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ABSTRACT 

The on-line coupling of isotachophoresis with capillary electrophoresis as presented earlier was improved with respect to recovery, 
reproducibility and ease of operation by developing a new system. Owing to the isotachophoretic sample pretreatment resulting in 
analyte focusing, the corresponding determination limits in capillary electrophoresis could be enhanced by three orders of magnitude. It 
is shown that both the reproducibility and selectivity are improved considerably owing to the two-dimensional electrophoretic ap- 
proach. The potential of one-line coupled isotachophoresis-electrophoresis was demonstrated using a fluorescein isothiocyanate deriv- 
ative of the peptide angiotensin III as test compound. 

INTRODUCTION 

In the last year, a number of papers [l-7] have 
been published dealing with sample pretreatment 
methods which are compatible with a highly effi- 
cient, miniaturized technique such as capillary elec- 
trophoresis (CE). Major goals are the improvement 
of both the loadability of the CE system and the 
applicability of CE in bioanalysis. The combination 
of two orthogonal separation methods such as high- 
performance liquid chromatography (HPLC) and 
CE has already been applied in various configura- 
tions [8,9]. The major advantage of this combina- 
tion is an enhanced resolution and peak capacity, 
although the effective loadability is still limited. 

of conventional HPLC off-line precolumn cartridg- 
es (l-0.1 ml), which are commercially available and 
can be used instead of micro-scale columns. This 
method led to an increased detectability by a factor 
of 15 [ll]. 

The application of coating of the fused-silica wall 
capable of binding the analyte has also been de- 
scribed [12,13]. Micellar electrokinetic capillary 
chromatography (MECC) is an example combining 
the mechanisms of electrophoresis and chromatog- 
raphy, making CE more suitable for the analysis of 
biological fluids [ 141. These electrochromatographic 
techniques increase the selectivity of the electropho- 
retie system but give little or no improvement in the 
loadability. 

Another approach is to use preconcentrating Instead of combining a chromatographic method 
sample pretreatment techniques [lo]. Similarly to with CE for a two-dimensional separation, it is also 
the use of precolumns in HPLC, they can be applied possible to couple two electrophoretic methods. 
in combination with CE. Micro-scale precolumns Similarly to two-dimensional chromatography, 
can be installed in series with the CE capillary. A two-dimensional electrophoresis can be applied us- 
disadvantage of these systems is that they are very ing different electrophoretic separation mechanisms 
easily plugged by particles or denaturating macro- to increase the loadability and selectivity. The most 
molecular compounds, making this method less common example of such an approach is in fact the 
suitable for routine analysis of biological samples. injection of diluted samples, which induces a higher 
A similar method with promising results is the use field strength than the electrophoresis buffer in the 
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CE system. This principle is also called sample 
stacking [15-171. In this instance a discontinuous 
electrophoresis system is created, resulting in iso- 
tachophoretic zone sharpening and concentration. 
Sample stacking has been used successfully in gel 
electrophoresis but can also be used in free solution 
electrophoresis [ 181. However, in free solution elec- 
trophoresis the isotachophoretic effect may be de- 
creased by the electroosmotic flow (EOF). This 
EOF can be reduced by using capillaries that are 
deactivated by a special coating minimizing the zeta 
potential. Such capillaries are already supplied by 
various manufacturers. Concentration factors of 
about 25 can be obtained by applying these isota- 
chophoretic phenomena in capillary electrophoresis 
[12]. Everaerts and co-workers [19-211 reported the 
use of ITP and CE effects in both ITP and CE, 
demonstrating the good compatibility of both elec- 
trophoretic methods. 

Recently several papers have been published that 
describe the use of a complete isotachophoretic sys- 
tem coupled on-line to a capillary electrophoresis 
system. Kaniansky and Marak [22] used an isota- 
chophoretic system with a sample preconcentration 
part. Both the ITP and CE parts of their system had 
an I.D. of 300 pm. Dolnik et al. [23] developed an 
ITP system consisting of compartments with de- 

Fig. 1. Schematic diagram of complete ITP-CE system. Vl = 
valve 1; V2 = valve 2; V3 = valve 3; Dl = ITP UV detector; 
D2 = CE LIF detector; M = membrane; BVl = terminating 
buffer vial; BV2 = leading buffer vial; BV3 = electrophoresis 
buffer vial; Bl = injection block; B2 = ITP<E interface block; 
Cla = separation part of the ITP capillary; Clb = detection 
part of the ITP capillary; C2 = CE capillary. 

