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Unexpected polymorphic transiƟons in numerous pharmaceuƟcal drugs have proved that polymorphs can drasƟcally 
destabilize the proper funcƟon of drugs. This reveals a broader pharmaceuƟcal vulnerability, namely, that 
hydrophobic drugs (like anƟcancer, HIV, and immunosuppressant drugs) are at a constant risk of being ingested by 
paƟents while in the incorrect polymorph and, therefore, inhibiƟng therapeuƟc performance with adverse effects 
including death. And so, this study invesƟgates associaƟve liquid-liquid phase separaƟon (LLPS) specifically uƟlizing 
oppositely charged polyelectrolytes PAA and PDDA as a method to crystallize hydrophobic drugs (Mefanamic Acid 
(MFA)) in a specific polymorph. Mefenamic acid is an anƟ-inflammatory drug with low solubility in water (<0.02mg/
mL) making it prone to slow dissoluƟon and poor bioavailability but complex coacervaƟon compartmentalizes the 
drug, controls supersaturaƟon point, and permits crystallizaƟon to occur at the coacervate interface into the DMF 
phase. As PDADMA-PA is prepared in various DMF/water raƟos, coacervate viscosity increases with higher DMF 
content. Using XRD, PDADMA-PA shows a broad peak around 2 θ ≈ 20 degrees and FTIR over Ɵme shows that water 
is released from the coacervate phase into the MFA soluƟon. Pores on the coacervate surface act as a source of MFA 
and DMF soluƟon can penetrate the PDADMA-PA coacervate. Future studies could invesƟgate the crystallizaƟon of a 
hydrophilic drug or uƟlizing a solvent other than DMF. 
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MicroplasƟcs are polluƟng the ocean and intoxicaƟng many resources, with plasƟc bags being the leading cause. The 
problem is plasƟc bags are remaining in the environment and break up into microplasƟcs. With 500 trillion plasƟc 
bags being used every year, at least 10% end up in the ocean. The aim of this study was to develop a biodegradable 
plasƟc bag made from waste products such as corn stalks as an alternaƟve to convenƟonal grocery bags. In a test 
using weights, tensile strength was recorded for the HEB, bio-resin and old prototype bags. AŌer compleƟng the 
research, it was found that the HEB high-density polythene and the Bio-resin bags did not have a staƟsƟcal difference 
between the tensile strength. While manufacturing companies may be hesitant to switch to Bio-Resin bags, these 
bags can be directly transferred into the already set up manufacturing process through the use of nurdles. By using 
biodegradable and eco-friendly bags the percentage will decrease in the amount of plasƟc that ends up in the Earth’s 
waters by at least 7%, which is equivalent to 350 billion plasƟc bags. They offer a pracƟcal soluƟon to reduce 
microplasƟc polluƟon and environmental damage without changing the preexisƟng manufacturing process. 
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Drought is a major problem in coastal deserts such as the Atacama Desert, where high humidity indicates abundant 
atmospheric moisture, yet many people lack access to clean water. One common soluƟon to this issue is the use of 
fog nets, which can efficiently collect large amounts of water from fog but are oŌen impracƟcal due to their remote 
placement, high iniƟal cost, and lack of portability. This project addresses this gap by designing a portable, low-cost, 
biomimeƟc water boƩle inspired by the Namib Desert beetle. The design includes a cylindrical body with "beetle 
bumps" covering three-quarters of the surface (to capture fog droplets), a funnel skirt below the bumps to collect 
water, and internal straws that direct the water into the boƩle, created using CAD soŌware and 3D printed with 
PETG. Hydrophilic coaƟngs were applied to the tops of the bumps, while hydrophobic coaƟngs were applied to the 
surrounding areas to encourage droplet movement. Across three trials, the coated boƩle collected an average of 51 
mL of water, while the uncoated control collected only 2 mL, a staƟsƟcally significant difference. For durability 
tesƟng, the boƩle was tested for four hours, scrubbed under running water for 30 seconds, and retested. AŌer 
scrubbing, average water collecƟon dropped to 4 mL, showing a significant decrease in performance. Overall, this 
project demonstrates that biomimeƟc fog collecƟon on a portable surface is effecƟve, but improvements in coaƟng 
durability are needed before commercial use, possibly by lasering treatment for the hydrophobic and hydrophilic 
regions. 
