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Journey into the world of 
nanotechnology

u Bachelors in Computer Science and Economics – Mount Holyoke 
College

u Ph.D in Nanomaterials Chemistry – Rice University
u Postdoctoral Fellowship – Rice University
u Founder and CEO - NanoInnovations



The Nanoscale
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Property changes at the nanoscale

Gold nanoparticles

Silver nanoparticles

Size Geometry Coupling

Silver antibacterial socks

Gold NPs in cancer tumor destruction

R&D for Copper NPs for COVID19 
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resistance/ Anti-graffiti 

properties
Better electricity/heat providers

Improve radiation 
shielding Lighter/flexible/stronger

Material for protection Flexible digital screen

Quantum computer chip Light emitting diode display Nano-sensor Nano-medicineSpray coated batteries

Successful examples

Lighter Faster Sensitive Powerful Ubiquitous
inks and manufacture in-plane micro-super-
capacitors on flexible substrates and wafers
by spray coating (126). Ink-jet printing has
shown promise in the fabrication of flexible
thin-film energy devices with large area and
readily controllable thickness (127). Centrifu-
gal casting can produce large-area sheets of 2D
materials much faster than vacuum-assisted
filtration. Roll-to-roll manufacturing can trans-
form the assembly of battery-powered devices
into a process similar to printing a newspaper.
It is important to mention that conducting
current collectors and insulating separators
(in the case of sandwich-device architecture)
need to be printed by the samemethod. Also,
interdigitated and other non-sandwich energy
storage device architectures become possible
with printing technologies and polymer gel
electrolytes, which both conduct ions and
separate the electrodes.
The quality of printed films depends on the

stability of active nanomaterial-based inks (10).
In this context, functionalized nanoparticles
are typically used for ink formulation because
of their good dispersibility in solvents (both
aqueous and organic). To increase the areal
energy density of devices and their capacitance
or capacity, it is necessary to build 3D devices
with increased thickness and hierarchy of the
electrodes. Therefore, it is necessary to develop
3D printing techniques and adjust them to
specific conditions; for example, 0D particles
and 2D sheets are easier to print compared
with CNTs, but the latter can be more readily
incorporated into fibers, providing mechanical
strength and electrical conductivity required
in this application. A 3D printed, interdigi-
tated Li-ion microbattery was demonstrated
using Li4Ti5O12 (LTO) and LiFePO4 (LFP) as

the anode and cathode materials, respectively
(128). This approach can produce distributed
energy storage devices integrated with other
electronic components.
The use of structural or printable energy stor-

age (Fig. 6) adds additional requirements to the
environmental and temperature stability of all
components of the device. If a battery is loca-
ted close to the hot part of an engine or in-
corporated into a part of the car body that will
be subjected to sunshine over a prolonged
period of time, the use of thermally stable
electrolytes (e.g., ionic liquids) and other com-
ponents (e.g., ceramic separators, such as cera-
mic nanofibers, boron nitride, or clay) may be
required. In printable devices for Internet of
Things and future miniaturized electronics,
the use of nanomaterials should be considered
not only as active components but also as
binders, current collectors, sealants, and en-
capsulating elements. For example, the latter
can be constructed using micrometer-thick
polymer films with insulating 2D nanopar-
ticles, decreasingwater and oxygen permeability.
In-plane micro-supercapacitors made of

carbide-derived carbons and 2D materials—
including graphene,MXene,metal oxides, and
conductive MOFs—are among the most pop-
ular flexible and integrated energy storage
devices. Carbide-derived carbon films that
possess a high SSA and narrow pore size can
also be fabricated on a silicon wafer without
cracking by two key steps: sputtering of metal
carbides and chlorine-gas etching (129). 2D
heterostructures can provide improved electron-
and ion-transport pathways (12). However,
most 2D materials–based in-plane micro-
supercapacitors are fabricated by photo-
lithography. 2D metal–organic coordination

framework graphene- and MXene-based in-
plane micro-supercapacitors with ac line-
filtering performance were fabricated by in
situ layer-by-layer growth of active material
on prefabricated current collectors (34). Such
an approach, coupled with the exploitation of
2D materials, offers a pathway for the scalable
fabrication of in-plane micro-supercapacitors.
Smart energy storage devices, which can de-

liver extra functions under external stimuli
beyond energy storage, enable a wide range
of applications. In particular, electrochromic
(130), photoresponsive (131), self-healing (132),
thermally responsive supercapacitors and bat-
teries have been demonstrated. However, the
fade of the performance under stimuli still
hinders their practical applications. Another
pathway to achieve stimuli is manipulating
electrolyte—for example, by using thermally
responsive polymer gels—to control the ion
transport between the electrodes, which can
eventually cause the on and off switching
of the device. Although several prototypes
have already been demonstrated, consid-
erable challenges—for example, balance of
high performance and extra functions and
the integration of such smart devices into
fully functioning systems—still need to be
resolved (133).
Parasitic reactions between electrode nano-

materials and electrolytes (3) can cause the
decompositionof electrolyte andmetal consump-
tion for metal-ion batteries and consequently
result in poor energy storage performance,
including low Coulombic efficiency, cycle life,
and energy density, compromised safety, and
so on. Many efforts—such as the development
of coated electrodematerials (134), electrolytes
and additives (135), membranes (136), and
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Fig. 6. Nanomaterials enable the production of next-generation energy storage systems by different manufacturing methods. [Supercapacitor array image
by Husam N. Alshareef/King Abdullah University of Science and Technology (KAUST); figure wearing smart textiles image by Kristi Jost/Drexel University]
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Education/Skills required for a 
nanotechnologist

u Platform technology
u STEM related undergraduate degree (Physics, Chemistry, Biology, Biochemistry, 

Material Science, Environmental Science, Math)
u Research work – critical!

u Research Experience for Undergraduates (REU)
u With an undergraduate professor/advisor – great for recommendations
u READING – Science, Nature, MIT Technology Review, nanotechmag.com, Harvard 

Business Review, Wired
u Summer internships – industry
u Conferences/Hackathons 

u A lot of curiosity
u Grit and knowing failure is part of the process – experiments almost certainly don’t 

go as planned the 1st time!
u Almost always requires a graduate school degree (Ph.D) ~5 years



A day in the life of a 
nanotechnologist

Showing of the waterless toilet – Bill 
and Melina Gates Foundation –

Toilet Expo



Career tracks as a nanotechnologist
u Research Scientist

u University/Hospital/National Labs

u Industry 
u Renewable energy

u Oil and Gas
u Microprocessor chips
u Batteries

u Bio and life sciences / pharmaceutical 
u Medical devices

u Manufacturing
u Sporting goods

u Space
u Food  safety

u Environment
u Law

u IP attorney
u Patent agents

u Venture Capital/Private equity
u Start-up route

u Government – special task force 



Future of nanotechnology

Doctors inside your body Sensors everywhereSelf-healing structures

Big Data/Quantum computing -
Nanostructured 5D glass ultra-
dense memory 360 TB/disc 

Climate change – wallpaper 
to convert sunlight and heat 
into energy





Questions?


