
Chapter 28 Chapter 28 –– Introduction to High Performance Introduction to High Performance 
Liquid Chromatography (HPLC)Liquid Chromatography (HPLC)

Read: 816-837 Problems: 28-2,5,13, 20, 22  

Complex Sample 
+ Matrix

Volatile or nonvolatile?
Polar or nonpolar (H2O or organic soluble)?

Sample
Preparation

Sample 
Introduction Separation Detection



General Types of Liquid Chromatography General Types of Liquid Chromatography 

• Partition – most widely used…..stationary phase (liquid-
bonded) is a sceond liquid immiscible with the liquid mobile 
phase. Useful for separating polar compounds of low 
molecular weight (< 3000 Da).

• Adsorption of Liquid-Solid – Silica (SiO2) used as the 
stationary phase. Separations controlled by adsorption-
displacement processes. Polar compounds strongly retained.

• Ion Exchange – based on ion-exchange processes between 
ions in solution and ions of like sign on the stationary phase.

• Size Exclusion – Silica or polymeric materials with specific 
pore sizes are used as the stationary phase. Molecules are 
effectively trapped and removed from the mobile phase 
depending on their size and the pore size.

• Affinity – involves covalent bonding of an affinity ligand.



Liquid ChromatographyLiquid Chromatography

Partition Chromatography: Reversed-phase and normal phase

Mobile phase plays an Mobile phase plays an 
integral role in separations integral role in separations 
(retention), unlike GC!(retention), unlike GC!



InstrumentationInstrumentation



How would you achieve this separation How would you achieve this separation 
and detection?and detection?



Some General FactsSome General Facts

H = A + B/u + Csu + Cextra

Isocratic vs. gradient elution (shortens separation time 
without sacrificing resolution of early eluting peaks. 

Columns: 5-25 cm length, 3-5 mm i.d., packed with 5µm 
diam.particles.

Efficiency: 40,000-70,000 plates/m (10,000 plates/column).
Packings: pellicular vs. porous

Differences in flow velocity due to drag against the wall.



Example of  a Gradient SeparationExample of  a Gradient Separation



Detector CharacteristicsDetector Characteristics

• Responsiveness to the analyte(s).
• Good reproducibility (< 5% RSD).
• Good calibration sensitivity.
• Wide linear dynamic range (3-5 orders of magnitude).
• Low limit of detection (mass or concentration) (pmol-

nmol, or lower).
• Good reliability and non-destructive to the sample.
• Minimal internal volume to reduce zone broadening.
• No-need for responsiveness over a wide temperature 

range.

Two types: Two types: bulk propertybulk property of mobile phase and of mobile phase and solute propertysolute property



Detectors for HPLCDetectors for HPLC

Mass LOD = concentration (mol/L) x inj. vol. (L) x FW (g/mol)



UV/Vis and Fluorescence DetectionUV/Vis and Fluorescence Detection

Z-cell design

For fluorescence 
detection, the 
detector would be 
positioned 
orthogonal (90o) 
w.r.t. the source.

A(λ)= ε(λ)bC
F(λ) = (constant) ε(λ)bCPoφ



Electrochemical DetectionElectrochemical Detection

Often a fixed or constant potential is applied, which is sufficient 
to oxidize or reduce the solute at a mass transport limited rate. 
As solute zone elutes off the column, the zone passes across the
electrode surface and the reaction occurs.

Amperometric detection = fixed potential and measure the current response.

i = (constant) C



Mass Spectrometric DetectionMass Spectrometric Detection

Ion current, i = constant x # ions
Molecule         Molecule+ + e-

Molecule         Fragments (m/z)   



Mass Spectrometric DetectionMass Spectrometric Detection



Refractive Index DetectionRefractive Index Detection

Mobile phase passes through one-half of the cell and the 
mobile-phase + solute passes through the other half. Presence 
of solute causes the light to be bent more and less intensity 
reaches the fixed-position detector. Solutes have electron 
density and therefore are more optically dense. This lead to a 
greater refractive index.

n (refractive index) = c/ν



Plate Height and EfficiencyPlate Height and Efficiency

H(in column) = A + B/u +Cu

H(extra column) = πr2u/24DM

N (plate number) = L/H

r = tube radius, cm
u = flow velocity, cm/s
DM = diff. Coeff., cm2/s

Diffusion in 
liquids is much 
slower!



General Elution ProblemGeneral Elution Problem

Isocratic versus 
gradient elution

Long retention times 
mean the solute is 
interacting strongly with 
the stationary phase 
material on the column. In 
order to elute more 
quickly, the mobile phase 
composition must be 
adjusted to give the solute 
more affinity for the liquid 
phase.

The opposite for short 
retention times. 



Types of Partition ChromatographyTypes of Partition Chromatography

There are two general types of partition methods: reversed-
phase and normal-phase.

In reversed-phase LC, the stationary phase is non-polar 
(chemically modified silica) and the mobile phase is polar (water 
+ organic modifier). Excellent for solubilizing and separating 
polar solutes.

In normal-phase LC, the stationary phase is polar (silica or 
chemically modified surface) and the mobile phase is non-polar 
(hexane, ether).

Balance average concentration in mobile phase versus 
concentration in the stationary phase.

Keq = Cstat/Cmobile



Detectors for Liquid ChromatographyDetectors for Liquid Chromatography



Effect of Stationary Phase MaterialEffect of Stationary Phase Material

C1

C8
C18

decreasing polarity

Reversed-phase



SeparationsSeparations

Successful chromatography with interactive mobile 
phases requires a proper balance of intermolecular 
forces among the three active participants in the 
process – the solute, the mobile phase and the 
stationary phase.



Stationary Phases for ReversedStationary Phases for Reversed--Phase LCPhase LC

The supports for the majority of the bonded-phase packings
(bonded is more stable than simple coated phases) are 
prepared from rigid silica. Uniform particle size of 2-10 µm is 
typical. The surface of fully hydrolyzed silica contains reactive 
silanol groups at the surface.

- Si – O – Si – O – Si -

OH OH OH

- Si – OH   +   Cl – Si – R*             - Si – O – Si – R*

CH3

CH3

CH3

CH3

Silanization reaction

+  HCl



Stationary Phases for ReversedStationary Phases for Reversed--Phase LCPhase LC

Hydrophobic 
environment

Solute Mobile phase flow (polar/ H2O + organic 
↔ Partitions in and out of stat phase

Commonly, the R group is a C8 (n-octyl), C12 (n-octyl) or C18 (n-octyldecyl).
Mobile phase is H2O + a miscible organic solvent (acetonitrile, methanol, 
ethanol, isopropanol).

Silica Support
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SeparationsSeparations
• In reversed-phase chromatography, the stationary phase 

is nonpolar, often a hydrocarbon, and the mobile phase 
is relatively polar (such as water, methanol or 
acetonitrile).

• The most polar component elutes first and increasing the 
polarity of the mobile phase increases the elution time.

• In normal-phase chromatography, the stationary phase 
is polar, often the silica itself, and the mobile phase is 
relatively nonpolar (such as hexane, i-propylether, 
toluene, etc.).

• The least polar component elutes first (it is most soluble 
in the mobile phase) and increasing the polarity of the 
mobile phase decreases the elution time. 



Stationary Phases for NormalStationary Phases for Normal--Phase LCPhase LC

- Si – O – Si – O – Si -

OH OH OH The polar silica surface 
can be used without 
modification.

Silica Support
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R = cyano (-C2H4-CN), amino (-C2H6NH2), diol (-C3H6OCH2CHOHCH2OH)



Solvents and PropertiesSolvents and Properties



Application AreasApplication Areas
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