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X-ray Absorption spectroscopy
and
X-ray emission spectroscopy



Photon-in / Particle-out

Photoemission Spectroscopy (PES), Ultraviolet Photoelectron Spectroscopy (UPS)

Core-level Spectroscopy (CLS), X-ray Photoelectron Spectroscopy (XPS)

X-ray Absorption Spectroscopy (XAS)
Auger Electron Spectroscopy (AES)
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* Absorption edge, resonance effect

Atornic Number (2)

Spectroscopy with VUV~SX

Binding Energy vs Atomic # vs Electron Configuration
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Transmission yield (Ei@IUNE)
_ —ut
- Direct measurement

- Sample thickness limit
(=100nm)

Electron yield (EFIN=)

Ie — IO l’lLe

- Indirect measurement

- Rather surface sensitive
(probing depth ~ 5nm)

Fluorescence yield (SR IEUN=E)
[=1ouls

- Indirect measurement

- Rather bulk sensitive

- Self-absorption problem
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FIG. 1. Comparison of photoelectric yield (solid
curve) and absorption (dashed curve) spectra for Pr.

W)

i T p———

E ,I'I
Bap- =
S WL -II:I.E
. R
e A d )
- Mo e
g5 Y7 leE
o Lflu P~ 1" &
] . | 2
T | | &
@, | i oA n |

o Pt 30 W | -10
I_'I:_. -__I II- P | , E
g .: S ‘ ._a
B el -
S5 | 5
B { 05 o
a ALt Ll T

. , B
105 1 15 1Z0(eV)

photon energy

FIG. 2. Energy region of fine structure, yield (solid
curve) and sbsorption (dashed eurve) for Pr. The verti-
cal lines are the result of an atomic caleulation (Ref.
19); the length of the lines represents the oscillator
astrength.
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[W. Gudat and C. Kunz, Phys. Rev. Lett., 29, 169-172 (1972)]
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Fe:

Example Fe and FeO

C.T. Chen et al., Phys. Rev. Lett. 75, 152 (1995).
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Comparison of the Fe 2p absorption spectrum of
Fe:05 powder (points) with a calculation for Fe?™ (34°) in oc-
tahedral symmetry (linel.
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EXAFSHENTDOFEN  (Flow of EXAFS analysis)
1. %€ (Measurement)
2. ERR7T—4% L0 X (E)Z2HY i3 (Extracting X (E)
3. WHARY MUIZERLT, BAZMNIKX (k)27 —) =45k,
RENIZIRTREEZHZ D,
(Conversion to wave vector spectra and Fourier transform k* X (k) to determine
atomic structure roughly)
4. AXARKZRFEEETNEZIZTAYT 47T 5,
(Determine the accurate atomic structure by fitting X (k))
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Fig. 1. Representative pre-edge background subtracted XAFS data  Fig. 2. Fourier transforms of k*weighted EXAFS from spectra A, 18- 3 - Unweighted EKAFS frc:m spectra A_ (dotted !ine), H (thin
(truncated at 8700 eV for clarity). A, B, D, F: CEY data. C,E, G,  D. Eand H of Fig. 1. full line) and D (white circles) in Fig. 1. Thick full line: spectrum
H: TEY data. NiO overlayer thicknesses: native oxide =25 A generated by linear combination of the EXAFS of A (35%) and H
(A), 50 A (B/C), 235 A (D/E), 1275 A (F/G), 3000 A (H). (65%).

