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Förster Resonant Energy Transfer

wavelength
Scholes, Annu. Rev. Phys. Chem. 54, 57 (2003)

DA
hν→ D∗A→

{

DA+ hν′

DA∗

FRET assumptions:

Condensed phase

Vibr. relaxation fast

Incoherent

Dipole-dipole interaction
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T. Förster, Ann. Phys. 2, 55 (1948)

Fermi Golden rule:

Γ =
∑

f

2π

~
|Vfi|2δ(Ef − Ei)

Coupling matrix element

Vfi = 〈DkA
∗
l|V̂ |D∗A〉, Ef = Ei + ǫ

(A)
l − ǫ

(D)
k

Dipole-dipole contribution:

Vfi =
1

R3
[µ

(D)
k · µ(A)

l − 3(R̂ · µ(D)
k )(R̂ · µ(A)

l )] =
µ

(D)
k µ

(A)
l

R3
κ
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FRET (continued)

Combined:

Γ =
2π

~

κ2

R6

∑

kl

|µ(D)
k |2|µ(A)

l |2δ(ǫ(A)
l − ǫ

(D)
k )

The trick:

δ(ǫ
(A)
l − ǫ

(D)
k ) =

∫

δ(ǫ− ǫ
(A)
l )δ(ǫ− ǫ

(D)
k )dǫ

Result:

Γ =
2π

~

κ2

R6

∫
[
∑

k

|µ(D)
k |2δ(ǫ− ǫ

(D)
k )

]

︸ ︷︷ ︸

∼ Demission(ǫ)/ǫ3

[
∑

l

|µ(A)
l |2δ(ǫ− ǫ

(A)
l )

]

︸ ︷︷ ︸

∼ Aabsorption(ǫ)/ǫ

dǫ
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Measuring distance

Competition between energy transfer

Γ(ET ) ∼ R−6

and donor fluorescense gives FRET efficiency:

E =
1

1 + (R/R0)6

Typical range: R0 = 10 . . . 100 Å

Correction for medium refractive index: n−4

Shorter distances: wave function overlap (Dexter) ∼ e−αR

Longer distances: real photons (QED) ∼ R−2
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Bio applications

Sapsford et al., Angew. Chemie 45,

4562 (2006)

quote:

P. R. Selvin, Nature struct. biol. (2000):

“Tsien et al.5 and other workers have de-
veloped several GFP FRET constructs
that are used to monitor the biochemical
environment inside living cells.”

Single molecule FRET

time-resolved FRET

Multi-chromophoric FRET

Quantum dot FRET

Two-photon FRET

Polarized FRET

. . .

Company: Black Hole Quencher TM
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Light Harvesting systems

Coherence in the B800 Ring of Purple Bacteria LH2
Cheng and Silbey, Phys. Rev. Lett. (2006)

McDemott et al., Nature (1995)

Ĥ =

9∑

n=1

En|n〉〈n|+
∑

n=m±1

Jnm|n〉〈m|

|ψα〉 =
∑

n

|n〉c(α)
n

~Mα =
∑

n

c
(α)
n ~µn

I(ω) =

〈
∑

α

| ~Mα|2δ(ω − ǫα)

〉

s
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Coherence in B800

Fit with 100 000 Monte Carlo simulations:

J = −27 cm−1

Intercomplex disorder: σI = 10 cm−1

Intracomplex disorder: σD = 60 cm−1

Nearest neighbor coupling disorder: σD = 60 cm−1

Pα =

9∑

n=1

|c(α)
n |4

Localized: Pα = 1

Delocalized: Pα = 1/9
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Application organic solar cells
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FRET in transition metal complexes

Hauser et al., Top. Curr. Chem. 241, 65 (2004)

Doped in photophysically inert [Rh(bpy)3][NaAl(ox)3]ClO4.
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Hauser et al. Top. Curr. Chem. 241, 65 (2004)
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Hauser et al. Top. Curr. Chem. 241, 65 (2004)

Solid line: experiment, dashed line: rate model
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Gas phase FRET
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Gas phase FRET
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S1/S2 exciton splitting in the (2-pyridone)2 dimer
Müller, Talbot, and Leutwyler, J. Chem. Phys. 116, 2836 (2002)

Frenkel exciton theory

|S0〉 = |A〉|B〉

|S2〉 =
|A〉∗|B〉 + |A〉|B〉∗√

2

|S1〉 =
|A〉∗|B〉 − |A〉|B〉∗√

2

E± =
VAA + VBB ±

√

(VAA − VBB)2 + 4V 2
AB

2

Exciton splitting

∆E = |E+ − E−| =
√

(VAA − VBB)2 + 4V 2
AB
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Leutwyler et al.
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Ab initio

Assessment of quantum chemical methods and basis sets for excitation energy transfer

R. F. Fink et al., Chem. Phys. 346, 275 (2008)

Test: Benzene dimer
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Conclusion

FRET is fun
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