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1 - Introducdo

Porque Estudar Superficies ?

A superficie € uma interface entre dois meios, muito comum
ha nhatureza:

» Solido-gas ; sdlido-liqiido; sélido-sélido; sélido-vdcuo;
ligliido-gas.

- Grande relevancia na Inddstria: catdlise, armazenamento
de dados, microeletronica, fotonica, tribologia, adesdo,
embalagens, protegdo (corrosdo/oxidagdo), bionica, ligas-2D,
AL



1.1 - Quais sdo as informagoes importantes ?

Conhecer a estrutura eletronica e arranjo
geométrico dos dtomos presentes na superficie

pode ser a chave para se compreender melhor
as propriedades fisico-quimicas de um material

Sempre estamos interessados em saber:

- identidade quimica, concentragdo, posi¢oes dos
atomos, tipo de ligagdo, densidade de estados,
energia total do sistema, efc.



Geometria da superficie aplicada a catdlise
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2D Alloy : Au on Ni(111) for n-butane conversion

A) 0.02 ML of Au
B) 0.07 ML of Au
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n-butane conversion by Ni
and Au/Ni-supported
catalyst

Chem

Position

DFT calculated adsorption
energy for C atoms on Besenbacher et al.

Ni(111) in two cases : .
clean Ni(111) and Science, 279 (1998)

substitute some Ni for Au.



structures by technique < 2001

SSD:




Técnicas Experimentais e Tedricas
PED e PED STM LEED
Holography
Tipo de ordem Longo (>100A )
desordenado
Elemento/ Sim Comulmente Nao
Quimica Nao diretamente

Profundidade |5-40 A Majorit. DOS |5-20 A

1 camada
Resolucao (3004 ) - Imm? | Unico dtomo lum?- Tmm?
Lateral




Definigdes e Nomenclatura para superficies ordenadas

Espago Real Espago Reciproco

Diffraction Pattern




Determinagdo qualitativa da geometria da superficie por LEED
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Photoelectron Diffraction (PED)
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Teoria Difracdo de Fotoelétrons
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Characteristics of Photoelectron Diffraction

Advantages:
* Element Specific, Chemistry Specific
* Short range order probe ( <20 A)
* Sub-surface Sensitivity
* Angular Momentum and Spin Dependence
* Selective excitation controlling photon energy and
polarized light (Linear , Circular Dichroism)
* Direct Structure — 3 D atomic images from holographic analysis

Disadvantages:
* Expensive
* Most powerful with Synchrotron
* Slow : hours to days ( conventional ); minutes to hours ( powerful SR)
* May be very depending of theoretical models
( multiple scattering calculation)






Some Examples of Surface
Structure Determined by PD at LNLS

* Clean Metal Surface : Pd (111)

* Random Surface Alloys : Pd on Cu (111)
and Cu on Pd(111)

* Ordered 2D Alloy : Pd(111) - Sb (/3 x+/3|R30°



Pd 3d: PD experiment

Clean Pd(111)

MSCD code (Y. Chen and M. Van Hove)
http://electron.Ibl.gov/

~400 XPS

+1.3 -1.3
'H. Ohtarni et al , Surf. Sci. 187, 372 (1987)



Random surface Alloy of Pd on Cu(111) after anneal.

E,=90 eV
( Clean CU(]-]-]-) ) o4 36 18 0 18 36 o4 54 36 18

0 a
theta theta

Pd 3d experimental PD Pd 3d MSCD Theory

* structure at 8 20° indicate Pd diffusion up to
3rdlayer
- Best fit to : 20:70:20 % of Pd in the 15, 2" and
‘ 37 layers respectively.
— * 5% expansion of the first interlayer distance
» 2% contraction of second interlayer distance

E,=90 eV
(PdCu dlloy)



~ 1ML Cu on Pd(111) after anneal. 600K

Cu 3p: Exp. Cu 3p: theory

* Random Alloy

» Very good (1x1)LEED
pattern

*+ ~100% Cu 1s* layer

- ~ very little Cu in the
2 |ayer and none

in the 3 layer.

Small Diffusion !l

A.de Siervo et al. (unpublished)



~ 3ML Cu on Pd(111) Annealed to ~ 1000 K

Cu 3p: Experimental Pd 3d: Experimental

* Random Alloy

i

*>90 % Cu 1stlayer

* ~75 % Cu 2" layer
(Cu,Pd)

» No diffusion to 3
layer.

Agree with total energy theory
A.V.Ruban, PRB,59(1999)15990

Relaxation with respect d,

d,,=+10.9+1% d,;=-6.4+1%



Ordered 2D alloy: Sb over Pd(111)

Emitter: Pd 3d LEED: E=50 eV
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Some Perspectives ... May be
with an Undulator Beam Line at
LNLS

- Near Node and In Node Photoelectron Diffraction for
Holography Inversion

- Time Resolve Photoelectron Spectroscopy



XPD for surface structure determination: The case of Si(100)c4x2

S1-XPD flefty and M5 stmmlations Crighty ai hv= 140 and 160 2V,
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S-XPD (left) and MS simulations (right)
at hv=145 and 160 eV, Emitters are those
silicon atoms in the second layer subsirate

labeled as ATOM 4.



Photoelectron Holography: Analogy to Optical Holography

L.aser Beam
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Method of Photoelectron Holography Inversions
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*Scattering factor, phase (SWIFT)



XPH example: Mn on Ni(100)
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Colaboradores em PED
* Prof. Richard Lander (UNICAMP -SP)

* Prof. George G. Kletman (UNICAMP-SP)

* Prof. Jonder Morais (UFRGS -RS)

* Prof. Vagner E. De Carvalho (UFMG-MG)

* Prof. Roberto Paniago (UFMG -MG)

* Dr. Edmar A. Soares (UFMG -MGQG)

* Dr. Carla Bittencourt (UNICAMP -SP)

* PhD. Student Abner de Siervo (UNICAMP-SP)
* Terezinha Ap. Fazan (UNICAMP -SP)

* [UV stuff (LNLS -SP)



www.ifi.unicamp.br/gfs

asiervo(@ifi.unicamp.br

Oportunidades em Fisica de Superficies (IC, MS, DT, PosDoc)

Experimental: XPS, UPS XAES, LEED, PED

»Teoria: PED, Auger e Teoria do Funcional-Densidade (DFT)

»Topicos: Ligas 2D (ligas de superficie), ligas metalicas
suportadas em 6xidos




PD Holography for direct 3D atomic images

* Measure I(k) for several k direction and several energies
|k|. A volume in k-space can be produce suppression of twin
Images

~4000 XPS . ( only for high performance beam line lll)

Szoke (1986), Barton (1988) and several papers Fadley group ( 199x)

» Exploring circular polarized light (CDAD)

6.H.Fecher, et. al. J.Electron.Spectrosc.Rel. Phen. 76 (1995) 97

» Suppression of forward scattering by
" Near Node photoemission "



Advantages of Near Node Photoemission
proposed by Osterwalder
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Imaging atom sites with near node photoelectron holography

Al(111) using 2s level p-radiation at the ALOISA beam line - ELETTRA
by Osterwalder group.
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J. Wider et al., Phys. Rev. Lett. 86, 2337, (2001).



"Near Node" or "In Node" Photoelectron
Diffraction at LNLS

* In Node - Align the backside of Omicron EA 125HR analyzer
with SGM beam line . SR traveling through electrostatic lens

Al(111)
2S

In node simulation Near node simulation

* Near Node - Using In-situ omicron AR-65 analyzer :
Need New Chamber and twin-plane goniometer
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