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An end-channel amperometric detector with a guide tube for working electrode was designed and integrated on 
a home-made glass microchip. The guide tube was directly patterned and fabricated at the end of the detection res-
ervoir, which made the fixation and alignment of working electrode relatively easy. The fabrication was carried out 
in a two-step etching process. A 30 µm carbon fiber microdisk electrode and Pt cathode were also integrated onto 
the amperometric detector. The baseline separation of dopamine (DA), catechol (CA) and epinephrine (EP) was 
achieved within 80 s. Relative standard deviations of not more than 5.2% were obtained for both peak currents and 
migration times of DA and CA (n＝5). Using standard adding method, DA in urine and plasma samples was de-
tected. The recoveries were in the range of 83%—103%.  
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Introduction 

Microchip capillary electrophoresis (MCCE) has at-
tracted more and more analysts since Manz and Harri-
son1,2 demonstrated the feasibility of chemical analysis 
system on a glass substrate. MCCE has primary benefits 
of micro total analysis system (µ-TAS) and capillary 
electrophoresis (CE), such as fast separation, high effi-
ciency, low consumption of reagents and portability.3  
However, sensitive and miniature detection method is 
essential to fully exhibit the advantages of MCCE. Al-
though laser-induced fluorescence (LIF) is the most 
widely used detection method for its high sensitivity,4 
conventional LIF device is rather complicated and ex-
pensive which made the miniaturization difficult. Diode 
laser is small but only available in a limited number of 
wavelengths.5 Furthermore, the derivatization of the 
analytes with fluorophore is often necessary. MCCE 
with mass spectrometry (MS) can provide more chemi-
cal information of analytes but also has obvious draw-
backs, such as inherently unportable, costly and less 
sensitive.6 Chemiluminescence (CL) is a sensitive and 
simple detection method especially to some transition 
metal ions,7 but accessorial devices (e.g., pump) were 
needed to mix all kinds of reagents and its susceptibility 
to pH as well as flow rate also weakened the merits.  

Electrochemical detection would be a good alterna-
tive for its inherent miniaturization and high sensitivity. 
Among that, amperometric detection is the most sensi-
tive and widely used in MCCE. More than 60 relative 

papers and several reviews3,8 have been published, in 
which end-channel amperometric detection was the 
predominant detection mode (about 80%—90% articles 
employed this method) for its simplification and trivial 
effect of separation field on the detection circuit. 
Mathies and co-workers9 reported the first end-channel 
detection MCCE in 1998. Martin et al.10 firstly adopted 
two working electrodes in end-channel electrochemical 
detection. With the end-channel detection, though the 
accurate alignment between working electrode and 
separation channel was difficult, a few papers concern-
ing this work have been reported.11-13 Wang et al.14-17 
performed the alignment by a plastic screw and the dis-
tance between working electrode and separation channel 
was about 50 µm. Zeng et al.18 firstly designed and fab-
ricated a home-made guide tube in order to precisely 
align and quickly replace the working electrode, and the 
result was fairly good, but the fabrication process of the 
guide tube, the working electrode as well as the detector 
was rather laborious and complicated. 

Neurotransmitters that are vital to the human me-
tabolism19 have good redox activity. The separation and 
determination of different neurotransmitter are very 
important. In this work, the fabrication of end-channel 
amperometric detection and performance for the separa-
tion and determination of neurotransmitters are reported. 
The end-channel amperometric detector contained a 
guide tube for alignment of working electrode that was 
formed when two glass slides were bonded. Mask pat-
tern with guide tube and a two-step etching process 
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were needed, which was not complex. The size of the 
guide tube could be controlled by adjusting the etching 
time, which made the alignment between working elec-
trode and separation channel done precisely. As the pre-
liminary application of the detector, dopamine (DA) in 
urine and plasma was detected. 

Experimental 

Reagents  

All reagents were of analytical grade. Epinephrine 
(EP) hydrochloride was purchased from Sigma (St. 
Louis, USA). Dopamine (DA) hydrochloride was ob-
tained from Fluka (USA) and catechol (CA) from An-
kara Chemicals (Japan). 10 mmol•L－1 DA stock solu-
tion containing 0.1 mol•L－1 HClO4 was prepared and 
diluted to desired concentration with pure water unless 
specific statement. 20 mmol•L－1 CA and EP stock solu-
tion was respectively prepared in 0.1 mol•L－1 HClO4 
and diluted to specific concentration with pure water. 
The stock solutions were placed in a refrigerator and 
prepared newly every three weeks. 10 mmol•L－1 phos-
phate buffer was prepared as the running buffer and the 
acidity was adjusted with 0.1 mol•L－1 HCl or 0.1  
mol•L－1 NaOH when necessary. All solutions were fil-
tered with 0.45 µm cellulose acetate film (Shanghai 
Xinya Purifying Equipments Co., China) before use. 

