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What is

Electrophoresis ?
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Increasing polarity

Waler-insoluble Water-soluble

Nonpolar . . Tonic
I 1 I 1

Monionic polar

IUE :
e\ / (Normal
partition} partition)
10°
=
[="r]
o
=
510
=
3
2 Exclusion
[ =
(Gel permeation) (Gel filtration)
@{ 10° |-

Applications of liquid chromatography.
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An overview of
ELECTROPHORESIS

» Electrophoresis is a ation
method based on %} Ifferential
rate of migrati charged
species In er solution across
( by attragtion or repulsion) in an

leld.

@%i@;ﬁjw SleS Jia il a4 gadiall 3l sall 5 jas DAL sy Aadial) 3 gall Jucd
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An overview of  g#=e.
ELECTROPHORES |

"+ The separation technique was first deveﬁ%@ g

the Swedish chemist Arne Tiselius | t
for the study of serum proteins. @

* Tiselius was awarded in 1948 %?e Prize for
this work.

« Electrophoresis has @@plied to a variety of
difficult analytical tion problems :

Inorganic an| cations, amino acids
,catecholaming,Adrugs, vitamins ,carbohydrates,
pepti eins, nucleic acids, nucleotides,
pol@@otide and numerous other species.

DS
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An overview of g,
ELECTROPHORESI{_ (@)

* EP Is suitable for sample that may
difficult to separate by LC bec
principle of separation are di é@%and
not involving surface ads

* A particular strength @@ectrophoreas IS
Its unique ablllty ate charged
macromole Interest in the

biotechnol mdustry and in biochemical
and k g\| al research.

7Y
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'« For many years , electrophoresis h
the powerhouse method of sepayr

nd of the sample
ffer solution that Is
narrow tube or on a flat
ort medium such as paper or

Into an ag
contained |
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An overview of = gwi.
ELECTROPHORES (@ |

located at either end of the buffer . ThisPp '
causes ions of the sample to v ¢\6‘ 2'toward one
or the other of the electrodes »

@en species

e Separation @ 2N-based upon differences in
charge-to-sig% ratios for the various analytes in a

ates in the electrical field.

sam Q)
o E%@ gfer this ratio, the faster an ion

Prof. J .Al-Zehouri



@@ electrolyte
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- Tiselius work »
1948 for serum
protein separation !

| ' Electrolyte I |

L+ solution (KCI
"'"_'LF#/"'"/’ (keh ﬁ?-—“‘”m

|
_'—n i

O= start point , A,B and C= Substances Prof. J .Al-Zehouri



Elecfrophor(\ --

,y-"‘si W\%
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Stabilizing media methods
* Presence of a supporting medium like paper, packing, or gel.
#* Resemble chromatographic methods except that migration is

based on an electrical field instead of a mobile phase.

# A number of methods have been based on this approach
including

+ Electrochromatography
« Zone electrophoresis electromigration
+ lonophoresis

Most of this unit will deal with electrochromatography --
specifically capillary electrophoresis (CE).

Prof. J .Al-Zehouri



Types of Electrophore3|s

(Nowadays classification) @
%@@

Slab Caplllary

electrophore §@®@ electrophoresis
0

Prof. J .Al-Zehouri



electr@@rexi:
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e ltis the classic method that has be

Slab electrophoresis

for many years to separate co igh
— molecular —weight spem oglcal
and biochemical interest.

Slab separations are @fled out on a thin
flat layer or slab ‘.u ¢ orts) of a porous
semisolid e r aining an agqueous buffer
solution % Its pores.

. Ori ﬁ}thls slab has dimension of a few

\tirieters on a side and like TLC-plate.

\g Prof. J .Al-Zehouri




Slab electrop("?
Ll

Sample

S

—-

Direction of sample migration
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- Polyacrylamide gels
- Polyurethane foam
- Paper

\; Prof. J .Al-Zehouri



the most widely used in biochemis
biologist

Samples are introduced as sr bands on
the slab, and a dc potentl pplied across the

slab for fixed period
When current is @é through the cell, the

different co s of a mixture move with
velocitl pend on theirr:
- el ‘ arge

%lzes

@@and their shapes.

Prof. J .Al-Zehouri



The Basis for Electrophoretic &,

Separation @@

* The migration velocity v of an ion eters

|
per second in an electric fleldn§§ g@to the

product of the field strength E -1).and the
electrophoretic mobility @ Vi), Thatis

V= E
The electrophoret; ility IS In turn
proportlonal onic charge on the analyte

and iInversel oportlonal to frictional retarding

o]
@tnc field acts only on ions.
@ Prof. J .Al-Zehouri



lon Is determined by the size and
the 1on and the viscosity of th
which it migrates. @

* For ions of the same e greater the
the charge ,the gr e driving force
and the faster e of migration.

* For ions of ame charge the smaller

Prof. J .Al-Zehouri



The Basis for Electrophoreti(**%@
Separation <Y

» The ion ©:s charge-to-size raﬁ es
¢

these two effects. &
o\

Note that in contrast to

chromatography, only one phase
IS Involved In an electrophoretic

separation

R

Prof. J .Al-Zehouri



Mm\«
* As electrophoresis proceeds, the

negatively charged componen
toward the anode and the peos]

cathode. The result is.&,5efries of

it

constituents, 1'as visualized by a stain.

Gl V) (5 sbast Jlag

63 Y Lgd aaally
Jogras ? Neut_ral
o 13 Wl “ Species are
0585 Rl b
Ay 9 not
separated
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e AMINO acid

@

Slab electrophor

When the separation are judged complete
current is discontinued and the separ rat
species are visualized by stalnmg the

same way as was described f

The applied voltage is expre |n volts per
centimeter. Itisup to 5 In1ow-voltage
electrophoresis and several thousand

volts in high-voltz ctrophoresis.

oroteins do not migrate at the

pH of th solectric point , because at this
@ et charge Is zero and It exists as a

Prof. J .Al-Zehouri
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S Z

What is the
Isoelectric point ?
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Slab electrophoresis

Isoelectric Points

m pH at which the protein has no NET
charge

Y il ga geall

NH3+ - CH2 - COO- A sl sie sl
+,.-| _,.1 L U saall 4 () S5
Zwitterion (s

Net Charge =0 ooy Aialll Jane S

Glycine el (5 sbul Ay

pl =5.97
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A\n

Mobility is affected by the pH which
Influences the charge on the analyte.

