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E/AE ~ 10000, liquid/operando, (B E % # )
Y. Harada, 2010

G. Ghilingelli, 2008

E/AE ~ 100000, & E 7 #%
J. Ignace, 2017 ~?

liquids & gases - solution chemistry, solids - superconductor, insulator,
batteries, photocatalysts, water etc.. multiferroics, topological materials etc..
, L BEHE—ROESSH . AESMEOEAIZKY
F R DE-k B8
{0, vibratio ‘

-

S0 fERE1t &R ILIKEFIC
Weiolewloswd . &Y. 10mevA—45—0D

T ITA I A —E Ry
FEDFZREhEEEHEERIREIC

; ]interference XE RO T

241 F. Hennies, PRL 2010

. BFIRE-RToovILeE
- BEDFRZTHE

] L K~DERA
1.0 1I.2 1I.4 116 118 210 Y.Harada et al. PRL 2013 -0.4 0.0 0.4

Interatomic distance (A) Momeantum transfer (21/a)

Energy transfer (eV)




Experimental
Ultrahigh resolution soft X-ray emission spectroscopy
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Resolution (E/AE)

(Ultra)high resolution Y-Haadaetal.Rsig3, 01516, (2012)
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C 1s vibrational RIXS of graphite
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Intensity (arb. units)

lonic liquids (weak interaction with anions)
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Hydrogen storage material (Very fast decay)

K. Kurita et al., JPSJ 84, 043201 (2015).
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Vibrational RIXS at different timescales
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Anisotropic e-ph coupling in anatase TiO,
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Anisotropic e-ph coupling in anatase TiO,
RIXS S. Moser et al., PRL, accepted.
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Anisotropic e-ph coupling in anatase TiO,

S. Moser et al., PRL, accepted.

RIXS L e
Frohlich Hamiltonian
— 0, (a) : mocliel |1 (b)
o lo o opal |, electron phonon

H =M (dpdplbl +bg) + fwo > bhbr
R R

Kramers-Heisenberg

o

I(hv, hv') o Z

n' =0

2
Bmax(n,n"),mjn(n" ND) (Q)B’f’b" ,O(Q)

(g — n/)hwg | il

hew, = 93.6 meV
M =130 meV

g=M/(hw,)*=1.89 % 0.16

Energy (eV) Energy (eV) intermediate Coupling regime




Anisotropic e-ph coupling in anatase TiO,
S. Moser et al., PRL, accepted.
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Peak Position (eV)

Intensity (arb. units)

O 1s vibrational RIXS of H,O molecule
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- gas-phase H,O
_ —8— 2b, resonance

Vibrational order
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¥
svmmetric stretch asymmetric stretch bend
o0 Oy 0O O :0
librations

From http://www.Isbu.ac.uk/water/
Martin Chaplin, London South Bank University

gaseous water

. _ liquid H,0 (25°C) |liquid D,0 (25°C)
Vibration(s)
v,cm? eV v,cm eV
Vv, 3657.1 | 0.4530 | 2671.7 | 0.3309
Vv, 1594.7 | 0.1975 |1178.4 | 0.1460
A 3755.9 | 0.4653 | 2787.7 | 0.3453

—> The obtained vibrational energy
well corresponds to symmetric (v,)
and asymmetric (v;) OH stretching.




OH bond dissociation stimulated by resonant excitation

25

The presence of electron excited
to the antibonding orbital is
essential to the dissociation




Intensity (arb. units)

O 1s vibrational RIXS of liquid H,O

Y. Harada et al. PRL. 111, 193001 (2013).

| —RIxs

# | — Standard Raman’ |

= X(y.x+z)y |

£

&

=

72

o=

L

L= \“
52 530 54 -30 -20 -1.0 00
Emission energy (eV) Relative energy (eV)
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Chem. Phys. 85, 6964 (1986).



Intensity (arb. units)

|sotope effect

Y. Harada et al. PRL. 111, 193001 (2013).
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The energy of the
fundamental
vibrational mode is
close to that of gas
phase water, rather
than liquid water.
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Consistent with the
interpretation of the

O 1s XAS pre-edge peak.
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Soft X-ray vibrational spectroscopy of water
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Microheterogeneity in liquid water
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Future application of vibrational RIXS to hydration
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Selective vibrational spectroscopy of hydrated water



Application of vibrational RIXS to hydrated OH

pre-edge by
hydration
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Isotope effect
Y. Harada et al. PRL. 111, 193001 (2013).

- HDO(extracted)

@ @ | Curve fitting
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~

(2:1 sum of H,0 and D,0 spectra well reproduces HDO spectrum.

OH side has more hydrogen bond broken species than OD side.

—consistent with the well known fact that D,0 has stronger
hydrogen bond than H,0.




Interpretation of liquid water O 1s XAS

XES Liquid D,O XRS Difference

Excitation energy ﬁ/\/\‘ X3
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Post-edge

)
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Two state model of liquid water is based on the
broken-hydrogen-bond picture of the XAS pre-edge




AE (REIRIXS) > AE (IR/Raman) * 100
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| (HREIRIXS) < l(valence RIXS)/100
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