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Sensing and Optical Systems

Design of systems that are highly sensitive to the physical and optical environment

* Biomimetic vibrational and strain sensors: structured polymer-based systems

* Optical gas and fluid trace detection: Raman enhancement using open porous structure
e Electrochemical responsiveness: Tunable nanoparticle-polymer systems

e Tunable fluorescence films: Light responsive QD-polymer films for patterning

Surface & Interfacial Assemblies

Engineering self-assembled and hybrid nanomaterials at organic-inorganic interfaces
 Multilayered freely standing nanomaterials: polyelectrolytes, nanoparticles, nanowires
* Molecular films from multifunctional molecules: stars, brushes, and hyperbranched

* Assembly of polyelectrolyte-graphene oxide films

Biomimetic Sensors

Layer-by-layer Assembly "
a b pH increa n_E: ——pH35 Top view :
) o :;H.,:E Increased {a] ” Side view [multi-folded)
. pH4.9 b
— 2 300 —#=¢1 mechanics in | ; .
solution e o ol _E:?g . -}h}-*\a
: —wus| optical
NaOH it 60 i . Aqueous electrolyte layer
Oroplet —— _ sensors using  «
* P om0 soeo s eeo 20 bio-based,
Substrate: Chiral 0-CQDs/CNC film Wavelength (nm) Bouligand i
structures.
Capable of
sensing pH
7, changes,
humidity, and
r J .
chemical
presence.
e ki
1 o cncbased 1'!5}0‘} MATERIALS Self-powered
polyelectrolytes ; m.""':'.“"““‘”"“”ff‘{:ﬁ’ p ered
combined with gold | B ;;;qa*"‘ electronic skin
nanoparticles and o ?-Encwr?mm;-s 7 with bio
graphene oxides as Toughnaes (Wllca') [N SR tactile
strong, flexible, and dl sensitivity
perforated :
membranes "R -

.

Thickness fnm)

Sensing and Optical Systems
Optically controllable QD-
polymer photopatterns

Quantum confined
emission tuning

Directional emission via
engineered defect

Tunable modes via QD disk size

(a) Negative photopattern (e) Switched pattern

*

BEFORE REDUCTION

—— seaked evisonment

& Al foil (b) Light Exposure (d) Contrast Switches
,f;.;is_vff‘v'é? periim
5 ‘} ‘ desirod patiem (Al foil)
] u GO paper Absorption A, . .
—— ez —462nm
> - Al foil — o o »

—— 523 nm

—529nm (c) Contrast Decreases
—— 554 nm

— 574 nm

Schematic representation of fabrication and assembly of
free-standing GO-LbL membrane.
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Selective exposure = photopatterns; Mixed color QDs = multicolor patterns
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Biocompatible Composites

Fabrication and testing of isotropic and anisotropic polymer films and shells
e Combinations of CNCs and carbon quantum dots for photoluminescence
 Surface modification of CNCs for tunable self-assembly

* Encapsulation of cells to form protected cell environment for biosensing

Graduate Students: Andrew Erwin, Michelle Krecker, Hansol Lee, Katarina Adstedt, Kellina Pierce, Daria Bukharina, Madeline Buxton
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v Chiral luminescence for CNC-QD composite
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The combination with cellulose nanocrystal (CNCs) chiral photonic structure and inorganic
guantum dot (QD) with achiral morphology provides well-designed chiral photoluminescence

with strong circular dichroism (CD) peaks without destroying initial chiral nematic phase of CNCs.
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Protein Encapsulation of 2D Materials
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Microanalysis Center (MAC)
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Responsive Materials & Hybrid St

ructures

Biological and responsive macromolecular materials as prospective building blocks
» Self-folding silk origami: patterned silk films, self-folded microtubes, tunable morphology

* Hybrid materials: silk fibroin-graphene oxide films with enhanced mecha

nical properties

* Magnetic Assemblies: Nanorod assemblies with magnetically tunable spacing

Responsive Patterned Nanofilms
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Ultra Robust Bio/Nano Hybrid Composites
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