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Abstract

Due to the short light path of the capillaries, the CE detection limit based on concentration, is far less than that of HPLC
and not sufficient for many practica applications. Severa methods, based on different electrophoretic maneuvers, can
concentrate the sample (stack) easily on the capillary before the separation step of capillary zone electrophoresis (CZE).
These methods incorporate different types of discontinuous buffers as the means for invoking different velocities to the same
analyte molecules to produce a sharpening of the band (stacking). In CZE, these buffers can be often very simple such as
sample dilution or adding to the sample a high concentration of a fast mobility ion. However, in other applications these
buffers can be as complicated as those required for isotachophoresis. Stacking can often yield a concentration factor of
5-30-fold, which can improve greatly in CZE the detection limits bringing them very close to those of HPLC. Different
methods of stacking, the importance of discontinuous buffers and the different mechanism for concentration on the capillary
are reviewed here. As there is a need for more practical applications, there will be more methods devised for stacking in
CZE. [ 2000 Elsevier Science BV. All rights reserved.
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1. Introduction

Capillary electrophoresis (CE) has a very good
sengitivity based on mass detection. A feature, which
is important when the sample size is very limited as
in analyzing a single cell, thus a minute amount of
sample is sufficient. However, CE has less than
desirable sensitivity based on concentration especial-
ly when compared to high-performance liquid chro-
matography (HPLC). In the majority of the practical
applications the latter feature is far more important
especialy for routine analysis of compounds present
at low concentrations. More sensitive detection sys-
tems like laser-induced fluorescence (LIF) and bub-
ble cells have been used. Because of the need for
better sensitivity of detection in CE, sample con-
centration becomes crucial for the widespread use of
this technique in the practicad anaysis. Sample
concentration can be accomplished by physical
means such liquid- and solid-phase extraction. It also
can be accomplished much more easily and more
conveniently by several electrokinetic maneuvers on
the capillary such as by stacking, field amplified
injection, isotachophoresis (ITP) or focusing. In this
review we refer to all the electrokinetic methods of
sample concentration on the capillary in broad terms
as stacking. The majority of these technique have a
common ground of changing the velocity (v) of the
same analyte ions by some maneuver which involves
changing the field strength, the charge, or the ionic
shell to achieve sample concentration based on the
two following formulas:

v=puH
v =q/6mnyr
where  u=electrophoretic  mobility; H=field

strength; g=charge on the molecule; n=viscosity,
and r =ionic radius.

In al the stacking techniques, discontinuous buf-
fers of different kinds are the basic means for
atering the charge and field strength to modify the
ion velocity leading to sample concentration. Buffer
discontinuity can be brought about in a very simple
manner by altering the sample conductivity or pH
dightly so as to be different from that of the
separation buffer. Sometimes this can occur uninten-
tionally; for example, the sample can be dissolved in

the same separation buffer but at a lower ionic
strength, or the sample, normally contains a high salt
content. As the size of the sample is increased this
effect of discontinuity becomes more substantial. On
the other hand, these buffers can be more specialized
or complicated as mandated by ITP or isoelectric
focusing.

Stacking is one of the desirable features of CE
which has not been fully explored or utilized.
Stacking in CE is similar to sample enrichment in
HPLC. However, from a practical point of view, it is
easier to perform stacking in CE relative to sample
enrichment in HPLC. There is no need for compli-
cated steps or special equipment in the CE and it has
better flexibility. It can be achieved using several
different principles but it requires careful planning.

Sample stacking has been discussed or noted in
very few reviews [1-4]. Here, the mechanism and
the different methods to achieve stacking in capillary
zone electrophoresis (CZE) for different types of
compounds are reviewed with several examples.
Some of these methods are easier to perform or more
suited for certain applications than others.

2. Historical

One of the earliest methods for concentrating the
sample electrokinetically on the capillary is ITP. The
theoretical basis for ITP was laid by the early work
of Kohlrausch using discontinuous buffers (leading
and terminating ions). The leading ion dictates the
velocity and the concentration of the zone behind.
Kendal [5] has postulated that an electrochemical
separation under the same velocity, i.e., ITP, can be
used for the purification of isotopes and other
compounds. Stacking or sample concentration occurs
in ITP when the sample concentration is low and has
an ionic mobility intermediate between the leading
and terminating ions. In order for the sample ions to
keep up with the leading ion’s velocity, the diluted
sample concentrates to regulate its velocity through
its field strength, with the contiguous separated zones
resembling a stack of coins [6].

