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“The program has no set time limits. Research is a lifelong learning experience, and we
hope to remain a resource to our students long after ‘graduation’.”

The Garcia Center for Polymers at Engineered Interfaces is a collaboration
of eleven academic, industrial, and government laboratories. The Center
was founded in 1996 and is named after thelate Queens College professor,
Narciso Garcia, a pioneer in the integration of education and research. The
Garcia Center is funded by the National Science Foundation as part of its
Materials Research Science and Engineering Center (MRSEC) program. The
goal of the MRSEC is to.combine the instrumentation and expertise of the
participating institutions into a coordinated research program on polymer
interface science. The principal focus areas include thin films, coatings, nano
composites, self assembled structures, biomaterials, a

and tissue engineering.

These areas address both the fundamental and applied aspects that are
relevant to the development of cutting-edge technologies in both
engineering and medicine. In the community, the mission of the center is to
serve as a valuable resource, providing easy access for technological
assistance to educational and industrial institutions. For information on the
numerous programs that are available, please see our web site at:

http://polymer.matscieng.sunysb.edu

The Research Scholar Program offers the opportunity for highs chool
teachers and students to perform research on the forefronts of polymer
‘ science and technology together with the Garcia faculty and staff. Students
- work as part of focused research teams and are taught to make original
contributions of interest to the scientific community. In addition to entering
' national competitions, the students are encouraged to publish in revered
. scientificjournals and present their results at national conferences.

Our goalis to convey to the students the excitement we enjoy daily in

. research. The program has no set time limits. Research is a lifelong learning
experience, and we hope to remain a resource to our students long after

Miriam . “graduation”.

Rafa U—‘M’é .~ Miriam Rafailovich Jonathan Sokolov
Professor, Garcia MRSEC Professor, Garcia MRSEC
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Cell Migration: Effects of Fiber Spacing and Diameter of Electrospun PMMA Fibers on
the Migration Velocity of Dermal Fibroblasts

Elie Flatow, North Shore Hebrew Academy High School Great Neck NY
Alicia Franco, Chemistry Department, Stony Brook University
Sisi Qin, Material Science Department, Stony Brook University
Dr. Miriam Rafailovich, Department of Material Science & Engmeermg,
Stony Brook University

Cell Migration is a crucial aspect of one’s every day Life. It is a response to an mjury
and a bright area for research with #s many biomedical apphications. Electrospun polymer
fibers can be used m wound healing and the treatment of burn victims. It can be deposited as
a thin porous film onto a hard fissue prosthetic device designed to be implanted mio the
buman body. Electrospun fibers can be used mm the creation of reproducible and
bioconpatible three-dimensional scaffolds for cell ingrowth !

Previous research has shown that cells migrate along the fibers, provided that they are
greﬂegtanumnﬂmmhﬁanﬂa.ﬁmLﬂmmﬂsn&ﬂtwe]muﬂnmlyﬂnﬁughthenpm
poTes.

In this study, a thm film of poly (methyl- methacrylate) (PMMA) was formed onto
silicon wafers and glass cover ships by spincastmg. Solntions were made from various
concentrations of PMMA i different solvents, n order to create vanous diameters of the
fibers (Figure 1). These solations were then electrospun onto the thin films and annealed for
12 bours. On some samples. a second layer of fibers consistmg of multiple angles were spun
and tested. Dermal fibroblasts were cultured and prepared for the cell migration Cells were
packed mio an agarose droplet and after 24 hours of mcubation, migration patterns were
watched and recorded for one hour (Figure 2). Prelimmary results show that cells did migrate
along the fibers and contimied onto the second layer with the angles (Figure 3). The denser
the fibers, the faster and farther the cells traveled.

Future work will mclude performing the cell migration using cancerous cells and
comparmg the velocity and migration distance to those of the healthy fibroblasts. Tests wall
also be nn In order to help determine what substances withm the serum cause the cells to

mugrate.

hnmg:ptu mlgrmﬂmgﬁbus andsm‘tmmgmmr&mmlmgle af 55 :hgrees

! Fhenp-Ming Husngs, ¥.Z. Fhangb, M. Eotskic, 5. Ramakrishna; “A review on polymer nanofibers by
electrospinning and their applications in nanocomposites™; Journal of Composites Science and Technolosy
o 2003

! Lin Ving Yusn Ji, Eaustsbh Ghosh, Fichard A F. Clark, Lei Huang, Miriam H Bafailovich. "Effects of
fiber orientation snd diameter on the behavior of homan dermal fibroblasts oo Electrospun FMMA scaffolds
Journal of Biomedical Materials Fesearch Part A May 2008 246 Sep 2008



The Re-Encasement and Redesign Of The Battery In The Tongue Touch Keypad To
Improve Both Battery Life And Overall Effectiveness

Alexandria Leel Daha I.gihownf Dr. Miriam R3.f‘a.LIl:ln'l:l-::]:l.3 Vincent T.Terdemsa
ﬁkshajrm‘hﬂ.l}nea hﬁ]utmﬂtanas:emc . Dr. Aaron Segal’, Dr Fonald Wender™
Dr. Jonathan Sokolov®, Dr. Shmel Einav®

"Northern Valley Regional High School at Old Tappan, Old Tappan NJ,
*Yeshiva University High School for Girls, Queens, NY
*Stony Brook University, Stony Brook, NY

The TongueTouch KeyPad (TTK), made from a now defimct company, s a wireless
device with nine pressure sensitive keys that allows handicapped people to attam a high level of
self sufficiency (see Figure 1). The system uses an intra-oral FM transmitter and allows the user
tcmrlmlvanomnh]ects mn his or her environment, such as bed position, room lights, computer,
wheelchair, etc’. For example, the KeyPad has been the main mode of transportation for

quadriplegic advocate of stem cell research, Brooke Ellison, but she has encountered problems.
With the battery lasting only a few months, the TTE would stop functioning and cease to provide
her with the freedom it once afforded.

Our research 13 directed towards the re-encasement of the battery. After the ongnal
battery is replaced, a new coating nmst be placed as to separate the battery from the dental
embedding. After trymng several different dental matenals, we discovered that a Tnad Tru-Tray
Custom Tray Matenal worked best when draped naturally but solidified with a rough texture. We
coated it with Triad Gel This was then cured using visible hight to harden, creatmg a hard but
smooth finish This combination of substances alleviated the problem that occumred after the
chemical battery was replaced.

The next goal of our work is to replace the chemneal battery with a rechargeable one. This
will elimmate the need to contmually destroy and recreate the polymer coatmg. Using the
technology of mductive wireless charging, we are attempting to devise a way for users of the
TIKtnchargeﬂmhaﬂmesufhendmmhiucﬂvechugmgmmﬂm electromagnetic field to
transfer energy between two objects”. A charging station sends energy through inductive
coupling to the electnical device, which stores the epergy in the battenes. With these two
mnovations, the TTK's effectiveness will dramatically improve.

Tompe: touch keypad
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Figure 1: Sample picture of TTK and its components to illustrate fimction and appearance

! Katz, et al “Tntra-oral control unit and system ™ Patent 4,605 927
2"i’.i’-oa]]:;, Bramnon P. “Senies resonant mductive charging circuit. "Patent 6,972 543
? http:/fwww agd org/support/articles/?ArtID=2451
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Studyving the Effects of Static Magnetic Fields (SMFs) on the Biomineralization of
Osteoblasts
Hannah Jin', Xiaolan Ba®, Miriam Rafailovich®
"West Windsor — Plainsboro High School South, Princeton Junction NJ
ISUNY Stony Brook, Stony Brook NY
Osteoblasts are cells responsible for the formation of bone tissue by depositing a

matrix that is then biomineralized, a critical part of the bone mmjury healmg process (Y
Meng, et al). Static magnetic fields (SMFs) could be applied therapeutically to accelerate
or miprove the healmg of bone injuries (QC Yan, et al). The purpose of our experiment 15
to document, both quantitatively and qualitatively, the effect of SMFs (flux density
150mT) on the proliferation, differentiation and biommeralization of osteoblasts.

To quantify the progression of
proliferation, sulfonated polystyrene (SPS) thim
films were spun on clean glass cover slips and
annealed overmght m an oven Cells were then
cultured onto these and clean cover ships without
the SPS surface. These samples were taken out at
the approprate time points, and the cells were
fixed with formaldehyde and dyed with 4',6- o ]
diamidino-2-phenylindole (DAPT) for cell S )
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counting to generate a growth curve (see Fig. 1). 1 curve for ma R
Our results show that cell density tends to mcrease = ErWﬂi EDEII
nmempﬂl}rmﬂtprﬁmufanngmmﬁﬂdthanthemmu]{mmnutﬂw
exposure), suggesting that the SMF does enhance proliferation in osteoblasts. In order to
measure the differentiation of the osteoblasts an alkalme phosphatase (ALP) assay was
performed and normalized with the results from a bicinchommnic acid (BCA) assay to
account for differences in cell number at specific time pomts. The resultmg curves,
however, were meonclusive m terms of creating a general trend for rates of
differentiation and may need to be repeated. The
conformation of the cells was qualitatively analyzed with
confocal microscopy (see Fig. 2). SPS thin films were
spun on clean silicon wafers and annealed m an oven
overnight. Cells were cultured on these and fixed with
formaldehyde then dyed with alexa fluor 488 phalloidn
and propadium iodide (PI) for confocal magmg. There are
not yet sufficient images to draw any definite conclusions,
but the cells seem to exhibit a rounded conformation unfil

density prevents them from doing so.
Fig 2 10x confocal image of 3 Future experimentation includes firther confocal
7 day magmetic sample  10AZNE to see how conformation changes over time. The

ALP assay will be repeated to venfy or improve the existing data, and an osteocalcin

assay can be done to quantify the biomineralization of the osteoblasts. Scanning electron

mucroscopy (SEM) will be done as an indicator of biominerahization as well as a source

of mages. Meng, Yizhi, et al. “Biomineralization of a Self-Assembled Extracellular Matrix for Bone

Tizsne Enginesring ™ Tissue Enginearing: Part 4 14.00 (2008): 1-12. PDF file

"f'm,QE W Tomita, and Y. Ikads. “Effects of static magnetic field on bone formation of rat femurs ™
Medical Engineering & Physics 20 (1998): 397-402. PDF file.



Using Gel Electrophoresis to Separate DNA for Sequencing Applications

Sai Vangala, Brookfield Central High School Brookfield, WI
Eli Hoory and Dr. Jonathon Sokolov, Department of Matenials Science & Engineering, Stony
Brook Umiversity, NY

Gel electrophoresis 1s a techmique commonly used to separate DNA mio single strands or
sort them by size. Heat denaturation and subsequent gel electrophoresis ensures that ssDNA
constitutes bands that can be extracted from the gel and charactenzed on polymer surfaces.

