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materials, which use molecules similar to some found in biology to perform electronic
functions now done by silicon and other minerals and metals. These materials can be
applied in economical non-conventional ways to create displays, transistors,
modulators, memory storage devices, and even used as power sources on glass and
most notably flexible plastic substrates.

THE ORGANIC ADVANTAGE

The traditional electronic device is often laid on a silicon chip that is processed and
coated with rare earth elements such as gallium and arsenide. There are literally less
than a hundred or so known compounds that can be used (conversely, organics provide
over a million different compounds) in a high temperature process near 1,000°C in
extremely controlled environments. In addition, they typically require vacuums in the
range of 1x107 or greater. Present day TFT (thin film transistors) and LCDs (liquid
crystal displays) are fabricated in large vacuum reactors using a process known as a
VTE (vacuum thermal evaporation).
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Figure 2. A schematic of a typical VTE used in
TFT and LCD panels.

In conventional VTE, the reactor chamber achieves a vacuum of 1X10-7. The source
material is heated to <800°C and the vapor it generates evolves within the reactor. At
the top of the reactor, substrates are held upside down against a cooling block above
the vapor. The source material condenses onto the substrate. However, several issues
become problematic. For instance, the coating thickness requires very precise
temperature controls. The difference of just 1 degree Celsius can affect the coating by
a factor of x10. In addition, as little as 3% of the source material ever makes it onto a
product, since most of the vapor coats the housing of the reactor. As a result,
production runs are frequently shut down because the reactors start to build-up thick
coatings that start to precipitate onto the substrates. These shutdowns are costly in
time and affect product yields.



DESIGN CONSIDERATIONS FOR OVPD

The goal for the Princeton OCM (Optoelectronic Component Materials) Group was to
design a reactor for TFT that could take advantage of the low temperature
requirements of organic materials and to utilize a carrier gas such as N, to flow the
evaporating gas towards the substrate. Making a glass reactor as a “proof of concept”
model offered the fastest and most economical way to prove OVPD capabilities.

<}

Figure 3. The initial design for the OVPD.

The design goals for the first OVPD were fairly simple. A large entry was required for
loading the substrate holder. Normal borosilicate glass was acceptable because
temperatures would not exceed 300°C. The center region of the reactor would have to
fit into a clamshell tube furnace. Each open end on both sides of the reactor would be
outside the furnace. Thus viton O-rings were acceptable as gaskets for the O-ring
joints; this was a big advantage since it would be a low pressure system that would
flow inert gas over non-volatile material at a pressure no greater than 1X10-. Source
boats had to be able to telescope in or out of the hot zone and still maintain an air free
environment. This was achieved by using #7 Chem Threads® as the slide fitting for
the source boat pull rods. At the time, the biggest design obstacle appeared to be that
the users would want to be able to isolate and deliver four different source materials.
For these purposes, the original design in figure 3 worked quite well. However, the
construction and later repair of the reactor was problematic. This involved sealing the
four 1.5" o.d. source tubes nearly one meter long to the seat inlets on the 5" reactor
tube. Since the seat inlets were modified 18/9 sockets and the supporting material
where it was sealed to the 5" material was a mere 1/2" tube, the strain was constant at
this juncture. Moreover, as source boats would slide up and down, scratches would
occur. This put into play, the well known flaw plus tension equation that no doubt led
to some of the later breakages. I would also learn that the group would occasionally
run the temperature past 450°C at regular intervals to ash clean the organics. In more
than one case, this led to extreme sagging and the eventual replacement of the whole
reactor. It seemed that every case was a very difficult repair job, even to replace just
one broken flange or a component of the reactor.

THE SECOND GENERATION OVPD

Someone once noted that “Perfection is the obstacle to achievement....” The existing
OVPD was proving to be functional despite the occasional disruptions from
breakages. Indeed, because the OVPD was in constant use, the disruption of a repair
would cause a backlog, which made it imperative to get the instrument fixed as soon
as possible. In this mode, re-designs and improvements on an existing instrument are



often shifted to the rear in priorities. Nevertheless, with the direction of graduate
student Max Schtein, a new design was developed for the OVPD. The overall
objectives were to make the reactor functions more modular and replaceable and to
install new features such as an exhaust port and an observation port to insert an
inferometer to monitor the thickness of the coating on the substrate.
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Figure 4. The 2nd generation OVPD.