R—CH—mH “H* + R—CH—C0; = H' + R—CH—CO;
| | |

HH;,’ HH; NH,
conjugate acid Twitterion conjugate hase
of zwitterion of zwitterion

@
@ Prof. J .Al-Zehouri
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P

Isoelectric Focusing

MH3+ - CHZ - COOH MH3+ - CHZ - CO0-  MHZ24+ - CHZ - CO0-
+1 -1

oH=2 = ol=597 —— pH=10
HC| NaoH

==xH+ glycinge == =CIH-



Slab electrophg#=ias

QM‘M':Q
L Wv
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One type of support is paper.
¥ The paper is saturated with a buffering solution and
a sample introduced at one point.

% A dc potential of 100-1000V is applied (current is in
the milliamp range).

¥ Species will migrate to specific points on the paper.

* Alter an appropriate period of time, the paper is
removed and dried

% If required, the paper is freated with a color
producing agent so that the bands can be observed.



Polyacrylamide Gels

= A polyacrylamide gel forms a matrix that acts as
a molecular sieve

= Components:
m acrylamide and bis acrylamide: provide matr x
m [ris: buffer
m Ammonium persulfate: catalyst
m [EMED: polymernzation agent

= Native (non-denaturing) gels are run without
SDS (sodium dodecyl sulfate)



“The daily analysis : 0)
« SPE @é@

« Hb- Electrophoresis @@
-Gel Electrophoresis | dto .
DNA Fingerprinti
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DNA Fmgerprinting

DNA Fingerprinting, method of identification that

compares fragments of (DINA)Y
It 15 sometimes called DINA typing, DINA 15 the genetic

material found within the nucler of all living
things. In mammmals the strands of DINA are grouped
inte  structures  called . With the
exception of identical twins, the complete DINA of
each indiwmidual 13 unmgue.

Prof. J .Al-Zehouri
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Slab electroph’sis{;
\\\ VT

Gel electrophoresis of DNA

Wells where

loaded
Direction
of DA
i gtation
¥
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Slab electroph"ei?w,‘@_
hang

,T ng

SESA”

Gel electrophoresis of DNA

Iirection

of DIMA

gt ation

+
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Hiastorical Perspective | éb

\ \

4.—
O

= DNA Fingerprinting was first developed in 1985 ')\J

= The FBI now has a databa=se called the National
DNA Index System., which has data both from
convicted criminals and crime scenes.

~ \\AN S
UCD : 5 &7 3 I .
--,-6 - -
. = Fingerprinting Dolly
= _ - - - Nature 394, 329 - 330 (23 July 1998)
3--,--;;.22; ~
aggé.;i.;-;;'.i Donor Udder (1)
R T
:‘!!!zi.;.h:! -« Derived Cells (C)
S iislsateiitit Dolly (D)
sl o -
‘!d ‘“!!‘iit Control sheep (1-12)
-
‘i 'S 2 2]
< :u;xm:....
IR .

%
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Slab electrophoresis @

» Typically slow. %@@

« Sample required in pl ran
* Labor intensive.

« Difficult to autom@
 Does not precise quantitative

informa
. ugr\?? me stalnlng techniques
@ ¢

; S Prof. J .Al-Zehouri



Capillary
Electrophoresis
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(% Light
source

Capillary Electrophoresis
Capillary tub
Camputer
| | Data |n Photocat hiode
Diata Out
Chart Recarder
~ Buffer
=
|
Cathode |2 Anode
=
=l
Time {minj

A By ey e 75-25 o ks s 50-20 ond 2 sac oo o Juaill

sl jall 8K 5 jaa Prof. J .Al-Zehouri



Basics cont.

* A photocathode is then
used to measure the
absorbencies of the Anode () cmm{;
molecules as they pass @@@ g‘@ S 8 g’@ X
through the solution

e The absorbenues ar e mn ﬁ i
analyzed by a

and they are r Computer

wilh
graphlc Recorder M
E=Vid
% Juant
\% Prof. J .Al-Zehouri




has been developed and %@ gnly in the
last 20 years and has gj}e an
Important separati used by

* This new appears to be a
satlsf ubstitute for slab

reS|s with several important

Prof. J .Al-Zehouri



Capillary electrophoresi@

* High-speed @@@W
N

* High-resolution sepa

« Sample require @@10 nl.

* The separat ecies are eluted
from one of the capillary ,so

qua'@f@deteotors, like those of
can be used. .
@@ Prof. J .Al-Zehouri



Capillary electrophore

» The first CE apparatus was designed
Hjerten (1967)

 The modern area of CE is ced to
begin with many publicati Jorgensos
and Lukacs (1981 -1%@2

« CEhad beenat discussion among
the scientists rnational Symposium
on High P%@mance Capillary

Elec esis 1993 ( Wehr and Zhu)

\% Prof. J .Al-Zehouri



* High sensitivity
* Low limit of detection

« Suitable for sampl
separate by HP @

+ New principl@s f separation.

ol

nex

K

tye running cost.

ay be difficult to

Prof. J .Al-Zehouri



Anode (+)

Detector

Capillary

mb g

Source Destination
reservoir reservoir
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& apillary Electrophoresis — Theld)
Basics

Electrophoresis in a buffer filled, n X@re

capillaries %@

Each capillary is about 25-75 @ n internal
hy.

diameter ( 2 5-50 cm in@@j
When a voltage Is apt o the solution, the

molecules move thrQudh the solution towards

Prof. J .Al-Zehouri



SRS

Capillary Electrophoresis
Apparatus W@
AIC;

Toum x 60 cm constant temperature
Silica Capillary compartment, 20 -30°C

G\:ca A

SR

detection

lgh voltage
sample & power supply

@%C standards 0 - 30KV

Prof. J .Al-Zehouri
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'@‘ Capillary Electrophoresis (¢

|
SN
o 2 LT ke
>~ ’/ 2

Much of the current research is in the development of CE.

X A conducting buffer is retained in a capillary tube.

X Tube ID is typically in 25-75 um range.

X Use of a capillary tube helps overcome the problems
associated with heating or interaction/degradation of the
support

X Itis a Free-Solution method.

