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Vorlesung
Analysemethoden II

Andrij Romanyuk

• Di 18.10. statt 8.15 ab 15.00

• Fr 21.10. ganzer Tag

Abtausch der Dozenten besser als 
Verschiebung  wird versucht.

Repetition: 

• Nanostrukturierung: Warum? Wo? Wie?  -- Beispiele
• Bottom-Up vs. Top Down
• Bottom-Up Nanostrukturieren: 

 Spielen mit Physikalischen / Chemischen WW
• Oberflaechen und Vakuum Warum? Wieviel?

• Diffusion 
• Methoden zur Bestimmung
• Bedeutung fuer’s Wachstum
• Isotropie / Anisotropie



04.10.2011

2

‘Physical’ Self Assembly of e.g. Nanowires

F. Himpsel, Th. Jung et al. 

MRS Bulletin 24, 20--24 (1999).
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‘Physical’ Self Assembly of e.g. Nanowires
jumping from 3D to 2D

F. Himpsel, Th. Jung et al. 

MRS Bulletin 24, 20--24 (1999).

e-e-e-
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Molecular Self-Assembly

“Molecular self-assembly is the spontaneous association of molecules 
under equilibrium conditions into stable, structurally well-defined 
aggregates joined by non-covalent bonds. Molecular self-assembly is 
ubiquitous in biological systems and underlies the formation of a wide 
variety of complex biological structures.”

G.M. Whitesides, J.P. Mathias and C.T. Seto, Science 254, 1312 (1991)

Die untersuchten Moleküle

Monothiole

Dithiole 1,2-Dithiol

Dithiocarbamate

Bis-Dithiocarbamate

Thiuramdisulfid
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STM 2D Self-assembled Monolayer
• etch pits
• domain boundaries
• (3)R30°
• 0.5 nm dot distance

• jagged step edges
• no molecular resolution

• etch pits
• chiral domains
• (223)R30°
• 0.96 nm dot distance

1 Schwefel/Punkt 6 Schwefel/Punkt

Untersuchung der Chemisorption

XPS - ESCA
x-Ray photoelectron spectroscopy

Electron spectroscopy for 
chemical analysis

CV
Cyclic voltammetry
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Monochromatic X-Ray 
Al Kα 1486.6 eV

Outgoing Elektrons
„lots of background“

X-Ray Photoelectron Spectroscopy - XPS

2 5 10 50 100 500 1000 2000
3

5

10

50

100

Electron energy [eV]

M
ea

n 
fr

ee
 p

at
h 

[Å
]

Elastic mean free path of electrons

Ekin = hν – Eb - Φ 

Given by the
X-ray source:
constant

Given by the
Bulk properties:
small and almost 
constant

Represents strength of interaction between 
ELECTRONS and the NUCLEUS

(Chemistry) (Physics)

(Conservation of energy)

XPS signal and chemical Shift
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The XPS Sulfursignal

•Double Peak 
(spin-orbit coupling)

•Relation of the Areas 2:1
•2P3/2 Maxima @ 164 eV
•Energishift 1.18 eV

175 165 155

2P1/2

2P3/2

Handbook of X-ray Photoelctron Spectroscopy

Binding energy [eV]

Theoretical Peakshape : 
Convolution of a 
Lorenzian and a 

Gaussian
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XPS Signale von Thiolen und Dithiolen auf Gold 

S 2p3/2

S 2p1/2

1 species @ 162 eV 1 species @ 162 eV

1 species @ 163 eV

Au
Au
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Cyclic Voltammetry - Reductive Desorption

Reductive Desorption
of dodecanethiol from gold
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Chemical Interaction at the surface
Thiols and Dithiols

Chemical Interaction at the surface

Thiurames and Dithiocarbamates
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Chemical Interaction at the surface

Bis Dithiocarbamates

Glas filter

Gold stripe
polysacharide
matrix

molecule A molecule B

Gel-Assembly from Liedberg and Tengvall

Langmuir 1995, 11, 3821-3827
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Gel-Assembly I