creasing diameters, permitting the introduction of 
larger volumes. Stegehuis and co-workers [1,24-261 
presented a system in which a separate ITP system 
was coupled to a separate CE system. The ITP sys- 
tem had an I.D. of 500 pm and the CE an I.D. of 50 
pm. The dimensions were chosen to ensure that 
both systems could operate at maximum perform- 
ance. An increase in detectability by a factor of 100 
was shown. Foret et al. [27] described a similar sys- 
tem using dyes to determine the moment of injec- 
tion from ITP to CE. 

This paper describes an improved ITP-CE sys- 
tem derived from the system presented earlier [l]. 
With the developed system improvements were 
achieved with respect to recovery, reproducibility 
and ease of operation. The detectability was im- 
proved by three orders of magnitude compared 
with off-line CE. A fluorescein isothiocyanate deriv- 
ative of angiotensin III was used as a test com- 
pound. 

EXPERIMENTAL 

Materials 
Hydrochloric acid (HCI) and acetonitrile (ACN) 

was purchased from Baker Chemicals (Deventer, 
Netherlands), tris(hydroxymethyl)aminomethane 
(Tris), barium hydroxide and sodium borate from 
Merck (Darmstadt, Germany), hydroxypropyl- 
methylcellulose (HPMC) from Sigma (St. Louis, 
MO, USA), p-alanine (b-ala) and fluorescein iso- 
thiocyanate (FITC) from Aldrich (Steinheim, Ger- 
many) and angiotensin III (A III) from Bachem 
Feinchemicalien (Bubendorf, Switzerland). 

The leading buffer (LB) was 0.01 M HCl adjusted 
to pH 9.2 with 0.5 M Tris containing 0.05% (w/w) 
HPMC. After preparation the buffer can be used 
for about 2 weeks. The same buffer was used for 
CE. The terminating buffer (TB) was 0.01 M /I-ala 
adjusted to pH 10.4 with a saturated solution of 
Ba(OH)2. This buffer was prepared freshly every 
day. The borate buffer used for the FITC deriv- 
atization reaction was 0.2 A4 sodium borate. De- 
mineralized water was used throughout. 

Equipment 
Isotachophoresis. A schematic diagram of the 

coupled ITP-CE system is given in Fig. 1. The buf- 
fer vials and the injection block were laboratory- 
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made and constructed from Plexiglas. The injection 
block of the ITP system was constructed as de- 
scribed [28]. The leading buffer vial and the capil- 
lary were connected by a Plexiglas block which also 
formed the interface to the CE system. Between this 
interface block and the leading buffer compartment 
a semi-permeable membrane was placed in order to 
prevent the LB from the buffer vial from flowing 
into the capillary either electrokinetically or hydro- 
dynamically. The ITP capillary consisted of two 
parts, a separation part made of PTFE (250 mm x 
450 pm I.D. x 700 pm O.D.) and a detection part 
made of fused silica (50 mm x 320 ,um I.D. x 450 
pm O.D.). A few millimetres of coating were burned 
off for on-column detection, for which a modified 
liquid chromatographic UV detector was used 
(Model 440, Waters Assoc., Milford, MA, USA). 
The conventional flow cell was replaced with a 
messing block positioning the capillary in-line with 
a 300~pm pinhole through which light was guided. 
The signal in the reference channel was reduced to 
the same extent. 

Injection into the ITP system was done with a 
100~~1 syringe. For the ITP system a power supply 
with reversible polarity (Model RR lOO-1.5R Gam- 
ma, High Voltage Research, Coimex, Hattem, 
Netherlands) was used in the negative mode. 

Capillary electrophoresis 
The CE system was a modular laboratory-made 

system using capillaries of 50 pm I.D. and 220 ,um 
O.D. (SGE, North Melbourne, Australia). The to- 
tal length of the capillary was ca. 500 mm with a 
length of ca. 300 mm to the detector. In order to 
obtain a reproducible performance, the dynamic 
coating with HPMC in the CE capillary was renew- 
ed and saturated between every run by flushing it 
with LB for 10-15 min. 

