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Introduction

Conclusions
Results

Separations are an important factor in many aspects
of chemical analysis including industrial quality control,
pharmaceutical purification, and forensics. Samples have
become increasingly complex, as research has shifted
toward early disease identification, detection of peptide
fragments in protein digests, cell lysate quantitation, and
analysis of other biological samples. These demand a
higher peak capacity (𝑛) than traditional one dimensional
separation techniques can provide. This has caused
attention to shift toward two-dimensional (2D)
separations. However, the peak capacity of a 2D
separation is limited by the fractional coverage of the
separation space (𝑓 ) and the undersampling of the first
1
dimension separation ( ). The total equation for effective
𝛽

peak capacity of a 2D separation is given below.1
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= 𝑛1 ∗ 𝑛2 ∗ ∗ 𝑓 (1)

The undersampling of the first dimension typically
1
results in a 25% loss in peak capacity ( = 0.75). We use

A 2D separation has been performed using a zero
dead volume connection from CE to µFFE creating
essentially zero loss in peak capacity from the first
dimension separation.
Figure 1. Schematic of a 2D µFFE separation. Analytes are
deflected based on their electrophoretic mobilities as
they flow off the first dimension CE separation straight
into the µFFE device. A time versus deflection distance
plot is constructed as the analytes flow through the
detection zone.

Figure 2. Picture of fabricated µFFE device with capillary
held in the sample inlet channel with CrystalbondTM.

Using the method that was developed with this
preliminary work, a complex separation of Chromeo
P503 labeled amino acids will be performed. To
demonstrate the separation power of this technique, a
separation of a Chromeo P503 labeled tryptic digest of
bovine serum albumin (BSA) will be performed to
measure the effective peak capacity.

micro free flow electrophoresis (µFFE ) as the second
dimension separation technique to reduce this loss in
peak capacity. Since µFFE is a continuous sampling
technique, sampling rate is determined only by the
exposure rate of the camera in the detection scheme,
1
anywhere from 100-500 milliseconds ( = 0.99).2
𝛽

Experimental

Objectives
• Develop and optimize a method for a zero dead
volume connection to the µFFE device.
• Build a CE instrument and characterize its injection
reproducibility while connected to the µFFE device.
• Perform a 2D separation on a 3 dye sample as a proof
of concept

Currently, no other separation has been performed
using CE coupled to µFFE in which no significant loss in
peak capacity was observed.

Future Work

𝛽

A homebuilt Capillary Electrophoresis (CE)
instrument has been coupled to a µFFE chip via edge-on
zero dead volume connection. All separations were
performed on a 45 cm capillary at 25 kV. The buffer used
for all CE separations was 20mM CAPS adjusted to pH
10.11. Separation buffers prepared for use in the µFFE
device were 20mM CAPS adjusted to pH 10.11, 25 mM
HEPES adjusted to a pH of 7.01, and 25mM Acetate
adjusted to pH of 3.98. All buffers used in the device also
had 300 µM Triton X-100 to act as a surfactant. All
detection was done by laser induced fluorescence and
recorded to a charged coupled device camera. A laser
linescan was taken across the separation channel of the
chip or capillary and an exposure rate of 500 milliseconds
was used.

Replicate injections showed a variability of no
greater than 5% which is acceptable. On capillary and
off capillary measurements of peak widths are
different by an average 0.001 minutes showing that no
significant loss in peak shape is observed after peaks
enter the µFFE device.

Figure 3. Picture of complete instrument setup. The end of
the capillary off the device is placed in buffer solution with a
platinum wire connected to a power supply, and voltage is
applied.

Figure 4. Comparison of peak shape on capillary and off
capillary as the peaks enter the µFFE separation channel
during a 2D separation. Peaks identified in order from left
to right are rhodamine 123, rhodamine 110, and
fluorescein.

Once the instrumentation methodology has been
perfected to maximize peak capacity, the µFFE device
will be coupled with online micro dialysis capillary
electrophoresis to provide real time branch chain
amino acid concentrations in vivo.
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Figure 5. Four consecutive injections were
performed and each peak was analyzed for its
area and height. Each injection was loaded
onto the capillary at 10 kV for 7 seconds.
Rhodamine 123, rhodamine 110 and
fluorescein were identified as peaks 1, 2, and 3
respectively.

Figure 6. 2D separation of the 3 dyes, each 1 µM,
rhodamine 123, rhodamine 110, and fluorescein. A
sample plug was loaded on the capillary at 10 kV for 7
seconds. Each peak was plotted with its corresponding 1st
dimensional electropherogram by taking a vertical slice
through the 2D graph and plotting the signal intensity
against time.
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