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Motivations

Why XPS?

1 element sensitive
1 chemical shift

1 surface sensitive

Why spectromicroscopy ?

nanostructures self-
organization

devices (lithography)
diffusion, segregation
alloying

chemical reactions
magnetism (XMCD)

OoooooOo Od
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Magnetic Studies

SR Instrumentation and experiments
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Concepts - XAS elettra
D Sty

10

XMCD XMLD | —

’g T I_Fe L2
continuum continuum > . \
£ B
Evac Evac E° XM CD = T
** i M XMCD = (1" -17
/AL EF - EF T 700 I 720 I 740 I 760 I 780
3d 3d hv (eV)
! Sum Rules
Spin magnetic moment
<+
[A-2B] = -Clug M (6,0)
2P 2P/ Orbital moment
. 1Y eb, 0o

[A +B] =-3C/2u; M, (8, 9)
. . . B. T. Thole, P. Carra, F. Sette, and G. van der Laan, Phys. Rev.
ferromagnetic anti-ferromagneticC Let. es, 1943 (1992); P. Carra, B. T. Thole, M. Altarelli, and

X.Wang, Phys. Rev. Lett. 70, 694 (1993), J.St6hr et a, Phys.
Rev. Lett. 75 (1995) 3748.
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XMCD and XMLD

Magnetic imaging with elemental

a LaFeO Iayer

Direct observation of the alignment
of ferromagnetic spins

by antiferromagnetic spins

F. Nolting*, A. Scholl*, J. Stohrf, J. W. Seo:s, J. Fompeyrines,

H. Siegwarts, J.-P. Locquets, S. Anders®, J. Liining®, E. E. Fullerton?,
M. F. Toney*, M. R. Scheinfeinl & H. A. Padmore*

Nature, 405 (2000), 767.

3
=
-
=
Figure 1 Images and local spectra from the antiferomagnetic and ferromagnetic layers g
for 1.2-nm Co on LaFe0y/SiMi04(001). a, Fe L-edge XMLD image; b, Co L-edge XMCD E
image. The contrast in the images arises from antiferomagnetic domains in LaFe0s (@) T
and ferromagnetic domains in Co (b) with in-plane arientations of the antiferromagnetic =
awis and ferromagnetic spins as indicaled below the images. The spectra shown E
underneath were recorded in the indicated areas and illustrate the origin of the infensity = -y Sy
confrast in the PEEM images. 705 710 T15 720 725 T30
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Nomalized intensity (a.u.)
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Magnetic imaging at Elettra ¢etira

L

.-""'-\I. I.—'"”'"“.'l I_(:;"'\
{x..i_,.fl ll'ﬂ.r"l '\_H_,-"I

5: Pinhole 10 Exit-slit
1: Section 1.1 & Toroidal mirror 11: Deflection mirror
2: Section 1.2 7. Entrance Slit (horiz.) 12: Refocussing pair
3: Modulator §: Entrance Slit (vert.) 13: SPELEEM
4: Source 9: Monochromator 14: Second branch end station
Source: Variable Polarization, helical undulator
Monochromator: Wide spectral range

Medium spectral resolution

Spot: High photon flux density on sample
Small variable spot size (—um)
Homogeneous illumination

Microscope: SPELEEM (Elmitec)
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Front End
Monochromator

Refocusing Mirrors
SPELEEM

2nd Branch




Beamline source

Undulator characteristics
* FEL/Nanospectroscopy undulator " . :

elettra

« Sasaki Apple Il type undulator fuise

2 sections with phase modulation
electromagnet

» 2 x 20 periods of length 10 cm

Fluz P*

 Polarization: elliptical (horizontal,
circular, and vertical)

» Source dimension: 560 pm x 70 um

5/18/2004

methodology of PEEM
ELETTRA



Monochromator

elettra

« 2 VLS (variable line spacing) gratings of low groove density

e 200/mm for 20 - 250 eV

o

» 400/mm for 200 - 1000 eV ngt
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Photon beam refocussing

e Need:
e Homogeneous micro-spot

e Highest photon flux in the field of view of the
microscope

e Two adaptive plane elliptical mirrors
(«bendable mirrors»)

e Bend by applying unequal moments
to their ends

e Kirkpatrick-Baez configuration

e Theoretical spot size:
1.6 um (vert) x 6.1 um (hor)

A. Bianco, G. Sostero, and D. Cocco: Proc. SPIE 4782 (2002) 74.
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Spot size elettra

Palioratony

vertical line profile (FWHM 2 um)

Best Focus
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2000

1500

1000

Intensity (a.u.)

