
Fluorescence lifetime ps-10 ns
(exponential decay)

Similar to Fig. 13.5 
of our Textbook.

vibrational relaxation ~1 ps

internal conversion~1 ps

∆E = hν

HOT!!!
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Other:1 ps to ms



2

What is fluorescence lifetime?

d(Intensity)/dt = -k (Intensity)
Fluor. intensity at time t = (Fluor. Intensity at time 0) x e-kt

= (Fluor. Intensity at time 0 x) e-t/τ

τ = “lifetime = 1/k 

τ = inverse of 1st order rate constant 

Also internal conversion to ground state, or triplet, or photochemistry
will shorten the lifetime (e.g., DNA bases at room temperature, 1ps) 

and Fluorescence “Quenching”
A reaction with another molecule that competes with the rate of fluorescence      



Highest Occupied Molecular 
Orbital (a linear combination of

atomic p orbitals)

Ground State

LUMO
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Lowest Unoccupied Molecular 
Orbital (electron excited)

Excited State (fluorescing state)

LUMO
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Iodide

Iodide ion collides;
(has higher HOMO)
will quench fluorescence

LUMO
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Electron transferred from iodide
to vacancy in HOMO of ring
i.e., QUENCHING

Radical Pair (can’t fluoresce)

Ring
Iodine

Electron transfer from I- to indole makes a
radical pair that cannot fluoresce.
(would violate Pauli exclusion)
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13.22
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Interaction

Excitation
of molecule

∆Emolecule = hν

Only half the story

Disapearance
of photon

∆Elight = -hν

∆Euniverse = 0 at
every instant!!!

En
er

gy
 

State 1
ground state
molecule + photon

State 2
excited state
molecule and NO photon

Resonance:  What we call “happening” is the world moving 
between states in  RESONANCE.  i.e.,  two states of the
UNIVERSE obeying the FIRST LAW
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London dispersion
force (the very same
force that holds liquid
nitrogen together.



Shimon Weiss  http://laxmi.crump.ucla.edu:8248/weiss/class033.pdf 11

should be green

NO FRET FRET 
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Single Molecule Spectroscopy
The Nobel Prize in Chemistry 2014 was awarded jointly to Eric Betzig, 
Stefan W. Hell and William E. Moerner "for the development of super-
resolved fluorescence microscopy".
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http://www.k2.phys.waseda.ac.jp/Movies.html

http://www.k2.phys.waseda.ac.jp/Movies.html
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