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Why are Surfaces and Interfaces Interesting?
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Why are Surfaces (Interfaces) Important
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« influence of the surfaces on physical properties increases
significantly with decreasing particle size
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surface extremely important for miniaturization
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Eletronic Devices: Bulk vs. Surface
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Applications of Surface Science

impurity

vacuum

surface atom
surface

bulk

surface
« 1-10 monolayers, density 104 — 10'® atoms/cm?
«  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
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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 hep)

* new phase of Cobalt!

catalysis

+ enhanced chemical reactions at
small particles on surfaces

bce CRYSTAL FACES
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Fig. 13. The arrangements of atoms in the (100), (110), and
(111) faces of single crystals of metals with bee structures
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Catalysis

Hied. Frend | Sufce Science 500 (2002) 271-299

_precious metal
on washcoat

3

PLATINUM PARTICLES

complete the oxidization of hydrocarbons
and carbon monoxide by reducing the energy.
barrlers that normally Impede such chemical
reactions, Only five grams of the precious matal
are neaded because the pieces are so small that
they offer a large surface area. To ensure maximum
combustion, a computer manitors exygan and fuel
levels and carefully balances the two,

~ Scientific American
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Crystal Faces

(111)

(100

platinum:
* binding energy NO (100) > (110) > (111)
e amount Of diSSOCiation Of NO http://iwww.fhi-berlin.mpg.de/th/personal/hermanntpies.html|
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Elementary Processes on Surfaces
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Fig. 5. Schematic illustration of some microscopic atomic and molecular processes that take place at surfaces and which are relevant
for heterogeneous catalysis and corrosion. The example substrate here is ruthenium in an oxygen environment. For example, oxygen
molecules, O,, may dissociatively adsorb on the surface (indicated by the down and outward arrows), the O atoms may diffuse on the
surface (as indicated by small circles with arrows), and may associatively desorb into the gas phase as O, (indicated by the upward and
inward arrows). Alternatively they may react with the Ru atoms of the substrate to form islands of ruthenium dioxide, RuO,, or may
desorb as RuO, molecules.

C. Stampfi et al., Surface Science 500 (2002) 368
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21/science/20050222_NANOL_GRAPHIC.htm!

Size matters

The First Nanotechnologists

Ancint stanedglass makers knew thit By pulling varying, tiny amounts of geld and sives in the
gleess, they could produce the red and yallow found in staned-giass windows, Simiarty, today's
scaantists and engineers have found Ehat it takes only small amounts ol & nanopasticle, precisaly
placed, to change a material's physical properties

Gold particles in glacs

Size: 25 nm
Shape: sphere
Calor reflected:

100 naramasers =
0,000 milimeter

Silver particles in glass

Size”; 50 nm
Shape: sphar
Calar reflected:

YDDANSKIUNIVERSITET

Had medieval artists been able 10 control the size and
shape of the nanoparticles, they wouid have been abla
o use the two metals to produce other colors. Examples:

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”

www.nobel.se
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History of Surface Science: Nobel Prizes

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

8 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"




Why Vacuum?

» well defined conditions  clean surfaces
« scattering of electrons/atoms/ions for detection
free mean path has to be large enough
Vacuum pressure density mean free | time/ML
(Torr) molec. path (m) (s)
(m®)
ambient 760 2:10% 7-108 10°
rough 1 3:10%2 5-10°% 10
fine 1073 3-10 5.102 1073
high 10 3.1016 50 1
ultra high 1010 3:1012 5.10% 104
* no collissions p<10“*Torr
« clean surface p <10°Torr
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Chemical Composition of Surfaces: Auger Spectroscopy

www.omicron.de Auger

Electron
Spectroscopy

dN / dE
i
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Energy [eV]
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Surface Structure: Low Energy Electron Diffraction

www.omicron.de
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Scanning Tunneling Microscope

Gerd Binnig & Heinrich Rohrer, IBM Zirich

The Nobel Prize in Physics 1986or their design of
the scanning tunneling microscope"
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26 nm X 26 nm

Scanning tunneling microscopy and spectroscopy of iron silicide epitaxially grown on Si(111),
286 (1993) 203

W. Raunau, H. Niehus, T. Schilling, G. Comsa, Surf. Sci.
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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
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Manipulation and Chemistry by STM

moving single Xenon atoms using a STM

Xe on Ni(110) at 4 K
Nature 344 (1990) 524 - 526

Fe on Cu(111)

http://www.almaden.ibm.com/vis/stm/atomo.html
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Imaging of Single Molecules by STM and AFM

Gross et al., Science 325 (2009) 1110
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Lectures

* Bulk and surface structure, reconstruction

Ultra high vacuum
e Light and electron sources, experimental probes and techniques
— electron diffraction and spectroscopy

— vibration spectroscopy,

photoelectron spectroscopy

Auger electron spectroscopy

Scanning probe microscopy

e Chemisorption and Physisorption

e Optical Properties of Small Particles

e Adsorption/Desorption

* Catalysis

» Growth and Epitaxy of thin films and nanoparticles

e Laser surface processing

Laboratory Exercises (maybe)

« Low Energy Electron Diffraction from single crystalline surfaces
« Auger electron spectroscopy
e Thin film deposition: continuous thin films vs. island growth