H

Spatial resolved assembly

DMAAB DT PBDT

Gel-Assembly – Contact Angle

Contact Angles of a Molecular Gradient Assembly

DMAAB
DT PBDT

WICHTIG: Strukturieren mit Molekuelen

Vgl: Micro-Contact Printing, Dip-Pen Lithography, Nanografting, …
Tuning von Oberflaechenenergien ~> Stabilisatoren / Emulgatoren fuer Nanopartikel 
3D  colloidale Prozesse fuer Nanopartikel  kuenstliche Membransysteme, 
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Block Copolymer Membranes as Mimics of Biological Membranes

Block Copolymer Membranes with Inserted Membrane Proteins

Pata et al. Biophysical Journal, 2003, 85 (3), 2111

• Polymer chains can be compressed 
(increase in the local surface energy but decrease in the 
stretching energy!)

• Polydispersity allows small chains to 
segregate around a membrane protein

Nardin et al. Angew. Chem., 2000, 117, 4247

Zur Anzeige wird der QuickTime™ 
Dekompressor „TIFF (Unkomprimiert)“ 

benötigt.

M.S. Bretscher, Scientific American, 1985, 253(4), 86-90 

The Nanoreactor

• full activity of encapsulated enzyme
• protection against hostile outside environment
• activation / deactivation on demand

Nardin et al, Chem. Commun 2000, 1433; 
Eur. Phys. J. E 2001, 4, 403; ...

500 nm

substrate

product

channel protein

enzyme

A. Graff, et al., Proc. Natl. Acad. 
Sci.USA ,2002, 99, 5064

Biological recognition!

Cell-specific integration of artificial organelles

N. Ben-Haim et al, Nano Lett. 2008, 8, 1368
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Microscopes
For the visualisation of millimeter to nanometer structures

Light Microscope Electron Microscope (SEM) Scanning Probe Microscope

since about 1750 since about 1955 since about 1981

geometric optics
resolution about 500 nm
Light-Intensity contrast

E-beam raster-scan
resolution  5 nm
secondary electron
counting
projection image

deflection sensor
piezo-scan
resolution 0.2 nm
3d topographic map



04.10.2011

25

Nano-Imaging: From Science to Technology                 T. A. Jung et al. 

N.B. 
Ein Bild sagt mehr als tausend Worte (Daten)

Es wird oft behauptet, es handele sich um ein chinesisches
Sprichwort. Auch Konfuzius wird oft als Urheber genannt. Der erste 
gedruckte Nachweis findet sich jedoch im englischen Sprachraum. 
Am 8. Dezember 1921 veröffentlichete Fred R. Barnard in der 
Zeitschrift "Printers' Ink" eine Anzeige mit dem Slogan "One Look 
is Worth A Thousand Words." Es handelte sich um eine 
Fachzeitschrift der Werbebranche. Die Anzeige warb für den 
Gebrauch von Bildern in Werbeaufdrucken auf Autos. Am 10. März 
1927 erschien eine zweite Anzeige mit der Phrase "One Picture is 
Worth Ten Thousand Words". Dort wird behaupted, es handele 
sich um ein chinesisches Sprichwort. Das Buch "The Home Book 
of Proverbs, Maxims, and Familiar Phrases" zitiert den Autor 
Barnard, der sagte, er habe den Slogan "als chinesisches 
Sprichwort betitelt, damit die Leute es ernst nehmen".
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T. A. Jung SPM Tutorial

T. A. Jung SPM Tutorial

E-field modifies 
X-tal structure 
and elongation

The Piezo Scanner

Piezo-Cristal

DC voltage
-220 to +220 V
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T. A. Jung SPM Tutorial

The Piezo Scanner

Piezo-Cristal

DC voltage
-220 to +220 V

contracted !

T. A. Jung SPM Tutorial

The Piezo Scanner

Piezo-Cristal
Das elektrische 
Feld verändert 
die Länge des 
Piezo-Kristalls.

