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What is photoemission?
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Core
element analysis
different energy level for different element
chemical analysis (ESCA)
different chemical environments
between same elements

Valence
valence band
valence orbital




terminology

photoemission
X photon emission (X-ray emission,...)
o0 photoelectron emission
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terminology

photoemission
X photon emission (X-ray emission,...)
o0 photoelectron emission

photoelectron spectroscopy (PES)
fixed photon energy hv
hv=VUV : UPS (valence)
hv=X-ray : XPS (valence, core)

hv=synchrotron radiation VUV/X-ray
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photon energy dependence
wide tunability of SR
(1) escape depth (core, valence)
(2) energy band dispersion (valence)
(3) cross section (valence)
(4) resonance effect (core)

high energy resolution BE=hv - KE

very high brightness of insertion device SR
very high collimation of insertion device SR
VUV . <1 meV cf. VUV laser

soft X-ray : <10meV

hard X-ray: < 100meV
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noise!
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UNIVERSAL CURVE
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Why SR PES? (1) escape depth
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ARPES

Angle Resolved
PhotoEmission
Spectroscopy
for valence band

[photon energy
dependent]
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Prof. Lucio Braicovich

photon energy dependence of
photoionization cross section

of TM valence electron
(cf. core)
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Cross sections effects m photoemission

DOS
Density of
States

Ni-3d
Cr-3d

0,1 .
0 50 100 150 200‘

Photon Energy (eV)

Photoionization Cross Section

al20eV

N1

Partial

alseV

DOS

16



photoionization cross section
= photoabsorption cross section

element-specific photoionization cross section
= core excitation cross section

core-to-unoccupied state excitation
= X-ray Absorption Spectroscopy (XAS)
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Ti2p and Ol1s XAS of Ti,O,4
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JPSJ 66(1997)3153

Y. Tezuka et al.
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Why SR PES? (4) resonance effect

Ti 2p resonance

O 1s resonance
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resonant photoemission [1h]
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([ Coulomb decay
‘ O
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resonant Auger

o
excitation single hole (same final state as in non-resonant PES)
[1hle] [1h]

linear dependence on hv constant BE
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normal Auger decay [2h]

2 Coulomb decay
1S Intra-atomic
. >> [nteratomic

.-~ hon-resonant Auger
normal Auger

oM
lonization double hole (independent of hvabove ionization threshold)
[1h] [2h]

constant KE
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photon energy dependence
wide tunability of SR
(1) escape depth (core, valence)
(2) energy band dispersion (valence)
(3) cross section (valence)
(4) resonance effect (core)

high energy resolution BE=hv - KE

very high brightness of insertion device SR
very high collimation of insertion device SR
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high level polarization
high flexibility of insertion device SR
linear and circular (or elliptical)
high space resolution
~ 10nm combined with PEEM, ...
high time resolution
~100fs combined with fs laser, ...

coherence
long undulator
free electron laser or other types of laser
nonlinear phenomena

N.Kosugi@UVSOR
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Photoemission 1

Some Topics
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TOPIC 1

PES of Kr clusters
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photon—in

- red shift
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| cluster peaks show red shift

Relative Intensity [arb. units]

Binding Energy [eV]

N

FIG. 1: Comparison of Kr 3d photoelectron spectra of atomic

Kr and from a cluster jet, where the average cluster size < M =
of Kr clusters is varied between <M= =4 and <« M= = 320. UVSOR
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Kr 3d peak shift of Kr clusters

TA BL EI : E xperimental shifts of the Kr 3d ionizatio n energies
relati ve to the atomic values in meV, as obtained from spectra |
de-comvolutions (see Fig. 2) and plausible assignments (see
text). The values in parentheses comespond to the relati ve
intersities of the photoelactron bands of clusters. A veraged
values for both spin-orbit components are given. The emor
limit s are estimated to be + 10 meV
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TOPIC 2

PES of Ne clusters
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Z=+1/Z=+2 nonpolar (Ne cluster)

1s hole
—— 1s2s hole

red shifts (eV) in
singly-charged (1s) &
g L doubly-charged (1s2s)
states (r=3.1A)

Coordination of central Ne in Ne cluste
N.Kosugi@UVSOR
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fcc&icosahedron, surf.&bulk
95% converged at N~2000
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Extrapolation from icosahedron
to N~2000 (bulk, surface)

assuming induced dipole-like dependence (1/r%)
icosahedron : surface (face):bulkfcc, icosahedron)
1 1.2 1.9
Ne* (1s) 0.27 eV :0.33 eV :0.52 eV

AE_ (E,) =0.19 eV

N.Kosugi@UVSOR
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VOLUME 93, NUMBER 17

+1

k endi
PHYSICAL REVIEW LETTERS 22(‘)’*’3?1,0;’3‘}51‘2"%004

Femtosecond Interatomic Coulombic Decay in Free Neon Clusters:
Large Lifetime Differences between Surface and Bulk

G. Ohrwall,'* M. Tcha\plyguine,l’2 M. Lundwall,' R. Feifel,""" H. Bergersen,l T. Rander,! A. Lindblad,' J. Schulz,?
S. Peredkov.? S. Barth,* S. N.'[.';\r]:)urger,4 U. Hergenhahn .4 S. Svensson,! and O. Bj(':'»rneholm1
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FIG. 3. Photoelectron spectra of the Ne 2s level for clusters of

varying sizes, recorded with an experimental resolution of AE Sb~ O . 19 eV
50 meV. The spectra have been normalized to give the cluster

feature at higher binding energy the same intensity. The lower al Most constant
binding energy peak increases with increasing size, indicating

that it originates from interior atoms. The cluster features also

shift to lower binding energy with increasing size.
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TOPIC 3

PES of liquid water
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SD(A)
r(O-H)~1.86A

nearest neighbors are most important
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H20 clusters
541 r-dependence in energy shiftin H,0 (1s!)
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D(red shift) is stronger than A(blue shift).

