qSafe: Power Cell of the Future

ABSTRACT
Recently, dangerous explosions in lithium-ion batteries have put many lives at risk and caused
several major product recalls affecting cell phones, airplanes, hoverboards, and laptops.
Researchers and technology companies worldwide have developed solutions that are often
impractical and fail to address the root causes of the explosions. Our qSafe power cell uses a
system of surface acoustic waves that prevent hazardous lithium buildups, which cause short
circuits and explosions in lithium-ion batteries. Furthermore, advances in chemistry will allow
the qSafe power cell to perform with increased efficiency through the application of quantum
nano-based materials. The use of these materials also solves ethical issues created by unsafe
conditions in mining cobalt, which is utilized in current lithium-ion battery technology. The
qSafe power cell will be a quantum leap into safe, efficient, and ethical battery technology.
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PRESENT TECHNOLOGY
The most basic form of any rechargeable galvanic battery cell consists of a positively
charged cathode and a negatively charged anode made of different metals (the charges are
reversed in an electrolytic cell); a separator between both

(A)

electrodes; and a conductive paste called the electrolyte. For
an efficient battery, both the anode and cathode must have a
high energy density, and one must have a higher
electronegativity than the other to allow movement of
electrons in a closed circuit. Presently, lithium-ion (Li-ion)
batteries are the most common form of rechargeable galvanic cells, and their use is expected to
increase dramatically as more homes and cars incorporate this lightweight energy storage device.
The cathode of a Li-ion battery consists of a lithium metal oxide, while the anode is made
(B)

of a porous carbon substance such as graphite. When the battery is
charging, the lithium atoms contained within the latticed cathode
each lose one electron, which travels through the circuit to the
anode powering a device. Meanwhile, the newly formed positive

lithium ions move through the electrolyte and the separator to meet the electrons at the anode.
This process is reversed during discharge when the electrons return to the cathode due to its
electronegativity, causing the lithium ions to do the same.
Li-ion battery technology currently faces significant challenges. Imperfections on the
surface of the anode can cause buildup of metallic lithium, also known as a dendrite. Over time,
a dendrite grows as additional lithium ions accumulate, resulting in a decrease of lithium ions
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available in the charging and discharging cycle. This causes deterioration of Li-ion battery power
efficiency over extended periods. Also, a growing dendrite can pierce

(C)

the battery’s separator and eventually meet with the cathode, causing
electrons to flood quickly to the opposite electrode, releasing large
amounts of energy that result in thermal runaway within the Li-ion cell.
Currently, batteries and their chargers contain sensors to help prevent overcharging. If
this system fails, there is no backup mechanism in commercial batteries to force them to shut
down before they overcharge and explode. In January 2017, researchers at Stanford devised
another method to prevent thermal runaway. This method includes a cylindrical-polymer shell
that contains flame retardant. When a lithium battery reaches 160 degrees Celsius, the polymer
shell melts, releasing the flame retardant and extinguishing the battery before it explodes.
A solution to safety risks posed by exploding devices is the use of flameproof bags by
airlines. If devices catch fire while a plane is in flight, they are placed in flameproof bags. A
researcher at Stanford University has discovered another safety measure that can be taken to
prevent Li-ion battery explosions. Her solution involves an expanding separator consisting of a
filmy nanoparticle layer of nickel and graphene. When the battery reaches a certain temperature,
the separator expands and isolates the electrodes, effectively shutting the battery down in less
than one minute.
Our qSafe prevents the buildup of dendrites, thereby eliminating the risk of short circuits
and explosions while increasing efficiency and battery life. The qSafe also negates the use of
cobalt by using iron pyrite in the cathode instead, which creates a more ethical manufacturing
process; cobalt is most commonly hand-mined in the Democratic Republic of the Congo, where
child labor is utilized for working in compact spaces underground.
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HISTORY
ca. 250 B.C.: The “Parthian Battery” is created (rediscovered near Baghdad in 1936). Instead of
energy storage, it is likely used to electroplate metals.
1800: Count Alessandro Volta invents the “voltaic pile,” consisting of copper zinc discs
separated by cardboard discs soaked in acid.
1836: The Daniell cell is invented, supplying a steady, longer-lasting current.
1859: Gaston Planté creates the first rechargeable lead-acid battery.
1899: A patent for a nickel-cadmium rechargeable battery with twice the energy density of the
lead-acid battery is filed in Sweden by Waldemar Jungner.
1949: The alkaline-manganese battery is invented by Lewis Urry at Eveready Battery Co.
1965: The first surface acoustic wave-generating devices (SAWs) are created.
1980: At Oxford University, Professor John Goodenough creates the first Li-ion batteries using
both lithium cobalt oxide and lithium manganese dioxide cathodes.
1981: Quantum dots are discovered in a glass matrix at the State Optical Institute in Russia.
1991: Sony commercializes the lithium cobalt oxide version of the Li-ion battery.
2000–present: Safety recalls include millions of laptops and smartphones due to Li-ion battery
explosions. The FAA grounds all Boeing Dreamliners due to lithium-ion battery malfunctions.
2015: Researchers at Hunan University grow zinc oxide nanorods on carbon cloth, with
promising applications for anodes in Li-ion batteries.
2015: At Vanderbilt University, researchers test an anode made of iron pyrite quantum dots.
2015: Tesla unveils its Powerwall, which uses Li-ion batteries to store energy for homes and
businesses.
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FUTURE TECHNOLOGY
The qSafe power cell is the lithium-ion (Li-ion) battery of the future, with faster
charging, increased safety, and a greater number of recharge cycles as compared to current Liion batteries. Three improvements will create a safer and more efficient battery: a cathode
consisting of iron pyrite quantum dots, an anode composed of woven carbon with zinc nanorods,
and a system of surface acoustic waves (SAWs).

