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* Optische Falle
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Rontgen und die Rontgenstrahlen

Wilhelm Conrad
Rontgen
(1845-1923)

Wellenlange:
0,001 nm..1nm
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Phanomene mit Wellen

geometrische Schattengrenze
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Wellen in der Theorie
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Schmetterling: Farben durch Interferenz
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Laue: Beugung

1. 318

Interferenzeffekt
der
Rdntgenstrahlen

Max von Laue
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Becquerel und die Radioaktivitat

Becquerel (1852-1908)

Entdeckte, dass Uransalze
verpackte Filme
schwéarzen kénnen.
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J.J. Thomson und das Elektron

J.J. Thomson (1856-1940)
— Elektron

— Relativistische
Massenzunahme
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Planck: Strahlungsgesetz

Max Planck
(1858-1947)



Page 12 Rastersondenmikroskopie — Seminar | Othmar Marti, Institut fur Experimentelle Physik, Universitat Ulm University | 2010-07-29

Rutherford und die a-Teillchen

Erns 187 1-
1937)

% Mikrosk
> Atommodell kawmd_f ros zﬁ
Blei Schirm \“\
» o- und B-Strahlen |
o
> Neutronenvermutung 7 |
Metallfolre
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Bohr, Sommerfeld: Atommodelle

Niels Bohr
(1885-1962)

\@i Moseley 1913
Bohr

1920
Sommerfeld

Arnold Sommerfeld
(1868-1951)




Page 14 Rastersondenmikroskopie — Seminar | Othmar Marti, Institut fur Experimentelle Physik, Universitat Ulm University | 2010-07-29

Schrodinger und Heisen-berg: Quantenphysik

Erwin
Schrodinger
(1887-1961)

1925: Heisenberg:
Matrizenmechanik
1926: Schrddinger:
Wellenmechanik
— Beide
Formulierungensind
aquivalent.

Werner
Heisenberg
(1901-1976)
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Optische Aufldsung
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Optische Auflosung: Wellennatur des Lichtes

2 A U\J\’X
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Konnen Mikroskope Atome abbilden?

Auflosung ist
1/2 Wellenlange _

Jede Messung wirkt auf die
Probe _

Mit optischen Mikroskopen
sind Atome direkt nicht

‘“. abbildbar
2

—
”” ”
W
)
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Ruska: Elektronenmikroskopie

Ernst Ruska (1906-1988)

Elektronen. Kleine

Wellenlange gibt héhere

Auflésung

Elektronen-
quelle

| Kondensor-
spule

rObj::lu

L Objektiv-
spule

Zwischen-
_ bild

_spule

Endbild

Projektions-

_Licht-
f \ quelle

Kon-
— densor

‘[ _ Objekt

Objektiv

} | Zwischen-
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Projek-
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linse

Pl _+‘; h S
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TEM-Bilder
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E.W. Mdller: Feldionenmikroskopie

Principle of Field lon Microscope (FIM)

Poralized gas

licrochannel plate

Phosphor screen
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Frustrierte Totalrefelxion oder , Tunneln*
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oIl Geschichte
und etwas Physix
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Wie misst ein Rasterkraftmikroskop?

Im Dunkeln tastet
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Binnig and Rohrer: Scanning Tunneling Microscopy

Heinrich Rohrer
(1933-)

Durchdringungs - sz
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Gerd Binnig
(1947-)
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The Scanning Tunneling Microscope
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The Tunnel Effect

Oxide Junction
(a) (b) '
Vv (r) Vi) +¢
"/
Tunneling
into
N III II |
(c) 'IIIII \ l || N

Tunneling \

through \\\

Vacuum

Atom-Atom
Filled Empty )
Tunnel Tip
Tunneling
Metal-Metal
‘1
(e) Tunneling

Metal -
Coloured
Surface
Atom

Metal

Coloured
Surtace Atom
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Some STM Tips made of Gold
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Messung von Profilen

Tunnelstrom wird
konstant gehalten
'

Bewegung 1ONeN werden
gemessen und mit
der jewelligen
Position gespeichert

Tunnelstrom
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STM Steuerelektronik

