UNITED NATIONS EDUCATIONAL. SCIENTIFIC AND CULTURAL ORGANIZATION
INTERNATIONAL ATOMIC ENERGY AGENCY <§;
INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS

L.C.T.P.,, P.O. BOX 586, 34100 TRIESTE, ITALY, CABLE: CENTRATOM TRIESTE

B

H4.SMR/1013-30

SCHOOL ON THE USE OF SYNCHROTRON RADIATION
IN SCIENCE AND TECHNOLOGY:

“John Fuggle Memorial”
3 November - 5 December 1997

Miramare - Trieste, Italy

Core Level Spectroscopies 11

A. Nilsson
University of Uppsala
Sweden

MAIN BUILDING STRADA C OSTIERA. 11 TEL 2240111 TELEFAX 224163 T ELEX 460392 ADRIATICO G UEST HOUSE V1A GRIGNANO, 9 TEL 225241 T ELEFAX 224531 TELEX 460449
MICROPROCESSOR LAB Via BEIRUT, 31 TEL. 2249011 TELEFAX 224600 TELEX 460392 GALILEOGUEST House VIABERUT.7  TEL224031¢ TELEFAX 2240310 TELEX 460352
EnRICO FERMI BUILDING V1A BERUT. 6 (TELEPHONE, FAX AND TELEX THROUGH MamN Bunming)



YHS o WNEWRFS

/hv

7s

!

D ~ » o
U ey ALY U e P! i J. ) ":"-‘\‘l“"".i

D7 pole selection rule
LA NS
Cne cender appromimabion =
akomic ©Orb/lels seloction ruvle
7s —> I
< p —>3d 4

Cfc



VK e >peeA-f'oSce Y

| <

[ul W} =} -v"-m'a
s le o

Makeis o_\e wend =

ons ‘I-Q.w&-
Q-\ew\?c Croes Secliol\



Wl

1

-ast

s iJa...jm.fl,!l\:ll-.li..\-{ TS T O} A 1 et ——
e AR _ . )\:

Aingogeld

voydiosqy

JU

Photon Energy

IpP

Phofon Energy

1P




v T LA . A
O . . . &
VU IR, 2 Y S P S S

N, gas phase
- Nis XAS

L

M ole coulee

|
Jk‘%

|
400

Rb dbe g s -‘o.-les

orbl -\-q ‘5

415
PHOTON ENERGY (eV)

Ma el al Phys Rev Ads (748(/93)

P e~tended adomie (e SLQ‘ES




r-'
4 =< COS?Q

CO/Cu (100) c(2~2)

&k | 77 - s dades

INTENSITY{arb. units)

X / C p
i

Y Wl Vo AV o v o
R 50 555 S0 5% J‘ - 5‘4 ‘/ es

PHOTCN ENERGY (eV)

Bisreholm elal. Phys. Rev. BY47,2208 (1943)




0,/Graphite 25K
O1s XAS

| ) § phase . F2phase

{ \
0

T
|
(

f Mormal incidence
;":N_
o s b
=1 \'7// I ! [ 1 1
525 530 535 540 545 %30 535 540 84S S50

PHOTON ENERGY (oV)

Guesy ebal. Suef. Sei, 261/270,432 (/292)

P ’ . ., .

C~ Ouonsivs s e geadoess
C&mC oO=c —
e C - PA ase.

1
777C%7g7o77 Fz -—/"/451.



& 0,/GRAPHITE 25K ‘ 7
£ 5 imic %w _
- = P |

y £ P

o ) P . ‘ . i

’ = : : ® @ x

: fayond H . [ ) ®C

! Z é ¢

] = o o

j_ E ®ie |

| * : |

‘} P |

¢ 1

? ® .5“00 e © ¢

i . .0°.? E

; o A .

