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ABSTRACT

In this work, a compact system of microchip capillary electrophoresis (MCE)
with capacitively coupled contactless conductivity detection (C*D) was developed.
The MCE separation was studied in a self-made microchannel in microfluidic chip.
The chip was made of poly(dimethylsiloxane) (PDMS) by casting technique. The
master mold was produced from printed circuit board (PCB) by Etched Wiring Board
Technique (EWBT) and was spin-coated by poly(methylmethacrylate) (PMMA) to
smoothen the surface. The microchannel was designed as a cross microchannel with
channel width and depth of 200 ym and 30 pm respectively. The separation chan-
nel length was 5 cm (from sample reservoir to buffer waste reservoir), whereas, the
loading channel length was 1 ¢cm (from sample waste reservoir to buffer reservoir).
The microfluidic chip was combined with the PCB detection platform, which the
two planar detection electrodes and a Faraday shield between them were created
by EWBT technique. Oxygen plasma was used for bonding of the two parts and
reducing hydrophobicity of the microchannel walls. The integration generated the
MCE-C*D device which its dimensions were 60 x 100 x 5 mm? with the separation
channel effective length of 3.5 cm (from the cross to detection cell). The MCE-C*D
device was used in association with the C*D detector, which the detection and con-

trol electronic boards were installed in two aluminum shield boxes. The detector and
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associated high voltage power supplies were designed to be controlled via computer
software. Each high voltage power supply can be varied between 0 V and 2,500 V.
The excitation voltage was 25 V peak-to-peak with the frequency ranging from 0-250
kHz. The data acquired from the experiments was collected as .text file and plotted
as electropherograms by SigmaPlot program and was smoothen by Low Pass Filter

transform.

The MCE-C*D system was tested by the detection of signals from stan-
dard solution of inorganic ions; Lit, Na®™, K*. The sample solutions were prepared
from chloride salts with deionized water. The background electrolyte (BGE) was
MES/His of pH 6.1. The sample was loaded into the microchannel by gated sample
injection mode with the loading time of 5 seconds. Some important parameters such
as concentration of BGE, separation voltage, analyte concentration, were studied and
optimized. The results showed that the suitable conditions for this system were 20
mM BGE, 600-800 V separation voltage, and 5-20 mM analytes. The three sample
signals were detected as positive peaks with the shortest and longest migration times
for KT and Lit*, respectively. The performance of the separation was also calculated
by some performance indices such as resolution (Rg), number of theoretical plates
(N), and signal to noise ratio (SNR). The maximum values from the experiments
were Rg = 0.97, N = 2.3 x 10?, and SNR = 4.34.

The MCE-C*D system was also applied for the detection of caffeine in cof-
fees. The dynamic complexation was used for caffeine separation. Solutions of stan-
dard pure caffeine, instant decaffeinated coffee, and instant normal coffee were served
as sample solutions. The BGE was 20 mM solution of 3,4-dimethoxycinnamic acid
of pH 8.5. Caffeine signal was detected as negative peak from standard solution of
concentration 0.1 g caffeine/50 mL BGE. In instant coffee samples, the MCE-C*D
system cannot detect any sign of caffeine. However, the peak did show up after adding

some amount of pure caffeine, but only in the case of normal coffee sample.
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