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Concept of Electrophoresis

• Used (mostly) to separate charged 
molecules

• Based on differences on:
– molecular movement through a fluid (“carrier 

electrolyte” or “buffer”)
– under an electric field

• No partitioning between mobile and 
stationary phases
– Not a chromatographic technique
– Result called an “electropherogram”



Physical Basis of Electrophoresis

• Solutions can be electrically conductive
– Due to the migration of individual ions

• Different ions migrate at different rates
– Electrophoresis means “ion migration”
– Analytical EP uses the differential ion 

migration rates as a means of separation

Definition of Ionic Mobility in Solution
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Ionic Mobility

Units: cm2/V.s



Mobilities for Group 1A Metals

Electrophoresis vs. Chromatography



Classical Slab-Gel 
Electrophoresis

• Multiple lanes
• One or more lanes used 

for standard mixtures 
(calibration)

• Often used to classify 
according to molecular 
size, due to the 
distribution of gel pores 
(like size exclusion C)

• Gel plate should also 
dissipate the generated 
heat

Slab Gel Electrophoresis II



Example of Gel 
Electrophoresis

• Separation of PCR 
products

• Sizing standards on outer 
lanes

• Three replicate lanes of 
our sample

Combined TLC- Gel Electrophoresis



Conceptual Schematic of HPCE

Capillary for HPCE



Why small capillaries in HPCE?

Temperature in HPCE



History of HPCE

Growth of HPCE
Number of mentions
of CE in Chemical 
Abstracts
(Research Phase, use 
continues to increase
after abstracts taper 
off)



Comparison of LC and Electrophoresis

Types of HPCE

• Capillary Zone Electrophoresis (CZE)
• Capillary Isotachophoresis (CITP)
• Capillary Isoelectric Focusing (CIEF)
• Micellar Electrokinetic Capillary 

Chromatography (MEKC)
• Capillary Gel Electrophoresis (CGE)
• Capillary Electroosmotic Chromatography 

(CEC)



Classification

Selecting a HPCE Mode



Double Layer in EOF

Electro-Osmotic Flow (EOF)



Flow Profiles

Efficiency: Chromatography
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Order of Elution with EOF

• What would be the order of elution between?
– Small cations
– Small anions
– Large cations
– Large anions
– Neutral molecules



Capillary
Zone

Electrophoresis

Ions and
Neutrals
in EOF



Mobility vs. MW

Response vs. Time and Length



Species Ionic Mobility vs pH

Effect of pH on CZE Separation



Electroosmotic Flow vs pH (Silica Column)

Typical Buffers and Additives for CE



Ion Mobility Spectrometry

Isoelectric Points for Proteins



Isoelectric Focusing I

Trick: modify the pH on-line => change the mobility on-line

Isoelectric Focusing II



Isoelectic Focusing III

Capillary Isotachophoresis
ITP means “electrophoresis at uniform speed”



Electrofocusing

Output from Capillary Isotachophoresis



2D Detection 
(=> 3D Data) in 

CITP

Micellar Electrokinetic Capillary 
Chromatography (MEKC)

MEKC: separation due to partitioning
between two mobile phases moving at different velocities



Partition in Micellar LC

Micellar Electrokinetic CE



DNA Fingerprinting
• Some highly variable regions on 

genome: specific sequences are 
repeated a variable number of times 
(e.g CGA-CGA-CGA… 5 vs 66 
times)

• Chop the DNA with a specific 
restriction enzyme

– Millions of fragments
– Sorted by size with GE
– Chains are labeled with specific 

radiactive marks
– Only e.g 1 in 20 people will show 

that pattern
• Using 6 to 8 well-chosen enzymes 

we can identify everyone in the 
world 

Other Types of CE

• Capillary Gel Electrophoresis (CGE)
– Like size exclusion chromatography

• Capillary Electroosmotic Chromatography 
(CEC)
– Chromatography (partition)
– Electroosmotic “pump”
– Allows miniaturization and improved 

resolution



CE Detectors I

CE Detectors: Detection Limits



Accuracy and Precision of HPCE

Tuning of HPCE



CE Troubleshooting I

CE Troubleshooting II



CE Troubleshooting III


