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Prospectus
Josh Kelly

Introduction and Goals

The goal of my project is to sort liquid crystal droplets using electric fields and automated
optical detection. The type of liquid crystal my project aims to sort is special, it is a fluid containing
liquid crystal domains made from stacked DNA[6]. A second sub project has evolved from the main
project, where we aim to create smectic phase shells. I am working on these two projects under
Matthew Glaser and Noel Clark in the Liquid Crystal Materials Rescarch Center (LCMRC).

Microfluidics are a rapidly expanding technology, that have applications in many areas of
science and engineering, as well as pure science. Most applications are in biomedical research, and can
be used to do chemistry on a very small scale, and in doing so reduce the amount of rare or expensive
reagents. It also provide a very fine degree of control over very small amounts of fluid. This can
accomplish as vast array of tasks, some common ones are high speed sorting and analysis of individual
cells [1]. Liquid crystal shells presently only have applications to pure science as far as [ know [3].
However similar designer emulsions have applications in medicine, such as targeted drug delivery.

Our particular project has applications to understanding the origins of life. Specifically it may
give insight into how dsDNA (short for double stranded DNA) could have self assembled from the
“primordial soup”,

Background

There is more to DNA than enceding genetic information. It has interesting structural
propertics, such as the ability to form liquid crystal phases. A liquid crystal, like what its name
suggests, has properties of both liquids and crystailine materials. It flows like a liquid, however it
retains a certain amount of orientational order. For example, a liquid crystal could be made of
molecules that flow, however all the molecule may be pointing in the same or nearly the same direction
on average (assuming the molecules are longer in one direction). This has many uses, especially in
optics. Most modern computer screens use liquid crystals, thus the name “Liquid Crystal Display”, or
LCD.

One common optical property is called birefringence. This is property of liquid crystals comes
from having an anisotropic index of refraction. Because the molecules in liquid crystal are usually rod
shaped, and have an average orientation (called a director) the index of refraction will be non uniform.
This optical anisotropy can create clliptical polarization of incoming light.

Birefringence is useful for many reason, however it gives me a very convenient way to detect
small amounts of DNA in solution. The LCMRC did an experiment where they put short
complementary (10-20 base pair) segments of dsDNA helix halves in solution. As expected, some of
these helix halves found their complement and formed short segments of dsSDNA. There short
segments are rod like in shape and stiff. This property gives them liquid crystal behavior. Their ends
are also hydrophobic. These factors allow the segments to stack like soup cans. An open question is
whether stacking in this manner aids the segments to fuse into longer chains, forming a possible basis
for DNA synthesis from simpler components.

I can inject the solution into a microfluidic device. The device forms small (picoliter) droplets
of water in oil, where each droplet could contain DNA. Using a laser and crossed polarizers to detect
birefringence in the droplets, I can detect liquid crystal and steer the droplet down one of two exit
channels using electric fields (as water is polar).

Most of the components of this system are currently working, however I am having trouble with
5-10 micron diameter dust particles jamming my devices, and it has taken a surprising amount of
engineering to minimize this issue.




Methods

The techniques for building mircrofluidic devices are quite involved, so I will only give a brief
overview. There are two basic types of devices, glass capillary and PDMS. PDMS is a soft polymer
that is transparent, and feels a lot like rubber. I will start with describing glass capillary devices, as
they are simpler.

Glass capillary microfluidic devices work by injecting a fluid into another fluid that it is
immiscible in, such as oil in water. If you do this in such a way to generate a shearing flow on the fluid
you are injecting, it will pinch off a droplet. Just think of a leaky faucet. The surrounding fluid is air,
and the injecting fluid is water. There is no shear flow needed in this case, however you can imagine
you could form smaller water droplets if there was one.

Glass capillary devices are made from glass micro-needles. These are formed with a tool called
a pipette puller, which heats the glass in the middle and pulls the pipette apart, forming two very sharp
needles. The tips of the needles can be precisely broken off to create apertures of the appropriate size
(about 10 to 100 microns) and then assembled into a microfluidic device. The downside of glass
capillary devices is they are linear, there is only one path droplets can take through them. The positive
is that glass is chemically resistant, and the cylindrical symmetry allows for a 3D flow.

PDMS microfluidic devices are fabricated using a complicated multi step procedure, involving
lithography. Essentially a mold of the fluid channels is patterned in a photosensitive epoxy called SUS.
UV lights and standard photelithography procedures are used, although this is a very sensitive process.

After a mold is created, PDMS is poured on the mold and allowed to cure in an over. Then the
PDMS is peeled off the mold and bonded to glass using an oxygen plasma bonding process. This
forms rectangular channels at a very small channel. Some of the devices have channels as narrow as 10
microns. The benefit is these devices can be nonlinear. Channels can branch is any way possible in
2D (as 1n left or right, there is of course height to the channels), and 3D if you are clever. The
disadvantage is PDMS is more chemically active than glass, and rectangular channels tend to squeeze
the droplets. In glass devices the droplets tend to stay in the middle of the channel.

For analysis I am using crossed polarizers and a laser shining through a refraction microscope.
This allows me to detect droplets, as the crossed polarizers only allow light through the optical path
when birefringent material passes between them. Iuse a photodiode mounted over an eyepiece of the
microscope to detect changes in laser intensity. This is connected to a micro-controlled for automated
detection/control. The electrodes are made of low melting temperature solder injected into specially
made fluid channels. These are brought to about 1kV at 100kHz AC by a simple transformer. Steering
droplets this way is called dielectrophoresis. By combining all this, I can potentially steer droplets
down a channel left or right, although I have not yet integrated all these components successfully to be
totally operational.




Timeline

Year of 2009 — This was the first year of my project. A lot of it was learning the basics of my
project and literature. Ispent a fair amount of time building glass microfluidic devices and
getting emulsions formed properly. Then I spent some time building PDMS devices and trying
to get them to work. It was not always easy or straightforward, although I did make progress. I
think the largest accomplishment I made was the creation of my optical sensor for detecting
droplets. I was rather pleased it had good enough sensitivity and frequency.

Summer 2010 - Worked on fabricating electrodes. Built ITO electrodes, eventually used solder
clectrodes. Attempted to use 100 micron scale fluid channels. This did not work, the flow was
turbulent. Designed and made 20 micron scale devices. I also spent a lot of time trying to get
the lithography process to work at higher resolutions (it is easy to make 100 micron features,
less so to make 10), which I eventually did. I had built the optical sensor previously, however
over the summer [ set up the laser detection system, as well as designed and began
programming the micro-controller.

Fall 2010 - After having many devices destroyed by dust, [ took a diversion to create dust free
systems. Iused glass capillary devices as a test bed as they are around 10x as fast to build vs
PDMS devices. This led to a couple side projects. One is to create blue phase liquid crystal
emulsions, which I have done successfully, although it needs to be a little refined. Also our
group has been interested in creating double emulsions of liquid crystals, which is one of the
things I am currently working on. 1also recently built a temperature controlled microfluidic
device to study phase transitions.
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