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Abstract Currently, excessive carbon dioxide emissions and sustainability are among the many challenges for many 
researchers, where aƩempts are made to create performance-level alternaƟves, (Nagarajan et al, 2019). The 
problem of carbon dioxide emissions is prominent in the automobile manufacturing industry, where the vast 
majority of the composiƟon and procedures to create vehicles are heavily dependent on petroleum, (Patel & 
Singh,2024). Due to the overwhelming demand for an alternaƟve to petroleum based materials, I experimented and 
engineered with 5 disƟnct procedures and materials involving PVA matrix, pine resin, fabric press, starch and vinegar, 
and finally woodflour and chalk to create a bioplasƟc more sustainable and performance level than petroleum. In 
order to evaluate their beneficiality, each method was evaluated by aspects of flexibility and durability based on the 
ISO 178 guidelines, as well as water resistance using a mathemaƟcal formula. The 2-sample t-tests concluded that 
pine resin and the fabric press processes performed the best in both terms of flexibility and durability. They also did 
well in the water resistance category, having the smallest deviaƟon compared to convenƟonal plasƟcs. The 
experiment parƟally supported the hypothesis of creaƟng a performance grade material with limited material, 
confirming that non-petroleum materials may be modified to achieve performance level beneficiality. However, the 
proporƟons and procedures may differ when used in large-scale mass producƟon, therefore, may require extensive 
research and resources. With this technology, industries could adapt the process of using more sustainable resources 
instead of non-renewable one, finding alternaƟves to create sustainable consumer products to the larger world. 
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Finding de novo candidates with high binding affinity remains a significant challenge in kinase inhibitor drug 
discovery. CADENCE, a compu- taƟonal pipeline that integrates convoluƟonal neural networks (CNNs) with 
evoluƟonary BRICS-based molecular fragmentaƟon, generates novel candidate kinase inhibitors directly from kinase 
amino acid sequences. The pipeline comprises a binding affinity predicƟon model, a fragment-based generaƟve 
algorithm for candidate synthesis, and a filtering stage that selects Candidates that closely follow Lipinski’s Rule of 
Five, prioriƟzing drug-like compounds. Using 15 evoluƟonary generaƟon cycles, the model produced candidates for 
ABL1, HER1, and ERBB2 with predicted binding affiniƟes comparable to those of known kinase inhibitors. The affinity 
predicƟon model operates on amino acid sequence, and does not incorporate structural elements of kinase binding 
pockets, represenƟng a limitaƟon of the current approach. These results demonstrate the potenƟal of sequence-
driven computaƟonal methods for early-stage develop- ment of kinase inhibitors for cancer therapy. 
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Chemical plants use pipes connected with flanges to transport chemicals. A gasket is crushed between these flanges 
to create a seal, making sure no chemicals leak out. In the standard industrial seƫng, polytetrafluoroethylene (PTFE) 
is used to create these gaskets due to its excepƟonal properƟes. One problem using these gaskets is that when you 
have to replace them and don’t have one readily in stock, the plant incurs loss of revenue from producƟon delays. 
Using a 3D-printer and various filaments, we can aƩempt to recreate these gaskets on site for a cheaper cost and 
significantly reduced shipping Ɵme. We performed mulƟple tests to simulate condiƟons in a chemical plant to test 
the viability of different printable materials. Our 4 filaments include: thermoplasƟc polyurethane (TPU), styrene-
ethylene-butylene-styrene (SEBS), acrylonitrile styrene acrylate (ASA), and polyethylene terephthalate glycol (PETG). 
Our tests include a UV/radiaƟon test, a hydro test, a pH test, and finally a test to measure how easy it is to print 
these materials. All materials passed the successful print test, UV/weather tests and pH tests. TPU and PETG gaskets 
both crushed well and passed the hydrotest making them viable replacements for PTFE gaskets in chemical plants. 
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Despite their increasing use in surgery and prostheƟcs, many roboƟc systems present safety concerns to medical 
paƟents due to their rigidity. This project explores the assembly and tesƟng of tendon-driven, finger-like soŌ 
actuators made from regeneraƟve silk fibroin (SF). Prior developments have focused on extracƟng and processing 
this protein, but this applicaƟon goes further by demonstraƟng SF's uses as a material for the construcƟon of soŌ 
and compliant actuators capable of safe and effecƟve interacƟon with biological systems, specifically in niches that 
require soŌ mechanics, biocompaƟbility, modularity, and fluid moƟon. In this project, aqueous SF was extracted 
from silk cocoons and used to construct a soŌ conƟnuum actuator. An aqueous soluƟon of SF was prepared by 
boiling silk cocoons with sodium carbonate, dissolving the resulƟng fibers in lithium bromide, and removing excess 
salts via dialysis. Silk was shaped into computer-designed structures mimicking a human finger’s mechanics via 
injecƟon molding. Key mechanical properƟes of these structures, including the Young’s modulus, yield strength, 
Poisson’s raƟo, and contact angle with water, were measured, demonstraƟng its suitability for biomedical 
applicaƟons requiring flexibility comparable to human Ɵssue or high force output relaƟve to mass. 