X Samples are typically injected in one end and migrate to the
other.

X Similar to chromatography - resulting electropherogram. Both
quant and qual information.

Prof. J .Al-Zehouri



Capillary tube
ID typically 25-75 um.

Length varies based on application
but is normally in the 20-50 cm

range.
The small bore and thickness of the

silica are important. When a current

is applied, this leads to Joule heating.

Using a small ID and having a thick
wall reduces this problem.

WD ,, [;_};f‘

Capillary opening
Fused silica
—— Polyimide coating

Prof. J .Al-Zehouri



upon the electric field stre@> .
etermined by

volts) and the le L over which 1t Is
applied. ThusQ

; S Prof. J .Al-Zehouri




~ The relationship indicates that
applied potentials are desir
achieve rapid ionic mlg nd a
rapid separation.

It is desirable to @v@ rapld separation
Joutitis eve e important to
archive hl“resolutlon separations.

NG ¢ d to examine the factors that

Prof. J .Al-Zehouri
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Plate Height in caplllary
Electrophoresis

e |t has been shown for CE, t{;\ount

(N) Is given by :

D= diffusion coefijcient of the solute in cm?s-1
e Contrar o)‘ romatography the plate count

dog@ ihcrease with the length of the

; ; Prof. J .Al-Zehouri




Plate Height in capillary (&,
Electrophoresis W@
In slab electrophoresis, Applied P about

500 V. %@
In Capillary E , 20000 -60000&\)>>
0

Plate count in CE 1000@2 000 (in HPLC
5000-20000) @
Plate counts of /000 have been reported

Plate .{@ 10 000 000 have been reported
ALy gel electrophoresis of

; S Prof. J .Al-Zehouri
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There are two factors that cause mobility of solutes.
Electrophoretic mobility
¢ Response to the electrical field.

¢ Cations mi?rate towards the cathode, anions to the anode
and neutrals are not effected.

Electroosmotic flow
¢ Migration of solutes in response to the buffer solution’s
movement in response to the electrical field.

¢ Under normal conditions, the buffer moves towards the
cathode. This tends to sweep all species in that direction -

including anions and neutrals.
Prof. J .Al-Zehouri



Electrophoretic Mobilit 0
— The movement of ions solely ue
electric field, potential differ %@
e

— Cations migrate towa%@t&

— Anions migrate tow ode
— Neutral molec not favor either

\g Prof. J .Al-Zehouri



P

Electrophoretic mc&,,ﬁ

. _ Migration velocity .
Electrophoretic velocity - v - how rapugly a solute migrates.
v = & E
Where: u, = solute’s electrophoretic mobility
E = magnitute of the applied field.

According to stockes law

w, =q/(6bxnr)

Where: q = solute charge
M = buffer solvent's viscosity
r = solute radius

Increased charge and reduced size both result in greater u, .
Prof. J .Al-Zehouri




Electrophoretic Mobility

* Properties that effect 3
1. Voltage applied
2. Slze and ¢ of the solute
3. Viscos@@ e buffer

: Prof. J .Al-Zehouri



* When a high potential Is ap§o®ss a

caplillary tube containing ﬁ% solution,

electroosmotic flow u ccurs In
which the solvent es.

Amﬁ

Prof. J .Al-Zehouri



Electroosmotic Flow

 The cause of electroosmotic flow I @ ectric
double layer that develops at th a/solution
Interface. b

* Above pH 3,the inside \@ a silica caplillary is
negatively charged lonization of the

surface silan | OH).
« Buffer catlorg ngregate in an electric double
layer to the negative surface of the
sill | Iary

7Y
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Electroosmotic Flow
* The cations in the diffuse outer
double layer are attracted to
cathode, or negative elect ~-and since
the cations are solvate ey drag the

bulk solvent alon
* Electroosmosi to bulk solutlon flow.

!Itn—.nll'l'..'r

+4‘ @{3 S, @E} & ’—_
® ® o C

(
@@C S 587@(—8(3”{;)): ’}I_E_)i;

- Capilla
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greater than the electrophoretic
velocities of the |nd|V|duaI§é

Even though analyte m

according to their
charges within the ry ,the electroosmotic

flow rate is u icient to sweep all
positive, ne and even negative species to

Ward end of the capillary, so that all

ected

o

Prof. J .Al-Zehouri



* As the buffer sweeps toward the
due to the electric field, o
dictates the direction a 1}%

Te buffer

— All lons are the @@ toward the anode.

— Negative | ead the neutral ions toward
the anod
— Po S WI|| trail the neutral ions as the
pulls them

Prof. J .Al-Zehouri
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Electroosmotic mobi'¥ 1%

Under normal conditions, both anionic and neutral species will
migrate towards the cathode. This occurs because the

capillary will is electrically charged - large number of silanol
groups (Si-OH).

O- OH O- O- O OH O O OH OH O-

Prof. J .Al-Zehouri



Electroosmotic mol¥ 1%

QM"M’:Q
L Wv

N

+ Cations are dftracted towards the wall resulting in
the formation of a double layer.

+ The inner “fixed” layer results from cations being
tightly bound to the wall.

* The second layer (mobility layer) is only loosely
bound.

» Cations in the outer layer migrate towards the

cathode.

* The solution is pulled along because the cations are
solvated.

Prof. J .Al-Zehouri



O e Bulk soluton @ '
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Eledroosmolic flow veloaity

Ve —: B

eo

u, =¢C /4nn

Where: £ = buffer solution dielectric constant
C = zeta potential
n = buffer solution's viscosity

Zeta potential - the change in potential across a double layer.
Prof. J .Al-Zehouri |




| w5 : & it
S Electroosmotic mob (@

i

<

Zela polential
X It is directly proportional to the charge on the

capillary walls. As pH increases, charge increases
and zeta increases and (1, increases.

X It is proportional to the thickness of the double layer.
As the ionic strength of the buffer increases, you
have more cations. This will decrease the thickness

of the layer.