This study began with the testing of DNA travel speeds based on agarose gel
concentrations, voltage, time, and use of pulsing (reversal of electric field). The DNA solutions
tested for separation include a 4% lambda solution, a 5% lambda-monocut solution, and a 5% T4
sohution; each was combmed with 6x trackmg dye for visibility and 8 M urea to keep
complementary smgle strands separated’. Single-stranded DNA solutions were prepared by heat
denaturation at 95 degrees Celsius for ten minutes, and both single- and double-stranded DNA
sohutions were mjected mto prepared gels submerged m 1x TAE buffer, connected to an
electrophoresis cell with a current, and allowed to num for a predetermuined time.

After ssDINA was satisfactonly separated m the agarose gel the DNA band 15 ehated in
deionized water, and droplets are placed on varnous polymer surfaces for observation with
confocal fluorescence microscopy. Of the surfaces tested, polystyrene (PS) and
polymethylmetacrylate (PMMA) surfaces proved optimal for reliable observation of DNA
strands, with PMMA surfaces allowing the widest range of observation

(a)
Figure 1: (2) A 1% el nm for 45 hos at 200 with 1.5 5 0.5 s pulsing. Lanes 1-2 are double-siranded lambda DA,
3-5 are single stranded lambda DA §-8 are double-stranded monoont DA, snd 9-10 are single-sranded monoont
DHA (E) A droplet of single-sirandead lambda DNA placed on PMMA The white dots represent 8 M urea nsed to
keep ssDIA separated |, and the 20 micron DMNA strands are seen close to the edze of the droplet.

! Hegediis, E., Kdkai, E., Kotlyar, A, Dombradi, V., Szabd, G. 2009. Separation of 1-23-kb complementary DNA
sirands by ures—agarose zel electrophoresis. Mucleic Acids Fessarch. Vol. (37): pe ell2

* Allemand, J. —F., Bencimon, 1., Fullien, I, Bensimon, A, Croquette, V. 1007, pH-Dependent Specific Binding
and Combing of DA Biophysical Tournal. Vol. {73): pes 2064-2070



Observing Single Stranded DNA on Polymer Coated Surfaces

Kateln Smith, Country Day School of the Sacred Heart, Bryn Mawt, PA
NaHyun Cho and Dr. Jonathon Sekolov, Department of Matenials Science & Engineering,
Stony Brook University, NY

Observation of DNA molecules 15 a critical study due to DNA’s role m many cellular
functions. Recent observation of DNA has ncluded mainly the double helix structure of the
DNA molecule with fewer studies done on single strands of DNA.

It has been established that using surfaces of polystyrene (P5) and polymethylmetacrylate
(PMMA) to drop molecules of DNA has allowed reliable observation of DINA strands, with
PMMA surfaces allowing the widest range of observation.' Single molecules of DNA can be
observed by using chromosome combing, allowing smgle molecules of DNA to stretch out by
drying a drop of sohution at a constant rate

In this study, different DNA solotions and surfaces were tested to achieve the best
combination to observe smgle strands of DNA. Different surfaces meluding polystyrene (PS) and
polymethylmetacrylate (PMMA) were used. DNA solufions mcluded a less than 1% lambda
DNA solution 1n sodmm hydroxide (NaOH) and morphobnoethanesulfome acid (MES) sohotions
and deionized water. The DNA soluitions were heated at 95 degrees Celsms for ten minutes to
allow denaturing and were dropped onto heated surfaces to allow the drop to dry. Single DNA
molecules were observed using a TV camera and confocal fluorescence microscopy. Resalts
mdicate that PMMA and PS surfaces with NaOH=MES sclutions produce the best results for

observing DN A strands (Figure 1).

(@)
Figure 1: 0.025% DMNA suuuen va #5 surface viewed nnder x40 lens with (3) MaOH=MES {§=50) solution and (&)
NaDH=DI {#=50) solution. Notice that the MES solution has more strands of DMNA that are closer to 20 panometers,

the commect length of single strands of lambda DA,

! Allermand 1. —F., Bensimon, D., Jullien, L., Bensimon, A, Croquette, V. 1097, pH-Dependent Specific Binding
and Combing of DMA. Biophvysical Journal. Vol. (73): pes 2064-2070

? ¥i, 7., Shengfu, C., Fhengian, O., Tan, H, Qila, X, Bin, L, Yibo, H, Mingisn, H., Chengzhi, T. 2000.
Stretching and imaging stdies of single DNA molecnles. Chinese Science Bulletin Vol (45): pgs: 1365-1368



Green Micropatterning: Stamping Candida antarcfica Lipase-B onto
Poly{e-caprolactone)

J. Nachman®, §. Guerrero®, M. Rafailovich®, M. anj", F. Gross*

1. Horth Shore Hebrew Academy High School 2. Pace University
3. Garcia MESEC SUNY Stomy Brook 4. NYU Polytechnic University

Microhthography, the process which is used to manufacture microprocessors,
requires use of tolnene and yields monomers due to UV light. Toluene 15 deadly m even
very small quantities in groundwater, and monomers have been shown to kill buman
cells. A pew method for micropatterning is proposed where enzymatic degradation
replaces toxic solvents and UV hght. This was achieved by usmg Polycaprolactone
(PCL), a biodegradable polymer, and Candida antarctica Lipase-B (CALB), an enzyme
that can break its struchure [1]. The enzyme was dissolved in water and swabbed onto a
PDMS stamp, which was then placed onto a PCL thin film A 200g weight was placed
onto the stamp and then removed Samples were mcubated at 38°C and examined under
the Atonme Force Microscope every other day. It was observed that the stamping was
successful at 0 days (Figure 1), and that within 4 days, the enzyme had etched mto the
polymer. Within 11 days, the enzyme had degraded to the bottom of the film The
degraded film had the original pattern imprinted with minimal accidental degradation
This proves that stamping with the CAI B was on par with the current mdustnial process,
and could replace it.

Figure 1: Stamped CAILB on PCL
at day 0.

1. Gross, Fachard A, and Ajay Knmar. "Candida Antarctica Lipas B Catalyzed
Polycaprolactone Synthesis: Effects of Orgamic Media and Temperature.”
EBiomacromolecules 1 (20000: 133-38. ACS Publications Online.
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Improving the Efficiency of Dye Sensitized Solar Cells with Various Protein
Coatings
Andrew Franco, Brentwood Ross High School, NY
Scott Dunaisky, Half Hollow Hills East, NY
Miriam Rafailovich, Cheng Pang, and Joanne Figueredo, Rose, Charles Fortmann

Dye sensitized solar cells are m the vanguard of mnovation, contrashng rivals
such as comventional silicon solar cells with benefits that no other solar techmology
possesses. It’s cheaper to produce, more robust and has a smaller environmental footprnint
with materials that are easily available. It 1s based on a semiconductor formed between a
photosensitized anode and an electrolyte. These nanocrystalline solar cells are made fom
a suspension of nanometer size particles of titannim dioxide distributed on a glass, which
15 then heated to form a porous, hugh surface area film The counter electrode 15 coated
with a thi catalytic layer of graphite.

Natural dyes, the most popular anthocyanin derived from blackberries 15 added to
the T10s to allow for greater absorption of electrons and allows for a wider range of
wavelength absorption, especially those i the blue visible hight spectrum The dye mmst
possess a chemical group that can attach to the Ti0; surface and have energy levels on
the nght position necessary for eleciron mjection and sensitization. The two plates are put
together creating a sandwich with an iodine electrolyte mside.

Electnic charges don’t move easily within most organic layers, therefore a thin
layer 1s active for charge injection. To firther enhance Light absorption protem layers
were added to the TiO: plates. The experiments showed that the cell with the highest
efficiency were the BSA cells with an average efficiency 20% hugher than that of a
control cell. Unfortunately the lysozyme cells previously thought to show an
mprovement had a negative effect on the solar cells, and the chitosan coating didn’t have
a significant effect. The cumrent of the BSA cells were higher than the current of the
control cells as the voltage (Fig. 1).

Future research will mvolve multiple tests to confirm the miprovements made by
the chitosan and BSA cells. Other test that will be conducted will be the use of protems
that bond well to Titanum Dioxide and the mvestigations on the effects of different dyes
and mixtures of dyes on the cells.

SETIFITY Ed
a

[ ‘h_
. .
" | 1 [ [
u ad [ S (L] el (=] il (- i (= an
- e tagait
Figure 1- IV Cune of BEA call (red) varses IV Carve of control ﬁ’l IV Carve of Chitosam Call (Bine) versus Comtrol Cell
call (gold). The coxrent is comsismntfy highar for the BSA call. Tha oot is basically the mme for hoth

1. O'Regan, B. and Graztel, M. “A Low Cost, High Efficiency Solar Cell Based on Dyve Sensitized
Collodial TiO2 Films.” Matuwre, val. 353

2. Smestad G. P.; Bignoezi, C.; and Agrazzi, B “Testing of Dye Sensitized TiO2 Solar Cells I & IL”
Solar Enerzy Materials and Solar Cells, vol 32, 1994



The Effects of Humidity and Temperature on the Performance of Gold and Palladium
Nanoparticle Catalysts for Applications in a Hvdrogen PEM Fuel Cell

Karan Sikka, Syosset High School, Syosset, NY
Cheng Pan and Miriam Rafm.h‘nth, Department of Matenals Science &
Engineening, Stony Brook Umversity

The Hydrogen proton exchange or polymer electrolyte membrane (PEM) Fuel Cell 1s a
clean efficient way to produce electrical energy from Hydrogen. Itsun]yemumnumwata' as
shown i Figure 1, mdﬂm?-Eh:msmmefﬁcmntthmﬂmﬂema]mmhﬂmenglm
However, the Hydrogen PEM Fuel Cell relies on an expensive platinum catalyst which makes
commercial use of the firel cell mmpractical

Previous research has shown that coating the Nafion 117 polymer electrolyte membrane
ndhaﬁhnnfgnﬂmnnpuhclesﬂi?}phtehts(dm ~2.5 nm) increases the performance of the
fuel cell * This may increase the energy output to cost ratio, making the fiiel cell a more viable

alternative. However, the mechamsm behmd this enhancement 15 unknown.

In order to help clanfy our understanding of the pathway by which the An NPs mmprove
performance, the effect of high temperature on An NP performance was studied As shown in
Figure 1, a gas bubbler was designed to heat and humidify the hydrogen gas to operate the fiel
cell at a temperature of approximately 70°C while keepmg the PEM hydrated.

Previous work has shown that, AuPd NPs act as a catalyst to produce hydrogen peroxide,
which causes the dissolution of the Pt catalyst and should theoretically decrease the performance
and stability of the fuel cell ** Individually, however, Au and Pd both enhance the performance
of the Pt-based fuel cell * PtPd, PtAn and PtAuPd catalysts were tested at different temperatures
and the performances were compared. In addition, rotatmg-ring disk electrode amalysis was
performed to fiurther clanfy the counter-mbmtive relationship between these three catalysts.

