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The nc-AFM 2011 continues a series of international conferences dedicated to research at the frontiers of science and technology of nc-AFM
and spectroscopy. The conference covers experimental, theoretical, and
instrumental contributions on frequency modulation and other
dynamic and static operation modes with particular emphasis on high
resolution imaging and force spectroscopy for a broad range of applications in nanosciences. Former conferences where held in Kanazawa,
Japan (2010); New Haven, USA (2009); Madrid, Spain (2008); Antalya,
Turkey (2007); Kobe, Japan (2006); Bad Essen, Germany (2005); Seattle,
USA (2004); Dingle, Ireland (2003); Montreal, Canada (2002); Kyoto, Japan
(2001); Hamburg, Germany (2000); Pontresina, Switzerland (1999); and
Osaka, Japan (1998).

We welcome you to the 2011 conference which takes place in Lindau at
Lake Constance located in the beautfull tri-border region between Germany, Austria, and Switzerland. The historic city of Lindau can be easily
reached by train from international airports like Zurich, Munich and
Frankfurt. This and the impressive landscape of Lake Constance makes it
the perfect spot for our annual meeting. Following the tradition of the
previous nc-AFM conferences the nc-AFM 2011 is accompanied by a
satellite symposium dedicated to Quantitative Nanoscale AFM Measurements in Life Science which was organized with the help of Prof. Georg E.
Fantner (Institute of Bioengineering, EPFL Lausanne, Switzerland).
We hope that you will enjoy the conference with us and have a wonderful time in Lindau at Lake Constance
Hendrik Hölscher, Thilo Glatzel, Ernst Meyer
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Non-Contact Atomic Force Microscopy (nc-AFM) has fulfilled the longstanding goal of true atomic resolution imaging and spectroscopy as
well as nanoscale manipulation on all kind of surfaces. As an offspring of
the atomic force microscope (AFM) invented by Binnig, Quate and
Gerber in 1986 we now celebrate the 25th anniversary of all AFM techniques. Today this technique is widely spread in the scientific community
especially in physics, nanosciences and biology and enables the detailed
analysis of material properties like structure, elasticity, friction, and force
fields down to the atomic and molecular scale.
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Registration:
The registration desk is open during all conference times.
Onsite registration is possible.

Tourist and Hotel Information:
A tourist and hotel information desk is located at the conference site on Sunday and Monday. It will be provided by the
local tourist organization ProLindau.

Welcome BBQ:
The Welcome BBQ takes place in the Inselhalle at the conference site, and is sponsored in part by Omicron Nanotechnology GmbH.

Conference Hall:
Eating and smoking are not allowed in the Conference Hall.
Power supply sockets will be available.

Oral Presentation:
The time for contributed talks is 20 min including 5 min
discussions. Projectors are available in the conference room.
Backup laptops are provided to ensure a seamless talk session. Please, provide a backup pdf file of your talk on a USB
stick.

Poster Presentation:
Poster sessions will be held during the conference. The poster
boards are 153 cm height and 90 cm wide. Pins will be provided at the poster boards. Authors are requested to stand at
their posters during the scheduled poster session.

Conference Dinner:
The conference dinner will be in following to a visit of the
famous Zeppelin museum in Friedrichshafen on Wednesday
evening. We will travel to Friedrichshafen with the fairy „Königin Katharina“ (Queen Katharina).

WiFi Access:
WiFi access is available in the Inselhalle. Login information is
provided at the registration desk.

Local map of Lindau
g.

Telefon (0 83 82) 26 00 30
Telefax (0 83 82) 26 00 26
www.lindau-tourismus.de

B urg

Lennart-Bernadotte-Haus
Alfred-Nobel-Platz 1
(gegenüber dem Hauptbahnhof)
88131 Lindau (B)
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tr.

ProLindau Marketing GmbH & Co. KG

Herausgeber und Copyright
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EXHIBITORS
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Atomic Force F&E GmbH
Hauptstrasse 161
68259 Mannheim
Germany
www.atomicforce.de

Bruker AXS S.A.S
7 rue de la Croix Martre
91120 Palaiseau
France
www.bruker-axs.com

JPK Instruments AG
Bouchestrasse 12
12435 Berlin
Germany
www.jpk.com

NanoAndMore GmbH
Steinbuehlstrasse 7
35578 Wetzlar
Germany
www.nanoandmore.com

OLYMPUS Corporation
2-3 Kuboyama-cho, Hachioji,
Tokyo 192-8512
Japan
http://probe.olympus-global.com/en/

Omicron NanoTechnology GmbH
Limburger Strasse 75
65232 Taunusstein
Germany
www.omicron.de

Schaefer Technologie GmbH
Robert-Bosch-Strasse 31
63225 Langen
Germany
www.schaefer-tec.com

SPECS Surface Nano Analysis GmbH
Voltastrasse 5
13355 Berlin
Germany
www.specs.com

Zürich Instruments AG
Technoparkstrasse 1
8005 Zürich
Schweiz
www.zhinst.com
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Symposium: Quantitative Nanoscale
AFM Measurements in Life Science

While originating from a common ancestor, instruments and techniques used for
AFM in life science have become markedly different from those used in UHV and low
temperatures, and two distinct AFM communities have emerged. In recent years
however, the influence of methods developed for UHV and low temperature AFM are
getting adopted in AFM for life science. Frequency modulated AFM and small amplitude AM-AFM have shown tremendous promise for achieving atomic resolution in
aqueous environments. In addition, AFM measurements in life science have transitioned from mere imaging to quantitatively measure properties of biological samples
at the nanoscale. Multifrequency AFM, single molecule force spectroscopy and
nanoscale mechanical property measurements have become reliable tools.
The purpose of the symposium “Quantitative Nanoscale AFM Measurements in Life
Science” is to highlight how concepts from non-contact AFM can be applied to life
science AFM, and to further the exchange between these two fields. Topics will
range from high-resolution imaging of solid liquid interfaces, measurement of dynamic molecular interactions and molecular recognition to the use of AFM for cellular
biology.
Scientific sessions start on Sunday, Sep 18th, 2011 at 2:30 pm and overlap with the
nc-AFM 2011 conference on Monday Sep 19th. In order to give a broad overview of
the field, the symposium consists of 9 regular contributed talks and invited review
talks by:
Francesco Stellacci (EPFL)
Ricardo Garcia (IMM, Madrid)
Ozgur Sahin (Harvard)
Thomas Gutsmann (FZ-Borstel, Univ. Lübeck)
Johannes Preiner (JKU, Linz)

SYMPOSIUM

Due to its unique capability to measure non-conductive materials with nanometer
resolution, the atomic force microscope has early on been an attractive tool for
nanoscale investigations in biology. Over the last 20 years, AFM has been established
in many life science related fields such as biophysics, molecular and cellular biology,
biomaterials and pharmaceutics.