IBM PC-XT to Host Computer

[——-—-—-———— ———— S S S R ——— —
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Behm: Platin(100)-Oberflache mit C-Kontamination
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Binnig und Rohrer: Si(111) 7x7

) Top layer
@ Sccond layer
s Third layer

Binnig G, Rohrer H, Gerber C, Weibel E. 7*7 reconstruction on Si(111) resolved in real space. Physical Review Letters, 50/2, 10 Jan. 1983,
pp.120-3.
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Binnig und Rohrer:
Au(100) 5x1

G. Binnig
Offnet
Fenster
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ST, AFiz
Augiosung
Geriite
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Microscope resolution
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What do you ,, see“ with a scanning probe microscope?

Height [um]

10

o N O

Lateral Dimension [um]

0 10 20 30 40
Lateral Dimension [um]
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Approaching the Tip

o

Telescope

Tip

lllumination
(Fiber Light Source)

| Sample |
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Types of scanners

+X

ty

1%

Z: inner electrode

ty

Piezo Actuator
Displacement Sensor
Solid State Links
Outer Frame

Middle Frame
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Electronics for STM

Piezo
Scanner

Tip

I/V-Converter

Absolute Value
Circuit

Tunnel Voltage
Source

Logarithmic
Amplifier

| Reference

x,y High Voltage
Amplifiers

+X

-X

+y

-y

PID Controller

High Voltage
Amplifier (z)

X,y Scan
Generator

Data Acquisition
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di/dV-Spectroscopy

I/\V-Converter To Feedback

Tip

N

—

. Sample

Input

Lock-In Amplifier

Reference Output Output

Voltage Source
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dl/dz-Measurement

I/V-Converter
< T1ip f
]
Sample
Input
Lock-In Amplifier
Reference Osc. Output
z-High Voltage
Amplifier
Feedback Control
/_|_\
— Electronics
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Tunneling Spectroscopy

To Feedback Electronics

I/\V-Converter

, Tipt

1 Sample

Electronic
Switch

/> | ' Divider by 2
O

Trigger
Output

Voltage Voltage X-Scan
Source 1 Source 2 Generator
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STM-Potentiometry
A voltage is applied
along the sample
/" Distance {AC) surface by the
voltage source
(Sample Bias). The
Sample Voltage (DC) dlsta_nce between
the tip and the
R sample is measured
with a small AC
voltage. The DC-
Tip Bias (AC) current is nulled by
controlling the DC-
portion of the tip bias
Sampls Bias {DC) | Feedback | Voltage. The voltage
Tip Bias (DC) Control at the tip bias (I?C)-
voltage source is
equal to the local

potential on the
sample.

Local Potential
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Scanning Tunneling Potentiometry

top part shows the local
ntial on the sample, a MIM
cture. The bottom part of the
re is the corresponding
graphy. The image size is
nm x 25 nm.

rnational Business
hines Corporation 1986)
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S Il APl
und die Umgeoung
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Schematic Design of a Scanning Probe Microscope

Microscope Head

Piezo Scanner

Tip

ach Screw
Sample
Microscope Base

B00006000 0

Piezo Scanner

" —
Sample

Microscope Base

Microscope modeled as
springs:

Idealized View

The microscope is no rigid body
External vibrations disturb the measurement
(sound, buildings, equipment)
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Vibrations: Some equations (a reminder)

Resonance frequency (lumped mass-spring-system)
1 k
f?‘ES — o
i Meff

k is the spring constant, m the effective mass

A cantilevered beam has the spring constant

3ET
k= NEE
if the force is applied to the end of the beam

| is the moment of inertia, which is for a rectangular beam

3
L
12
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P 47
T e el B el

Any scanning probe microscope (in fact: any instrument) is a many

degree of freedom oscillatory system
— These vibrations couple. Sum- and difference frequencies may also

OCCuUr.
Any external vibration may couple to the microscope
o — | mains
” o simulated building vibrations
| This is no real data

00,0001 T
0,1 1
frequency/Hz

If the relative position between tip and sample is changed by a

vibration mode, then imaging is not possible
Vibration modes which do not affect the relative position of tip and

sample are not important.
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Possible strategies