SD+A
1*+2 cluster 0.4 eV red shift
1*+31 CPMD 0.9 eV(+/-0.2eV) red shift
1*+>100 >?0.9eV red shift
DD+Aa
1*+4 cluster 0.8 eV red shift
1*+31 CPMD 1.8 eV(+/-0.3eV) red shift
1*+>100 >?1.8 eV red shift

1*+43 ice 2.2 eV red shift

N.Kosugi@UVSOR
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Water clusters G. Ohrwal® and | J. Chem. Phys. 123, 054310 (2005)
Q1s XPS Pr,ol(mbar)/ <N>
e I 75+1925 Me P T I . L. y "
g flarge Molecule Cluster
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z jl
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FIG. 1. Ol1s XPS spectra of water clusters produced with various stagnation
pressures. The estmated average sizes (W} are also mdicated. The binding d h : ft
energy of the molecule 1s indicated by a vertical hatched line. re S I
JOURNAL OF CHEMICAL PHYSICS VOLUME 111, NJ'L\QER(; | u S t er 8 JULY 1999

Between vapor and ice: Free water clusters studied by core
level spectroscopy

O. Bjorneholm,? F. Federmann,” S. Kakar, and T. Moller
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O1s gas-phase H,O

PE signal [arb. u.]
B
o
g
L
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red shift
/ In liquid
=i (surface)

542 540 538 536 534
e binding energy [eV]

PE signal [arb. u.]

reduced
overlap ___ B

FIG. 1. (Color online) Qls PE spectra of liquid water measured at 600 eV
photon energy. At maximum overlap between the synchrotron light and the
liquid microjet the spectrum almost exclusively contains emission from the
liquid phase (peak A at 538.1 eV binding energy). By moving the jet away
from the synchrotron beam axis by a few gm, water molecules in both the
liquid and gas phases can be simultaneously probed (at lower count rate,
though), and the H,O gas-phase emission (peak B at 530.9 eV) can be used
as energy reference. Inset: Spectrum showing component B with negligible
liquid-phase contribution, obtained upon further lowering of the liquid jet.

THE JOURNAL OF CHEMICAL PHYSICS 126, 124504 (2007)

Hydrogen bonds in liquid water studied by photoelectron spectroscopy

Bernd Winter® Max-Born-Institut fiir Nichtlineare Optik und Kurzzeitspeliroskopie,
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TOPIC 4

NI 2p resonant PES
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e shoulder structure
strong correlation

LMCT shake-up
multiplet

UVSOR
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Ni2p XAS (resonant absorption)

lﬂ Ni2p,, K NI(CN) , hll N
l l Ni 2p,, N—C —Ni—C—N

K,Ni(CN),: ionic

0O—H..0

l CH, N

?&\
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Ni(Hdmg),:neutral

CH,

molecular system
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2 Coulomb decay
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bound-state
resonance

constant BE [1h]
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‘ Cory(”““m /resonant PES

Coulomb decay

Intra-atomic
A >> interatomic

resonant Auger

o
excitation single hole (same final state as in non-resonant PES)
[1hle] [1h]

linear dependence on hv constant BE
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Normal Auger '
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resonant photoemission [1h]-type

Cory(nuum

resonant photoemission
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bound-state

I~.( Coulomb decay

« Intra-atomic
A >> interatomic

7 resonant Auger
o= .
[participant] Auger decay
% exciton single hole
®
2 [1hle] [1h] (same final state as in non-resonant PES)
2 linear dependence on hv constant BE
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bound-state
resonance

resonant photoemission [2hle]-type

Cory(nuum

resonant photoemission
Coulomb decay

Intra-atomic
. >> |nteratomic

” resonant Auger

[spectator] Auger decay

exciton two-hole bound-state

[1h1le] [2h1e]

(different bound-states dependent on hv)

UNUSUAL dependence on hv  NOT constant BE&KE
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Ni2p resonant PES

810 1 (b)'Ni metal - 1 (c)I KzNiI(CN)I4
O - 12 d 4+
3 s /
5790- N
o
c
L]
(@] /f——
= (TOF 2p3123p3d - 2psn3p3d+
qc:) Auger Auger o—
Y 2p323p3d |
Auger
2 2 7
750 ?uuﬁu|u1|f’1|6 19 74 |6 ?u ||£|3| N
840 860 880 1238 860 880 900 860 880 1238

Y. Takata, T. Hatsui, N. Kosugi,
J.Elect.Spectro.101-103(1999)443

Photon Energy (eV)

Molecular crystal

— Conducting polymer

UVSOR

61



TOPIC 5

S 2p resonant PES
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Experiment
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Summary (5 topics)
1. PES of Kr clusters (non-polar)

2. PES of Ne clusters (non-polar)

nearest neighbor interaction is dominant in redshift
extrapolation of interaction from a small cluster model

3. PES of liquid water (polar)
red or blue shift dependent on orientation

4. Ni 2p resonant PES
metallic, correlated, and molecular solids
resonant PES:[2hle]-type le = exciton in molec. solid
[1h]-type single hole = same as in non-resonant PES

5. S 2p resonant PES : [2h1e] = 3 elect. in 3 orbitals
spin-forbidden & symmetry-forbidden states
visible by singlet-triple mixing through spin-orbit int.

N.Kosugi@UVSOR
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Photoemission 1

Thank you!
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