Tiselius [77] described how a zone could be
sharpened by continuous buffer dilution to bring
along a conductivity gradient. The advantage of the
discontinuous buffer on sample concentration was
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aso noted by Poulik [7]. He ascribed the band
sharpening to the changes in field strength. He also
described how the line between the two buffers was
moving with the progress of the electrophoresis. The
discontinuous buffers were cleverly utilized in the
polyacrylamide gel electrophoresis by Ornstein [8] to
concentrate diluted protein samples before the sepa-
ration in the gel. For example, a small anion such as
chloride in the sample buffer migrates rapidly to-
wards the cathode leaving behind an area with a high
field strength which can drag or speed up a very slow
moving buffer ion such as glycine. As the boundary
between the two ions moves in the sample zone the
analytes such as protein in front of this boundary
slow down while the ones behind feel the effect of
the high field strength and concentrate. Thus the
difference in the field strength at the boundary
““sweeps’ aong the analytes in the sample concen-
trating them in stacks [9].

In conjunction with the discontinuous buffers,
stacking was further enhanced in the disc poly-
acrylamide gel by loading the diluted samples in gel
with large pores before the electrophoresis step on
small pore gels. This enables the sample to concen-
trate at the start of the gel [9] before the separation
step. Initially few discontinuous buffers were de-
scribed for stacking in gel electrophoresis, however,
more buffers were devised later on.

In CE, since the birth of this technique Mikkers et
a. noticed that diluting the sample in water gave
sharper peaks compared to those prepared in the
same separation buffer [10].

3. Basic principles for stacking

In the majority of the methods a change in the ion
velocity brought about by discontinuous buffers
during the electrophoresis leads to stacking in CZE.
Thus, stacking in general depends on the change in
the ion velocity and on the presence of discontinuous
buffers.

3.1. Discontinuous buffers
Continuous buffers where the buffer in the capil-

lary, the sample, and at the electrodes is the same,
are very good for separation in CZE provided the

sample size is small (<1% of the capillary volume).
Under these conditions all the ions of the same
analyte move uniformly at the same speed leading to
the migration of the sample zone almost at the same
length as it was injected, provided the diffusion
parameters are kept to the minimum. However, if the
sample size is increased especidly >5% of the
capillary volume, very broad overlapping peaks,
hardly recognizable, are observed (i.e., sample over-
load).

3.2 lon velocity and stacking

In stacking, a large sample about 5-50% of the
capillary volume usualy is injected; however, the
sample band is markedly sharpened. In order to
obtain sample concentration or stacking, the same
analyte ion at the different areas of the sample plug
have to move at different velocities in such a way
that the two edges of the sample migrate getting
closer to each other, i.e., band sharpening. This can
result from a difference in the field strength at
different areas of the sample plug. Discontinuous
buffers are the means for inducing this difference in
the field strength. Several closely related maneuvers
can be used to modify the field strength in the
sample, eg., changes in the ionic strength, differ-
ences in the conductivity, manipulation of the charge
or addition of salts. Furthermore, to produce stack-
ing, the process has to be accomplished before the
sample enters the separation buffer. In order to
visualize the process of stacking, one can look at that
from different points of view; for example:

(A) Accelerating the analyte ions in the sample
zone, due to alow ionic strength, until they reach the
separation buffer with high ionic strength where they
stack in a sharp zone. The positive ions stack in front
of the negative ions.