Cathode: Iron Pyrite Quantum Dots
Our qSafe cathode will consist of quantum dots (QDs) made from iron pyrite (FeS2), also
known as fool’s gold. These QDs create the shelf-like
layers of the cathode. Energy for the qSafe power cell
comes from the lithium ions that intercalate between the
layers when the battery is fully charged. A polymer
binder called Polyvinylidene fluoride (PVDF) is
necessary to hold a single layer of iron pyrite QDs together. The iron pyrite carbon dots create
higher energy efficiency due to the superior ability of QDs to store energy. In our discussions
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with a Vanderbilt researcher, we found that this cathode design allows the Li-ion battery to be
charged in under 30 seconds.
Anode: Woven Carbon with Zinc Nanorods
During the charging process of Li-ion batteries, the ions (D)
intercalate between layers of the anode, causing it to expand. A
recent product recall was the result of compacting the battery into
too tight of a shell, which caused the electrodes to touch when the
anode expanded, thereby shorting out the battery and causing it to
vent flame. The anode of the qSafe power cell prevents this
expansion by consisting of nanorods (shown in figure D)
composed of a mixture of zinc oxide (ZnO) and carbon QDs grown on carbon cloth, as shown in
the diagram below.

Researchers at Hunan University have demonstrated that anode expansion is suppressed due to
the mechanical strength of the cloth, combined with the increased surface area of the zinc
nanorods. This improvement allows the battery to charge faster and retain its charge for a longer
period. The current collector is made of carbon cloth, similar to the material of the anode, which
allows the electrons to travel more freely because it eliminates their need to move between
different substances.
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During the manufacturing process, Stabilized Lithium Metal Powder (SLMP) is diffused
into the anode material. SLMP consists of powdered lithium coated in a layer of wax that
prevents the lithium from encountering oxygen or moisture from the air. Research has shown
that SLMP improves the energy capacity of current Li-ion batteries from 5% to 15%, which
contributes to the efficiency of the qSafe power cell.
qSafe Surface Acoustic Waves (SAWs)
Our qSafe power cell solves the problem of dendrite formation on the anode through a
system of SAWs, shown in the diagram below. SAWs will be generated along the surface of the
anode at micron wavelengths, shaking off lithium ions before they can form dendrites.
Li-ion batteries contain a microprocessor, shown in figure E, that monitors both the
temperature of the cell and the charging rate. In addition to the
existing microprocessor, the qSafe circuit contains an acoustic
(E)

micro device (AMD) consisting of a piezoelectric
substance for the SAWs to propagate and an
interdigital transducer, which converts electrical
signals into acoustic waves. The AMD is attached

to the back of the anode within the qSafe power cell and
derives negligible energy from the battery.
The qSafe system transmits the SAWs along the back of the anode to a corresponding set
of receivers. The receivers will detect any changes in the amplitude of the wave and transmit the
data to the microprocessor; a drop in amplitude will indicate irregularities on the surface of the
anode. If it senses a significant change, the microprocessor prompts the battery to either increase

Project ID #4351L

qSafe: Power Cell of the Future

the amplitude of the SAW or notify the user. By constantly monitoring and correcting the health
of the battery, qSafe will prevent thermal runaway caused by battery damage or dendrites.
Using these technologies, the qSafe power cell offers increased energy efficiency and
shorter charging times. Applications of the qSafe range from grid storage to mobile devices and
clean transportation, making the qSafe the power cell of the future.

BREAKTHROUGHS
Today qSafe would be limited by its materials and manufacturing processes. To make our
qSafe power cell a reality, breakthroughs are needed in the designs of the cathode, anode, and
generation of surface acoustic waves.
Cathode: Our qSafe cannot yet exist because the iron pyrite cathode material limits the number
of charge cycles, creating a battery that lasts for only a few uses. At high voltages, iron pyrite
QDs undergo conversion reactions in which the lithium ions exchange

(F)