Detection was based on laser-induced fluores- 
cence (LIF) using an air-cooled argon ion laser 
(Model 161 C, Spectra-Physics, San Jose, CA, 
USA) lasing at 488 nm. On-capillary detection was 
performed by focusing the laser beam on the capil- 
lary, from which the coating on a small part had 
been removed, placed in a laboratory-made holder. 

The fluorescence was detected with a blue-green- 
sensitive photomultiplier tube (PMT) (Model 635B, 
Thorn EMI, Ruislip, Middlesex, UK) operating at 
600 V generated by a high-voltage power supply 

(Model 244, Keithley Instruments, Cleveland, OH, 
USA). The signal was processed by a current ampli- 
fier (Model 427, Keithley Instruments). For CE a 
40-kV positive high-voltage power supply (Model 
RR 40-l .5P Gamma) was used. Electropherograms 
of both ITP and CE were registered on a flat-bed 
recorder (Model 40, Kipp & Zonen, Delft, Nether- 
lands). 

Coupled isotachophoresis-capillary electrophore- 
sis. To couple the ITP and the CE system the CE 
capillary was inserted into the ITP capillary 
through the Plexiglas interface block (Fig. 1). The 
CE capillary was positioned just “downstream” of 
the location where UV detection takes place on the 
ITP capillary. The exact position of the capillary 
was determined by inserting the CE capillary just 
before blocking the light beam of the W source. 
The levels of the terminating buffer vial and the buf- 
fer vial at the outlet of the CE capillary were ad- 
justed carefully to prevent hydrodynamic flow. 

Procedures 
Derivatization of angiotensin III. To 50 ,ul of a 1 

mZt4 A-III solution (1 mg/ml), 50 ~1 of 2.5 mM 
FITC solution in borate buffer (0.2 M, pH 9.5) were 
added. The derivatization mixture was heated at 
60°C for 30 min in order to complete the reaction. 
The samples for the calibration graphs were pre- 
pared by appropriate dilutions of A-III-FITC in 
demineralized water. 

Pretreatment of plasma samples. Before injection 
into the ITP system, the plasma samples were de- 
proteinated by adding 2 ml of ACN, vortexing for 
10 s and centrifugating for 10 min at 2000 g. To the 
decanted supernatant either FITC (blank plasma 
samples) or A-III + FITC (spiked plasma samples) 
was added. 

RESULTS AND DISCUSSION 

In order to make optimum use of the focusing 
effect of the ITP system and the efficiency of the CE 
system, the coupled system was developed such that 
the mutual influence of the two systems was mini- 
mal. Further, the system was optimized with respect 
to reproducibility and ease of operation. 

Isotachophoresis 
In the system used, the leading and terminating 
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ramplo concentration (phi) 

Fig. 2. Concentrating capacity of the ITP system as a function of 
the sample concentrations at different percentages of HPMC in 
the leading buffer. 1 = Theoretical concentration factor; 2 = 
0.1% HPMC; 3 = 0.05% HPMC; 4 = 0.025% HPMC; 5 = 
0.01% HPMC. On the right-hand ordinate the zone length (0) 
at different concentrations is given at a concentration of 0.05% 
HPMC in the leading buffer. 

buffers have relatively high pH values, resulting in a 
very high EOF. Usually in ITP the effect of EOF 
can be limited but not eliminated by using PTFE 
capillaries and using a membrane between the lead- 
ing electrolyte buffer vial and the capillary. How- 
ever, in the developed system a piece of fused silica 
was installed in order to perform on-capillary detec- 
tion. At pH 9.2 this piece of fused silica induces 
such a high EOF that the ITP process is extremely 
hampered. The EOF can be decreased by adding a 
non-ionic surfactant such as HPMC [29-311. This 
non-ionic surfactant increases the viscosity of the 
buffer and forms a dynamic coating on the capillary 
wall. Fig. 2 shows the influence of different percent- 
ages of HPMC on the concentrating capacity of the 
ITP system. Without HPMC an EOF exists in the 
direction of the terminating buffer vial, while the 
ITP process takes place in the opposite direction. In 

lnl. volume (pl) 

Fig. 3. Inhuence of injection volume on the detector signal mea- 
sured in the ITP system [left-hand ordinate (O)] and the per- 
formance of the CE system [right-hand ordinate (Cl)]. 

this way the concentrating capacity and the zone- 
sharpening effect are almost completely destroyed. 
By adding HPMC the ITP process functions again 
according to Kohlrausch’s law [32], implying that 
the sample zone will acquire a concentration related 
to that of the leading buffer and the respective mo- 
bilities. Despite the addition of HPMC it must be 
noted that below a certain zone length the observed 
signal starts to deviate from the theoretical value. 
This can be explained by the fact that below a crit- 
ical zone length the sample zone starts to become 
shorter than the size of the detection window (300 
pm). Consequently, the intensity of the signal is no 
longer representative of the concentration factor. 

