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Major Goals: The major goal of this project was to use attosecond transient absorption to investigate the
dynamics of photoexcited molecules with unprecedented temporal resolution. In these experiments, a molecule is
excited by a few femtosecond laser pulse, and the resulting dynamics are probed by transient absorption of a
broadband attosecond pulse that has sufficient energy to excite core-to-valence transitions on selected atoms. By
their nature, these transitions are highly element-specific, enabling one to probe how the electronic structure
around a particular atom in a molecule evolves subsequent to photoexcitation. Experiments carried out in the
energy range of 40-75 eV probe core-to-valence transitions on halogen atoms, while a different experimental
configuration generates higher energy photons ranging from 150-350 eV, enabling excitation of these transitions on
sulfur and carbon atoms.

Accomplishments: Two types of experiments were carried out. In the lower attosecond photon energy range
(40-75 eV), the dynamics of photoexcited alkyl iodides were investigated. Here, the molecule is excited to a
repulsive state with a 15-20 fs ultraviolet pump pulse centered at 270 nm, and the attosecond probe pulse excites
4d-valence transitions in the dissociating molecule. Alkyl iodides are known to undergo dissociation through a
conical intersection (Cl) en route to alkyl + | products, and the branching between ground state | atoms and spin-
orbit excited I* atoms is determined by the dynamics associated with passage through this Cl. In our experiment,
the temporal resolution was high enough to observe wave-packet bifurcation as the wavefunction for photoexcited
molecule, created on a single potential energy surface, splits into two during passage through the CI. This novel
observation is the first of its type and provides fundamental insights into the non-adiabatic dynamics of these
benchmark molecules.

The second set of experiments was performed on a different laser system that outputs attosecond pulses in the
150-350 eV range, enabling us to probe core-to-valence transitions on the sulfur and carbon atoms in photoexcited
SF6 and CO2. Here, a few fs near-infrared pulse excites vibrational coherences in the target molecule via
impulsive stimulated Raman scattering (ISRS). These coherences manifest themselves in attosecond transient
absorption via oscillations in the core-to-valence transitions on the S and C atoms. By Fourier-transformation of
these time-dependent signals, one recovers the vibrational frequencies of the target molecules.

Training Opportunities: This project provided training to two Ph.D. students in the Berkeley Chemistry
department.
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Results Dissemination: Two papers were published:

"Conical intersection and coherent vibrational dynamics in alkyl iodides captured by attosecond transient absorption
spectroscopy" K. F. Chang, H. Wang, S. M. Poullain, J. Gonzalez-Vasque L. Banares, D. Prendergast, D. M.
Neumark, S. R. Leone J. Chem. Phys 156, 114304 (2022).

"Mapping wave packet bifurcation at a conical intersection in CH3I by attosecond XUV transient absorption
spectroscopy" K. F. Chang, H. Wang, D. Prendergast, D. M. Neumark, S. R. Leone J. Chem. Phys. 154, 234201
(2021).

Manuscripts describing the work on SF6 and CO2 are currently in preparation.
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These figures are taken from "Conical intersection and coherent vibrational dynamics in alkyl iodides
captured by attosecond transient absorption spectroscopy" K. F. Chang, H. Wang, S. M. Poullain, J.
Gonzalez-Vasque L. Banares, D. Prendergast, D. M. Neumark, S. R. Leone J. Chem. Phys 156, 114304
(2022). In these experiments, the dynamics of photoexcited alkyl iodides were investigated. Here, the
molecule is excited to a repulsive state with a 15-20 fs ultraviolet pump pulse centered at 270 nm, and
the attosecond probe pulse excites 4d-valence transitions in the dissociating molecule (upper panel).



Alkyl iodides are known to undergo dissociation through a conical intersection (Cl) en route to alkyl + |
products, and the branching between ground state | atoms and spin-orbit excited I* atoms is
determined by the dynamics associated with passage through this Cl. In our experiment, the temporal
resolution was high enough to observe wave-packet bifurcation as the wavefunction for photoexcited
molecule, created on a single potential energy surface, splits into two during passage through the Cl
(lower panel). This novel observation is the first of its type and provides fundamental insights into the
non-adiabatic dynamics of these benchmark molecules.