TOPICS
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Novel Instrumentation and techniques in AFM
Atomic resolution imaging on insulating substrates,
semiconductors, and metals
Atomic resolution imaging on molecular systems
High-resolution imaging of clusters, biomolecules,
and biological systems
Atomic- and molecular-scale manipulation
Combined force and tunneling spectroscopy
High-resolution imaging and spectroscopy in liquid
environments
Theoretical analysis of contrast mechanisms; forces
& tunnelling phenomena
Measuring tip-sample interaction potentials and
mapping 2D and 3D force fields
Small amplitude and lateral force measurements
using dynamic methods
Mechanisms for damping and energy dissipation
Measuring nanoscale charges, work function, and
magnetic properties
Simulation of images and virtual SPM systems
Tapping mode versus non-contact mode imaging

nc-AFM 2011
scientific program

PROGRAM
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Symposium
Liquids
Oxides & Insulators
Spectroscopy
KPFM
Semiconductors

Techniques
Molecules I
Theory
Magnetics
Molecules II
High-k Oscillators

ORAL
PRESENTATIONS
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Sunday

18. September

Symposiums talk
SESSION I
14:30

chair: G. Fantner
Probing of complex Solid-liquid Interfaces with AM-AFM

Francesco Stellacci
15:10

and Kislon Voitchovsky

Atomic point-defect resolution in liquids with amplitude modulation AFM

Jason P. Cleveland , Mario B. Viani, Deron A. Walters, and Roger Proksch
15:30

Molecular-scale Investigations of Monoclonal Antibodies in
Liquids by FM-AFM

Shinichiro Ido , Hirokazu Kimiya, Kei Kobayashi, Kazumi Matsushige,
and Hirofumi Yamada

15:50

Coffee Break
chair: F. Stellacci

SESSION II
16:30

Advances in bimodal AFM imaging of molecules in liquid
E.T. Herruzo, C. Dietz, J.R. Lozano, D. Martinez-Martin, J. Gomez-Herrero, H. Asakawa,
T. Fukuma, and

17:10

R. García

Applications of three-dimensional force mapping method to imaging of
biological samples with large structures in liquids

Kiyohiro Kaisei , Kei Kobayashi, Noriaki Oyabu, Masahiro Ohta, Ryohei Kokawa,
Yoshiki Hirata, and Hirofumi Yamada
17:30

Force spectroscopy on DNA and amyloid fibrils by means of FM-AFM

Andrea Cerreta , Dusan Vobornik, Giovanni Di Santo, Susana Tobenas,
Jozef Adamcik, and Giovanni Dietler

Welcome BBQ

(18:00 -21:00)

19. September

Monday

Symposiums talk
SESSION III
09:00

chair: J. Preiner
Microsecond-Timescale Biomolecular Interactions Probed by Dynamic AFM

Ozgur Sahin
09:40

Hydration to Hydrophilic Monolayers Visualized by FM-AFM
Takumi Hiasa, Kenjiro Kimura, and

10:00

Hiroshi Onishi

Visualizing Molecular Arrangements at the Surface of
Cylindrical Protein Structures by FM-AFM in Liquid

Hitoshi Asakawa , Yukitoshi Katagiri, Koji Ikegami, Mitsutoshi Setou,
and Takeshi Fukuma

10:20

Investigation of Mechanical Properties of Living Cells by
Combined Optical Microscopy and Atomic Force Microscopy

Alexandre Berquand , Andreas Holloschi, Hella-Monika Kuhn, Mathias Hafner,
and Petra Kioshis

10:40

Coffee Break
chair: O. Sahin

SESSION IV
11:20

How can atomic force microscopy help to understand bacterial infections?

Thomas Gutsmann
12:00

Challenges of non-contact AFM biological samples studies

Dusan Vobornik , Andrea Cerreta, and Giovanni Dietler
12:20

Simulating non-contact AFM imaging of calcite in water

Bernhard Reischl and Adam S. Foster
12:40

Imaging of Molecular Recognition at the Nano-Scale

Johannes Preiner and Peter Hinterdorfer
13:00

Lunch

Monday
Opening Remarks

(14:30 -14:50)

Liquids
14:50

19. September

chair: F. Giessibl

SPM Technologies past, present ,future

Christoph Gerber

15:30

Molecular-scale charge distribution at an interface between liquid and
surfactant assembly investigated by three-dimensional force mapping

Kazuhiro Suzuki , Noriaki Oyabu, Kei Kobayashi, Kazumi Matsushige, and Hirofumi Yamada

15:50

Coffee Break

Oxides & Insulators
16:30

chair: M. Reichling

Two-dimensional growth of nanoclusters and molecules on Suzuki surfaces
B. Hoff, M. Gingras, A. Gulans, T. Hynninen, R. Peresutti, C. R. Henry, A. S. Foster, and

16:50

C. Barth

NC-AFM Tip & Surface Species Identification on Oxidized Cu(110)

J. Bamidele , Y. Kinoshita, R. Turanský, T. Satoh, S. H. Lee,

Y. Naitoh, Y. J. Li, M. Kageshima,

Y. Sugawara, I. Štich, and L. Kantorovich

17:10

Resolving the Atomic Structure of Amorphous Silica

Leonid Lichtenstein , Steffanie Stuckenholz, Christin Büchner, Markus Heyde,
and Hans-Joachim Freund

17:30

NC-AFM experiments and atomistic simulations of
the surface structure and defects on the MgAl2O4 (100) surface
Morten K. Rasmussen, Filippo F. Canova, Kristoffer Meinander, Flemming Besenbacher, Adam S. Foster,
and

17:50

Jeppe V. Lauritsen

Step structures on CeO2(111) identified by NC-AFM and KPFM

Hans Hermann Pieper , Clemens Barth, and Michael Reichling

Poster Session I

(18:30 - 20:30)

chair: S. Solares

20. September

Tuesday

Spectroscopy
09:00

chair: P. Grütter

Atom-Specific Interaction Quantification and Identification by 3D-SPM

Mehmet Baykara , Harry Mönig, Milica Todorović, Todd C. Schwendemann, Ruben Perez,
Eric I. Altman, and Udo D. Schwarz

