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Background
Microfluidics deals with the manipulation of small quantities of liquid on 
the micro-liter scale. The motivation to explore the field of microfluidics is 
congruent with that of µ-TAS technology. µ-TAS devices have the potential 
to replace large, expensive analytical machinery such as GC-MS and ICP-
MS in the future since they inherently require very small volumes of 
sample, are portable, and can be cheaply and efficiently mass-produced1.

Their rapid and cheap fabrication makes our microfluidic devices 
amenable to use in undergraduate and high school chemistry curricula. 
There is also vast variable space to explore with the creation of these chips, 
making them the perfect opportunity to deliver a lab module in a DBL 
format and introduce the concept of DoE. Other fabrication methods, 
namely photolithography, are relatively complex and expensive, making 
them harder to integrate in schools on a tighter budget2.

Results
 We used these devices along with a high-voltage power supply to separate 

a mixture of two differently colored food dyes on-chip in less than 15 
seconds

 For our manuscript, we chose three of our own experimental conditions 
at two different levels and used Minitab to generate our own randomized 
DoE trials:

Abstract
 Microchip capillary electrophoresis (micro CE) – technique that 

separates compounds from each other within a solution, using a large 
voltage and a capillary 

 New fabrication technique for microfluidic chips that is simple, 
affordable, and accessible, making rapid prototyping possible

 Lab module centered around the creation and use of these chips to 
demonstrate the essentials of chemical separations, formal factorial 
design of experiments (DoE), and design-based learning (DBL) – to be 
used in undergraduate and high school curricula

 Students iteratively design and fabricate several chips and evaluate their 
separation efficiency using food dyes under a variety of experimental 
conditions in the lab

 Module to be distributed in an article published in J. Chem. Ed.
 Future research – integrating electrochemical detection via amperometry 

onto chips, creating a complete micro-scale total analysis system (µ-TAS) 
for detecting neurotransmitters in vivo
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Trial Separation 
Voltage (V)

Buffer 
Concentration 

(M)

Chip Design Separation 
Time (s)

1 1000 0.001 Squiggle 18.2
2 1500 0.1 Simple Cross 10.3
3 1500 0.001 Squiggle 13.2
4 1000 0.001 Simple Cross 10.0
5 1000 0.1 Simple Cross 8.2
6 1500 0.1 Squiggle 12.4
7 1500 0.001 Simple Cross 9.6
8 1000 0.1 Squiggle 12.1
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Device Fabrication

Rapid Dye Separations

1) Initial AutoCAD design 2) Chip pieces cut on acrylic sheet 
with CO2 laser 

3) Rigorously cleaned in sonicator
4) Cut pieces face-up on Al blocks, 

faces covered in ethanol

4) Al and acrylic pieces sandwiched 
and tightly squeezed in vise, 
ready for solvothermal 
bonding

5) Completed device tested for proper 
sealing

Table 1. Results from our ‘proof of principle’ DoE trials.

Figure 1. 3D representation of the results in Table 1. This image suggests that 
the simple cross design, lower buffer concentration, and lower voltage results 
in the fastest separation time.
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6) A few examples of the many possible chip designs