500 +

Wy
0 4 __‘,—/#J \\'\-\__ |
10 8 -6 4 -2 0 2 4 6 8 10
vertical position (um)

horizontal line profile (FWHM 25 um)
corrected for grazing incidence: 7 um

2500 +
S 2000+
8
hv=140eV 2 T
é 1000 + -+
Field of view: 55 um S ol A
i +
A. Bianco, G. Sostero, and D. Cocco: Proc. SPIE 4782 (2002) 74. -20 -10 o 10 20
horizontal position (um)
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Beamline photon flux
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A. Locatelli, A. Bianco, D. Cocco, S. Cherifi, S. Heun, M. Marsi, M. Pasqualetto, and E. Bauer: J. Phys. 1V 104 (2003) 99.
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High lateral resolution

t 34 nm

. 200
Domain structure "

of 1.6 um wide Co rings

350 nm

700 nm
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Helicity fast switching

Focusing

¥ 4 EET S mirror

; . —

AL Monochromator Image plane

Stored ¢ beam with chopper
Ideal focii
.
BLRFACE BCIENGE
H.'i.l-'l-TII-J-I Baariuin Rckpncs @ |31 IT)-0T8

——— s
atird plet gy Al eomriviom

A beamline lor time résolved photoelectron microscopy on
magnetic materials at the Swiss light source
O, Oummann 7, U, Flechsag ®, L. Pahey ®, T, Schmsd #, G, Ingold
M. Howels ", M. Janousch *, B Abela ®

" Pad Kydwsies feind, Nk [ight Semive, CARSED 1ilips P Sl fyeilind’
 dikewwnl gkl Sowvr, famees Brkofer Sabem | Labeegion, Bedivkr., 0 0T 98

Our design also uses two [Ds located one behind
the other, but as a novel feature the optical paths
for the two photon beams overlap almost com-
pletely. Therefore it is sufficient to use a single set
of relatively small mirrors to accept and guide
both photon beams. The operation principle is
shown in Fig. 1. Two 1Ds are located in the same
straight section one behind the other. Each of
them acts as a radiation source. Using steerer
magnets located before, between, and alter the 1Ds
a small parallel oflset is created in the electron
orbit. This causes a separation of the two source
points by L in longitudinal and by 4 in transverse
direction. The IDs are set to the same photon en-
ergy, but to opposite helicity. A focusing mirror
having demagnification 1/M. located behind the
monochromator images these two source points
onto the image plane. Here the two sources cause
two images separated by 4" = A/M. A mechanical
chopper, located in the image plane, alternatively
blocks one ol the two photon beams. This ar-
rangement now provides a beam of photons with
switchable helicity. The two photon beams can be
overlapped on the sample using a single refocuss-
ing mirror. This mirror creates two images of the
two source points, but in front of the ideal focus,
the two photon beams overlap in a blurred focus,
see Fig. 1. As long as the source separation A is
small, this blurred focus is close to the ideal focus
and its diameter is comparable to that of the ideal
focus.

5/18/2004
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Beamline design

SLS “Surface/Interface microscopy”

Top | t—

Phase maichgl: | T —— c}
e=heam |
081
9
:--‘ﬁ. E : ||||| s Salikll : Tm
| | A2A5m
| | Chopper Sample
Abm lbam 18.5m, 2* 205m  Gratings 12.0m, 1# M.0m ML TEm, 17
1D, 1D, Collimating Mirror  Plane Focussing Mirror Exit Skt Rel. Mirror 31.75m, 1°
AMirror Plane Tovaid vert, Ref. Mirror
Cylinder Cylinder har.
Plane cllipse
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Time resolved experiments

“Pump and probe”

pump
laser pulse

PEEM
probe E ;
= ra':,r pulse

Uk hlﬁd“'ﬂl’l&

FIG. 81. Schematic of the experimental arrangement.