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Protein misfolding and aggregaƟon are defining pathological features of neurodegeneraƟve diseases such as 
Alzheimer’s and Parkinson’s disease, yet exisƟng strategies lack spaƟotemporal precision to selecƟvely perturb 
pathological aggregates without disrupƟng naƟve protein structure. Although nanoparƟcle based approaches have 
shown potenƟal for modulaƟng protein aggregaƟon, controllable, light triggered disrupƟon of pre formed aggregates 
has not been systemaƟcally established. In this study, we developed and characterized photochemically acƟvated 
CdSe/ZnS quantum dot conjugates as a plaƞorm for opƟcal control of protein aggregaƟon state. Water soluble 
quantum dots with 570 nm emission were incubated with thermally aggregated egg albumin and exposed to 470 nm 
blue light. Light acƟvated samples exhibited a 44% reducƟon in aggregate associated fluorescence compared to dark 
controls (2053 ± 45 RFU vs 3295 ± 28 RFU, p < 0.001, n = 3), indicaƟng substanƟal aggregate disrupƟon. 
DisaggregaƟon scaled with quantum dot concentraƟon and illuminaƟon Ɵme, approaching a kineƟc plateau aŌer 
approximately 10 minutes. ReacƟve oxygen species assays revealed a 2.5 fold increase in ROS generaƟon upon light 
acƟvaƟon (p < 0.001), supporƟng a photochemical mechanism. Wavelength dependence studies demonstrated 
maximal acƟvity at 470 nm, and naƟve protein showed no significant change under idenƟcal condiƟons (p = 0.69), 
indicaƟng selecƟvity for aggregated conformaƟons. Together, these results establish a light addressable 
photochemical plaƞorm for controlled perturbaƟon of protein aggregaƟon dynamics, providing a foundaƟon for 
future mechanisƟc and translaƟonal studies of aggregaƟon driven neurodegeneraƟon. 
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The prevailing issue of plasƟc polluƟon in the world has prompted many researchers to explore different methods of 
developing bioplasƟcs. PecƟn is a plant-based gel that shows a promising possibility to be a source for biodegradable 
plasƟc. However, pecƟn alone is too briƩle and requires addiƟves in order to perform like convenƟonal plasƟc bags. 
Our project focuses on using cellulose and glycerol to improve the mechanical properƟes of the biofilm in order to 
make it sustainable and cost-effecƟve. We first made a film with just pecƟn as our control. However, because pecƟn 
alone is too briƩle, we incorporated addiƟves like cellulose and glycerol to improve mechanical properƟes. AŌer 
determining the opƟmal concentraƟons with a 2:1 raƟo between pecƟn and cellulose and 2.5% glycerol, we then 
extracted pecƟn from watermelon rinds and repeated the same process. To test the mechanical properƟes, we used 
a spring scale and recorded the force at break and elongaƟon to determine tensile strength and Young's modulus. 
With these tests, we found that our pecƟn films have a lower tensile strength than plasƟc, but were able to hold 
more weight due to it being around five Ɵmes thicker. Through this project, we hope to not only shed light on the 
potenƟal for pecƟn bioplasƟcs but also reduce the amount of food waste, contribuƟng to a circular economy. 
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With extreme thermal temperatures on the moon and limited space on the spaceship, this creates a challenge for the 
creaƟon of future lunar colonies. This project is able to test the thermal insulaƟons of a lunar regolith brick in order 
to see how successful it would be in a lunar habitat. From maintaining the oven heat temperature at 375°F for 35 
minutes to cooling the bricks in a freezer for up to 2 hours. External temperatures were then taken, recording with 
the three different insulated bricks consisƟng of no insulaƟon, aluminum foil- represenƟng MLI sheets-, and coƩon - 
represenƟng fibrous insulaƟon-. The data analysis shows that the insulaƟon did, in fact, slow the temperature change 
compared to the non-insulated brick. Based on these finding, lunar regolith bricks could be a possible soluƟon to 
have for safe and energy efficient lunar habitats. For future experiments there could be a change in the thickness of 
the brick along with other insulaƟon being tested. 
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AddiƟve manufacturing is oŌen excluded from heavy industrial applicaƟons due to the inherent mechanical 
weaknesses and chemical vulnerabiliƟes of common thermoplasƟcs. This research develops a hierarchical metallic 
reinforcement methodology for addiƟvely manufactured polycarbonate to enable its use in high-stress and 
aggressive chemical environments. The process involves a dual-stage electrochemical deposiƟon: first, an 
autocatalyƟc electroless nickel phosphorus (ENiP) Ɵe layer is established to ensure uniform conducƟvity across 
complex geometries; second, a nanocrystalline nickel shell is synthesized using pulsed current electrodeposiƟon. The 
study engineered the Hall-Petch effect by modulaƟng pulsed current duty cycles to refine grain size to the nanoscale. 
Using a 3ms pulse duraƟon and 30ms relaxaƟon period, a surface hardness of 800 HV was achieved on the coated 
polycarbonate, represenƟng a 40-fold increase over the base substrate. Mechanical characterizaƟon demonstrated 
that the metallic exoskeleton effecƟvely enhances load-bearing capacity, yielding a significant increase in the 
ulƟmate tensile strength of the part. Thermal validaƟon confirmed that the shell successfully disperses high heat 
loads, prevenƟng the polymer core from reaching its glass transiƟon temperature. Furthermore, the composite was 
evaluated as a hermeƟc barrier, successfully protecƟng the polymer from structural dissoluƟon in aggressive 
chemical environments. The applicability of this methodology to complex industrial geometries was demonstrated 
through the structural design and addiƟve manufacturing of mulƟ-stage centrifugal impellers and ball valves. This 
approach bridges the gap between rapid prototyping and industrial performance, offering a high-strength, low-cost 
alternaƟve to tradiƟonal metal addiƟve manufacturing and superalloy machining. 