Prof. J .Al-Zehouri
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Total mobility of sok\

NI

For any given solute, the total mobility is:
Vigt = Voo + Voo

Hiot = Hep + Koo

Under normal conditions

(Vrof)cohons > “oo

(v?of)onom < "‘ao

(Viot nautrals = Moo

So cations elute first, based on their charge to size ratio - largest
first. Neutrals then elute as a single band. Anions then elute

based on charge fo size ratio - reverse order.
Prof. J .Al-Zehouri
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el e rnHEsrE s

O —

9

|
000

Ficaml = Feloclmoosmestme T Fobeo prophase e Inc

910[0/0]8

Welocithes im The pressanoe of electno-osrmaotic
M. The length of the armow mext o an lon indicates the
magnitude of its vwelocity; the direction of the arrow imdi-
cates the direction of motion. The megative electrade
would be to the right, and the positive elecirode o the left
of this section of solution.

Prof. J .Al-Zehouri



* Electroosmosis Is often desira
types of caplillary electrop
other types Is not. @

* Electroosmotic floy \'2 Tbe eliminated by
coating the inside\eapillary wall with

reagent lik @ Tethylchlorsilane eliminate
the s@ ilanol group.

o
@ Prof. J .Al-Zehouri




Migration t¥ 1%

Via=C/t

Where: ( = distance between injection & detection points.

t, = migration fime.
Since Viot = Wiof = (1 +1150) E
b= C /[ (g +1ef) E]

The magnitute of the fieldis: E=V /L
Where V is the applied voltage and L is the length of the tube.

Prof. J .Al-Zehouri



Migration i (@ |

&)
i
i

%

L

b (i
(Ugp Hleof) V

m

This shows that you can decrease elution time by:
increasing the applied voltage.
using a shorter tube.

You can also increase the electroosmotic flow but only at the
expense of resolution, This will be outlined in a bit.
Prof. J .Al-Zehouri
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The is the number of theoretical plates - similar the what is used
in chromatographic methods.

N = (1, + 1ed V / 2D
Where: D = solute diffusion coefficient.

Solutes with a large u, (in the same direction as flow), have a
greater efficiency.

Efficiency is independent of column length.
N values of 100,000 to 200,000 can be achieved.

Prof. J .Al-Zehouri



Efficier®
@)

0 ”
\:;/,'/}

Column length does not effect efficiency. This is because solutes
tend to move as a '‘plug’ through the column.

Hydrodynamic ™~ Capillary
flow : GC and LC
Electroosmotic EC
flow
‘Because’ @%}/e in the bulk solution are about to
travelth the capillary without interference from

apillary itself, there is no dramatic drop in

*NO meniscus is made
Prof. J .Al-Zehouri



,y-"l"ﬁ?'&' >
X4 Wv

N

This term is also similar to what is used in chromatography - the
ratio of the capacity factors of two solutes.

In CE, the analogous expression is:

a=~“'epl/“ep2 Ge

You can alter o by adjusting the pH of the buffer. This also
will impact the resolution.

Prof. J .Al-Zehouri



0077 (1,2 “Boet) V2

([ Bowg + Moo )'/2 D

¢Increasing the applied
voltage and decreasing

¢ will improve resolution.

¢'Remember, increasing 1
will improve analysis time

and efficiency.

Prof. J .Al-Zehouri



Instrumentation

* The instrumentation for cap%@@

electrophoresis Is S|mple

A buffer-filled fused-sill plllary extends
between two buff v0|rs that also
hold platlnum des

Q ction is performed at one
ptection at the other.

; Prof. J .Al-Zehouri
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Instrumentc

\\" Ol ‘ 2 '3

The basic instrumentation is pretty simple.
* Power supply

* Anode compartment
¢ Cathode compartment
* Capillary tube

* Detector

¢ Sample vidl

Both with buffer reservoirs

Prof. J .Al-Zehouri



Anode (+)

Detector

Capillary

m §

Source Destination
reservoir reservoir
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Basic equipr (@

Sample introduction.
The tube is initially filled with buffer solution.

The sample is introduced by dipping one end into the sample
and then using causing sample to enter the tube.

Electrokinetic injection
Applying a potential fo cause the sample to move in fo the
tube (least popular method).

Hydrodynamic
Pressure injection - the sample vial is pressurized.
Siphoning - the sample is pulled into the tube.

Prof. J .Al-Zehouri



Sample Introductlon

« The most common sample introduction r@%@ are

electrokinetic injection and pressur
.(hydrodynamic) &

* One end of the capillary and itselectrode are removed
from their buffer compartme @d placed in a small cup
containing the sample.

« A potential is then or a measured time, causing
the sample to e @ capillary by a combination of
lonic migration\and/electroosmotic flow.

 The cag \1( Ad and electrode are then placed back
Into o ¢
lon.

Iar buffer solution for the duration of the
S@ at

Prof. J .Al-Zehouri



Sample Introductlon

* With pressure injection, the sam uctlon
end of the capillary is also pl entarlly
Into a small cup containing th ple ,and a
pressure difference is therplysed to drive the

sample solution into t @ sillary.
* The pressure diff can come from applying

a vacuum a @t ctor end, by press

the sample, elevating the sample
C

lon ity, but cannot be used in gel-f

@ @@ ries.

urizing
end.

llled

o Pres@ tion does not discriminate due to

Prof. J .Al-Zehouri



controlled by the durat

Sample Introduction

i
- ’.: (I
1jection IS

* For both electrokinetic injectio
pressure Injection ,the vol

the injection.

* Injection of 5to 5 @\@@ common.

Prof. J .Al-Zehouri



Electrokinehc

.

Sample

.~

Butfer
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Migration (separation) begins once an electrical field is applied.

You want to use a large electrical field
Shorter analysis times
Better separations
Improved resolution.

When using narrow-bore capillary tubes, it is possible to applies
voltages up to 40,000 V. That actual voltage applied is
based on the application.

Currents are n the microampre range.
Prof. J .Al-Zehour



Detection

* Because the separated analyte m

common point in most types o
electrophoresis ,detectors ar r|n design
and function to those des slo or HPLC.

One difference In beha detectors IS
cause In capillary

iICN\Jon migrates at a rate

3 gtectrophoretic mobility. so

hat dependent upon retention

electrophoreéis
determined
peak area S

times
In r@ In HPLC area independent of
fion times.

Prof. J .Al-Zehouri
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Several methods have been used.
Approaches taken are similar to what is used in capillary LC.