The resulting frequency is
. EbhY 1 | EbI
27?\ 4/3m€ff - 27\ 427 cam>

O<a<1 is a factor converting mass to effective mass

Ebh’ Ebh’ E h
f_ﬂ\//gm —ﬁ\//3 (plbh) =F p l*

where B is a prefactor close to unity

Build the microscope as close to a sphere as possible
Avoid long slender structures
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Why are beat frequencies bad? S
The tunneling current is given by | ~ ]0 exp ( — _)

A

where A is the characteristic decay length of order 0.1 nm

Assume that s = sy + 85 cos(wyt) + s cos(wot )
We have then I ~ [0 20 0 5 COS(MJIZ AL COS(th))
2
X
We approximate to second order el =14+ x+ y -+ 0(563 )

If we plug in s into the quadratic term, we will obtain terms at
®,+®, and at ®;-o,.

®,-®, Implies, that two resonances in the microscope close by can
have disastrous consequences
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9Ty APl
Exermene
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Eigler: Manipulation mit STM

Xenonatome werden
mit der Tunnelspitze
verschoben




Page 52 Rastersondenmikroskopie — Seminar | Othmar Marti, Institut fur Experimentelle Physik, Universitat Ulm University | 2010-07-29

Eigler: Schritte bei der Manipulation

Eisenatome
auf Kupfer
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Quanten-Stadium

Eisenatome
auf Kupfer
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N’

Kommentar der ,Kinstler*:

The artist, Zeppenfeld, was known to go
through playful moods, leaving behind a
series of images in the lab notebooks,
none of which were serious in nature.
[Zeppenfeld & Eigler]
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Titel: Atom
Medium: Fe auf Kupfer (111)

Kommentar der ,Kunstler”:

The Kanji characters for
"atom." The literal translation
Is something like "original
child.”

[Lutz & Eigler]
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AFiis

Gersdte
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Wie misst ein Rasterkraftmikroskop?

Im Dunkeln tastet
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Plattenspielernadel
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Kraftmessung: Sensor

Grosse:
Tastkopf @:

Finger

10 cm
1cm

Empfindlichkeit: 1 mN

Material:

Haut

Abtastnadel

1cm

20 um
1 uN
Diamant

— |

Kraftmessbalken

100 pm

20 nm

1pN

Silizium, Si;N,, Diamant
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Messung von Profilen

Tastsonde wird mit

konstanter
Bewegung Andruckkraft tiber
die Oberflache
gefuhrt

HO6hen werden
gemessen und mit
der jewelligen
Position gespeichert
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Erstes AFM in Santa Barbara

6= = [HFFEREMTIAL
SERING

ADJUSTING

SCREW -~ DIFFERENTIAL
SPRING
ADJUSTING
SCHE W

- SENSING
WIRE

.- THP

TSADHESIVE

T SENSING WIRE
TP SUPPORT WIRE

O. Matrti, B. Drake, and P. K. Hansma,, Applied Physics Letters 51( 7): 484-48
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Graphit gemessen unter Flissigkeiten 1987

O. Marti,
B. Drake,
and P. K.
Hansma,,
Applied
Physics
Letters
51(7):
484-486

(1987).
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Graphit 1987

O. Matrti,
B. Drake,
and P. K.
Hansma,,
Applied
Physics
Letters
51(7):
484-486

(1987).
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Kraftmessung: Detektion

Detektor LIChtzelgereffekt

— Detektion aus
Entfernung

— Zwel Krafte kbnnen
gleichzeitig gemessen
werden

— Elektronik ahnlich wie bel
CD-Plattenspieler

Halterung

Laserstrahl

Kraftmess-
balken P — Problemlose Anwendung

Tastspitze In fast allen Medien
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AFM-Balken

Material Silizium

Federkonstanten
— 0,01-100 N/m




Page 67 Rastersondenmikroskopie — Seminar | Othmar Marti, Institut fir Experimentelle Physik, Universitat Ulm University | 2010-07-29

