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Abstract
This paper describes the use of epoxy-encapsulated electrodes to integrate microchip-based
electrophoresis with electrochemical detection. Devices with various electrode combinations can
easily be developed. This includes a palladium decoupler with a downstream working electrode
material of either gold, mercury/gold, platinum, glassy carbon, or a carbon fiber bundle.
Additional device components such as the platinum wires for the electrophoresis separation and
the counter electrode for detection can also be integrated into the epoxy base. The effect of the
decoupler configuration was studied in terms of the separation performance, detector noise, and
the ability to analyze samples of a high ionic strength. The ability of both glassy carbon and
carbon fiber bundle electrodes to analyze a complex mixture was demonstrated. It was also shown
that a PDMS-based valving microchip can be used along with the epoxy embedded electrodes to
integrate microdialysis sampling with microchip electrophoresis and electrochemical detection,
with the microdialysis tubing also being embedded in the epoxy substrate. This approach enables
one to vary the detection electrode material as desired in a manner where the electrodes can be
polished and modified in a similar fashion to electrochemical flow cells used in liquid
chromatography.

1 Introduction
Advantages such as rapid analysis [1], the ability to manipulate small sample volumes [2],
and the integration of multiple processes outside of the separation [3–6] have made the use
of microchip systems for electrophoretic separations very popular. The use of
electrochemistry to detect analytes after a microchip electrophoresis separation is an
attractive alternative to the use of fluorescence detection. This is due to the inherent
advantages of miniaturizing electrodes, the fact that many analytes (such as catecholamine
neurotransmitters) can be detected directly without derivatization, and the selectivity that
can be achieved with either judicious control over the detection potential or the use of
multiple electrodes [7–11].

A challenge of integrating microchip electrophoresis with electrochemical detection is the
need to minimize the interference between the separation field and the electrochemical
detector. While there have been several approaches that include placing the electrodes in a
reservoir [11, 12], it has been shown that a simple and reproducible method to perform this
integration is through the use of a palladium “decoupler” electrode that is incorporated
within the fluidic network to provide an electrophoretic ground and adsorb hydrogen
produced from the reduction of water at the cathode [10, 13–16]. This approach enables a
downstream working electrode to remain in the fluidic network, which helps to minimize
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band broadening processes that occur when electrodes are placed in a reservoir [12, 17, 18].
While there have been examples of manually placing metal wires into PDMS microchannels
[15, 19, 20], the most popular approach of fabricating electrodes for microfluidics is through
traditional sputtering and lithographic processing, followed by bonding of the electrode plate
with a fluidic network [9, 14, 21–27]. Such patterned, thin-layer electrodes provide many
advantages; however they are costly to produce and require a specialized facility for
fabrication. With regard to microchip electrophoresis and use of a decoupler, it is also not
trivial to integrate a detection electrode that differs from palladium. To do this with
traditional fabrication techniques would require multiple sputtering/patterning steps with
precise mask alignment. This has led our group to use carbon ink electrodes that are molded
onto the electrode plate after the palladium decoupler has been patterned [3, 10, 23, 28].
Finally, thin-layer electrodes typically used for microchip applications are not able to be
polished to generate a fresh electrode surface as is the case with both traditional electrode
materials and electrochemical flow cells used for liquid chromatography. This limits the
long-term re-usability of a device.

We recently described a new method of fabricating and integrating epoxy-embedded
electrodes with microchip-based analysis systems [29]. This approach used a mold and
commercially available epoxy to embed gold detection electrodes of various sizes. We
demonstrated the applicability of these gold electrodes with microchip-based flow injection
analysis and showed that the electrodes can be polished and modified in a similar fashion to
electrochemical flow cells used in liquid chromatography. In this paper, we extend this
approach to embedding multiple electrodes of differing composition for the purpose of
integrating microchip electrophoresis with electrochemical detection. Devices with various
electrode combinations can easily be developed. This includes a palladium decoupler with a
downstream working electrode material of either gold (which can be modified with mercury
to enable thiol detection), platinum, glassy carbon, or a carbon fiber bundle (which is widely
used for neurotransmitter analysis). In addition, it is shown that this epoxy approach can be
used to integrate additional device components, such as the platinum wires for the
electrophoresis separation and the counter electrode for detection. The ability to embed
fluidic tubing is also demonstrated with this approach and a valving-based microchip is used
to integrate microdialysis sampling with microchip electrophoresis and electrochemical
detection. Finally, the use of a carbon ink electrode array is shown to lead to significant
signal enhancement.