Ultimately, this new design achieved these objectives. In Figure 4, we see that the reactor
has a uni-body that acts as an envelope. Each source barrel is mechanically fixtured inside
the reactor. A spacer made of refractory insulation block helps support the barrels inside
the reactor. The source cells holding the organic can be slid into or out of the hot zone.
Each source barrel has an inert
gas inlet to allow gas flow to
move the phase vapor through Heated Chamber Wall

the nozzle outlet and onto the /
substrate holder. —_ x

- f-/
With this design, each part - ((/'T\
v ] P’org
became replaceable. Indeed, Carrier mﬂ \ =2 - cooled
redundant parts could be 825 Source| Substrate
made and if an occasional cel §
source tube cracked, it could
be easily replaced. In the Figure 5. The flow dynamics of the OVPD.
meantime, the broken part

could be fixed and rotated into back-up parts. The reactor’s performance was also
enhanced with the addition of two outlets in the antechamber area. The inlet on the
bottom acts as an exhaust port. If the reactor needs cleaning, the organics are burned off
of the walls and the expensive compound is reclaimed by vacuum in the exhaust port.
The inlet on top allows a light probe to measure the thickness of the coating as it occurs.
Amazingly the molecules applied to the substrate emit extremely bright light when a
current is applied. Yet the coating is approximately 1/1000th the thickness of a human
hair. When the light display is not active, the screen is 90% transparent to light.
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Glassblowing Holders: From Production to Research

and Development
by
Richard Ponton
Procter and Gamble Company
Cincinnati, OH 45252

ABSTRACT

This paper will discuss five separate holders that [ have used over the past years. As
a glassblower who has worked both in the production and research fields at various
times in my career, I have come to the conclusion that the holders commonly used by
production shops can come in very handy to the custom glass shop. Types of holders
to be discussed include grind tool for extractor thimbles/side ring seals, condenser
tool, filter funnel frit holder, resizing i.d. mold tool, and resizing o.d. mold tube.

In the past few years, I have had the opportunity to work in a large-scale production shop.
There, it was necessary to develop a selection of holders that would enable me to produce
a high volume of glassware with consistent results while maintaining a high level of
quality. In this paper, I will be discussing a few of the holders that I developed while
working in a production environment. I will conclude by discussing some holders that 1
have since used in my new shop at Procter and Gamble, a custom type shop.

Figure 1 Figure 2

The first holder that I will be discussing I call a “Grind tool for extractor thimbles.” Here
you see a standard liquid/liquid extractor (Figure 1). To the right of the body, you see the
extractor thimble. This next slide shows a close-up of the top of the thimble (Figure 2). The
portions that are highlighted are the support arms. It is these parts that I will be grinding.

In order to assemble the holder, it is first necessary to make some measurements of
various tubing. The first tubing to be measured is the tubing that will be used in the
thimble itself, in this case, 9mm medium wall (Figure 3). It is then necessary to find
a tubing that has an inner dimension (i.d.) that is slightly larger than your first tube, in
this case, 1/2" medium wall worked well as it has a ~9.5mm i.d. (Figure 4). The next





















Liquid/Liquid Extraction
by
James R. Hodgson
Department of Chemistry
Kansas State University
Manhattan, Kansas 66506

ABSTRACT

Purifying a product is an important chemical process. Often the desired compound must
be separated from the starting materials, impurities, side products and solvents used
during the reaction. Liquid/Liquid extraction is one method of achieving this. The basic
process of liquid/liquid extraction and the functioning of different styles of liquid/liquid
extractors will be addressed. This will range from historical to present-day usage.

INTRODUCTION

Each year when filling out my annual evaluation form there is a space for goals. One of
my most consistent goals has been to understand what scientific glassware is used for
and how it functions. Without understanding what we as scientific glassblowers are
fabricating, we cannot offer meaningful suggestions which might improve the design or
help the researcher realize his goals more effectively. Besides, it is just more fun to know
how things work.

As a member of the Education Committee of the ASGS, I feel that this understanding
of “how things work” is a key to the enjoyment of our profession and our success in
our chosen careers. Today 1 would like to share with you a particularly fascinating
piece of glassware, the liquid/liquid continuous extractor: what it is used for and how
it functions.

Before we get to liquid/liquid extractors let us backtrack to discuss some basic
chemistry which will help us better understand liquid/liquid extraction.

