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 Timing monitor based on the beam-splitting scheme
-> routinely worked (jitter = ~300 fs RMS)

* Perspective
Suppress timing jitter 3, 034301 (2016)

Katayama et al, Struct. Dyn.
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Optics for ultrafast XPP

Mono & LRL (12.3) N
compatible with diagnostics s . [T
Optical laser D ~—

Katayama et al, J. Synchrotron Radiat.
26, 333-338 (2019)
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v' 2 channel-cut (CC) crystal
with (+,-,-,+) configuration

v’ Speckle-free reflection by
PCVM treatment
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SPINTT: Platform for ultrafast XPP

MPCCD SWD

Focusing lens ___ Prism mirror

N | | Interaction point

##]von Hamos spectrometer
(horizontal-scattering
geometry)

von Hamos spectrometer
(back-scattering geometry)

v’ Designed for TR-XAS, TR-XES, TR-XDS (TR-XRD)

v' Sample: Liquid jet (or grease stream) Katayama et al, Struct. Dyn.

6, 054302 (2019)
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Advantages of XFEL In
ultrafast chemical science

1. Element (electronic) specificity spectroscopy
2. High spatial resolution in A order diffraction

Disentangling electronic and nuclear
degree of freedom
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Application 1: Ligand dissociation
of [Fe(C,0,):]*

Fe K edge XANES
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g ' Ogi et al, Struct. Dyn. 2, 034901 (2015).

. Obara et al, Opt. Express
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Application 2: intra-molecular

charge transfer
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Electron transfer
Ru'' = Co"" (LS) = Ru"' (=) Co'! (LS)
-> Ru'' = Co" (LS) - Ru'"= Co'" (HS)

Canton et al, Nat. Commun.
6, 6359 (2015)
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Application 3: Bond formation ’g
between Au(CN),

Difference scattering curve Radial distribution

a b Py P2 P3

KEK Pro. Adachi

TR-XDS

Ps dynamics
PF-AR

Fs dynamics
SACLA

Difference scattering intensity, gAS(qg) (a.u.)

Kim et al, Nature
518, 385 (2015).
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Application 3: Bond formation Y

between Au(CN),

o

- Experiment =—Theory == Au-Au pairs

R,,: 3.30 = 0.06 A
R,,: 3.87 + 0.04 A
R,;:5.56 +0.11 A

Ry 2.81 £ 0.03 A
R,y 2.82 + 0.04 A
R, 5.63 + 0.09 A

Radial intensity, S(r) (a.u.)

R,,: 2.70 + 0.05 A
R,y 2.71 £ 0.03 A
R,;:541+011A

A ) R,:288+004A
, } Ryy:2.62+0.06A
R, 2.89 + 0.06 A

- Au-Au distances was measured

to track bond formation

CONEX
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Kim et al, Nature
518, 385 (2015).
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Application 4: Metal oxide

nanoparticles  tr-xanes
WO, (Z scheme) anatase Tioz
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Uemura et al, Angew. Chem. Int. Ed. Obara et al, Struct. Dyn.
55, 1364-1367 (2016). CONEX 4, 044033 (2017). 14
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Application 5: [Cu(dmphen),]*

One candidate of photosensitizers,
used in photo-catalytic reactions

Pseudo Jahn-Teller distortion,
by photo-irradiation

Cu®": D,

Optical laser
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Application 5: [Cu(dmphen),]*

. Cu K-edge XANES
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Katayama et al,
Nat. Commun. 10, 3606
(2019)
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Application 5: [Cu(dmphen),]*

Al / loff
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Residual after fitting corresponds to oscillatory component
-> Fourier Transform analysis to assign
vibrational modes

Damping time 540 fs Katayama et al,

pseudo Jahn-Teller distortion Nat. Commun. 10, 3606
CONEX (2019)
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Application 5: [Cu(dmphen),]*

@8985.0 eV @8979.5 eV
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Coherent vibrational peaks were observed
@8985.0 eV : 100—-122 cm(v,)
@8979.5 eV : 83-122(v,), 165-195(v,,),

269-287 cm™(v,;) Katayama et al,

@8979.5 eV (1s->3d transition) Nat. Commun. 10, 3606
symmetry sensitive  __ (2019)
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Application 5: [Cu(dmphen),]™

XANES is not sensitive to the spin state
(intersystem crossing: ISC).

Scientific Q Tae Kyu Choi

(poster)
* 3MLCT excited state (T,) appearing in < 1ps or ~7 ps?

e ISC (S, -> T,) time constant and its quantum yield?
(b) [Cu(dmphen),]* ;X TR-XES

a 1 ; ; , . ; _ . (KOL, KBL3) KBz’s)

Population

0.0 0.2 0.4 0.6
Time (ps)




Application 5: [Cu(dmphen),]*

Courtesy of G. Vanko
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Application 5: [Cu(dmphen),]*

Courtesy of G. Vanko
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Application 5: [Cu(dmphen),]*

Counts
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Application 5: [Cu(dmphen),]™
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Application 5: [Cu(dmphen),]*

Courtesy of G. Vanko
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Application 5: [Cu(dmphen),]*

Nuclear wavepacket dynamics by XDS
Analyzed by Dmitry Khakhulin
@European XFEL FXE

IRF(c) = 40 fs

4 A 200 1=170fs, 6.4 ps, 1.6 ns
= (0.24 ps
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Or 4 ——

----------
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- Preliminary analysis of X-ray diffuse scattering data, without yet

sophisticated data processing,

shows already very clear and consistent signal of nuclear wavepacket dynamics
as like in XANES CONEX
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Application 5: [Cu(dmphen),]*

Comprehensive dynamics in [Cu(dmphen),]*

Indirect ‘ Direct

Symmetry-breaking motion
(170 fs, vy, Vys)
IMLCT - 3MLCT (170 fs)
Loss of wavepacket coherence
PJT distortion
(540 fs, vg lifetime)
e Vibrational cooling
(6.4 ps)

90°  70° Dihedral
angle

lwamura, M. et al., J. Am. Chem. Soc.

133, 7728 (2011) CONEX 26



Summary

» SACLA XFEL has enabled unprecedentedly unique studies in
femto-picosecond chemistry.

» The available techniques are TR-XANES, TR-XES, TR-XDS.
As future perspectives, more "photon-hungry” techniques
(RIXS, EXAFS, XRS) will make a breakthrough.

» Time resolution is high to capture the nuclear wavepacket,
as demonstrated in the study of [Cu(dmphen),]*
using XANES and XDS.

XES was measured to disentangle the spin dynamics.

We are happy to collaborate with you.
(SACLA Proposal deadline of 2020B will be May)
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