(B) A sweeping action where as the boundary
between a high and low field strength can speed up
the molecules in the high region while slowing them
down in the low region. As the boundary moves it
produces a ‘‘sweeping”’ action of the molecules into
sharp stacks. Sweeping can occur aso from the
movement of another type of molecule which can
interact with the analyte and carry it along such as
when the sodium dodecyl sulfate (SDS) micelle
carries a neutral molecule [11].
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(C) Band-narrowing can be accomplished by:
speeding one edge through a high field strength in
the sample; by slowing one edge of the zone through
a high salt concentration in the sample; and by both,
i.e, one edge sdowing down while one edge is
speeding up. In the latter case a better stacking can
be achieved. This can happen when both salts and a
low conductivity diluent (e.g., alcohol or acetonitrile)
are present in the sample. Stacking by acetonitrile for
biological samples, which contain sodium chloride,
is a good example of this type [12—14] which can
occur, in both hydrodynamic [12,13] and electro-
migration injection [14]. The sdts, having fast
mobility, migrate rapidly early on ahead of the
analytes leaving behind an area of higher field
strength. The analyte ions in the high field strength
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Fig. 1. lllustration of stacking of the anayte ions in the dis-
continuous buffers in presence of NaCl. At t=0, The sample
analyte (0) isinjected in presence of salts (*). At t=1 as soon as
the voltage is tuned on the salts ions move rapidly, especidly if a
low ionic strength or acetonitrile is present in the sample and
slowing at the interface of the separation buffer. At t=2, because
of the increased field strength in the area vacated by the small ions
the analyte ion 6 in that region begins to move relatively fast;
while those in front or close to the inorganic cations slow down
and remain behind. At t=3 this process proceeds further giving
rise to stacking.

accelerate while those in front in the low field
strength slow down leading to a sweeping or con-
centration of the sample ions as the boundary of the
two field strengths move on as illustrated in Fig. 1.
This difference in the field strength accelerates the
stacking process. If the difference in the field
strength is not large enough the stacking does not
occur in the necessary time before the analytes enter
the separation buffer. Thus, optimum conditions,
e.g., enough salt concentration in the sample, must
prevail for stacking. Exceeding these optimum con-
ditions can also lead to the opposite effect. Thus the
same factor, such as sodium chloride in the sample,
can occasionally promote stacking while in other
instances causes band broadening.

4. Methods for stacking

Different methods for stacking including discus-
sion of the theoretical aspects have been described.
Some of these methods are more suitable for certain
types of compounds; while few are very specialized
such as the ITP and isoelectric focusing and thus are
mentioned briefly. A more detailed discussion of
these latter methods can be found elsewhere.

4.1. Isotachophoresis and transient
isotachophoresis

The method is based on the use of discontinuous
buffers in respect to ions with different mobility;
however, they have to migrate at the same velocity.
A fast-mobility ion in high concentration is used as a
leading ion and a slow-mobility ion is used as a
terminating ion; while the sample ions have an
intermediate mobility. At equilibrium the inter-
mediate ions adjust their concentration so as they
move at the same velocity of the leading ion. The
electric field strength is inversely proportiona to the
ion mobility in that region.

ITP is often considered as both, a concentration
and a purification method. The method can concen-
trate the sample 10-1000-fold. The concentrated
segments can be coupled by several methods to CZE
using a single or separate capillary for further
separation and quantification. Chen and Lee [15]
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have described an automated system for combined
ITP—CZE. The sample is focused in the first capil-
lary by ITP then injected repeatedly into a second
capillary for CZE.

A simple form of ITP is transient ITP, which is
easier to couple to CZE (in the same capillary)
[16—19]. Under appropriate conditions, a concen-
tration step due to a brief ITP is induced before the
sample enters the separation buffer. In many in-
stances the transient ITP step occurs accidentaly in
samples containing high concentrations of salts or it
can also be induced by addition of an appropriate
leading/terminating ion to samples with a complex
matrix [20—23]. The method can concentrate both
small and large molecules.

Karger and co-workers [24,25] have described two
strategies for coupling ITP to CZE. The first method
uses on-column transient ITP. After the sample is
injected, a leading or terminating electrolyte is
chosen based on the mobility of the analyte and the
co-ion of the background electrolyte. This method
gives about a 50-fold increase in sengitivity. In the
second approach, a second CZE column is coupled
to the ITP column. This involves a more complicated
system but it gives up to a 1000-fold increase in
sengitivity [25]. The group has also shown the
advantages of coupling transient ITP with CZE for
concentration of several model proteins such as
cytochrome c, lactoglobulin, ribonuclease and lyso-
zyme by both ultraviolet and mass spectra detection
[25].

The concentration of a sample analyte ion with an
intermediate ion mobility present at a low con-
centration is due to the need to change its con-
centration and in turn its field strength to keep up in
pace with the velocity of the leading ion. At equilib-
rium, if few sample ions were encountered in the
leading zone they would encounter lower field
strength so they slow down. While if some sample
ions slow down to migrate in the terminating ion
region they are exposed to higher field strength and
speed up to catch up with their own segment. Thus
the difference in the field strength between ter-
minating and leading zone dictates the stacking.
Since the velocity of the ions are affected by factors
such as the charge, pH, concentration and co-ions a
successful ITR, unfortunately, requires careful atten-
tion to al these details.