BACKGROUND

Alarge portion of chemistry is involved with separations. After completing a reaction,
you do not “all of a sudden” have the pure material which you desire. You usually
must separate it from your starting materials, impurities, side products and any
solvents you have used to run the reaction.

There are many different methods used to separate desirable compounds from other
material. You are probably familiar with some of these such as,

* recrystallization (for purification of solids)

* distillation (for purification of liquids)

* sublimation

* lyophilization (freeze drying)

* column chromatography

* extraction
and many more.
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Since liquid/liquid continuous extractors are the subject of this paper, let us take a closer look
at extraction and define some terms which will be useful in understanding our apparatus.

Extraction — a method of isolating a desired compound from other material by
contact of the mixture with a second phase. In our case, the phases are both liquid and
the two liquids must be immiscible.

Immiscible — not capable of mixing together, substances such as oil and water are said
to be immiscible.

Solvent — a substance in which another substance (solute) is dissolved.
Solute — a substance which is dissolved in another substance (solvent).
Aqueous - relating to water.

Partition or Distribution Coefficient - the ratio of the concentration of solute dissolved
in one solvent to the concentration of solute dissolved in another solvent when the two
immiscible solvents are mixed together and are at equilibrium. This is often denoted as:

_ concentration of solute in solvent A
~ concentration of solute in solvent B

Often liquid/liquid extraction is used to separate an organic compound from an aqueous
solution using an organic solvent as the extracting media. Several criteria should be met.
* The extraction solvent should be immiscible with the aqueous solution.
¢ The material to be extracted should be soluble in the extraction solvent,
preferably more soluble than in the aqueous solution.
¢ The extraction solvent should not react chemically with the compound or other
material in the aqueous solution.
e After the extraction is complete, the extraction solvent should be easily
separated from the desired compound.

The simplest form of liquid/liquid
extraction is a batch extraction with a
separatory funnel. In a highly simplistic
example, suppose there were two
different organic compounds (black and
white) dissolved in water (an aqueous
solution) and we desire to extract the
white (Figure 1). Ideally we would select
an immiscible organic solvent in which
only the white compound was soluble.

Figure 1. The extraction process. A. Solvent 1
contains a mixture of molecules (black and
white). It is desired to separate the white
molecules by extraction. A second solvent
(shaded), which is immiscible with the first
solvent, is added, and the two solvents are
shaken together, B. After the separation of
layers, most white molecules, but not all, have been extracted into the new solvent. C, With
separation of the two layers, the black and white molecules have been partially separated.'

'From Introduction to Organic Laboratory Techniques, 3rd edition by Pavia. ©1988. Reprinted with
permission of Brooks/Cole, a division of Thomson Learning: www.thomsonrights.com.
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Pour your aqueous solution into the
separatory funnel, add your organic
solvent, shake them together, allow
them to separate, drain off the bottom
layer and pour off the organic layer
which has extracted a portion of your
desired compound. Repeat as necessary.
Evaporate off your organic solvent and
claim your compound. If only it were so
simple. The basic process is fairly
elementary, but the devil is in the
details. As you can see from the
following overhead it is not a simple
matter at all. This is merely one page of
references out of three from a single
article on extraction in 1958 (Figure 2).2

A batch extraction using a separatory
funnel works well with the proper
selection of solvents and if the

distribution coefficient is large. But even
in an ideal case you will often hear that

Figure 2

“Several small extractions are more efficient than one large extraction.” If the distribution
coefficient is small, then those “‘several” small extractions can multiply into “many” small
extractions and you may end up spending all your time shaking a funnel and using large

amounts of solvent which then have to be disposed of.

CONTINUOUS LIQUID/LIQUID EXTRACTORS

The continuous liquid/liquid extractor is the
answer to these problems. It offers four main
advantages.
» It uses relatively little solvent.
* It works for relatively poor distribution
coefficients.
* It does not require the physical presence of
an operator.
* It can be configured for “more” or “less”
dense operation.
Examination of different styles of continuous
liquid/liquid extractors will illustrate these
advantages.

In this early (1937) extractor (Figure 3)* by S.

2Reprinted in part with permission from G. H. Morrison and
H. Freiser, Analytical Chemistry, 30 (1958): 632-640. Copyright
1958 American Chemical Society.

3Reprinted in part with permission from S. Wehrli, “Ein Apparat zur
Extraction von Losungen mit Schweren Losungsmitteln,” Helvetica
Chimica Acta, 20 (1937): 927-931. Copyright 1937 Schweizerische
Chemische Gesellschaft, Basel. Verlag Helvetica Chimica Acta AG.

