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Starting arrangement of the 
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the analyte (A)

Transfer of the analyte to the 
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ZE separation and detection of 
the transferred constituents in the 
second channel

CHANNEL-TO-CHANNEL TRANSFER OF THE ANALYTE ON THE CC CHIP
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Fig. 1a: An electropherogram as obtained from the 
conductivity detector in the first channel in the run with a test 
sample using the background electrolyte ES1 with the driving 
current stabilized at 30 uA.

Fig. 1c: Only the propionate, aspartate and 
butyrate peaks were transferred to the second 
channel during a 50 s transfer time (see marks on the 
electropherogram from the first channel).

Fig. 1b: An electropherogram obtained from the conductivity detector in the second channel documenting 
a complete transfer of the loaded sample to the second channel using the background electrolyte ES1 
with the driving current stabilized at 30 uA.
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2D-ZE ON THE CC CHIP

370 470

citrate

malonatemalate

Time (s)

5th run

3
rd

 run

1
st
 run

 

50 150 250

malonate

malate

citrate

 

320 420

malonate

malate

citrate

nd
2  channel

st
1  channel

Fig. 2a: An electropherogram obtained from the conductivity 
detector in the first channel in the run with a test sample using 
the background electrolyte ES 1 with the driving current stabilized 
at 30 uA.

Fig. 2b: A transfer of the peak under 
which migrated in the first channel 
malonate, malate and citrate using 
the background electrolyte ES1 with 
the driving current stabilized at 30 uA.

Fig. 2c: The resolutions of malonate, malate and citrate in 
the second channel using the background electrolyte ES2 
with the driving current stabilized at 30 uA.
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ENHANCING THE DESTACKING RATE BY COLUMN SWITCHING ZE
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Fig. 3a: An electropherogram as obtained from the conductivity detector in the first 
channel in the run with a test sample containing chloride (14 mmol/l), tartrate 
(3.5 umol/l) and citrate (2.6 umol/l) using the background electrolyte ES1 with 
the driving current stabilized at 30 uA.

Fig. 3b: A removal of a main part of chloride 
from the separation system before the 
transfer of the analytes to the second channel 
using the background electrolyte ES1 with 
the driving current stabilized at 30 uA.

Fig. 3c: An enhanced resolution of the 
analytes in the second channel using the 
background electrolyte ES3 with the driving 
current stabilized at 30 uA.

A transfer of a group of the sample constituents of close effective mobilities 
from the first to the second channel demonstrates electropherograms 
in Fig. 1.

ZE runs were performed on two chips with the aid of two electrophoresis 
instruments. The electropherograms (Fig. 1c) show an excellent 
equipment-to-equipment reproducibility attained.

A 900 nl volume of the sample injection channel of 
the present CC chip requires the use of the electric 
field or ITP stacking to keep the injection dispersion 
in the ZE separations on acceptable levels.
We used the ITP stacking in the separations of 
samples characterized by high matrix/analyte 
concentration ratios. A high concentration of 
the stacker (chloride) in the loaded sample 
adversely affected the destacking rate. Due to this, 
the test analytes (tartrate and citrate) could not be 
resolved from chloride before their detections in 
the second channel. A removal of the main part 
of the stacker by column switching apparently 
solved this problem (Fig. 3b).
In addition, by performing the ZE run of 
the transferred fraction in the second channel under 
differing electrolyte conditions (Fig. 3c) the 2D 
approach further enhanced the resolution rates of 
the analytes.
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Short-term repeatabilityb 

Malate 420 1.6 0.4 62.0 0.5 0.9 5 

Malonate 442 1.3 0.3 63.8 0.6 0.9 5 

Citrate 473 2.4 0.5 40.4 0.4 0.9 5 

Chip- to- chip repeatabilityc 

Malate 422 2.4 0.6 66.6 4.9 7.4 10 

Malonate 443 2.2 0.5 65.0 1.5 2.3 10 

Citrate 476 5.4 1.1 42.4 2.1 5.0 10 

a the data obtained from the conductivit y detector in the second channel of 
the CC chip; 

b a series of the ZE runs performed on 1 chip in 1 day; 
c a series of the ZE runs performed on 2 chips using identical CE equipment. 