S.L.M. Schroeder et al. / Surface Science 324 (1995) L371-1L377



T. Yokoyama et al. / Surface Science 324 (1995) 25-34

——— 7 : ro—

S K-edge NEXAFS

*
m* |l *
| 1N | S0z solid
| | 1 1 e
S ;' T
{ { " W
- 1
E | | S0z/Ni(111) |
|
@ ‘u/—\\ﬂ,_ i -___._'?_E__
o
i
2 /
E’_ __..-.l.—:....___ '|I_..___._..___.__...._...
o / !
g | .
LL. -
I“' * ‘kw_»f ——_ #=55
,J | '! magic angle .
I I I
I| III
[ ™ g jl
/ normal 1n01dence{
e
S S i i ll
2460 2470 2480 2430 2500 2510

Photon Energy (V)

Fig. 1. § K-edge NEXAFS spectra of submonolayer S0, /Ni(111)
taken at X-ray incidence angles of 8 =90° 55 and 15° at a
temperature of 92 K, together with that of selid S0,

- Suppression of the ™ peak

=> Partial occupation of the n* orbital

—> Charge transfer from the Ni d-band

= The strong mixing of SO, rt*- Ni d-band

A flat-lying orientation
of the molecular plane on a surface



T. Yokoyama et al. / Surface Science 324 (1995) 25-34
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Fig. 4. 8 K-edge SEXAFS oscillation functions &%y(k) of sub-
monolayer SO, /NH111) taken at X-ray incidence angles of
# = 907, 55" and 15° at a temperature of 92 K, together with that
of solid S0, at 92 K,
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Fig. 6. Fourier transforms of &k (k) of submonolayer
S0, #Mi(111) and solid 50, shown in Fig. 4.

Note: S-O bond length : 1.43A (solid SO,)

Using phase shift values from the references
and to determine the structure by fitting

1 . .

x(k) o< 3 Ny—geap{=2r; /A(k) psin(2hr; + 6) (fitting)
j "

Table 1
The ratio of the effective coordination numbers, 7 =
N (557 /N "(15%), for the 5-Ni shells of SO, /Ni{111) and
S0, /MI(100), together with calculated valves of » for tyvpical
adsorption sites on unreconstructed surfaces

Surface Experimental Calculated

Hollow Bridge Altop
Ni(111)  0.53(5) 0.626 0.523 0.353
Ni{100) 0.51(5) 0.966 0.522 0.353

For the calculations of 7, 5-Ni distances of 2.16 A on Ni(111)
and 2.18 A on Ni(100) were used.

Ni(111)



X-ray Magnetic Circular Dichroism (X#Ri M2 € 14)

Ap=pp(+B) —py(-B) = u_(-B) — u_(+B) = pu_(-B) — u1.(-B) (33)

b N
helicity: +1 _ —

B ¥ . —

(c) (d)

FIG. 21 (a.b) HEOOES: () §37VHE0E. 5D HEL helicity=-1; (b) EFPHL. EElboH
Wt helicity=4+1, (e,d) ZMCD DBEEE () FHRILOWEL L (d) FIREORE O,
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FIG. 1. L;;-edge XAS and MCD spectra of iron: (a) transmis-
sion spectra of Fe/parylene thin films, and of the parylene sub-
strates alone, taken at two opposite saturation magnetizations;
(b) the XAS absorption spectra calculated from the transmis-
sion data shown in (a); (c¢) and (d) are the MCD and summed
XAS spectra and their integrations calculated from the spectra
shown in (b). The dotted line shown in (d) is the two-step-like
function for edge-jump removal before the integration. The p
and g shown in (c) and the » shown in (d) are the three inte-
grals needed in the sum-rule analysis.
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Advantages of the resonant inelastic X-ray scattering(RIXS)

1. Exploiting both the energy and momentum
dependence of the photon scattering cross section.

2. Element and orbital specific:
3. Bulk sensitive:
4. Needs only small sample volumes:

5. Utilize the polarization of the photon:

The main limitation is that
the process 1s photon hungry;

L.J. P. Ament ef al., Rev. Mod. Phys. 83, 705 (2011).
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Synchrotron radiation facilities
on the earth

chrotron Community
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XFEL facilities
on the earth




XES and XAS with XFEL
CO desorption from Ru(0001)Pump-probe XES

LCLS@SLAC M. Dell’ Angela et al., Science 339, 1302 (2013).
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Electron-Light Interaction

Auger process
(non-radiative)
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Auger Electron Spectroscopy
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T
:
Electrons emitted from a sample

tell us about it.
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Enjoy
your research




