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Integrated capillary electrophoresis amperometric detection microchip
with replaceable microdisk working electrode

II. Influence of channel cross-sectional area on the separation and
detection of dopamine and catechol
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Abstract

The interference of separation high voltage with the electrochemical detection is a major challenge to the microchip capillary
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lectrophoresis–electrochemical detection systems with end-channel detection mode. Using dopamine and catechol as model
nfluences of channel cross-sectional area and channel-to-electrode distance on the high-voltage interference, accordingly on th
nd detection performances of the microchip capillary electrophoresis–electrochemical detection system were investigated. With
f the channel cross-sectional area from 312 through 450–615�m2, the apparent half-wave potentials of hydrodynamic voltammetr
opamine at the field strength of 288 V/cm shifted positively from 285 through 330–400 mV. By using a chip with the smallest
ross-section (312�m2 with top width of 37.3�m and depth of 8.9�m) the residual high-voltage field in the detection cell was small, so
etection was conducted at a channel-to-electrode distance of 20�m to achieve better performances of separation and detection.
2005 Published by Elsevier B.V.
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. Introduction

Since the concept of miniaturized total analysis system
�-TAS) was introduced[1,2], numerous papers have
een published on microchip based analytical devices, of
hich the microchip capillary electrophoresis systems have
chieved great growth. So far, laser induced fluorescence
LIF) [3] has been a predominating detection mode for these
ystems. However, the compounds that can be detected by
IF without derivatization are limited. Moreover, the bulky
nd complex optical equipments required by LIF impede

he integration of LIF with the microchips. Electrochemical
etection in amperometric mode (ED) is an attractive
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alternative for microchip analysis owing to its impress
advantages, such as high sensitivity, no requiremen
derivatization for many compounds, ideal compatibility w
integration and miniaturization, and less expensive in in
mentation. Therefore, ED combined to microchip capil
electrophoresis (microchip CE–ED) has, in recent ye
received increased attention. Several reviews[3–6]have bee
published since the first report on a capillary electropho
chip with integrated amperometric detection[7]. Like
the conventional CE–ED systems, however, the micro
CE–ED faces a major challenge, that is, the high-voltage
interference with the amperometric detection. To elimi
or reduce the interference, some workers used off-cha
detection mode in-cooperation of a field decoupler[8–11]
or in-channel detection mode in combination with an e
trically isolated potentiostat[12]. Most workers, howeve
employed end-channel detection mode[7,13–26] becaus
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it is much more simple in chip fabrication and/or instru-
mentation in comparison to the off-channel and in-channel
detection modes. The end-channel mode was adapted from
the end-column detection mode, originally proposed by
Ewing and coworkers[27] for conventional CE–ED with cap-
illaries of internal diameter less than 5�m. In this case, the
interference of high-voltage with the end-column detection
was found negligible. Based on their investigation into re-
lationship between capillary internal diameter, high-voltage
interference and noise level, Cassidy and coworker[28]
demonstrated that the end-column detection could also be
operated with 25�m I.D. capillaries. Since then, capillaries
with 25�m I.D. have been prevalently employed for CE–ED
with end-column detection due to the advantages of less risk
of blockage and more convenience in alignment of working
electrode to capillary exit, although some groups have shown
the possibility of using 50 or 75�m I.D. capillaries for
CE-EC[29,30]. For the microchip CE–ED with end-channel
detection, a variety of chips with channel width ranging
50–80�m and channel depth ranging 15–20�m have been
reported[14,16,17,21–24], despite that chips with width of
less than 35�m and depth of less than 10�m have been used
by a few workers[25,26]. However, to our best knowledge,
no systematic investigation has been reported into the effect
of channel cross-sectional areas on the high-voltage field
interference and accordingly on the separation and detection
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widths and depths, and the effect of high-voltage on the sep-
aration and detection performances was investigated with
these chips of different channel cross-sectional areas by using
dopamine and catechol as model analytes.