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Standard silicon solar cells struggle to convert ultraviolet (UV) light, which accounts for approximately 8.3% of solar 
energy. This "wasted" energy is oŌen lost as heat or causes material degradaƟon. The goal is to engineer a Covalent 
Organic Framework (COF) film soluƟon capable of Luminescent Down-ShiŌing, absorbing high-energy UV light and re
-emiƫng it as lower-energy, either red or green visible light to boost solar cell output. Researchers synthesized a Tp-
PDA COF using 1,3,5-Triformylphloroglucinol and p-Phenylenediamine combined with an AIE luminogen and PMMA 
matrix. The soluƟon was heated at 80°C, followed by exfoliaƟon and filtraƟon. Absorbance and fluorescence were 
measured using a Vis spectrometer. The film successfully captured light at a peak of 393.6 nm. It maintained an 
average transmiƩance of 72.1% in the visible range. A Stokes ShiŌ of 16.5 nm was recorded, with peak fluorescence 
at 410.1 nm. The data support the hypothesis that COF films can perform LDS. While energy conversion was 
confirmed, the current emission is in the violet-blue region. Future research will focus on increasing the Stokes shiŌ 
to reach the target green or red wavelengths. 
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The purpose of this project was to test possible soluƟons for enhancing a standard school backpack to provide 
protecƟon in a school shooƟng scenario involving an AR-15 5.56 sport rifle. It was hypothesized that a NaƟonal 
InsƟtute of JusƟce (NIJ) HG2 hard body armor plate combined with an outer layer of Ortho-Fabric would offer 
effecƟve protecƟon. Due to the federal government shutdown, there was a shortage of available Ortho-Fabric from 
NASA, which forced some modificaƟons to the experiment. TesƟng was conducted using an AR-15 5.56 sport rifle 
with M193 ammuniƟon fired from 15 yards. An iniƟal setup of one HG2 hard plate followed by eight layers of Ortho-
Fabric showed parƟal degradaƟon of the projecƟle but insufficient protecƟon, since the round penetrated the plate, 
fabric, and four wooden boards. A second setup, consisƟng of two HG2 hard plates, each backed by eight layers of 
Ortho-Fabric, produced significantly beƩer results. The first hard plate deformed and fragmented the projecƟle, 
while the Ortho-Fabric absorbed and dissipated energy. The second hard plate successfully stopped the round, 
leaving only a shallow divot. The final Ortho-Fabric layers and wood block behind it showed minimal damage, 
indicaƟng effecƟve energy absorpƟon and protecƟon. In conclusion, while a single plate was insufficient, the 
combinaƟon of two HG2 hard plates with layered Ortho-Fabric provided significant protecƟon against AR-15 5.56 
M193 rounds. These findings suggest that backpacks can be engineered with layered armor to provide meaningful 
safety enhancements for students in high-risk scenarios. 
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Photovoltaic panels are confined to absolute planar geometries. The concept of solar paint unleashes the potenƟal to 
transform any surface into a light harvesƟng interface as an alternaƟve to tradiƟonal panels; however, solar paint has 
remained in an experimental phase for over a decade due to trade-offs in efficiency, eco-friendliness, and cost. A 
novel nanostructured solar paint comprising of an N-doped carbon quantum dot (CQD) sensiƟzed TiO2 electron 
transport layer (ETL) was designed and manufactured through nanometer layer synthesis and assembly. AŌer pre-
sintering of the TiO2 ETL onto an FTO glass substrate, CQD biomass derived precursors were hydrothermally 
synthesized and loaded onto the ETL. During the CQD loading stage, select samples were embedded with nature-
inspired Bragg reflectors (photonic crystals) for improved light trapping while remaining samples were loaded with 
deliberate CQD concentraƟons. The CQD load was dried, forming a TiO2-CQD heterojuncƟon (n-p). A synthesized 
potassium ferri/ferro-cyanide electrolyte gel and spacer were deposited onto each sample’s heterojuncƟons. AŌer 
preparaƟon of the experimental counter electrode, power conversion efficiencies were calculated from voltage-
current test results. ANOVA revealed no significant difference between all fabricaƟon batches (p � 0.05), validaƟng 
uƟlized methodology. Pairwise t-tests demonstrated staƟsƟcally significant differences between each CQD loading 
condiƟon, all outperforming the TiO2 control (p � 0.00000001). Paint samples with the highest CQD loading 
concentraƟon and photonic crystal impurity aƩribute maintained the highest efficiencies. The development of 
versaƟle photovoltaic paint paves a path towards bringing efficiency, eco-friendliness, and affordability to the rapidly 
growing industry of solar energy. 