The optimum concentration of HPMC was 
0.05% w/w, this being a compromise between re- 
duction of the EOF and an unacceptable increase in 
viscosity. At HPMC concentrations of 0.1% (w/w) 
and higher, flushing of the 50-pm I.D. CE capillary 
became a major problem and blockage of the CE 
capillary repeatedly occurred. 

Injection into the ITP system took place using a 
loo-y1 injection syringe. Possible memory effects 
can be avoided by flushing the needle between in- 
jections with a buffer solution containing HPMC. 
Fig. 3 shows the performance of the ITP system 
using different injection volumes. Injection volumes 
above 20 ~1 resulted in a decreased signal and repro- 
ducibility. The internal volume of the Plexiglas 
block in which the sample is injected is about 50 ~1, 
whereas the internal volume of the capillary is only 
35 ~1. The capacity of the ITP system is related to 
the volume of the ITP capillary. Consequently, the 
capacity can be increased by using longer capillar- 
ies, but doubling the length would raise the load- 
ability only by a factor of two but would increase 
the analysis time considerably. Taking into consid- 
eration that by using the concentration capacity of 
the ITP system an improvement in detection limit of 
three orders of magnitude can be obtained, the fac- 
tor of two resulting from doubling the length of the 
capillary can be neglected. 

Capillary electrophoresis 
The leading buffer of the ITP system containing 

HPMC was also used as the electrophoresis buffer 
in the CE system. The addition of HPMC to the CE 
system had major consequences for the EOF. Al- 
though the EOF was not completely stopped it was 
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lowered considerably. The EOF was slowed so 
much that the negatively charged FITC derivatives 
migrated in the direction of the anode. As a conse- 
quence of this strongly reduced EOF, relatively 
short capillaries (300 mm to the detector) could be 
used for CE separation. 

Coupled isotachophoresis-capillary electrophoresis 
Injection into the CE system is possible electroki- 

netically, hydrodynamically or as a combination of 
the two. Because the CE capillary is exactly posi- 
tioned “downstream” of the UV detector in the ITP 
system, it should be possible to time the moment of 
injection accurately. This injection method leads to 
the highest selectivity because a perfect heart cut 
could be made out of a large number of zones. Nev- 
ertheless, making a reproducible electrokinetic in- 
jection of a zone a few micrometres in length, mi- 
grating with a velocity of ca. 250 pm/s, would still 
be very difficult. 

A less selective but more reproducible injection 
strategy would be to choose ITP conditions so that 
as little as possible of the zones comigrate with the 
analyte zone, and all zones migrating between the 
leading and terminating buffers are injected hydro- 
dynamically into the CE system. Such a hydrody- 
namic injection has to be performed very carefully 
in order not to disturb either the ITP or CE process, 
which can be done by syphoning in the direction of 
the CE capillary during the ITP process. Because of 
the large differences in dimensions between the ITP 
and CE systems, this can be achieved by applying a 
small difference in level (ca. 4 cm) between the ter- 
minating buffer vial and the electrophoresis buffer 
vial, generating a small hydrodynamic flow. After 
starting the CE process, valve 1 (Fig. 1) is closed 
and valves 2 and 3 are opened. Now all vessels are 
on the same level and the CE process will take place 
without disturbance caused by hydrodynamic flow. 
During the hydrodynamic injection a radial split 
with a ratio of I:10 is made. This means that 10% of 
the analyte ions injected into the ITP system are 
introduced into the CE system. 