% . 1 2 3 4 5 6 20

0O; DOSAGE (L)

lllllllll11’llll]li

O,/GRAPHITE 25K

INTENSITY (arb. units)

10 20 30 40 50 60 70 80 90
INCIDENT ANGLE (to surface)

Guesd ed.al Secl Sci 269/270, 432 ((992)




Guerd el.al
Suef. Sei 278,
N L |
a4 @
L- =
| = .
| 2 ‘ -":\
-‘5 2 |o=10 [001]
7 Pt 3 A e
; 7
Z. :"-.
= G —
<3 N [110]
e N——
llllllllllllllllllllllll

525 530 535 540 545 550
PHOTON ENERGY (eV)

C ococece
r“"ej S?céj égogéoo

OOOO

66‘006&6%6

-—‘>ﬁ1|oj



" Sample
E.L
Metal Grid
X-rays o Fiux Monitor
NEXAFS is element specific
. s NEXAPS Spectra of JSR Polyiides
_ = S 71 1 T '
T e

’\/\/}. Cis

—— N1s

—— 01

— F1s



A ! ' _
S 2.5
i Untreated fg . .
- RN1024 05} -
= H 0.0 4 1 , L , L N
S | c\@ 280- 290 300 310 320
o C=0 _
L [\
e 1 ; -
2 .
£ : .
p
.I:l_" O | I | I I l 1 ]
- 5 ! | ' | ' I ! ]
8 gg . T T Y T P
E 4 Amorphous }g :
- 0.0 E
3 i 2
2 — ’ ]
- Unsaturated
1+ C=C bonds
o | i 1 | . 1 LT
284 286 288 290 292
Photon Energy (eV)

ibnexafs.cdr

J8M Almadev



Aeuwiuiso euoid-uj Jo UBEO




O~ resonance € bend lemit

mo(d ele scaHer‘\ub TW wole culer ?o-(en-lu'al

bend vy A and’ bené:ﬂb

LA LI B L YL - I - 0 O 2

20 HC=CH zZ=
12e
HC=N 134
15 148
\% H C=CH, 150
184

170

\R“io 18 »

-t
Q

14,]
T T T I T[T I T T[T T T T T T T T I T TTT

o* Resonance Positlon rel. to IP (aV)

p vyt e pa b el ey

0
-5
10
F-F
-15 *
Al Lo ebag o ben gt ia b sed st dagrglerss
1.10 1.20 1.30 1.40 1.50 1.60

Bond Length, R (A}

. #
S4or ’, " NEXYRLS _S/pvc-/fo.feqﬂy /



INTENSITY (arb. units)

0,/Pt(111) XAS

530 535 540 545
'Pubh‘_'e,la.l Suel, ser. in press



ATTOw Trens) 1OV S |
m and Final slate rules )

_
T
-_;//ﬁ E
o’ )
XPS /] : wWHS
<

v
<ES

X“vc\b Ewml ssioen SQec-\roscoPy \tjES
X—raj A\asor?-’c'iers S?ec-l-roscop), ><as

mESEs

o wE S

Firal slale == Ev\erg)y *Pos:'b'{on
:Sh:*tu( s-lq-\q_-g 3\‘\‘\%";\‘\3

Greund  sdale Evncryy  XES
Cwit st cordndle) Jalten s?-\\j XES



21T DENSITY OF STATES

OCCUPIED UNOCCUPIED

0
| (':*
b) L T
Er
BINDING ENERGY

PHOTOABSORPTION

/\ 1S—21"
c)

Eq(XRS)

BROADENED

Ll

j./. k3 .