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AcousƟc metamaterials represent a promising plaƞorm for exploring topological phenomena in solid-state physics. 
By controlling the propagaƟon of acousƟc modes, these systems emulate electronic band structures and offer new 
methods to study topological states. One such system, the 2D Su-Schrieffer-Heeger (SSH) model, consists of coupled 
atomic dimers that give rise to topological phenomena such as fracƟonalized charge excitaƟons dependent on laƫce 
terminaƟon. In this work, we demonstrate that 2D SSH laƫces can be effecƟvely modeled using acousƟc 
metamaterials, enabling rapid and accessible exploraƟon of topological behavior. By analyzing the relaƟonship 
between laƫce geometry and eigenstate distribuƟon, we show that the number of fracƟonalized states scales 
linearly with laƫce size per side, the number of corner fracƟonal states remains constant, and the bulk states scale 
with the number of internal caviƟes. However, extending the electronic-acousƟc analogy reveals important 
limitaƟons. Here we show, in an acousƟc laƫce, edge states do not emerge in the lowest energy band, indicaƟng a 
breakdown in the electronic-acousƟc analogy. This phenomenon may be associated with a Goldstone boson, which 
represents a breaking of conƟnuous symmetry in our system. By comparing the lowest orbital to higher energy states 
across varying coupling strengths, we found that the ground state coupling decays much slower than the higher 
states. This observaƟon is contrary to the expected behavior predicted by the Ɵght-binding model. These results 
address a limitaƟon in mapping electronic topological states to acousƟc metamaterials which is important when 
using acousƟc materials to rapidly prototype quantum systems. 
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Bacterial wound infecƟons remain a major global health issue, especially with rising anƟbioƟc resistance that makes 
convenƟonal treatments less reliable. Because of this, there is increasing interest in natural, accessible anƟmicrobial 
alternaƟves that could support wound healing. This project examined the anƟbacterial effecƟveness of three natural 
substances like aloe vera, honey and turmeric against E. coli bacteria which is a common bacteria found in infecƟons. 
Each substance was tested individually, as well as in a combined formulaƟon containing all three ingredients. Filter 
paper discs infused with each treatment were placed on a nutrient agar plate previously swabbed with E. coli. A 
control plate with no treatment was also included. All plates were incubated at 37° for 24 hours, and bacterial 
growth was measured with a digital caliper. This original swabbed surface measured 80mm in diameter, and smaller 
post treatment diameters indicated stronger anƟbacterial acƟvity. The results showed that honey produced the 
greatest reducƟon in bacterial growth, with an average remaining diameter of 24.77mm. The combinaƟon treatment 
showed moderate success with a 54.33mm average, followed by turmeric at 35.91mm, and aloe vera with minimal 
inhibiƟon at 68.15mm. The untreated control showed almost no change, averaging at 79.50mm. These findings 
suggest that honey is the most effecƟve anƟmicrobial agent tested and could serve as a promising support treatment 
for wound care. Natural remedies like honey may help reduce bacterial presence un injuries while offering a safer, 
more accessible opƟon where anƟbioƟc resistance or limited resources pose challenges. 
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Cement-based materials such as mortar, cement, and concrete form the foundaƟon of global infrastructure. 
However, structural aging oŌen remains undetected unƟl catastrophic failure occurs. ExisƟng structural health 
monitoring methods are largely limited to manual surface-level observaƟon or rely on highly expensive imaging 
technologies limiƟng their pracƟcality for effecƟve, conƟnuous structural health monitoring. This study explores the 
use of graphene nanoplatelets (GNPs) as conducƟve addiƟves in cemenƟƟous composites to enable low-cost, real-
Ɵme damage sensing. Mortar specimens were fabricated with GNP concentraƟons of 0.3%, 0.62%, 1.8%, and 2.7% by 
weight of cement. GNPs were dispersed in water with a polycarboxylate ether (PCE) superplasƟcizer surfactant via a 
bath sonicator and mixed into mortar specimens. AŌer curing, electrodes were aƩached to the specimens and 
mechanical loading was applied to induce strain and microstructural damage. Electrical resisƟvity was monitored 
using a double probe/surface point configuraƟon to analyze changes in conducƟvity associated with structural 
damage. UlƟmately, this project provides a scalable approach for internal damage assessment via embedded 
conducƟve networks, offering potenƟal applicaƟons in real-Ɵme structural health monitoring. 