A well-defined transfer of the analyte 
containing sample fraction to the second 
channel of the CC chip makes possible to 
perform 2D-ZE separations when, 
in addit ion, dif ferent separat ion 
mechanisms are used in the channels. A full 
benefit of 2D approach in one ZE run can be 
reached only for a limited number of 
the sample constituents.

Electropherograms illustrating 2D-ZE 
separations on the CC chip document 
a perfect column switching transfer of 
the peak of the constituents (Fig. 2b) that 
could not be resolved under the separating 
conditions employed in the first channel 
(malate, malonate and citrate). 

A subsequent ZE separation of these 
constituents in the second channel, based 
on an ionic strength effect and host-guest 
complexations with alpha-cyclodextrin 
(background electrolyte ES2), led to their 
rapid baseline resolutions (Fig. 2c).

Repeatabilities of 2D-ZE separations

Column coupling (CC) electrophoresis chip is a platform for zone electrophoresis (ZE), 
isotachophoresis (ITP) and isoelectric focusing (IEF) separations. In addition, its use in 
a column switching regime allows to integrate into the separation an electrophoretically driven 
sample pretreatment.

This feasibility study deals with the ZE separations on the CC chip in which ZE sample 
pretreatment, based on the use of column switching, is included. Investigations of potentialities 
of this ZE-ZE combination in the analysis of multicomponent and high salinity samples were 
of our main focus.

A hydrodynamically closed separation system of the chip was preferred in the separations 
carried out in this work. Working with suppressed hydrodynamic (HDF) and electroosmotic 
(EOF) flows of the solution in which the separation is performed, this hydrodynamic concept 
of the separation system makes possible to run the separations on the CC chip under highly 
reproducible transport conditions.

Equipment for electrophoresis separations 
on the CC chips with a hydrodynamically closed 

separation system

CU = control unit; HV = high-voltage 
power supply; D1, D2 = conductivity 
detectors for the first and second 
separation channels; HVR = high-
voltage relay; G = ground pole of HV
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A poly(methylmethacrylate) CC chip with conductivity detection

ZE1a = a separative part of the first separation channel (4.5 ul) with a platinum conductivity 
sensor D1; ZE1b = a non-separative part of the first separation channel (9.8 ul); S = sample 
injection channel (0.9 ul); ZE2 = the second separation channel (4.3 ul) with a platinum 
conductivity sensor D2; BF = bifurcation section; BE1, BE2, S = inlets for the background and 
sample solutions to the chip channels; W = an outlet from the chip channels
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P-ZE1a, P-ZE1b, P-ZE2, P-S = peristaltic 
pumps for filling the first (ZE1), second 
(ZE2) and sample (S) channels with the 
background electrolyte and sample 
solutions; W = waste container; E1, E2 = 
driving electrodes for the ZE separation 
channels; E3 = driving electrode 
connected to a high voltage pole of HV

 ES1 ES2 ES3 
Carrier anion MES MES MES 
Concentration (mmol/ l) 30 30 30 
Counter-ion Bis-tris Bis-tris Bis-tris 
Concentration (mmol/ l) 8 1 4 
Co-counter-ion - Bis-tr is propane - 
Concentration (mmol/ l) - 3 - 
Additive PVA PVA PVA 
Concentration (% , w/ v) 0.05 0.05 0.05 
Complexing agent - alpha-Cyclodextrin - 
Concentration (mmol/ l) - 75 - 
pH 5.6 5.6 5.2 
MES =  2-[N-Morpholino]ethanesulfonic acid; PVA = Polyvinylalcohol 100 000 

Providing a high recovery channel-to-channel 
transfer of the analyte(s) along with a well-defined 
removal of the matrix constituents from 
the separation system, column switching allows to 
integrate into the ZE separations on the CC chip 
highly reproducible ZE sample pretreatment. 

Suppressed EOF and HDF in the separation system, 
leading to reduced fluctuations in the migration 
velocities of the separated conditions, contribute, 
at least in part, to high reproducibilities of processes 
involved in the ZE-ZE runs on the CC chip. 

By using different separation mechanisms in 
the coupled ZE channels, the ZE separations on 
the CC chip can benefit considerably from 2D 
separation effects. 

The ZE-ZE combination, making the use of column 
switching, provides practical means that are very 
e f fec t ive  in  the ZE ana lys i s  o f  both  
the multicomponent and high salinity samples.

Electrolyte systems
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