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

Polarizetion of Synchrotron X-Roys

e L
“ e - e % <
- o -
LT ST A0 |l'l.l'II (= H [ELCE ]
i ' ,
; 1 !
: . - i
¢ 3 )
H ] H
I | )
I ¥ b
-
chelines direction clefines axks

& 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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8! 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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3.NEXAFS =3 7|2 71
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T 540 e SAS 7L Q7] wizolvk Ak o
SPASe] 2 A W A Ws EAE 2 EmeE] 2
XM= FQEHA Faotes itk A=, 7 ek e do]
oz gkskdaste] Eelal(bond hybridization) ol 2]3F 73t 3
g o] &3S AT AARFE 2 W2 oy
7k} F SR %3 Agslo] EvE] 9] A 30 eV el
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et EAR, B2 AR b Alel o] I o] Aeh Wk
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tfoloREE (diamond) ¥5F ofU2} o]of 3gsl= Al (benzene)
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8! 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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18l 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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He] x—4 530 7P st g8 HEFE ik
A HA NEXAFS ~HMEFHo] 1980 Stanford Synchrotron
Radiation Laboratory®llA &8 &2 22HNi(100) €] CO &
ZHef tiste] 574 =0om Ni(100) ¢ NO Expof| thgt glo]
Elg} 870 1981 ZE ek o] 3 WA A7 F71e A4
XV}E} Aol HEel 3l 715% 38 2= COst NO2
K-A74 23 2rg vA72E vashs 2otk 3 A
NEXAFS 54°] o3 APz ddeyxe] ni%w <
— A WpAREe] FREAI T2 A AR 7% )22 o)
‘,’\15}. 1981d &3l o] &AMl g (molecular orientation)
S ARkt AREAR = 2 W] 38 A & el
tate] F2 =9k Ni(100) 919 CO, NO, Nool| that
NEXAFS A E7 ] B} 4As a3 19820l 053]
L4, Davenport®}” Wallace, Dill2]®® o]2< wle} Fo] zhe
&l thet B alS f 523k S9E NEXAFS 339 oy
AEE AHr B2l diste] =&skar ik
19839eli= Cu(100) $19] CO, HCOOH, CH:0H 5] 9172
&3lA o3 (o—resonance) 8] $IX|7F AR seFAd o) 9]
At 7o) HH, WG oUA] e EA W 1 F7]
9} AA%Eslo] kAt 1313} (bond hybridization) & &&Ft}. o]
117k o] 3

b4

QPR A 29} seel UE NEXAFSS] ¥
Gk 2E sfloll NEXAFSE Pr(111) $lol sjsh F25 wiAl

(CoHp) 2+ 2 (C5HsN) 3 22 Wk 18] (aromatic ring) 2
Aol g ow A gEo] o]5 Baje] wjgko] ZA] AXE 4= 9l

1984L4°ﬂ# 7111]91r 3}et F2E Aol gk AP ER o]
- AR S o3 AX9) 3PS Zo| Atole Akt
Al Mt Lié olEITE W& AA W #A KI-383
ISEEL A EHo| tf3t Bt Hlo|e]S o] g3t 7wkt 23

A ARRAP? g glod, Sthr Sl o8 stk FHE
©5R2x (hydrocarbon) ol 2P Sint. 53] AJdare] 94 5

A wigel gebad dolrt 52 AR ZRY -3 A
79 742 HA 0w 7k el 5 vkl A Fskar 9ok
198434 19861 7H& Pt(111) ¥9 E] 2% (thiophene)
o] ergaby M pr(111) ¥H gl (ethylene) o] olgzd
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NEXAFS AH)¢] Zq8k 7lato] R WAz o] k—72 (2470
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o] ANk 74 1985-1986' F<tell dofwitt. o] #3 AEH
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3 AA o] Hst Bl Oisk NEXAFSY] -8~ Abagh

[‘

[

=AtAEt Jls A 17 W 2 5 20064 449
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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 L, absorption edges. These give
informations on the chemical environment of the atoms.*
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NEXAFS AHEZE uAu 5432 shehs s d7] 9
st W 54 Wl 7189 x—A 337} £ (x—ray photoelec—
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12! 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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12! 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 kinetic
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.*
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8! 10. Carbon K—shell NEXAFS specrtra from basic building
blocks of carbon compounds, revealing the sensitivity to molecular
functional groups.®
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2! 11. Chemical shift of carbon A—shell C=0 z—resonance
NEXAFS spectra for different carbon compounds.®
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8! 12. Oxygen K—shell NEXAFS spectra for various oxide materi—
als.
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9 Al 193k 3 £33 YRS AT F= Y %
Wz FA7ERA o8] oA AL Q.

5. x-M &% 2Py

e x—A2 YA FFEHE Aol EEEtd, x—
A Fel o S5 (core—leve) & FE SR (excited
electron) 7} ©]&3} ¥ o|4=] (jonization threshold energy)
=219 Hlof= AR (valance electron) AEIE Ho|EHA|
ot ST (core hole) 8] Fo] 4™ &9 Ifoy=]
Zo Fou ulpd FEATER L] B9l 9% Bk A7)
o2 AR S5 H= v]oflE AHE (unoccupied state) 9] o]
ux BEXE s velg ok OB 132 34 HolEEe]
x—A ErErE] Fe7F AU = (density of state) 2] H|ol=
%5 (empty hole) ol 9J3l] LS Hofg= JdEolt). el
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18! 13. Schematic diagram showing that the shape of the absorp—
tion edge in 3¢ transition metal corresponding to the number of
empty holes in the density of states. In real measurement, the peak
intensi6t4y of absorption edge varies according to the number of empty
holes.
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8! 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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valance state) 2} “1°] S|F3H= NEXAFS A~ E7of st 7]
HEE Hojerh dxpbaaL Adele aA1e] A4 kA i)
7Vl 3l wWgEod 4= gler, ulgba NEXAFS A~ E
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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—
rescent photon, of non—radiatively by emission of an Auger electron.
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12! 16. NEXAFS measurement techniques 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 yield reflects the surface properties of the
sample.®
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8! 17. Properties of probing depth for total electron yield(TEY)
detection and Auger electron yield(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 photoelectrons.®
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2! 18. lllustration of the 1s — np 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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2! 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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