UV/Vis absorption
Indirect absorbance
Fluorescence

Laser fluorescence
Radiometric

Mass spectroscopy
Amperomelric
Conduclometric

Must have absorbing chromophore
Universal
Must be fluorescent (or have fluorscent label)

Must be fluorescent (or have fluorscent labsl)
Must be radioactive (or radioactive label)
Universal or selective based on MS method

Solute must under reduction or oxidation

Universal

Prof. J .Al-Zehouri



UV/Vis absorption
Indirect absorbance
Fluorescence

Laser fluorescence

Radiometric

Mass speciroscopy
Amperomefric
Conductometric

104- 103
107 - 107
109.10%
10°.10"
10%. 10"
107 - 10°%
107 - 107

Prof. J .Al-Zehouri



Absorbance Methods @

* Both fluorescence and abso V
detectors are widely used o Iary
electrophoresis, altho Iater are

more common bec ey are more
generally apph

* In order to the detection volume on

the or smaller, detection Is
doncdumn

o

Prof. J .Al-Zehouri



polyimide coating is removed
the caplillary by burning, dissoltition, or scraping.

The section of the capillz @
detector cell. n

measureme \
which restri tection limits in concentration
term, gse such small volumes are involved,

mass detection limits are equal to or

hox%
@ than those for HPLC.

Prof. J .Al-Zehouri



Absorbance Methods 5

* In order to iImprove the sens t|

absorbance measureme ﬁ@era
(O01E

techniques have been g sted for

increasing the p @@ of the

measurement

1- Z- sha@
formed

L

Prof. J .Al-Zehouri



» Z shape : Involves bending ‘
capillary in to a “Z”shape

length of 3 mm.
* The sensitivity Is than expected

,Jprobably beg\ f madequate focusing
of the light!’

m with
o =jdrm |
hale "~-.,~_L
Ej‘: -~
- .
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Absorbance Methods @

* Bubble formed : Here a bu WOrmed
near the end of the capill I%
* The bubble for a 50-ynygapillary has an

Inside diameter of m thus giving a
threefold increasg it path length.

Cretector

EL

o T
@@%@@ L

@ ;_} Source
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Absorbance Methods @

» Silver coating : In this techny
reflective coating of silver % S|ted on

the end of the caplllary

* In this case the rac beam undergoes
numerous rejL S until it exits the

CapI”ary !‘iuurﬁ:
Q

L
@@ Ill'.f"xf”xf“‘xfif
@ Q
@@ Dietector
Prof. J .Al-Zehouri
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Because of the small volumes, one must get ‘creative’ to obtain a
measurable response -- while still in the capillary tube.

hv hv

: Silver
Simple coafing
Z flowcell
Prof. J .Al-Zehouri




Absorbance Methowd,

T ng

*ndirect detection : @

e [t has been used for detection of s g (,)\%‘ hat

are difficult to detect because o olar
absorptivities without deriva

 Anionic chromophere is plaged in the
electrophoresis buffe @ detector then
recelves a cansz‘a%®%>a/ due to the presence
of this substan

« The ana/yz‘e p/aces some of these ions, just
as /n hange chromatography, so that the

/gna/ decrease during the passage of
20 a/yz‘e band through the detector. so

; Prof. J .Al-Zehouri
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@ Absorbance Met% 0

“Indirect detection :

So, The analyte Is then deternﬁ@%&@

the decrease In absorbancei\
N

- 3
[ I
[ -1
g I
£ [ 5 6
E -
= —
e
I_
E '
| -
[ L A I | [
2. S0 300 3.50 A4 _OH0 4_50) S .00

A Epratiom Liomee, fmin

Figure 30-6 Electropherogram of a six-amion mixture by
irvclirect detection with d4-mhAd chromate o at 2549 rnrm.

Feak: (1) bromide (4 ppm), (2) chioride (Z ppm), {(3) sulfate

(4 ppm), (4) nitrate (4 ppm), {(5) fluoride (1 ppm), (6) phos-
phate (& pprm).
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Mass spectroscoi

S
Attempts have been made to interface a CE to a MS. This is

similar to what is done with LC-MS systems. It will be covered
in the 'Hyphenated Methods' unit.

high voltage nitrogen

"

\_
—>
A=

nitrogen

to MS

to vacuum
Prof. J .Al-Zehouri
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‘@'Applmaﬂon of Capillary Electrophores \

Capillary electrophoresis separation are performed in
several ways called modes. It is noteworthy that these
modes were first employed in slab electrophoresis and
were subsequently adapted for capillary electrophoresis

* Capillary zone electrophoresis (CZE)

¢ Capillary isoeleciric focusing (CIEF)

* Micellar electrokinetic capillary chromatography (MECC)
* Capillary gel electrophoresis (CGE)

* Capillary electrochromatography

* Chiral separations

« Capillary iso-tachophoresis ( CITP)
Prof. J .Al-Zehouri




Capillary Zone Electrophoresis
(CZE)

* The buffer composition is co
throughout the region of t@
S

* The applied potential the different
lonic compounds @@Fnixture to each
migrate accordh its own mobility and

to separate \{fitbzones .

ja) Lone electrophoresis

My = £ = My
vy =gy E Va = o vy = LE
Anion Ao Aondon
| 2 3

-
B
T
]
R

Buffer [~ Buffer rf}» Buffer ' Buffer |

< S (4 B =
; Prof. J .Al-Zehouri




« Completely resolved zones
of buffer between them;

Capillary Zone Electrophoresis

%

IS10 elution

column chromatoc @ .where regions of
mobile phase afg \oCated between zones
containing @ ated analytes.

Prof. J .Al-Zehouri



1- Cation separation @W@ '

* The analyte move In the s@% [Fection as

the electroosmotic flow.

* Thus, for cation se 2. jons the walls of
the capillary are g@ated, and the

electroos @ and the cation
movem né% oward the cathode.

\% Prof. J .Al-Zehouri




Capillary Zone Electrophore@j %

- anions separatlon

* The electroosmotic flow is usual rsed
by treating the wall of the capi ith an
alkyl ammonium salt ,suc etyl

trimethylammonium bromi

* The positively charg monium Ions

e negatively charged

gthe electronnsmotic flow.