2 Experimental
2.1 Chemicals and materials

The following chemicals and materials were used as received: Armstrong C-7 resin,
Activator A, and Sylgard 184 (Ellsworth Adhesives, Germantown, WI, USA); Nano SU-8
developer, SU-8 50, SU-8 10 photoresist (Microchem, Newton, MA, USA); AZ 4620
positive resist and AZ 400 developer (AZ Resist, Somerville, NJ, USA); catechol,
dopamine, epinephrine, 3,4-dihydroxyphenylacetic acid, boric acid, sodium dodecyl sulfate,
potassium dicyanoaurate (I), sodium carbonate, liquid mercury, L-glutathione reduced, n-
acetylcysteine, potassium chloride, sodium chloride, magnesium chloride, sodium
phosphate, TES sodium salt, MES sodium salt, and HEPES (Sigma Aldrich, St. Louis, MO,
USA); 1 mm and 25 μm gold wire, 1 and 2 mm palladium wire, 1 mm glassy carbon, and
500 μm platinum wire (Alfa Aesar, Ward Hill, MA, USA); P-25 carbon fiber (Goodfellow
Corporation, Oakdale, PA, USA); Ercon carbon ink and solvent thinner (Ercon, Wareham,
MA, USA); soldering wire and heat shrink tubes (Radioshack); isopropanol and acetone
(Fisher Scientific, Springfield, NJ, USA); colloidal silver (Ted Pella, Redding, CA, USA);
BAS electrode polishing kit and microdialysis 4-mm brain probe (Bioanalytical Systems,
West Lafayette, IN, USA); 8.89 cm diameter Teflon PTFE rod (McMaster-Carr, Chicago,
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IL, USA); HPFA tubing (360 μm o.d. and 150 μm i.d., IDEX Health and Science, Oak
Harbor, WA, USA).

2.2 Fabrication and assembly
A brief summary of the epoxy-embedded electrode fabrication procedure is shown in Fig. 1.
The two-part Teflon mold with an inner diameter of 7.87 cm was machined by traditional
lathe-based turning. For all studies, two 1 mm electrode insertion holes were drilled with a 1
mm space in between. The first electrode insertion hole was used for the 1 mm Pd
decoupler, and the second hole was used for the working electrode of desired material (gold,
glassy carbon, carbon fiber bundle, or platinum). The desired electrode was affixed
(soldered or connected with colloidal silver) to an extending copper wire to provide the
electrical connection. The electrodes were inserted vertically into the insertion holes and a
mixture of Armstong C-7 adhesive and 0.8% of Armstrong Activator A was poured into the
mold (Fig 1A). The mixture was left to cure for at least two hours and then removed from
the mold. Following the removal, the epoxy-embedded electrode base was shaped by wet
polishing using a range (200–1200) of grits (Buehler, Lake Bluff, IL, USA) to achieve a fine
polish. A BAS electrode polishing kit was used for everyday polishing prior to use. After
polishing, the microchip was reversibly sealed over the epoxy-embedded electrodes before
use (Fig. 1C).