with the material of the cathode rather than fit between the layers,
allowing for extremely fast charging. However, conversion reactions
are relatively unstable due to the rearrangement of atoms, and they significantly decrease the
efficiency of the battery with each charge cycle. At lower voltages, the QDs undergo an
intercalation reaction that is more efficient than a conversion reaction, but charging takes much
longer. Our qSafe will need to make the iron pyrite QDs charge quickly at a high voltage while
still undergoing an intercalation reaction.
Anode: In order to produce the qSafe battery on a commercial scale, developments are needed in
the manufacturing process of the anode. The carbon cloth and zinc nanorods of the qSafe battery
are at the nanoscale and currently take some time to produce. New equipment will be necessary
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for fast production of the necessary nanoscale materials. Ultimately, when the qSafe is put into
mass production, large-scale qSafe factories will be needed, similar to the Tesla Gigafactory.
SAWs: Surface acoustic waves would have to be engineered in order to propagate the entire
length of the anode at an appropriate frequency that can prevent dendrite formation.
Additionally, in our discussions with a researcher at Lithium Battery Engineering LLC, we found
that large vibrations in the electrolyte present serious safety issues. In qSafe, the SAWs
propagating the length of the anode have a small enough amplitude (~ 100 nm) not to disturb the
electrolyte; however, tests must be completed to confirm this. Technology that enables SAWs to
prevent dendrites efficiently will need to be developed before our qSafe system can be perfected.
Investigation: To perfect the qSafe power cell, we will need to investigate the effect of the
dispersal of lithium ions at various frequencies on different SAW substrates. The best substrate
would be one that allows the SAWs to successfully shake lithium ions intercalated in the anode
while still providing as little resistance as possible to the flow of electrons. As an example, we
could use zinc oxide substrate, attach the interdigital transducer, and measure the concentration
of lithium ions in the electrolyte. Here we show a hypothetical data table and graph using

Mg/cm^3

substrates X, Y, and Z.
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DESIGN PROCESS
Our team began working on this project in response to the growing problem of unsafe Liion batteries. Our goal was to engineer a safer rechargeable cell that would decrease incidence of
shutdown when overheated while maintaining optimum efficiency. We discarded the following
three concepts as we explored this problem.
Design 1 -- Bio-Based PCM Separator: Phase change materials (PCMs) are materials that can
absorb large amounts of thermal energy. When a PCM is in its solid state, its temperature will
mirror the external temperature until its melting point is reached. We saw potential to prevent the
thermal runaway inside the battery by building the separator with a bio-based PCM, which
would be non-toxic, fire resistant, and long lasting. However, we rejected this idea because once
the separator in a Li-ion melts, it can cause the electrolyte to catch fire. We were unable to find a
PCM that would remain in a solid state in temperatures over 169 degrees Celsius, which is the
point when dangerous reactions begin to take place between the cathode and anode.
Design 2 -- Physical Separation of Electrodes: Our second idea was to make Li-ion batteries
safer by twisting the battery in order to physically separate the two electrodes. This concept
would shut down the battery completely, preventing the separator from overheating and the
cathode and anode from reacting. We then decided this was not a practical solution because, to
twist the battery, we would have to build another mechanism inside the device that could
accomplish the action. Such a mechanism would take up extra space inside the device, detracting
from features like storage and battery life. This safeguard would also mean a complete shutdown
of the device, which we wanted to avoid. We rejected this concept and continued searching for a
better solution that was safe and would keep the battery running.
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Design 3 -- Laser Cooling System: Our third concept was to incorporate a sheet of nanolasers
coating the inner shell of the battery. This technology, paired with a temperature-sensing chip,
could target and cool “hot spots” within the electrolyte to prevent thermal runaway. In theory,
when the lasers would fire and slow the atoms in the electrolyte, the excess light energy could be
redirected from the battery to the outside of the device in the form of a glowing rim. We
discarded this idea because it would drastically decrease the efficiency of the battery and
increase the cost. We were also unable to devise a practical solution for powering the lasers or
channeling the excess light energy out of the battery to create a glowing rim. This solution had
many errors that we were unable to address, and it had to be designed in a way that would make
the technology applicable only to cell phones.
Our Final Design -- The qSafe Power Cell: Our team ultimately decided on our qSafe power
cell technology because it solved the problem of dendrite buildup that our discarded ideas failed
to address. The qSafe power cell addresses dendrite buildup by using an acoustic micro device
(AMD) to power surface acoustic waves on the anode, creating a safer battery. In addition, we
replaced the materials that traditionally make up both electrodes in Li-ion batteries with
materials that have higher energy densities, creating a faster charging time without
compromising the efficiency of the battery.
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CONSEQUENCES
The consequences of qSafe power cells are far reaching. As we transition to renewables,
dependence on batteries for energy storage in homes and on the electrical grid will be common.
The increased energy capacity of our qSafe power cell provides an efficient solution to meet
peak demand. The few negative consequences of the qSafe include: (1) use of stabilized lithium
metal powder that requires manufacturing while the battery is live, increasing the risk of shorting
out the battery while in production; (2) energy used to monitor the battery’s safety; and (3) the
cost of quantum technology. The positive consequences of the qSafe power cell are far more
significant.
● Safety Our battery is a safer energy source for all types of technological uses. Current
technologies aim to create a safer lithium-ion battery by shutting down the battery entirely
when it reaches an unsafe temperature. By preventing the buildup of dendrites with surface
acoustic waves and suppressing anode expansion with improved materials, our technology
does not allow thermal runaway to occur, eliminating the need for battery shutdown.
● Efficiency The materials we chose for qSafe have a higher energy density and, paired with
surface acoustic waves, our power cell provides faster charging for increased efficiency
without compromising safety or the lightweight characteristic of today’s Li-ion batteries.
● Ethical Sourcing In building the cathode with iron pyrite, we have eliminated the use of
cobalt as a material. The leading source of mined cobalt is the Democratic Republic of the
Congo, where child miners—some as young as seven years old—are common, and working
conditions for all miners are unsafe. Iron pyrite is found in many other countries and is less
than half the price of cobalt. Utilizing this alternative metal in the cathode, the qSafe power
cell is both a more ethical and economical battery technology.
Project ID #4351L

qSafe: Power Cell of the Future

BIBLIOGRAPHY
Interviews
Manager at FMC Corporation. Email. 24 Jan. 2017.
Researcher at Lithium Battery Engineering, LLC. Email and personal interview. 2 Jan. 2017.
Researcher at Vanderbilt University. Email and personal interview. 13 Jan. 2017.

