














Figure 4. (a) Fluorescence micrograph (top view) and schematic diagram (side view) illustrating concentration enrichment of the �uorescent
tracer BODIPY2- to the right of a 500 µm-long Au BPE. (b) Optical micrograph of an array of 15 Au microelectrodes (40 µm lines and spaces)
used to map the local electric �eld. The dashed white line indicates the location of the microchannel. (c) Local axial electric �eld strength
obtained by numerical simulation (solid line) and experimental measurement (circles) using the device shown in part (b). The 2D simulation
depicts the central 1.5 mm of a 20 µm-tall microchannel with the 0.5 mm BPE (3.0 µm tall) on the channel �oor and extending from x ) 0 to
-0.5 mm. The initial condition is a uniform distribution of 5.0 mM Tris buffer (pH 8.0). The zeta potential of the channel walls is assumed to be
-85 mV. Pro�les represent the distribution of �eld strength along the channel at y ) 3.5 µm and t ) 60 s after applying an average �eld strength
of 5.83 kV m-1. An excess 8 µL of the buffer in the cathodic reservoir stabilized the electric �eld during measurements. The data are averaged
over two separate devices. In each case, several maps of the electric �eld were obtained using a different pair of microbands to de�ne the BPE
during each set of measurements. (d) EFs achieved for the BODIPY2- tracer in 5 mM Tris (pH 8.0) with initial tracer concentrations of 5 nM and
0.1, 0.5, and 2.0 µM. Applied �eld strength: 5.83 kV/m. (e) Fluorescence micrograph (top view) showing separation of BODIPY 2-, MPTS3-, and
PTS4- in 5.0 mM Tris Buffer 200 s after application of Etot ) 40 V (Omega Optical XF115-2 and XF02-2 �lter sets overlayed) in a 12 mm-long,
Pluronic-modi�ed channel. (f) Plot of EF vs. axial location corresponding to the micrograph in (e).
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When the buffer concentration in the microchannel is high,
most of the current moves through the solution and only ∼0.1%
passes through the BPE. Under these conditions, the electric field
is approximately linear throughout the channel, and therefore, it
is possible to simultaneously control the potential of at least 1000
BPEs. Because the rates of the faradaic processes at the anodic
and cathodic poles of a BPE must be equal, we showed that the
current flowing through the BPE can be related to ECL intensity.
This makes it possible to simultaneously read out the state of each
electrode. A simpler and more sensitive detection method involves
electrodissolution of Ag. The key points are that the potential of
an arbitrarily large number of electrodes can be controlled using
this general method and the current flowing through each BPE
can be determined simultaneously.

When the electrolyte concentration in the microchannel is low
(1-5 mM), more of the current is shunted through the BPE. This
results in a local electric field gradient within the channel, and
this can, in turn, lead to concentration enrichment. Analytes
concentrate where their EP velocity exactly opposes their elec-
troosmotic velocity. The former is a function of locationsbecause
of an extended field gradientsbut because fluids are incompress-
ible, the electroosmotic velocity is independent of local inhomo-
geneities in the field and only depends on the total applied voltage
(Etot). Therefore, mixtures of analytes having different EP
mobilities concentrate at different locations along the field
gradient, and this method can be used to both concentrate and
separate analytes.

This method is incredibly simple: it requires a battery or simple
power supply, microfabricated electrodes, and an appropriate
electrochemical cell that can even be just a petri dish (Figure 2b).
Because of this simplicity, BPEs likely could be profitably
integrated intosand provide interesting functionality tosa broad
range of lab-on-a-chip applications. Indeed, we have already shown
that BPEs can be used to construct optoelectrochemical logic
gates36 and to obtain voltammograms without the need for a
potentiostat.37 Although not discussed here, we have also shown
that BPEs can be placed at the intersection of two fluidic channels
and that this enables a whole new range of interesting functions.38

Perhaps the most exciting potential application of BPEs is
integration into nanofluidic systems. The advantage is that they
can be controlled without the need for a direct electrical connec-
tion, which is often a major obstacle for nanosystems.
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