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Timescales of functions in functional materials
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Figure 1. Schematic of electron pathway in a DSC system

Lmm 77

:g) Diffusion of ) Interface
c chemicalspe;liis/) .
o ‘ \\\\ f reactions
< i Strectera) n transport
c reorganizgiy in soli
e e T Elecs on Molecul: . :
| We need: 0.01-10 nm length scales ! N i N b
. | Electronic and Phonons «
1and 10 fs — 100 ps timescales I £\ IWViorationai j1 i 2
e e Q_\I_DLnamlcs_ N _—
— 1fs—_ 1ps 1ns 1 us 1ms 1s...// ...

XFELs as Molecular Movie Cameras

26 October 2020 DTU Physics




=
—
—
>

X-ray tubes
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Short x-ray pulses:
Capturing fast processes with pump-probe

Sample delivery — replenish sample between shots:

Fast-flowing 50-300 um liquid jet, [c] = 1-100 mM

LA
g

Laser pump

X-ray probe

T=At= 1:probe - tpump

No long-range
order in sample

-> only "diffuse”

. scatterin
Tracking processes J

while they occur

(Muybridge, Stanford
1878, the first film)
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Short x-ray pulses:

Capturing fast processes with pump-probe

Laser pump

X-ray probe

T=At= tprobe - tpump

Tracking processes
while they occur

(Muybridge, Stanford !!'i é

1878, the first film)

Sample delivery — replenish sample between shots:
Fast-flowing 50-300 um liquid jet, [c] = 1-100 mM

X-ray

probe
pulse

Laser

pump
pulse, ' :

No long-range
order in sample

-> only "diffuse”
scattering
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Scattering form a molecule - without crystals

Randomly oriented molecules,

Total scattering length of the molecule is: the Debye formula:

F™ Q)= f,(Q)e' %" .| ™. in(ar. (XZ)" forq—0
(@=2.5(9) o S@=X (@) @) ) 5 8 S
j Iy ] ar; > f () forgq—o

Total scattered intenl‘s::-' "

| , \
(Q)=[F™(Q) 7
X 24000 -
N ) Y
N |
20000
16000

12000 [

8000

I(a) [e.u]

4000 F

-4000 |

-8000 |

-12000 *

26 October 2020 DTU Physics XFELs as Molecular Movie Cameras




=
—
—

Pair correlation function of a liquid
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Full Ru=Co dynamics following
photo-excitation

HE

[(bpy),Ru"(tpphz)' Co™(bpy).](PFe)s

Prototypical molecule for
intramolecular (pre-)catalysts

Challenge: Co centre is "optically
dark”, rendering full
characterization difficult

Experiment done at
SACLA 2011, results

Published 2015

Collaboration with

V. Sundstrém group,
Lund University
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Experimental Analysis, Ru=Co — XES
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-— Experimental Analysis, Ru=Co — XDS (WAXYS)
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DTU Zoom In on structural dynamics of Co(terpy) at
= LCLS
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Results
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[Co(terpy)2]*+2:: structural dynamics
Comparison with DFT-calculated vibrational modes of the HS state

HE
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Possibly the first ‘molecular movie’ of pincer-like mode '
a molecule in an environment 146 cm™ (230 fs)
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Ruthenium vs. Iron photosensitizers
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Ruthenium dye Conventional iron dye u | lronis right above Ru in periodic table... |,
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... but Fe has a much shorter excited state life time than Ru
— too short for efficient charge extraction

E/ev | Fe' polypyridyl complexes I ’ Fe'' N-heterocyclic carbene complexes

4 <100 fi . .
St Can we identify

— and modify the c? 8 smc
properties of iron- W@ uwptod7ps ko — -t
based compounds |
to enable Fe-

J Ground state based phOtO- \\/
sensitizers Gs | .-

Long-lived Metal-to-Ligand Charge Transfer (MLCT) state
allows efficient extration of electrons in Ru-based compounds
for solar-energy harvesting (Graetzel et al.)

Excitation
su 009 ~
UOTSSIIUE

r(M-L)/A

-Unfortunately, Ru is scarce and expensive...
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Combined XES and scattering on Fe(bpy),
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Summary

Novel iron-based compounds for use as photo-
sensitizers appear promising, and share some of the
properties of “conventional”’ ruthenium-based sensitizers

Quantitative information on the excited-state
potential landscape(s) is necessary for rational
design of even-better compounds

Combined studies, where the
complementarity of XES and XDS is
utilized, yields access to:

E/eV | Fe' polypyridyl complexes | | Fe'' N-heterocyclic carbene complexes
®_ i 8 ' \SMC
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Structure Structure
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