Websites, Online Articles, and Research Papers
About Education. "Why Lithium Batteries Catch Fire." About,
www.chemistry.about.com/od/makechemicalsyourself/a/make-copper-sulfate.htm.
Accessed 20 Jan. 2017.
"Alessandro Volta (1745-1827)." Battery Facts, Curtiswood Group,
www.batteryfacts.co.uk/BatteryHistory/Volta.html.
The Associated Press. "Airlines opt for fire-proof bags to contain exploding phones on planes."
CBC News, 14 Oct. 2016, www.cbc.ca/news/business/airlines-opt-for-fire-proof-bags-tocontain-exploding-phones-on-planes-1.3804679.
"Battery Anodes." Energy Materials Center at Cornell,
www.emc2.cornell.edu/content/view/battery-anodes.html. Accessed 10 Jan. 2017.
"Battery separators." El Marco, www.elmarco.com/application-areas/battery-separators.
Accessed 20 Jan. 2017.
Battery University. Cadex Electronics, www.batteryuniversity.com/. Accessed 20 Jan. 2017.
Blinov, B. B., et al. "Broadband laser cooling of trapped atoms with ultrafast pulses." Journal of
the Optical Society of America B, vol. 23, no. 6, 1 June 2006, pp. 1170-1173,

Project ID #4351L

qSafe: Power Cell of the Future

www.iontrap.umd.edu/wp-content/uploads/2012/12/Broadband-laser-cooling-of-trappedatoms-with-ultrafast-pulses.pdf.
“Boeing 787 Dreamliner battery problems.” Wikipedia, 28 Jan. 2017,
https://en.wikipedia.org/w/index.php?title=Boeing_787_Dreamliner_battery_problems&
oldid=762407665.
Briones, Jasmine. "Electrolytic Cells." LibreTexts Chemistry, UC Davis, 21 May 2016,
chem.libretexts.org/Core/Analytical_Chemistry/Electrochemistry/Electrolytic_Cells.
Brookhaven National Laboratory. "Quantum dots enhance light-to-current conversion in layered
semiconductors." Phys.org, Omicron Technology, 8 Apr. 2016,
www.phys.org/news/2016-04-quantum-dots-light-to-current-conversion-layered.html.
Brueck, Hilary. "New Battery Tech Could Stop Hoverboard Fires." Fortune, 13 Jan. 2016,
www.fortune.com/2016/01/13/hoverboard-battery-fireproof/.
Cardwell, Diane, and Clifford Krauss. "A Big Test for Big Batteries." New York Times, 14 Jan.
2017, https://www.nytimes.com/2017/01/14/business/energy-environment/california-bigbatteries-as-powerplants.html?action=click&contentCollection=Energy%20%26%20Environment%20&mo
dule=RelatedCoverage&region=EndOfArticle&pgtype=article&_r=0
Cardwell, Diane. "Tesla Gives the California Power Grid a Battery Boost." New York Times, 30
Jan. 2017. https://www.nytimes.com/2017/01/30/business/energy-environment/batterystorage-tesla-california.html?te=1&nl=morning-briefing&emc=edit_nn_20170131
Chen, Y.-H, et al. "Selection of Conductive Additives in Li-Ion Battery Cathodes." Journal of
The Electrochemical Society, vol. 154, no. 10, 24 Aug. 2007. University of Michigan,
www.umich.edu/~amsl/publications/07ECSChenWangSastry.pdf.
Project ID #4351L

qSafe: Power Cell of the Future

Chen, Zheng, et al. "Fast and reversible thermoresponsive polymer switching materials for safer
batteries." Nature, no. 15009, 11 Jan. 2016. Nature,
www.nature.com/articles/nenergy20159
Chill. "Natural Refrigerants – The New Cool. So, what are they?" The Chill Blog, 7 Nov. 2012,
www.chill.com.au/2012/11/natural-refrigerants-the-new-cool-so-what-are-they/.
COBALT. Prepared by Kim B. Shedd, U.S. Geological Survey, Jan. 2016,
https://minerals.usgs.gov/minerals/pubs/commodity/cobalt/mcs-2016-cobal.pdf.
"Columbia U: New Method increases energy density in lithium batteries – as much as 10 to
30%." Genesis Nanotechnology, www.genesisnanotech.wordpress.com/tag/lithium-ionbattery/. Accessed 1 Feb. 2017.
Conover, Emily. "New ‘smart’ fibers curb fires in lithium-ion batteries." Science News, 13 Jan.
2017, www.sciencenews.org/article/new-smart-fibers-curb-fires-lithium-ionbatteries?tgt=nr.
Darlin, Damon. "Dell Will Recall Batteries in PC’s." The New York Times, 15 Aug. 2006,
www.nytimes.com/2006/08/15/technology/15battery.html.
Douglas, Anna, et al. "Ultrafine Iron Pyrite (FeS2) Nanocrystals Improve Sodium." ACS Authors
Choice, vol. 9, no. 11, 3 Nov. 2015, p. 11156–11165. Publications ACS,
www.pubs.acs.org/doi/pdf/10.1021/acsnano.5b04700.
Drafts, Bill. "Acoustic Wave Technology Sensors." Semantic Scholars, vol. 49, no. 4, Apr. 2001.
Semantic Scholars.
https://pdfs.semanticscholar.org/6ae6/9841c12d18b542f3c1b176f09538189c4252.pdf
Dunn, Ronald P., "Flame Retardant Incorporation into Lithium-Ion Batteries" (2013). Open
Access Dissertations. Paper 68.
Project ID #4351L

