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Development of a Flow Injection Capillary Electrophoresis (FI-CE) System

Flow-injection (FI) is an analytical technique based on

the injection of a liquid sample into a moving, non-

segmented, carrier stream of reagent, ultimately forming a

zone that disperses as it reaches a detector. Capillary

electrophoresis (CE) is a versatile separations technique that

separates molecules based on differences in their charge-to-

mass ratios in the presence of a voltage gradient. Only a few

studies have documented the coupling of FI and CE. Herein,

we describe the development of an automated FI-CE system

incorporating a miniature UV-VIS and CCD spectrometer for

full spectrum acquisition and operating in a graphical

programming environment. A novel interface has been

developed that allows for the detection of low levels of

material, specifically, small biological compounds and trace

metal species. The coupling of FI and CE will provide a more

powerful and efficient means of sample introduction and pre-

treatment. At present optimization of experimental conditions

of the FI-CE system are underway.

CE is a separation technique used to examine minute

quantities of material in a high throughput process. CE

separates molecules based on differences in the charge-to-

mass ratios of molecules in the presence of a voltage gradient.

In FI analysis a sample is injected into a moving stream using a

manifold pumping system. The sample is then detected

downstream. In the present studies UV-VIS detection is used.

This is a rapid and reproducible analytical technique that uses a

constant stream of sample.

In FI-CE a sample is injected by pressure within the FI

system. Sample flows through a plexiglas block at one end of

the block where a platinum electrode is situated.  At the other

end a capillary is vertically inserted into the block. Both

electrode and capillary are placed into the stream positioned in

the center of the inlet cross flow.  Herein, we describe our

results in optimizing experimental conditions for FI-CE by

adjusting the flow rate, sampling volume, and voltage of

electrophoresis.

The FICE system is shown in Figure 1 consists of a high voltage

power supply, UV-VIS detector, flow pump, interface module block, and

computer, which has now been modified with fiber optics. Different flow

rates were used to determine if the flow rate affected the peak shape.

By varying the pump speed different flow rates we obtained and used to

determine if differences in peak size and shape could be observed.

Injections were changed and the voltage was varied to see if there were

differences in peak size. Experiments show that the system is viable but

much improvement is needed to optimize the system. Figure 2 is an
electropherogram showing multiple injections of DMF using UV/Vis

detection which indicates that the system has the ability for separation.
Figure 3 and 4  show a series of dilutions from 50, 40, 30, 20, 10 mM of
DMF. Figure 3 shows the original horizontal block system as seen in
Figure 1. Figure 4  shows the new vertical block system. It is noted that

the newer block allows for a better detection thus higher peaks. There

are inherent problems in the current FI-CE system. Air bubbles form

within the interface block. To resolve this, a filtration system will be used

to remove bubbles prior to the point of detection. We will also de-gas

the buffer solutions or use a sonicator to reduce background noise

inherent in the electropherograms. Sealing several joints may also

reduce the air entering the system. Different size tubes will be tested to

determine if background noise is reduced. The block’s interior

dimensions may affect the air system. Currently UV/Vis detection is

being replaced by fiber optics.
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We have demonstrated that FI-CE is a versatile technique to
examine minute quantities of biological materials. The current prototype
developed here has the capability and potential to examine a myriad of
compounds including anions and cations, proteins, and DNA. Further
improvements in the FI-CE device are currently being made which will aid
in optimizing conditions for separation.
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Figure 4

4 injections of 0.5mg/mL NADH: 0.5 mg/mL Vancomycin
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