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What is the effect of biodegradable balloon material on its ability to retain air and helium over Ɵme? Many 
commercially marketed “biodegradable” balloons sƟll contain syntheƟc addiƟves that are not environmentally safe 
and oŌen permit rapid gas loss. This project represents step 3 in a 4-phase invesƟgaƟon aimed at developing a fully 
biodegradable balloon that performs comparably to commercial latex. It was hypothesized that balloon films 
produced from Saccharina laƟssima blended with natural latex would retain both air and helium more effecƟvely 
than films produced from Palmaria palmata. To evaluate this hypothesis, two algae species (Saccharina laƟssima and 
Palmaria palmata) were blended with natural latex at two concentraƟons—50% and 33%—and balloon molds were 
dipped into the liquid mixtures to form consistent balloon films. Each balloon was inflated with air and helium, and 
gas retenƟon was quanƟfied by measuring changes in diameter using a digital caliper. A commercial latex party 
balloon served as the control. Results showed that S. laƟssima demonstrated the smallest decrease in diameter for 
both gases, while P. palmata exhibited the greatest loss. The commercial control balloon experienced significantly 
larger decreases than all biodegradable samples. It was hypothesized that Saccharina laƟssima would retain the most 
gas, and the data supported this predicƟon. The S. laƟssima films outperformed both the P. palmata films and the 
commercial latex balloon in air and helium retenƟon, indicaƟng lower material permeability. These findings suggest 
that algae–latex composite materials, parƟcularly those derived from S. laƟssima, possess favorable barrier 
properƟes and may serve as strong candidates for the development of environmentally sustainable biodegradable 
balloons. 
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I've discovered a way for when a vehicle looks bad and how to make your car look like it just came out the 
dealership. I came to a discover where if you use linseed oil, Ɵre shine, and a good smelling stench this would be 
perfect. Some of the hazards i would have to point out is to not drink it, and make sure you have gloves on when 
applying. Its a really fast spray on i really got my research from reviews under armorall reviews. So i came up with the 
percentages usage on each chemical and how to maintain the balance with it being sƟcky and smelling good but also 
not to liquidy to where my product doesn't drip down on paint. 
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Urban Heat Islands make ciƟes hoƩer by storing solar energy in roofs and pavements, increasing cooling energy use 
and health risks. This project aims to create a coaƟng beƩer at miƟgaƟng urban heat islands more effecƟvely and/or 
cheaper than current commercial opƟons (ex. White paint). Key metrics are peak surface temperature, delta T 
relaƟve to ambient, cooling rate aŌer peak, and a relaƟve thermal Ɵme constant from cooling curves. During Phase 1, 
five different treatments were screened. White paint performed the best with the lowest peak surface temperature 
(23.22 C), lowest peak temperature 2 cm off the surface (17.1 C), and highest mean albedo proxy of .364. The second 
best was mylar which was third in reflecƟvity (.273) but had peak surface and near-surface temps comparable to 
white paint. The custom coaƟng came second in reflecƟvity (.279), and yet had the second-worst peak surface 
temperature of 36.11 C. We hypothesized that it was either the result of heat being trapped by the texture, or it has 
a high thermal diffusivity. Phase 2 created and opƟmized new variants of the custom coaƟng material based on the 
results from Phase 1 and tested them with automated contact logging, replicaƟon, and durability tests which allowed 
for beƩer data on the thermal behavior of each coaƟng including thermal diffusivity. Phase 3 took the best coaƟng 
compound from phase 2, improved it, and tested it rigorously for finalizaƟon and produced the final product metrics. 
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Processing expensive materials requires carefully engineered methods to minimize losses throughout producƟon. 
Biologics used in healthcare, such as viral vectors for treaƟng geneƟc disorders, are especially costly, with some 
therapies cosƟng several million dollars per dose, which makes them inaccessible to much of the paƟent populaƟon. 
Improving manufacturing yield is therefore criƟcal to reducing costs and expanding access to life-saving treatments. 
In this work, we present a first-principles process model that explains how material loss depends on key factors such 
as the starƟng amount, step-wise yields, and the distribuƟon of losses across mulƟple processing steps. The model is 
evaluated under extreme process condiƟons to beƩer understand the fundamental limits and weaknesses of current 
manufacturing approaches. This raƟonal process engineering framework helps idenƟfy where new technologies and 
targeted investments are most needed to reduce losses of valuable materials. Although moƟvated by viral vector 
producƟon, this approach is broadly applicable to other areas of materials science, including implant tribology, high-
value hardware tools, semiconductor manufacturing, and food processing. 
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Electrospun fiber mats are increasingly invesƟgated for medical, sanitary, and material design applicaƟons due to 
their controlled fluid transport that stems from a high surface area and tunable microstructure. TradiƟonally, these 
mats involve polymer based chemicals that are not biodegradable. By using water soluble polyvinyl alcohol, this 
project uses a biodegradable and environmentally safe alternaƟve. Fluid transport and delivery for medical use is 
highly dependent on the anisotropy of the fibers, which determines how direcƟonal and aligned they are. 
AddiƟonally, significant challenges persist in aƩempƟng to opƟmize electrospinning condiƟons and material 
architectures since mulƟple parameters interfere and are oŌen explored through inefficient trial and error methods. 