09:20

Conservative and Dissipative Tip-Molecule Interactions:
Force Spectroscopy Investigations on an Organic Adsorbate

Gernot Langewisch , Daniel-Alexander Braun, Jens Falter, Harald Fuchs, Andre Schirmeisen,
Wojciech Kaminski, and Ruben Perez

09:40

NC-AFM and Force spectroscopy applied to H terminated Si(111)7x7

Toyoko Arai , Tatsuya Ikeshima, Yuqi Zhang, and Masahiko Tomitori

10:00

Quantitative static and dynamic force spectroscopy of
atomic-scale forces and energy dissipation

Shigeki Kawai , Filippo Federici Canova, Thilo Glatzel, Adam S. Foster, and Ernst Meyer

10:20

An atomic contact studied by small amplitude dynamic force microscopy
Shigeki Kawai, Thilo Glatzel, Sascha Koch,

10:40

Alexis Baratoff , and Ernst Meyer

Coffee Break

KPFM
11:20

chair: H. Onishi

Polarization effects and charge state characterization in nc-AFM
Franck Bocquet,

11:40

Laurent Nony , and Christian Loppacher

Detection of charge state of individual gold nanoparticles with
single-electron resolution

Yoichi Miyahara , Antoine Roy-Gobeil, Lynda Cockins, and Peter Grütter

12:00

Effect of Orbital Hybridization on Kelvin Probe Force Microscopy Images

Masaru Tsukada , A. Masago, and M. Shimizu

12:20

Surprise-surprise: local work function variations on clean Au(111)

Peter Milde , Ulrich Zerweck-Trogisch, Denny Köhler, and Lukas M. Eng

12:40

High-resolution surface potential mapping on single-walled carbon nanotubes
using frequency-modulation high-frequency electrostatic force microscopy

Masanao Ito , Kei Kobayashi, Yuji Miyato, Kazumi Matsushige, and Hirofumi Yamada

13:00

Lunch

Tuesday
Semiconductors
14:30

20. September

chair: U.D. Schwarz

Atomic and chemical resolution of heterogenous In-Sn chains on
Si(100)-(2x1) studied by nc-AFM and DFT

Martin Setvín , Pingo Mutombo, Zsolt Majzik, Martin Ondráček, Pavel Sobotík, Vladimir Cháb,
and Pavel Jelínek

14:50

Molecular recognition of single molecules adsorbed on the Si(111)-(7x7)
surface by means of nc-AFM

Zsolt Majzik , Wojciech Kaminski, Benedict Drevniok, Alastair B. McLean, Vladimir Cháb,
and Pavel Jelínek

15:10

Visualization of atomic scale elasticity on Ge(001) surface with
multifrequency FM-AFM

Yoshitaka Naitoh , Yan Jun Li, and

15:30

Yasuhiro Sugawara

Dopants & Defects on Si(100): Imaging & manipulation by qPlus NC-AFM

Adam Sweetman , Sam Jarvis, Rosanna Danza, and Philip Moriarty

15:50

Coffee Break

Techniques
16:30

chair: R. Pérez

Tip-induced heating of Co atoms on Cu(110)-O surface with
low-temperature AFM

Yasuhiro Sugawara , Yukinori Kinoshita, Yoshitaka Naitoh, and Yan Jun Li

16:50

Force and conductance of contacts to a C60 molecule

Nadine Hauptmann , Leo Gross, Fabian Mohn, Gerhard Meyer, Thomas Frederiksen,
and Richard Berndt

17:10

Measurement of tip-sample interaction forces under infrared irradiation
toward high-spatial-resolution infrared spectroscopy using FM-AFM

Yoshihiro Hosokawa , Kei Kobayashi, Hirofumi Yamada, and Kazumi Matsushige

17:30

Mapping Electron Clouds with Force Microscopy

C. Alan Wright and Santiago Solares

17:50

Topography and KPFM measurements of NaCl islands grown on
copper surface by means of nc-AFM in pendulum geometry

Marcin Kisiel , M. Langer, U. Gysin, S. Rast, Th. Glatzel, and E. Meyer

Poster Session II

(18:30 - 20:30)

chair: P. Jelínek

21. September

Wednesday

Molecules I
09:00

chair: A. Schwarz

Reversible bond formation in a metal-molecule complex

Fabian Mohn , Jascha Repp, Leo Gross, Gerhard Meyer, Matthew S. Dyer, and Mats Persson

09:20

Exploring short range interactions between two neutral molecules

Martina Corso , Christian Lotze, and José Ignacio Pascual

09:40

Measuring the charge state of a single redox molecule with nc-AFM

Thomas Leoni , Hermann Walch, Olivier Guillermet, Véronique Langlais, Andrew Scheurman,
Jacques Bonvoisin, and Sébastien Gauthier

10:00

Sub-molecular resolution imaging and orientational control of on
tip C60

Cristina Chiutu , Lakin Andrew, Stannard Andrew, Sweetman Adam, Jarvis Samuel
Dunn Janette, and Moriarty Philip

10:20

Dynamic Force Spectroscopy at a Single Molecule Junction

Christian Lotze , Martina Corso, Gunnar Schulze, Katharina J. Franke,
and Jose Ignacio Pascual

10:40

Coffee Break

Theory
11:20

chair: A. Foster

Measuring individual up and down tip forces in Dynamic AFM

Lev Kantorovich , Adam Sweetman, and

11:40

Philip Moriarty

Chemical identification of surface ions on polar surfaces using
metallic tips and adsorbed molecule

Thomas Trevethan , Gilberto Teobaldi, Knud Lammle, Matt Watkins, Alexander Schwarz,
and Alexander Shluger

12:00

NC-AFM energy dissipation mechanisms

Filippo Federici Canova , Shigeki Kawai, Thilo Glatzel, Adam S. Foster, and Ernst Meyer

12:20

What role does orbital overlap play in atomic manipulation?