 The pure water (18.3 MΩ•cm) was made by pass-
ing deionized water through Barnstead Easypure LF 
compact pure water system (Barnstead, USA). 

Apparatus 

High voltage up to 8 kV was provided with a 
CDY-800L HV source (Shandong Institute of Chemical 
Engineering, Jinan, China). Electrochemical detection 
was performed on a CHI 800 electrochemical analyzer 
(Shanghai Chenhua Instrument Co., Shanghai, China). 
In order to minimize the interference of external electric 
field, a home-made Farady cage was used to house the 
whole analysis system. A microscope with CCD camera 
(Moticam 1300, China), which was connected to a 
computer and controlled by Motic software (Xiamen, 
China), was employed to measure the channels. Cen-
trikon T-124 refrigerated centrifuge (Kontron Instru-
ments, Zurich, Switzerland) was used to centrifuge 
plasma samples. 

Chip microfabrication 

A 6.3 cm-long square glass (Shaoguang Microelec-
tric, China) with pre-deposited Cr layer and photoresist 
was exposed beneath the designed mask under an UV 
lamp, then developed and etched. Separation and injec-
tion channels were etched in 0.25 mol•L－1 NH4F-HF 
etchant for 2.5 h, then they were carefully covered by 
transparent adhesive film, which was resistant to acid. 
Other channels and reservoirs were etched for 4 h more 
in 0.4 mol•L－1 NH4F-HF etchant. The residual photore- 

sist and Cr layer were removed and the glass slide with 
channels was drilled at the location of reserviors. Then 
two slides were dried and bonded in a muffle stove at 
650  for 7℃  h, and during this step the guide tube and 
cathode channel were formed. A 2.0 cm-long Pt wire 
was inserted into the cathode channel and fixed to the 
bonded MCCE with epoxy, and four reservoirs were 
also glued to MCCE with epoxy. Carbon fiber micro-
disk electrode was aligned and located at the end of 
separation channel under microscope and the distance 
between them was about 25 µm. 

Sample pretreatment 

Urine sample was collected from a healthy volunteer. 
The urine was filtered with 0.45 µm cellulose acetate 
film. The filtered urine was diluted with pure water in 
1∶4 (V/V) ratio. The diluted urine or diluted urine 
spiked with DA was added into the sample reservoir of 
microchip directly. 

A 5.0 mL of human plasma was collected and put 
into a centrifugation tube, which was placed in a mix-
ture of ice and water. A 5.0 mL of anticoagulanting 
agent was added into the plasma sample and the mixture 
was centrifuged for 20 min at 5000 r/min. Then 70 µL 
of 4.0 mol•L－1 HClO4 was added into the supernatant to 
precipitate the protein. And further centrifugation was 
done for 20 min at 3000 r/min. The resulted supernatant 
was placed in a freeze dryer (Beijing Boyikang Instru-
ments) for 2 d. The plasma sample solution was pre-
pared from the plasma powder dissolved in 0.5 mL of 
phosphate buffer.  

Electrochemical detection  

Electrochemical detection was carried out with a 30 
µm-carbon fiber microdisk working electrode, a Pt 
counter electrode and an AgCl/Ag reference electrode 
(Figure 1a). The fabrication process of carbon fiber mi-
crodisk electrode was the same as in Ref. 20 except that 
50 µm I.D. capillary was employed as guide tube in this 
work. The detection potential was set to 0.9 V vs. 
AgCl/Ag. The sample interval was set to 0.1 s when i-t 
curve mode was chosen, and working electrode was 
preconditioned for 1 s under －1.5 V (vs. AgCl/Ag) 
before each run. 

Capillary electrophoresis procedures 

The channels were filled with 0.1 mol•L－1 NaOH for 
about 5 h and flushed with pure water for 10 min. Then 
the channels were flushed with electrophoretic buffer 
for 15 min before sample was injected. Sample injection 
was carried out using simple injection without holdback 
voltage. A voltage of 1 kV was applied between reser-
voir 2 (Figure 1a) and 4 (with reservoir 4 grounded) for 
a short time in order to inject sample into separation 
channel, then the voltage was shifted to reservoir 1 and 
4 to begin separation while the other two reservoirs 
were floating. 
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Figure 1  (a) Layout of MCCE system, (b) schematic diagram 
of MCCE, including a micrograph of guide tube and (c) expanded 
view of the alignment between the end of the separation channel 
and carbon fiber microdisk working electrode. Dotted line (Fig-
ure a) represents the Faraday cage, and the distance between 
electrode and separation channel (marked by two points in Figure 
c) was 27 µm. 1, buffer reservoir; 2, sample reservoir; 3, sample 
waste; 4, detection reservoir; 5, cathode; 6, working electrode; 7, 
AgCl/Ag electrode; 8, Pt counter electrode; 9, separation channel; 
10, cathode channel; 11, guide tube. 