PN
{ch NA(CHQJMCHg ] o

HiC  CHs
Prof. J .Al-Zehouri



. Separation of Molecular Species : W@

Ay

Capillary Zone Electrophor¥ i %

<
D 5%
=

* Herbicides ,pesticides and @

pharmaceuticals that are 1QRig,ofcan be
derivatized to yield ions h been

separated and anal by CZE.
* In case of neutral.¢arbohydrate ,the
separatio s preceded by formation of

D

negatively.charged borate complex. This
CO are readily formed if a borate
@e IS used as the separation medium.

Sodium borate Na,B,0,
Prof. J .Al-Zehouri
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Capillary zone elactrophor; |

The simplest form of the technique

A capillary tube is filled with the buffer solution, sample

loaded and the ends of the tube placed in reservoirs
containing additional buffer solution.

Under normal condifions, the 'sample’ end of the tube is the
anode and the solutes migrate toward the cathode

As outlined earlier, cations elute first - with smaller (more
highly charged) species eluting before larger (less charge)

species.
Neutrals elute next as a single band.

Anions elute last - reverse order of cations

Prof. J .Al-Zehouri
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Capillary zone electrophore @/

* The elution order can be reversed by the addition of
an alkylammonium salt.

* The ammoniuvim ‘head’ will be attracted to the
capillary wall.

* The 'tails’ of the salt will form form a hydrophobic
layer resulting in addiional ammonium ‘heads’ point
towards the solution.

* This, in effect, causes the capillary surface to become
posifive.

Prof. J .Al-Zehouri



O e Bulk soluton @ '
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Capillary zone electrophores('ﬁ

NN

)  Bulk solution

+ .
Anode Direction of electroosmotic Flow Cathode

Prof. J .Al-Zehouri



Capillary Gel Electrophoresis (CGE &/

 CGE is generally performed in a porous %&@
polymer matrix, the pores of WhIC

buffer mixture in which the sep s carrled
out.

Gel provide a molecular actlon that
retarded the migrati A\\ , aIyte species to
various extents o sia Snding upon the pore size of
the polymer ‘@\, of the analyte ions. This
type of sigvipg action Is particularly helpful in
separ zi/%acromolecules such as proteins,

DNA{fragments that have the same charge but

@@ in size.

4
CY

Prof. J .Al-Zehouri



Capillary Gel Electrophores @)

« Currently, most macroscale electrophor
separations are carried on a gel sl

(polyacrylamide ( CH,= CH-

« Some capillary electropho paratlon of
speisies that dn‘fer IN Sizg also performed in
) tubes.

* Other gels't p’Deen used for capillary gel
electrophoresis

agaro %@olysaccharide extracted from a marine
a@% hyl cellulose, and polyethylene glycol.

; Prof. J .Al-Zehouri




7 The capillary tube is filled with a polymeric, porous gel.

«” Solutes migrate based on both their electrophoretic mowility
and their size.

% Sort of a cross between electrophoresis and size exclusion
chromatography.

«7 This approach has been used to separate DNA fragments -
they all have similar charge to size ratios but vary by size.

«7 The same method can be applied to the separation of other
large biomolecules like protein and oligonucleotides.

Prof. J .Al-Zehouri



Capillary Isotachophorea@

In CITP all analyte bands uItlmateI
the same velocity. (iso = same speed )

In any particular application, e c tions or
anions can be separated , g ot both at the
same time.

In a separation, t@@ple IS Injected between

two buffers.

A Iead| 0 't ontalnlng lons of a higher mobility
tha the analyte ions and a terminating

r@ 1k |ons of a lower mobility than the sample

Prof. J .Al-Zehouri



Capillary Isotachophore

- For example ,in separating
anions, fast -moving chi
might be contained In @@ dlng
buffer ,and slow-m é@

heptanoate lon l@ e terminating
buffer.

* Fora sep @on of anions, the

| ctrolyte solution Is

ted to the anode, and the

@ Inating one to the cathode.
CH;(CH,):COO

Prof. J .Al-Zehouri




an isotachophoretic separation, an
lons migrate as in zone electr
each ion with its unlque velogi

This difference in migr te results in
the separation of th us analyte
species In to ad] ands, with the
fastest specl ted in a band directly
adjacent to eading buffer and the
slow ahead of terminal buffer .After
have formed, they then move at

@ @@fﬁ%me velocity.

1S,

Prof. J .Al-Zehouri



“» When equilibrium is reached in a
Isotachophoretic expenment
reached in which each sam nent
IS migrating in a band tha dchhed
between a band thag@@ ns the next

slower-moving io he next-faster
moving band

4 /\

(b} Isotachophoresis

S AR - o e
Cathode | Low - rl:..l“:.- ':___'-.-"___ :t"“:‘:"“ LR HJEI i LI'I.'|I|I|:.!|' | Anode
|

@@ O |1 bafer  PANONN] buffer @
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Caplllary isoelectric focusing (CIE
used to separate amphiprotic

such as amino acids and eins that
contain a weak carboxylic group and

ng its length. This pH

buffer mixtur
continuous
grad siprepared from a mixture of

Ifferent ampholytes in an
80us solution.

Prof. J .Al-Zehouri



Capillary Isoelectric Focusing &,

 Ampholytes are amphoteric comp@@@
usually containing carboxyhc

aminogroups

« Ampholyte mixtures h |fferent pH
ranges can be pre r are available
from several c rcial sources.

; Prof. J .Al-Zehouri



Capillary Isoelectric Focusi

* To perform an isoelectric focusing expew
In a caplillary tube, the analyte mix

dissolved in a dilute solution O@% pholytes,

which iIs then transferred to th

* One end of the capillar@@en Inserted in a
solution of strong b h as sodium

hydroxide ,that ds the cathode.

* The other e ‘ e tube Is Immersed in a
solutl@cﬁ rong acid such as phosphoric,

olds the anode.
o1

Prof. J .Al-Zehouri



* When the potential is applie gen
lons begin to migrate fro

compartment toward t

Hydroxide ions fro @ cathode begln to
move In the op direction.

e Ifa compo f the ampholyte or the

anal a net negative charge ,it
toward the positive anode.