17

110

400

DD )

[

Figure 3



Wehrli, the extracting solvent is placed in flask S. The less dense material being
extracted is located in portion A of the long column. When the round bottom flask is
heated, the extracting solvent is continuously distilled, condenses in the Allihn
condenser R and, because it is more dense, drips through area A, extracting the solute
as it goes and collecting at the bottom of the apparatus. Eventually it will fill arm H
and overflow back into the round bottom flask. From here it is redistilled; the fresh
solvent repeats the cycle and the extracted solute becomes more and more
concentrated in the round bottom flask. As you can see, this operation illustrates the
four main advantages:

» Through constant redistillation and recycling of the extracting solvent the total
amount of solvent is kept relatively small.

* Even if the distribution coefficient is small and the extraction is inefficient,
because of the continuous nature of the process, the extractor overcomes these
drawbacks. In effect it is many, many small extractions.

e Itis easy to see that no operator is needed to shake the apparatus, drain off the
appropriate layer and add fresh solvent as in the case of a batch distillation using
a separatory funnel.

e This extractor, by design, is permanently configured for “more” dense
operation. That is, the extracting solvent is more dense than the solvent
containing the material being extracted. These are also sometimes referred to as
“heavier than water” extractors because many extractions use an organic solvent
to extract the solute from the aqueous solution. In this case, the extracting
solvent, chloroform is “heavier” or “more dense” than the water.

The following figures are of the “heavier than water” style. These are currently available
from laboratory glassware suppliers and function on the same basic principle seen in the
S. Werhli extractor:

e There is a way to distill the
extracting solvent.

e The extracting solvent is
condensed and passes through
the material to be extracted.

e The extracting solvent with
dissolved solute returns to the
distillation pot for reuse.

In this example (Figure 4), the flask
containing the aqueous solution can
be varied in size to accommodate
different amounts of material. A
small portion of the extracting
solvent is placed in the larger flask.
The upper assembly is put in place
and the extractor is filled with the
material to be extracted. The
smaller flask is filled with the

extracting solvent apd the extrac-  Fjgures 4 and 5. Apparatus, Continuous Liquid/Liquid,
tion process can begin. Heavier than Water, Courtesy of Kimble/Kontes.
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This smaller apparatus (Figure 5) is designed to hold 5-10ml of the material being
extracted. Again, a small portion of the more dense extracting solvent is placed in the main
body tube, the less dense solution to be extracted is added, the round bottom flask is filled
with the extracting solvent, and the extraction process can proceed until completion.

If the material to be extracted is in a solution which
is more dense than the extracting solution, obviously
a problem arises. The less dense solution will just sit
on top of the more dense solution and no extraction
will occur. In this case, an extractor of “less” dense
or “lighter than water” style will be necessary.

R sessesen)

The “lighter than water” extractor works by —
conducting the less dense extracting solution to
the bottom of the extracting chamber. This is most
often achieved through the use of a solvent guide
tube which gives the extracting solvent enough
hydrostatic head so that it can force its way out
the bottom of the guide tube. From there, being
less dense, it bubbles up through the material to
be extracted and returns to the distillation flask
for reuse.

In this first example (Figure 6), it can be readily
seen that processes of distillation, condensation, Figure 6. Extraction Apparatus,
and extraction, followed by redistillation are the Courtesy of Ace Glass.
same as in the “heavier than water” extractor. The
solvent guide tube is the main difference. The body
of the extraction apparatus is filled with the material
to be extracted. The flask is filled with the
extracting solvent. Initially the extracting solvent
will not pass through the material being extracted,
but as the guide tube starts to fill, enough hydro-
static pressure will be developed to eventually force
the extracting solvent out the bottom. The solvent
extracts as it rises and returns to the distillation flask
via the return arm.

This second example (Figure 7) functions in
exactly the same way. The aqueous solution is
placed in the large flask. The “less dense”
extracting solvent is placed in the smaller flask
attached to the return arm. The extracting solvent is
distilled from smaller flask, condenses and drips
into the solvent guide tube, extracts the desired
material as it bubbles up through the aqueous
solution and overflows into the distillation flask,
via the return arm, for reuse.

