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Abstract

The purpose of this research was to create agestiay to permit multiple chemical reactions. Alticell
distribution system (MDS) was created to perforaeaes of chemical reactions simultaneously as in
combinatorial chemistry. The MDS must be capalbkelerating concentrated acids and bases (sulfuric
and nitric acids). The materials investigated wtass, Teflol™, ceramics, clay, metals and rapid
prototyping material. Hydrophobicity, optimal chmeeh dimensions and radius of flow were also conside
to maximize laminar flow. The distribution systaso requires a seal from outside substances. By
minimizing the number of solution exchanges neeatezhch cell, cross contamination was minimized.
The use of implanted valves was evaluated to amierenting contamination. Two MDSs are described.
The first version discussed is for combinatoriadmriistry applications. The second version was agesl
to allow electrodes to reach each reaction cdlletaiseful for electrochemistry. A concept mode$ wa
molded using solid freeform fabricatigrapid prototyping) material.

Keywords: Multicell, Distribution System, Combinatorial Electrochemistry, Rapid Prototyping,
Chemical Resistance, Glass, Teflon™, Ultra Faroflug"

1. Introduction

The goal for the MDS is to perform multiple chenhigactions at the same time to minimize the number
of variables affecting a very sensitive reactidiis helps control variables such as humidity, aiga
adsorbents, temperature, and oxygen concentralioaddition,there needs to be a method to gather data
without doing experiments one at a time. Thideslasic principle behind the design of the MDS.
Reactions can be so sensitive that previous testirgimilar devices found that each test result was
different. This was due to adding gi@to the system.

2. Combinatorial Chemistry

Combinatorial chemistry is a method of performingltiple chemical reactions at the same time. The
multicell distribution system (MDS) allows these=ahical reactions to occur at a rapid rate in aesgatic
manner that maintains the same conditions so hieatetsults will be reproducible. In addition, MBS
allows for chemical reactions to be conducted raipéd rate without contamination.

2.1. requirements of MDS

Materials used for the MDS must be capable of &tileg concentrated nitric and sulfuric acid foratiang
purposes. Nonporous materials will help preventdbals from adsorbing to the surfaces. The MDStmus
also prevent contamination from the outside. Skl minimize the amount of chemicals used during
the experiments which will also save money duragsgihg. To allow the chemicals to flow easily &xlp

cell, laminar flow is required



2.1.1. laminar flow

Laminar flow occurs when a liquid moves without mixinternally. As you can see in figure 1 beloke
walls’ friction and the liquid’s velocity have aghimpact. If the velocity is too slow, a turbuleffect
could occur with the liquid at the side of the wallurbulence occurs when a liquid mixes as it goes
through the channels. Chemical mixing is notmesuntil they reach their individual cell. Forrou
design, the liquid can not be changed so the nadderhosen need to be hydrophobic. In additiaa, th
rounder the channel, the easier the liquid fldws.

Turbulent

2.1.2. hydrophobic

hydrophobic surface because water beads up ontfacs rather than spreading but |
The MDS material should be selected from a hydrbghmaterial to aid in laminar
flow. (See Material section 3.) Figure 2 to thentighows water repelling from a
surface. This is hydrophobic as the water is motiged together. Another way to
increase laminar flow is by optimizing the chandiehensions.

Figure 2:
Hydrophobic
2.1.3. optimal channel dimensions

The optimization of channel dimensions helps wattminar flow. As you can see in figure 1, if thechel
was smaller it will help make the flow represengdhe lines smaller. The closer the lines arda¢owall,
the less likely to get a turbulent action. The Bendhe arc made by the lines of flow, the belteninar
flow is.> Thus, the smaller the radius, the more thesmidaés will travel in laminar flow. Not making
big changes in direction with the channels alspsieBy rounding out the path for the liquid, laariflow
will also improve. The problem is the difficulty machining round channels. On the other handyretia
could be rapid prototyped in the bldcklowever, it is not cost effective to make mukiplarts using rapid
prototyping. With this in mind, the channel netalbe manufacturable for mass quantity production.