qSafe: Power Cell of the Future

digitalcommons.uri.edu/cgi/viewcontent.cgi?article=1083&context=oa_diss.
Eisler, Matthew N. "The History of Lithium Ion Batteries is Explosive." Slate, Graham Holdings,
13 Sept. 2016,
www.slate.com/articles/technology/future_tense/2016/09/the_explosive_history_of_lithiu
m_ion_batteries.html.
Engineering News, vol. 94, no. 38, 26 Sept. 2016, p. 11. Chemical and Engineering News,
cen.acs.org/articles/94/i38/Imaging-dangerous-dendrite-growth-inside.html.
"Exposed: Child labour behind smart phone and electric car batteries." Amnesty International, 19
Jan. 2016, www.amnesty.org/en/latest/news/2016/01/child-labour-behind-smart-phoneand-electric-car-batteries/.
Fehrenbacher, Katie. "Why Tesla’s grid batteries will use two different chemistries." Fortune,
Time, 18 May 2015, www.fortune.com/2015/05/18/tesla-grid-batteries-chemistry/.
Finegan, Donal P., et al. "In-operando high-speed tomography of lithium-ion batteries during
thermal runaway." Nature Communications, vol. 6, no. 6924, 28 Apr. 2015,
doi:10.1038/ncomms7924.
FMC. "SLMP Marketing Sheet." FMC Lithium, 2010,
www.fmclithium.com/Portals/FMCLithiumEnergy/Content/Docs/SLMP%20Marketing%
20Sheet%20Final.pdf.
Frankel, Todd C. "THE COBALT PIPELINE." The Washington Post, 30 Sept. 2016,
www.washingtonpost.com/graphics/business/batteries/congo-cobalt-mining-for-lithiumion-battery/.
"Frequently asked questions about phase change materials." PureTemp, ENTROPY
SOLUTIONS, www.puretemp.com/stories/understanding-pcms. Accessed 2 Jan. 2017.
Project ID #4351L

qSafe: Power Cell of the Future

Fowler, Susanne, and Paul Mozur. "Samsung’s Recall: The Problem With Lithium-Ion
Batteries." The New York Times, 2 Sept. 2016,
www.nytimes.com/2016/09/03/technology/samsungs-recall-the-problem-with-lithiumion-batteries.html?_r=1.
Gaidos, Susan. "Better batteries charge forward." Science News, 9 Jan. 2017,
www.sciencenews.org/article/better-batteries-charge-forward.
Gong, Maogang, et al. "Symmetry-Defying Iron Pyrite (FeS2) Nanocrystals through Oriented
Attachment." Nature, no. 2092, 28 June 2013. Nature,
www.nature.com/articles/srep02092.
"History of battery invention and development." AllAboutBatteries.com,
www.allaboutbatteries.com/history-of-batteries.html.
"How Do Batteries Work?" Mocomi, www.mocomi.com/how-do-batteries-work/. Accessed 30
Jan. 2017.
"How do PCMs work?" Microtek Laboratories, Microtek Laboratories, Inc,
www.microteklabs.com/how-do-pcms-work.html. Accessed 2 Jan. 2017.
Hsieh, Bing. "A pragmatic perspective on lithium ion batteries." SlideShare, LinkedIn, 23
Jan. 2016, www.slideshare.net/BingHsieh/a-pragmatic-perspective-on-lithium-ionbatteries.
Jacoby, Mitch. "Imaging dangerous dendrite growth inside a Li-ion battery." Chemical and
Johnston, Hamish. "Laser pulses cool semiconductor." Physics World, 25 Jan. 2013,
physicsworld.com/cws/article/news/2013/jan/25/laser-pulses-cool-semiconductor.
King, Calvin R. "Density of States." Georgia Institute of Technology, 17 Dec. 2005,