Results and discussion 

Fabrication of guide tube and cathode channel  

Figure 1b is a schematic diagram of the glass chip. A 
5.2 cm separation channel was intersected with injection 
channel perpendicularly and the effective separation 
length was 4.5 cm. A 38 µm-deep separation and injec-
tion channel was fabricated after corrosion for 2.5 h at 
room temperature. Even though the resulted channels 
had trapezoid size, their depth was not suitable to the 
requirements of guide tube and cathode channel, so fur-
ther etching was necessary to obtain the proper size for 
guide tube and cathode channel. In order to obtain the 
channels for the guide tube and cathode electrode, a 
more concentrated etchant (0.4 mol•L－1) was adopted as 
a compromise of the etching rate and etching accuracy. 
The operation was relatively simple and easy since it 
was only necessary to control the etching time and 
etchant concentration. An expanded view of guide tube 
was presented in the lower part of Figure 1b. Guide tube 
with smooth brim and regular shape was obtained. The 
final depth of guide tube and cathode channel was 
measured to be 186 µm and 203 µm respectively. The 
calculated average etching rates were 15 and 25 µm•h－1 
for the first and the second etching stage, respectively.  

Guide tube for working electrode is important to 
alignment between the end of separation channel and 
working electrode, and therefore to the reproducibility 
of current response between runs. In order to obtain the 
accurate alignment, the etching process of the channels 
for guide tube was controlled. The guide tube channel of 
5 mm length was about 12 µm wider than the outer di-

ameter (360 µm) of the fused capillary in which the 
working electrode was contained (Figure 1b). Further-
more, guide tube was formed by two symmetric trape-
zoids because the substrate and cover plate of MCCE 
were etched under the same conditions, which also 
helped to place the working electrode to the center. Fig-
ure 1c was the micrograph of the alignment between 
working electrode and the end of the separation channel. 
It can be seen that the alignment was relatively accurate. 
Additionally, working electrode could be fixed or re-
placed quickly (about 30 s) in the MCCE. The working 
electrode was fixed with epoxy in this work. Compared 
with those alignment methods in PDMS12-14 and glass 
microchip,16,18 our alignment design using guide tube 
has advantages such as easy fabrication, working elec-
trode replaceability and self-integration.  

In the experiments, it was found that a slight varia-
tion of the position of the electrodes would affect the 
detection signal greatly, so the fixation of electrodes 
especially working electrode was important to steady 
detection signal. A cathode channel was designed and 
fabricated in the same way as the guide tube. A Pt 
cathode, which was used as the cathode of electrophore-
sis, was inserted into the cathode channel and tipped out 
into the detection reservoir. Epoxy was used to seal the 
channel and in this way, the cathode was fixed.  

Separation of DA, CA and EP 

Figure 2 shows the electropherogram of three sub-
stances: DA, EP and CA in MCCE. DA and EP are 
cations while CA is nearly neutral molecule when pH is 
7.0, so DA and EP migrate faster than CA. The migra-
tion times of DA, EP and CA were 35.1, 49.9 and 70.3 s 
respectively and the theoretical plate numbers (N) were 
5610, 9776 and 18727, respectively. The peak currents 
for DA, EP and CA were 5.08, 7.45 and 2.40 nA, which 
are higher than some references9,18 and implied good 
current response. It can be found from Figure 2 that 
good separation of the three substances was obtained 

 

Figure 2  Electropherogram of a mixture of (a) 0.1 mmol•L－1 
DA, (b) 0.1 mmol•L－1 EP and (c) 0.2 mmol•L－1 CA. Conditions: 
1 kV separation voltage, 0.9 V detection potential (vs. AgCl/Ag), 
8 s simple electrokinetic injection at 1 kV and 10 mmol•L－1 
phosphate buffer (pH＝7.00). 
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within 80 s and the resolutions were 1.36 between DA 
and EP, and 1.81 between EP and CA. 