Sl s
I,t/’[y'_-g - -
= [ — -

Ex (XPS)

PHNTNN ENCDrV

d)




INTENSITY (arb. units)

Un c;cca?..a stotes

BINDING ENERGY (eV)

CO/Ni (100) c(2x2)
80K
Cis—2T" XAS O1s—21TT"
a :f".
:._\-
hN ; hY
; "~ - \;,,\
.r'j \.‘S- eV - S 3e N
S Nl T 1 Ly, =" | | |
PHOTON ENERGY (eV)
Cis | XPS L O1s
"_:-" .ﬂ"-"\,,-.\’_m._.';w,ﬁ” j_-: '\W
LS 1 i J_,b/l/ | | 1
284 288 292" 530 534 538



Uﬁoccupied
2n-derived states

{
IPS |
CO/Cu -
._..-".'n,
’-p W"’
. Y - '
s N
e,
™ —ap
- T~ s
XAS

| Dose

el.al

P Ndanss
el al

Energy above E; (eV)
MNilsson ed.a). Phacica B2038 4209



INTENSITY (arb.units)

o

VI

IML Ni/Cu (100)
XAS Ni2ps/2
0.7ev

f _ COsaturated surface
a0° l h T

L e o e o
ST R TN

Clean surface

......

AN
o T i .
-'.-—h--,...-v._ﬁ_-w,,-,-"-'; '-
- . Clean surface

gy g ol
SRl

P S U SR I

850 852 985, 856 858 860 862
PHOTON ENERGY (eV)

HeennZs el al. Plys. Rev. B3, 6652 (19973)



Bridge  siles
r
CO/Pd (100)
Cls—21" Ots—2m"
~
A i
. plaZxvz) !
Y XPS[_.'
! \." ' ; :‘\.
XPT;. " ;__1 \\_\
w _""/I . ‘\-qp.;-— T ~
€ i R
3 :
el
s
E :
@ XPS:
.I.l_J % p(3ﬁ" ﬁ) l_ y
z S i N
XPS ; % N
L.. \\_ ; \"‘\-
--.J'f . \"'&_,.M s
XPS:
| o2z | %
XPS: % j
fanrs”| ..,,.,.../- )
| | | I 1

|
286 288 290 292

% 530 532 534 536

PHOTON ENERGY (eV)
Bidtneho/m el.al Phys Lev. B4, /0353 ((922)

. 3 ]
e R Y

——

A band\

St

N
)
Wecachion




LA A ] -

2p XAS

26351993

INTENSITY(arb.units)
E
5
'qn
%

L 1 ! 1 1
850 860 870 880 890  95° 3t s 05 o
PHOTON ENERGY (eV) p 187 2P [3d ]

==!""- :“%\ . P ':; = B .-'-’-Nl [I
: NU compoonds
IDACEL P R e A
f :_. muldf # (efs
N —

..,rf‘:_‘ NiF,

.~
e P

e e el
" i " i 1
a0 . 860 870 480
EXCITATION ENERGY {eV]

Van dee Laan elal, Phys Rev, R33,4257 (1486)




Norm. Electron Yield (Arb. Units)

o

o

N

o]

Do

[—

[

Jaihial Sdade Rule tn MAs
A -
17 el |
& E‘. C!QG d%
B T T T T T T T
. Ly _
n L _
" Fe Co Ni M
| |—‘{ I S S B

700 790

Stolr Mepeng 03/17/94 11:52

800 850 900 950
Photon Energy (eV)



COFG hole Oecag

Afler /sonizadien

ool >
A Z.

— é Ly

elecdron emissio, ?‘nolon emission

\

;?ge’f ‘:fec/roscoﬁf (8€ES) K=oy Emission
Spectrescepy (€D



LI{ fe Lime of core \ole M. ‘:‘5-1-1':

l

I ——

o Pem * B 214 Dreae

~ray

i nuse( -Cc..s-\‘ whren e involved lec"-fms Gre
close in  space (1),

CC}Skf“"ér‘ornﬂj : Rﬁcr in /&e Sasve -.P‘ef/'
ch .&44.