Introduction: custom-built AFM

MELLES GAOT
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AFM

AFM
Kamera

Schallisolation

Vibrationsisolation
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Interferometer-AFM

Polarizing
Beam Spilitter

M4—Plate

Lens  gample

Photo Diode

V

Flat

Lever Drive Piezo

>

Lever

[

Scan Piezo
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Interferometer AFM

@y
Beam Splitter
Lens  gample
Light o, o, I g
Beam Splitter Modulator Lever Scan Piezo

Photo Diode

[

Lever Drive Piezo
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Fiberoptic Interferometer

Laser Diode

Optical Fiber

Signal
Photo Diode

Sample

2x2 Coupler

Reference
Photo Diode

>_

Scan Piezc

Lever Drive Piezo

Lever
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Nomarsky-Interferometer

Calcite

Wollaston

45°

Input Beam

2-Segment
Diode
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[Biljalermn Kammm
imann michnt jimimer
Lrauemn
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Displaying Data: Lines

Lines
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lines are shown one
behind the other

Hidden lines may

be removed
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Displaying Data: Meshes

Meshes

The profiles of the scan
lines are shown one
behind the other. Some
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Displaying Data: Topography

Topography

Every pixel shows
its height as a value
of gray. Usually light
gray is up and dark
gray is down

Lines Meshes
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Displaying Data: Shading

Shading

The shades of
gray represent the
directional gradient

S

Lines Meshes Topography
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Displaying Data: Shading

Shading

The shades of
gray represent the
directional gradient.

Some directions
hide features

ography

Lines Meshes Top
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Displaying Data: 3D-View

3D-View

Every pixel shows
its height as a value
of gray. The gray
scale is moved onto
the mesh of the
data.

. {l-"- » = e -_.

-

Lines Meshes Topog'raphy Shédin
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Displaying Data: 3D-View wth shading

3D-View with
shading

Every pixel shows
its height as a shade
of gray. The shade
represents the
directional surface
gradient.

B
. ”

Meshs Topog.r'aphy
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Daten darstellen

T

Topography

3D-View

Shading
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Prinzip Lichtzeiger SFM

' P
4-Segment- (/BX
Photodetektor /&4 3
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Forces in Tapping Mode

Tip-sample
Interactions
Increases effective
stiffness

Kever

x Z =55nm
[s] Z,_:SOnm
—— Free Amplitude

Amplitude - Z | [nm]

362

%% 39 360 36
Tapping Frequency [kHz]
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Phase contrast at fixed excitation frequency o

Oscillator equation X(t)+%X(t)+w02X(t) = X—lfcos(oat)

Amplitude at fixed o X(®)= Xo

Phase at fixed o

Energy loss per cycle

2

. 2
Phase-energy loss relation 2E _ 5 @ —©
E - 0,

tan (oc(o)))
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Rasterkraftmikroskope: Molekidlmanipulation

Hermann Gaub, LMU Munchen



Page 93 Rastersondenmikroskopie — Seminar | Othmar Marti, Institut fur Experimentelle Physik, Universitat Ulm University | 2010-07-29




— L
) sTM 2 A (b} STM 5 A

Scanning force/tunneling microscopy of a graphite surface in air Y. Sugawara, T. Ishizaka, and S. Morita, J. Vac. Sci. Technol. B9 pp. 1092-1095 1991
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Glimmer unter Wasser

B. Drake, O. Matrti, P. Hansma, UCSB, 1987, 2,6 x 2,6 nm?2
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Schimmel T, Koch T, Kuppers J,
Lux-Steiner M. True atomic
resolution under ambient
conditions obtained by atomic
force microscopy in the
contact mode. [Journal Paper]
Applied Physics a (Materials
Science Processing), vol.A68,
no.4, April 1999

Fig.3. AFM data of Fig. 2 together with some illustrations. The directions
of the atomic rows on the upper and lower terrace are indicated by white
lines, the atomic positions of the upper terrace right at the step edge are in-
dicated by white circles and the four kink sites are labelled by arrows. The
scanning direction in the image is from left to right
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DNA Plasmids with polymeric tip

Soft, entirely
photoplastic probes
for scanning force
microscopy. G.
Genolet, J. Brugger,
M. Despont, U.
Drechsler, and P.
Vettiger, N. F. de
Rooij, D. Anselmetti
REVIEW OF
SCIENTIFIC
INSTRUMENTS
VOLUME 70,
NUMBER 5 MAY
1999

500AFM image (0.6x0.6
) :

um< ) of DNA-plasmid
(pGEM-3Zf vector from
Promega Corporation,
Madison, WI). The width

250 of the DNA strand is 5-6
nm. The z scale was
color adjusted to 1.5 nm.