Prebmmary results show that the PtAu 15 more active than Pt alone at low temperatures.
At ligh temperatures, PtAu does not merease energy output, but it does increase the stability of
the fisel cell [Will msert more results here]

Future work mcludes finding a cheaper replacement for the Au NPs that also allow the
fuel cell to nm more efficiently at ambient temperatures, eliminating the need for heatmg and
bunudification of the hydrogen
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Figure 1: A schemastic of the FEM Fuel Cell Figmre 2: Cross sectional diagram of the H: heater and hmidifier

! Thomas, 5., Falbowdte, M, & Gill, D. (2006, Decembar 31). Fael Cells: Groon Power. Rotricved Amgest B, 2010, fom Les Alamos MNatioml
Iabm:.ll'_'rh:q:l (e anl porv'orgs mpampa ] 1 Gman % 2 (Powar. pdf

Eqihrhﬁmﬂ?}. Nanoparticle Fobancamant of Polymear Flectrolyte Mambrans Fecl Call Powar Cutput

! Solsom, B E_ Fdwands I K, Landon, P, Carloy, & F_ d al , o (2006). Direct Synthasis of Hydrogan Parorida from H? asd 02 Using
ARD3. Cham M, DEES-1655.
MI,&&&M?,MI%W&WWMMMWM Sdence , pp. 120-122
* Che, Y-H_ &al o (2007) Pd-based PATY19-13C aloctrocatabyst as an aloctmdo in PEM fnel call. Flactrochamistry Commemications , 378
5L



PEM Fuel Cell Efficiency Improvement and Power Output Intensification Through
Nanoparticle Catalysis
Gurpreet Singh', Cheng Pan®, Miriam Rafailovich®
! Half Hollow Hills High School West, Dix Hills NY 11746
? SUNY Stony Brook, Stony Brook NY 11790
Proton Exchange Membrane (PEM) fiel cells, which use hydrogen gas to form H20,
heat, and energy, are quickly seeming more and more hike the
most reabstic and efficient method of alternative energy due to
thew gh power densifies, pollution-free operation, and simple
operatmg conditions (Fig.1)." However, the economic usage of
PEM cells is still unrealistic due to the price spent to generate
small amounts of energy.
Recent work by Manos Marvnkakis has demonstrated
that nanoparticles shaped as flat layered platelets tend to act as

great catalysts.: In order to deposit nanoparticles of this shape Fig. 1: PEM fuel cell

[

on the fisel cell membranes we used a Langmuir-Blodgett Sowrce:
trough because of its capability to lay a monolayer of W’“ﬁwwﬂj
nanoparticles on almost all solid substrates. The LB-trough mponents himi

techmique 15 also advantageous due to its precision m terms of a
monolayer thickness and its ability to umformly distnbute nanoparficles on the substrate across a
monolayer.»

We synthesized Au, Pd
Power vs. Current and Ag nanoparticles and tested
250 »» AuNanoparticlesat | their effects when coated on a
200 Anode Nafion-117 membrane using the
1B trough We then tested the
= O AuNa lesat merease in efficiency increase of
Power [484) Cathode using the nanoparticles-coated
50 - membrane by using an ammeter,
a flow meter and a voltmeter.
e ot | Addely we el
-50 Gick difference i efficiency when
Current{Amps) - : coating only one side if the
Fig. Z: Efficiency Incresze from controd to AuNP on Cothode and Anode membrane. Coatin Eﬂﬂ

membrane on only the cathode side of the fisel cell increased the power output of the cell by
approxmmately 35% (Fig. 2). Our results also showed that coating the membrane with Pd

! Sacea, A, A Carbone, B Fedicini, - Poctale, L. D'Tario, A Longo, A Lfartorana, E. Passalaequa. “Stroemoral and
Electrochemical Lrestipation on Be—cast Mafion Membranes for Polymer Electrolyte Fuel Calls Apphication™ fowrwa! gf
Meshran: Soower 278 (2006): 105-113

? Cho, Adian “Connecting the Dot to Custom Casmalbpses™ Somer Megeone 209 (Rdarch 2003): 1684-1635

* “Langmmir and Laremoir-Blodgett Films" EF T INSTRUMENTY LID 107



The effect of An/Fe;03-TiO; on the stability of the Proton Exchange Membrane Fuel Cell

Barak Hurvitz, Tenafly High School Tenafly, NJ
Joshua Somach, Yeshiva University, New York, NY
Cheng Pan and Miriam Rafailovich, Department of Materials Science & Engimeermg,

Stony Brook University, NY

The study of increasing the efficiency of renewable energy sources (RES) 15 an integral
piece to the puzzle of green engineening. With the onset of the world o1l crisis, an merease of
greenhouse gases, and the erratic fluctuations of oil prices that harm our consumer society, the
turn to RES is not a question of “when” but “how.” Hydrogen fiiel cells could be the next
“combustion engine” of the “green” power revolution. Unlike solar cells and wind turbines,
which depend on the availability of sunhght or wind to produce electnicity, hydrogen firel cells
are independent of uncontrollable natural patterns and could produce electnicity when it =
needed of them Although fiiel cells are prommsing, their current price detracts from their
commercial viability to the bayer. Methods of mereasing thew efficiency and decreasing their
cost are essential to ther introduchon and growth in the consumer market.

Of the leading causes of the mefficiency of the PEM fuel cell is the poisoning of the
Platmum catalyst done by the incoming Carbon monoxide. Carbon monoxide has a lower Gibbs
free energy of adsorption to the platinum particles on the electrodes than does Hydrogen Thus, it
forms bonds with the Platimom and takes up useful catalytic space for the hydrogen which results
m a decrease m efficiency of the fuel cell Furthermore, Carbon monoxide 1s mpossible to
remove without dramatically increasing the cost of the fiel cell

In this study, Gold nano-particles were loaded onto a Titanium dioxide and Iron(TIT)
Oxide support which was then loaded onto an electrode with the Platimmm catalyst. The
Preferential Oxidation (PROX) of Carbon monoxide was studied as a function of time (Figure 1).
Results indicate that the control performed better than the experimental firel cells. Further
mvestigation suggests that there was a contanimation of the Nafion membrane that was
beneficial to the control fiel cell and harmful to the expermental

Future work inchudes the introduction of a new Nafion membrane, an increase in the
conceniration of the particles on the electrode, and an mcrease m the atmosphenc temperature of
the fine] cell The effect of Au/Fe203-TiO2 on stablity of the (PEM) Fuel Cell
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Figure 1: The stability of the fiuel cell over an extended penod of tme
- YiFen Yang Palaniveh Sangestha, Yu-Wen Chen "AnFeCrx-Ti02 Catalysts for the Preferential Oxidation of CO'ina H,
Stream® Fngustrial and Enginesring Chemical Research, American Chemical Society 2009, pp. 10402-10407
- Flora Bocouzzi, Anna Chioring, “FTTR. Study of CO Oxidation on AuTiO: at 90 E and Rocm Tenmperanme. An insight ito
the Mature of Resction Centers ™ University of Torinoe, Department of Chemdstry. 2000
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A Potentiomertric Sensor for Virus Detection Based on the Self-Assembled
Monolaver Theory

Kelsey McKenna, South Side High School, Rockville Centre, NY
Viannev Delplace and Miriam Rafailovich, Department of Matenals Science and Engineening,
Stony Brook University
Sanchita Singal Brown University
Pooja Rambhia, Case Western Reserve Umiversity

In recent years, interest has grown m poteuhnmetmchmensmdmtoﬂmnqmckdeted:m
time and rensability when compared to traditional diagnostic tests or polymer imprinting " Little
research has been done m imprintmg whole pathogens such as viruses, although this method would
make disease detechon very easy. The ultiimate goal of this work 15 to imprint poho successfully
mdefﬁclmﬂy,asﬂbe]mgsmthefamﬂyﬁcnrmwmaemdlstherefnreclnﬁd}rre]atedto
pﬂmﬂaﬂyd&wstahngdm&ammxhasFmtmdMnthlmvmm{Fhﬂ}v} Flu A was used

mn these preliminary expermments because it 1s relatively easy to obtam.
Detection was done m a 2 mL pein dish mstead of the standard 10 ml. beaker because of

the low concentration of virus. Thiol concentration was manipulated based on previous research
showing that too hittle thiol resulted m an excessively lugh stabihzation value, and that too muoch
thiol resulted in an excessively low stabihization value. The optimum concentration was determined
to be 0.0075 mg/ml.. The upper linut of detection of virus was determmed to be 150 pl.

Once the proper concentrafions of both virus and fhool soluhon were determined, wafers
were incubated for varying lengths of ttme. The majonty of preparahon time for each sensor 1s for
mecubation, so lowermg this greatly mereases the appheabibity of this method of disease detechon
Wafers mcubated for less than one hour showed no jump. Wafers incubated for one hour showed a
more extreme jump than the wafers incubated for two hours, sigmfymg that the optimum time of
mecubation for this virus 1s roughly one hour.

Impnnts of the Flu A virus are successful about seventy percent of the time thos far. The
graphs of potential vs. time show an mihal jump with the
addition of detection solution, and then a small decrease,
with stabilization at a less exireme jump. Ths 15

presumably due to the large upper limit of detection
=" solution of the virus (7.5%

Selectivity
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i e : In order to venfy imprinting, the virus

boor ey e e was boiled for one hour at 80 °C m order to denature 1t
o and make it unsuitable for detection. No jump was

Frgure I: addion of dematured virus af 0 min, - .
addition gf Rarmal virus detection solutionar 3min.  observed when the denatured virus was mjected for

detection (see figure 1). To make sure the chip used for this experiment was impnnted, normal
vius detechion solubion was mjected afterwards, and a jump was observed.

Future work mcludes imprinting polio as a better model for FMDV, and using the contact
angle to venfy the upper limit of detection for Flu A. The AFM and SEM wall also be used to show
the differences between the gold wafer alone, the gold with the monolayer of thiol, and the
monolayer impnnted with a virus.

"Wang, Yantian, et al " A potentiometric profein sensor built with surface moleoolar imprinting method " Bissersers and

Eipelectromics 24 (2008 162-166. Web. 7 Aug 2010.
*Hyypid, Timo, et 2l "Malecular Pathopenssis of Picomavirus Infections" Firology (2007): o. pag. Web. 6 Aug 2010,



Towards a Theragnostic Approach for Multimodal Cancer Detection and Tumor-Targeted

Dmg Delivery

Nikhil Mehandru', Santhosh hlam'_.rart Sonya F"rasacf‘; Divya H!'magarg Miriam Rafailovich®
EuamerghSmmJ Fosalyn Heighfe, NY, Munsﬁa’HngﬁScﬁ:-nl' Munafer, IN, “The Wheatfey School, Oid

Waestbury, NY, **SUNY Stony Brook

D@hhmﬁﬁhﬁhﬂmﬂd&tﬂdﬂ@mﬁg@ﬁﬂﬂﬁ,mmmhhm
most devastatme disease m the United States, talone nearty half a pmlhon Inves asch vear. Consequently, 1t 1=
essantial to develop efficient methods for the early detection, and the treatent of cancer.

