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Why Surface Physics ?

e Objects are contacted via their surface.
e Chemical reactions: Catalysis, electrodes of batteries
e Friction and Lubrication

e Nanotechnology is Surface Physics



"Gott schuf das Volumen,
der Teufel die Oberflache."

(verm. Wolfgang Pauli)




Surface Physics — Since When?

1805, 1806: Discussion of surface tension by T. Young
and P.S. de Laplace

1830: C.F. Gauss introduces concept of surface energy
1833: DObereiner's Feuerzeug
1874: K. F. Brauns Gleichrichter
1877: Thermodynamics by W. Gibbs, including surfaces
1906/32: 1. Langmuir, PhD / Nobel prize (surface chemistry)
1927: Electron diffraction by C.]. Davisson & L. Germer

Nobel laureates 1937

1932: Electronic surface states predicted by I. Tamm



Johann Wolfgang Dobereiner 1780-1849
Seit 1780: Flrstenberger Feuerzeug: H,SO, + Zn > H, + Funken
1810 AuBerordentlicher Professor fur Chemie, U Jena

1823 H, entzlndet sich selbst bei Durchstromen von Pt-Pulver, Pt weiBglihend

Spater Katalyse benannt (durch Berzelius); Feuerzeug vertrieben in D & GB, 1827 - 1880
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Wirkprinzip eines Katalysators




1874 Karl Ferdinand Braun
Stapel aus C uns FeS weicht von ohmschem Gesetz ab

Vermutung: dinne Oberflachenschichten relevant

Gleichrichtung



Irving Langmuir
* 31 January 1881, Brooklyn, NY, USA

+16 August 1957, Falmouth, MA, USA

From: www.nobelprize.org

Dissertation 1906 bei Nernst, Gottingen

Gasdissoziation an heiBem Platindraht

3 Jahre spater erfindeter N,-Leuchtstoffrohre (bei GE)

Grundlagenarbeiten zu
Adsorption, Katalyse, Austrittsarbeit
1932 Nobelpreis daflr



“Air to Food Food” - The greatest scientific discovery of last century
e At moderate T and high p, H, and N, (from thin air) will form NH..
e One century after invention, applied all over the world:

5x108t/a of fertilizer sustaining 40% of the worlds population .. e

e 1% of the world's energy budget used for a single reaction < s uesy
e TWO NOBEL PRIZES FOR ONE REACTION!

N>(g) + 3 Ha(g)
Unreacted
N2 and Hz

[ Compressor
A

~[ Condenser]
Reactor _
(400 °C, 200 atm) NH;(l

Storage




Beides wikipedia

Fritz Haber
1905

Haber-Bosch-Verfahren
Phosgen
Clara

emigrierte 1933 nach Cambridge
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Nobelpreise fur Chemie
1918 Fritz Haber
1931 Carl Bosch (mit Friedrich Bergius)



Nanoscale:

Surfaces increasingly important
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Richard Berndt
Molecular conductors and switches
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Vorlesungsskript
M- Sokolowski

LEED-optics 1960, Prof. Dr. K. Miiller, Lehrstuhl fiir
Festkorperphysik, Universitit Erlangen-Nirnberg. —
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Nobel Prizes: Physics

Kai M. Siegbahn
Nobel Prize 1981
Development of ESCA

G. Binnig, H. Rohrer
Nobel Prize 1986
Development STM



Albert Fert & Peter Grunberg
Nobel Prize 2007 - Physics
Interfaces

Gerhard Ertl
Nobel Prize 2007 - Chemistry
Surface Chemistry



Kristallstruktur = Gitter + Basis
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Fig. 1.4. The five two-dimensional Bravais lattices. Besides primitive unit cells
(dashed lines) also a non-primitive cell (dotted lines) is shown.
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Fig. 2.6. Main low-index planes of a fcc (face-centered cubic) crystal

BCC (110) (100) (111)

Fig. 2.7. Main low-index planes of a bee (body-centered cubic) crystal



HCP: Usually 4 Miller indices
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Diamond

[011]

[110] [011]

Fig. 2.9. Main low-index planes of a diamond crystal
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Zweidimensionale kristallographische Punktgruppen
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Fig. 3. (a) Graphical representation of the ten two-dimensional crystallographic point
groups. Equivalent points are shown as dots. (b) Symbols for the various symmetry operations.



2d lattices: point groups and space groups

International Tables for X-Ray Crystallography (1965)

Crystal system Point Space group symbols Space group
lattice symbol group full short number
Oblique 1 pl pl 1
p (primitive) 2 p211 p2 2
plmil pm 3
m plgl o]e] 4
Rectangular clmil cm 5
p & c (centered) p2mm pmm 6
2mm p2mg pmg 7
pP2g9g Pgdg 8
c2mm cmm 9
4 p4 p4 10
Square 4mm p4mm p4m 11
p p4gm p4g 12
3 p3 p3 13
p3ml p3ml 14
Hexagonal 3m p31m p31m 15
p
6 p6 p6 16
omm pémm pémm 17

The two distinct space groups p3m1 and p31m correspond to different orientations of the
point group relative to the lattice. This does not lead to distinct groups in any other case.



Zweidimensionale kristallographische Raumgruppen
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Zweidimensionale kristallographische Raumgruppen
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A. Gavezzotti: Illustrations of the Two-Dimensional Space Groups

Basis Raumgruppe Gitter




"Ubung'':
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Bechstedt

Surface symmetry not equal to slab symmetry

(111)

[110] [170] ' [110]

Fig. 1.15. Two different 2x1 reconstructions of the (111) surface of diamond-
structure crystals. (a) ideal surface; (b) 2x1 reconstructed surface due to chain
formation; and (c¢) 2x1 reconstructed surface due to an inequivalent buckling of
surface atoms. Dots: nominal first-layer atoms; circles: nominal second-layer atoms.

1st pémm
1st & 2nd p3ml



Anwendung: z. B. Auswahlregeln

c-rectangular lattice

- Square lattice

Symmetry point

Space group

Symmetry point

Space group

or line clml c2mm
I m 2mm
A A7 m m

X m 2mm
YA — m

Y/ — m

Y — m

A - m

Irreducible

part of BZ

or line p4 pdmm pdmg
r 4 4dmm 4mm
A = m m
J 2 2mm 2mm
Z — m m
K 4 4mm 4dmm
) — m m
Irreducible
part of BZ




Kann man das gleich wieder vergessen?
Alle Nicht-Rontgenleute meist schon ...

aber besser nicht ganz:



Supramolecular Patterns Controlled

by Electron Interference and Direct Intermolecular Interactions
Yongfeng Wang et al., JACS 2009, 131, 10400




Supramolecular Patterns Controlled
by Electron Interference and Direct Intermolecular Interactions
First observation of molecules orderd according to p31m

SR !

Painting, China, p31m CoPc on Cu(111), p31im




Stepped or Vicinal Surfaces

miscut angle \a

low-Miller-index terraces



Au(788)

Kréger, Jensen, Berndt,
- ' Rurali, Lorente,
260 nm X 260 nm Chem. Phys. Lett. (2007).




fcc (10 8 7)

or

fcc [7(111)x(310)]
kinked

or
fcc [6(111)x(100)]
stepped

Oura




Relaxation

normal parallel
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Rekonstruktion
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Fig. 2.13. Wood’s and matrix notation for some superlattices on a square 2D
lattice
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Fig. 2.12. Wood’s and matrix notation for some superlattices on a hexagonal 2D
lattice
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