



Physical Parameters of Silica

Van Deemter Model of Band Broadening

• H: plate height
• u: average linear velocity

• H: as small as possible

uCuC
u
BAH MS +++=  

Mt
Lu =

Reminder



Effect of Particle Diameter on Plate Height

Dependence of ΔP on Particle Size



Effect of Porosity on Plate Height

Effect of Eddy Diffusion on Plate Height



Effect of Axial Diffusion on P. Height

Effect of Mass Transfer on P. Height



Structure of Silica

Silica Surface Groups



Bonded Phase to Silica

Sources of Silica-Based Supports



Limitations of Silica

Two Main Types of Silica



Size Exclusion and 
Affinity Chromatography

Size Exclusion Chromatography

• Used to separate molecules of different “size” 
(MW)
– Porous solute with pores of a given (average) size
– MW differences of 10% are enough for small

molecules
– Macromolecules: x 2 in MW

• Two types
– Gel filtration (GFC)

• Aqueous MP, hydrophilic SP, biomolecules

– Gel permeation (GPC)
• Organic MP, hydrophobic SP, polymers



Size Exclusion Chromatography Example

Affinity Chromatography



SPs and MPs in Affinity Chromatography

HPLC
Instrumentation



HPLC with High P mixing

HPLC with Low P Mixing



P1: Syringe Pump + Control

P2: Single Piston Pump



P3: Dual Piston Pumps

P4: Fast-Fill Single Piston Pump



P5: Diaphragm Pump

Pumps Used in Commercial Systems



HPLC Autosampler

Appendix



Common Problems in HPLC

HPLC Validation Procedures



Intro to Ion Chromatography (IC)

• HPLC
– Normally neutral samples
– Ionic samples

• Inorganic ions
• Ionized or ionizable organic molecules

• IC
– More complicated than neutral HPLC
– Some special problems
– But more control (‘handles’) available

• Easier to achieve successful separation

HPLC Approaches to Ionic Samples?

• Reversed-Phase IC (MP is more polar) 
• Ion-Pair C
• Ion-Exchange C

– For inorganic ions

• Try in that order, RPC is easiest, if it does 
not work move down the list



Definition of Ionic Solute

• Capable of acidic or basic behavior
– H+ donor or acceptor
– In the usual pH range

• 2 < pH < 8 for silica-based columns
– Why?

• 1 < pH < 14 for pH stable columns

– Best to work in region where extent of 
dissociation is a strong function of pH

• Why?

Retention time vs. pKa



Compounds with Several Acid Groups

Compounds with Acid + Base Func. Groups



pKa values for Functional Groups

Effect of pH on Separation



pH Buffers for RPC

Ion-Pair Chromatography

• Similar column + mobile phase as RP-IC
• IPC

– Addition of an ion-pair reagent to the mobile 
phase (‘matched’ to the sample)

– More complicated, try RPC first
– IPC applied to RPC separations that need 

improvement
• Ion-pair reagent

– E.g. C6-SO3
- on C8 or C18 RPC packing

– Na+ in mobile phase attracted to SP
– Analyte ions can substitute Na+



Concept of Ion-Pair Chromatography

IPC Optimization



IPC 
Optimization

Example I

IPC Optimization Example II



Concept of Ion-Exchange C

Synthesis of Ion 
Exchange Resins


