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Semiconductors and fluorescent
nanomaterials
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Band theory of solids:
molecules vs semiconductors
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Semiconductor properties
and applications

Electroluminescence from semiconductors
Conductivity
Doping: n-doped and p-doped semiconductors. Diodes.

TiO,: from synthesis to applications.
* Water purification
* Sunscreens
» Catalysis

Other semiconductors: quantum dots
» Synthesis
» Optical properties
» Bio-labeling
 QLED: QD displays
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Design of Phthalocyanine
for use as photosensitizers
(photocatalysts)
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Introduction to Porphyrin-type
molecules
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Introduction to
Phthalocyanines (PCs)

* Molecular properties
* Traditional & new applications

* Photophysical properties of PCs:
Phosphorescence Quantum yield and Single
oxygen quantum yields. Laser Flash Photolysis

* Photosensitization involving metal-PC
complexes:
* Phototransformation of pollutants
* Phototransformation of alkenes: fine chemicals
* Photodynamic therapy (PDT)
* Photodynamic Antimicrobial Chemotherapy (PACT)
* Drug delivery
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Introduction to
Photochemistry
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Photochemistry can be described as
the chemistry of the excited state
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Wavelength & color
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Photochemistry

* Solar spectrum and eye sensitivity
* The spectrum in biology language

* Photochemistry
« The first law of photochemistry
« Jablonski diagram
* Formaldehyde MO ordering
Kasha’s rule
Fluorescence quantum yield
Frank-Condon principle
Fluorescence spectrum and lifetime
Stokes shifts
Energy transfer:
* Trivial energy transfer

» Electron exchange processes
» Forster energy transfer (FRET)
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Three classic molecules
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Excited state complexes
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Ground state complex
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Excited state complex
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Photoredox
catalysis

with more concepts on electron transfer
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Redox properties of
excited states
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Redox properties of
excited states
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Excited state electron transfer
the excited state pays the energy bill
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Photoredox catalysis

Using the concepts of electron transfer
theories
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Three key aspects of
catalyst action
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Photoredox catalysis
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Photoredox catalysis

* Redox properties of excited states
 Rehm-Weller plot

» Excited state electron transfer

 Marcus Theory

* Closs experiment

* Photoredox catalysis

* Transition metal complexes as photocatalysts
* Replacing expensive TM complexes with dyes
 Sacrificial electron donors: the case of amines
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(Heterogeneous)
photocatalysis
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Improving Photoredox
Catalysis
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Advantages and
disadvantages of colloids

Nairobi February 2018 Light-matter interactions

26



Heterogeneous photocatalysis

Heterogeneous vs Homogeneous: conventional
classification and its exceptions

Nanocatalysis
Highly reactive superficial sites

Photoredox and photothermal processes
* Non-plasmonic
* Plasmonic NP

Heterogeneous Photoredox catalysis

* TiO2 as catalyst
« Action spectrum
 Metal-decorated semiconductors
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Heterogeneous catalysis
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Quantum dots
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Quantum dots

* Materials dimensions

 Particle confinement and optical properties
* Synthesis

 Passivation of QDs

* Core-shell QDs

e Classification

* Role of the ligand
* Applications

« Sensing
 Light-responsive hybrid material
» Optoelectronics: QLEDs



Solar enerqgy approaches to energy
supply and water quality
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Renewable energy and
water decontamination

17 Global Goals for Sustainable
Development

* TiO, and water cleaning

e Solar energy
« Solar thermal

« Solar photovoltaic
* Functioning of a solar cell

* Dye-sensitized nanocrystalline solar cells:

Gratzel cell
« Water splitting and decontamination
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Perovskites
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Perovskites (PVK)

* Introduction to PVKs
« Classification

» Synthesis
* Thin films
+ Solution-based deposition method
* Vapor deposition
* Nanocrystals
* Templated method
* Non-templated method: hot-injection method vs ligand assisted precipitation

* Ligands

* Tuning optical properties

» Strategies to improve LHP stability
* Applications

+ Solar cells
* PeLEDs
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