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8 1. Bending magnetic and undulator installed at sectors in the
storage ring to produce intensive x—ray light.
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18l 2. Shapes and intensities produced by the bending magnet and
undulator.

Polarization of Synchrotron X-Rays
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defines direction defines AXis

J& 3. Origin of polarized synchrotron radiation from a bending
magnet source. If radiation in the plane of the electron orbit is se—
lected by a suitable aperture, linearly polarized radiation is obtained
as illustrated on the right side of the gure. By selecting radiation
below or above the orbit plane, right—or left—handed circularly po—
larized radiation is obtained, as explained in the text. Linear polari—
zation can be described by a biaxial vector and handed circular
polarization by a vector, the photon spin.'
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2.5 GeV, 200 mA, 1% coupling
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28l 4. Spectral power comparison between bending magnet and
undulator. The estimated first—order flux in to the beamline is shown
for various sources for Pohang Synchrotron Light Source (PSLS)
operating at 2.5 GeV, 200 mA electron beam.
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218l 5. Carbon K—shell X—ray absorption spectra of solid benzene
and cyclohexane, condensed onto a substrate at 80 K, and of single
crystal diamond and highly oriented pyrolytic graphite. All spectra
were recorded in geometries which eliminate polarization dependent
effects.”™" Note pronounced NEXAFS structure compared to the
weaker EXAFS structure at higher energies.
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8 6. Linearly polarized synchrotron radiation is a useful tool for
determining the orientation of adsorbed molecules on the surface.
Here, the vertical orientation of a carbon monoxide molecule on a
molybdenum surface is verified by the strong absorption due to the
* orbital when the electric vector is parallel to the surface and by the
absorption due to the o orbital when the electric vector is nearly
normal to the surface.'®
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8! 7. L—edge x—ray absorption edge spectra of Fe, Co and Ni in
the form of the elemental metals and as oxides. Two main structures
are called the L3 {lower energy) and £, absorption edges. These give
informations on the chemical environment of the atoms.®
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tron spectroscopy, XPS) AFEHy= W2 o)7L 7FX|1L
itk 28 90 Za]o]v|= (polyimide) ol thete] 3743 XPSe9}
NEXAFS AHEHE vlaste] Heplgith 54 WM XPSe
At oqz)e] x—ME ARl WEE FHxkY FeUA
37‘*3}@ wEE Bz EeAuAed e e e

TE Yehd AFEHoR AR WEEE FHxY AFHEY
%’1‘:‘ F99 AAFz9} UASHA ATl o] XPS AHE
H2 27V (initial state)  ¥F9sHA Pk ¥HH, NEXAFSE ¢

m{m

' (C=C) a*(C-C)

Absorption Intensity (arb. unit)

Diamond

285 280 295 300 305 310
Photon energy (eV)

T8 8. Carbon K—shell NEXAFS specrtra of highly oriented pyrolytic
graphite, multi-wlled carbon nanotube, carbon conductive tape,
and single crystal diamond. The position of NEXAFS peak is the
characteristics of bonding nature.
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18! 9. Comparison of XPS and NEXAFS spectra for a polyimide
polymer, whose structural formula is shown in the white inset. In case
of XPS, photon energy is fixed, emitted photoelectron intensity is
measured, and the spectrum is presented with the electron kingtic
energy vs emitted intensity. While NEXAFS, photon energy is
scanned, absorbed x—ray intensity is measured, and the spectrum is
presented with the photon energy vs absorbed intensity.®

256

AR x—A9] AU E Al4H oz M3l F|HA FrEE x-
A9 S st YAk x—Al2] ||l W F<F x—49)
G VERA A"ER o2 BAIED, S4EE x—A9 AHERS
FhlEgle] AR ol FFS] 24 m—AE Y (o+—

A R AT A9l melglt FFY Faol A HeHER

C-H : Carbon-Hydrogen Boi
cLd
At
 Polyebylene
X At

Polylethylme oxide)

Tasa” e oass’ T e’ T o2
I‘hm&mEncrg_»(ch
Unsaturated Bonds

N :
o€ !

; A ot

: i o
3
£ . on,
z ' -{-ul,——c«—}—

: b=o

O
He

Aromatic Rings

!
ol

& 10. Carbon K—-shell NEXAFS specrtra from basic building
blocks of carbon compounds, revealing the sensitivity to molecular
functional groups.®
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38! 11. Chemical shift of carbon A—shell C=0 z—resonance
NEXAFS spectra for different carbon compounds.®
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B 12. Oxygen A—shell NEXAFS spectra for various oxide materi~
als.
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18! 13. Schematic diagram showing that the shape of the absorp—
tion edge in 30 transition metal corresponding to the number of
empty holes in the density of states. In real measurement, the peak
intens(i;y of absorption edge varies according to the number of empty
holes.
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1B 14. Schematic diagram of a diatomic molecule showing that the
peaks observed in the near—edge x—ray absorption spectrum cor—
responding to unoccupied valence states to which core electrons are
excited. These valence states may be modified by crystal—field
effects in the solid state and by their participation in chemical
bonding. The NEXAFS spectrum is thus a striking signature of the
structural environment and chemical state of the absorbing atom.'
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8! 15. Schematic diagram of a photon absorption process
resulting in a photoelectron and a core hope. The holl is filled by an
electron from a higher shell, either radiatively by emission of a fluo—
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3! 16. NEXAFS measurement technigues according to the thick—
ness of samples. The properties of spectrum for transmission and
electron yield detection have been shown. The spectrum measured
by the transmission reflects the bulk properties. But the spectrum
measured by the electron vield reflects the surface propertles of the
sample.®
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218l 17. Properties of probing depth for total electron yield(TEY)
detection and Auger electron vield(AEY) detection. In order to im—
prove the surface sensitivity in Auger electron yield detection, partial
yield detector such as retarding energy analyser and cylindrical mirror
analyser are used to get rid of the low energy photoelec'{rons.64
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2B 18. lllustration of the 1s — o Rydberg series in helium and
argon gas, merging into the ionization continuum at the 1sionization
potential(IP). (a) High resolution(FWHM = 20meV) electron energy
loss spectrum of 25 keV electrons recorded in the dipole excitation
limit of small momentum transfer, near the AK—shell excitation
threshold(IP=24.6 eV) in He gas.” (b) X—ray absorption spectrum of
Ar gas near the K—shell threshold (IP=3205.9 eV)."*" Also, shown
as dashed curves in a fit using Lorentzians to describe the Rydberg
resonances at the IP. In both spectra the width of the Rydberg peaks
originate mainly from the final state lifetime, the instrumental
broadening being small.
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T8l 19. X—ray microscopy at photon energy near characteristic
x—ray absorption peaks for carbon bond make it possible to differ—
entiate submicron particles of styrene acrylonitrile (SAN) from parti—
cles of urethane—based polyisocyanate—polyaddition(PIPA) in a
polyurethane matrix.?
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2 20. In this example of NEXAFS spectromicroscopy, a section of palyaceylonitrile (PAN) fiber about 10 um in diameter is analyzed by x—ray
absorption near the carbon K—edge. Images taken after a heat—treatment process to enhance the fire—retarding capabilities of this materials
show contrast due to the distribution of the carbon—oxygen bonds(peaks A, B, and C). Annealing in air causes triple bonds(C=N), which exist
uniformly throughout the homogeneous PAN fiber before treatment, to become depleted in the interior, giving rise to a rim structure.®
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