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Energy transfer between 
identical fluorophores

Examples

1. artificial homo-dimers

2. light harvesting complexes

3. dendrimers

4. dsRED



3

Energy transfer between two 
identical fluorophores

Bis-Peryleneimide
with different distances,
fluorene as a rigid spacer
(3, 6, poly-fluorene)
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Energy transfer between two 
identical fluorophores

D* A

D* A*
(simultaneous excitation at high power)

D* AT

Förster-types 
of ET:

1.energy
hopping

2. singlet-
singlet 

annihilation

3. singlet-
triplet 

annihilation

S1-Sn

T1-Tn
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Energy transfer between two 
identical fluorophores

energy hopping: dark-gray
S-S annihilation: black
S-T annihilation: gray

structures and radii (with κ2 = 4 !)
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Energy transfer between two 
identical fluorophores

energy hopping: Förster radius 4.8nm (theor.) to 5.4nm (experimental) 

efficient transfer for the three fluorene spacer 3F (3.4 nm), 

not with hexamer 6F (5.9 nm)

not with poly-fluorene (average distance ~ 42 nm):
distribution of chain lengths results in expected distances
from  6nm to 300nm. 

• 25% of 72 molecules show one-emitter state in the
antibunching experiments.3F
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Energy transfer between two 
identical fluorophores

S-S annihilation
with 6F spacer:
two stable intensity
states,
coincidence analysis 
(antibunching) reveals
a single emitter (B)
before bleaching.

6F
collective on/off (C) is explained by
by S-S annihilation 
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Energy transfer between two 
identical fluorophores

polymer spacer
(mean ~ 42 nm):
two intensity states,
coincidence reveals
two independent
emitters (F),
after bleaching one
remains (H)

singlet-triplet annihilation is revealed by
collective on/off (G)
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Energy transfer between two 
identical fluorophores

polymer spacer
(mean ~ 42 nm)

two classes of distances in
the coincidence ratio:
long chain results in 0.5 value, 
i.e. two independent emitters;
short chain resulte in 0.1 value 
i.e. one emitter (F)

collective on/off in the
two-emitter conformation is
explained by S-T annihilation
as one fluorophore is in the 
dark triplett state 

gray:      high intensity level
dashed: low intensity level
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Energy transfer between 
several fluorophores

Examples

1. artificial homo-dimers

2. light harvesting complexes

3. dendrimers
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Energy transfer between 
several fluorophores
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Energy transfer between 
several fluorophores

FRET acceptor terryleneimide
first generation dendrimer
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Energy transfer between 
several fluorophores

FRET acceptor terryleneimide
first generation dendrimer
4 FRET donors peryleneimide
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Energy transfer between 
several fluorophores

FRET acceptor teryleneimide
second generation dendrimer
8 FRET donors peryleneimide
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Energy transfer between 
several fluorophores

T1P4 in polymer
(Zeonex) 

T: FRET acceptor
(black)
P: 4 FRET donors
(gray)

efficient FRET efficiencies,
up to 4 intensity levels of FRET acceptor, 
acceptor bleaching in (B)
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Energy transfer between 
several fluorophores

T2P8 in polymer
(Zeonex) 
T: FRET acceptor
(black)
P: 8 FRET donors
(gray)

efficient FRET efficiencies for all donors

multiple acceptor lifetimes (direct excitation) are due to 
steric crowding and distinct twisting of terrylene
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Energy transfer between 
several fluorophores

rise time 
distributions of
FRET acceptor

(B) T1P4

(C) T2P8
broad range of different
rates, i.e. distances and/
or orientations of the
FRET donors
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Energy transfer between 
several fluorophores

fluorescence 
spectra of 
single
(A) T1P4
(B) T2P8
before / after
acceptor bleaching 
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Energy transfer between 
several fluorophores

T: FRET acceptor
P: FRET donors

P-P: excited dimer
red-shifted, long lifetimes,
fluctuations due to confor-
mational dynamics

further bleaching results in
structured monomer emission
(P spectra)
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Energy transfer between 
several fluorophores

Exciton blockade
in  T2P8 at high
excitation power
T (black) acceptor
P (gray) donors 

ps-pulsed excitation: donor and
acceptor lifetime fluctuations, 
S-S annihilation (donors) possible 
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Energy transfer between 
several fluorophores

Examples

1. artificial homo-dimers

2. light harvesting complexes

3. dendrimers

4. dsRED
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Energy transfer between four 
identical fluorophores

dsRED: 28 kDa,
autofluorescent protein
tetrameric 
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Energy transfer between four 
identical fluorophores

dsRED: single-molecule
fluorescence trajectories

[Moerner, JCP, 2002]

single-molecule lifetimes 
[Bowen, Woodbury, Photochem.Photobiol. 2003]
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Energy transfer between four 
identical fluorophores

dsRED anisotropy changes

four intensity levels: level 4, 3, and 2 with
'constant' anisotropy, level 1 fluctuates 
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Energy transfer between four 
non-identical fluorophores

immature dsRED with 
'green' fluorescent components
(G) and red (R) component,

time resolved FRET (bulk)
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Energy transfer between four 
non-identical fluorophores

collective on/off blinking:

one 'trapping' dark monomer
and efficient energy transfer
within the tetramer
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Energy transfer between four 
identical fluorophores
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Energy transfer between four 
identical fluorophores

interphoton time histogram
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Energy transfer between three 
and more distinct fluorophores

1. three-color FRET
2. photonic wires
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