The injection into the CE system was optimized 
with respect to the moment of stopping the ITP 
process and starting the CE process, and the time 
between starting the CE and flushing the ITP sys- 
tem. The optimum moment of injection can be de- 
termined by plotting the signal obtained in CE ver- 
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sus the moment of injection. The moment of in- 
jection can be defined by tip the time between the 
appearance of the signal in the ITP system and ac- 
tually stopping the ITP process. A negative value of 
ti means that the ITP is stopped before appearance 
of the signal. The results are shown in Fig. 4. Al- 
though in principle a recovery of 100% can be ob- 
tained, the reproducibility is very poor and the effi- 
ciency is also affected. In that case not only an axial 
but also a radial migration is needed, leading to 
considerable entrance functions. The poor repro- 
ducibility is caused by the fact that the moment of 
injection is very critical, as discussed above. A re- 
covery of 100% can only be obtained if the zone is 
exactly and completely in front of the capillary. At 
the moment the high voltage is switched on the 
zones are injected electrokinetically. Zones with a 
length in the micrometres or even nanometres range 
are therefore difficult to inject. Also, matrix com- 
pounds that migrate in front of the analyte zone 
might influence the retention time of the analyte, 
making reproducible time-based injection with 
100% recovery impossible. 

After ti 2 2 min (Fig. 4), a very reproducible split 
of 1: 10 is made. This injection is exclusively made 
by hydrodynamic flow and not electrokinetically. 
Although only a recovery of 10% is obtained in this 
way, this moment of injection is preferred because 
of the high reproducibility and the possibility of 
time-based injection. Within a time window of at 
least 5 min the injections can still be performed with 
a relative standard deviation (R.S.D.) of ~5%. 

E 

Fig. 4. Recovery in the CE system as a function of the moment of 
injection from the ITP into the CE system (t = 0 is the time that 
the signal has been detected in the ITP detector). 
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This gives the ITP process sufficient space for reten- 
tion time variations caused by differences in sample 
composition. 

After the CE process has been started, the ITP 
system must be backtlushed, which is done after 
closing valve 1 (Fig. 1) and opening valves 2 and 3, 
in order to prevent the terminating buffer from en- 
tering the CE system and disturbing the continuous 
buffer system. The time between starting the CE 
system and flushing the ITP system is only critical if 
injections are made at ti < 2 min. In these situations 
the analyte is still at the initial part of the CE capil- 
lary. The hydrodynamic velocity in the CE capillary 
is much smaller than the migration velocity during 
electrophoresis, so with the sample still being at the 
initial part of the CE capillary the possibility exists 
that the sample is flushed partly or completely out 
of the CE capillary during the backflushing of the 
ITP system, which can cause irregularities. If ai 2 2 
min and the time before flushing is between 5 and 10 
s, no sample will be flushed out and the TB will not 
influence the CE process. 

Quantitative aspects 
In order to investigate the quantitative potential 

of the combined ITP-CE system, calibration graphs 
of an FITC derivative of the peptide angiotensin III 
were made. For comparison with CE also some 
graphs for this derivative were obtained with off- 
line CE, using the optimized conditions as given in 
Table I. The results for both systems are given in 
Table II. 

From these results from Fig. 5a and b (represent- 
ing an injection of a 5 pi/ml and a 5 ng/ml solution 
in an off-line CE and an ITP-CE system, respec- 
tively) it can be seen that a factor of 1000 in detecta- 
bility has been achieved. The absolute minimum de- 
tectable amount is the same in both configurations 
because detection takes place in both systems in the 
same CE-LIF combination. The minimum detec- 
table concentration could be lowered a factor of 
1000 by applying analyte focusing using a two-di- 
mensional electrophoresis system. The precision of 
CE determinations can also be improved from an 
R.S.D. of the peak area of 9-7% to 5-3% by cou- 
pling it on-line to an ITP pretreatment unit. 

Influence of biological matrix 
To establish whether this two-dimensional elec- 
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Fig. 5. (a) Electropherogram of off-line CE. An equivalent of 
about 1 nl of a solution of A-III-FITC derivative with a concen- 
tration of 5 pggiml was injected hydrostatically. For other condi- 
tions, see Table I. The arrow indicates the A-III-FITC derivative 
peak. (b) Electropherogram of on-line ITP-CE. 10 ~1 of a solu- 
tion of A-III-FITC derivative with a concentration of 5 ng/ml 
were injected into the ITP system. For other conditions, see Ta- 
ble I. The arrow indicates the A-III-FITC derivative peak. 

trophoretic system also results in an increase in se- 
lectivity, some experiments were done with plasma 
samples. Plasma was spiked with FITC-derivatized 
A-III. There was no intention of determining endo- 
genous A-III because the derivatization procedure 
was not optimized for this application. These exper- 
iments were carried out only to observe the per- 
formance of the ITP-CE system when plasma sam- 
ples were injected repeatedly. In off-line CE often a 
rapid decrease in performance is observed with re- 
peated injections of biological samples. Fig. 6a 
shows plasma samples containing blank deprotei- 
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TABLE 1 

