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Surface Structure Problems

... Solved by
X-Ray Photoelectron Diffraction _—
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Atomic Adsorbate

Fingerprinting: Resolution:

* Characteristic XPD pattern |
» Forward Scattering Maxima |
* Backscattering Cones ,
¢ 1st-Order Interference Fringes |
|

Holography: 10-0.5A

Bond Directions

» Atomic-Resolution Image

Chemical Intuition:

I
!
|
|
|
» Reasonable Bond Lengths |
* Coordination Number |
|
?

Structural Refinement;

» Model Calculations (SSC, MSC) 0.05A

e R-Factor Analysis



Principles of
Photoelectron Diffraction

% detector

scattered _ fg,) exp (1kl_f'r3)

wave Ir-r|

magnitude of
scattering factor

CA]
oxXygen scatterer
(Ekin = 723 eV) ®
backscattering forward
scattering
— 0 —e >

rhodium scatterer
(Ekin =723 eV)

@ :  dominant scatterers =>  gxial symmetry
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(Pb)Bi-2212(001)
Photoelectron Diffraction

(T=300K)

8§ Pb4f5/2
| Ei.=1111eV

Bi4f 7/2
Ek1n=1095 eV




Structural
model

,, 2 Au(111) domains
84A Au/Bi-2212 | rotated by 180° )
Au 4f (Ey;,=1178eV)

[112]

2 Domains (180°) <«—— Au 4d Emission (1405 eV)
from 18 ML Au/ Cu(111)



Ag / BioSroCaCus0g,, (C axis)

a) 84 A Ag c) Pt(110)
Ag 3d (885 eV) 2 Domains (109°)

a

2 Domains
of Ag(110)
Rotated
by 109°

Intensity

b) Pt(110)
Pt 4f Emission (1184 eV) d) Structural model



Orientation of Adsorbed (., Molecules

b “forward-
. firstorder  focusing"
% interference

R. Fasel et al.
Institut de Physique
Université de Fribourg

PRL 3¢, #¥73 Trasg)



1 ML Cg, on Cu(111)

Sgege
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Molecular Orientation R. Fasel et al.
(Two Domains) Université de

Fribourg



Cgo Adsorbed on Metal Surfaces
of Given Rotational Symmetries

Bonded through 6-Ring

On Substrates:

fourfold




1 ML Cgy0n Cu(110)

XPD Expt. (C 1s, 970eV) SSC Theory

Molecular Orientation R. Fasel et al.

(Two Domains) Un;\:%rggrégde



1 ML Cg, on Al(111)

'SSC Theory

Molecular QOrientation R. Fasel et al.

(Two Domains) Université de
Fribourg



1 ML Cy, on Al(001)

Molecular Orientation R. Fasel et al.

t Université de
(Four Domains) Fribourg



R. Fasel et al.
institut de Physique
Université de Fribourg



(A2 196)
uoissiwg s| O

uoije|noed 9SS




(83p) a[8ue uoissTwa te[0d
03 09 1) 4 e 0

(TT MDA %A

—= 11D

[zt

(89p) a8ue uorssmus rejod
08 0 o o0z o0

(TTT)0D wepd
(11D

FARi]

(11
10
[4Y
&0
¥0

)

Adogosmuy




uonejualio JBIRIIAJO

(ZgEMD /BN
L)

(2

[erd

Juswiiadx g



o e

(TTTINDAH™H [111] punore aSeraae pjoj-9 (ZeemD A%

_m:z_ am

{2ee)

[101] [101

fzrnl [z11] cid



1oudeworIa]

A? ¢°¢ de3pueq ‘rorernsur 1afef a13urs

TUI9)SAG o& 1




Hexagonal Boron-Nitride Monolayers on Ni(111)

- e - . L . e f
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Preparation:

. 1100K
(BN)sHg + Ni(111) . A-BN on Ni(111) + 3H,

Borazine
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Borazine exposure (L)




XPD Experiment
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h-BN/Ni(111): Nis 2x scan h-BN/Ni(111): Bls 2r scan
kin. Ehergy: 1341.9 eV, SKu, t=23.8h kin. Energy: 1549.8 eV, SiKg, t=37.8h
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Model by Y. Gamou et al.
Sci. Rep. RITU A44,(1997) 221.
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stereographic projection

projection plane image point

unit sphere

center of projection

p =2 tan(%/2)

+«+ maps circles into circles !
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Determination of Film Registry by XPD

M. Muntwiler, W. Auwdrter, F. Baumberger, M. Hoesch,
Th. Greber, J. Osterwalder, Surf. Sci. 2000.

We now know the film structure,
but how is its registry to the substrate?

N top / B fcc N hcp /B top N fcc /B hep

—@ O @
Can we find out from the % O

substrate (Ni 2p) emission? -cz p

Ni 2p (884 eV) XPD:

) Ni(111)
. |
. 1|

Does not look very promising!

b) h-BN/Ni(111)

x10* Counts per Second

® N
O B
& Top NiLayer
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@ 3rd NiLayer

.—__..,..

d N-Ni

Ni-NE T

=]

x1'0‘iACo'un‘ts per Second

-



But: Work with Difference Spectra !

Experiment

Loxp (-BN/Ni(111)) -
Loy (Ni(111))

Count Rate D erence (arb, units)

Multiple Scattering Calcs.
3 Ni layers
(Kaduwela/Fadley Code)

I (h-BN/Ni(111)) -
I (Ni(111))

=> N top !

c) N-top

lntehéity Diference (arb. units)
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Katalytische Verbrennung
von Kohlenmonoxid

Kohlen- | Sauerstoff-
monoxid @@ Molekdl
(CO) \ (O
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Oberfiache
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O/Rh(111)
Coverage vs. Oxygen Exposure

- OXYQeEn exposure at RT
- OXygen exposure at 470 K
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@ oxvgen

. first layer rhodium

. second layer rhodium
d

backscattered

wave

/

~—____ primary photo-

i electron wave

i.Greber et al., PRL 8{ 1654 (1338).



Bond Length |
Determination




O/Rh(111):
Exposure at 470 K

O 1s Emission
( Ekin = 723 eV)

a)

103 L (470 K)
b)

104L (470 K)
c)

105 L (470 K)
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Anisotropy

Azimuthal Scan
(6=58°)
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The Subsurface Site

O 1s XPD (723 eV)

Experiment: Theory (SSC)
105 L Data - 103 L. Data

fee site subsurface site subsurface site
plus hep site




The Oxygen - Rh(111) System

® fcc(2x1)-0 @ hcp-O @ fcc-O
. Rh 1st layer |
@ Subsurface
RT-saturation High exposure (470 K)
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