Carbon Nanotubes

FIG. 1 (color). A three-dimensional view of the atomically-
resolved carbon nanotube image acquired under constant fre-
quency shift feedback control in the noncontact regime; Af =
—65.3 Hz, A = 2.4 nm, image size 3 nm X 3 nm. The atomic-
scale features are clearly observed around the elevated topmost
area and are still slightly observed on the sloping sides. The
maximum corrugation amplitude is about 40 pm.

Rastersondenmikroskopie — Seminar | Othmar Marti, Institut fur Experimentelle Physik, Universitat Ulm University | 2010-07-29

FIG. 2 (color). (a) Constant frequency shift image with
atomic-scale features; Af = —69.6 Hz, A = 2.3 nm, image
size 1 nm X 1 nm. For better visualization of the atomic-scale
features, a parabolic curvature has been subtracted from the
raw data. (b) Contour plot of the z values recorded at the
stabilizing points during capturing the 3D-FFS. Note that the
20 X 20 data points have been extrapolated to 400 X 400 image
points for better visualization. The individual Af(z) curves
acquired at the positions labeled C1, C2, and H are shown in
Fig. 3. The slightly distorted corresponding carbon lattice is
depicted on the image.

Ashino M, Schwarz A, Behnke T, Wiesendanger R. Atomic-resolution dynamic force microscopy and spectroscopy of a single-walled carbon nanotube:
characterization of interatomic van der Waals forces. [Journal Paper] Physical Review Letters, vol.93, no.13, 24 Sept. 2004, pp.136101/1-4.
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cliticizung
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FIG. 2. Thickness maps of PBrS/PS bilayer after annealing for 1 week: (a)
PS map, (b) PBrS map, and (c) total thickness.

Ade H, Winesett DA, Smith AP, Anders S, Stammler T, Heske C, Slep D, Rafailovich MH, Sokolov J, Stohr J. Bulk and surface characterization of a dewetting
thin film polymer bilayer. [Journal Paper] Applied Physics Letters, vol.73, no.25, 21 Dec. 1998, pp.3775-7.
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http://invsee.asu.edu/
srinivas/pdf/

AFM_of Compact_Disc
pdf
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Reibungsmessungen

Torsion durch Die Tastspitze reibt an
Reibung der

» Probenoberflache

Bewegung _

Die Materialpaarungen
bestimmen den
Relbungskoeffiziente
n

Auflosung: Nanometer
Nanotribologie
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Reibungsmessungen

Topoggohie Reibang

2= 11 —— 62 ell=hchHEiﬁ_J_lm
Einzelne Polyethylenmolekile auf Glimmer
Dynamischer Reibungskontrast kann kleinste

organische Verunreinigungen auf
nichtorganischen Oberflachen detektieren

62 pm
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Figure 3. Photograph of the oscilloscope traces of the
topography z(x) (upper trace) and the frictional force F;
(lower trace). The traces were recorded simultaneously.
The scale for topography is 0.15 nm/division and for

FLq‘CVﬁ‘
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Influence of Lateral Forces

Topography Friction

Sample: PMMA, annealed
T=80°C
Height scale: 13nm
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Our Measurement System for Lateral Forces

[alera/ excrialion amphtiae

/ time

1. calibration using a
defined torque at
sloped surface

2. direct conversion
to friction
coefficient relative
to Si

3. correlation with
PFM data possible

\

data directly processed by

‘ high-speed lock-in
amplifier improving signal-

detection at low s/n-ratios

4

L-R signal (~ friction—force)

explanation

soft surface (polymer)
torsion signal {L-R

hard surface (Si)

excitation amplitude time

e o

at rest sticking sliding torque by lateral motion

relative to the sample
causes

| L-R signal during contact
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Measurements of Lateral Forces