Experimental Setup

The experimental setup is shown in Fig. S1. Fast in-plane field pulses on top of
a waveguide are derived from current pulses, launched in a photoconductive
switch. The switch is activated by pulses from a Ti:Sapphire laser of 800 nm
wavelength at 125 MHz repetition rate. The current pulses have a fast rising
edge below the resolution of this experiment and an amplitude of about 15 mT.
They decay exponentially with a time constant of about 300 ps. The sample is
probed by soft x-rays from the bending magnet beamline 7.3.1.1 of the
Advanced Light Source (ALS). The spot size is about 30x30 um?. The x-rays
are pulsed at a repetition rate of 3.05 MHz, phase-locked to the laser pulses. At
this frequency every 41* pump field pulse is probed. The time evolution of the
state of the sample is measured by varying the electronic delay between the
pump pulse and the probe pulse with an accuracy of about 20 ps. The laser
frequency limits the scan range to 0-8 ns. The time resolution of the

measurement is determined by the length of the x-ray pulse of about 70 ps.

5/18/2004
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Science, 304 (2004), 420

Vortex Core-Driven
Magnetization Dynamics

5.-B. Choe, '* Y. Acremann,? A. Schell,! A. Bauer,"2? A, Doran,’
). St&hr,2 H. A. Padmore’

Time-resolved x-ray imaging shows that the magnetization dynamics of a
micron-sized pattern containing a ferromagnetic vortex is determined by its
handedness, or chirality. The out-of-plane magnetization in the nanometer-
scale vortex core induces a three-dimensional handedness in the planar mag-
netic structure, leading to a precessional motion of the core parallel to a
subnanosecond field pulse. The core velocity was an order of magnitude higher
than expected from the static susceptibility. These results demonstrate that
handedness, already well known to be important in biological systems, plays
an important role in the dynamics of microscopic magnets.

1 um
=y
g R

100 nm

Ons time B8ns

Fig. 1. (Top) Dornain images of the in-plane magnetization of Pattern | (1 % 1 pm®), Patterns
Il and Il {1.5 % 1 pm?), and Pattern IV (2 = 1 pm32), taken at the specified delay times after
the field pulse. The images are part of a time series that extends over 8 ns and were chosen
so that the horizontal displacement of the vortex has maximum amplitude. Hands illustrate the
vortes handedness and the out-of-plane core magnetization as determined from the vortex
dynamics. (Bottom) Trajectories of the vortex core. The dots represent sequential vortex
positions (in 100-ps steps). Lines represent time-averaged positions with a Gaussian weight
function of 100 ps (FWHM) for 0 to 1 ns and 400 ps (FWHM) for 1 to 8 ns. The progression
in tirme is symbolized by the dot color. Red arrows show the trajectory during the field pulse;
black arrows show the direction of gyrotropic rotation after the pulse; and red stars show the
vortex position for the shown domain images.
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Magnetisation dynamics

Fig. 2. (A) Spin struc-
ture (white arrows) of
a left-handed (left
side) and a right-
handed (right side)
square vortex. Blue ar-
rows represent the
precessional  torque
generated by the ex-
ternal magnetic field
(purple arrow). Hands
illustrate the wvortex
handedness, and a
green arrow indicates
the out-of-plane core
magnetization.  Red
arrows indicate the
acceleration direction
in response to the
field. (B and C) Sirmu-
lated trajectory of the
core of (B) a left-handed and (C) a right-handed vortex during and after a field pulse.
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Chemical Studies

Methodology and
Instrumentation

5/18/2004 methodology of PEEM

20



PEM concepts %

XPS — mode: hv=const
hv In / e out

[\ hv-¢ R
Collection modes:
SE
CL Total yield mode — all emitted PE
X 20 FL Low/high pass filtering
/ e Band pass filtering

Kinetic Energy (eV)