Sam Jarvis ,

12:40

Lunch

Adam Sweetman, Lev Kantorovich, and Philip Moriarty

Wednesday

21. September

Magnetics
13:50

Properties of Magnetic Tips for Magnetic Exchange Force Microscopy
and Spectroscopy
Rene Schmidt,

14:10

chair: E. Meyer

Alexander Schwarz , and Roland Wiesendanger

Atomic Scale Magnetic Dissipation from Spin-Dependent Adhesion Hysteresis

Elena Y. Vedmedenko , Q. Zhu, U. Kaiser, A. Schwarz, and R. Wiesendanger

14:30

Single vortex manipulation in superconducting NdFeAsO1-x Fx

Magdalena Huefner , Jeehoon Kim, Matt Tillman, Paul Canfield, and Jennifer Hoffman

Excursion & Conference Dinner

(15:30)

15:30

Departure of the Königin Katharina from Lindau Harbour

16:40

Arrival in Friedrichshafen

17:00

Guided tours through the Zeppelin museum

18:45

Conference Dinner

21:30

Departure of the Königin Katharina from Friedrichshafen

22:45

Arrival in Lindau

22. September

Thursday

Molecules II
09:00

chair: A. Shluger

Exploiting transient non-equilibrium structures for the formation of
complex molecular islands on insulating surfaces
Martin Körner, Felix Loske, Mario Einax, Michael Reichling, Philipp Maass, and

09:20

Angelika Kühnle

Mechanical switching of single porphyrins investigated with a
tuning fork sensor

Rémy Pawlak , Sweetlana Fremy, Shigeki Kawai, Thilo Glatzel, Hongjuan Fang, Leslie-Anne Fendt,
François Diederich, and Ernst Meyer

09:40

Phase transition of a molecular film: Following the rearrangement of a
transient molecular structure on calcite (1014)

Markus Kittelmann ,

10:00

Philipp Rahe, Christopher Hauke, Markus Nimmrich, and Angelika Kühnle

Extended 2-dimensional growth of hexahydroxy triphenylene on KCl
Laurent Nony, Franck Bocquet, Stefan Mannsfeld, Vincent Oison, Franck Para, Louis Porte,
and

10:20

Christian Loppacher

Adsorption and structure formation of organic molecules on CaCO3(1014) –
Impact for molecular self-assembly on insulating substrates

Philipp Rahe , Markus Nimmrich, Jens Schütte, Markus Kittelmann, and Angelika Kühnle

10:40

Coffee Break

High-k Oscillators
11:20

chair: S. Morita

A comparison of quartz force sensors for scanning probe microscopy
based on tuning forks and length extensional resonators

Franz J. Giessibl , Toyoaki Eguchi, Florian Pielmeier, Toshu An, and Yukio Hasegawa

11:40

Probing Local States with the Phantom Force

Alfred J. Weymouth , Thorsten Wutscher, and Franz J. Giessibl

12:00

Combined NC-AFM and STM investigations of individual molecules
adsorbed on ultrathin insulating films using functionalized tips

Leo Gross , Fabian Mohn, Nikolaj Moll, and Gerhard Meyer

12:20

Atomic Force Maps on Epitaxial Graphene

Thomas Hofmann

12:40

and Franz J. Giessibl

Quantitative atomic force microscopy with CO terminated tips
Z. Sun, M. P. Boneschanscher,

I. Swart , D. Vanmaekelbergh, and P. Liljeroth

Awards and Closing Remarks
Guided City Tour (14:30 - 15:30)

(13:00 - 13:40)

POSTER
SESSION I

19

19. September

POSTER SESSION I
chair: S. Solares

Insulators
P.I-01

Atom-resolved NC-AFM studies of polar surfaces of insulating metal oxides
Morten K. Rasmussen, Thomas N. Jensen, Kristoffer Meinander, Fillipo F. Canova, Adam S. Foster, R. Wahl,
G. Kresse, F. Besenbacher, and

P.I-02

Jeppe V. Lauritsen

Investigation of TiO2(110) by AFM/STM with the Tungsten-Coated Tip

Lili Kou , Takeshi Kamijo, Yoshitaka Naitoh, Yan Jun Li, and Yasuhiro Sugawara

P.I-03

AFM/STM Simultaneous measurement on Cu(110)-O with metal-coated cantilever

Zong-Min Ma , Yoshitaka Naitoh,

P.I-04

Yan-Jun Li, and Yasuhiro Sugawara

The charge state of steps on cleaved CaF2 studied by NC-AFM and KPFM

Hans Hermann Pieper , Clemens Barth, and Michael Reichling

P.I-05

Classification for the NC-AFM contrast formation on CaCO3(1014)

Philipp Rahe , Jens Schütte, Michael Reichling, Masayuki Abe, Yoshiaki Sugimoto, and Angelika Kühnle

P.I-06

Scanning Probe Microscopy on Organic Layer Compound Crystals

G. Fessler , M. Schulzendorf, S. Kawai, T. Glatzel, S.-X. Liu, S. Decurtins, and E. Meyer

P.I-07

Changes in Morphology and Electronic Structure of MgO on Mo(001)

Stefanie Stuckenholz , Leonid Lichtenstein, Christin Büchner, Markus Heyde,
and Hans-Joachim Freund

P.I-08

Stable Contrast Mode on TiO2(110) Surface Using AFM with Tungsten-coated Tips

Yan Jun Li , Yoshihiro Tsukuda, Yoshitaka Naitoh, and Yasuhiro Sugawara

KPFM
P.I-09

Growth and work function studies of NaCl thin films on silver
Gregory Cabailh, Claude R. Henry, and

P.I-10

Clemens Barth

Scanning Kelvin Probe Microscopy for C60/TiOPc Molecular Interfaces

Kristen Burson , Yinying Wei, William G. Cullen, and Janice E. Reutt-Robey

P.I-11

Scanning Kelvin Probe Microscopy of Graphene-Supporting Substrates
Kristen Burson, Alexandra Curti,n Shaffique Adam, Michael S. Fuhrer, and

P.I-12

William G. Cullen

A NC-AFM and KPFM study of a triphenylene derivative on KBr(001)

Antoine Hinaut , Florian Chaumeton, Sonia Bataillé, André Gourdon, David Martrou,
and Sébastien Gauthier

P.I-13

Kelvin probe force microscopy on single and bilayer graphene

Christian Held , Thomas Seyller, and Roland Bennewitz

POSTER SESSION I 19. September
chair: S. Solares

KPFM
P.I-14

Work function of graphene exfoliated on insulating substrates

Benedict Kleine Bußmann , Oliver Ochedowski, and Marika Schleberger

P.I-15

The influence of the cantilever capacitance on the accuracy of
surface potential measurements in Kelvin probe force microscopy