2. Experimental

2.1. Apparatus

A model of Dektek3 profile-meter (Veeco Instruments
Inc., woodbery, New York, USA) was used to measure the
width and depth of the channels. A model GY-63 four-channel
programmable high-voltage supplier (the supplied voltages
ranging from−3000 to +3000 volts, Research Center for An-
alytical Sciences, Northeastern University, Shenyang, China)
was employed to perform sample injection and separation.
A CHI 812 electrochemical analyzer (CHI Instrument Co.,
Shanghai, China), equipped with a carbon fiber microdisk
working electrode, a platinum wire (0.5 mm O.D.) counter
electrode and a micro saturated Ag/AgCl reference electrode
(Shanghai Kangning Electrode Co., Shanghai, China), was
used for amperometric detection. A Lenovo P-II personal
computer was employed to control the analyzer and collect
data.
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For microchip CE–ED with end-channel detecti

ccurate alignment of working electrode to channel ex
roublesome. Two approaches were usually employed fo
lignment. One permanently integrates a thin-film work
lectrode inside the on-chip detection cell at the place c

o the channel exit[7,13,16,19,22,25]. With this approach, n
ff-chip device was required to fix and align the electro
ut the electrode was unable to be polished upon fouling
ther separated the detection cell from the chip, and a rep
ble disk[15,17,20,23]or thick-film [14,21] working elec-

rode was mounted on and aligned by an off-chip device
s anXYZtranslation stage[15,23], an electrode-aligning sl

14,21]or a electrode-guiding tube[17]. Whenever the ele
rode was fouled, the working electrode could be remove
e polished or even replaced. However, the off-chip dete
ell and the extra device for fixing and alignment of work
lectrode limited the degree of integration and miniatur

ion of the microchip CE–ED systems. In our previous w
31], we developed an integrated CE–ED chip with an
hip electrode-orientating-bore that was used to moun
lign a replaceable micro-desk working electrode. With
ny off-chip device, the working electrode could be repla

n a couple of minutes and the reproducibility of the e
rode alignment was better than 6% in RSD. A similar g
E–ED chip, where a guiding-hole was etched with HF

ution to hold the working electrode, was later reported
u et al.[32].
In the present work, the integrated CE–ED chip with

lectrode-orientating-bore was made with different cha
.2. Chemicals

Dopamine (DA) and catechol (CA) were received fr
igma (St. Louis, MO, USA). Individual 10 mM stock so

ions of DA and CA were prepared by dissolving the reag
n 0.1 M HClO4. Working standards were daily prepared
ilution of the stock solutions to desired concentration w
0 mM K2HPO4/KH2PO4 solution (pH 7.0) that was als
sed as running buffer. All solutions for the electroph
is experiments were filtered with 0.22�m cellulose aceta
lm (Xinya Purifying Equipments Co., Shanghai, China)
ore use. All chemicals used were analytical grade or be
eionized water was used to prepare all solutions.

.3. Fabrication of microchip

The method used to fabricate the integrated glass
rofluidic chips is detailed in Ref.[31]. Briefly, a design o
ross channels was drawn with CorelDraw 9.0 software
rinted onto a transparency using a laser-assisted image
he design on a transparency was transferred by UV e
ure onto a 1.7 mm thick and 30 mm× 60 mm glass substra
Shaoguang Microelectronics Corp., Changsha, China
as purchased pre-coated with a thin chrome layer and

tive AZ-1805 photoresist. The cross channel network
tched into the substrate in a well-stirred, dilute HF–N4F
ath kept at 39◦C. At an etching rate of 1.4�m/min, vari-
us channel widths and depths were made by controllin
tching time in 5–15 min. The formed cross channel netw
as composed of a long channel (56 mm) and a short c
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Fig. 1. Schematic diagram of the microchip with integrated electrochemical
detection cell (a), the sectional view of the detection cell (b) and CCD image
(bottom view) of the detection cell with a micro disk electrode positioning at
a channel-to-electrode distance of about 400�m (c). (1) Sample reservoir;
(2) sample waste reservoir; (3) buffer reservoir; (4) detection reservoir; (5)
separation channel; (6) orientating bore; (7) groove; (8) and (9) glass sub-
strate; (10) fused-silica capillary and (11) carbon fiber micro-disk electrode.

