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XAS/XES endstation — solid sample

XFEL properties
Energy range : 0.28 keV ~ 1.2 keV

Mono energy resolution (E/ AE) :
5000 ~ 10000

Focus size ~ 50 X 50 um (H x V)

sample environment

Sample Temperature : 15 ~ 400 K
Sample DOF : 6 axis [ (x, Y, z), (©,x,D) ]
UHV sample load lock system
Electron or fluorescence XAS

using MCP detector

¢ Catalyst materials

Metal oxides: TiO,, CeO,, Fe,0,, CuFe,O,

organic materials : N-graphene, Rebpy(CO),CI

To identify :

carrier dynamics

charge transfer dynamics

catalytic active site

initial reaction step
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N-graphene

C & N 1s X-ray absaorption spectroscopy
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TiO, : Dynamics of photo-excited electron and hole

photocatalytic water splitting material : TiO,,
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TiO, : Dynamics of photo-excited electron and hole

XAS intensity (arb. unit)

change in conduction band represent increase in bonding length

Ground state exp
t29

o Shifted ground state
-0.5 eV shifted t,,

= -().9 eV shifted €y

Shifted GS-GS
L O +1 ps transient x5

526 528 530 532 534
Photon energy (eV)

t E_ —E::-’_\.:LODq =-0.4eV

Bonding MO
Atomic

»

GS ES (polaron)

charge localization-> structural change-> charge delocalization -> structure recovery

distance (r)

Transient intensity (arb. unit)

Ti-M
Exp.
Simul.

[ IR |

o oo B
g
s T,

§imu|.

O 5

0 100 150 200 250 300
Delay (ps)

PAL;
CA%iZ POHANG ACCELERATOR LABORATORY



- 22"d |nternational Advisory Committee Meeting (November 13-14, 2023)

TiO, : solid and liquid

comparison of dynamics between solid and solution phase

XAS intensity (arb. unit)
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solution in water

Hole transferring to water
delays E-H recombination.
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- EuXFEL collaboration workshop

exchange setup for various condition

Viewport
(optional laser)

XFEL & laser

MCP detector
in horizontal direction.

Nozzle for gas or liquid

Additional detector

Cold trap for liquid jet

=1 Sheet nozzle with X, y
___ & z manipulator

Al filter/PD

—

Vacuum gage

LN, trap
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- EuXFEL collaboration workshop

Liquid phase- flat jet
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- EuXFEL collaboration workshop

Liquid phase - Catcher upgrade

(b) Jet System  (C) o

Rotational x,z Motors Liquid

Stage Jet Flat Jet
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Rebpy(CO);Cl : the first step of photo-dissocation

artificial photosynthesis

fac-Re[bpy][CO];Cl
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- EuXFEL collaboration workshop

Rebpy(CO);Cl : Vapor phase experiment

Sublimation using effusion cell
Up to 2000 deg.

107~ 10~ Torr

organic molecule
stabilization time
sample consumption
cleaning

Intensity (a.u.)
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- EuXFEL collaboration workshop

Rebpy(CO);Cl : Vapor phase experiment

Magnetic bottle spectrometer

S T EEE RS

Sublimation using effusion cell
Up to 2000 deg.

A RO AR 3

107~ 10~ Torr

+0).5 ps
ground state
— transient X5

| - _
b - organic molecule
. » stabilization time

W“ sample consumption
= A cleaning

XAS intensity (a.u.)
I~

532 534 536 538

Photon energy (eV) :
FALZ pOHANG ACCELERATOR LABORATORY



Rebpy(CO);Cl : cage effect in liquid
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slow kinetics due to

geminate recombination
resulted from cage effect
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Conclusion

Many proposals related to energy materials are suggested,
especially about catalytic reaction.

We are expanding sample environment from solid to gas and liquid
to create realistic reaction environment.

o Currently, we are focusing to setup stable liquid jet setup.
And next step will be mixture of two reactant.
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