Hence, a data guided experimental pipeline is developed to explore and opƟmize electrospun fiber mats with respect 
to direcƟonal moisture transport (anisotropy) and fiber quality. Together, this method is used to generate an 
improved electrospun fiber mat in the context of sustainable composiƟon, medical applicaƟon, and anisotropy. 
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Current technology uƟlizes soŌ-Ɵssue implants, such as stents, to restore blood flow and provide structural support; 
however, current implant materials lack self-healing capabiliƟes and experience mechanical disintegraƟon under 
constant physiological stress. This oŌen leads to device failure and mulƟple tedious revision surgeries. Many exisƟng 
hydrogels prioriƟze biocompaƟbility at the expense of their mechanical integrity. As a result, this limits hydrogel's long-
term performance in dynamic biological environments. This project specifically focused on the chemical engineering-
based design and computaƟonal tesƟng and evaluaƟon of a self-healing bio-syntheƟc hybrid hydrogel composed of a 
glycol chitosan polyethylene glycol (GC-PEG) polymer network while remaining biocompaƟble and suitable for 4D 
prinƟng. Using computaƟonal material modeling, GC-PEG networks were constructed using varied crosslink densiƟes in 
order to analyze their given properƟes. These properƟes included mechanical strength, elasƟcity, swelling behavior, 
stress-strain, and network stability. Reversible interacƟons, like hydrogen bonding, dynamic covalent bonding, and chain 
entanglement, were incorporated to enable bond breakage and reformaƟon aŌer mechanical damage. SimulaƟons were 
performed under physiologically relevant condiƟons (Temp = 25°C - 37 °C and pH level = 6.8 - 7.4) to assess material 
performance in soŌ�Ɵssue applicaƟons. Results show that a self-healing bio-syntheƟc hybrid hydrogel composed of 
GC�PEG chitosan achieves a favorable synergy of mechanical durability, flexibility, self�healing efficiency, and 
biocompaƟbility while remaining suitable for 4D prinƟng by 91%. A comparaƟve analysis indicates improved 
performance over convenƟonal hydrogels, syntheƟc polymers, and tradiƟonal stent materials. This work demonstrates 
the high potenƟal of chemically engineered polymer networks to address key material limitaƟons in current soŌ�Ɵssue 
implants. 
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Many people who work and pracƟce in chlorine water experience problems with chlorine due to the problems that 
occur later on. This can include dry hair, frizz, briƩle hair, and so many more problems which can break the hair and 
cause unhealthy hair to occur. This is a constant problem with people who use chlorine water and unhealthy hair is 
very hard to manage as well as bad, therefore, through my research, I found 2 ways to help restore healthy hair and 
prevent lots of damages. Even if you do not use chlorine water, damaged hair can occur for everyone and these 
soluƟons can work to help heal the hair. During my procedure I used 2 dolls to observe the texture change of the hair 
and I used a hydraƟng shampoo and moisturizing condiƟoner to help repair and heal the hair. NoƟceable changes 
such as rough texture occurred and through the repair products, the hair began to heal and feel soŌer. The ending 
results showed that using repair products can help restore the hair from dry and rough to soŌ and healthy since they 
focus on helping the hair. My project supports my hypothesis since the texture of the dolls changed and then healed 
through the use of the repair products showing that using these for damaged human hair can help heal it and bring it 
back to being healthy. Healthy hair is achievable therefore start healing your damaged hair! 
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Due to the increasing awareness of the risks associated with plasƟc usage, consumers have started to shiŌ towards 
sustainable, inexpensive, and environmentally-conscious mediums for food packaging. One such alternaƟve is edible 
coaƟngs and films. These materials have been shown to protect food products from microbial contaminaƟon, 
mechanical damage, and light exposure while increasing shelf life and reducing lipid oxidaƟon and moisture loss. To 
date, there have been limited studies focused on the creaƟon of a low-cost and sustainable edible coaƟng for fruit 
preservaƟon uƟlizing food producƟon by-products. The aim of this study was to invesƟgate if edible coaƟngs/food 
packagings developed from kombucha fermentaƟon and food industry by-products are effecƟve at improving the 
shelf life and preserving the quality of commercial fruits. The results of this study showed that films fabricated from 
pecƟn, kombucha tea, and 40% w/v bacterial cellulose are effecƟve in reducing weight loss and preserving the 
firmness of green table grapes. However, edible coaƟngs appear to show an opposite effect. These findings are 
supported by visual assessments which reveal greater deterioraƟon in unpackaged and coated grapes when 
compared with edible film-packaged grapes. This study presents a sustainable alternaƟve to plasƟc packaging with 
the ability to extend shelf life and preserve food firmness. 
