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Surface Science

Frank  Balzer

crystal growth

Why are Surfaces and Interfaces Interesting?
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Why are Surfaces (Interfaces) Important

"Atom"

1 nm

1 nm

1 n
m

1 nm 1 mm 1 mm

nv
bulk atoms

1 2 x 1010 2 x 1019

ko
surface atoms

26 5 x 107 5 x 1013

ratio:
ko/(ko+kv)

0.96 2 x 10-3 2 x 10-6

edge atoms 12 3 x 104 3 x 107

corner atoms 8 8 8

oberste Atomlage

"Grenzschicht"

Volumen

uppermost atomic layer
boundary layer
bulk

• boundary
• influence of the surfaces on physical properties increases 

significantly with decreasing particle size

� surface extremely important for miniaturization

Eletronic Devices: Bulk vs. Surface
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Applications of Surface Science

surface

• 1 – 10 monolayers, density 1014 – 1015 atoms/cm2

• structure, electronic and thermodynamic properties different from bulk

applications

• catalysis
emission of electrons, kinetics of chemical reactions, defects

• electronics, semiconductors
surface charge, surface states, band bending

• new materials
growth of new crystals depends on properties of the substrate, defects

• sensors
molecular electronics, chemical sensors

• nanotechnology
manipulation of single molecules
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Depth Range of Several Surface Processes

chemical sensors
biosensors

catalysis

wetting

solderability

friction

electrical
contact

passivation
surface treatment

corrosion

oxydation

optical properties

diffusion
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of interest   <   20  Å

thick film -
devices

work function

Henzler, Göpel
Oberflächenphysik des Festkörpers
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Applications

new materials

• growth of Cobalt on a Copper surface

• Cobalt grows with the lattice constant of 
Copper, fcc structure (not hcp)

• new phase of Cobalt!

H.-J. Freund, Surface Science 500 (2002) 271

catalysis

• enhanced chemical reactions at 
small particles on surfaces

Catalysis

Scientific American
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Crystal Faces

platinum:
• binding energy NO
• amount of dissociation of NO

(100) > (110) > (111)
http://www.fhi-berlin.mpg.de/th/personal/hermann/pictures.html

Elementary Processes on Surfaces

C. Stampfl et al., Surface Science 500 (2002) 368
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http://www.nytimes.com/imagepages/2005/02/21/science/20050222_NANO1_GRAPHIC.html

Size matters

History of Surface Science: Nobel Prizes

• 1909: Wilhelm Ostwald, Chemistry
"in recognition of his work on catalysis 
and for his investigations into the 
fundamental principles governing 
chemical equilibria and rates of reaction"

• 1912: Paul Sabatier, Chemistry
"for his method of hydrogenating organic 
compounds in the presence of finely 
disintegrated metals …„

• 1921: Albert Einstein, Physics
"for his services to Theoretical Physics, 
and especially for his discovery of the 
law of the photoelectric effect"

• 1925: R.A. Zsigmondy, Chemistry
"for his demonstration of the 
heterogenous nature of colloid solutions 
and for the methods he used, which 
have since become fundamental in 
modern colloid chemistry" 

• 1932: Irving Langmuir, Chemistry
"for his discoveries and investigations in 
surface chemistry" 

• 1937: Clinton Davisson, Physics
"for their experimental discovery of the 
diffraction of electrons by crystals" 

• 1981: Kai M. Siegbahn, Physics
"for his contribution to the development 
of high-resolution electron spectroscopy" 

• 1986: G. Binnig, H. Rohrer,
Physics
"for their design of the scanning 
tunneling microscope" 

• 2007: Gerhard Ertl, Chemistry
"for his studies of chemical processes on 
solid surfaces" www.nobel.se
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Why Vacuum?

• well defined conditions � clean surfaces

• scattering of electrons/atoms/ions for detection

� free mean path has to be large enough

• no collissions � p < 10-4 Torr

• clean surface � p < 10-9 Torr

1045·1053·101210-10ultra high

1503·101610-6high

10-35·10-23·101910-3fine

10-65·10-53·10221rough

10-97·10-82·1025760ambient

time / ML 
(s)

mean free 
path (m)

density
molec.
(m3)

pressure
(Torr)

Vacuum

Chemical Composition of Surfaces: Auger Spectroscopy
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Surface Structure: Low Energy Electron Diffraction
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Scanning Tunneling Microscope

http://www.ieap.uni-kiel.de

� Gerd Binnig & Heinrich Rohrer, IBM Zürich
The Nobel Prize in Physics 1986 "for their design of 
the scanning tunneling microscope"
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Scanning tunneling microscopy and spectroscopy of iron silicide epitaxially grown on Si(111), 
W. Raunau, H. Niehus, T. Schilling, G. Comsa, Surf. Sci. 286 (1993) 203

STM of FeSi2 on Si(111)

26 nm x 26 nm

Scanning Tunneling Microscopy (STM)

‚filled states‘

12.5nm x 12.5 nm

Scanning tunneling microscopy and spectroscopy of iron silicide epitaxially grown on Si(111), 
W. Raunau, H. Niehus, T. Schilling, G. Comsa, Surf. Sci. 286 (1993) 203

STM Image of Si(111)
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moving single Xenon atoms using a STM 

Xe on Ni(110) at 4 K

Nature 344 (1990) 524 - 526

Fe on Cu(111)

Manipulation and Chemistry by STM

http://www.almaden.ibm.com/vis/stm/atomo.html

Imaging of Single Molecules by STM and AFM

Gross et al., Science 325 (2009) 1110

STM

AFM

Chemical Structure

AFM
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Lectures

• Bulk and surface structure, reconstruction

• Ultra high vacuum

• Light and electron sources, experimental probes and techniques 

– electron diffraction and spectroscopy

– vibration spectroscopy,

– photoelectron spectroscopy

– Auger electron spectroscopy

– Scanning probe microscopy

• Chemisorption and Physisorption

• Optical Properties of Small Particles

• Adsorption/Desorption

• Catalysis

• Growth and Epitaxy of thin films and nanoparticles

• Laser surface processing

Laboratory Exercises (maybe)

• Low Energy Electron Diffraction from single crystalline surfaces

• Auger electron spectroscopy

• Thin film deposition: continuous thin films vs. island growth

• Dip-pen Nanolithography


