Engineered deposition of
functional nanocoatings

Latex colloidal crystals deposited
in an engineered film

Prevo et al. Langmuir (2004)
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Coffee-ring evolution as a tool to understand
water-resistance of polymer nanofilms

Islam et al. Soft Matter (2018)

Degradation of epoxy coatings on tin free
steel substrate under acidic corrosion

Kotb et al. J. Colloid Interface Sci. (2022)

Microfluidic soft leaf materials and skin interfaces

Sweat sensing devices and
biomarker detection
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Liquid shear-based nanofabrication

Processing conditions leads to formation of twelve unique
colloidal morphologies including:

Polymer solution injection
into sheared medium |

Three main operational stages

Shee

Micropaicls ts Dendricolloids
Smoukov et al. Adv. Mater. 2015
HYDR;::E;F;AMIC Mg.?AFIQIE:.?YAL PRECIPITATION RATE Velev and Roh, US patents '({ XANOFEI
Bang et al. Adv. Mater. 2023 \\
Soft Dendritic Colloids Environmentally-benign nanoparticles
L % Ky Silver nanoparticle Functionalized EbNPs
e P Lignin EbNP synthesis via
ad i solvent-antisolvent precipitation
i o 5 : rocess
s %’% o Agt g Ae P
\\ §&~ - e Application
ol \,,,-' 3 "

G

‘, "n'}/{\ it 7
Desirable bactericidal action X
]
d g + , !,,4’ 218 + B
S 3, =
e 4
-

Roh et al. Nature Mater. (2019)

Nanoparticle

=
s
S

Advanced microparticles and

- Size [nm]
m IC roca ps u |eS @ Release into environment @
. - EbNPs with Ag™* are effective
Microcapsules Silica/gold NPs Doughnut P ¥ bactericidal agents with minimum
P (K. 1 et he ‘ A ‘ environmental toxicity
;- Ag+ b . N Ag+
<«-7 S>> e

Toxic particle persistent in Depleted particle matrix is B E NAN%VA
environment biodegraded

Richter et al. Nature Nanotech. (2015) US Patents

A— - Biodegradable substrates for
Koo et al. Chem. Mater. (2006) Rastogi et al. MRC (2010) SOft eleCtron iCS

SERS bio- and Light-diffracting o)
chemical sensors supraparticles Sbstratg Agarose and R .4

substrates

can stretch,
compress
and twist
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Ahmad et al., AEM (2024)

Polymer microrods, foam and emulsion
superstabilization
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Alargova et al. Adv. Mater. (2004)  Alargova et al. Langmuir (2004) plastic alternatives Kotb and Velev, Cell Rep. PS (2023)

Millifluidic flow device for

Patch on skin for ArilEEL e | polymer degradation studies
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Koo et al. J. Mater. Chem. A (2013)

Rest Exercise Ucar et al. Soft Matter. (2012) As polymer degrades, it moves through device
Koo et al. Sci. Rep. (2013) to the the second chamber to be collected

https://www.cbe.ncsu.edu/velevgroup/

Velev Research Group

Department of Chemical & Biomolecular Engineering

E
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Smukov et al. Soft Matter (2009)
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Field-induced actuation

Patchy microcube as a building block for magnetic microbot

Han et al. Adv. Funct. Mater. (2018)
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3D printing for soft robotics
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An extendable soft robotic grabber, operated by magnetic field
Roh et al. Adv. Mater. Technol. (2019)

Biodegradable microcleaners for microplastic cleanup
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Microplastics captured into

condensed aggregate

Active soft dendritic colloidal particles (SDCs) move to
capture microplastics and float up to be collected Bang et al. Langmuir (2024)

Soft spheres as toolbox for making

magnetization

magnetic 3D gels and microbots

Bharti et al. Langmuir (2015)
Roh et al. AIChE (2018)

Bharti et al. Nature Mater. (2015)
Castellanos et al. JPCB (2021)

bers and walkers
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Millifluidics, p-fluidics & self-propelling particles

Background: Remote powering/steering
Self-propelling particles  of self propelling circuits
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Potential applications

- Pumping/mixing fluids in lab-on-chip
- Drug dellfvery o . propulsion

- Sensors for toxicity detection Chang et al. Nature Mater.(2007)

- Cargo pick-up/transportation Sharma et al. Langmuir (2012)
- Microrobotics Sharma et al. Adv. Funct. Mater. (2015)

AC field driven microdiode

Vision:
Autonomous microdevices
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Chemically driven
active particles
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