A variety of detection electrodes were used in these studies. Glassy carbon (Fig. 2B), a
carbon fiber bundle (Fig. 3A) and platinum (Fig. 4B) electrodes could be used directly after
polishing. As described in the Supporting Information, gold electrodes could be modified to
form Hg/Au amalgam electrodes or pillar electrodes that protrude into the fluidic network
(Figs. S-1 and S-2). A carbon ink microelectrode array could also be patterned on the
surface of an embedded electrode (Fig. 3C) by using PDMS-based micromolding channels
that were made from a double casting procedure [30]. Carbon ink microelectrodes were
produced by sealing the rounded PDMS micromolding channels over a 1 mm gold electrode.
The channels were filled with a carbon ink mixture and, after heating at 75 °C for 30 min,
the mold was removed to leave the carbon ink electrodes patterned on the epoxy. The
electrodes were further cured at 75 °C for 1.5 hrs before use.

2.3 Electrophoresis
Fabrication of the PDMS-based fluidic channels was based upon the use of soft lithography
and silicon masters, as previously described, with SU-8 10 photoresist being used for the
electrophoresis channels and SU-8 50 photoresist for PDMS-based flow injection channels
[9, 10, 31]. The structure heights were measured using a profilometer (Dektak3 ST, Veeco
Instruments, Woodbury, NY, USA). A 20:1 mixture of Sylgard 184 elastomer base and
curing agent was poured onto the patterned silicon wafer and allowed to cure at 75 °C for 1
hr. After removal from the master, a hole punch was used to make reservoirs in the PDMS
chips used for electrophoresis. For chips used for flow injections analysis, a 20-guage Luer
stub adapter (Becton Dickinson, Sparks, MD, USA) was used to punch the inlet hole for the
capillary [29]. The PDMS-based bilayer valving microchips that were used for microdialysis
studies were fabricated using a negative resist for a valving layer master and a positive resist
for a fluidic layer master [28, 32]. Following a partial cure step, the resulting PDMS
structures were cured together to form a uniform, bilayer microchip. For all studies, PDMS
structures were reversibly sealed over the electrode surface (as shown in Figs. 1C, D).

A LabSmith HVS448 3000 V High Voltage Sequencer with eight independent channels
(LabSmith, Livermore, CA, USA) was used as the electrophoresis voltage source for all
studies. The electrophoretic studies represented in Figs 2 and 3 used a gated injection
scheme. The buffer consisted of 10 mM boric acid with 25 mM SDS (pH of 9.2). For these
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separations, injections were carried out by applying a high voltage (HV, +1000 V) to the
buffer reservoir, a fraction of the HV (+800 V) to the sample reservoir, with the sample
waste reservoir and decoupler being grounded (field strength = 200 V/cm). All separation
channels were 2.75 cm long. A bilayer valving chip was used for the separation in Fig. 4B,
with the separation channel being 24 μm tall and 40 μm wide. The operation of these
valving chips has been described previously [28, 32]. In this study, a separation voltage of
+700 V and a pushback voltage of +200 V were used (field strength = 144 V/cm).
Amperometric detection was performed with gold, glassy carbon, carbon fiber, carbon ink,
or platinum as the working electrode and a platinum wire served as the counter electrode.

The setup used for microchip-based flow injection analysis (used in Fig. 2A) was based on
previous work [29, 31]. A PDMS flow channel (100 μm width, 100 μm height and 3 cm
length) was reversibly sealed on the epoxy surface over the electrode. A buffer (10 mM
MES, pH 5.5) was continuously pumped at 3.0 μL/min to the flow channel via a 500 μL
syringe (SGE Analytical Science) and a syringe pump (Harvard 11 Plus, Harvard Apparatus,
Holliston, MA, USA). Injections (200 nL) of a 50 μM catechol sample were made via a 4-
port injector (Vici Rotor, Valco Instruments, Houston, TX, USA). For the hydrodynamic
voltammogram (HDV) comparison study, a Pt wire served as the auxiliary and Ag/AgCl
was used as the reference electrode.