2.1.4. eliminating cross contamination
A requirement is to minimize cross contaminatiotwaen each cell. By minimizing the exchanges ahea

cell, cross contamination is also minimized. Adpavalve system will also help with minimizing sso
contamination. (Valve designs are discussed uBdet.)



3. Materials

As a chemical exchange center, there are a limitmober of materials that can be used to make th& MD
because of chemical reactivity. First the materidilized can not react with other materials. Tieerials
used need to have a high chemical durability (ike$y to react). The material can not be porolfst

were porous, it would leave behind chemical froevous experiments and change the data. There also
needs to be an easy way to make it and at an ecoalgpnice.

3.1. metals

Metals that can be used are platinum (best choare) gold. The issue here is the cost of materigte
design will require removing some of the materealilow holes for the liquids. (See electrocheryist
metals in section 5.1.)

3.2. glass

Glass is the best choice of materials that canstétid concentrated acids and bases. Glass isaalgo
smooth which helps with laminar flow. Most acidgldases are kept in glass tubes. Glass also ggves
the ability to see what is going on in the celln he other hand, glass is very hard to makearthe
blown and it can be pressed. A small quantity keagwed but it costs too much for toolihigAll rapid
prototyping materials can only reach about 450M@st industrial glass is treated so that their mglt
point is down to 800°C to 1000°C compared to 1700PRere are problems with glass modeling. There
needs to be a way of adding a little amount ofglaghe model at a time. Then a person or maamhingt
pack the glass together; add more glass, packieqoedht. If permitted to set on its own, the glaesid
have a lot of internal flaws and when the glasgssta cool down it could crack.

For rapid prototyping, spraying with a metal akiedtoperation was considered. Spraying with
nickel cobalt can get the melting point pass wigdass forms. The problem with this is the thermal
expansion rates of the alloy and glass are diffeserthat when the glass cools, it would break pigzes.

Instead of making glass, the glass could be madhifror the most part, a drill or wet jet cutter
can not get the glass smaller than 0.25 inchegrelis no way to use a laser, as glass will juaethe
laser. Glass also cracks very ea3ily.

3.3. teflon™

Teflon™ is the easiest material to use. Tefris a plastic with high chemical durability. Tefl®" also
has a smooth surface. Tefldh though, is also hard to make. There are waysadel TeflorT™.

Teflon™ modeling occurs at a higher temperature than wtbstr plastic§. This makes the tube that is
heated much hotter. Many plastic molding centeraat have the capability to heat up the tube ¢o th
required temperature. If they were able to heapjtthey would still face the problem that it exy
corrosive and will damage the machine. The macimast be covered with a special spray.

Another option is to buy a block of Tefloh and machine it. Teflo! has better machining

capability than glass. There are places that riafen™ manifolds for the chemical industry. They
could easily make the base for the MSD.

3.4. ceramics

Ceramics are not that smooth and therefore willaidin laminaflow. Also ceramics tends to be very
porous making them very hard to clean. The nigggthbout ceramics is that they set at room tentpera
With ceramic material, a glass mold could be easifyle. However, most glass making companies prefer
to make their own molds, as they want to be suaettte mold will work. The holes for the glasgyto
through must be at the right spot. In additioeythse a 3D part model for gla8sTwo of the parts are the
walls and the other is for pushing down on theglas



3.5. clay

Clay is very easy to mold into a working part. ®meolded, a glass glaze can be applied to the diag.
problem with using glaze is that glaze is made froamy different materials. If the chemical makeotip
the glaze is not available, the data results wbelimpacted.