As part of the first amm of our study, we sought to engmesr a
dizgnoss. In specific, oorent molecular detection of pancreatic cancer
relies on tedious and expensrve Inmmmcassay methods for a omyriad of
cancer markers ' Instead we developed a versatile biosensor through a
zalf-azzembled monolaver (SALM) of theol (1 |-mercapio-l-andecanolj and = 3
gold (An) (See Figure 1), We thus enpinesred an mmproved approach to
dizgnostc methods by moprmting the rapd and mecpensme An SAM
sensor with two specific biomarkess, matree metalloprotemase-T (WMMP-T) Pt d
and caremosmbryomc anhzen (CEA), both of which bave been Imked to Fignre 1. the SAM with orgamnic
the onset and progression of pancreatic cancer. The potenhometne thiol molecules and proteims for
biosensor was fabricated using saparate sohrtions of purified CEA and templating (shown in red).
MMP-T moleculbes and was subsequently tested using the respectrve
concamtratons of both biomarkers withm each sample to parts per bilbon acomacy.

In line wath the second amm of the expaiment. we developed a novel composite thermorevarsible and
mocompatble Invdrogel platform for dror debvery appheations. Crovent standards for cancer treatment and
L 5 eradication, wiich mehide chemotherapy, radaton therapy, and surgery,
B e ¥ are largely unselective for cancerous tissue, often compromising the

o mtegnty of healthy tissue when mjected mbravenously. Addibonally,

Y cancerous cells overexpress Hyahmoman receptors (CD44 and RHAWMM)
| on their cell membranss * A control gel composed of Hyahwonic Acid

&*"q— - crosshnked with Lapomite clay was loaded with a substitute drug, Saheyhie
— ' And (SA) dissolved m 95% ethanol The optimal concentration for gel

Figure 2: Pt stability was determined fo be 0.01% using UV-Vis spechroscopy. A short-

MNanoparticles term drg release test was parformeed in Phosphate Buffer Sakme (FBS) at

30 pon mtervals. The test did not showr significant absorbance on the UV spectra, therefore proving HA
crosshnked with clay 15 a skow releasmg bydrogel. Nexd, we coupled our compostte ledrogel, consastmg of
Pherome F-127 {for thermoreversibabiy) amd Lapontte clay (for
ocompatibality), with a tumor-tarpeting mowety, specifically Hyvahorome
actd We then loaded our novel Iydrogel wath a drog, mamely Platomem (Pt)
manopartiches coated with folic acd(Figure ), and studied release
mechames. We also defemmned that the IC .y, concentrations for each of the
m&lmﬂuﬁmmﬂdmmgal?hp&mﬂ,mngedﬁmdﬂﬂ-ﬁm
pbd In the firhme we amm to stody the effect of thes nanoparbicle therapeuhe
on pormal pancreatic cells.

Therefore, we successfully developed an efficient “theragnostic™
platform fr omltimodal cancer defection and therapy. Figure 3: Stressed HPAFN cells

J Wang, Y., Zhou, ¥. A potentiorstric protein Sensor bullt with surface moledular mpanting method ™ Bosensors and
Bipalactmmics. 2008; 24:162-166

Takada, Moriatsu: Yarmamoto, Masahiro; Saitoh, Yol "The Significance of CD#4 in Human Pancrestic Cancer: 1. High
Expréssion of CDud in Human Pancreatic Adenocardnoma.” Pancreas. 1954, 7:6



Detection of Microbial Transglutaminase Using Self-Assembled
Monolayer Technique

Alan Czemerinski, The Wheatley School, Old Westbury, NY
Tom Wang, The Wheatley School, 0ld Westbury, NY
Vianney Delplace, Department of Materials Science & Engineering, Stony Brook University
Miriam Rafailovich, Department of Materials Science & Engineering, Stony Brook
University

The self-asembled monolayers [SAMs) technique has been applied to the
development of biosensors. Using thiol solutions, gold-plated silicon wafers were
imprinted with the microbial transglutaminase (mTG) enzyme. It is believed that
cells secrete the transglutaminase enzyme to aid in biomineralization. Therefore,
differentiating osteoblasts are also hypothesized to do the same. One could easily
observe the differentiation of osteoblasts with the detection of the t'ausglutanmmﬂe
enzyme in cell cultures.

In this study, gold-plated silicon m
wafers (2.0 x 0.5 cm) were incubated in s "w
solutions of the transglutaminase enzyme
with different concentrations of thiol. These
solutions also consisted of de-ionized water )
(DIW), which was used to dilute the
enzyme that was originally in a powder
form. They also contained dimethyl ]
sulfoxide, in which the thiol was dissolved. )
The purpose of these incubations was to Tiigges Vg 2ank)
determine the ideal concentration at which
the enzyme could be detected. The detection of the enzyme was established through
evaluation of voltage readings from a potentiometer, using the imprinted gold-
plated wafer as an electrode. The results from these experiments proved to be
inconsistent, which may have been due to the enzyme’s propensity to change shape.

Because of this inaccuracy, solutions of the transglutaminase enzyme were
boiled at 65° Celsius for 10 minutes for further experimentation. This was done in
order to denature the enzyme to prevent it from changing its shape in solution,
which would disable it from matching to the imprinted form, leading to the
previously inaccurate potential readings. Despite these changes in the procedure,
the results remained somewhat unpredictable and it could not be determined if the
mTG could be detected using biosensors.

References-

1. Wink, Th, van Zullen, 5], Bult, A, van Bennekom, W.P., Self-assembled Monolayers for
Biosensors, The Analyst, (1997) 122:43R-50R

2, Turner, N, [eans, C, Brain, K., Allender, C., Hlady, V., Britt, D., From 3D to 2D: A BEeview of the
Maolernlar Imprinting of Proteins, Biotechnol. Prog. (2006) 22: 1474-1489

3. Wang Y., Zhou, Y., Sokolov, |, Rigas, B., Levon, K., Rafailovich, M., A potentiometric protein
sensor built with surface molerular imprinting method, Biosensors and Bioelectronics
(2008) 24: 162-166



A novel method to detect bacteria using self-assembled monolayers of thiol based on
the nano-imprinting theory
Courtney Wong, Jencho High School, Jericho, NY
Pooja Rambhia, Case Western Reserve University
Sanchita Singal, Brown University
Vianney Delplace, Department of Matenals Science & Engineening, Stomy Brook
Universi
Miriam Rafailovich, Department of Materials wﬂci&me & Engineering, Stony Brook
University
Biosensor technology uses surface molecular mprinting to precisely detect
molecules. Molecular miprinting (MI) techmiques on fwo-dimensional surfaces are
currently used to detect a wide range of substances using template-shaped cavities m
polymer matrices.! One type of MI uses self-assembled monolayers (SAMs) produced
by a gold-coated silicon chap onto which thiol (11-mercapto-1-undecanol) molecules are
m the SAM matrix that 15 complimentary m size, shape, and hydrophobicity (Figure 1).
Biomolecules are detected when they attach themselves to the template, resuling in a
change of potential

tamplwishiomalecules  thiod 548 cavites

Figure 1. Schematic representation of
the ternplate where biomolecales are

SO, SRR Tt n s I SAM oma sold

prlseshetenta TR change In polentisl depending on the e
T].'I.i.S ] dﬂlf] | - ]ﬂE] after adding Hb In Saum

shown to be an efficient and cost-effective
technique for proteins.* This study -

hypothesizes that ths techmique can be

extended for the detection of bacteria as well,

which would be greatly beneficial to the field

of mecrobiology and the threat of mfechous

disease.
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It was maportant to see if the sensor

would be able to be imprinted with not only L .

hiomolecnles alone, but also with media as a

consequence of the fact that bactena often probferate ometric det

m media. As a precurser to the detection of bactena, mﬂm ot

tests were done to see if the sensor could detect the

presence of hemoglobin when m serum In this study, the chip was mcubated with a 0.02

mg/ml hemoglobm-0.005mg/ml. thiol solution and was tested with different

concentrations of serum and hemoglobm  Results mdicated that the sensor was able to

detect the presence of hemoglobin even when m serum  Future work will melude the
mg of various bactena on the sensor and ther detechon.

"Wang, Y., Zhou, Y., Sokolow, T, Rigas, B, Levon, K., & Rafilovich, M. (2008). A patentiomstric protein sensor budlt
wlhnn:ﬁcemlmﬂumpnﬁmgnﬂhd.ﬂmmmmdﬂﬂﬂm” 163-164.

1Wau,l_!_‘![’ Thang Z JTain V. Y1, I Mueller, 5 Sekelov, T & Lin, Z.(2010). Potentiometric sensors bassd en
surface molecular imprinting- Deteciion of cancer biomarkers and vimoses, Semsors and Acaugsors B, 146, 381-387.
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The Mechanical Fffect of PMMA Substrates on Dental Pulp Stem Cell
Differentiation and Biomineralization
Leora Apfelbanm, S48 High School, Rachel Shapire, Festve Lnhversity High School for Giris
Aaron Akbavan, Fethiva Unversigy
Dr. Mariam Bafsilovich, Maerials Science Department, Stany Erook Inhversity
Dr. Mardia Simon, Schoo! gf Dental Maedicing, Stony Brook University
Aneel Bherwani, School of Denal Madicine, Stony Brook University

The use of scaffolds 15 a promising technique in the area of hissue engmeermg. A
scaffold, whoch 15 comparable to the extra-cellular matrx (ECM) of a fissue, provides a natural
environment for cell growth Dental Pulp Stem Cells (DPSCs) grown on the proper scaffold
could potentially be used for tissue repair and regeneration DPSCs are mmlti-potent stem cells
found m the dental pulp of human teeth Tlla?'arﬁmadj]jrmnihbh and can be mduced to
differentiate mto osteoblasts and bone tissne.” DPSCs can be taken from a pabient’s own body,
and therefore the problem of tissue rejection based on findmg a donor that is a comrect match can
be avoided. In this experiment, Poly{methylmetherylate) (PMMA) was used as the polymer for
ﬂ:ﬁscaﬂ'u-kh because 1t 15 biocompatible and already FDA-approved for use in medical
treatment *

To create the thin-film scaffolds, silicon wafers were cleaved and sohrhons of PMMA
and toluene were spun cast onto the wafer samples. The solutions used had concentrations of 25
and 30 mg/ml The fiber samples were prepared using the same procedure, but after spmcastmg,
fibers were electrospun onto the thin film samples. The solution used for electrospmnmg was a
4g chloroform and PMMA solution that was 20% PMMA by weight. The fibers were
electrospun onto the samples i three different ahgnments: random (Fig. 1), parallel and crossed
(three layers) (Fig. 2). The samples were annealed m a vacuum oven overmight at 150°C.

Afterward, DPSCs were plated on the scaffolds for 21 days to test for biommerahzation
To determune the rates of proliferation of DP5Cs on PMMA substrates, growth curves are bemg
created. Cells were plated on PMMA thin-films on sihcon wafers, PMMA thin-films on glass
cover ships, and PMMA fibers on silicon wafers. The cells were then counted usmng a
hemocytometer. Using optical microscopy, the diameter of the PMMA fibers was determuned.
Images were taken at 10x and 50z magmfications. and Image) was used to measure the fibers m
the images. The average fiber diameter i all of the samples was approximately 6 pm.