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Post-harvest food loss accounts for nearly one-third of global agricultural producƟon, with enzymaƟc degradaƟon 
during storage and transport contribuƟng substanƟally to economic and nutriƟonal losses worldwide. A primary 
driver of this deterioraƟon is alpha-amylase, which converts stored starch into simple sugars, acceleraƟng soŌening, 
microbial growth, and spoilage in harvested crops. Many exisƟng preservaƟon strategies rely on passive wax coaƟngs 
or carcinogenic chemical preservaƟves that provide limited biochemical control and do not directly regulate enzyme 
acƟvity. This study invesƟgates an enzyme-targeted approach to post-harvest preservaƟon based on reversible 
inhibiƟon of alpha-amylase and controlled delivery using a pH-responsive, metal-organic framework (MOF) enabled 
edible coaƟng designed to respond to spoilage-associated acidic condiƟons. The study consisted of: (1) high-
throughput screening of over 800,000 natural and food-safe compounds to idenƟfy effecƟve reversible inhibitors of 
alpha-amylase; (2) characterizaƟon of inhibiƟon mechanisms using glucose-based enzymaƟc assays; and (3) 
incorporaƟon of the most effecƟve inhibitor into crop-specific edible coaƟngs evaluated across mulƟple crop types 
using starch retenƟon, glucose producƟon, mass loss, browning, and spoilage metrics. The opƟmized coaƟng system 
reduced preservaƟon costs by up to 96% and more than doubled crop shelf life relaƟve to exisƟng methods under 
tested condiƟons. These results suggest that targeted enzyme regulaƟon offers a promising and scalable strategy for 
improving post-harvest preservaƟon and reducing food waste. 
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On Tuesday, August 12th, 2025, my family experienced a serious house fire. Since that traumaƟc event, I wanted to 
research it to provide both closure for myself and research to assist people in similar situaƟons. I decided to research 
how far smoke damage can spread during a house fire, due to how smoke damage (especially soot) can carry harmful 
chemicals and pose danger to people inside the house, as well as property damage even aŌer the fire is put out. I will 
assess smoke damage in my previous home by collecƟng surface samples in each room of the house, documenƟng 
other factors such as closed doors and distance from the fire source, and comparing the results. 
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Atmospheric carbon dioxide concentraƟons conƟnue to escalate, driving global climate change which is having 
increasing catastrophic effects on our planet and humanity. Although carbon dioxide capture technologies exist, they 
oŌen rely on costly materials and energy-intensive processes that limit scalability and accessibility. This project 
invesƟgates low-cost leaf-derived carbon sorbents produced from an abundant, renewable, and widely available 
biomass resource. I will process dead leaves from the same tree type into high surface-area adsorpƟon materials and 
measure their carbon dioxide adsorpƟon capacity in millimoles of carbon dioxide per gram (mmol CO2/g) across the 
different acƟvaƟon methods: Chemical acƟvaƟon, physical acƟvaƟon, and untreated. My goal in this experiment is to 
compare low-cost sorbent materials for carbon dioxide capture under simple, accessible experimental condiƟons, 
idenƟfying key performance drivers while prioriƟzing cost and feasibility. By combining bio-inspired design with 
pracƟcal materials experimentaƟon, I will assess the potenƟal of transforming natural waste materials into effecƟve 
and affordable carbon dioxide capture sorbents, supporƟng long-term decarbonizaƟon efforts. 
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In the United States, 40% of fresh water is used for residenƟal purposes. Greywater, which is lightly used water from 
residenƟal uses such as showers, baths, washing machines, and sinks, can be reused for non-potable purposes like 
irrigaƟon and toilet flushing, but current treatment mechanisms are costly and oŌen inaccessible. In 2025, 2.7 billion 
people faced water shortages, and greywater reuse can reduce freshwater usage by 29–47%. This project presents a 
low-cost nanomaterial consisƟng of the metal-organic framework ZIF-8 encapsulated in an alginate matrix to filter 
graywater pollutants like dyes, surfactants, and organic contaminants. By leveraging the mechanical strength of 
alginate with the high adsorpƟon capability of ZIF-8, this method offers a promising strategy to filter greywater for 
reuse. 0.2 g of ZIF-8 nanoparƟcles were encapsulated in 1.0 wt% sodium alginate and crosslinked in 0.1 wt% calcium 
chloride to form beads. Alginate-only and no-bead controls were included to isolate the effects of ZIF-8 and alginate 
on greywater adsorpƟon. Batch adsorpƟon experiments with DIH2O + methylene blue and greywater +/- methylene 
blue (5–15 mg/L) were monitored for dye removal, colorimetric change, and turbidity over 60 min using smartphone 
apps. One-way ANOVA (p<0.00001) and Tukey post-hoc tests showed ZIF-8@Alginate beads removed pollutants 
significantly beƩer (p<0.00001) than controls while Alginate-only and no beads had staƟsƟcally similar removal 
efficiencies (p>0.0167). KineƟc analysis indicated a pseudo-second-order mechanism for ZIF-8@Alginate bead 
adsorpƟon. ZIF-8@Alginate beads achieved 84–97% removal, reduced surfactant volume 10–15x, and turbidity 2–4x, 
demonstraƟng a low-cost, scalable, and effecƟve approach for improving greywater reuse. 
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