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The dynamics of molecular and chemical
change

A Experimental requirements to
develop dynamical/mechanistic
picture of chemistry:

I Abllity to follow multidimensional
electronic and nuclear changes on
timescales of importance

I Capability to unravel couplings
between electronic and nuclear
motions

I Ability to understand the roles of
complexity and environment

I Abllity to characterize key short lived
Intermediate species present in a
complex mixture of reactants,
products and intermediates

I Ability to control processes




New science enabled by an ultra-fast bright
light source covering THz to Soft X-ray range
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Ultrafast lasers: femtochemistry
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Femtosecond optical lasers have
allowed for time resolved pump-
probe measurements of dynamics
from isolated small molecules to
complex solution phase samples.

Limited by wavelength coverage
to UV to IR for both pump and
probe steps

Both pump and probe excitations
typically involve valence electron
excitation

A Desirable to probe via core

electron excitation -> XUV

More diverse pump sources
needed:

I DeeplIRto THz

I Electron beam (radiolysis)



X-ray probing of molecular dynamics
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Core electrons are highly
localised

A de Broglie wavelength of

electrons is on the atomic scale

Several modalities eg. XPS,
XAS (NEXAFS, XANES), XES,
RIXS, Auger etc

Sensitive to nuclear
configuration and local charge
state

Sensitive to environment
(solvation, surfaces etc)

Applicable to all phases of
matter in one form or the other



Isolated gas phase molecules: TRXPS
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Pump-probe at FLASH
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Single-shot spectra

Photoemission
sidebands as a pulse
diagnostic

Meyer et al., Physical Review A, 74,
011401(R), (2006); Radcliffe et al., Appl.
Phys. Lett., 90, 131108, (2007); Radcliffe
et al., NIMA, 583, 516 (2007).



Quantum control: more differential
probing

A IR/THz fields for

i Molecular axis
alignment

I Conformational control

I Conformational
selection

G. Gerber, Wurzburg

Mode selective control of Pt-Cs
vs. Pt phonons via shaped
laser fields.

Phys. Chem. Chem. Phys. 7,
2697 (2005)

R. Levis et al., Science 292, 709 (2001)