@@@%

Prof. J .Al-Zehouri



« As It migrates it passes into contin
PH regions, where progressiv
the species occurs, which 0

W Q%wer
5& atioh of

Migration of the JEWES then ceases.
This proces s on for each ampholyte

spec Itlmately provides a continuous pH
gr roughout the tube.
O

DS

Prof. J .Al-Zehouri



« Analyte ions also migrate ur% reach

their Isocratic point .Thes 8sses then

result in the separat e h analyte
into a narrow band tat s located at the
pH of its |soel omt

(c) Isoelectric focusing

Low pH = Continuous pH gradient — High pH
o L — -I-—_
Cathode o 0 Anode
ea L1 N - F
I:E:I J r__.-' o \"'\-\._l'xl."xh_ EI
pl; pls pls

; Prof. J .Al-Zehouri



* Note that isoelectric focusing s¢
are based upon dn‘ferencﬁ%

properties of the anal

Kb) rather
es of migration.

as migrated to a

than on difference
* Once each an@
region wh neutral ,the positions of
e

ban constant and no longer
Wlth time.

o
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5/ Capillary Isoelectric Focusin
o I\/Ioblllzatlon of Focused Bands @

In order to detect the focused bq@é&

B

capillary isoelectric focusing X lon, It Is
necessary to move ,or mobilize),the contents

ands pass the

:
A pressure difference, just as

@ changing the solution in the
@g e compartment.

Prof. J .Al-Zehouri
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* Capillary adaptation of the well-established technique for
separating amphoteric species such as proteins.

* Relies on the formation of a pH gradient by the use of
zwitterionic molecules (ampholytes) - these are generally
synthetic aliphatic polyamino, polycarboxylic or polysulphonic
acids.

* Application of an electrical field results in the formation of a

pH gradient.

* High resolution is obtained since amphoteric species will be
focused at the optimum pH - overcoming diffusion.
Prof. J .Al-Zehouri



 CEC is a hybrid of caplillary elec ro§3|®s and
HPLC that offers some of the \t}e%ﬁ atures of

each of the two techniques @

« Advantages:
1- like HPLC it is apg ‘h e to separation of

unchared sp .Qﬁ
2- like CE es highly efficient separations

mes of sample solution without the
% a high-pressure pumping system.

Prof. J .Al-Zehouri




Caplillary Electrochromatogr_

« Packed Column Electrochromatogr L@T&

In this method a polar solvent |

driven by electroosmotlcf ugh a
capillary that Is packe P HPLC

paking.
Separation dep dlstrlbutlon

; Prof. J .Al-Zehouri




« Micellar Electrokinetic Capillary Chromato

This technique involved introduction of
,such as sodlum dodecyle sulfate( S

Micelles form in aqueous solutions \
concentration of an ionic sp sfhaving a long
chain hydrocarbon tail |s&sed above a certain
level called the critic le concentration (CMC),
At this point the | n to form spherical
aggregates 4@@0 40 to 100 ions whose
hydrocarbon are in the interior of the aggregate
and w ged ends are exposed to water on

@@@% R- NaO,S

Prof. J .Al-Zehouri



| Mlcellar Electrokinetic Capillary
Chromatography:

IS capable of absorbing no

compounds into the hyd@
the particles ,thus solgh

Ing the nonpolar

species.

Solublllzatlo only encountered when
a greasy al or surface is washed with a
deter t|on

; Prof. J .Al-Zehouri



Capillary Electrochromatography

" Micellar Electrokinetic Capillary

Chromatography: 50»
 For most applications to data, t actant
has been SDS. The surface%ﬁé lonic
e

micelle of this type has a la egative
charge, which gives it lectrophoretic

mobility toward the e electrode.
* Most buffers, h exhlblt such a high
electroosm rate toward the negative
electrode t@ e anionic micelles are
carri d that electrode also, but at a

u%;@uced rate.
©
@@ Prof. J .Al-Zehouri



Capillary Electrochromatograph i

Micellar Electrokinetic Capillary Chromatogra;%&@

 Thus during an experiment ,the buffer
consists of a faster-moving aqueousg\p and a
slower-moving micellar phase. %

« When a sample is introduced into ¢his system, the
components distribute th es between the

agueous phase and theg X carbon phase in the
Interior of the mice

« The mechanis @ paration is depends upon
differencesn Ibution coefficients for analyte

betwe mobile agueous phase and the
hydrgf n pseudostationary phase

DS

Prof. J .Al-Zehouri



CZE is not able to separate neutral
species. MECC can overcome
this limitation.

The method relies on the addition
of a surfactant (such as sodium
dodecylsulfate)

At high enough surfactant
concentrations, micelles will
form - consisting of 40-100
surfactant molecules

Prof. J .Al-Zehouri
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Micellar eledrokil{;
capillary chromatograpt

Because the micelles are negatively charged, they
migrate towards the cathode - less velocity that for

cahons.

Neutral species will partition between the micelles and
the buffer similar to what is seen in HPLC.

For neutrals to be separated, they must have some
solubility in both the micelle and the solution. If not,
they still will elute as a single band.

Prof. J .Al-Zehouri



a = soluble in both

b = not soluble in micelle
¢ = not soluble in buffer

Prof. J .Al-Zehouri



,b)-"M;Q
<3 Wv

N

Capillary Eledrochromatograp

Ancther hybrid method for separating neutral species

» The capillary tubinc?edus packed with 1.5-3.0 um silica particles
coated with a bon nonpolar stationary phase - or a
phase bound directly to the tubing wall.

» It is similar to micelle type approaches and also analogous to
HPLC separations.

» The movement of the buffer solution due to electroosmotic flow
is is 'mobile’ phase.
» Separation of neutrals is based on their ability to partition
between the buffer and the stationary phase.
» Unlike HPLC, high-pressure pumping is not required and
better efficiency is possible - with a shorter analysis time.
Prof. J .Al-Zehouri
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Chiral separati

,>>-"°“‘C§
X4 Wv

N

It is possible to separate enantiomers using CE.

The most common "

approach is to add o .
cyclodextrins into the oK ':,Lc. 0
buffer solution (a 1-100

mM). o HCI
Common cyclodexrins j %ﬁ
include: B-cyclodexdrin, 5

chemically modified DH
cyclodexrans like 0 DH@ HO
dimethylated or y
hYdl’OKypfOPY'abd a Cyclodextrin

forms.