Linear range and limits of detection 

The MCCE amperometric detector displayed a 
well-defined concentration dependence. Figure 3a and 
3b showed the dynamic ranges for DA and CA. Five 
different concentrations were investigated. The response 
of DA was linear from 5 to 200 µmol•L－1 with the cor-
relation coefficiency (r) of 0.9987, while CA was linear 
from 20 to 800 µmol•L－1 (r＝0.9912). The sensitivities 
of 47.3 and 20.6 pA•µmol－1•L were obtained for DA 
and CA, respectively. The limit of detection (LOD) of 
CA was 2.9 mol•L－1, and LOD of DA was 0.51 µmol• 
L－1 (S/N＝3), which was more sensitive than the re-
ported results,21,22 but higher than the results in Refs. 15, 
18 and 23.  

 
Figure 3  Calibration curves for (a) CA and (b) DA. Conditions 
are the same as those in Figure 2 except that pH was 6.94. 

Reproducibility  

In order to examine the performance of guide tube 
and glass MCCE, the reproducibility of the separation 
of DA and CA was studied. Figure 4 shows five parallel 
runs of 0.1 mmol•L－1 DA and 0.2 mmol•L－1 CA. At  
pH＝7.0, the average migration times of DA and CA 
were 35.9 and 71.2 s, respectively. Relative standard 
deviations (RSDs) of migration times for DA and CA 
were 1.1% and 1.0% respectively. RSDs of peak cur-

rents (iRSD) were 5.2% and 4.1% for DA and CA respec-
tively, which were better than those in Ref. 22 and 
somewhat worse than those in Refs. 18 and 21. Com-
paring with the electropherogram in Figure 2, the peaks 
of DA and CA in Figure 4 are sharper. This result was 
mainly due to a more close conductivity of standards in 
buffer than those standards in pure water.24 Although 
migration times of DA and CA were fast (＜80 s), 
RSDs of migration times (tRSD) of DA and CA were 
better than those reported by Yan21 and Hebert.25 Fur-
thermore, electrophoresis operation was carried out 
manually in this work, which also helped to ensure a 
good reproducibility. 

 
Figure 4  Five continuous runs of (a) 0.1 mmol•L－1 DA and (b) 
0.2 mmol•L－1 CA. Conditions are the same as those in Figure 2 
except that DA and CA solutions were prepared by diluting their 
stock solutions with running buffer, respectively. 

Detection of DA in urine and plasma 

The present method was used to determine DA in 
urine and plasma. Figure 5 showed the electrophero-
gram of urine. There were two peaks (see curve a) that 
appeared in 21 and 91 s, respectively. Both of them 
were different from the migration time of DA at 36 s, 
which indicated that the concentration of DA is too low 
to detect. Peak 3 was identified as uric acid, but peak 1 
was still unclear. When 15 µmol•L－1 and 40 µmol•L－1  

 

Figure 5  Electropherogram of (a) 1∶4 diluted urine sample; (b) 
diluted urine sample spiked with 15 µmol•L－1 DA; (c) diluted 
urine spiked with 40 µmol•L－1 DA. Conditions are the same as 
those in Figure 3. 
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DA were added into diluted urine, the results were illus 
trated in curve b and c of Figure 5. Migration time was 
identified by DA standard. The peak currents were 1.12 
and 2.33 nA respectively. The recoveries of DA in urine 
were calculated to be 83% for 15 µmol•L－1 DA and 
92% for 40 µmol•L－1 DA. 

The electropherogram of a plasma sample was 
showed in Figure 6. A very small signal appeared at 
36.6 s for the plasma sample (curve a), which seemed to 
be the peak of DA. In order to identify this peak, 15 
µmol•L－1 DA standard solution was added to plasma. 
The result showed in curve b of Figure 6 clearly indi-
cated that the peak at 36.6 s (peak 2) belonged to DA. 
The recovery of DA in plasma sample was 103% for 15 
µmol•L－1 of DA. As shown in curve a of Figure 6, the 
peak of DA was too small to measure well. The concen-
tration of DA in plasma was estimated to be in 10－8 
mol•L－1 level. 

 

Figure 6  Electropherogram of (a) plasma and (b) a＋15 
µmol•L－1 DA. Conditions are the same as these in Figure 3. 

Conclusions 

An amperometric detector with designed guide tube 
for working electrode integrated in a glass MCCE was 
reported. The fabrication process of MCCE was dis-
cussed and characteristics of the chip were tested with 
neurotransmitters. RSDs of migration times and peak 
heights were all not more than 5.2% (n＝5). LODs of 
DA and CA were 0.51 and 2.9 µmol•L－1 respectively 
when S/N＝3. Owing to advantages such as not using 
complicated three-dimension micropositioner, ease of 
aligning the working electrode with the end of separa-
tion channel, and working electrode replaceability, the 
performance of MCCE was good on the whole. The 
preliminary application of the present method for the 
detection of DA in urine and plasma was also discussed. 
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