Project ID #4351L

qSafe: Power Cell of the Future

users.ece.gatech.edu/~alan/ECE6451/Lectures/StudentLectures/King_Notes_Density_of_
States_2D1D0D.pdf.
Ko, Minseong, et al. "Challenges in Accommodating Volume Change of Si Anodes for Li-Ion
Batteries." Wiley, vol. 2, no. 11, 31 Aug. 2015, pp. 1645-1651. Wiley Online Library,
www.onlinelibrary.wiley.com/doi/10.1002/celc.201500254/full.
Langston, Jennifer. "UW team refrigerates liquids with a laser for the first time." University
of Washington, 16 Nov. 2015,
www.washington.edu/news/2015/11/16/uw-team-refrigerates-liquids-with-a-laser-forthe-first-time/.
Larson, Selena. "Researchers create a battery with a built-in fire extinguisher." CNN Money, 17
Jan. 2017, www.money.cnn.com/2017/01/17/technology/lithium-ion-battery-fireprevention-stanford/
"Lithium Battery Manufacturing." Electropedia, Woodbank Communications, 2005,
www.mpoweruk.com/battery_manufacturing.htm.
"Lithium-ion Batteries." Physics Central, American Physical Society Sites,
www.physicscentral.com/explore/action/lithium.cfm. Accessed 25 Jan. 2017.
"Lithium-ion battery." Wikipedia, 3 Feb. 2017, en.wikipedia.org/wiki/Lithium-ion_battery.
Targray. Targray Technology International, www.targray.com/li-ion-battery. Accessed
20 Jan. 2017.
Liu, Kathy. "Nature-Based Solid Polymer Electrolytes for Improved Safety, Sustainability,
and Efficiency in High-Performance Rechargeable Batteries." Society for Science, 2016,
apps2.societyforscience.org/AbstractSearch/Abstract/ViewAbstract?projectid=4529
Manohar, Greeshma, "Investigation of Various Surface Acoustic Wave Design Configurations
Project ID #4351L

qSafe: Power Cell of the Future

for Improved Sensitivity" University of South Florida, Graduate Theses and
Dissertations, 2012.
scholarcommons.usf.edu/cgi/viewcontent.cgi?article=5561&context=etd.
“Material Sound Velocities.” Olympus, www.olympus-ims.com/en/ndt-tutorials/thicknessgage/appendices-velocities/. Accessed 1 Feb. 2017.
Noriel. "What is Lithium Plating?" UPS Battery Center, 10 May 2014,
www.upsbatterycenter.com/blog/lithium-plating/.
Orendorff, Christopher J. The Role of Separators in Lithium-Ion Cell Safety. The
Electrochemical Society, Summer 2012,
www.electrochem.org/dl/interface/sum/sum12/sum12_p061_065.pdf.
Pankaj, Arora, and Zhengming Zhang. Battery Separators. 104, 10, 2004 American Chemical
Society, 13 Oct. 2004, http://ronney.usc.edu/FuelCellPapers/cr020738u.pdf.
Porex Filtration Group. "Polyvinylidene fluoride (PVDF)." Porex,
www.porex.com/technologies/materials/porous-plastics/polyvinylidene-fluoride/.
Accessed 6 Feb. 2017.
"Quantum Dots and Cells." Physics Central, American Physical Society,
www.physicscentral.com/explore/action/quantumdots.cfm. Accessed 2 Feb. 2017.
"Quantum dot." Wikipedia, 23 Jan. 2017, www.en.wikipedia.org/wiki/Quantum_dot.
Riley, Charles. "Tesla's new product is a battery for your home." CNN, Time Warner, 1 May
2015, www.money.cnn.com/2015/05/01/technology/tesla-powerwall-battery-product/.
Roder, Paden B., et al. "Laser refrigeration of hydrothermal nanocrystals in physiological
media." PNAS, 13 Oct. 2015, www.pnas.org/content/112/49/15024.full.pdf.

Project ID #4351L

qSafe: Power Cell of the Future

Salisbury, David. "Quantum dots made from fool’s gold boost battery performance." Vanderbilt
News, 11 Nov. 2015, news.vanderbilt.edu/2015/11/11/quantum-dots-made-fromfool%E2%80%99s-gold-boost-battery-performance/.
Selvarasah, Selvapraba, et al. A Three Dimensional Multi-Walled Carbon Nanotube based
Thermal Sensor on a Flexible Parylene Substrate. ECE Department, Center for High
Rate Nanomanufacturing, www.ece.neu.edu/facece/mehmetd/publication/ieee%20nano%20thermal%20on%20flex.pdf.
Semiconductor Physics Group. "The use of SAWs to manipulate quantum bits (qubits)."
University of Cambridge, www.sp.phy.cam.ac.uk/research/surface-acoustic-wavessaws/sawqc. Accessed 30 Jan. 2017.
Sigler, Dean. "Researchers Strike Battery Fools Gold on Two Continents." CAFE Foundation,
18 Nov. 2015, www.cafe.foundation/blog/researchers-strike-battery-fools-gold-on-twocontinents/.
Sun, S., and R. Mo. "Facile Synthesis of Anatase TiO2 Quantum Dot/ Graphene Nanosheet
Composites with Enhanced Electrochemical Performance for Lithium-Ion Batteries."
Research Gate, May 2014. Research Gate,
www.researchgate.net/publication/268143288_Facile_Synthesis_of_Anatase_TiO2_Qua
ntum_Dot_Graphene_Nanosheet_Composites_with_Enhanced_Electrochemical_Perform
ance_for_Lithium-Ion_Batteries.
"Surface acoustic wave sensor." Wiki Wand, Wikipedia. Accessed 1 Feb. 2017.
http://www.wikiwand.com/en/Surface_acoustic_wave_sensor
"Surface Acoustic Wave Technology." TouchSystems,

