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https://www.youtube.com/watch?v=bNuoYm7Su4o



Quantum Confinement Effect

A. P. Alivisatos, Science, 271, 933-937 (1996)





Band Theory on Quantum Confinement Effect



Molecular Photophysical Processes Relevant for Photobiology: Jablonski Diagram

Jablonski diagram representing energy levels and spectra. Solid arrows indicate radiative transitions as occurring by 
absorption (violet, blue) or emission (green for fluorescence; red for phosphorescence) of a photon. Dashed arrows represent 
non-radiative transitions (violet, blue, green, red). Internal conversion is a non-radiative transition, which occurs when a 
vibrational state of a higher electronic state is coupled to a vibrational state of a lower electronic state. In the notation of, for 
example, S1,0, the first subscript refers to the electronic state (first excited) and the second one to the vibrational sublevel (v 
= 0). In the diagram the following internal conversions are indicated: S2,4→S1,0, S2,2→S1,0, S2,0→S1,0 and S1,0→S0,0. The 
dotted arrow from S1,0→T1,0 is a non-radiative transition called intersystem crossing, because it is a transition between 
states of different spin multiplicity. Below the diagram sketches of absorption-, fluorescence- and phosphorescence spectra 
are shown.



Photoluminescence is the emission of light from any material due to the loss 
of energy from excited state to ground state. There are two main types of 
luminescence – fluorescence and phosphorescence. 

Fluorescence is a fast decay process, where the emission rate is around 108 s-1 

and the lifetime is around 10-9 - 10-7 s. Fluorescence occurs when the excited 
state electron has an opposite spin compared to the ground state electrons. 
From the laws of quantum mechanics, this is an allowed transition, and occurs 
rapidly by emission of a photon. Fluorescence disappears as soon as the 
exciting light source is removed. Group 12-16 semiconductor quantum dots 
exhibit fluorescence properties when excited with ultraviolet light.

Phosphorescence is the emission of light, in which the excited state electron 
has the same spin orientation as the ground state electron. This transition is a 
forbidden one and hence the emission rates are slow (103 - 100 s-1). So the 
phosphorescence lifetimes are longer, typically seconds to several minutes, 
while the excited phosphors slowly returned to the ground state. 
Phosphorescence is still seen, even after the exciting light source is removed. 

Photoluminescence

Barron, A. Physical Methods in Chemistry and Nano Science, OpenStax_CNX Web site. 
http://cnx.org/content/col10699/1.18/, Jan 3, 2014.







Resonance Energy Transfer from Donor to Acceptor





Size and Shape Effects on Photoluminescence

https://www.youtube.com/watch?v=6jSV6OV7rqE





































Fluorescent Nanoscale Materials



Mesoporous Silica Nanoparticles



Functionalized Fluorescent Silica Nanoparticles
Ulrich Wiesner et al., Chem. Soc. Rev., 35, 1028 (2006)





Theranosis Concept of Mesoporous Silica Nanoparticles



T. Hyeon et al., Acc. Chem. Res., 44, 893 (2011) 


