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“If you want to understand function, study structure”
(Francis Crick)

Function= sequence of events over time,
characterised by structural modifications

“If you want to understand function, study
time-dependent structures™

Time resolution Spatial resolution



IVR & Reaction Products

Atomic Resolution
Single Molecule Motion

Transition States &
Reaction Intermediates
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X-Ray Absorption: Overview

1) Element specific:
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X-Ray Absorption: Overview
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Structural Information via X-Ray Absorption (EXAFS)

X-RAY

* Single scattering events due to
higher energy photoelectrons

* Bond distances and coordination
numbers from simple FT of energy
spectrum
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1. Intramolecular charge transfer
2. Spin-crossover compounds

3. Solvation dynamics 1n liquids
4. Future plans



I. Electron Transfer Reactions

Aqueous [Ru(bpy);]?*

+ H-atom of coordination chemistry
* Photosensitizer

» Solar Cells

- Catalyst in Redox-Reactions

* Model for metalloproteins

* Marker in Biology, ...




Photochemical Cycle of aqueous [Ru(bpy)s]?*

1 [Rum(bpy)3'] 2+
<100 fs

- 3[Ru'(bpy),(bpy)]**
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~ 500 ns
fluorescence

'[Ru''(bpy);]*



Laser-Pump X-ray-Probe Set-up
Bend Magnet Beamline 5.3.1 Advanced Light Source, Berkeley
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Data Acquisition Strategy
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T = 656 nsec

100 psec
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Saes et aI, Rev. Sci. Inst. 75 (2004) 24



Al / Photons

Transmitted Photons
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Real-Time Laser/X-Ray Cross-Correlator
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 Short scan times £ 10 min

» Adjustable time delay between laser and x-ray pulses up to nsec and

more Timing jitter <10 ps accuracy

M. Saes et al, Synch. Rad. News 16 (2003) 12
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Multiplet structure calculations

(de Groot, Coord. Chem. Rev. (2005))

H=H,6, +H

atom Ligands

H_. : Kinetic energy, Coulomb terms, e-e correlations,

atom*

spin-orbit coupling

Hj joanas: 0Ctahedral and trigonal field contributions,

written as superposition of spherical harmonics



Comparison of experimental and simulated line shapes
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Ligand field theory: Information about the
Transient Sfructure
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Structure from transient EXAFS

C Ru - N
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Ground state EXAFS Data

— S y(q) data
Fit ot GS data

Re[x(q)] /A

AN O N DM O

Iy (R)I /A™

FEFF 8.20 - Theoretical
backscattering amplitudes and phases

e RU-N single scattering
=== RU-C, single scattering

Ru-C_ single scattering
e Ground state

A.L. Ankudinov et al., Phys. Rev. B, 65 (2002) 104107

v 6ood agreement with x-ray crystallography




Re[x(a)] /A°

Transient EXAFS Data @ At=50ps
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Summary

» Weak Ru-N bond contraction (0.02 to 0.04 A)!

- Electrostatic and polarisation forces (contraction)
counterbalanced by reduced m-backbonding
(elongation) and steric effects.

* Implications for intermolecular electron transfer:
- Efficient, due to small reorganisation between gs
and es.

- In good agreement with XRD data on Ru'}(bpy),
and Rul'i(bpy), and high rates of self exchange
between them.



Calibrating future EXAFS experiments on
aqueous Metal Compounds
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11. Spin-crossover compounds
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T, S * Magnetic data
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fast technology
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II1. Solvation Dynamics
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Our strategy:

e - or Br 1ons 1n water

* I (Br) + (H,0), + hvyy —
IO T (HZO)m T e-aq.
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I 1n 183 water molecules
Radial distribution for water oxigens

— T (QM/MM)
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Future

» Higher temporal resolution: slicing scheme
and Streak Cameras at Synchrotrons

» Higher Flux and higher temporal resolution:
ERLs and FELs



Femtosecond X-Ray Pulses at a Synchrotron

p femtosecond
emtosecond electron bunch femtosecond x-rays

laser pulse
D W » |

30 ps electron
bunch

wia2e'

electron-photon spatial separation bend magnet
interaction in wiggler dispersive bend beamline



X-Ray

Ultratast X-Ray Streak Cameras

- +I _
| I ‘
Fl  —

—F#— vy

Sample




Pulse Intensity / photons/(0.1 % b.w.)

Pulsed X-Ray Sources

1012

X-FEL

ERL
Syncrﬂotron
Radiation

X-Ray
Plasma

Time-
Sliced

SR

100

Pulse width / ps

10 1

0.1

0.0

=1

Number of incident X-ray ghotons for S/N

Ultrafast EXAFS on

Transition Metal Compounds
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First time-resolved
X-ray experiment
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Hemoglobin I from L. pectinata
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Ferric Heme system, binds CN and H,S
Ultrafast recombination in < 5ps (Helbing et al, Biophys. J. (2004))
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