5/18/2004 methodology of PEEM 21
ELETTRA



Scanning ,
|

(PE&T) hV/ [ NS Object lens

Sample RASERENR | Backfocal plane

: : ackfoca
scanne Detect Stigmator !
( q‘, etec &: E Intermediate image

= intermediatg :
. lens ;
N i

K == Intermediate image
rojective i

Monochromatic
light

ens i

retarding field i

filter =t
Photo-emission MCP tmmmes 1 Mmage plane
detector Screen m CCD
camera
Analyser
Photon optics is de-magnifying the beam: Electron optics to magnify irradiated area:
Scanning Instrument Imaging Instrument
1. Whole power of XPS in a small spot mode. 1. High lateral resolution (20 nm).
2. Flexibility for adding different detectors. 2. Multi-method instrument (XPEEM/PED).
3. Rough surfaces can be measured. 3. Excellent for monitoring dynamic processes.
4. Limited use for fast dynamic processes. 4. Poorer spectroscopic ability.

5. Lower resolution than imaging instruments. 2. Sensitive to rough surfaces.
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Cathode lens properties elettra
Prop o

Same Object Point  Same Direction Same Kinetic Energy

Microscopy Angular Distributions ~ Spectroscopy
and
Diffraction Patterns
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PEEM instruments elettra

5/18/2004
ELETTRA

Falic

PEEM w t hout energy filter

PEEMwWth imaging retarding field filter

PEEM w t h area sel ective spectroscopy

PEEM wth full spectro-m croscopic
capabilities

PEEM w th sector field (LEEM

PEEM w t h aberration correction

methodology of PEEM 24



PEEM without energy filter

Magnifisd J. Stohr et al.: Surf. Rev. Lett. 5 (1998) 1297

Phospt i Image
Projection Wy
Lens : ;;] 10 kY =
LN 2
=
v -
rII' |III é“
|I| |I|I %
i Aperture -
| —_—
B

I
Lans —|_|-__.'II:)'II'.J_T—';;W —_—
x! IV ﬂ Monochromatic eerey (1)

|
Sample £ 8 ST/ S. Anders et al.; Rev. Sci. Instrum. 70 (1999) 3973

Photoelectrons +|| |
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Oscillatory reactions

PEEM - Work function contrast
and Time resolved capability

VOLUME 65, NUMBER 24 PHYSICAL REVIEW LETTERS 10 DECEMBER 1990

Spatiotemporal Concentration Patterns in a Surface Reaction: Propagating and Standing Waves,
Rotating Spirals, and Turbulence

S. Jakubith, H. H. Rotermund, W. Engel, A. von Oertzen, and G. Ertl

Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, D-1000 Berlin 33, Germany
(Received 25 June 1990)

Laterally varying surface concentrations associated with the oscillatory oxidation of carbon monoxide
on a Pt(110) surface were imaged by photoemission electron microscopy. Depending on the applied con-
ditions, a large variety of spatiotemporal patterns were observed that are characteristic for the nonlinear
dynamics of reaction-diffusion systems.
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Examples

FIG. 1. Sequence of target patterns on a 0.2%0.3-mm? sec- FIG. 3. Standing-wave-type patterns on a 0.3%0.3-mm’
tion of the Pt(110) surface at T=427 K, pco=3x10 """ mbar, surface arca accompanying rapid harmonic temporal oscilla-
and pur-llﬂiﬂ'* mbar. The time interval between the first tions with a period duration of 7'1-4_5'3‘# T'=550 K, pco
five images is 4.1 sec; the time interval between the last two =1.75x10"* mbar, and po,=4.1x10™" mbar. =0, 0.08,
images is 30 sec. 0.12, and 0.46 sec.
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Energy filtered PEEMs

Hemispherical Analyzer

Double Hemispherical Analyzer

— Imaging ESCA
objective mtermediate retarding
lens lens system lens system Projechon WP Soeen
analyzer
sanplew. s — { O OO O \r EE
. 00 Cainern
FP [ rm.m muwh l-numr L
Apeiture  Sigmaton
FE: focal plane
If:  mrermediare image |
L 2 L]
DP: dispersive plae I O
; ! accelerating Enevgy
screen screen ; 2
0} '” ' lens system ' Thaader
Ly
MLP  Scem
‘ ) / . I xit Lo L0 Camia
imaging of spectroscopic imaging mode WyOmicron eﬁﬁ, pam
energy dispersion
5/18/2004 methodology of PEEM

