
Chapter 30 Chapter 30 –– Capillary ElectrophoresisCapillary Electrophoresis

Separation method carried out in a buffer-filled capillary tube that is 
typically 10 to 100 μm in internal diameter and 40 to 100 cm in length. 
The tube extends between two buffer reservoirs that also hold Pt

 electrodes. The sample is introduced into one end of the tubing,

 

and a 
dc potential in the 10 to 30 kV range is applied between the two

 electrodes throughout the separation. The separated analytes

 

are 
observed by a detector at the end of the capillary opposite the end 
where the sample was introduced. 

Read: pp. 867-877
 

Optional Problems: 30-1,2,4,5,6 and 7

Charged analytes
 

migrate in the presence of an electric 
field. Separation is based on differential rates of migration.



InstrumentationInstrumentation

0.1 to 10 nL
 

injection volume.  No pump for the mobile phase!

Electrophoretic
 

separations use two platforms: slab 
electrophoresis and capillary electrophoresis. 



InstrumentationInstrumentation

Anode Cathode

Two types of injection: electrokinetic and pressure injection.

Analytes

 

migrate in a run buffer (equivalent of a mobile phase in LC) due to 
their electrophoretic mobility and the electroosmotic flow of the solution. 

v = (μe

 

+ μep

 

)E
v = velocity of migration



SeparationSeparation
•

 
Fused silica capillary (~25 μm diam. x ~70 cm length)

•
 

Injection volume = 1-10 nL
 

(electrokinetic
 

or pressure)

•
 

Run buffer = mobile phase (0.01 M salt solution, pH > 4)

•
 

Separation = 20-35 kV or (100’sV/cm)

300 450 600 750 900
0

50

100

150

200

250

300

350

C
ur

re
nt

 (p
A

)

Time (s)

1 2

3

4
5

6

7
8

9

10

electropherogram

Method useful for separating 
anions and cations but not 
neutral molecules. A fancier 
method is needed for neutrals 
– micellar electrokinetic 
capillary chromatography.



Nature of the Flow ProfileNature of the Flow Profile

Very high efficiency (N, plate number) results!  
Sometimes on the order of 1 x 106

 

plates

N = (μep

 

V)/2D μep

 

= electrophoretic
 

mobility (cm2/V-s)
V = separation voltage (V)
D = diffusion coefficient (cm2/s)

Flat Hyperbolic

N = 16 (tm

 

/w)2



Solute Transport Down CapillarySolute Transport Down Capillary

•
 

Electroosmotic Flow (veo

 

= μeo

 

E) –
 

mechanism by 
which entire run buffer moves from the inlet to the outlet 
of the capillary. Solution front is moved by an electric 
field.

•
 

Electrophoretic mobility (ve

 

= μe

 

E) –
 

transport of  a 
charged solute in an electric field. Mobility is proportional 
to the q/r

 
ratio (q = charge and r = solute size).

vTotal

 

(cm/s) = veo

 

+ ve



ElectroosmoticElectroosmotic FlowFlow

Solvated cations
 

drag 
water molecules during 
the migration, hence 
there is net solution 
movement from anode 
toward cathode.

ν
 

= (μe

 

+ μeo

 

) E

Si
O-

Si
O-

Si
O-

Si
O-

μeo

 

= εζ/6πη
 

(cm2/V-s)
ε

 
= dielectric constant

ζ
 

= zeta potential
η

 
= viscosity

pKa

 

~ 4



Nature of the Fluid MovementNature of the Fluid Movement

Electroosmotic flow results because of the electric double layer than forms near 
the capillary wall. This is the mechanism by which fluid movement is from 
anode (+) toward cathode (-) end of capillary where detector is positioned.



ElectrophoreticElectrophoretic Flow or MobilityFlow or Mobility

ν
 

(cm/s) = μe

 

(cm2/V-s) x E (V/cm) =  μe

 

x V/L

μe

 

α
 

q/r
 
{charge/size} 

νTotal = (μe

 

+ μeo

 

) V

Ion’s velocity is the sum of the electrophoretic
 

mobility and 
the velocity of electroosmotic

 
flow.

anode cathode



Elution OrderElution Order

Neutrals are not 
separated!

Specialized CZE 
methods are 
necessary –

 micellar
 electrokinetic

 chromatography 
(MEKC)



DetectorsDetectors

Wide linear dynamic range, good reproducibility (<5% 
RSD), low limits of detection (μM or 1 femtomole

 
(10-15))



DetectorsDetectors



Separation ExamplesSeparation Examples

Electropherograms
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