2.4 Microdialysis sampling
Perfluoroalkoxy (PFA) tubing was embedded into the epoxy base for microdialysis
experiments. A 4-mm microdialysis brain probe was utilized. The PFA tubing was
embedded into the epoxy base and the PDMS microchip was reversibly sealed over the
tubing inlet (Fig. 4Bii). The brain probe was used to sample (at 0.3 μL/min) a solution of
200 μM dopamine and catechol. Discrete plugs were then injected into the separation
channel by actuating the pneutmatic valves (Fig. 4Bi); following an electrophoretic
separation the analytes were detected downstream at a 500 μm platinum detection electrode
(Fig. 4Biii). A similar valving-based injection device with on-chip peristaltic pumps was
used for the ionic strength comparison studies that are discussed in the results/discussion [3].
The cell stimulant buffer (pH 7.4) was made up of the following: 80 mM KCl, 150 mM
NaCl, 0.7 mM MgCl2, 1 mM NaH2PO4, and 10 mM HEPES [33]. The thin-layer palladium
decoupler electrode used in the ionic strength comparison was fabricated by traditional
sputtering and lithographic processing, as described previously [10, 14].

2.5 Imaging
Non-fluorescent images (Figs. 2–4) were captured from a stereoscope (Olympus SZ61)
operating in bright-field mode using a Sony 3CCD color camera (Leeds Precision
Instruments, Minneapolis, MN, USA). A fluorescent image (Fig. 4Bi) was taken using
fluorescein (Sigma Aldrich) and an upright fluorescence microscope (Olympus EX 60)
equipped with a 100 W Hg Arc lamp and a cooled 12-bit monochrome Qicam Fast digital
CCD camera (Qimaging, Montreal, Canada). Images were captured with Streampix Digital
Video Recording software (Norpix, Montereal, Canada) and Image Pro express software
(Media Cybernetics, Silver Spring, MD) was used to measure channel dimensions and
injection plug sizes.

3 Results and Discussion
3.1 Fabrication and initial characterization

We recently published a new approach (outlined in Fig. 1) to fabricate epoxy-embedded
electrodes for microchip-based analysis systems that is simple, inexpensive, and
reproducible [29]. In the initial study, gold detection electrodes were utilized with
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microchip-based flow analysis. We have expanded this approach here to integrate other
materials of various composition and diameters such as 1 mm or 2 mm palladium, 1 mm
glassy carbon, ~100 μm carbon fiber bundles, and 500 μm platinum electrodes. Importantly,
as shown in Fig. 1, different materials can be incorporated in the same epoxy so that a
palladium decoupler can be used with a variety of detection electrodes. As also seen in Fig.
1D, other electrodes such as the platinum wires for electrophoresis and a counter electrode
can be embedded in the epoxy.

In our initial description of using thin-layer palladium decouplers (made from traditional
sputtering and lithographic processing) to integrate microchip electrophoresis with
electrochemical detection, it was noted that the distance between the decoupler leading edge
and the detection electrode had an effect on the resulting electrophoretic separation [14].
This is due to increased band broadening from the parabolic flow profile that occurs after the
decoupler. These epoxy-embedded electrodes were characterized for the optimal decoupler
size. A 1 mm diameter palladium decoupler was compared to the use of a 2 mm diameter
decoupler using the same detection electrode (1 mm gold), decoupler/electrode spacing (1
mm), and catechol (1 nL injection volume, n = 3 for each comparison) as a test analyte. It
was found that use of the 2 mm decoupler reduced the peak-to-peak noise by a factor of ~2.4
(0.17 nA for the 1 mm decoupler and 0.07 nA for the 2 mm decoupler); however, the
increased distance between the decoupler leading edge and the electrode led to a ~3.8 times
decrease in the average peak height (1.1 nA for the 1 mm decoupler and 0.29 nA for the 2
mm decoupler) and a concurrent increase in peak width (2.39 s for the 1 mm decoupler and
6.22 s for the 2 mm decoupler). While the 2 mm decoupler was useful in decreasing noise,
the increased band broadening that resulted from the increased distance between the
decoupler leading edge and the detection electrode was deemed unfavorable for
electrophoretic separations. It was also found that the 1 mm decoupler effectively dissipated
hydrogen production up to field strengths of 800 V/cm for at least 30 mins, after which time
the experiment was stopped (buffer = 25 mM boric acid with 1 mM SDS, pH 9.2). Higher
field strengths led to bubble formation at the decoupler. For subsequent studies, the
decoupler size was fixed to be 1 mm, with a 1 mm decoupler/electrode spacing.