Figure 7. Apparatus, Continuous
Liquid/Liquid, Lighter than Water,
Courtesy of Kimble/Kontes.
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This Mini-Lab extractor (Figure 8) is a nice compact unit
for small amounts of material. Note the solvent guide tube
which gives the extracting solvent enough pressure to push
down through the more dense material being extracted. This

Figure 9. Apparatus, Continuous
Solid/Liquid — Liquid/Liquid,
Courtesy of Kimble/Kontes.*

extractor does not have
a return arm. The
extracting solvent
overflows and returns
to the outer, distilling
chamber down the
outside of the inner
chamber.

There are many, many
different designs of
continuous liquid/liquid
extractors. Some extractors,
such as the Mini-Lab
extractor can be con-
figured to act as both a
“heavier than water”
and “lighter than water”
extractor by changing
the solvent guide tube.

Figure 8. Mini-Lab
Extractor, courtesy of
Ace Glass.

Other extractors, such as the Combination Solid/
Liquid — Liquid/Liquid extractor (Figure 9)* designed
by Joe Gregar can be configured to serve multiple

Figure 10°

“Design at Argonne National Labs by Joseph Gregar & Ken Anderson, Ph.D.
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functions through the
proper position-ing of
stop-cocks and the
proper insert.

These historic, complex
and fascinating liquid/
liquid extractors (Figures
105, 116, 127) are, as
they say, “left as an
exercise for the reader.”
Yet, despite the apparent
complexity of some and
the simplicity of others,
they all follow the same
basic principles.

CONCLUSION

Scientific glassblowers
are an integral part of
the science of chemistry.
The knowledge of
“how things work”
adds to our value as glassblowers and the enjoyment of our profession.

9

Figure 11°¢ Figure 127
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NMR Tube Cleaner: A New Design
by
Georges Kopp
McGill University
Otto Mass Chemistry Building
Montréal, Québec H3A 2K6, Canada

ABSTRACT

Over the past 30 years as the University’s resident glassblower, 1 have had a
continuous demand to repair NMR tube cleaners. This paper details how, after many
experiments to improve upon the conventional design, I had an insight that would lead
to a radical change in design and concept. This new innovative type of NMR tube
cleaner, which is much more durable than the conventional type, led to the invention
of a semi-automatic vial or small flask cleaner.

A LITTLE BACKGROUND

NMR, nuclear magnetic resonance, is to chemists what MRI, magnetic resonance
imaging, is to medicine. Both will give precious information in a non-destructive manner
(a rather nice touch for human beings). This technology is so useful that today it would be
unthinkable to do research in chemistry without the aid of NMR. Many atomic nuclei
behave as though they are spinning, and, as a result of their spin, each nucleus possesses
an angular momentum and a magnetic moment. Although these two properties were
observed in the 1920’s, it took 20 years of studies to become a tool for research.

In 1938, Dr. Rabi and his team at Columbia University made some major improvements
in beam experiment, which culminated in the first observation of nuclear magnetic
resonance. This work earned Rabi a Nobel Prize in 1944. In 1946, two other scientists
working at M.LT., Bloch and Purcel, coined the term ‘nuclear magnetic resonance;’ both
earned a Nobel Prize in 1952, but it still took another 20 years for the technique to be
widely used in research. Another Nobel Prize in the same field was later awarded to
Richard Enrst in 1991. Since the mid 1970’s, many techniques have been developed to
obtain two-dimensional and then three-dimensional images of macroscopic objects.

THE THEORY

Nuclear Magnetic Resonance (NMR) is a technique to detect the chemical
environment of a nuclei in a molecule. When a molecule is placed in a strong
magnetic field, nuclei of different chemical environments will move at different and
characteristic frequencies about the magnetic field. These frequencies can be detected
with NMR by sending a radiofrequency to the sample and measuring its response.
When the radiofrequency matches the frequency at which the nuclei moves about the
magnetic field, “resonance” occurs, which creates an instrument response.

Needing to be inserted into standard cavities inside very powerful magnets being spun at
20 Hz, those NMR tubes with a very thin wall and extremely uniform in diameter, are
manufactured in staggering amounts. Several hundred thousands of these tubes are
manufactured, sold, and used each year in North America alone. Since those tubes are still
rather expensive, most chemists will try to re-use them many times before they finally end
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Generic type NMR
tube cleaner. (left) r‘ L

The NMR tube is
being inserted in the
cleaner. The cap will
keep it in place and
will seal the opening.
(middle)

Vacuum K
NMR tube cleaner

with NMR in place
ready for cleaning.
(right)

Vacuumj |

In this conventional design (below), the
solvent is introduced in the outside tube;
once vacuum is applied, the atmospheric
pressure pushes the solvent up the inner
tube. Like a hose spray, it dislodges the
waste which will drip down along the
insides of the tube into the waste flask.