Project ID #4351L

qSafe: Power Cell of the Future

www.touchsystems.com/resources/surface-acoustic-wave-technology/. Accessed 18 Jan.
2017.
Troiano, Julianne. "How do Lithium Ion Batteries Work? A Nanotechnology Explainer."
Sustainable Nano, Center for Sustainable Nanotechnology, 15 Oct. 2013,
www.sustainable-nano.com/2013/10/15/how-do-lithium-ion-batteries-work/.
U.S. Patent Application No. 13/151,371 Unpublished (filing date Jun. 2, 2011) (Marina
Yakoleva, et al., applicant).
Vandervell, Andy. "Quantum Dots Explained: What they are and why they’re awesome."
Trusted Reviews, Time Inc., 7 Jan. 2016, www.trustedreviews.com/opinions/quantumdots-explained-what-they-are-and-why-they-re-awesome.
Voelker, Paul. "Trace Degradation Analysis of Lithium-Ion Battery Components." R&D
Magazine, Advantage Business Media, www.rdmag.com/article/2014/04/tracedegradation-analysis-lithium-ion-battery-components. Accessed 22 Jan. 2017.
Walsh, Karen M. "Small Size Enhances Charge Transfer in Quantum Dots." Brookhaven
National Laboratory, 16 Dec. 2013, www.bnl.gov/newsroom/news.php?a=24487.
Warren, Tom. "HP recalls 101,000 laptop batteries over fire concerns." The Verge, Vox Media,
25 Jan. 2017, www.theverge.com/2017/1/25/14384052/hp-laptop-battery-recall-2017.
Wenzl, Christine, et al. " Anode Casting -Physical Anode Quality." Research Gate, RoMEO, 20
Oct. 2016, www.researchgate.net/publication/264875345_Anode_Casting_Physical_Anode_Quality.
Winter, Mark. "Lithium: reactions of elements." WebElements, The University of Sheffield and
WebElements, www.webelements.com/lithium/chemistry.html. Accessed 1 Feb. 2017.

Project ID #4351L

qSafe: Power Cell of the Future

Woodford, Chris. "Lithium-ion batteries." Explain That Stuff, 13 Dec. 2016,
www.explainthatstuff.com/how-lithium-ion-batteries-work.html.
Wu, Jinbo, et al. "Mapping three-dimensional temperature in microfluidic chip."
Scientific Reports, Macmillan Publishers, 25 Nov. 2013,
www.nature.com/articles/srep03321.
Wylie, Margie. "What the Blank Makes Quantum Dots Blink?" NERC, 15 June 2015,
www.nersc.gov/news-publications/nersc-news/science-news/2015/quantum-dotblinking/.
Xu, Wu, and Ji-Guang Zhang. "Lithium Dendrite Prevention for Lithium-Ion Batteries." Pacific
Northwest National Laboratory, U.S. Department of Energy, June 2016.
www.energy.gov/sites/prod/files/2016/06/f32/es275_xu_2016_p_web.pdf.
Xu, Xingsheng. "Surface recombination and charged exciton in nanocrystal quantum dots on
photonic crystals under two-photon excitation." Scientific Reports, vol. 4, no. 5039, 6
June 2014. Nature, doi:10.1038/srep05039.
Yarris, Lynn. "Roots of the Lithium Battery Problem: Berkeley Lab Researchers Find Dendrites
Start Below the Surface." Berkeley Lab, The U.S. Department of Energy/The University
of California, 21 May 2014, newscenter.lbl.gov/2013/12/17/roots-of-the-lithium-battery/.
Yuan, Qin, et al. "Electrolytes for lithium batteries and fuel cells." Center for Nanomaterials
Design and Assembly, Michigan State University, www.pa.msu.edu/cmp/CORECM/Baker.pdf. Accessed 25 Jan. 2017.
Zhang, Guanhua, et al. "High-Performance and Ultra-Stable Lithium-Ion Batteries Based on
MOF-Derived ZnO@ZnO Quantum Dots/C Core–Shell Nanorod Arrays on a Carbon
Cloth Anode." Wiley Online Library, vol. 27, no. 14, 8 Apr. 2015, p. 2400–2405. Wiley,
Project ID #4351L

qSafe: Power Cell of the Future

http://onlinelibrary.wiley.com/doi/10.1002/adma.201405222/abstract.
Zhang, S. S., et al. "Microporous poly(acrylonitrile-methyl methacrylate) membrane as a
separator of rechargeable lithium battery." ScienceDirect,
www.sciencedirect.com/science/article/pii/S0013468604003020. Accessed 7 Jan. 2017.

Print Books and Articles
Gaidos, Susan. "Charging the Future." Science News Magazine, 21 Jan. 2017, pp. 22-26.
Gray, Theodore. The Elements. Black Dog & Leventhal Publishers, Inc., 2009.

Videos
"How Batteries Work." Ted-Ed, produced by Adam Jacobson. YouTube, 25 May 2015,
www.youtube.com/watch?v=9OVtk6G2TnQ&t=186s.
How rechargeable batteries work. Riley Senpai, 10 June 2015. YouTube, uploaded by Riley
Senpai, 10 June 2015, www.youtube.com/watch?v=3KX_KuS6FPI.
Lithium-ion batteries: How do they work? BASF, 17 Oct. 2011. YouTube, 17 Oct. 2011,
www.youtube.com/watch?v=2PjyJhe7Q1g.
"Search for the Super Battery." NOVA, WGBH, 1 Feb. 2017,
www.pbs.org/wgbh/nova/tech/super-battery.html.
Should you be worried about exploding Lithium Ion batteries? ARIES RC, 26 Oct. 2016.
YouTube, 26 Oct. 2016, www.youtube.com/watch?v=zce3bFKnkvU.