nel (10 mm). The long channel was laid from the point 4 mm
away the left edge of the chip down all the way to the right
edge, and the short channel crossed the long channel at the
middle of the short one and 5 mm from the starting point of
the long channel (seeFig. 1a). Access holes of 1 mm I.D. for
buffer, sample and sample waste reservoirs were drilled on
the channel-structured substrate as usual. The fourth access
hole for waste (also served as detection cell) was drilled on
the substrate at the position 4 mm away from the right edge
of the substrate, dividing the long channel into two sections:
one was a 47 mm long (from the cross point to the waste cell)
separation channel and the other was a 3 mm long orientat-
ing channel that would later be enlarged to an orientating
bore. A flat glass substrate of the same type and size was
used as the cover substrate. After being thoroughly cleaned,
the structured substrate and the flat substrate were thermally
bonded at 550◦C. Then, the right edge of the bonded chip
was smoothed with an abrader. Using the method[33] for
fabrication of a capillary-connecting bore in glass chip, an
orientating bore was drilled with a 0.35 mm O.D. hard alloy
steel drill along the orientating channel in the bonded chip.
In the bottom of waste access hole, a semi-circular groove
was drilled when the tip of drill bored into the area of waste
hole. The groove terminated just outside the exit of the sep-
aration channel. The drilling process was monitored with a
microscope. The completed chip was cleaned ultrasonically
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fused-silica capillary (Refine Chromatography Ltd., Yong-
nian, Hebei, China), from one terminal (connection terminal)
of the capillary until the fibers protruded from the other ter-
minal (detection terminal) of the capillary. Epoxy glue was
applied to both terminals of the capillary to fix the carbon
fiber. The connection terminal was then inserted into a 15 mm
length× 1 mm I.D. and 2 mm O.D. open glass tube until 1/4
length of the capillary was sheathed in the glass tube. Epoxy
was used to seal the gap between the capillary and the glass
tube. A piece of copper wire was introduced into the glass
tube from its other end to connect the fibers, and mercury was
filled into the tube to ensure electrical conductance between
the fibers and copper wire. Then the open end of the glass
tube was enclosed with epoxy glue. After curing overnight,
the carbon fibers protruding out of the detection terminal of
the capillary was cut to a disk with a scalpel, and polished
with a 6 #abrasive paper until its tip was flat. Finally the mi-
crodisk electrode was cleaned ultrasonically in ethanol and
water, respectively, each for 5 min.

2.5. Mounting and aligning of working electrode

The fabricated carbon fiber microdisk working electrode
was inserted into the orientating bore on the chip, mov-
ing towards the separation channel along the groove un-
der the bottom of the detection cell until a desired distance
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n water to remove all glass powder remaining in the b
nd groove. Four pieces of plastic tube of 5 mm× 4 mm I.D.
ere respectively glued to the four access holes as b
ample, sample waste and waste reservoirs. The micr
esign utilized in this work is illustrated inFig. 1(the plastic
eservoirs are not shown).

.4. Working electrode preparation

Multistrand carbon fiber microdisk electrodes were c
tructed with 6�m O.D. carbon fibers. A bundle (abo
0–40 fibers) of 30 mm long carbon fibers were carefully
erted into a 20 mm length× 250�m I.D. and 375�m O.D.
20–50�m) between the disk surface of the electrode an
hannel exit. This process was monitored with a micros
50× magnification) equipped with a calibrated reticule. O
ng to that the sheath capillary of the electrode well m
he orientating bore, no sealing material was applied to
ent the leakage of solutions out of the detection cell. P
o use, the mounted working electrode was scanned be

and 0.4 V (versus saturated Ag/AgCl reference electr
n 1 mM potassium ferricyanide solution containing 1 M K
ntil a steady and well-defined sigmoidal voltammogram
btained.