4.2. High-field stacking (low ionic strength buffer
in the sample)

As pointed out earlier, Mikkers et al. [10] noticed
that diluting the sample in water gave sharper peaks
in CE. Hjerten et al. [26] used lower conductivity
buffer in the sample to sharpen the bands for
polyacrylamide gel electrophoresis. The dilution and
the lower conductivity cause the sample resistance
and the field strength (VV/cm) in the sample plug to
increase. In turn, this causes the ions to migrate
rapidly and stack as a sharp band at the boundary
between the sample plug and the electrophoresis
buffer with the positive ions lining up in front of the
negative ones [27,28]. Once in the electrophoresis
buffer, the components of the sample migrate in
different zones according to their charge/mass
characteristics. The sample can be injected hydro-
dynamically or by electromigration.

4.2.1. Hydrodynamic injection

The sample usually is dissolved in a lower ionic
strength buffer (~10X) relative to the separation
buffer. This is a very simple method to perform in
practice and thus it is the most used type of stacking.
One can look at the low ionic strength as another
simple way of introducing discontinuity to the buffer
in the sample zone. In this technique the amount of
sample concentration is limited to about 10 times and
often does not exceed about five-fold. Buffer remov-
a is important when injecting very large sample
volumes to avoid the mismatch of electroosmotic
flow (EOF). After hydrodynamically injecting the
sample, the polarity is reversed. The negatively
charged ions are pumped out by the EOF while the
negative sample ions will be stacked behind [29].
This can improve greatly the stacking.

4.2.2. Electromigration (field amplified sample
injection)

Conventional electromigration can be used to
inject on the capillary. However, sample stacking can
occur if the samples are prepared also in very dilute
buffer or water [30]. The analyte (cations) experience
high field strength, move rapidly, and concentrate at
the tip of the capillary at the boundary between the
sample and the separation buffers. The concentration
is related to the ratio of the two buffers. A plug of
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water can be injected before the separation buffer,
which can enhance this technique further [31].
Several hundred-fold enhancements in concentration
have been shown to be possible by this technique for
some drugs [31-35].

Three factors limit the stacking in this process.
The heat generated by the current, the laminar flow
generated by the mismatch of the local EOF and the
presence of other ions in the sample all affect the
outcomes. Biological samples have high dats or ion
content which interfere in this technique [36]. Thus
sample extraction to eliminate the interfering ions
becomes very important. Electromigration favors the
high-mobility anions in the sample. However, cations
electromigration can be enhanced too by a reversed
polarity injection [37].

4.3. pH (focusing)

Velocity-difference induced focusing of analytes
using a dynamic pH junction alows injection of
large sample volume with separation efficiencies
close to a million theoretical plates [38]. This
approach which does not depend on conductivity is
useful for weakly acidic species and zwitterionic
analytes that can possess different velocities in the
sample and background electrolytes. Stacking based
on adjusting the pH of the sample has been described
also by Aebersold and Morrison [39]. They have
concentrated peptides by dissolving the sample in
buffer two units above the net isoelectric point (pl),
so the peptides are negatively charged. As the
potential is turned on, the peptides initially migrate
towards the anode until they are stopped by the
interface of the electrophoresis buffer, where they
concentrate. After the short pH gradient of the
sample dissipates in the electrophoresis buffer, the
peptides become positively charged and migrate
towards the cathode as a sharp zone. Using this
method, a larger volume was introduced into the
capillary obtaining a five-fold concentration. Cat-
echolamine metabolites [38], and few drugs [13]
have been shown to stack better by manipulating the
sample pH.

4.4. Acetonitrile—salt mixtures (organic solvents)

Mixing acetonitrile with the sample (2:1, v/v) is

used mainly to remove proteins. However, the
presence of acetonitrile in the sample (not in the
buffer), has several important additional advantages.
For example, (1) it counteracts the deleterious effects
of ions, (2) it yields better stacking for small
molecules than that obtained in dilute buffers, and
(3) it alows larger volumes of sample (in some
cases half of the capillary volume) to be injected.
The overall effect is an increased sensitivity of about
20-fold.