ELETTRA




The SPELEEM microscope g{lema

Spectroscopic photoemission and low energy electron microscope

sample
x-ray beam
e M N
illumination - f selected area

aperture ‘w < aperture

Dnntrast
/ aperture
electron gun \

(
A
\
‘\\ ¢ ' f : ' projector
‘)\ condensor transfg;[d

lenses 5
- intermed.
sector field lenaes

screen

analyzer
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Imaging of the Dispersive Planegﬁm’iﬂ

W{110} clean surface
W 4f core level

|Ir|||IIII|IJIIIII!Il!IIIIIIIIIIIIIlI.III|IIII|IIII|I1II]II!I|

7))
g EDE j Fr“ ‘|| ||l I”l ||I |I||||”||I A ‘ 1F|| i Hﬁuhu” ll Wl iy |I| : hV - 98 eV
T g L |ﬂ' " i| § in
@ -200 — - 1
: | Resolution 210 meV
parameter Ref. (M Our fit
f? Gamma B (eV) 0.06 Fixed
@
E Alpha B 0.035 Fixed
% Gamma S (eV) 0.084 Fixed
= Alpha S 0.063 Fixed
Gauss. Broad. (eV) 0.04 0.21
W,,-W,,, BE diff. (eV) 22® 2.14
35.0 340 330 32.0 3.0 30.0 SCLS (eV) 0.321 0.304
binding energy (eV) (1) Riffe et al., PRL 63 (1989) 1976.
(2) Webelements
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| ateral resolution

C 1s image (hv= 350 eV, KE = 62 eV)

]
‘Iatera:u res:olutioln:
0.7 * (4 pixel /435 pixel ) * 5000 (nm)= 32 nm
acquisitior? time: 1min 3 3
Slof®s
) -l (N
NN INEY R ) 3 3
>|9
- % % Q
) rﬁ(Q %5
° ° distance ?opixel)80 00
Lateral resolution: 32 nm
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Example 1

VOLUME 86, NUMBER 22 PHYSICAL REVIEW LETTERS 28 May 2001

Spatial Variation of Au Coverage as the Driving Force for Nanoscopic Pattern Formation

Frank-J. Meyer zu Heringdorf."* Th. Schmidt,>" S. Heun.® R. Hild,"** P. Zahl,'
B. Ressel.” E. Bauer,” and M. Horn-von Hoegen'*

nstitut fiir Festkirperphysik, Universitit Hannover, Appelstrafte 2, 30167 Hannover, Germany
‘ELETTRA, Sincrotrone Trieste, 34012 Basovizza TS, Italy
3 Departmemt of Plhvsics and Astronomy, Arizona State University, Tempe, Arizona 85287
(Received 9 October 2000)

Condensation StepBand Faceting
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LEEM, XPEEM vs time
%5 mcmmonan

I/’ z Abteilung Cberflichen
LEEM Movies ... e

OvER

712

F.-J. Meyer zu Heringdorf, R. Hild, P. Zahl, Th. Schmidt, S. Heun, B. Ressel, E. Bauer, M. Horn-von Hoegen: Elettra News
36 (1999).
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XPEEM imaging

/

XPEEM: contrast inversion
integral spectrum: Photon Energy = 128.5 eV

6000
5000
4000 intensity x 10
: (001)
5 3000
3 terraces
p=
2000 (L EE M)
1000

100 90 80 70 60

k binding energy (eV) m )
F.-J. Mever zu Heringdorf, Th. Schmidt, S. Heun, R. Hild, P. Zahl, B. Ressel, E. Bauer, M. Horn-von Hoeqgen: PRL 86
(2001) 5088.
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Temporal evolution

a) Deposition time (min)
150—2 10 20 30 40 S0 60
; o average L1
i aterrace v facet o L 0.9
o ;Shutter open : L 0.8
2 100 : : 0.7
c 0.6
4 : 0.5
° 0.4
Tt 0.3
8 P {02
< 0.1

[= % 0 :