3.6. o-rings

O-rings are used to prevent cross contaminaticoutitrout the MDS. An O-ring is a torus-shaped object
that makes a seal between two materials. The Isagittmakes prevents liquid from passing through.
However, if sulfuric acid or nitric acid is usedtas liquid, it limits which materials that can bged. Two
materials that can withstand sulfuric or nitricchare Hifluor base and Parofluor base. The matesied

for this design is Ultra Parofluor (ULTRA FF500-7%) Parker Seals. This seal has broad chemical
resistance including sulfuric and nitric acids.s@this o-ring can get as hot as 275°C (527°6)erall an
o-ring will help prevent cross contamination bynfiang a impenetrable seal between cells and flolwgpat

3.7. solid freeform fabrication materials

Rapid prototyping is a method of printing a part iou3D much more quickly than machining because it
does not require tooling. A computerized 3D drair the part is required for building the parthel
drawing is basically a 2D print in a 3D world. Raprototyping materials aid in manufacturing th® Sl
however these materials can not withstand the aciddases needed to make a Multicell Distribution

System. On the other hand, tooling can be usethie glass or TeflolY' base molds.
3.8. selected materials manufacturing

The o-ring will be used for the valve. This iseylpart of the system because without using ang-ri
cross contamination could occur. The base wilinagle from TeflohM. Teflon™ is used in the chemical
industry for transporting chemicals. They use fwddlisystems to change direction of how the chehmica
will flow. The manufacturers are capable of dndla 1/16 hole through TefldM. They could easily
make the part. It would need to be manufactured twio machine operations. It would require usa of
machine which can rotate % degree angles. Withrttaichine, it can hit three sides of the part peup.

3.9.solid freeform fabrication concept model

The concept model was made form solid freeformi€altion; this is one method for generating a 30t.par
It slices a 3-D computer model into thin cross isest and plots them into a 2-D layer. Then it fudee
layers one by one to make the 3D part. This repemth time a part is made. Because it is anieeldit
process that makes the part one layer at a tingealtle to handle complex geometries that caneshade
with subtractive processésThe problem with using rapid prototyping matesial the MDS is that these
materials can not withstand most acids and babks.rapid prototyping materials are very reactive.
However, rapid prototyping is an easy method fokimga model that is to scale in fast time. Thésan
visualizing how the MDS works. The machine to méke rapid prototyping model was
Stetrqeolithography (SLA). This used a laser to hgathe photopolymer so that it would harden tarfoine
part.

4. Design

Combinatorial chemistry is a very large field okahical research. A multicell distribution systeauid
be useful to many in the figld A good design will allow multiple chemical reiats to occur at a rapid
rate in a systematic manner that maintains the samditions so that the results will be reprodugibl
Also, the design needs to eliminate cross contatinima Combinatorial systems have the advantage of
rapid testing for material synthesis. All desidpase robotic mixing integration which mixes the wcheals



and distributes it to the MDS valves. Chemicatsdistributed to the valves as it is expensiveuy b
robotic mixing and it is cheaper to use a valvditbate where the chemical will go. The currergige
allows for experiments with any parameter withinddehensions.

4.1. original MD for combinatorial chemistry

In the original multicell distribution system, show
below in Figure 3, there were no valves used tp sto
flow. It also had five layers. This design wastbtg
hard to make, and would not withstand chemicals. |
would be better to implant valves. The first desig
used the premise that the liquid would go down the|
path of least resistance. This could cause a lmekf
of the chemical to other cells which would make the
data inaccurate. Also, with the holes being close
together, it is hard to make the pieces. One layer
may cost around $7000 to $10,000 to make.
Therefore, we need to come up with a better desig
or find a way to make this part affordable.

Figure 3: Old design for the multicell
distribution system

4.2. improved MDS for combinatorial chemistry

The new design utilizes valves and o-rings. THeeghelp control where chemicals flow and thengsi
prevent them from leaking to prevent cross contation. Also there are only two layers in this desi

which will make the base cheaper to make. The meaged on the base can then be used for the valve

system in this new multicell distribution systerithe MDS is one piece and an additional part issddab
the test platform.