Because acetonitrile has low conductivity by itself
it can bring some stacking due to the high field
strength [13,14,36,40—42]. The stacking occurs in
both the hydrodynamic and the electromigration
injection. The latter gives much more concentration
[14,36,40,41]. The sodium chloride present in serum
at about 150 mmol/l together with the acetonitrile
used in the deproteinization both bring about a
further but unique type of sample stacking with even
higher sample concentration than that obtained with
acetonitrile only. This type of stacking occurs in
many organic solvents and it is greatly enhanced by
the presence of high concentrations of different
inorganic ions in the sample [13,43]. It is more
suited for practical work, especially for samples
obtained from serum, food, or industrial sources and
produces higher sample concentration compared to
that of the low ionic strength buffers. Organic
buffers for separation such as triethanolamine (TEA),
Tris and 2-(N-cyclohexylamino)ethanesulfonic acid
(CHES) which generate low currents, also favor
rapid migration of the ions and stacking similar to
that when the sample is dissolved in acetonitrile and
it also enhances the acetonitrile stacking [43].

Acetonitrile stacking is favored by a low voltage,
a long capillary and a high ionic strength in the
electrophoresis buffer. However, it is restricted to
small molecules, which are soluble in acetonitrile
and many small peptides. Basic compounds are more
difficult to stack in acetonitrile because of the their
interaction with the capillary wall. An organic buffer
containing an amine or zwitterionic group performs
better for the stacking of these compounds [44].

The mechanism behind stacking acetonitrile—salt
is smilar to that of transient ITP. The salts move
rapidly in the acetonitrile, slowing at the separation
buffer interface, creating two regions of field
strength a low one (in the salts) and high one (in the
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acetonitrile). As the boundary between the two
regions moves in the sample, analyte ions behind the
boundary, i.e., the region of higher strength move
faster, while those ones in the front, i.e., in the low
field strength slow down, Fig. 1. This produces a
‘““sweeping’’ action for the analyte ion concentrating
them into a very sharp band. This effect is very
similar to ITP where the salts (in the sample) act as
leading ions while the acetonitrile gives the high
filed strength similar to the action of the terminating
ions (relative to the leading ions) but without the
rigid requirements of pH, concentration, or counter
ions necessary in the ITP. Thus the acetonitrile—salt
stacking mechanism can be considered as ‘‘transient
ITP-like” [43]. After the bands stack they enter the
separation buffer for separation into the distinct
ZOnes.

Compared to I TP, acetonitrile gives a good degree
of stacking of about 10-30 times. However it is
easier to perform since there is no strict requirements
for matching the mobility of the leading/terminating
ions and samples mobility or pH. It also eliminates
the proteins from the sample. Furthermore, both
anions and cations can be concentrated at the same
time in the acetonitrile, Fig. 2.

4.5. Isoelectric focusing

Here the proteins are separated based on their
isoelectric point in a pH gradient formed by carrier
ampholytes when the electric field is applied. The
ampholytes can also be considered as specia dis-
continuous buffers in which they differ in their pK.
After the voltage is turned on the ampholytes
rearrange according to their pH while the sample
analytes which occupy the whole capillary concen-
trate (focuses) into very narrow zones according to
their pK where the net charge of the protein is zero.
This technique gives very high resolution on its own
without the need for a CZE step. It also gives high
concentration since the sample occupies al the
capillary volume. It is suitable for focusing zwit-
terionic compounds such as proteins. As performed
on the CE equipment, the technique has a few
problems; such as the absorption of light by the
ampholytes at the high end of the UV range and the
need for the focused zones to be transported to the
detection window. The majority of the commercial

CE instruments are not designed to accommodate
this technique easily. Detailed discussion of this
technique can be found in Ref. [45].

4.6. Mixed mode

A better stacking can be obtained if the combina-
tion of more than one variable is introduced in the
sample such as a pH difference and a low ionic
strength or an organic solvent. In many types of
stacking an additional plug of water is introduced
before the sample is injected to further increase the
sample concentration on the capillary. A stacking has
been described based on titration. Using a weak-acid
buffer such as acetate as the background electrolyte,
the electrokinetic injection of the sample is immedi-
ately followed by electrokinetic injection of an acid
solution, which can result in titration of the back-
ground electrolyte producing a low-conductivity
zone across which the sample cations are focused
[46].