(7w) ebeianos ny abesane

FIG. 3. Temporal evolution of the local Au coverage during
faceting. (a) Au 4f7.2 photoelectron yield over deposition time.
Absolute values of Au coverage on the night are calibrated by
MEIS [17]. 1y deposition starts, #;: a first terrace is formed,
f2: a terrace is formed in the region of interest, f3: the faceting
is complete. (b) Slices from the XPEEM images analyzed in (a)
were assembled to a time dependent grey scale representation.
The arrows mark terraces analyzed in detail in (a).
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Example 2

PHYSICAL REVIEW B, VOLLME 63, 125333

Core-level photoelectron spectroscopy from individual heteroepitaxial nanocrystals on GaAs{001)

S Hen'* Y Watanabe ' B. Rewsel,! D Bottomley,” Th. Schiadt, ' and K C Prince!
L resrone Trasre, Barendzom I-;H-I:I.fj Triesre, Invhe
“NTT Basic Resesrch Lobaratortas, Ay, Kommpawe 24300, Sfapam
iReceved 26 September 2000, pisblished 13 March 2001)

Core-level spectra of indivwdnal heteroepitamal nanocrystaly were measared waih a speceroscope ploioemss-
s aod low-enedgy electron pncoscope thar allows laenlly revelved photoemissics spectroscopy. The
mnccryataly were obmned by depossieg nommnally 2 memolayers (ML) of Infs on 3 Se-fernmmated
Gads 001 ) surface. The Se-temumation of GaAs results m the formanon of 8 2-3-ML-tbock film of Ga,5e;
tap of bulk GaAs Dunng beseroepataxy the InAs rescts wath the GagSe;: A phase separation mkes place on the
ansc subdamice, whils an slloving @mkees place on the cazice sablaice. Tharmg the iesial sapes of prowth, &
sbmonolayer-thick weting biyer of InGay_ As o formed that o covered by ([InGa,_, )y5ey
(Taa Gy _ oS -toveged [nAs nanocryvstals aee fonmed oo thes sniface

DO 10,1103/ PhvsRevB. 63 125333 FPACS numben(siz Y8.060.0v, 07T.85.0e, 8535 Be

T i
- e
Ga - B Ge 3

W o M 7 W e

N
beam ‘%
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Laterally resolved XPS

Integral spectrum

Laterally resolved spectra

2.0

Intensity (arb. units)
H
?

00—

(@
Ga3d/In4d * A"
hv =52 eV

Ga3d

I I
22 20 18 16 14
Binding Energy (eV)

o o
? ®

o
T

Intensity (arb. units)

0.2

(b)
Ga3d/In4d
hv =52 eV

—e— nanocrystals
—e—: substrate

T T T T T T
24 22 20 18 16 14
Binding Energy (eV)

lettra

Indium on substrate N SK growth mode
Gallium on nanocrystals

S. Heun, Y. Watanabe, B. Ressel, D. Bottomley, Th. Schmidt, and K. C. Prince, Phys. Rev. B 63 (2001) 125335.

5/18/2004
ELETTRA

methodology of PEEM

37



Se 3d Core Level Spectra glegre

I:_. ()

F. Maeda et al.. PRB 48 (1993) 4956.
» Ga,Sej;: zincblende structure with ordered

Ga vacancies.
257 gesq * A: Se with no Ga vacancy as nearest
hv =121 eV neighbor
7207 —e—: nanocrystals « B: Se with one Ga vacancy as nearest
= —e—: substrate .
> e  integral neighbor
B * B species closer to the surface than A
2ol species
g e clean Se/GaAs: A/B =151
0.5 N B . . .
e Here: intensity ratio A/ B = 2.26
0.0+ , , , , , , , M less B species after deposition of InAs
62 60 58 5% o4 52 50 48 1 some material moved from surface to
Binding Energy (eV)

nanocrystals

From LEEM: volume of nanocrystals: 6 x 10° nm3 per pm?2
2 ML InAs correspond to 6 x 10° nm3 per pm?