Current experiments are nimming to determine the effect of the substrate on cell
biomineralization and differentiation Future research mvolves an experment to test for
biomineralization of human osteoblasts on PMMMA scaffolds, as well as the affect of fiber
dmterunﬂ:ed:ﬁerenﬂahmufﬂf’ﬂﬂs

Figmre 1: Random
PMMA fibers nnder

10x magnification

1DV Aquing et al Dental Palp stem cells: A promisng tool for bone repeneration. Stem Cell Beviews 4(1): 21-26,
March 2008,

2 izamrfin. "Bismechanical evalustion of kyphoplasty with calcium salfate cement in 8 cadaveric osteoporotic
vertebral compression frachme model " The Spine Toommal 5.5 (2005) 489-93_



The Effect of Hydrogel Environment on Dental Pulp Stem Cell Proliferation and Differentiation

Juliana Coraor, Huntington High School, Lina Lin, Plainview-Old Bethpage John F. Kennedy High Schoal,
Divya Bhatnagar and Viadimir Jurukovski, Stony Brook University

Difficulties in tissue transplantation affect milions of people annually. A lack of donors and frequent
tiszue rejection impede this process’s abilty o save lives. Tissue engineering i a growing field where a
patient’s stem cells are used to make replacement fissues 1.

Currently, plastic polymers serve as scaffolds upon which the cells grow and differentiate. However,
in cage of demand for [arger fizzue replacements, creating a big scaffold requires a sizable incision for
inserfion. These polymers are also forsign to the body and therefore are mare likely to stimulate an immune
regponse or have other negative effects.

Hydrogels, however, eliminate some of these complications. Az hydrophilic polymers that can hold
large quaniifies of water without dissolving 2, hydrogels are used as 3D scaffolds that can be injected into the
damaged site without the mvasive surgery and are less likely to induce immune response since the main
component of the hydrogels is collagen, protein naturally produced by the body.

More must be learmed about how the hydrogel ervironment affects the behavior of stem cells before
tiszues can be grown in vilro. In order to study this, Dental Pulp Stem Cells (DPSC) were grown on collagen
hydrogels with varying stiffness, in presence or absence of dexamethazone (an inducer of ostecblashc
differentiation) for 15 days. Afterwards the celle were removed from the gel using collagenase and Trypsin
and were plated on glass cover-slips and grown for additional 7 and 15 days in a non-inducing medium, o
examine their abiity fo retain the differentiation potential after the initial “education”.

One third of each sample from the initial 15 day growth and incubation were analyzed using confocal
micrescopy fo examine the morphology of the cells and any presence of possible biomineralzation (Figure
1a). Az shown on Figure 12, the well stretched green actin fibers indicate the presence of healthy cells, and
the presence of bright fluorescent spots might indicate biomineralization. The second third of the samples will
be used to confirm biomineralization wsing mass speciroscopy as evidence of osteoblastic diferentiation.

The re-plated cells grown for seven days were examined under a fluorescent microscope (Figure 1hb).
The preliminary results show that there seems o be evidence of depositz on both the onginal gels and the
glass cover-slips. In the future, we will analyze the re-plated cells after ffieen days and we will use SEM/
EDAX to confirm the exstence of hydroxyapatie deposits.
1| al, B., Vioka, J._ Hicks, D, Grad, 0. Emergence of Tissue Engineering, 11-17.

2 Schacht, EH. (2004). Polymer Chemisiry and Hydrogel Systems, 22-28_
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Figure 12- Gal sample stained and viewed undar a Figure 1b- T day plastic sample stained and viewsd
confocal microscope. The more intense green apacks on under 3 fluorescant microscops. Gresn dots might
the green fibars could be hydroxyapafite deposits. indicats biomineralization.



Effects of Titanium Dioxide and Zinc Oxide Nanoparticles on the Proliferation and
Differentiation of Human Dental Pulp Stem Cells In Vitro

Ryan Chow, Leland High School San Jose, CA
Eric Huang, Monta Vista High School, Cupertino, CA
Chien-Hsin Lin, Vladimir Jurukovski, and Miriam Rafailovich, Department of Matenals
Science & Engimeermg, Stony Brook University

Nanotechnology 15 a promusing field of engineering; however, the nsks associated with
nanoparticles have not been fully explored. In this study we explored the effects of zinc oxde
and fitanmm dioxide nanoparticles on luman dental pulp stem cell proliferation and
differentiation From cell countng, we estabhished a companson between the control and
nanoparticle-treated cells We conclnded that zmc oxide and fitanmm dioxide nanoparticles
were extremely toxic to the cells, and were increasmgly dangerous as the concentration
mcreased. Additionally, zinc oxide nanoparticles were more harmful to the cells than titanmm
dioxide.

As for differentiation. we ufilized immumofiunorescent imaging to search for a potential
mhibition of the stem cells” ability to differentiate. The mages suggest that zme oxide seems to
completely mhibit the differentmtion of dental pulp stem cells, whale the control and titanmm
oxide samples were still able to differentiate when grown with dexamethasone, a corticosteroid
that has been shown to mduce differentiation (1). However, all types of the nmanoparticle-
mduced cells generally had comparatively disoniented actin fibers, mdicating that the cells were
affected by thewr environment (Figure 1).

Given the toxicity of the nanoparticles, we then wanted to see if coatings on the
nanoparticles would hmat the damage. We used nanoparticles coated with an amome polymer,
anhioxidants and a silicon polymer outer wrap. Our cell counting results showed that the coated
nanoparticles are less toxic to the cells, but stll dramatically mhibit cell prohferation (Figure 1).

Smce dexamethasone mproved differentiation we also looked at the effects of
dexamethasone on cell prohiferation. By plottmg a growth curve over the span of one week, we
observed that dexamethasone did not any significant effects on cell proliferation

In the fiture, we will venify our mferences by stammg the cells for osteocalein, a marker
of osteoblasts-like cells (2). Additionally, we will confirm the presence of calemum phosphate

0 [ ]|

Figure I: mhhmrﬁplmquzw !.‘r.[JJ' mg‘mlm‘l:mrp:‘l {5} Controi, coated, mrmm‘grnﬁ CUrVE
1. Siddappa, ., et al. "cAMPPEA Pathway Activation in Homan Mesenchymal Stem Cells In Vitro Besults in
Fobust Bone Formation In Vive " Proceedings qf the National dcadenty of Sciences 10520 (2008): T281-T2E6.

2. Eghtali-Fatourechi (uoiti Z, ef al "Circolating ostecblast-linsaze cells in bomans " The New England Jowrmal
O Medicine 352,19 (2005): 1950-19464.



Biomineralization of Dental Pulp Stem Cells in Hydrogels of Differential Stiffness
Daryl Chang!, Sanjay Palat?, Divya Bhatnagar®, Miriam Rafailovich®, Viadimir Jurukovski?
Saratoga High School, Saratoga, CA; 25mithtown High School East, St James, NY; *SUNY Stony Brook

The therapeutic potential of stem cells 15 versatile, with potential applications including treatments for
chromc diseases like Alrheimer's and long-term paralysis. In terms of practicality, Dental Pulp Stem Cells
{DPSCs) prowide multipotent, uncontroversial, and easily obtainable stem cells [1], while hydrogels actas a
biocompatible substrate for potential delfivery of DPSCs to the reatment site.  The abiliéy of DPSCs to
differentiate mio osteoblast like cells 1= parbcularly intiguing and can be polentially used in the regenerative
repair of stress fractures and other bone injuries. However, many aspects of the relationship between DPSCs
differentiation potential when grown on hydrogels are yet to be explored, including the relationship between
substrate stfiness and biomineralization. Our expenmentation seeks fo characterze the effects that hydrogel
stiffiness has on DPSCs’ differentiation mio osteoblast like cells and biomineralization.

Based on previous research [Z], we hypothesize that hydrogel stiffiness is positively correlated with
osteoblastic differentiabon of DPSCs and biomineralzation levels. The hard gels should induce the most
mineralization and therefore have the highest calcium phosphate levels of the samples, while the opposite s
true for the zoft gels.

Hydrogels of three different hardness (hard, medium, and soft) were made using gelatin and cross-
linked with microbial transglutaminase. The stiffiness was vaned by using 3:1, 251, and 1251 gelatin-to-
enzyme ratios. DPSCs were then plated onto each gel and incubated for 15 days in mducing and non-
inducing media, and then stamed with Alexa-Fluor 488 and propidium iodide and maged under confocal
microscope. In almost all samples, the cells displayed uniformly aligned actin fibers (Fig. 1) probably due to
the confluent nature of the cultures. The moduli of the cells were determined using atomic force microscope
showing that the cells tend to conform to the stiffness of the gels and it takes about three days for them to
adjust (Fig. 2). When incubated in inducing media the cells' modull were overall higher. Finally, mass
spectrometry will be used for quaniify the calcium phosphate content to ndicate biomineralzation levels.
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Fig. 1: Cefs in 25:1 hydrogel and non-induced media  Fig 2 Relative moduli of DPSCs grown on hydrogels with
were stained with Alexa-Fluor 438 and propedium varying stifiness and media conditions for 1 and 3 days,
indide and then maged using the confocal microscope.  showing slow adapiztion to the growing envisonment.

Relalive rmodulus

"Gronthaos S, Mankani M, Brahim J, Robey PG, Shi S (2000). Posinatal human dental pulp stem cells [DPSCs) in vitro and in vive.
Proc Natl Acad Sci USA 97-13625-13630.

*Engler et al, 2006 Al Engles, 5. Sen, H.L Sweeney and D.E. Discher, Malrix elasticity directs stem cell ineage spedification,
Cedl 126 (2006), pp. 677689,



The Effects of Mechanical Nanopatterns on Human Stem Cell Differentiation

Zohar Bachiry Yeshiva University High School for Girls, Holliswood, NY
Miriam Rafailovich, Department of Material Science an:lE'ng;mamng,
Stomy Brook Umniversity
Ruth Fried, Yeshiva Unmiversity High School for Girls, Holliswood, NY
Maxwell Plant, Massachnsetts Institute of Technology, Boston, NY

Stem cells are of great mterest due to therr potential n many medical therapies. In this study,
human dental pulp stem cells were plated on mechanical nanopatterns m order to study the
differentiation and probiferation of the cells on these surfaces. Knowing how the cells differenhate
and proliferate can give us control over these processes, and fiwthermore allow us to direct them
Stem cell ransplants can become more efficient and successful as the cells being transplanted are
guided towards a certain outcome.

Dental pulp stem cells (DPSCs) are pluripotent stem cells that can be mduced to become
osteoblasts, nevronal and muscle cells.' The material on which the cells are grown can affect cell
growth. DPSCs caumethehndnﬂsnfﬂrsubmhatewhich&fymmmdgmwmmspumemﬂ_
A surface 15 charactenized as “biocompatible”™ if the cells like the surface. In our research, we study
the effects different mechanical nanopatterns have on the differenfiation of these cells.