Torsion induced

by friction AFM probe tip Is In
contact with sample
» surface

Friction coefficient
given by material
combination

Resolution: nm
Nanotribology

Movement
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Figure 3. Photograph of the oscilloscope traces of the
topography z(x) (upper trace) and the frictional force F,
(lower trace). The traces were recorded simultaneously.
The scale for topography is 0.15 nm/division and for
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Samples for Our Setup

Dewetting Polymers SBR: ~[-(CH2-CH)-(-CH2-CH=CH-CH2H»
.+ R,=14nm " !

straight chain-length =3.5 p

M = 390.000 g/mol

30% S - 70% BR, statistical

non-crosslinked

P
Ry = /7 nm _ e GH— G
straight chain-length = 309 |
. C
courtesy of S. Hild nm Df;ff’ \DCHS

e M=100.000 g/mol

Silicon: hard crystal; no visco-elasticity (lit.: 60-150 GPa)

PMMA: elastic & hard (lit.: 3.3 GPa)

SBR: rubber-elastic; pronounced relaxation phenomena
lit.: 50-150 MPa (bulk; static)
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The Strategy

protocol for our measurements:
v fresh scratch for every measurement
v atagiven F,, =12 uN
v' scanning 15x15 um? @ 3 s/line @ 300x300 px
v' PFM 1 kHz @ 245 nm amplitude
(calibrated by a Vibrometer - SIOS, lImenau)

tips in use:

42 N/m @ 300 kHz ("HF-levers")
50-100 nm radius justified
spherical apex

constant radius when broken

Corrr
D162_CrUSD 15.0kV -1.2mm x450k SE 5{17/04 12:54
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The System Response
Force vs. Time

12-
1.0-
0,8-
0,61
0,4-
0,2-
0,01
0.2-
041

= PMMA
S

mmm SBR

=uN

[F]

2 0x10™ 3.0x10™ 4 0x10™
[tI=s
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Eigenschaften ortsaufgeldst

Topographie Steifigkeit Klebrigkeit / Adhasion

LoslGseenergie HOohe des Losl6sens Hysterese
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Helazelle: Topographie
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Lasereinfang

Scattered |'I 'l
light ‘ ‘ F z
N E=E0Q zin ct
! I. .I
f \"l \\Ennducting L2 PSD
D plates
L ™ !
Fg=-mg
Ff = -[iv
Fo =0FP/c
Fe = -qEQ sin wt
M Laser
2

beam H
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Optische Pinzette

Manipulation von 10 um
Kugeln mit optischen
Pinzetten.

Die kleinen Kugeln im
Hintergrund sind 3 pm
gross.

Gerat; 60x (N.A=0.63)
Objektiv

Universitat Umea
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Laserpinzetten zum Einfangen von Zellen

POLARITAT VON T-Zellen

B-Zellen l6sen die
Kalziumfreisetzung von
T-Zellen aus

Kalzium wird nur
ausgeschuttet durch T-
Zellen, wenn die B-
Zellen am richtigen
Ende positionniert wird.
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Operating principle of the PFM
—

Forces:
*Optical forces
» Stochastic forces (brownian motion)

ot
*Forces from objects
Pooton Viscous drag forces

RESULTANT FORCE

Cooling system

Beam
splitter

Laser: 1064 nm Nd-Yag
Typical forces: 100 fN to 100 pN

Detector
electronics

Detector

Objective

Nicola Maghelli, PhD Thesis Ulm University (2004)
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From statistic to potential energies

20010

Probability maps

40 0 40x0”
x

The probability for finding a particle depemds on
the local potential

Boltzmann distribution

The probability of finding the particle anywwhere
must be 1

(1] p(F)ov =1 p, = (H o - ]dvjl

Raum Raum

Inversion

E(F)=—k Tln[p(r)J

Po

Nicola Maghelli, Phd thesis Uni Ulm (2004)
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Force on a particle attached to a Panc-1 cell