Solvent
bofttle

v

T

>

Vacuum
Ny

)‘ii

Unfortunately the
inner jet (only 3mm
o.d.) is extremely
fragile, especially

pressure | at the bend: a slight
twist while inserting
j the NMR tube will
break it, resulting
. Breakage | in an extremely
difficult  repair.
(left)
My first attempt at 0
improvement was
to attach the cleaning
tube to the bottom
of the assembly.
This resulted in a
much stronger joint
and a slightly easier
repair. But this takes | VOC{m
more time to build.
Unfortunately in
this conventional

design, the jet still
smears dirty solvent to clean areas. (right)

The final design is completely different
from the original one. Because of the
flexibility of the inner tube, it can bend
without breaking (up to an extent). The
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jet actually sucks the
dirty material instead
of spraying it with
solvent. (right)

The NMR itself by
being inserted in the
cleaning solution, closes
the inner jet to the air, | Vacuum
permitting the vacuum
to draw the solvent up
the sides. The vacuum
directly sucks the dirty
material and pulls

clean solvent up the

wall into the waste flask via the stainless

steel needle. (below)

Atmospheric pressure

M

Solvent
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Below, on the right is the radically
different design. This is complete
opposite in concept and operation:
vacuum cleaning versus spray washing.

Traditional New design
design

Below is a design similar to the previous
example but the main body is constructed
entirely of stainless steel and teflon. It is
nearly unbreakable. The only glass parts, a
14/20 outer joint, is easily replaceable.

NMR tube
to be cleaned

Stainiess steel needie

NMR tube

«~Solvent
() Bottle
R 14/20 outer joint .
euerioin . [l Main Teflon part
Vacuum

Waste collection flask
NMR tube










Step 3:
A special tool made
of 2 joints is built.

Step 4.
The 2 botties are
installed on the
support tool.

Is constricted.

54~JD v 6
= e k
%%%e« tube Step 6.

Then closed.

7 r

~

—"-C:‘St_ep_ﬁ

The fiat bottom
Wam the two bottles.

8 \)
Stop: ~

el
The filing port is welded

)

and blown open. [ ~ r‘

Measurements of cleaning chamber.

i

160.00 mm

p———— 125.00 mm

A

Last minute improve-
ments. After several (
breakages last week P

in the labs, I came up

with a final solution J
on how to protect the
inner tube while
keeping the reverse
type of cleaning. 1 Solvent
made the body full |
length and blew an i
opening on the side
for the solvent.

I want to express J
my gratitude to Mr.
Trempe, Administrator and to Dr. Lennox,
Chairman of the Chemistry Department of McGill
University for their support.
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* The full spectrum of natural polyp shapes and sizes were not represented. Only the
most common shapes and sizes were used, including flat polyps that are considered
to be the most difficult to detect.

¢ The goal was to determine if the technique was adequate for detection. Reader
performance and inter observer variability was not assessed.

CONCLUSION

* An Enduring phantom was created that can test various CT techniques used at CT
Colonography. This phantom will be useful in the evaluation of new CT scanners.

« All polyps were detected regardless of their size, location on the haustral fold,
morphology, or x-ray dose, save the five polyps that were missed using 1.5
millimeter slice thickness at 5 mAS.

* In this model, polyp detection was rarely related to differences in CT technique. Other
causes of errors at CT Colonography should be investigated.

* Confirmation in a human population would be helpful in the future.
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Rapid Prototyping of Microfluidic Systems in Glass
by
Tracy O. Drier and Eric P. Codner
Department of Chemistry
University of Wisconsin
Madison, WI 53706

ABSTRACT

High-resolution microchannel flow cells were required for a new hand-held Surface
Plasmon Resonance (SPR) detector. A procedure was developed using a commercially
available high resolution photolithographic method to fabricate these channels in
glass. The samples produced with this method had uniform and consistent lateral
definition and depth. In addition, these channels demonstrated good flow
characteristics, chemical resistance and biocompatibility. This procedure can be
adapted to many applications involving small fluid channels in glass.