Our first description of using epoxy-embedded electrodes mainly utilized microchip-based
flow injection analysis to characterize the integration of gold detection electrodes into
microfluidic channels [29]. Part of this work showed that a 1 mm gold wire could be easily
amalgamated with mercury for selective thiol detection and a 25 μm gold wire could be used
to create pillar electrodes (by an electrodeposition procedure) that protrude into the fluidic
network [29]. It was found here that these types of detection electrodes can also be
integrated with a palladium decoupler and used to monitor an electrophoretic separation. As
detailed in the Supporting Information (Section S.1), a Hg/Au amalgam electrode that was 1
mm downstream from a palladium decoupler was used to separate and selectively detect a
mixture of thiols (glutathione and n-acetylcysteine, see Fig S-1). In addition, as described in
Section S.2 of the Supporting Information, a 12 μm tall and 40 μm wide pillar was
integrated 1 mm away from a palladium decoupler (Fig. S-2). The performance of a flat 25
μm gold electrode was compared to the use this pillar electrode by injecting and separating a
50 μM catechol solution. The pillar resulted in a signal increase of 3.8 times greater than the
flat electrode, demonstrating the ability of the pillar electrode to oxidize more analyte in a
given area. This is similar to the improved signal that was seen in the previous flow injection
work [29].

3.2 Integration of carbon electrodes
The preferred electrode for detecting catecholamine neurotransmitters is carbon. As
compared to the use of metal electrodes, carbon electrodes have minimal fouling, a lower
overpotential, and a larger potential range for organic compounds [11, 18]. Integrating
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carbon electrode materials with a palladium decoupler has primarily involved the use of
carbon ink electrodes that are patterned over palladium connector electrodes [10, 30].
Traditional voltammetry and LC-flow cell experiments utilize glassy carbon (also known as
vitreous carbon) as an electrode since it is a well-defined material that has low resistance
and is compatible with most solvents [34]. As shown in Fig. 2, the ability to embed different
materials with the epoxy encapsulation method enables the integration of a 1 mm glassy
carbon detection electrode with a palladium decoupler. A HDV (see Fig. 2A) first showed
that the optimal potential for both microchip-based flow injection analysis and microchip
electrophoresis is +0.9 V. Since there is no observable shift in the voltammogram when
microchip electrophoresis is performed, this demonstrates that the detection electrode is in a
field free region [35, 36]. The glassy carbon electrode was next utilized for a separation of
dopamine, epinephrine, catechol, and 3,4-dihydroxyphenylacetic acid using a 10 mM boric
acid buffer containing 25 mM SDS (pH 9.2). A gated injection scheme was used to
discretely inject 190 pL into the separation channel. The resolution was 1.2 between
dopamine and epinephrine, 2.4 between epinephrine and catechol, and 3.3 between catechol
and 3,4-dihydroxyphenylacetic acid. The number of theoretical plates was 2,700 for
catechol, which is typical for PDMS devices [37, 38].