O OH

Prof. J .Al-Zehouri



,é)-"“k
<3 Wv

N

Chiral separatiorl {® ),

The enantiomer that is more strongly attracted to the
cyclodexirin will tend to migrate more rapidly.

Prof. J .Al-Zehouri
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Eledrophorei @

Qualitative analysis can be

conducted by comparing the MW
patterns produced to 0000 N
standards. wooa | —
50,000 | —— o
This example is a molecular oo B o
weight determination of e S
profeins but other materials ' — .
can be evaluated. i
<
This approach is used in genetic standard  sample
'fingerprinting.’

Prof. J .Al-Zehouri
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Date - 17/01/2007

|
I' "\
/
[ |
/|
P 4 ‘| —— /,n\ s g ¢ \
G e A o, = = \r, - ki
Protein Electrophoresis
Fractions % Ref. % g/dl Ref. g/dil
Aloumin 58.8 558 -66.1 4.35 402 -476
Alpha 1 3.5 29- 49 0.26 0.21-035
Alpha 2 9.3 7.1-118 0.69 051 -085
Beta 1 5.0 4.7 - 7.2 0.37 0.34 - 0.52
Beta 2 3.7 32- 6.5 0.27 0.23 -0.47
Gamma 19.7 11.1 - 18.8 1.46 0.80 - 1.35

AIG 1.43 TP.: 7.4 Prof. J .Al-Zehouri
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@h num.: 13

Date : 15/02/2007
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Fractions

Hb A
Hb F
Hb S
Hb A2

5.3
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Analysis of W@
carbohydrates . Advanta@@

inorganic @
anions/metal ions & all Sample
Relatively inexpensive

DNA profiling - Automated
Protein * Broad spectrum of

@ application from small
Chiral compou ions to

Vitamins macromolecules.
D | er) Disadvantages
rug@ OLKe ) * Joule Heating

\; Prof. J .Al-Zehouri



Applications of CE and Belated Technologies

Sample matrix

Electrolytes

Analygiz of Biomalecules
Siape Mictwre Anolvsis
Adaranes
Tetwramethy] ammoniam brormids,
tetramethy]l smmomum perchlorate,
werrapropy] ammonium hydroxide,
tetrabutyl ammomium hydroxide, amd
irimethviphenyl ammonium iodide
Polyamanes
Alkylamines

Histamine

Putrescane, cadavering, spermidine, and
speEnmine
Acids
Formie, acelic, propaomic, and butyne

Befnlonic, lactic, aspartic, glatpmic
glucornic, hydrochloric, and phosphoric

Benzoic, benzilic, and naphthoic

Pierie, cinnamie, and sorbic

Hipguric and zibbenlic

Carbnlyydraces
Mewtral
Dligossccharides
Cyclodextrins

Amimo acids
All

Adl

Debeyl derivatives
Fluorescamine derivatives

Lirine

Capillary Electraphoresis

L1 md KCI in 50¢% methanol

Formic acid, 0L01% ED, 5% EG
05M FB

0.1 ¥ BB, 0.2 M ECL pH 9.5

0005 M BB with 0. 1% EDy, 2% 5DE, and 5% EG

0.025 M Ma veronal, pH £.6

0.02 M Benzosc acid, histdine, pH 6.2, 0.1%
Lritan

0.1 M Tris=acetic acid, pH 8.6, 20% dextran

0.0 b KCL pH 5.5, ME: 0.0 B HCI

0.1 M Ammoniom acetate, MelCR (1:9)

0.2 M Baric acid, KOH, pH 5.0
0.01 M MNa:HPO,, 0,01 M NaB.O5, pH 9.4
0,03 M Benzoic acid, Trs, pH 6.2

L0 mM PE., pH 531 or 7,12

0.2 mM Ka salicylae, Qo mbd Ma O, MNeOH.
pH 9.7

Q.02 M PR, pH 7.0, MaCM (1:1)

10% Propanol, pH 10,16

Prof. J .Al-Zehouri
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Fluorescence
Fluorescence

Post column
Auorescemnce

Post column
flucrescence

Indirect UV
X253 nm
[ndirect UV
254 nm
W 205 nm
1 254 nm

LI 240 nm

Fluarescencs

Trrfirece 1IN
25 nm

Tredirece
Huosrescence

Fluorescenss
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Micellar electrokinetic chromatography

Simple mixture analysis

Alkyl amines - 0.01 M NayHP;, 0,006 M Na,B,0, 0,05 SDS, Fluorescence
pH 7.0

Amino acids (AA) - 0.05 M BB, pH%.5,MeOH, 2% THE, 005 MSDS  Fluorescence

AA-PTH derivatives - 0.1 M BE, 0.03 PB, 0.1 SDS,pH 7, 43Murea UV 260 nm

Protein mixtures - BB, pH 10.5, 0.8 M SDS UV 220 nm

\; Prof. J .Al-Zehouri
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ure analysis
Alkiors

Antidepressants

Benzamide
Norgestimate drugs

Steroid hormones

Parabens

PAHs

Explosive compounds

Chiral mixture analysis

Amino acids, dansyl and dinitrophenyl
derivatives

B-Blockers

Benzoin and (emazepam
Barbiturates

2-Phenylpropionic acid and warfarin
Dichloroprap.

Capillary electro-chromatography

MeCN-10 mM Tris, pH 8.3 (80:20)

MeCN/50 mM NaH,PO; (pH 2.3)/water
(60:20:20)

MeCN/10 mM MES, pH 3.0

MeCN/THF/25 mM Tris-HCl, (pH 8.0)/water
(35:20:20:25)

MeCN/10 mM borate, pH 8.0 (65:35)

MeCN/25 mM MES, pH 6.0 (80:20)

MeCN/25 mM Tris, pH 9.0

MeOH/10 mM MES

MeOH/PB (15:85) and MeOH/15 mM TEA, pH
4.7(15:85), B-CD

MeCN/4 M acetate, pH 3.0 (80:20), imprinted
polymers

HAS, 2-PrOH/4 mM PB, pH 7, B-CD, and others

MeOH/5 mM PB, pH 7.9 (80:20), p-CD

PB with CDs

PB with vancomycin

UV 200 nm
UV 225 mm

UV 205 nm
UV 250 nm

Fluorescence
UV 254 nm

Uy
Uv
UV and others

Uv
Uy
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