DC voltage
-220 to +220 V+220 Volt

extended !



04.10.2011

28

T. A. Jung SPM Tutorial

XYZ – Scanning unit

Precision: 1/100th Angstrom

‘precision at your fingertips’

T. A. Jung SPM Tutorial
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Scanning Tunneling Microscopy

Tunneling current:      Itunnel ~  U ρt ρs(x,y) e-const d        (Tersoff and Hamann)

tip sample

=> sensitivity to local electronic structure of the sample

U

T. A. Jung SPM Tutorial
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T. A. Jung SPM Tutorial
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T. A. Jung SPM Tutorial

T. A. Jung SPM Tutorial
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T. A. Jung SPM Tutorial

T. A. Jung SPM Tutorial
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Crystal grains and their boundary

25 nm 5 nm
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T. A. Jung SPM Tutorial

T. A. Jung SPM Tutorial
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T. A. Jung SPM Tutorial

T. A. Jung SPM Tutorial
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T. A. Jung SPM Tutorial

T. A. Jung SPM Tutorial
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T. A. Jung SPM Tutorial
Science 271, 181-184 (1996)

Molecular Positioning

T. A. Jung SPM Tutorial



04.10.2011

38

T. A. Jung SPM Tutorial

Scanning Probe Microscopy

• Real Space ( not reciprocal space) 
experiments with individual objects

• Many different eperimental qualities 
(electronic, optic, mechanic, reactivity...) 
but semi-quantitative.

• Versatile tool to solve fundamental and 
applied problems at surfaces and interfaces
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T. A. Jung SPM Tutorial

AFM - “Hands & Eyes“

Detector
Laser

Cantilever

Piezo-Scanner

T. A. Jung SPM Tutorial

Cantilever with integrated Tip

1 micrometer

50 micrometers
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T. A. Jung SPM Tutorial

„Screw Dislocation“ on High Tc YBCO

~ 400 nm diameter
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T. A. Jung SPM Tutorial

T. A. Jung SPM Tutorial

DNA-Molecule

1 micrometer
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T. A. Jung SPM Tutorial

T-(tabular) AgBr grain 
of a photographic emulsion (Ilford)
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T. A. Jung SPM Tutorial

Magnetic domains on Computer HD

Mikrometer
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T. A. Jung SPM Tutorial

tip-tools  – materials testing and data storage

Indentation Hardness

2 Mikrometer

T. A. Jung SPM Tutorial

„HEUREKA“
— writing in between the lines of a CD

1 Micrometer
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T. A. Jung SPM Tutorial

Nano-Fracture / Nano-Wear

Fracture is a macroscopic
phenomenon which 
crucially depends on 
microscopic properties

 Crystal structure

 Dislocation lines

 Interfaces

 Crack initiation

 Crack propagation

T. A. Jung SPM Tutorial

Well defined model system

• Nanotower arrays produced by lithography 
technique

1m

d

h

a
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27.06.2001
T. A. Jung SPM Tutorial

Nanotower Fracture Experiments

1000 nm

breaking off and removing nanotowers

T. A. Jung SPM Tutorial

Lateral force measurement

3 m
FN

FL

400 nm

120 nm

v
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T. A. Jung SPM Tutorial

Lateral forces during fracture
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T. A. Jung SPM Tutorial
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T. A. Jung SPM Tutorial

T. A. Jung SPM Tutorial
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T. A. Jung SPM Tutorial

T. A. Jung SPM Tutorial
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T. A. Jung SPM Tutorial

T. A. Jung SPM Tutorial
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T. A. Jung SPM Tutorial

T. A. Jung SPM Tutorial
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T. A. Jung SPM Tutorial

T. A. Jung SPM Tutorial
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T. A. Jung SPM Tutorial

T. A. Jung SPM Tutorial
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T. A. Jung SPM Tutorial

T. A. Jung SPM Tutorial