OPTIMIZED CONDITIONS FOR THE ITP AND CE SYSTEMS 

Parameter ITP CE 

Buffers 
TB 

LB 

HPMC 
Voltage (kv) 
Capillary: 

Total length (cm) 
Length to detector (cm) 
Material 

Detection 

Injection 

0.01 M /I-ala 
pH = 10.4 
Ba(GH), 
0.01 M Cl--Tris 
pH= 9.2 
0.05% (w/w) 
5 

25 
22.5 
20 cm PTFE + 
5 cm fused silica 
UV (254 nm) 
on-capillary 
10 ~1 (syringe) 

0.01 M Cl--Tris 
pH = 9.2 
0.05% (w/w) 
25 

50 
30 
50 cm fused silica 

LIF (&&l,, 488/514 mn) 
on-capillary 
10% equivalent of 
ITP injection 

TABLE II 

VALIDATION AND COMPARISON OF THE PERFORMANCE OF THE CE SYSTEM AND THE COUPLED ITP-CE SYS- 
TEM 

Conditions as in Table I. 

Parameter CE ITP-CE 

A-III-FITC concentration 
&g/ml) 

R.S.D. (%) A-III-FITC concentration 
(ng/nQ 

R.S.D. (%) 

Day to day (n = 3) 
Calibration graph 
Correlation coefficient 

1 8.5 0.5 3.7 
5 7.0 5 2.9 

20 7.0 10 4.5 
5 7.7 5 3.5 

y=(0.51fO.O2)x + (O.lf0.4) y=(1.43*0.01)x+(0.04~0.04) 
0.9982 0.999 

Minimum detectable concentration 
(signal-to-noise = 3) 100 ng/ml 100 Pgw 

100 mnol/l 100 pmol/l 
Absolute detection limit 100 fg 100 fg 

100 am01 100 am01 

nized plasma spiked with an overload of FITC and 
Fig. 6b shows a deproteinized plasma sample 
spiked with A-III and an overload of FITC. Even 
with such complex samples reproducible results are 
obtained on applying ITP-CE, making CE suitable 
for the routine analysis of biological samples. 
About 10% of the whole zone that migrates in the 
ITP system is injected into the CE system. There- 
fore, the selectivity has to be tuned by the choice of 

the combination of LB and TB. If this buffer system 
forms a very small mobility window around the 
analyte of interest, the selectivity will be high. If 
several components have to be monitored by CE, a 
relatively large mobility window can be chosen in 
the ITP buffer system, making a more universal 
analysis method possible. 
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Fig. 6. (a) Electropherogram of deproteinized plasma derivatized 
with FITC. 10 /.d were injected into the ITP system. For other 
conditions, see Table I. The arrow indicates the time at which the 
A-III-FITC derivative would migrate. (b) Electropherogram of 
deproteinated plasma derivatized with FITC and spiked with 
A-III-FITC (50 ng/ml). A lo-p1 sample was injected into the ITP 
system. For other conditions, see Table I. The arrow indicates 
the A-III-FITC derivative peak. 

CONCLUSIONS 

Analyte focusing in CE using on-line ITP has 
been performed in a two-dimensional electrophore- 

D. S. STEGEHUIS, U. R. TJADEN, J. VAN DER GREEF 

sis system which has been developed and optimized. 
Analogously to multi-dimensional chromatogra- 
phy, this resulted in increases in detectability, selec- 
tivity and reproducibility. In comparison with CE 
an improvement in the minimum detectable concen- 
tration of a factor of 1000 is achieved. The repro- 
ducibility of the peak area is improved from R.S.D. 
ca. 7% to ca. 3.5% without the use of an automated 
system. The ease of operation is improved in com- 
parison with off-line CE because injection can be 
performed by syringe. 

