Photon Interaction

Incident photon interacts with electrons
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Core Levels-Atom Specific Information

X-rays probes core levels

Element Sensitive Chemical Shifts

Count rate
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Stohr et.al Hufner, Photoelectron Spectroscopy

Polarized X-rays Orientations and Directions

Absorption Intensity ~ | <f|D|i> [

D = E-r is dipole operator
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Core Level Spectroscopy

, Creation of core holes
Unoccupied states

Eg  Fermilevel

Occupied states

lonization Excitation
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Laser spectroscopy
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Core Level Electron Spectroscopy

-
W Electrons interact strongly
Surface Sensitivity
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Dependent on electron kinetic energy
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Binding energies

*Solids relative to Fermi level
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Binding Energies: Two Pictures

Ground state picture

Koopmans teorem E b= gb orbital eigenvalue

Assuming the remaining electrons inert

oo & .
Relaxation
Valence electrons change due to electron removal
“E E E relaxation energy
I':F = o
b gb + relax + cotr correlation energy

Difference in total energy picture

O~ total energy of the whole
system including all

interacting atoms

Count rate

Chemical Shifts
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Spin Orbit Splitting

3p° +hv—3p° =(3p)”
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Lifetime broadening

The full width (T) of a spectral line is given by
the lifetime (t) of the final state

Valence hole states for free atoms no broadening

Lifetime of core hole states is determined by sum of the rate for all decay channels

Auger and fluorescence (X-ray emission) _
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Stohr, NEXAFS spectroscopy

Core Level Binding Energy

Difference in total energy

. total energy of the whole
system including all

interacting atoms

Relaxation

= Change of valence

electrons
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Relaxation

Metallic screening S
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The valence electrons can not approximately distinguish
an extra charge in the core region or in the nucleus

C*O=NO

Ni* =Cu

Core 10nized final states
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N, and CO on Ni(100)
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Sudden Approximation

Tonization much faster than motion of electrons

Many different final states

INITIAL STATE (N electrons)

a) H(N)

FINAL STATES ~ (N-1 electrons)
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Surface Core Level Shift (SLCS)
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Pt is segregated to the surface in presence of CO

CO forms stronger bonds to Pt compared to Au
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Semiconductor Core Level Shifts

Oxidation of Si ~ Si/SiO, interface
Si 2p Photoelectron Spectrum

Photosmiesion ineeneiry | A, Units |

«107 <100 <108 -104 ~103 ~102 -101 -100 -89 98
rtl-Seata Energy eV retive 10 8,)

Py T 8009 Si2p chemical shift due to local charge on Si atom

fraored 3
% i
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290 285
BINDING ENERGY

Correlation between local charge on ionized atom
and binding energy shifts

Only special cases with ligands with large
difference in electronegativity

COLRVED SHET

Do not work for metallic systems

RELAXATION changes the picture

) -
CALOUATED SHFT @13qV-020)

Difference in total energy is the correct approach Cls shifts for different compounds
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Photoelectron Diffraction
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TiO,

X-rays from synchrotron

Differentially-pumped electrostatic lens 2 (0]
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(equilibrium vapor pressure of water at +1 °C) Binding Energy [eV]

D.F. Ogletree et al., Rev. Sci. Instrum. 73 3872 (2002).
H. Bluhm et al., J. Electron Spectrosc. Relat. Phenom. 150 86
(2006).
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Bridging the pressure gap: from UHV to near-ambient conditions

1 Torr H,0, 295 K
Cu(111) ——— 0 ———

Qisuaju|

534 533 5632 531 530 529
Binding Energy (eV)

Wettability tuned by the presence of OH: Cu(111)

S. Yamamoto, J. Phys. Chem. C 111, 7848 (2007)

Core Level Spectroscopy

Unoccupied states Creation of core holes

Eg  Fermilevel

Occupied states

Excitation

lonization
X-ray Absorption Spectroscopy (XAS)

X-my Photoclectron Spectroscopy (XPS)

O—0—  Core level
Decay of core holes

[

Laser spectroscopy

5 Eg Ep
7 hv
g 7
Ep J_.frf
. . - O
Excitations of valence electrons Non Radiant e
X-ray Emission Spectroscopy (XES)

Auger Electron Spectroscopy (AES)
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X-ray Absorption Spectroscopy

Dipole selection rule Al = =1

Eg “e__ unoccupied state

' 1s- > 2p

Molecular orbital or scattering picture NEXAFS or XANES
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Stohr, NEXAFS
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Intensity

Comparison XPS and XAS

XPS measures the photoemitted electron at fixed photon energy

XAS measures the photo excitation and ionization cross section at

different photon energies
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NEXAFS

EXAFS

Extended X-ray Absorption Fine Structure
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Final state rule

The energetic position of the spectral
features are given by the properties of
the final state

XAS: core hole final state
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Shape resonances

Bond length with a ruler

Intermolecular bond length
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Properties of 3d metals
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Multiplet structure
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Polarized X-rays Orientations and Directions
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Linear Dichroism _ g _
The Search Light Effect {’:H;g
K-edge probe emply p orbitals = =
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Molecular Orientations
Stéhr NEXAFS Spectroscopy

Bjorneholm et.al. Phys. Rev. B47, 2308

(1002

Surfaces, Polymers etc.

Molecular orientations
Glycine on Cu(110) loses acidic proton COOCH,NH,

(110) surface two fold symmetry, spectra can be resolved in 3 directions
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Polarization Effects in X-ray
Absorption

X-ray Magnetic Linear Dichroism

X-ray Linear Dichroism
Van der Laan et al., Phys. Rev. B 34, 6529 (1986)

Stohr er al., Phys. Rev. Lett. 47, 381 (1981)
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X-ray Natural Circular Dichroism

X-ray Magnetic Circular Dichroism
Goulon et al., J. Chem. Phys. 108, 6394 (1998]

Schutz et al., Phys. Rev. Lett. 58, 737 (1987)
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Core Hole Decay

Eyp Ey XES one electron
hv picture
AES two electron
-0 -

interaction; complex
Correlation effects
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Resonant Processes
Non Radiant Radiant
Resonant Photoelectron Spectroscopy (RPES) Resonant Inelastic X-ray Scattering (RIXS)
Resonant Auger Spectroscopy (RAES) Resonant X-ray Emission Spectroscopy (RXES
Autoionization Spectroscopy (AIS)
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