Figure 4: New Design

4.2.1. valves for new design

The valves in this design are critical. Withowrh there would not be a way to move the chemioéds
more then one cell at a time. Also, valves allboe geometry to be smaller rather than using eaahrek
with its own tube. The problem with the valveseiskage. This is bypassed by using o-rings so that



chemicals can not cross contaminate other cellse design for the valve is shown in figure 5 below
What is nice about the valve is that there is aimg-at each level and at each opening. By haalhthese
o-rings, a seal is formed at each level and froenailitside. The valve also uses gears which anersin
figure 6 below. On one side of the base, one gdhhave a motor which drives the other gearssdilthe
valve has one input with four outputs. With thesidn, the chemical can be distributed to fouredédht
cells per valve.

Figure 5: Valve used in new design Figl6: Gears on valve

4.2.2. test platform

When the experiment is completed, the bottom patebe removed so that the cell spots can be viewed
with a microscope. This allows the ability to vighe chemical reactions in each cell. This alsphalith
combinatorial chemistry, because the test platfoambe easily reattached to perform the next set of
experiments.

Figure 7: Test platform

5. Electrochemical Applications

This system is created specifically for a compbdatype of electrochemical reaction that aims to
systematically and reproducibly find new materiadi8ectrodes were added to this MDS for testing
electrochemical reactions. For electrochemicaliappibns, the material also needs to have zero



conductivity. If there was conductivity betweertle@ell, the conductivity could make the data insate
and there would not be an accurate volt at eadhiacdb the electrochemistry.

5.1. additional requirements on materials — metals

With the requirement of little to no conductiviiydoes not permit the use of platinum or gold.isTdoes
not mean that the design could not use some oé timetals. They could be placed anywhere in theydes
where electrical current does not have to be udedr example if you were to make a valve outsitiin®
cells, this could be made of those metals. Howeradves made out of platinum or gold is not cost
effective. Another option is to spray the metaidie the main value. The problem here is thatneed a
line of sight to spray it and you can only go sodawn the hole for the spray application.

5.2. combinatorial electrochemistry

One example of combinatorial chemistry is electesutstry.
Electrochemistry basically uses electrical eneoggirtve a

chemical reaction. By using electricity, metala t& plated

from solution. All that would have to be addedhe MDS is

holes for electrodes to allow the current to rethehcells. ~]
Combinatorial electrochemistry performs multi elechemistry
at the same time. The end result is rapid tedting
electrochemistry. This aids in obtaining data tster rate
rather than testing each material individually.isTie shown in
figure 7 to the right.

[

i (]

Figure 8: Example of a simple
electrodepositing (electrochemistry)

5.3. design for electrochemistry applications

The electrochemistry design is similar to the layased in
the combinatorial chemistry MDS. With a few
modifications to allow for additional lines to atta
electrodes, electrochemistry experiments can bfempeed.
The only problem with this version is the electrdides are
0.1 inches apart which increases the difficulty in
manufacturing this piece. The electrical currerpowered
by a standard computer pin pad with spacing ofrich
between each pin. This lies on top of the MDS. picture
of the electrical version is shown below.

Figure 9: Electrical MDS
6. Future Plans

The next step is to change the valve so that iopotes in on the side and not from the top or battdims
will prevent the tube form moving when the valverieving. With this different valve design, the bas
unit will need to be modified to adapt to the neaive.

Once this is done, a good blue print will be maaé sent to a manufacturer that makes T€eftbn
manifolds in order to quote the cost of this prajec

The research focused on combinatorial electroctigmi®Vith this focus in mind, the MDS created was
capable of adapting to electrochemistry applicatioli time permitted, the base would be expanded t



allow the use of o-rings between the bottom araheccells and the test platform. The current desiges
pressure so that it would not leak but o-ringsaabetter method than using pressure.

7. Conclusion

The field of combinatorial chemistry would bengfieatly by using the Multicell Distribution Systean
similar devices This MDS meets all the requiretaeThe MDS model was made out of rapid
prototyping materials. This was used to show thamexity of the design for testing. However, thpi
prototyping materials are not the best for chermieattions. The next step in the research woul be

manufacture an actual working model out of Tefn A valve was used to help move each chemical to
each cell. The valves use O-rings to prevent tepkind cross contamination. Combinatorial chemnistr

a very large field of chemical research and a MaltiDistribution System would be useful for faséed
more accurate experimental data.
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