Franciszek Krok , Kristof Szot, Jerzy Konior, Piotr Piatkowski, and Marek Szymonski

P.I-16

CNT-probes in NC-AFM: Tip broadening and KPFM signature

Kristoffer Meinander , Thomas N. Jensen, Søren B. Simonsen, Stig Helveg, and Jeppe V. Lauritsen

P.I-17

Nucleation, growth and shape of Au cluster on CeO2(111)

Hans Hermann Pieper

and Michael Reichling

Liquids
P.I-18

Dynamic Force Spectroscopy of Electrostatic Interactions in
Aqueous Salt Solutions of Variable Concentration and Valency

Daniel Ebeling , Dirk van den Ende, and Frieder Mugele

P.I-19

Cantilever array sensing techniques in life sciences

N. Backmann , F. Huber, H.P. Lang and C. Gerber

P.I-20

High resolution Kelvin Probe Force Microscopy of single biomolecules
Carl Leung, Dario Maradan, Armin Kramer, Helen Kinns, Stefan Howorka, Patrick Mesquida, and

Bart Hoogenboom

P.I-21

High-resolution AFM by tracking the resonance frequency of ultrasmall cantilevers
Carl Leung, Jake Stinson, Christian Markovich, and

P.I-22

Bart Hoogenboom

High-resolution Imaging on Ionic Liquid/Solid Interfaces using
Frequency Modulation Atomic Force Microscopy

Takashi Ichii , Motohiko Fujimura, Masahiro Negami, Kuniaki Murase, and Hiroyuki Sugimura

P.I-23

Phase Modulation Atomic Force Microscopy in Ionic Liquids using
quartz tuning folk sensors
Masahiro Negami, Motohiko Fujimura,

P.I-24

Takashi Ichii , Kuniaki Murase, and Hiroyuki Sugimura

Pulse-response measurement of frequency-resolved water dynamics on a
hydrophilic surface using a Q-damped AFM cantilever

Masami Kageshima

P.I-25

Subnanometer-scale Imaging of CaF2(111) Surfaces by FM-AFM in Various Solutions
Shiro Itakura,

P.I-26

Naritaka Kobayashi , Hitoshi Asakawa, and Takeshi Fukuma

FM-AFM study of n-Alkane-Adsorbed Graphite Immersed in Liquids

Ryohei Kokawa , Masashi Yamazaki,
Kenjiro Kimura, and Hiroshi Onishi

Masahiro Ohta, Kazuyuki Watanabe, Takumi Hiasa,
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Liquids
P.I-27

Atomic-Resolution Imaging of Clean Lithium Niobate Surfaces in Aqueous Solution

Sebastian Rode , Stefanie Klassen, Simone Sanna, Wolf Gero Schmidt, and Angelika Kühnle

P.I-28

Adhesion Analysis of Gecko-Inspired Hierarchical Adhesives Using
Atomic Force Microscopy

Michael Röhrig , Michael Thiel, Farid Oulhadj, Fabian Pfannes, Matthias Worgull, and Hendrik Hölscher

P.I-29

FM-AFM analysis of dye-adsorbed TiO2 surfaces in pure water
Tetsuya Yoshi, Le Tran Uyen Tu, Akira Sasahara, and

P.I-30

Masahiko Tomitori

High Resolution Imaging in Liquid Using an Improved Frequency Modulation
Atomic Force Microscope

Katsuyuki Suzuki , Shin-ichi Kitamura, Shulochi Tanaka, Kei Kobayashi, and Hirofumi Yamada

P.I-31

Effect of Ionic Liquid on Immobilizing Au nanoparticle onto TiO2(110)

Shushi Suzuki , Yasuhiro Ohta, Takashi Kurimoto, Susumu Kuwabata, and Tsukasa Torimoto

P.I-32

Quantitative study of local electric double layer force by FM-AFM in aqueous solutions

Ken-ichi Umeda , Yoshiki Hirata, Noriaki Oyabu, Kei Kobayashi, Kazumi Matsushige, and Hirofumi Yamada

P.I-33

Interfaces between solids and ionic liquids investigated by AM-AFM

Kislon Voitchovsky and Francesco Stellacci

P.I-34

FM-AFM phase analysing on the demixed Ag x Na1-x Br system

Bo Zhang , Friedrich Güthoff, and Götz Eckold

Magnetics
P.I-35

Suppression of electronic friction on Nb-films below the critical temperature

Marcin Kisiel , Enrico Gnecco, Urs Gysin, Simon Rast, Laurent Marot, and Ernst Meyer

P.I-36

Structural Phases of the first Co layers in W(001)

Arne Köhler , René Schmidt, Alexander Schwarz, and Roland Wiesendanger

P.I-37

Quantifying magnetic moments in magnetic force microscopy (MFM) tips

Denny Köhler , Peter Milde, Ulrich Zerweck-Trogisch, and Lukas M. Eng

P.I-38

Molecular dynamics of Co-Salen on NiO(001) at submonolayer coverages
Josef Grenz,

P.I-39

Kai Ruschmeier , Alexander Schwarz, and Roland Wiesendanger

qPlus Magnetic Force Microscopy in Frequency-Modulation Mode with milli-Hertz Resolution

Maximilian Schneiderbauer and Franz J. Giessibl
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Molecules
P.I-40

Non-contact atomic force microscopy of individual organic molecules

Florian Albrecht , Mathias Neu, and Jascha Repp

P.I-41

Self-assembly of Tetrathiafulvalene-Fused Dipyridophenazine (TTF-dppz)
analyzed by tuning fork based AFM/STM

Sweetlana Fremy , Rémy Pawlak, Shigeki Kawai, Thomas Jung, Shi-Xia Liu , Silvio Decurtins,
Ernst Meyer, and Thilo Glatzel

P.I-42

Systematic measurement of pentacene assembled on Cu(111) by
bimodal dynamic force microscopy at room temperature

Shigeki Kawai,

P.I-43

Rémy Pawlak, Thilo Glatzel, and Ernst Meyer

Influence of chirality on molecular structure formation:
Helicene molecules on calcite (1014)