"wllirrr|r|
:(a)

0.50
0.20 Flee re.C.ew Ce \3"\( d
0.10 74
= Y"ﬂu‘
0.06 ?
foger 4 Ph-mb
0.02
T
> 001
- 0
3 80
g Atomic Number Z
£
g 10-1 {b) { ‘ p
@ P Mg A :

103 WW
0 500 1000 1 l
500 2000 2500

Photon Energy (eV)




D;{{ekéﬂ% /z:'nz/l S Cos

HES w s
4wc kolés one b\ele

i

r(_\.

»[Wo hole. él'ne/:'r_!j enersy ‘EF
kq

6ne hola J/’o‘o/r'v energy 'EF




Cf)mpdﬂ":j ﬁf_s ane! IES é’aa./ ,S‘Ja-/e..}

— XES hv = 852.3 eV

840 845 850 858 860
Energy (eV) e

I
G?y

\\;ub &~ 5’%44:&_&5 ceecelaticn




O/Ni(100)

c(2x2)

515 520 525 530 535
Emission Energy (eV) \ocalized 252
5\-@05 hol& hWwola
Tudeccchion
0/Ni(100) ¢(2-2) Nu\lfglo.-ls
Auget ' in NC-{
5 2"
’ZP*ZSJ K
- A

H

+ L | ¥ {
5 4 3 21
] 1 | L1 3 i 1 ] t
480 490 500 510 620

KINETIC ENERGY (eV}

A Sanclol Pwsles 848, L/20R (4222 )



',y
[

O/Ni (100} c(2x2) 0 K Emission
self-convolution
; Auger
: hy=710eV
) S TR
= N 510 520 530
P A EMISSION ENERGY(eV)
g
>
=
73]
=z ;
- LA
Z :
el
m,ﬁ\’/’
: l :
500 510 520 530

KINETIC ENERGY (eV)
Sonclet) efal. Pigs Ler BYE /7342 (V993



Soft X-ray Emission Spectrometer:

XES 300

Detector

Grating Radius Grooves  Angle Range
#1: Sm 1200 /mm  1.9° =~ 300 - 1000 eV
#2: 5m 400 I/mm  2.6° = 100 - 450 eV

#3: 3m 300 I/mm 5.4° = 50 - 200 eV

Detector
Retarding plate
a
Multichannel ekl

p]ates S O e

Resistive anode

GAMMADATA




ST el L o
The XES 300 spectrometer is a state- ~* Tt spacinmre sn & 1 it
of-the-art soft x-ray emission spectro-  Uklv sistms, Sal 0 (1. Ise
meter covering a large energy range,  wi h raiatiaty WRp csire
50 -»>1000 eV at high resolution and . ter"s ‘@ vax ‘can . tic ) ar

sensitivity Ap pleations e vt v e i
. ] or a1 OkSC 5ar e 5 Aan
The design makes a very compact chiracietizaic 1hy e fib o<

instrument that is flange-mounted and  Ct gy Srodi 3Tk 1 on P
thereby easily adapted to various oM AT ADm St nR L 0 i
vacuum chambers, even 10 rotatable sa s re nod prge d e

chambers for anguiar resolved stucbes. nicus). nd s 131 b e

The instrument uses multiple spherical  ca 51 1w, proi It s
pratings with different groove densities

and racli, which facilitates customized  Sc!. »v-iwy ek ion 1 cd g
performance optimization. de:abrf koo gk e vl

P.O. Bow 15180 ¢ 5756 15 UM 15,4 SOBEbie i vy
£marQRSRE-GIN 0111 #il84 m it g S Yow

"t
[RRULLES
1! )
CAHE ML
ER I

[ ST
- LN
beowrl
Y
Pk oy e
el

[ i

|
I
|
i
]
I
|
|
I
|
T IHi
[N} |
HEl i
i I
|.i 1
h i
Il I
' Il
i
"1

g di didpe v ool 1

P ey

it
I

TR SR ST

ST MR W W TR







X-ray Emission Spectroscopy (XES)
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Local Probing of the Chemical Bond

- Atom specific
- Orbital symmetry selective
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