Project ID #4351L

qSafe: Power Cell of the Future

Images and Diagrams
(A) Brain, Marshall. How Stuff Works. 2017,
http://electronics.howstuffworks.com/everyday-tech/lithium-ion-battery1.htm
(B) Voelker, Paul. "Trace Degradation Analysis of Lithium-Ion Battery Components." R&D
Magazine, Advantage Business Media, www.rdmag.com/article/2014/04/tracedegradation-analysis-lithium-ion-battery-components. Accessed 22 Jan. 2017.
(C) Yuan, Qin, et al. "Electrolytes for lithium batteries and fuel cells." Center for Nanomaterials
Design and Assembly, Michigan State University, www.pa.msu.edu/cmp/CORECM/Baker.pdf. Accessed 25 Jan. 2017.
(D) Zhang, Guanhua, et al. "High-Performance and Ultra-Stable Lithium-Ion Batteries Based on
MOF-Derived ZnO@ZnO Quantum Dots/C Core–Shell Nanorod Arrays on a Carbon
Cloth Anode." Wiley Online Library, vol. 27, no. 14, 8 Apr. 2015, p. 2400–2405. Wiley,
http://onlinelibrary.wiley.com/doi/10.1002/adma.201405222/abstract.
(E) "Lithium-ion battery." Wikipedia, 3 Feb. 2017, en.wikipedia.org/wiki/Lithium-ion_battery.
(F) Palacín, Maria Rosa, et al. "Nanomaterials for Electrochemical Energy Storage: the Good
and the Bad ." Acta Chimica Slovenica, no. 63, 2 Feb. 2016, pp. 417-423,
doi:10.17344/acsi.2016.2314.
(G) GMA. GMA CMS, 21 Sept. 2014,
www.gna-productions.com/photos/misc/windmill-in-the-sunset-2
(H) Webb, Tim. "Customers desert Big Six in droves to escape big energy price rises." The
Times, Times Newpapers, 1 Nov. 2013,
www.thetimes.co.uk/tto/business/industries/utilities/article3910025.ece.
(I) Alptraum. "Airplane takeoff in sunset." Dreamstime,
Project ID #4351L

qSafe: Power Cell of the Future

www.dreamstime.com/stock-image-airplane-takeoff-sunset-image16111501. Accessed 6
Jan. 2017.
(J) MacroPinch. "Battery." Google Play, 10 Oct. 2016,
play.google.com/store/apps/details?id=com.macropinch.pearl.
(K) Chidsey Research Group. "Anode Passivation in Lithium-Ion Batteries."
Stanford University,
chidseylab.stanford.edu/anode-passivation-lithium-ion-batteries. Accessed 2 Feb. 2017.
(L) "Search for the Super Battery." NOVA, WGBH, 1 Feb. 2017,
www.pbs.org/wgbh/nova/tech/super-battery.html
(M)

Frankel, Todd C. "The cobalt pipeline Tracing the path from deadly hand-dug mines in
Congo to consumers’ phones and laptops." Washington Post, 30 Sept. 2016,
www.washingtonpost.com/graphics/business/batteries/congo-cobalt-mining-for-lithiumion-battery/.

(N) Clipart Library. "Aeroplane Cliparts." Clipart Library, Clip Art Life,
clipart-library.com/clipart/46218.htm. Accessed 2 Feb. 2017.
(O) Ocal. "Beetle car - color variation C." ClipShrine, 26 June 2012,
www.clipshrine.com/Beetle-car--3835-cv-c.html.
(P) Ocal. "Wind Turbine Clip Art." Clker, 1 Nov. 2011,
www.clker.com/clipart-wind-turbine-2.html
(Q) ClipartFox. "iPhone_6_Gold_bw." ClipartFox,
clipartfox.com/download/72061ff21251d062dd5bec0bf79a54eac5dffc22.html.
(R) D'Angelo, Matt. "Hoverboards are perpetuating our obsession with innovation." The Breeze,

Project ID #4351L

qSafe: Power Cell of the Future

15 Nov. 2015, www.breezejmu.org/opinion/hoverboards-are-perpetuating-our-obsessionwith-innovation/article_a5f01380-8be5-11e5-98bc-cb5878e17f03.html.
(S) Clipart Library. "Free House Images." Clipart Library, Clip Art Life,
clipart-library.com/clipart/c483065.htm. Accessed 2 Feb. 2017.
(T) The Custom Vinyl Shop. "Stick Figure Leaning on Macbook - Vinyl Macbook / Laptop
Decal Sticker Graphic." Amazon, www.amazon.com/Stick-Figure-Leaning-MacbookSticker/dp/B004SX5P0A . Accessed 2 Feb. 2017.

All uncited images created by team members.
Created using MLA Citation Maker on www.oslis.org.

Project ID #4351L

qSafe: Power Cell of the Future