Nanopatterns were created by spm-casting 1: 3 polymer blends of polystyrene (PS) and
poly(methyl methacrylate) (PMMA) onto sihicon wafers (see Fimure 1). Nanopatterns were created
due to the concept of mterfacial tension, the energy at the boundary between two matenials. The
higher the mterfacial tension, the ligher the fiee energy at the inferface of two polymers, and vice
versa. Because polymers are not compatible with each other, they wish to nuninmze the mterfacial
area and ball up therefore. * Then, the ion mill was used to sputter each sample and etch the pattern
mto the siicon Finally, the use of a high temperature oven (1000°C) and cleaning the samples ina
sohrhon of 1:1:1 H,50, HyQ, and H,O removed all remams of the polymer, leaving just the efched
patterned sihcon wafer. The grooves left by the etching were filled with polybutadiene (PB) in one
set of samples and ethylene-vinyl acetate (EVA) in another set The cells were plated on these

and their patterns of differentiation and proliferation were studied

Future work inclodes analyzing cell growth data and repetition of the expeniment on gold-

covered sihicon wafers.

Fipure 1: PS : PAMA 1:3 sample oo silicon wafer under atomic force micrescopy

" Biritish Dianta] Journal; 7103010, Vol 209 Iisue 1, p5-3, 1p
* Taromne, 1; T, 5.; Seo, Y. 5.; Ho, M ; Parnodet, H.; Gambine, B_; Sokolov, 1.; Rafailovich, M. H ; Zaitses, V; Schoare, 5.; DiNardo, B
Macromsolecwles 20048, 17, 6504,
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THE EFFECTS OF GOLD NANOPARTICLES OMN HELA CELL MEMBRANES

PeninaSafier and Bonmie Boze
Acknowledzments: Dr. Miriam Bafailovich, Dr, Peter Brink, Josh Kaufman, Anjali Kapur, Dr
Wongz

S1IBEMA. a form of gene therapy, 1s an innovative way to cure disease Monetheless, if requires a method
through wlech o enter the cell. This treatment can be delivered through mmyjection and vouses, but neither
method 1= foolproof. Cur experiment sought to lock at the effects of nanoparhicle exposure on the
membranes of Hel 3 cells, under the asswmption that should the nanoparticles sufficiently weaken the
membranes, sIRMNA could be delnered with greater ease miracellularly.
We tested this theory by using a patch clamp booked up to a volimeter. This process facilitates the
analysis of 1on channels inthe plasoalemma. By companng the graphs created by patches of control cells
to the graphs created from patches of cells exposed to 13 nanometer gold nanoparficles and 45 nanometer
gold nanoparticles, respectively, we were able to assess the efficacy of saxd zold nanoparticles on making
the cell membrane more permeable. This analysis was based on the supposthon that the more permeable
the membrane had become, the greater the flow of 10ms, or cwrent, across it

Ohar resmfts showed little difference between the current across our confrol cells and our expenimental
Monetheless, further data collection nmst take place before anything conclusive can be determined

thll mmumam Fliure 1.3: Muﬂmﬂuummﬂﬂu
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The Effects of Gold Nanoparticles on Cancerous and Non-Cancerous Bone Cells

Ayelet Abelow, Yeshiva University High School for Girls
Jerem'l- Sacks, Hebrew Academy of Five Towns and Rockaway
Helene Sonenberg, Yeshiva University High School for Girls

Kathryn Dorst, Department of Matenals Science & Engineering, Stony Brook University
Miriam Rafailovich, Department of Matenals Science & Engimeering, Stony Brook University

Yizhi Meng, Department of Matenials Science & Engineering, Stony Brook University

Nanoparticles have become a field of great mterest to scientists. Much is unknown about
these substances, such as how they enter cells and how toxic they are. Even though there 1=
evidence that gold namoparticles are toxic to cells [1], it 15 not known if the nanoparticles
thenselves are harmful or if the precursors used dunng the synthesis of these particles are
actually causing the damage to the cells. Since nanoparticles are being used m different common
products such as electromics, it is imperative to find out what happens when the nanoparticles
penetrate cells. It has been discovered that nanoparticle diameter is mtegral to the fate of dermal
fibroblasts [1]. In the case of both 13 nm and 45 nm gold cifrate nanoparticles, the two sized
particles entered and formatted in the cells in drastically different ways. The 13 nm particles
entered mamly through phagocytosis, while the 45 nm nanoparticles were mamly enpulfed by

the cell through endocytosis. Additionally, while both size nanoparticles seemed to sequester in
vacuecles along the vacuole membranes within the cell, the larger gold nanoparticles were more

toxic to the cells compared to the smaller particles possibly due to niptunng of their vacuole
containers and allowance of thewr direct exposure to the cell environment. [1]

Therefore it is our goal to see if cytotoxic effect of gold nanoparticles pertams to
ostecblasts as well by culturing MC3T3-E1 and ROS cells m culture mednim supplemented with
13nm and 45nm gold nanoparticles or thewr precursors. We have begun a preliminary growth
curve and plan to further this study by analyzing the effects of gold nanoparticles on the
biomineralization of MC3T3-El and ROS cells over the next 4 weeks and analyze the steps the
cells go through after being induced to biommeralize [2].

[1] Mwronava, Tatsiana , Hadpargyrou, Michael | Smon, Manca |, Jurukovski Vladmr .
Rafailovich H, Mmam “Gold nanoparticles cellular tomicity amd recovery: Effect of size,
concentration and exposure tome. ™

[2] Meng, Yizln, Omin, Yi-Xian, DiMasi Elane, Ba, Xiaclan , Rafmlovich Mmam
“Biomineralization of a Self-Assembled Extracellular Matrix for Bone Tissue Engimeermg.™




Toxicity of Clay Nanoparticles on the Growth and Differentiation of MC3TJ3 Osteoblasts
Sally Lin, American High School Fremont, CA
Chi Zhang, Youjun 2]13;, and Lindi Zhang, Stony Brook University, NY
Yizhi Meng and Miriam Rafailovich, department of Materials Science & Engmeering, Stony
Brook University, NY

Widely mvestizated for therr flame retardant properties, clays are often mcorporated into
polymer nanocomposites as a method for enhancing mimeralizmg cells.* However, companies
mterested m using these clays nmst first test thewr safety levels (especially since they consist of
nanoparticles, whose penetrating abilihies are often toxic to cells).

In this study, a nanocomposite of sihcon and Cloistte 204, a montmonllonite clay able to
maprove the thermal and mechamcal properties of polymer blends ® was tested for esther adverse
of beneficial effects on MC3T3 (Mus musculus) cells. A monolayer of concentration 1 mg/ml. of
Cloisite 20A dissolved in Xylene was deposited on a silicon wafer using a Lanenmir Blodgett
(LB) Trough The 51 20A wafer and a plam sibcon wafer were cut and cells were plated onto
each, with composites consisting of no cells actmg as controls. Composites were stamed with
DAPI ondays 1, 3. 6, and 3. The cell densihies were cakculated usmg a fluorescence microscope,
andagmwthcunrewunmdelad_ On days 2, 8, and 14, the cells were stamed with flucrescence
{ALP) and viewed under a confocal ::r.‘ri::rusmpe to check the cells” morphologies. Results
miicate that the Clomsite 20A sihicon nanocomposite slows the growth of cells and detromentally
affects thew differentiation

Future work mcludes testing nanocomposites of different clay types and concentrabons
nuxed with polystyrene to determine if a specific concentration would be helpful to the cells.

(b}

Figure 1: (3) Stained cells on plain silicon wafers, viewed under a confiocal microscope day 2 (b) a stained cell on

silicon & cloisite 204 day 2. Cells were rare and deformed

1. Easshiwagi T.; Hammis r FLH ; Fhang X : Briber, B M ; Cipriano, B. H ; BEaghavan 5 B Awad W. H;
Shields, I. B. Flame retardant mechanizm gf polamide S—clay mamocomposifes. (2004). 45, 881-801.

5L M; Arald T.; Ade H; Eilcoyne A L. D ; Fisher, F_; Sokolov, I C; Bafailovich, M. H Macromolecules
{200 39, 47934801,
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Gold and Matinum Nanoparticles Effects on Dental Pulp Stem Cell Growth

Abraham Killanin, Lawrence High School, Cedahurst, NY
Evan Schneider, Roshn High School, Roslyn Heights, NY
Tatsiana Mironava, Department of Materials Science and Engineering
Viadimir Jurukovski, Department of Cral Biology and Pathology

Many studies in the field of nanoparticles have centered around their effects on cells and their use
in cell labeling. Scientizts have looked at the different ways in which nanoparticles enter cells, mhabit cells,
and exit celle. They have also trned to explain how nanoparticle tomncity can have either al:iua'llagems tus:ed
in cancer treatments) or detrimental effects on cells due to its general toxicity.

Currently, research on nanoparticles is being devoted to the examination of the different ways in
which nanoparticles interact with cells. Research on nanoparticles iz aleo being directed towards using
nanoparicles (in cells) as a mode of cell frackang, or cell labeling. In recent studies, the mteractions that
occur between gold nanoparticles and human dermal fibroblasts were observed, and the uptake of these
nanopariicles was delected as a function of ime, size, and concentration of the nau‘ruparhd&sf In another
study, in:rluxﬂ&mmﬂnhsmwedhﬁukbm&nmarﬂemhmmmmmhnﬂﬂehriﬂnand
epinal cord of a rat in order fo prove that nanoparticles can be used as a method of magnetic resonance
tracking of implanted stem cells?. Both studies used electron microscopy among other methods to okserve
the cell structure and inferaction of the cells with the nanoparticles.

One thing that scienfists have not extensively researched 15 the possible effect that the tmacity of
nanoparicles has on cell growth and particularly stem cell differentiation. In this study, gold and platinum
nanoparticles were used to observe the way that nanoparticles might hinder or encourage the growth and
diﬁrr:ntahm of dental pulp stem celiz. Thiz study focused on the differentiation of the dental pulp ztem
cells wath and without nanoparticles, and it also tested the effect that nanoparticles had on the cells. In
order fo detect the interaction between the nanoparticles and the cytoskeleton and nucleus of the cell,
confocal and fluorescent microscopy were performed. Fluorescent microscopy was used to better analyze
the differentiation of the stem cells and to detect osteocalcin (an early signal of proper differentiation). In
order for osteocalcin to be present, dexamethasone (a corticosteroud) is required. This study observed that
cells that were treated with nanoparbcles produced osteocalcin in inducing media (media containing
dexamethasone) whersas the DEEI; that were placed in non-inducing media (without dexamethazone) did
not produce ceteocalcin, except in the case of the platinum nanoparticles, which is very imteresting and will
be a zubject of future work. These resulis mdicaie that nanoparticles do not hinder the early differentiation
of dental pulp stem cells.

Further wark will include tesfing different concentrations of nanoparticles on these cells and
fracking the presence of these nanopariicles inside of the cells.

3} h]

Figure 1: {3} Cells in non-inducing media without nsnoparticles that did not di fferentiste (b)) Cells in induced media
without namoparticles that did differentiate.

