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Previous lecture: Review

e Basic nanostructures: overview
* Nanoparticles

— Growth kinetics



This lecture: Content

e Basic nanostructures: overview
* Nanoparticles

— Optoelectronic properties



Optoelectronic properties of
semiconductor nanocrystals



Artificial atoms

nanocrystal

atom

Quantum dots, just like atoms, have discrete energy levels
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Absorption and emission in quantum dots




Absorption and emission in quantum dots




Absorption and emission in qguantum dots
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Figure 6 The bulk conduction and valence bands for semiconductors are assumed to be
parabolic 1n the simple effective mass approximation. Energy diagrams (E versus k) show
the complexity of the valence band for the example of CdSe, unportant in assigning NC
electronic states. The finite size of the NC quantizes the allowed k values. Decreasing
the NC diameter shifts the first state to larger values of k and increases the separation
between states. (&) This 1s seen spectroscopically as a blue shaft 1 the absorption edge
and a larger separation between electronic transitions for a homologous size senies of CdSe
NC dispersions, collected at ET. (5) Observation of discrete electronic transitions i optical
absorption 1s a measure of the wealth of spectroscopic information that can be uncovered
in monodisperse NC samples (o < 5%).



Absorption and emission in qguantum dots
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Core-shell nanocrystals
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Core-shell nanocrystals
- Fabrication Methods -
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Core-shell nanocrystals - Fabrication Methods
colloidal Atomic Layer Deposition (c-ALD)
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Core-shell nanocrystals - Fabrication Methods
colloidal Atomic Layer Deposition (c-ALD) for quantum dots
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Core-shell nanocrystals - Fabrication Methods

colloidal Atomic Layer Deposition (c-ALD) for guantum metal nanoparticles

pubs.acs.org/cm

Precise Engineering of Nanocrystal Shells via Colloidal Atomic Layer
Deposition
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re-Shell Structures

ical Bath NanoDeposition

50 nm

Pat. Nr. UD2013A000117



Nano-hybrid particles as
SERS-based optical biomarkers

CaF, substrate

CaF, substrate

CaF, substrate

Lughi, Bonifacio et al.J Nanop Res 15, 1663 (2013)



Nano-hybrid particles as
SERS-based optical biomarkers
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Intensity

Raman vs Photoluminescence
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Courtesy Martina Segato, 2017



Playing with the surface chemistry:
CdSe@C61: Synthesis via Capping Exchange
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CdSe@C61: Synthesis via Capping Exchange
Control of the C61 coverage
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Bulk Heteroj on Solar Cells

P3HT

(electron donor)

PCBM

(electron acceptor)



State of the Art and Founding Idea
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CdSe@C6: Synthesis via Capping Exchange




Use in photovoltaic cells: P3HT:CdSe@C61 blend

STEM analysis: excellent dispersion!



supramolecular assembly




Applied to Quantum Dots

1. Synthesize functionalized quantum dots
2. Add mediating agent (e.g. metal ion)
3. Self assembly via coordinating bonds




ramolecular Assembly

L | |
* Access to complex geometries

] Coordination bonds (strongest among
weak bonds, therefore stable but easy to
= manipulate)

Bond can be functionalized

Seelert, H et al., Nature 405, 418-9, (2000)
Fotiadis, D. et al., Nature 421, 127-8 (2003)

Fotiadis, D. et al., J Biol Chem 279, 2063-8 (2004)
Scheuring S. et al., Science 309, 484-7 (2005)



Nanoparticle Engineering
Controlling the optical properties via
bandgap engineering

ddddddd



Nanoparticle Engineering
Controlling the optical properties



(1) NCs as PHOSPHORS

color = f (E;)
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(1) NCs as PHOSPHORS

() COLOR ENGINEERING
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(1) NCs as PHOSPHORS

shell thickness (MLs)
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(1) NCs as PHOSPHORS

() COLOR ENGINEERING

Shell

energy (eV)
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(1) NCs as PHOSPHORS

() COLOR ENGINEERING loving
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(1) NCs as PHOSPHORS

() COLOR ENGINEERING
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(1) NCs as PHOSPHORS oresenee© D010 PHOSPIIONS
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(1) NCs as PHOSPHORS

(111) CONVERSION EFFICIENCY

Fluorescence QUANTUM YIELD

Probability of BAND-EDGE

QY = HFPL e radiative
abs | RECOMBINATION
high QY (up to 85%) " Single phase NCs: chemistry

lattice mismatch

[ QY tunable; depends on: ] ) surface chemistry
 Multi phase NCs:
VBO/CBO



fluorescence QY %
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(1) NCs as PHOSPHORS

FLUORESCENCE Quantum Yield
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(1) NCs as PHOSPHORS |deal Easy synthesis

compromise of: 7 Color control
High Conversion Efficiency

SOLID STATE LIGHTING

“pc-LED” system
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(1) NCs as PHOSPHORS

Available Nanocrystals
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(1) NCs as PHOSPHORS

1.3 NCs / polymer composite material

CdSe,S, - CdS colloidal NCs
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(1) NCs as PHOSPHORS

1.3 NCs / polymer composite material

(still in development)

“pc-LED” system

COST-EFFECTIVE
white lighting device
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