SK growth mode

N nanocrystal volume is greater than expected

M additional material from another source (Ga,Se,)
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Example 3

re-organisation of a
bimetallic surface under
reaction conditions

A. Locatelli, S. Heun, M. Kiskinova
ELETTRA
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motivations

Probing the morpholoqgy and composition of a
mixed-metal surface under reaction conditions

Ll surface processes are governed by
energetics with the interplay of
diffusion of ad-species

- segregation, surface alloying,
reconstruction, clustering, lateral
Interactions ...

surface [S. Gunther et al,

J. Electron Spectrosc. and Relat.
Phenom. 114, 989 (2001)]

.1 Changes may occur on the atomic as
well as on mesoscopic length scales
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H,+O, on Rh{110} %ﬁf{f

Bi-stability P-p- Hy
oxidised < reduced

Meta-stability
oxidised — reduced 4

the surface is reduced

==

reduced — oxidised - &

the surface is oxidised

v

Elliptical shape of reaction
fronts
diffusion anisotropy
Site blocking effects

p.p. O,
; : ) ) c)
Makeev and Imbihl, o 0011
J. Chem. Phys. 113 (2000), 1. __
41

Mertens and Imbihl
Chem. Phys. Lett. 242 (1995), 221-227

5/18/2004 methodology of PEEM
ELETTRA



H,+0, on Rh{110%} - LEEM

Image profile
| | ~ 1
El
S (1x1) (2x2) | (2x6) Wawm,
>
@ (2x8)&(2x10)
: o
E
| | |
! L] .
,,,v‘ ' - ,"v.. . A . - , -3
p(0,) = 3.2:10°" mbar o= . £ ;
p(H,) = 8.0-10-" mbar . b 8 4 3 3
Sample temp. = 670 K
HMLEED measurements
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Wavefronts on Au-Rh{110} g{mw

LEEM field of view 20 um XPEEM Au 4f

k%
2 2| O

] l ] ] ] |

intensity (a.u.)

0.6 ML Au 4500 s 5000 s

530 K ' *

3.8 107 O,

4.4 107 H,

8 86 85 84 83
binding energy (eV)
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Stationary state

micro - LEED

oxidised, Au poor
“streaky” LEED pattern

micro — XPS

g £ ...°L.:.\ %&\_
b 1

prpeAet .

reduced, Au rich
(1x1) LEED

850 840 830 820
binding energy (eV)

5/18/2004
ELETTRA
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Pattern reactivity

Oxygen ambient: the pattern is preserved

LEEM 7 V
field of view 20 um

LEEM Intensity (A.U.)

2500 —

2000 —

1500 —

1000 —

500 —

[€00010/0/000100/00/000/0'0/0[0
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

200
Time (s)

5/18/2004
ELETTRA
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Pattern reactivity g{leﬂra

Oxygen ambient: the pattern is preserved
Hydrogen ambient: the pattern is destroyed

1200 — -

—~ 1000 — ® Au poor
Au rich

©

o

S
I
|

”~

400 | USRS -

Au 4f Intensity (a.u
(o))
8
|

200 — -

oxidation reduc.
XPEEM Au 4f 0ol =
- . | | |
field of view 10 um 200 400 600
time (s)
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0.5 ML Pd
0.25 ML Au
670 K

3.8 107 O,
1.4 107 H,

: XPEEM
Au 4f fov 10 um
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Summary glegre

The morphology and composition of a modified
catalyst surface is strongly influenced by the

The process is governed by the interplay between
diffusion and energetics (i.e. the minimisation of
the chemical potential

key conditions for the redistribution to occur:
lateral attractive/repulsive interaction between adsorbates
Strong interaction Me-Rh
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Image Processing

<
.
F ]
F W
# .
) h
) \
’ \
[Ls / *
E o] = : k
Z B FIT serale 4 1
= o= 12135 2% ' »
= Al 2o zee level # H
w200 ; K
5 —— Al-sbejoe [A) f
= =& AL-paloo JB) #
I S0 'f
j
1 I'
. H]is :g ..l-l-.,.l
. f _I“:_I._\._ _ _.___,.::...-l +_:|‘_
.'l
- % = = =
\‘\“'- 1,:'\: 7 K T

[

Bind ng Energy tev]

S. Heun, Th. Schmidt, B. Ressel, E. Bauer, and K. C. Prince, Synchrotron Radiation News Vol. 12, No. 5 (1999) 25.
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