.6. Electrophoresis procedures

Before electrophoresis, the channels of microchip wer
uentially rinsed, by applied vacuum in the buffer reser
ith 0.1 M NaOH solution for 30 min, water for 10 min a
nally running buffer for 30 min. The reservoir for sam
olution was cleaned and filled with sample solution an
ther reservoirs were filled with running buffer. After the c
quipped with a working electrode was placed in a Fa
age, counter and reference electrodes were inserted in
etection reservoir for detection, and platinum cathode
node wires were placed in each reservoir and served
ontact for power supply. For injections, a high positive
ential (600 V) was applied to the sample reservoir for
ith the detection reservoir grounded while all other re
oirs floating. Separations were performed by applying a
ired potential (1500–2000 V) to the buffer reservoir with
etection reservoir grounded, while the sample and sa
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waste reservoirs were held at 70% of the potential applied to
the buffer reservoir to avoid the possible leakage of analytes
from the sample channel to separation channel. As soon as the
voltage was switched to perform electrophoresis separation,
the electrochemical analyzer was actuated to record signals.

Hydrodynamic voltammograms (HDVs) at various con-
ditions (specified in the corresponding figure captions) were
recorded for 0.1 mM dopamine and catechol. Usually, two
replicates were run for each applied potential, and the mean
current was plotted against the potential.

3. Results and discussion

3.1. Characterization of the integrated CE–EC chip

The CE–ED chips used in the present work feature an
orientating bore fabricated on the chips to fix the working
electrode, so that no extra off-chip equipments are required
to fix and align the electrode. Owing to that the axis of both
the orientating bore and the orientating groove was exactly
in line with the axis of the separation channel, and that the
inner diameter of the bore and the groove exactly matched to
the out diameter of the capillary used as electrode sheath, the
electrode may be self-aligned to the channel exit in bothx-
andy-axes when it was inserted to the bore and approached
t n re-
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geometry and the corresponding etching times for the three
chips. Since the cross-sectional area of a 25�m I.D. fused-
silica capillary was 490�m2, the estimated cross-sectional
area for Chip M was approximately equal to that of 25�m
I.D. fused-silica capillary, while the area for Chip L was larger
than, and that for Chip S was less than that of the 25�m I.D.
fused-silica capillary.

It is known that the separation efficiency of CE is depen-
dent on the electric field strength and that the highest electric
field strength is usually restricted by the Joule-heating effect.
To investigate the Joule-heating effect of the chips with differ-
ent channel cross-sectional areas, Ohm plots (current versus
voltage) were constructed for the three chips that were filled
with a 30 mM (pH 7.0) phosphate buffer, and linear regression
equations for the linear parts of the plotted current–voltage
curves were established. The slopes, intercepts and correla-
tion coefficients of the equations were 2.16, 0.51 and 0.9996
for Chip S, 3.92, 0.38 and 0.9998 for Chip M, and 4.69, 0.36
and 0.9996 for Chip L, respectively. As expected, the conduc-
tivity of the buffer-filled channels (expressed by the slopes of
the current–voltage lines) was increased with the increase of
channel cross-sectional areas. As a result, the Joule-heating
effect was more significant for the channel with large cross
section: the linear range of the current–voltage plot for Chip
L merely extended up to 2.0 kV (equivalent to a field strength
of 385 V/cm), while the range for chip M and chip S were
u ly.
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o the channel exit along the groove. The only dimensio
uired for the electrode to be adjusted is the distance bet

he exit of the separation channel and the surface of the
lectrode. This can be easily achieved with the help of a
roscope. Compared with the CE–ED chip reported in
32], the orientating bore fabricated with a drill was more
urate in internal diameter than the guiding hole etched
F solution, so that no epoxy glue was required to fix
lectrode and seal the gap between the hole and electr

