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Abstract
This dissertation investigates and discusses the structural and photophys-
ical properties of the bi-metallic d8d8 transition metal complexes IrDimen
and PtPOP, and their tri-metallic derivatives AgPtPOP, TlPtPOP and
AgIrDimen using Time-Resolved X-ray Solution Scattering (TR-XSS).

This work has two main focuses. Firstly, the analysis and comparison
of a broad range of experiments investigating the molecular structures and
photophysical properties of the bi-metallic complexes. These experiments
were conducted at the European Synchrotron Radiation Facility (ESRF),
with a X-ray pulse length of ∼100 picoseconds, and the Linac coherent
light source (LCLS) free electron laser, with an X-ray pulse length of
∼30 femtoseconds. The high energy X-ray pulses accessible at the syn-
chrotron are utilized for ultra-fine structural refinement of IrDimen along-
side an investigation of the structural implications of the intersystem cross-
ing in this system. The femtosecond resolution of the Free Electron Laser
(FEL) is used to investigate excitation wavelength dependent structural
dynamics of PtPOP and IrDimen as well as structural parameter distribu-
tion in an ensemble of excited state molecules following photoexcitation.
Secondly, this work investigates the formation as well as the molecular and
electronic structures of tri-metallic complexes, alongside their structural
dynamics and dissociation reactions on the femtosecond timescale.
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Dansk Resumé
Denne afhandling undersøger og diskuterer de strukturelle og fotofysiske
egenskaber af de bi-metalliske d8-d8overgangsmetalkomplekser IrDimen
og PtPOP, og deres tri-metalliske derivater AgPtPOP, TlPtPOP og AgIrDi-
men ved brug af tidsopløst røntgen solventspredning (TR-XSS).

Dette arbejde har fokus på to hovedområder. Først og fremmest anal-
ysen og sammenligningen af en række eksperimenter, der undersøger de
molekylære strukturer og fotofysiske egenskaber af de bi-metalliske met-
alkomplekser. Disse målinger er foretaget ved European Synchrotron Ra-
diation Facility (ESRF), med en røntgenpulslængde 100 picosekunder, og
ved en X-ray Free Electron Laser (XFEL) med røntgenpulslængde 30 fs.
Den høje tilgængelige røntgenpulsenergi ved synkrotron-anlægget bruges
til en ultrafin strukturforfinelse af IrDimen sammen med en undersøgelse af
de strukturelle konsekvenser af intersystemkrydsning. Femtosekundopløs-
ningen opnået ved XFEL-anlægget bruges til at undersøge afhængighe-
den af eksitations bølgelængdernes strukturrelle dynamik af PtPOP og
IrDimen såvel som fordelingen af strukturelle parameter i et ensemble af
eksiteret molekyletilstande som et resultat af en fotoeksitation. For det
andet, undersøger dette arbejde dannelsen af molekylære og elektroniske
strukturer af tri-metalliske komplekser, sammen med deres struktureldy-
namik og dissociationsreaktioner, der finder sted på femtosekundtidsskala.
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This thesis contains of the following research manuscript:

PAPER I: Ultrafast photoexcitation dynamics in tri-nuclear metal-
metal bonded M-PtPOP (M = Ag, Tl) transition-metal
complexes
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Abbreviations
Here follows a list and short explanation of the different abbreviations
used in this thesis.

TR-XSS Time Resolved X-ray Solution Scattering, structural
measurement technique used at large scale facilities

ESRF The European Synchrotron Radiation Facility, syn-
chrotron in Grenoble, France

EBS Extremly Bright Source, name of the recently up-
graded accelerator of the ESRF

ID09 Time-resolved beamline at the ESRF
LCLS Linac Coherent Light Source, free electron laser in

Menlo Park, California, USA
Å Ångstrom, unit of length, 10−10 m
ps Picossecond, unit of time, 10−12 s
fs Femtosecond, unit of time, 10−15 s
fwhm Full Width Half Maximum
ACN Acetonitrile
DMSO Di-methylsulfoxide
DMA DDimethylacetamide
PtPOP [Pt2(H2P2O5)4]4−, tetrakis (diphosphito) diplati-

nate(II) anion
IrDimen Ir2(1,8-diisocyano-p-menthane)4
ISC Intersystem Crossing
IC Internal Conversion
S1 lowest excited Singlet state
T1 lowest excitedTriplet state
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Chapter 1

Introduction
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Chapter 1. Introduction

I have done at the Technical University of Denmark, and at the ID09
Beamline at the ESRF, during a 3 month external stay as part of this
PhD.
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X-rays
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Time-resolved X-ray
solution scattering
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Data Analysis
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Bi-metallic complexes
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