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Luminescence and computational cycles

No se puede mostrar la imagen. Puede que su equipo no tenga suficiente memoria para abrir la imagen o que ésta esté dañada. Reinicie el equipo y, a continuación, abra el archivo de nuevo. Si sigue apareciendo la x roja, puede que tenga que borrar la imagen e insertarla de nuevo.
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A simplified 
fluorescence cycle



ESIPT (excited state internal proton transfer)
is a process contributing to the visible dye
brightness, and is normally manifested via
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Photoprocesses in molecular Photoprocesses in molecular 
excited electronic statesexcited electronic states

brightness, and is normally manifested via
large Stokes shifts, i.e. the emission is red-
shifted with respect to absorption by 10 4 cm -1

and more, which has successfully been
exploited in sensors, laser dyes, and
nonlinear optoelectronic materials.



М. Robb et al., J. Am.
Chem. Soc. 2004, 126,
2912-2922, have shown
that ESIPT is often
accompanied by inter-
system crossings, known
to occur at intersections
of potential energy surfa-
ces of two or more exci-
ted molecular electronic
states of the same, or
different spin symmetry.
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different spin symmetry.
These conical intersec-
tions not only result in
protothropic tautomerism,
but also bring significant
molecular deformations
in the 3D-space.



TD PBE0/6-311G**

S0 S1

The planar “quinoid” form is not a
minimum on either the S0, or the S1
DFT surface. On the S1 surface,
however, the “quinoid” form shows a
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22--(2’(2’--Hydroxyphenyl)Hydroxyphenyl)--quinazolinone quinazolinone 
CASSCF & MP2 CASSCFCASSCF & MP2 CASSCF

however, the “quinoid” form shows a
perpendicular minimum… CAS finds
a planar quinoid structure, which is a
S1 – T2 conical intersection.



The molecule has a
stable S0 “quinoid”
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22--(7’(7’--indolyl)indolyl)--quinazolinone quinazolinone ––
CASSCF & MP2 CASSCFCASSCF & MP2 CASSCF

stable S0 “quinoid”
tautomer, DFT.

However, CASSCF
identifies it as a
S1 – T1 conical
intersection point.
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22--(2’imidazolyl)(2’imidazolyl)--pyridine pyridine ––
CASSCF & MP2 CASSCFCASSCF & MP2 CASSCF

Both planar aromatic and “quinoid” forms are minima on the S0
DFT-potential energy surface. At the CAS SCF(10,10)/6-31G*
surface, the quinoid form is again a S1 – T2 conical intersection.
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Avoiding 3D-intersystem crossings...

Lamansky, et al. J. Am. Chem. Soc., 2001, 123, 4304-4312
Holmes, et al. Chem. Commun., 2005, 4708–4710
Chang, et al. Angew. Chem. Int. Ed. 2008, 47, 4542 –4545
Shi, et al. J. Phys. Chem. A 2010, 114, 6559–6564, etc... etc...

TTA – IUPAC definition: two triplet excited species may prod uce (upon
collision) an excited singlet species, and a ground state si nglet one.
This may often result in delayed luminescence – photon upcon version.



I. Tanaka, S. Tokito, J. Appl. Phys. 
2005, 97, 113532
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Photon upconversion energy diagrams

S. Balushev, et al., Nano Lett.
2005, 5, 2482
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