Quirino and Terabe [47] have devised a mixed
mode for further stacking in which the sample is
concentrated first by field amplified injection under
non-micellar conditions. The buffers are changed and
the polarity is reversed to induce sweeping of the
analytes into a micellar (SDS) solution giving about
a million-fold increase in sensitivity for some cat-
ions. On the other hand, Palmer et a. [76] concen-
trated neutral molecules in micellar electrokinetic
chromatography by increasing the salt concentration
in the sample while stacking the anionic micelle
cholate at the interface of the buffer and the sample
before entering the sample zone. The neutral mole-
cules carried by electroosmotic flow enter the con-
centrated micelles and thus are stacked.

5. Applications

Many compounds have been stacked based on the
different methods described. Table 1 lists examples
for stacking many compounds by CZE. lons can be
stacked easily in water or weak buffers. The high
mobility of the ions, which leads to fast analysis and
a high degree of stacking makes ion analysis by CE
very popular. Drugs and small molecules can be
stacked also to some extent in acetonitrile. The
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Fig. 2. Stacking of both cationic and anionic compounds. Effect of the separation buffer type on stacking at sample loading of 12% of the
capillary volume: (Top) 210 mM borate buffer, pH 8.6; and (Bottom) 160 mM triethanolamine, 50 mM tricine, pH 8.6 containing 10%
acetonitrile. Separation of a mixture of weakly cationic and anionic compounds in the same run: doxepin (D, 50 mg/l), N-
acetylprocainamide (N, 50 mg/l), quinine (Q, 20 mg/l), theophylline (T 50 mg/l) and iothalamic acid (I, 20 mg/l) at 14 kV, 254 nm;

(M =electroosmotic flow). From Ref. [44] with permission.

advantage here is that the acetonitrile can precipitate
the excess of proteins present in the biological
samples. ITP gives a high degree of stacking with
the elimination of sample matrix but it is more
difficult to perform. It is expected other combina
tions and new methods of stacking to be designed in
the future.

6. Concluding remarks

As we see stacking depends on the use of dis-
continuous buffers. These buffers provide the means
for giving a different velocity to the same analyte
ions. Discontinuity in the buffer can be easily
induced, e.g., by dight adjustment in the sample pH
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Table 1
Examples for different compounds analyzed in CZE based on different kinds of stacking
Type Compound Basic principle Ref.
lons Cations pH mediated/field amplified [46]
Nitrate Acetonitrile [48]
Hippurate ITP [49]
Anions pH mediated/field amplified [50]
Several ITP [18,19,51]
Severa Electro-stacking [52]
Severa Electromigration [53]
Drugs Alkaloids Field amplified [41]
Amiodarone Field amplified [34]
Antibiotics Field amplified [40]
Opiods Field amplified [35,36]
Forensic Polarity switching [54]
Phenobarbital Acetonitrile [3]
Procainamide Acetonitrile [44]
lohexol Acetonitrile [55]
Tricyclics (antidepressants) Acetonitrile [44]
Quinidine Acetonitrile [44]
Formoterol Field amplified [56]
Drugs Field amplified [57]
Endogenous Orotic acid ITP [57]
Adenosine ITP [58]
Catecholamines pH [38]
Catecholamines Acetonitrile [44]
Nucleotides Acetonitrile [59]
AA ITP [60]
Peptides Angiotension Acetonitrile [61]
Angiotension ITP [15,62]
Insulin Acetonitrile, conductivity, ITP [63]
Severa pH [38]
Angiotensin, gonadorelin ITP [59,64]
Different ITP [65]
Proteins Severa Transient ITP [24,25,66]
Genera Buffer removal [67]
Several ITP [68]
Cathapsin D Acetonitrile for peptides [69]
DNA PCR general pH [70]
PCR genera pH [71]
DNA sequence Low conductivity [72]
DNA sequence Low ionic strength [72]
DNA sequence Low conductivity [41,73]
DNA sequence pH [74]
DNA adducts Buffer removal [75]

PCR=Polymerase chain reaction.
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or by changes in the sample conductivity. On the
other hand some of the buffers can be complicated
and require careful planning such as those for ITP
and isoelectric focusing. Stacking can give often a
concentration factor from 5- to 50-fold depending on
the type chosen which can bring the sensitivity of CE
to that of HPLC or better [64]. The combination of
stacking, sensitive cells and sensitive detectors will
make this technique much more popular in practical
applications. Examples for the use of different
continuous buffers and their effect on stacking has
been discussed recently [43].
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