REFERENCES 

1 

2 
3 

4 
5 

6 
I 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 
18 

19 

20 

D. S. Stegehuis, H. Irth, U. R. Tjaden and J. van der Greef, J. 
Chromatogr., 538 (1991) 393. 
W. G. Kuhr, Anal. Chem., 62 (1990) 403. 
D. M. Goodall, D. K. Lloyd and S. J. Williams, LC . GC Inc., 
3, No. 7 (1990) 28. 
S. Terabe, Anal. Chem., 62 (1990) 10. 
J. H. Knox and K. A. McCormack, J. Liq. Chromatogr., 12 
(1990) 2435. 
P. G. Righetti, J. Chromutogr., 516 (1990) 3. 
T. Hanai, H. Hatano, N. Nimura and T. Kinoshita, J. High. 
Resolut. Chromatogr., 13 (1990) 624. 
W. Th. Kok, K. P. Hupe and R. W. Frei, J, Chromatogr., 436 
(1988) 421. 
M. M. Bushey and J. W. Jorgenson, Anal. Chem., 62 (1990) 
978-984. 
J. P. Larmann and J. W. Jorgenson, paper presented at the 
Third International Symposium on High Performance Capil- 
lary Electrophoresis, San Diego, CA, February 3-6,1991, Ab- 
stract No. PM-13. 
H. Haataja and M. Novotny, paper presented at the Third 
International Symposium on High Performance Capillary 
Electrophoresis. San Diego, CA, February 36.1991, Abstract 
No. PT-45. 
Z. El Rassi and J. Cai, paper presented at the Third Interna- 
tional Symposium on High Performance Capillary Electropho- 
resis. San Diego, CA, February 3-6, 1991, Abstract No. 
PM-51. 
G. J. M. Bruin, P. P. H. Tack, J. C. Kraak and H. Poppe, J. 
Chromatogr., 517 (1990) 557. 
S. Terabe, Y. Miyashita, 0. Shibata, E. R. Barnhart, L. R. 
Alexander, D. G. Patterson, B. L. Karger, K. Hosaya and N. 
Tanaka, J. Chromatogr., 516 (1990) 23. 
R. Aebersold and H. D. Morrison, J. Chromatogr., 516 
(1990) 79. 
A. Vinther, F. M. Everaerts and H. Soeberg, J. High Resolut. 
Chromatogr., 13 (1990) 639. 
X. Huang and J. I. Ohms, J. Chromatogr., 516 (1990) 233. 
V. Dolnik, K. A. Cobb and M. Novotny, J. Microcolumn 
Sep., 3 (1990) 127. 
Th. P. E. M. Verheggen, A. C. Schoots and F. M. Everaerts, 
J. Chromatogr., 503 (1990) 245. 
J. L. Beckers and F. M. Everaerts, J. Chromatogr., 508 (1990) 
3. 



ANALYTE FOCUSING IN ITF-CE 349 

21 J. L. Beckers and F. M. Everaerts, J. Chromatogr., 508 (1990) 
19. 

22 D. Kaniansky and J. Marak, J. Chromatogr., 498 (1990) 191. 
23 V. Dolnik, M. Deml and P. Bocek, J. Chromatogr., 320 

(1985) 89. 
24 D. S. Stegehuis, U. R. Tjaden and J. van der Greef, paper 

presented at The 14th International Symposium on Column 
Liquid Chromatography, Boston, MA, May 2&25, 1990, 
P415. 

25 U. R. Tjaden, D. S. Stegehuis and J. van der Greef, paper 
presented at the Second international Symposium on Microco- 
lumn Separation Methods, Balsta, Sweden, August 19-22, 
1990. 

26 D. S. Stegehuis, U. R. Tjaden and J. van der Greef, paper 

presented at the 18th International Symposium on Chroma- 
tography, Amsterdam, September 23-28,1990, Abstract No. 
P013. 

21 F. Foret, V. Sustacek and P. Bocek, J. Microcolumn Sep., 5 
(1990) 229. 

28 F. M. Everaerts, J. L. Beckers and Th. P. E. M. Verheggen, 
Isotachophoresis- Theory, Instrumentation and Application, 
Elsevier, Amsterdam, 1976. 

29 S. Hjerten, L. Valtcheva, K. Elinbring and D. Eaker, J. Liq. 
Chromatogr., 12 (1989) 2471. 

30 P. Oefner, R. Hafele, G. Bartschand and G. Bonn, J. Chro- 
matogr., 516 (1990) 251. 

31 D. Josic, K. Zeilinger, W. Reutter, A. Bottcher and G. 
Schmitz, J. Chromatogr., 516 (1990) 89. 

32 F. Kohlrausch, Ann. Phys. Chem., 62 (1987) 209. 