To investigate the influence of the channel cross-sect
rea on the performance of the microchip CE–ED sys

hree chips with different channel cross-sectional areas
abricated by controlling the etching time. They were res
ively referred to as Chip L, Chip M and Chip S, correspo
ng to large, medium and small channel cross-sectional a
espectively.Table 1shows the parameters of the chan

able 1
eometric parameters of the channels etched for different times

hip symbol Etching time (min) Channel geometry

Width (�m)

11.7 48.9
9.0 43.1
5.5 38.9

a The cross section can be approximated to be composed of two se
he channel width and depth, respectively). Thus, the cross-sectionalS

).
p to 2.4 kV (462 V/cm) and 2.8 kV (539 V/cm), respective
herefore, Chip S with a narrow and shallow separation c
el was preferred for obtaining high separation efficienc
sing higher field strength. However, in the following stu
n comparison of the high voltage effect on amperom
etection among the three chips, the highest voltage ap
as restricted to 2 kV.

.2. Influence of cross section on the working electrode
otential

For end-column CE–ED system, the eletrophoretic cu
ay produce an iR drop at the detection area. As a resu
ctual interfacial potential at the working electrode ma
ifferent from the potential applied by the potentiostat,
hifts in half-wave potential of hydrodynamic voltamme

eters

(�m) Width-to-depth ratio Cross-sectional areaa(�m2)

3.40 615
3.68 445
4.37 312

ith radiusD and a rectangle with lengthD and widthW− 2D (WandD represen
lculated with the equation ofS= �D2/2 +D(W− 2D)
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(HDV) may be observed when the HDV is performed in the
presence of the high-voltage electric field. Lunte et al.[34]
found a +130 mV shift in the half-wave potentials of HDVs
for both dopamine and catechol when the voltage applied to a
50 cm× 25�m I.D. capillary was increased from 15 to 30 kV.
The authors pointed out that the shifts were affected by such
experimental parameters as capillary-to-electrode distance
and running buffer concentrations. Matysik[30] showed that
the shift in working electrode potential for 50�m I.D. cap-
illaries was larger than that for 25�m I.D. capillary. With
respect to the microchip CE–ED systems, Wang et al.[14]
reported a positive shift in the half-wave potentials of HDVs
for dopamine upon the increase of high voltage.

To evaluate the influence of channel cross-sectional area
on the apparent half-wave potentials, hydrodynamic voltam-
metry of dopamine was conducted with the three chips in
the presence of 1500 V high voltage.Fig. 2 shows HDVs
obtained in the tests. With the increase of the cross-sectional
area, the half-wave potential for oxidization of dopamine was
positively shifted from 0.285 V for Chip S through 0.330 for
Chip M to 0.400 V for Chip L. It is clear that the larger the
channel cross-sectional area the more positive the apparent
half-wave potential. In the study on HDV performed in poly-
meric microchip, Wang et al.[35] observed that the oxidation
current for dopamine rose at 0.3 V and reached the diffusion
limited plateau at 0.9 V, the half-wave potential being 0.53 V.
T y for
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ricated in the chips nor pressure driven was feasible for the
channel network. Therefore, the difference between the ap-
parent half-wave potentials with high voltage field applied
and that without high voltage field could not be evaluated.
To check whether or not the high-voltage field interference
exists in Chip S, and if so how serious it is, the half-wave po-
tentials for Chip S and Chip L observed at the high-voltage of
1500 V were respectively compared to those observed at the
high-voltage of 2000 V. Tests indicated that a 500 V increase
in the applied high voltage produced a + 45 mVshift in ap-
parent half-wave potentials for the Chip S (see the insert part
of Fig. 2) and that the same voltage increase led to + 75 mV
shift in the half-wave potentials for Chip L (the correspond-
ing HDVs are not shown). All the above data indicate that
the smaller the channel cross section the lower the iR drop
formed in the detection area. Despite that Chip S possesses
the smallest channel cross-sectional area which is signifi-
cantly less than not only that of a 25�m I.D. fused-silica
capillary but also that of most chips used in previous works
on microchip CE–ED[13–17,19–23], the shift of half-wave
potential caused by the applied high-voltage field can not be
neglected. Thus, an optimized apparent potential applied to
the working electrode for a specific microchip CE–ED sys-
tem should be obtained by making a HDV plot under the
selected conditions.
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hus, the slopes of the HDVs obtained in the present stud
ll the chips were sharper than, and the half-wave pote
ere less positive than the corresponding values repor
ef.[35]. One possible reason for this may be ascribed t

