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•Spatial organisation of pigments:
1 molecule/nm²
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•Spatial organisation of pigments:
1 molecule/nm²

•Energy funnel

•Quantum coherent transfer?

Ultrafast Processes in Photosynthesis
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•energy disorder ∆E due to protein
•electronic coupling V due to proximity

 → incoherent hopping from 
site to site (Förster)
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Weak Coupling Regime: V < ∆E

Strong Coupling Regime: V > ∆E
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 → coherent delocalisation
 → population oscillations

(in site basis)
~ 100 fs for V = 300 cm-1

 → energy is available everywhere!

•energy disorder ∆E due to protein
•electronic coupling V due to proximity

 → incoherent hopping from 
site to site (Förster)
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Does Coherence play a biological role?

Coherence-assisted transport

Environmentally-assisted transport
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Ultrafast Processes in Photosynthesis

 → We have to understand the ultrafast response of single complexes

Scheuring et al., EMBO J. 23 (2004) 4127

Hu et al., Quart. Rev. Biophys. 35 (2002) 1



Ultrafast Single-Molecule Detection?

fs ps ns µs ms

spontaneous
emission

slow structural
changes

(in-)coherent
energy transfer

single-molecule detection at 300K

Probe signal
in single-molecule detection



Principle of Ultrafast SM-Detection
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Principle of Ultrafast SM-Detection
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      pure dephasing time T2*
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λC  ≈ 630 nm
∆λ ≈ 20 nm
τTL ≈ 75 fs

∆t, ∆φ

Terrylenediimide, TDI

Brinks, Hildner et al. Opt. Express 2011

Ultrafast Single-Molecule Detection
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λC  ≈ 630 nm
∆λ ≈ 20 nm
τTL ≈ 75 fs

∆t, ∆φ

Terrylenediimide, TDI
2µm

Brinks, Hildner et al. Opt. Express 2011

Ultrafast Single-Molecule Detection
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Coherence Decay of Single TDI

Hildner, Brinks, van Hulst, Nature Phys. 2011

∆t, ∆φ=0 rad
600

Delay time (fs)

4002000



Coherence Decay of Single TDI

Hildner, Brinks, van Hulst, Nature Phys. 2011

∆t, ∆φ=0 rad



Rabi-Oscillations at 300 K

•Rabi-frequency ω
R,0

•pure dephasing time T2*

Density-matrix formalism:

∆t, ∆φ

ω
R,0

T2*



Rabi-Oscillations at 300 K

ωR0 = 0.06 fs-1

ωR0 = 0.06 fs-1

ωR0 = 0.035 fs-1

ωR0 = 0.01 fs-1

increasing Rabi-frequency/
light – molecule interaction
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Dephasing at Room Temperature

ωR0 = 0.06 fs-1

ωR0 = 0.06 fs-1

ωR0 = 0.035 fs-1

ωR0 = 0.01 fs-1

Hildner, Brinks, Stefani, van Hulst, PCCP 2011



∆φ = π rad

∆φ = 0 rad

Hildner, Brinks, van Hulst, Nature Phys. 2011

Quantum Optics with Organic Molecules
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Beyond 2-level systems

 Dinaphtoquarterrylene, DNQDI

120 nm bandwidth
 → 15 fs pulse width



SM Wave-Packet Interference

∆t, ∆φ=0rad



ωvib

SM Wave-Packet Interference



ωvib

no interference
P(S1) ∼ E1
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∆t, ∆φ=0rad

SM Wave-Packet Interference
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SM Wave-Packet Interference



ωvib

670 – 1500 cm-1

Fourier

Analysis

vibr. frequency:

∆t, ∆φ=0rad

Brinks, Stefani, Kulzer, Hildner et al., Nature 2010

SM Wave-Packet Interference



Summary

Femtosecond quantum optics with single molecules at 300 K

Wave-packet interference

Coherent fs-dynamics in single LH antenna complexes
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