* Mironavs, Tatsians., Hadjiargyron, Michael | Simon, Marcia | Fumkovski, Visdimir | Rafailovich. H Mirism Gold
nemopartiches cellular toedcity and recovery. Effect of size, concentration and expesure ime. Nanotomicolegy; March
2010, Vol. 4, Ho. 1 : Pages 130-137

3 Jendelowva, Pavla , Herymek | WVit., Urdzkows, Luca | Glogarova, Esterina | Evoupova, Tana. | Andersson, Benita |
Bryja, Vitezslaw., Burian Martin, Hajek Milan , Sykova, Eva Joomal of Neuroscience Research, Vobome 76 Issue
2, Papeg 333-243



The Modulus of Cancerous and Normal Keratinocvtes and the Effect of Titanium Dioxide
Nanoparticles and UVA Radiation on their Mortality

Angelina Seffens, Smuthtown High School West, Smithtown, NY
Rebecca Klahr, HAFTE. High School, Cedarhurst, NY
Marcia Simon, School of Dental Medicme, Stony Brook University
Miriam Rafailovich, Dept. of Matenial Science & Engineening, Stony Brook University

Skin cancers are the most frequently diagnosed cancers m the United States. Among
these cancers, squamous cell carcinoma is the second most commonly diagnosed Generally
these carcinomas occur in areas of the body dectly exposed to UV radiation from sunlight or
other sources. Although sunscreen use has been suggested as a means to limit the nsk of skin
cancers, sunscreens that mclude nanoparticles of titanmmm dioxade (T10;) may not adegquately
provide this benefit. UV exposure of these nanoparticles generates reactive oxygen species and
peroxide radicals which can modify lipids, protems and DNA to cause cellular damage. (1, 2)

Recent studies have suggested that changes in cell mechanics can be used as an mdicator
of cancer and reflect differences in cell fimction (3). In our study, we are trying to determume [1]
whether the viability of normal (D033) and transformed (SCC12b, SCC13) keratinocytes are
affected sinmlarly by Ti0, (with or without UV exposure), [2] how cellular and mainx mechamic
of normal and transformed cells are altered by TiO: and [3] whether TiO: alters the effects of
UVA exposure of normal and transformed cells. In an effort to understand the nature of cancer
progression we have also camed out these expermments with mmmortalized non-transformed
keratmocytes (SF-44). Future experiments will explore the effect of the extracellnlar matnix on
cell mechamics. For this purpose we will measure the modulus of normal cells grown on the
cancer cell matnx and cancer cells grown on the normal cell matrx.

Dose Range for Keratinocytes to
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Figmre 1: (a) Diose range for Eeratinocytes exposed to UVA radiation (b) Confocal Image of TH033 cell at
G3x magnification.

1. Gooss, Meil D, "Skin Cancer: Sqeamons Cell Candincmm ™ seedicng. Mop, nd Web. 17 July 2010, <http: emedicine medscape com~.

2 Eius, Borbala. "hrvestigation. of micronived tiaoinm diswdds pensiation buman skin senografis and s effect oo cellelar fintons of beman
shiin-darived calls.” Experimental Dematobogy (Dec. 2007) §39-667. Wob. 3 Ang 2000

3 Parnodet, Nadize. "Dietecting Cancar Calls in Normal Tisme by Scanning Forca  Modnlation Micoscopy.”™ Mioroscopy and Anafysis (blar.
H0E): Prine.



Synthesis of Elastomeric Polvmer Blends

Kyle Holzgruber, South Side High School, Rockville Centre, NY
Maxwell Plaut, Massaclmsetts Institate of Technology
Miriam Rafailovich Department of Materials Science & Engineering, Stony Brook University

Ethylene vinyl acetate (EVA) 1s a copolymer currently used for a vanety of apphications.
EVA 15 used becaunse of its many useful properties such as toughness, good adhesion, and stress
crack resistance.! It ako poses no threat to one’s health It has the potential to replace the more
dangerous polymer, PVC in transmission cables. But it would be better sunted for this purpose if
1t were made flame retardant and more flexible. This may be possible by creating a polymer
blend that mcorporates EVA. Blending polymers i a means of creating new matenals which
combine the vahmable qualifies of each of the components.

In this experiment, EVA was blended with the polymers, Polystyrene (PS) and
Polycaprolactone (PCL). Spin casting was used to create thin films to determime the miscibility
of these polymer blends. Atomic force microscopy (AFM) allowed the contact angle to be
measured A low contact angle, averaging 7.947° was measured for the EVA/PS blend
mdicatmg that EVA and PS are muscible. The AFM image of the blend shows droplets of one
polymer i the other polymer so they are not perfectly miscible (Figure 1a). In addition to trying
to mix polymers by themselves, c:la],rs were also added because clays reduce interfacial tension,
making polymers more miscible* The average contact angle for the EVA/PS blend mixed with
closite clay 20A was 28.073°, which 15 sigmificantly higher than the contact angle of the blend
without the clay. This is visil:lle in the AFM image because there are more droplets in the mage
of the blend with the clay than in the image of the blend without clay, mdicatmg that the blend is
less miscible with the clay (Figure 1hb).

In the fiuture, the EVA/PS blend will be tested m bulk and the miscibility of the
EVA/PCL blend m]l be determined, possibly allowmg it to be tested also. Another goal will be

gving EVA self healing properties.

Figure 1: (3) EVA/PS blend viewed with AFM (b) EVA/PS bend with 2% cloisite clay 204

"Mark, James E., ed Polymer Dtz Handbook. N p.- Oxford University Press, 1989,
Huttoc e gee. e Brominatttdoc o 2006 Lipehmer_dma_handbook pdf”
Web. Aoz 2010
? Ade Harald Winesett DA, Smith AP Qu 5., Ge 5., Sokolov J., Rafsilovich M. "Phazs Sepregation in Polymer Thin Films:

Ehwidations by X-Fay and Scanning Farce Microscopy.™ Egropbysics Laters 45000000 526-531



The Crystallization Rate of Polylactide (PLA): Nanocomposites and Copolymerization

Cathy Cheng, Calhoun High School Port Lavaca TX
Maxwell Plaut, MIT
Miriam Rafailovich, Department of Matenals Science & Engineening, Stony Brook University

P‘nI'j.'lactkle (PLA), derived from the lactic acid of renewable sources such as com and
sugarcane, 1s an eco- fnendly substitote to plastics such as Polystyrene (PS), Polyethylene (PE).
Polypropylene (PP), Polyethylene Terephthalate (PET) Polyvinyl Chlonide (PVC), and other
types of polymers. Serving as a plastic that 1s 100% biodegradable, PLA is able to save up to 63%
afenerg}rmpmdumnnntthods and 68% less toxic preenhouse gases, aIEnwmg PLA to jom the
global trend towards the “green” movement as an alternative energy plastic.”

Although PLA presents itself as a solution to the petroleum- based. indecomposable
plastics currently n use, it is flawed m 1ts ability to withstand high temperatures. With a glass
t[EIIS]IHJntEII]pEIHIJIE at 38°C and a melting pamt at 152°C, PLA 15 unable to be used under
conditions that require excessive amount of heat.” This property makes PLA an mlpmcn:al
alternative to other types of commonly used polymers, so the emphasis m this project is set on
mecreasing the crystallization of PLA to improve PLA’s melting temperature.

For thos study, cleaved Silicon wafers were used to make thin films nsing PLA%
Cloisite Clay 20A, PS/PLA, PS/PLA% Cloisite Clay 20A, PLA/Ecoflex, FLARDP,
PLA/PSRDP, PLAEcoflex PDP, PLA/Ecoflex?%: Cloisite Clay 20A blends. The thin films
were then scanned using the Atomic Force Microscope (AFM), and the contact angle was
calculated from the scans. The contact angle allowed the muscibility of each polymer blend to be
determmed. From lookmg at the AFM scans, the polymer blend with more droplets visible were
moTe immuiscible than the polymer blend with fewer droplets evident (Figure 1). If two
substances mix well together, then they are considered mmscible; if they do not, then they are
mmiscible.

Future work mcludes conductng tests in bulk to merease PLA's flame retardancy and
using copolymernization m which PLA will be blended with other polymers to mcrease the rate of
crystallization

Figure 1: (a) 3-D) AFM scan of a PLA2% Cloisite Clay 20A blend on a thin Sim dipped m a Lansnmuir-Blodeett woungh (b) 3-D
AFM scan of a PSPLAY Cloisite Clay 204 blend on a thin film

! Rovle, Elimabeth “Corn Plactic to the Fecoe ™ Auguct 2008, Web. & Augnst 2010.

* Awerous, Luc. “Bioplastics - Biodesradable pelyesters (PLA, FHA, PCL ). University of Smasbowe. May 3009, Web. §
August 2010,



Mechanical, thermal, and morphological characterization of biod dable Ecoflex and

Lolvlactic acid (BL.A) blend: with RDE soaked cloizite clav
Akhil Sharma Herricks High School Michael Zhou Jericho Senior High School
Kai Yang, Dr. Miriam Rafailovich, Dr. John Jerome

Depariment of Materials Science & Engineering, State University of New York at Stony Brook
Mariah Nicole Geritano SUNY Stony Brook

In recent years, the demand and mterest m biodegradable matenals for use m
packagmg agriculture, medicine, and other areas has seen a large increase ;. Biocomposites such
as Ecoflex and polylactic acid (PLA) are of special interest due to thewr relatively mexpensive
cost to produce, mechanical strength and ther ability to biodegrade completely 2. However, the
applications of these polymers are lmited by ther low flame retardancy. To solve this, Ecoflex
and PLA nanocomposites were made with a novel additive, resorcinol bis{diphenyl phosphate)
closite soaked clay. This study aims to create these blends on the bulk and thin-film level m
order to improve the flame retardancy of the polymers for further mdustrial applications.

Homogenous blending of Ecoflex and PLA with RDP soaked closite clay was done
using a C.W. Brabender. In this study, four concentrations of RDP soaked clay and Ecoflex/PLA
were used, 100% Ecoflex’PLA and 0% RDP clay, 9%% Ecoflex’PL A and 1% RDP clay, 95%
Ecoflex’PLA and 5% RDP clay, and 90% Ecoflex’PLA and 10% RDP clay. Tensile testing and
DMA revealed that as the concentration of RDP clay mcreased, the tensile strength of the
polymer blends decreased (Figure 1) and the stiffness mcreased (Figure 2). However, the
resistance of the blends to flames showed great mmprovement as there was less blackening of the
polymer and reduced dnpping with mereases m the concentration of RDP clay.

Future work will focus on the interaction between Ecoflex, PLA, and RDP clay on the
nanoscale level In order to determune if the EDP soaked clay mteracts favorably with Ecoflex
and PLA thin films of Ecoflex and PLA will be synthesized through spin-casting on a
monolayer of RDP clay deposited on a siicon wafer usimg a Langmmur-Blodgett trough. Aftomuc
force microscopy will be done before and after annealing of the polymers to look for phase

separation.
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Figura 1. Tenshe test resuits Tor a) 100%PLA b) 28aPLA B -
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! Kolybaba, M., Tabil, L.G., Panigrahi. 5., Crerar, W.JI., Powell, T, Wang, B., 2003. Biodezradsble Polymers: Past,
Present and Funre. CSAE/ASAE Anmmual Meeting Paper No. REV03-0007, Farzo, ND, October 3—4.