Christopher Hauke , Philipp Rahe, Markus Nimmrich, Jens Schütte, Markus Kittelmann, Irena G. Stara,
Ivo Starý, Jirí Rybácek, and Angelika Kühnle

P.I-44

Dynamic force spectroscopy on individual molecules

Manfred Lange , Dennis van Vörden, and Rolf Möller

P.I-45

The role of a molecular dipole on the adsorption on an ionic surface

Laurent Nony , Franck Bocquet, Franck Para, Frederic Cherioux, Eric Duverger, Frank Palmino, Vincent Luzet,
Louis Porte, and Christian Loppacher

P.I-46

Epitaxial growth of Pentacene thin films on KCl(100)

Julia Neff , Jan Götzen, Enhui Li, and Regina Hoffmann-Vogel

P.I-47

Structure and energetics of fluorinated C60 monolayer on Au(111)

Tomoko Shimizu , Jaehoon Jung, Tetsuya Otani, Young-Kyu Han, Maki Kawai, and Yousoo Kim

Semiconductors
P.I-48

Electronic grain boundary properties in Cu(In,Ga)Se2 –
An orientation-dependent Kelvin Probe Force Microscopy study

Robert Baier, Daniel Abou-Ras, Thorsten Rissom, Martha Ch. Lux-Steiner, and Sascha Sadewasser

P.I-49

NC-AFM observation of Si(111)7x7 terminated with hydrogen
Toyoko Arai,

P.I-50

Tatsuya Ikeshima , and Masahiko Tomitori

Junction formation of Cu3BiS3 investigated by Kelvin probe force microscopy
and surface photovoltage
F. Mesa, R. Baier, Th. Dittrich,

P.I-51

S. Sadewasser , and M.Ch. Lux-Steiner

Passivated Ge(001) surface investigated by tuning-fork NC-AFM at 4K

Bartosz Such , Marek Kolmer, Szymon Godlewski, Mateusz Wojtaszek, Janusz Budzioch, and Marek Szymonski

P.I-52

Observation of local dipole moments on cleaned Si(111) surface with defects by
non-contact scanning nonlinear dielectric microscopy

Kohei Yamasue and Yasuo Cho
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P.I-53

chair: S. Solares

Interpretation of the electrical functionality of Cu(In,Ga)Se2 grain boundaries
based on cross-sectional Kelvin probe force microscopy

Zhenhao Zhang , Xiaochen Tang, Oliver Kiowski, Philip Jackson, Michael Hetterich, Uli Lemmer,
Michael Powalla, and Hendrik Hölscher

Spectroscopy
P.I-54

Rapid reconstruction of frequency shift vs. distance curves by
multiple lock-in detection

Shigeki Kawai , Sadik Hafizovic, Thilo Glatzel, Aexis Baratoff, and Ernst Meyer

P.I-55

Force Field Spectroscopy of Graphene on Ru(0001)

Sascha Koch , Sarah Barja, Enrico Gnecco, Shigeki Kawai, Ernst Meyer, and Thilo Glatzel

P.I-56

Coupling of conservative and dissipative forces in frequency modulation
atomic force microscopy – a source of apparent damping

Aleksander Labuda , Yoichi Miyahara, Lynda Cockins, and Peter H. Grütter

Post-Deadline
P.I-57

Variable temperature liquid AFM reveal change in coverage of water on mica

Hideki Kawakatsu, Shuhei Nishida, Dai Kobayashi, Miao-Miao Wang, and K. Ohashi

P.I-58

Design of a Low-Temperature Ultra-High Vacuum Non-Contact Atomic Force Microscope
N. Nicoara,

B. de la Torre , M. M. Ugeda, J. Gómez-Herrero, O. Custance, and J. M. Gómez- Rodríguez
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Spectroscopy
P.II-01

chair: P. Jelínek

Investigation of Point Defects at the TiO2(110) Surface by 3D-AFM

Harry Mönig , Mehmet Z. Baykara, Özhan Unverdi, Todd C. Schwendemann, Eric I. Altman,
and Udo D. Schwarz

P.II-02

Force and Current Spectroscopy with Atomically Defined Tips

William Paul , Jean-Benoît Lalanne, David Oliver, Yoichi Miyahara, and Peter Grütter

P.II-03

How do you calculate chemical interactions from Δf(z)?

Andrew Stannard and Adam Sweetman

Techniques
P.II-04

Interaction-free measurement with tunnelling microscope

Hiroo Azuma

P.II-05

A low temperature AFM tailored for lowest-noise qPlus operation

Matthias Emmrich and Franz J. Giessibl

P.II-06

What are the sources of frequency noise in NC-AFM ?

Sébastien Gauthier

P.II-07

Combined SIMS-SPM instrument for high sensitivity and
high resolution elemental 3D analysis

Urs Gysin , Yves Fleming, Tom Wirtz, Urs Wegmann, Thilo Glatzel, Ernst Meyer, and Urs Maier

P.II-08

The NanoWizard® 3 – The Most Flexible, High Resolution AFM
With True Optical Integration

Heiko Haschke , Torsten Jaehnke, Elmar Hartmann, and Gerd Behme

P.II-09

Combined TEM and NC-AFM study of Al2O3-supported Pt nanoparticles
S. B. Simonsen, S. Helveg, I. Chorkendorff, S. Dahl M. Skoglundh K. Meinander,
and J. V. Lauritsen

P.II-10

T. N. Jensen ,

Force Control and Bandwidth: Enabling Faster AFM imaging in Survey,
Screening and Dynamics Applications

Johannes H. Kindt , Andrea Slade, Lars Mininni, Bede Pittenger, Shuiqing Hu, Chanmin Q. Su,
and Steve C. Minne

P.II-11

Local Potential Measurements of Nanoparticles with Different Surface Charges
in Liquid by Open-loop Electric Potential Microscopy

Naritaka Kobayashi , Hitoshi Asakawa, and Takeshi Fukuma

P.II-12

All digital PLL-based control system for high-frequency AFM cantilevers
J. Bouloc, L.Nony, W. Rahajandraibe, F. Bocquet, L. Zaid, and

