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Fundamental reaction dynamics

Dynamics of higher-lying excited states (above S,)

Challenges for experiment and theory:
— ultrafast electronic relaxation,

Energy

— high density of states,
— multi-configurational and

doubly-excited states (e.g. &*r*), etc.

conrotatory reaction coordinate



Excited-state dynamics of stilbene

Well-known excited-state dynamics, perfect model to explore higher-lying states!
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Sension, et al., JCP, 98, 6291(1993)



Excited-state dynamics of stilboene

Well-known excited-state dynamics, perfect model to explore higher-lying states!
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— Gas phase photoelectron spectroscopy



Reactions of stilbene(s)
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Spectroscopy of stilbene(s)
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Dynamics of trans-stilbene: Transient absorption spectroscopy
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Excited state dynamics of frans-stilbene
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— Barrier crossing in excited state (torsion) within ~80 ps

— Fast S [1S, relaxation with 1:1 branching ratio

Houk



Dynamics of trans-stilbene: Two-photon excitation
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m* ™ excited state configuration
< correlates to 1T ground state!




Dynamics of trans-stilbene: Two-photon excitation
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Dynamics of trans-stilbene: Two-photon excitation
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m* ™ excited state configuration
< correlates to 1T ground state!
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Parity selection rules (C,,) :
T [] m'* is 1PA forbidden, 2PA allowed
o [] m *is 1PA allowed, 2PA forbidden

Orlandi, et al., JACS, 101, 3492 (1979)
Fuke, et al., Chem. Phys. Lett., 74, 546 (1980)



Two-photon absorption spectroscopy of trans-stilbene
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Broadband 2PA spectroscopy:
— Non-resonant pump
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spectrometer

— Broadband probe
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Two-photon absorption spectroscopy of trans-stilbene
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Advantages of broadband 2PA method:
— direct two-photon absorption
— continuous

— polarization anisotropy



Two-photon absorption spectroscopy of trans-stilbene
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Dynamics of trans-stilbene: Two-photon excitation

First 500 fs of transient absorption...
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Dynamics of trans-stilbene: Two-photon excitation
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Dynamics of trans-stilbene: Two-photon excitation

Picosecond evolution: Species-associated
spectra (SAS)
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Summary of trans-stilbene dynamics
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Two-photon absorption spectroscopy

Can we rationalize the spectrum with gas-phase calculations?
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Two-photon absorption spectroscopy

Can we rationalize the spectrum with gas-phase calculations?

Sum over states (transition to k):
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Two-photon absorption spectroscopy

Can we rationalize the spectrum with gas-phase calculations?

Spectrum is dominated by totally symmetric (A,) transitions:
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Two-photon absorption spectroscopy

Can we rationalize the spectrum with gas-phase calculations?

Spectrum is dominated by totally symmetric (A,) transitions:

trans-Stilbene, ' = 0.1 eV
2PA
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Rydberg transitions have highest intensity...




Two-photon absorption spectroscopy

Can we rationalize the spectrum with gas-phase calculations?

Spectrum is dominated by totally symmetric (A,) transitions:

trans-Stilbene, ' = 0.1 eV
2PA
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Rydberg transitions have highest intensity...
but no relevance in solution!




Two-photon absorption spectroscopy

Can we rationalize the spectrum with gas-phase calculations?
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Valence transitions only:
— shift by —0.4 eV

— broaden by 0.2 eV (or more)



Two-photon absorption spectroscopy

Can we rationalize the spectrum with gas-phase calculations?
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Two-photon absorption spectroscopy

Other “stilbene” species: different symmetry...
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Similar results:  dominated by totally symmetric states

valence states reproduce low-energy spectrum



Conclusions

Spectroscopy and dynamics of higher-lying electronic excited states

— Two-photon excitation accesses new excited states
— Dynamics depend on S, minimum energy path

— 2PA spectroscopy reveals identity of excited-states

What happens to Rydberg states in solution???
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