! BASF. “Ecoflex- the entirely biodegradable plastic.” plasticportal. net. BASF, 2002. Web. 10 Ang. 2010.
<hitp/forww? basf us/PLASTICSWEB/displayanyfile?id=0001a5e1 8013508,



SIMULATING HEAT TRANSFER IN POLYMER COMPOSITES USING THE
LATTICE BOLTZMANN METHOD

Arpon Raksit, Commack High School, Commack, NY
Dilip Gersappe, Joseph Ortiz and Miriam Rafailovich, Deportment of Materials Seienee &
Enginesring, Stony Brook University, Stong Brook, NY

‘While polymers and plastics have many sdvantages as materials —epr. their strength,
Aexibility and low cost of production —thers are also dissdvantages, including polymers
ralatively low ignition temperatures and high combustibility'. In an effort to reduce the
Aammeability of commonly used polymers with and create more fire-safe materials, research
is being done on the use of flame retardants within polymers. To date, not mach s knowsm
about the physics and dynamics of this process; without a theoretical understanding of
how polymers act in high heat environments, polymer-flame retardant composites cannot
have optimal characteristics. Simulating the effect of flame retardants on the spread of
hieat throughont a polymer may provide o better understanding on how to most effectivaly
use these flame retardant material:. Using the lattice Boltzmann method (LEM), a highly
parallelizable computational technigue for simulating fAuid flow?, 2 modsl i= developad in
both two and three dimensions to simulate heat diffusion from a heat source to sink in a
system comprised of an ignitable polymer matrix and fame retardant Bller particles. An
initial model was developed, wing nsolating particles as flame retardants to prove the
applicability of the LBM in studying heat flow in polymerns: it was clearly seen that as
the concentration of flame retardants inereased, polymer combustion and heat propagation
decreassd. A more complex flame retardant model was then developed, where filler particles
absorh heat from the surrounding polymer and where heat is conducted through connected
Aame retardant structures (Fig. 1a). By varying the volume fraction of these partickes, along
with their thermal conductivity, specific heat, shape and location, the effect on polymer
combustion is studied (Fig. 1h).

{n)} Thros dimansicnal mode] with hest ab- (b} The oforts of lame retardant concemtration and
sorbing and conducting filler particles eoaductivity on haat dissipaticn in the polymer matric

Figura 1: Datn collected from the developed modal

"Fu-¥u Hshich, Joel M. Stoltzfus, and Harold D Beeson, Note: Aotoignition Temperature of Selected
Polymers at Elevated Cxygen Pressare and Their Heat of Combustion. Fire and Matarials, 30:300303, 1996

2Zhiyi Chen and Gary [ Doolen. Lattice Boltzmann method for floid Sows. Anousl Feview of Fluid
Mechanies, 30320664, 1998,
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The Effect of Ocean Acidification and Oil Spills on Emiliania Huxleyi Transparent Exopolymer
Particles
Kunal Sangani and Mishka Gidwani
Fayetteville-Manlius High School and Neuqua Valley High School
Lourdes Collazo, Xiaolan Ba, and Dr. Miriam Rafailovich
Department of Materials Science, Stony Brook University
Dr. Cindy Lee and Carolina Cistern, Department of Marine Sciences, Stony Brook University

Increased atmospheric carbon dioxide has been the focus of marine scientists for the resulting
phenomenon of ocean acidification, which occurs when CO, reacts with seawater to form carbonic acid.
This has important ramifications for marine ecosystems - reduced calcification in phytoplankton and corals,
loss of biodiversity in shallow reefs, and a brighter, noisier ocean.'*! The calcium carbonate shells of corals
also dissolve in acidic conditions, harming these organisms and releasing large amounts of trapped CO, back
into the ocean.

One important mechanism for the removal of carbon dioxide from the atmosphere involves
marine phytoplankton. As these organisms photosynthesize, they store atmospheric CO, as organic matter.
When stressed, phytoplankton secrete a polysaccharide known as TEP (Transparent Exopolymer Particles).
TEP acts as a glue, creating aggregates of coccolithophores and debris (Figure 1-a). As these aggregates
become larger, they sink and sediment on the ocean floor, and their organic carbon is not returned to the
atmosphere.

We cultured Emiliania Huxleyi, a coccolithophore species 3-7 um in diameter. We engineered
an apparatus to achieve optimal conditions for cell growth. Using HCI and NaOH, we titrated the pHs of
each culture - one was adjusted to a pre-industrial pH of 8.3, another was left at 8.0, and the last was
changed to 7.7, the estimated ocean pH in year 2200.

We stained our cultures with Alcian Blue and measured light absorbance to determine the
amount of secreted TEP. We also measured rheologies to see the impact of pH on the mechanical properties
of TEP. We used the Atomic Force Microscope to measure changes in cell and TEP mechanics between pHs,
specifically the “stickiness” of the cell. This testing proved challenging as E. Hux. has no binding sites and
would not adhere strongly enough to be viewed (Figure 1-b).

Oil spills cause incalculable damage to nearby ecosystems. We observed the effect of soluble
oil dispersal through the photic zone on aggregation. We prepared two roller tanks - one with seawater and
one with seawater and soluble oil. The tank motion simulated natural ocean currents and promoted
aggregation, allowing us to measure the time till aggregation and the nature of the aggregates. We compared
these tanks to find the effect of oil on aggregation.

Figure 1: (a) A large'aggregation of yellow-orange Emiliania Huxleyi cells within white TEP (b) Several Emiliania Huxleyi cells adhering to a PP thin film on a
silicon wafer

Doney, S: C., W. M. Balch, V. J. Fabry, R. A. Feely. 2009. Ocean Acidification: A critical emerging problem for the ocean sciences. Oceanography, Vol. 22, No.
4:16-25.

Riebesell, U., I. Zondervan, B. Rost, P. D. Tortell, R. E. Zeebe, F. M. Morel. 2000. Reduced calcification of marine plankton-in response to increased
atmospheric CO,. Nature, Vol. 407: 311-313.

Engel, A., B. Delille, S. Jacquet, U. Riebesell, E. Rochelle-Newall, A. Terbriiggen, I. Zondervan. 2004. Transparent exopolymer particles and dissolved organic
carbon production by Emiliania Huxleyi exposed to different CO, concentrations. Aquatic Microbial Ecology, Vol. 34: 93-104.



Population and Degradation Studies of Marine Bacteria
Marinobacter aquaeolei strain VT8

ljeamaka Anyenel, Tiara Marshall?, Lourdes Collazo3, Omar Warsi3, Dr. Dykhuizen?3, Dr.
Miriam Rafailovich3
Brentwood High School, Brentwood, New York!. Cornell University?. Stony Brook
University3.

Marinobacter aquaeolei strain VT8 is a species of bacteria that is found in
throughout the water column and in the deep ocean. M. aquaeolei able to utilize organic acids
and amino acids and the VT8 strain has the ability to use n-alkanes as its sole carbon
source''.. This bacteria plays a vital role in its marine environment by its ability to degrade n-
hexadecane, pristine, and some crude oil components.

Marinobacter aquaeolei was initially cultivated in halomonas medium (HM) at 30°C for
all studies. A growth curve was then conducted with the M. aquaeolei in suspension in HM,
HM supplemented with small percentages of crude oil obtained from Sigma Aldrich, and
water with limited nutrients also supplemented with crude oil. This was to assess the
bacteria’s growth while in different mediums. The measurements of amount of bacteria were
obtained using a cell density meter measuring the absorbance at 600 nm.

Degradation studies were then conducted in 6 well plates. 100 pl of a constant amount
of Marinobacter aquaeolei was placed in each well containing 5 mL of the halomonas medium
and crude oil to assess M. aquaeolei’s degradation ability of various amounts of crude oil over
aspan of 27 hours.

Huu, N. et. Al. “Marinobacter aquaeolei sp. nov., a halophilic bacterium isolated from a Vietnamese oil-producing
well” International Journal of Systematic Bacteriology. (1999)




Immobilization of E. coli K-12 for Future Oil Remediation Applications
William Genova?, Lauren Herrera®, Tiara Marshall?, Lourdes Collazo®, Miriam Rafailovich?
1Brentwood High School, Brentwood NY 11717
2Cornell University, Ithaca NY 14850
3SUNY Stony Brook, Stony Brook NY 11790

Although the Deepwater Horizon has stopped, millions of tons of crude oil are left spilt across the
Gulf of Mexico. The hard and tedious task that lay ahead is to remediate the oil-stricken waters. To stray
away from hazardous oil-remediating techniques, a novel, environmentally safe method to clean-up oil
needs to be instituted.

A strategy that has been costly and challenging, but has shown promise, is the encapsulation
of oil-degrading microbes. This method will allow for a system to be created that will not harm the
environment and expose it to an abundance of outside microorganisms. The purpose of our research is to
examine if the embedment of microbes within a hydrogel is possible for future oil-remediation strategies.
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The bacterium utilized for immobilization was Escherichia coli K-12. The gram negative rod-shaped
bacterium is a widely used model organism that will represent the capabilities of other microorganisms
while encapsulated. A growth curve was created for the E. coli within Lysogeny broth media and the
absorbance was found every half hour for ten and a half hours. E. coli reached optimal absorbency at hour
ten, which meant the bacteria was at its highest population (Figure 1).

Currently E. coli is being immobilized with the Calcium alginate gel beads. Utilized due to it
not having any toxic effects on organisms, the Calcium alginate beads will provide a cross-linked polymer
for the E. coli to be embedded on. E. coli is embedded in the beads by being placed in LB media that is
combined with Sodium Alginate. The mixture is then added drop-wise to Calcium Chloride to create the
Calcium Alginate beads. Experiments are being currently done to examine the survival of E. coli, and the
percentage of E. coli being immobilized within the Calcium Alginate beads.

E. coli is also being encapsulated in Pluronic F-127. This copolymer is a thermo reversible
gel that gels at body temperature. The polymer is widely used for drug delivery and tissue engineering due to
it not being biodegradable, but we are examining if it can be applicable in encapsulating bacteria. To do so,
we immobilized the E. coli into the Pluronic while it is in its liquid stage. It is then placed in the incubator to
allow the uncrossed linked co-polymer to solidify. Proliferation tests will ensue to examine the capability of
the Pluronic as an effective polymer.

Once tests are completed, results will show whether or not future applications are possible. If
they are, embedment of the oil-degrading bacteria, Marinobacter aquoli will follow and the same tests will
be repeated to ensure that the bacteria can survive. Oil degradation tests within the hydrogels will also be
explored to ensure the bacteria can remediate within the gels.

(1] Sun,’ Kunshan. "Thermogelling Aqueous Fluids Containing Low Concentrations of Pluronic F127 and Laponite Nanoparticles."” 2010 American
Chemical Society(2010): n. pag. Web. 8 Aug 2010. < =k

Tao, Xue-Qin et al. “Rapid Degradation of Phenanthrene by Using Sphingomonas sp. GY2B Immobilization in Calcium Alginate Gel Beads”
Environmental Research and Public Health (2009)
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