Christian Loppacher
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P.II-13

chair: P. Jelínek

Determination of cantilever stiffness from dimensions and eigenfrequencies

Jannis Lübbe , Lutz Doering, and Michael Reichling

P.II-14

Quantification of noise in NC-AFM systems for UHV applications

Jannis Lübbe , Matthias Temmen, Sebastian Rode, and Michael Reichling

P.II-15

Measurement of intrinsic cantilever properties from thermal noise

Jannis Lübbe , Matthias Temmen, and Michael Reichling

P.II-16

Measuring Wear by Friction Force and Dynamic Force Microscopy

Tobias Meier , Özhan Ünverdi, Jan-Erik Schmutz, and Hendrik Hölscher

P.II-17

qPlus-based low-temperature STM/AFM: Built up and first experiments

Mathias Neu , Andreas Pöllmann, Florian Albrecht, and Jascha Repp

P.II-18

NanoXAS - Combining Scanning Probe and X-Ray Microscopy for
Nanoanalytics

N. Pilet , J. Raabe, R. Fink, H. Hug, and C. Quitmann

P.II-19

Reflection from diffraction grating etched onto the backside surface of
AFM cantilever increases the force sensitivity

Sergey Sekatskii , Mounir Mensi, Andrey Mikhailov, and Giovanni Dietler

P.II-20

Trimodal Tapping-Mode Atomic Force Microscopy
Gaurav Chawla and

P.II-21

Santiago Solares

Silicon AFM probes for dynamic AFM with sub-nanometre amplitudes

Thomas Sulzbach , Oliver Krause, Hans-Jürgen Luedge, and Manfred Detterbeck

P.II-22

The effect of different tip preparations on force distance curves

Dennis van Vörden , Manfred Lange, Christian Notthof, and Rolf Möller

P.II-23

Design and construction of a 300 mK, 10 Tesla, UHV facility for AFM

Henning von Allwörden , Kai Ruschmeier, Alexander Schwarz, and Roland Wiesendanger

P.II-24

Sapphire-based multi-environment AFM tips

Daniel Wastl , Alfred J. Weymouth, Kilian Knot, Elisabeth Wutscher, and Franz J. Giessibl

P.II-25

Towards in-situ Creation and Characterization of Graphene Devices

Percy Zahl

P.II-26

and Peter Sutter

Open Source SPM Software GXSM and very a affordable DSP MK2-A810

Percy Zahl
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High-k Oscillators
P.II-27

chair: P. Jelínek

Long Range Tip Sample Forces using a FIM Characterized Tip

Jens Falter , Daniel-Alexander Braun, Gernot Langewisch, Hendrik Hölscher, Harald Fuchs,
and André Schirmeisen

P.II-28

Split quartz tuning fork sensor for enhanced sensitivity force detection

M. Labardi and M. Lucchesi

P.II-29

Hybrid AFM, STM, and Near-Field Microwave Microscopy

Christian J. Long , Jonghee Lee, and Ichiro Takeuchi

P.II-30

Ultra-sensitive bias dependence of force-distance curve and
hysteresis measured on single Pb adatom on Pb(111)

Hanqing Mao , Na Li, Xi Chen, and Qikun Xue

P.II-31

MgO on Ag(100): A simultaneous STM/AFM study

Florian Pielmeier , Susanne Baumann, Chris P. Lutz, Andreas Heinrich, and Franz J. Giessibl

P.II-32

Development of nc-AFM/STM using a tuning fork quartz force sensor
Toyoko Arai,

P.II-33

Tatsuya Sakuishi , Hiroaki Ooe, and Masahiko Tomitori

Small-amplitude FM-AFM using a Si cantilever with very high stiffness

Masahiro Haze , Yoshitaka Naitoh, Yan Jun Li, and Yasuhiro Sugawara

P.II-34

The role of van der Waals versus chemical forces in atom identification

Joachim Welker , Alfred J. Weymouth,Thomas Hofmann, and Franz J. Giessibl

P.II-35

FM-AFM on Epitaxial Graphene in Air with the qPlus Sensor

Elisabeth Wutscher , Daniel Wastl, and Franz J. Giessibl

P.II-36

Exploring the Scale of a Tunnel Current Induced Phantom Force

Thorsten Wutscher , Alfred J. Weymouth, and Franz J. Giessibl

Theory
P.II-37

Huge & Complex Dissipation Signals from Small & Simple NC-AFM Scans

J. Bamidele , H. Nomura, S. Jarvis, Y. J. Li, Y. Naitoh, M. Kageshima,

P.II-38

Y. Sugawara, and L. Kantorovich

A numerical FM-AFM for image calculations of adsorbed molecules

Fabien Castanié , Laurent Nony, Sébastien Gauthier, and Xavier Bouju

P.II-39

Modelling NC-AFM Resolution on Corrugated Surfaces
Kristen Burson, Mahito Yamamoto, and

P.II-40

William G. Cullen

Wavelet coherency and phase analysis of cantilever oscillations

Gabriele Ferrini
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Soft material liquid AFM simulator
Naoki Watanabe,

P.II-42

Naoki Hashimoto , and Akira Masago

Defect mediated anisotropic nanomanipulation of Au clusters on NaCl

Teemu Hynninen , Gregory Cabailh, Clemens Barth, and Adam Foster

P.II-43

Numerical Analysis of Band Excitation Signals in Atomic Force Microscopy

Adam Kareem and Santiago D. Solares

P.II-44

Unifying theory of quantitative AFM using piezo excitation in liquids

Daniel Kiracofe and Arvind Raman

P.II-45

Charge Alteration in Si(111)-DAS Surface by Atomic Force Microscopy

Akira Masago and Masaru Tsukada

P.II-46

Theoretical study of atomic manipulation on metals

Martin Ondráček , Zdeňka Chromcová, Cesar González, and Pavel Jelínek

P.II-47

Theoretical analysis of relation between force and current in the tunnelling regime

Martin Ondráček , Fernando Flores, and Pavel Jelínek

P.II-48

Multi-Scale Approach to Simulations of Kelvin Probe Force Microscopy

Ali Sadeghi , Alireza Ghasemi, Stefan Goedecker, Alexis Baratoff, Thilo Glatzel, Shigeki Kawai,
and Ernst Meyer

P.II-49

Dependence of the most probable and average bond rupture force on
the force loading rate: first order correction to the Bell – Evans model

Sergey K. Sekatski , Fabrizio Benedetti, and Giovanni Dietler

P.II-50

Development of a KPFM simulator for microscale imaging

Mamoru Shimizu , Akira Masago, Naoki Watanabe, and Masaru Tsukada

P.II-51

Development of integrated GUI for SPM simulator

Shuji Shinohara and Naoki Hashimoto

P.II-52

Computational insights into nanotribology: Antimony on HOPG
Ján Brndiar, Robert Turanský, and