arger channel cross-sectional area (50�m× 50�m, square
f the polymer chip used in Ref.[35]. In the present stud

he absolute shifts of the apparent half-wave potentials
hat obtained in absence of high-voltage electric field c
ot be obtained because neither on-chip de-coupler wa

ig. 2. HDVs for dopamine obtained with the three different chips at se
ion voltage of 1.5 kV (solid line) and 2.0 kV (dash line). Symbols: HDV
ained with Chip S (�), Chip M (�), and Chip L (�). Conditions: dopamin
oncentration, 0.1 mM; buffer, 30 mM phosphate at pH 7.0; chann
lectrode distance, 20�m.
.3. Influence of channel-to-electrode distance

The distance between capillary/channel exit and elec
ip is a critical parameter of CE–ED systems with end-colu
onfiguration. It influences not only the mass transport o
lectrode surface but also the high-voltage electric fiel

erference with the detection, consequently, the sensit
ackground level and separation efficiency. Detailed s

es have been made by several groups[28,30,34]about the
ffect of capillary-to-electrode distance on the analytical

ormances for conventional CE–ED systems. As to the
rochip CE–ED systems with end-channel detection con
ation, the reported distance of channel-to-electrode ad
as usually in the range of 10–60�m [13–17,19,20,24–26.
he large discrepancies in the reported distances may
bly be due to differences in the channel and electrode
gurations. Mathies’s group[22], by using a sheath-flow
estrict the diffusion of the zones in the detection cell,
ended the distance of the channel-to-electrode to 25�m
ithout loss in detection sensitivity.
In this work, the effect of channel-to-electrode dista

n the high voltage field interference with the amperom
etection was investigated by performing HDVs of dopam
sing two chips with different channel cross section area
omparing the shifts in half-wave potentials. When the
lectrode moved close to the channel exit from a dist
f 50–20�m, a +15 mV shift in half-wave potential was o
erved for Chip S (seeFig. 3) in comparison to a +40 m
hift for Chip M (HDVs for Chip M are not given). Thus, t
istance variation played rather slight influence on the
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Fig. 3. HDVs for dopamine and catechol obtained with Chip S at different
channel-to-electrode distances. Symbols: dopamine at channel-to-electrode
distance of 50�m (�) and 20�m (�); catechol at 50�m (�) and 20�m
(�). Conditions: analyte concentration, 0.1 mM; buffer, 30 mM phosphate
at pH 7.0 and separation voltage, 2.0 kV.

parent potential of working electrode for the chip with small
cross-sectional area. Masykis et al.[30] reported a similar
observation for the conventional CE–ED. Further study on
the effect of channel-to-electrode distance on the separation
and detection performances was conducted with Chip S only.
From the HDVs of dopamine and catechol obtained with Chip
S (Fig. 3), a detection potential of +0.7 V versus a saturated
Ag/AgCl reference electrode was selected, because the ox-
idization currents for both dopamine and catechol reached
the diffusion-limited plateaus at the selected detection po-
tential under the high voltage of 2000 V.Fig. 4 shows the
electropherograms for the separation of dopamine and cate-
chol obtained at the distance of 20 and 50�m, respectively.
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v ntial,
0