Optical trap
L Adsorbed bead

e i icml o A"\

(a) (b)

—_—n
D p—
(c) (d)

— 1.4

— 1.2

— 1.0

— 0.8

Z position (pm)

— 0.6
- 0.4

IJ—02

—— Xdisplacement

' — Y displacement

4.4 46 4.8 ' 50 Z displacement
Displacement (um)

Nicola Maghelli, PhD Thesis Ulm University (2004)
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Photonic Force Microscope and the cytoskeleton: a preview

/

Optical trap

\

water

Glass substrate

free sphere Sphere on cytoskeleton potential energy difference

30

25 4

20 A

10 A
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2
1 A |

4 ﬂ - ' 'v'v

2
I_
X
c -3
S '\ \ kalib2_Z_pot
o -4 NeyiedZpet
g ; \\ \, Differenz
. \

6 \, i

7 \

) \Mﬂﬂf

9

'10 T T T T T T T 1
-80 -60 -40 -20 0 20 40 60 80 100

Displacement (nm)

Comparison of the potential energy of a polystyrene bead in the optical tweezer
in absence of the cytoskeleton (black) to the potential energy of a bead in contact
with the keratin cytoskeleton (red) The difference (blue) shows the inverted
potential of the network. The curvature of the blue curve is proportional to
Young’s modulus of the network.
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Cell extraction

e Carcinoma Cells, line Panc 1,
Incorporate the beads

 Extraction see Bell et al 2003

AFM picture of the extracted cytoskeleton

1.00um

EM picture of the extracted cytoskeleton

(Zentrale Einrichtung Elektronenmikroskopie, Universitat Ulm)
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Brownian motion Size 16x16 um?

Free particle

Keratin gel

Particles in an extracted keratin cytoskeleton

Size 16x16 pum?
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Review of the first talk and introduction

= Microrheology: (Multiple Rg

- Beads:
+ Size: 500nm, .

+ Embedded in
(via phagocytos

+ Brownian mot
- Camera and Ma
+ Frequency: 5C

+ Particle Track

— Model for gatherir

— Mason 1995, 200

] g
.-'-F"ﬂ’ g -..E‘-ﬁ-_
____'_,_,_,-o-""'-- ""'\-u.._\_\___\_\_
T ) -%-H‘“-n-_
05— -.-H'H_._:
- — __.,-o-"""ﬂ-’-
0.45 . ""'“E-H_H P : : ___,f-f""f
0.4
0.35 .
0.3
0.25
ﬂE = T
.:-"H-F ——
— T
e { R
0.02 T " -0.04
0.01 T 7 -D.02
H""‘-.__ et
i — - ]
R ) 0.02
000" 004
’ ' ¥ (pm)
X (pm)



FCO[SPRZ  Rastersondenmikroskopie — Seminar | Othmar Marti, Institut fir Experimentelle Physik, Universitat Ulm University | 2010-07-29

Comparison of filament networks

= Extracted Pancl cytoskeleton

- Measurement data:
+ Frequency: 5000Hz

+ Bead Size: 500nm, 1um

+ Transformation of coordinates
to a radial arrangement

+ Picture Size 256x256 pixel

+ 4 Measurements for each cell
— larger time window
— lower frequencies at computation
can be measured
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Comparison of filament networks

Dynamic Shear Modulus - G' - Assembly (Protein 1g/ml, Mg 1mM)

» Assembled keratin 8/18
networks
e + G’ between 101 and 107

1 Pascal
e + G” between 102

&' (Pascal)
b=
T

and 101 Pascal e

10-0.37 |
10" 10°
Frequency (s'w)
. Dynamic Shear Modulus - G" - Assembly {Protein 1g/ml, Mg OmM})
L e L B R L OSSP PP OO OB SU P RSP ST SO RS B
)
o
g -2
g 10
o
-3
10 L Ll L Ll Ll Ll L
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Frequency « (s’1)
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y Axis (pixel)

Comparison of filament networks
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Danke!

Othmar Marti | 2010-07-28 | Institut fur Experimentelle Physik

Fragen? Aber sicher!
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