While the glassy carbon detection electrode offers many advantages, the smallest
commercially available glassy carbon electrode that we could obtain is 1 mm in diameter. In
terms of the separation performance of electrophoresis, it is preferable to use smaller
electrodes because a smaller detection window results in sharper, more resolved peaks.
Carbon fiber electrodes have become very popular due to their small size and the ability to
use these electrodes in vivo in conjunction with fast scan cyclic voltammetry [39]. In this
study, a series of carbon fibers were bundled together to create a ~100 μm electrode that was
placed 1 mm away from the palladium decoupler (Fig. 3A). The same gated injection
scheme, field strength, and buffer as the glassy carbon separation were used for the injection
(200 pL) and separation of dopamine, epinephrine, catechol, and 3,4-dihydroxyphenylacetic
acid (Fig. 3B). The resolution improved to 1.8 between dopamine and epinephrine, 3.7
between epinephrine and catechol, and 6.4 between catechol and 3,4-dihydroxyphenylacetic
acid. The number of theoretical plates increased to 6,300 for catechol, with this data
showing a significant improvement in the separation performance due to the decreased
electrode sensing area. For both the glassy carbon and carbon fiber studies, the final
encapsulated material had a fixed alignment relative to the decoupler and the electrodes
could be easily polished to a fresh surface before use, as is done with conventional LC flow
cells. Since the PDMS was reversibly sealed over the carbon materials, a device could be
disassembled, polished, and re-assembled daily between uses. While the carbon fiber
resulted in efficient separations, the limit of detection (for catechol) was 2.6 μM (S/N = 3).
A lower limit of detection is often desired for bioanalytical applications such as cellular
analysis. Our group has previously reported that a carbon ink microelectrode array, with the
electrodes held at the same potential, allows signal enhancement in microchip
electrophoresis with electrochemical detection [30]. An optimally spaced array of electrodes
(vs. a single electrode of the same electrode area) offers signal enhancement by allowing
fresh analyte to diffuse to the surface of each electrode [21]. This same method can be used
on the epoxy surface, with the carbon ink patterning having no effect on the epoxy base. As
seen in Fig. 3C, 8 carbon ink electrodes were pulled over a 1 mm gold electrode, which was
used for electrical connection. Use of a single carbon ink electrode resulted in a 2.0 μM limit
of detection (LOD) for catechol, while the 8-electrode carbon ink array improved the limit
of detection to 350 nM.
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3.3 Integration of microdialysis sampling with microchip electrophoresis
Microdialysis is a popular continuous sampling method for in vivo systems [40, 41]. Since it
is common to use low flow rates (<1 μL/min) to maximize recovery, low volume separation
and detection techniques are required in order to decrease analysis time and minimize the
amount of sample that must be collected. We have previously reported a microchip device
that integrates microdialysis sampling, microchip electrophoresis, and electrochemical
detection [28]. The fluidic interconnect for that device consisted of capillary tubing that was
manually inserted into the top of the microchip through a punched hole. The dead volume
and placement of the fluidic tubing can vary based upon how far the tubing is inserted into
the microchip. In this work, we demonstrate the ability to embed PFA tubing within the
epoxy base, along with a palladium decoupler and platinum detection electrode (Fig. 4). The
epoxy could be polished as in other studies, with the dead volume of the tubing/chip
interface remaining fixed. To demonstrate the applicability of this approach, a microdialysis
brain probe with a 4-mm membrane was used to sample from a dopamine and catechol
mixture. The perfusate and electrophoresis buffers were matched by using a 10 mM boric
acid buffer with 25 mM SDS buffer (pH = 9.2). The analytes diffused across the membrane
and were pumped (0.3 μL/min) onto the microchip through the epoxy-encapsulated tubing
(Fig 4Bii). PDMS-based pneumatic valves were used to discretely inject 600 pL into the
electrophoresis channel (Fig. 4Bi), with the separation resulting in a resolution of 1.65
between dopamine and catechol (Fig 4Biv).

A similar valving microchip was also used to investigate the effectiveness of the palladium
decoupler when a high ionic strength buffer was used. Buffers needed for in vivo and in vitro
studies have a very high salt content. In this study, we made use of a cell stimulant solution
where the salt concentration was ~240 mM. It was found that a microfabricated thin-layer
palladium decoupler was not as effective in dissipating the high electrophoretic currents
(and resulting hydrogen production from the electrolysis of water) associated with these
buffers. Use of a 2 mm (in length) thin-layer Pd decoupler (0.2 μm thickness) and repetitive
injections (150 pL plug) of cell compatible buffer into the separation channel showed the
highest field strength that could be used before bubble formation at the decoupler was 144
V/cm. A higher field strength was possible with the epoxy-embedded palladium decouplers
(330 V/cm for a 1 mm diameter decoupler and 400 V/cm for a 2 mm decoupler) and these
decouplers could effectively dissipate the hydrogen produced for at least ten injections (600
pL injection volume), after which the experiment was stopped. It is thought that the
increased performance is due to the thickness of the Pd (~10 mm for the epoxy-based Pd and
0.2 μm for the thin-layer Pd) allowing more H2 dissipation. This should allow future in vitro
and in vivo studies with this approach.