Table 2
Analytical performances for dopamine (DA) and catechol (CA) observed at
different channel-to-electrode distances

DA CA

20�m 50�m 20�m 50�m

tm(s) 27.2 29.4 43.0 43.8
ip (nA) 5.05 2.26 3.22 1.43
W1/2 (s) 3.1 4.3 1.9 3.3
N (plate/m) 9.1× 103 5.2× 103 6.7× 104 1.9× 104

ϕ1/2 (V) 0.330 0.308 0.458 0.420
Noise (pA) 6 5 6 5
LOD (�M, 3σ) 0.46 ND 0.94 ND

ND: not determined.

Corresponding data for the performances of separation and
detection are listed inTable 2. As clearly shown inFig. 4, with
the increase of the channel-to-electrode distance from 20 to
50�m, significant increase in both migration times and peak
widths, and dramatic decrease in peak heights were observed.
Thus, higher sensitivity and better separation efficiency could
be achieved at the distance of 20�m (Table 2). It was also
noticed that the increase in migration times for DA was more
significant than that for CA. This could be ascribed to the
changes in velocities of DA and CA after they left the channel.
Inside the separation channel, the positively charged species
DA was driven by both electroosmosis and electrophoresis,
while neutral species CA was driven by electroosmosis only.
So in the channel DA migrated faster than CA. As soon as
two species sequentially left the channel and entered the de-
tection cell where almost no high voltage field existed, they
were only pushed forwards by the in-channel generated elec-
troosmotic flow. Thus DA significantly reduced its velocity
due to disappearance of electrophoresis action. As a result, the
increase in migration times caused by the increase in channel-
to-electrode distance appeared more significant for DA than
for CA. As for the noise level, no significant difference was
observed at the two distances as listed inTable 2, despite
that the noise level was significantly higher than Ref.[17]
reported (0.5–1 pA was observed by using a 7�m diameter
carbon disk electrode).
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tec-
t s the
ig. 4. Electropherograms of dopamine and catechol obtained a
hannel-to-electrode distance of 20�m (solid line) and 50�m (dashed line)
eak identification, (1) for dopamine and (2) for catechol. Conditions:

yte concentration, 0.1 mM; buffer, 30 mM phosphate at pH 7.0; separ
oltage, 2 kV; sample injection, 5 s at 600 V; working electrode pote
.7 V vs. saturated Ag/AgCl reference electrode.
The higher noise level can be attributed to the large d
ion area of the carbon fiber microdisk electrode. The sim
ty in the noise level may be explained that only a very sm
ercentage of the high voltage dropped across the dete
rea of Chip S. Tests also showed that seven conse
uns of a standard solution containing 0.1 mM dopamine
.1 mM catechol resulted in RSDs (relative standard de

ions) of 0.75% (migration times) and 1.30% (current p
eights) for DA, and 1.08% (migration times) and 3.0
current peak heights) for CA, respectively, under the co
ions of 20�m channel-to-electrode distance for the Ch
perated at the high voltage of 2000 V.

. Conclusion

For microchip CE–ED systems with end-channel de
ion, the channel cross-sectional area strongly affect
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high voltage interference with the amperometric detection.
The iR drop generated at the detection cell by the separa-
tion current and accordingly the shift in apparent half-wave
potential of the working electrode was quite large for the
chip with a channel top-width of 49�m and depth of 14�m,
whose cross-sectional area was no more than that of the chips
most widely-used for CE–ED systems. By reduction of the
channel width and depth respectively to 39 and 9�m, the
high-voltage effect on the end-channel detection was signif-
icantly reduced and the performances of separation and de-
tection improved. Since the iR drop was influenced not only
by the cross-sectional area, but also by such experimental
parameters as applied high voltage and channel-to-electrode
distance, the optimal apparent potential applied to the work-
ing electrode for a specific microchip CE–ED system should
be obtained by constructing a HDV plot under the selected
conditions.
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