INTRODUCTION

A research project in the UW-Madison Chemistry Department required the fabrication
of small fluid channels in a chemically-resistant material for use in an analytical
instrument. Typically, channels of this type are formed from polydimethylsiloxane
(PDMS), but this application required a more durable seal than could be obtained with
this material. A procedure was developed using a commercially available high
resolution photolithographic method to fabricate these channels in glass. The lateral
definition and depth of the channels was uniform and consistent between samples. In
addition, these channels demonstrated good flow characteristics, chemical resistance
and biocompatibility. Fabrication of a set of channels takes approximately 30 minutes,
not including artwork preparation. Much of the work can be paralleled, so that making
multiple channels does not take significantly longer than a single unit. The completion
of this project used a technique demonstrated at the 2002 Midwest section meeting
held at the University of Wisconsin’s Chemistry Department Glass Shop.

SURFACE PLASMON RESONANCE (SPR) FUNDAMENTALS

High-resolution microchannel flow cells were required for a new hand-held Surface
Plasmon Resonance (SPR) detector. While the techniques discussed below are for a
specific application and project, they can be adapted to many applications involving
small fluid channels.

SPR is a surface-sensitive optical technique used to check to detect the presence of
biological molecules in solutions by exploiting their binding affinity for complementary
surface-bound species. SPR imaging detects biomolecular affinity on a chemically
modified gold surface by monitoring the change of index of refraction upon absorption of
the target molecules to the surface. Light is passed through a prism at an angle such that
the light is totaly reflected from the gold surface back to a detector.

Fabrication of SPR samples begins with a thin gold film vacuum deposited on one face
of a triangular prism. A polydimethylsiloxane (PDMS) mask is attached to the gold
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before and after irradiation

was by gas chromatography.! | VIAL # 4 7/09/01

Figure 10 takes you through
the time line for preparing
sample vial #4. The results of
this study entitled “Tritiated
Water on Molecular Sieves
Without Hydrogen Production”
by R. Tom Walters, Kevin
Sessions, Westinghouse Sa-
vannah River Company, LLC
Savannah River Technology Turn Off Heater gauge pressure 4 microns

Start Roughing Pump 7:08 AM

Start Diffusion Pump gauge pressure 2 microns  8:04 AM

Start Heater gauge pressure 0 microns 1:00 PM

Heater at 128°C gauge pressure 18 microns 1:20 PM

Center, Aiken, SC 29808 and | Temperature 126'C 234 PM
C. Gentile, L. Ciebiera,
Princeton University, Princeton Close Sample Vial gauge pressure 2 microns 3:00 PM

Plasma Physics Laboratory,
Princeton, NJ 08543 were Purge line with argon gauge pressure 938.6 Torr
published in Fusion Science Open Vial gauge pressure 874.5 Torr

Close Vial 3:06 PM
and Technology, Vol. 41 May
2002.

Figure 10

The opportunity to see a project through from design to published paper does not
come that often to the scientific glassblower. I learned a great deal working on this
project and the glassware was only a small part of the job. My thanks to Tom Walters
for acknowledging me in this paper and for supplying reprints. A special thanks to Jeff
Siler for my photos.

'R. Tom Walters, Kevin Sessions, C. Gentile, and L. Ciebiera, “Tritiated Water on Molecular Sieves
Without Hydrogen Production,” Fusion Science and Technology 41 (May 2002): 685-689.
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University of Utah
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Michael Wheeler — “Modification to the Wheeler 4" Oil Diffusion Pump”
Arizona State University

Department of Chemistry and Biochemistry

Tempe, AZ 85287

(480) 965-3243

mwheeler@asu.edu
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2003 Technical Workshops

Charley Amling — University of Arizona
“Bending 2'' Opaque Quartz Tubing”

Tracy Drier — University of Wisconsin-Madison
“Quick and Easy Thru Seal”

Joseph S. Gregar — Argonne National Laboratory
“Resizing Borosilicate Tubing”

Doni Hatz — Proctor and Gamble Company
“Klein (bottle) Goblet”

Tim Henthorne — Ohio State University
“Cutting Angles”

James Merritt — University of Southern California
“Silvering Solutions: A Demonstration”

Kenneth Owens — University of Missouri-St. Louis
“The Fundamentals of Giving a Scientific Glassblowing Demonstration”

Kevin Teaford — University of Utah
“Use of a Lathe Flanging Device”

The video versions of these Technical Workshops are in the ASGS video library
and are available to be loaned out.
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