Conclusions
In this work, we have demonstrated the ability of epoxy-encapsulated electrodes to enable
the integration of microchip electrophoresis and electrochemical detection in a manner
where the detection electrode can be varied as desired. Established electrode materials such
as carbon fiber and glassy carbon, which have not been commonly used in microchip-based
systems, can be utilized and, in all cases, the epoxy-based electrodes can be polished before
use. In addition, other microchip components such as electrophoresis electrodes, counter
electrode, and fluidic tubing can be encapsulated. This work lays the foundation for future
studies involving the investigation of other encapsulation materials and the use of the epoxy-
embedded electrodes and an associated microchip to monitor the release of
neurotransmitters from cultured cells [3, 42] as well as analyze the contents of droplets used
to improve the temporal resolution for microdialysis sampling [43].
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Figure 1.
Fabrication and assembly of epoxy-embedded electrodes: (A) A palladium decoupler and a
detection electrode (gold, platinum, glassy carbon, carbon fiber bundle), affixed to
connecting wires, are inserted (with a 1 mm spacing) into electrode insertion holes in a
Teflon mold. (B) Armstrong C-7 resin is mixed with 0.8% Activator A and poured into the
Teflon mold. The epoxy is left to cure for at least two hours, removed from the mold and
shaped by wet polishing. (C) A PDMS microchip is reversibly sealed over the palladium and
detection electrode. (D) Integration of palladium, gold, and platinum electrodes into an
epoxy base with a PDMS microchip reversibly sealed over the palladium decoupler and gold
detection electrode.
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Figure 2.
Use of a glassy carbon detection electrode. (A) Hydrodynamic voltammogram (HDV)
comparing flow injection analysis and electrophoresis. (B) Micrograph of a 1 mm palladium
decoupler and a 1 mm glassy carbon electrode. (C) Electropherogram for the separation and
detection of dopamine (DA), epinephrine (EPI), catechol (CAT) (200 μM each), and 3,4-
dihydroxyphenylacetic acid (DOPAC, 750 μM).
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Figure 3.
(A) Use of a carbon fiber microelectrode in microchip electrophoresis: Micrograph of a 1
mm palladium decoupler and a 100 μm carbon fiber bundle electrode. (B) Electropherogram
for the separation and detection of dopamine (DA), epinephrine (EPI), catechol (CAT) (200
μM each), and 3,4-dihydroxyphenylacetic acid (DOPAC, 750 μM) using a carbon fiber
bundle detection electrode. (C) Micrograph of a 1 mm Pd decoupler and 8 carbon ink
electrodes with a 1 mm gold electrode connector.
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Figure 4.
Use of epoxy-embedded electrodes and tubing to enable the injection (via on-chip valves),
electrophoretic separation and amperometric detection of dopamine and catechol sampled
through a 4 mm microdialysis probe. (A) Schematic (side-view) that deptics the
microdialysis set up and solution transfer through the epoxy base. (B) Top-down view of
PDMS microchip sealed on epoxy base. (i) Micrograph of a pressure based injection, using
on chip valves, into the electrophoresis channel; (ii) micrograph of a microfluidic flow
channel reversibly sealed over epoxy-encapsulated PFA tubing; (iii) micrograph of a 1 mm
decoupler and a 500 μm diameter Pt detection electrode; (iv) electropherogram for the
separation and detection of dopamine (DA) and catechol (CAT).
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