P.II-53

Ivan Štich

Simulation NC-AFM Imaging and Contrast Change on Cu(111) Surface

Robert Turanský and Ivan Štich

P.II-54

DFT analysis of combined 3D NC-AFM and STM imaging of Cu(100)-O

Milica Todorović , Mehmet Z. Baykara, Harry Mönig, Todd C. Schwendemann, Eric I. Altman,
Udo D. Schwarz, and Rubén Pérez

P.II-55

Classical Force Field AFM Simulator

Kazuma Tsutsumi , Mamoru Shimizu, Syuji Shinohara, Akira Masago, Naoki Hashimoto,
and Hiroo Azuma
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Theory
P.II-56

chair: P. Jelínek
Molecular dynamics at tip-water-surface junctions

Matthew Watkins

P.II-57

and Alexander L. Shluger

Acquisition of Tip-Sample Dissipation Models through Spectral Inversion

Jeffrey C. Williams and Santiago D. Solares

Post-Deadline
P.II-58

In-situ AFM for catalysis research at high pressures and temperatures

S.B. Roobol , M.E. Cañas-Ventura, C.T. Herbschleb, Q. Liu, V. Navarro, J.W. Bakker, I. Taminiau,
W. G. Onderwaater, P. C. van der Tuijn, R. C. T. Koehler, A. Ofitserov, G. J. C. van Baarle
and J. W. M. Frenken

P.II-59

Measurement of atomic-scale potential variations near a LiF step
S. Kawai,

F. Federici Canova , Th. Glatzel, A. S. Foster, and E. Meyer
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Atomic point-defect resolution in liquids with amplitude modulation AFM
J.P. Cleveland, M.B. Viani, D.A. Walters, R. Proksch
Asylum Research, Santa Barbara, CA 93117
Jason@AsylumResearch.com
During the last fifteen years, most of the AFM research efforts achieving true atomic
resolution have been made in ultra-high vacuum using frequency modulation AFM (FMAFM). In the past several years, there has been a resurgence of true atomic resolution work in
liquids, much of it also done using FM-AFM[1][2].
While the FM results have been and continue to be impressive, amplitude modulation (AM,
also known as tapping or non-contact) imaging has several advantages. These include a
greatly simplified feedback scheme, wherein there is a single feedback loop running rather
than the three typically used in FM imaging. Adjusting the gains of the three independent
feedback loops has been a barrier to widespread usability of FM. Additionally, dissipation
imaging in FM may suffer from crosstalk between the conservative and dissipative channels
because of spurious resonances in the cantilever actuation. Since AM imaging is performed at
a constant frequency, this crosstalk is substantially reduced.
In this work, we present true atomic resolution images of the cleavage plane of calcite
(CaCO3) in water using AM-AFM. We are regularly resolving atomic-scale point defects,
both in the form of what appear to be adatoms as well as vacancies (see figure). Additionally,
the surface structure we observe is not consistent with the bulk termination of the calcite
crystal, suggesting either some surface reconstruction or an ordered hydration layer.
We will discuss several improvements that make this imaging possible including smaller
cantilevers, an improved optical detection scheme that allows high SNR measurements of
small cantilever amplitudes, and a stable, noise-rejecting microscope design.
[1] T Fukuma, Y Ueda, S Yoshioka, H Asakawa, Phys. Rev. Lett., 104, 016101 (2010)
[2] T Fukuma, MJ Higgins, SP Jarvis. Biophys. J., 92 (10), (2007)





Molecular-scale Investigations of Monoclonal Antibodies in Liquids
by FM-AFM


S. Ido1,
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Advances in bimodal AFM imaging of molecules in liquid
E.T. Herruzo1, C. Dietz1, J.R. Lozano1, D. Martinez-Martin2, J. Gomez-Herrero2, H.
Asakawa3 T. Fukuma3, R. Garcia1
1

Instituto de Microelectrónica de Madrid, CSIC, 28760 Tres Cantos, Madrid, Spain
Departamento de Física de la Materia Condensada, Universidad Autónoma de Madrid,
3
Department of Electrical and Electronic Engineering, Kanazawa University,
Kakuma-machi, Kanazawa 920-1192, Japan
2

ricardo.garcia@imm.cnm.csic.es

Improving spatial resolution, data acquisition times and material properties imaging
are some long established goals in atomic force microscopy (AFM). Currently, the most
promising approaches to reach those goals involve the excitation and detection of several
frequencies of the tip’s oscillation. Usually those frequencies are associated with either the
higher harmonics of the oscillation or the eigenmodes of the cantilever. Bimodal AFM is an
emerging multifrequency technique that is characterized by a high signal-to-noise ratio and
the versatility to measure simultaneously different forces. The method is also compatible
with molecular resolution imaging under the application of sub-50 pN peak forces.
Here we will show recent advances in the development of bimodal force microscopy
for molecular resolution imaging biomolecules in liquid as well as the three dimensional
mapping of water layers adsorbed on proteins. I will also show some bimodal AFM
applications to map simultaneously different interactions such as mechanical, electrical or
magnetic interactions. In the presentation I will also discuss the theoretical framework of
bimodal AFM operation.

[1] D. Martinez-Martin, E.T. Herruzo, C. Dietz, J. Gomez-Herrero, and R. Garcia, Noninvasive protein structural
flexibility mapping by bimodal dynamic force microscopy, Phys. Rev. Lett. 106, 198101 (2011).
[2] C. Dietz, E.T. Herruzo, J.R. Lozano, and R. Garcia, Nanomechanical coupling enables detection and imaging of 5
nm superparamagnetic particles in liquid, Nanotechnology 22, 125708 (2011).
[3] R. Garcia, Images from below the surface, Nature Nanotechnol. 5, 101 (2010)
[4] J.R. Lozano and R. Garcia, Theory of multifrequency atomic force microscopy, Phys. Rev. Lett. 100, 076102
(2008)

Figure 1. Scheme of bimodal
AFM operation (left panel).
Imaging the magnetic core of
ferritn with sub-5 nm spatial
resolution in liquid.
Figure 2. Bimodal
AFM imaging of an
array of GroEL
proteins and the 3D
mapping of the water
layers on them.





Applications of three-dimensional force mapping method to imaging of
biological samples with large structures in liquids
K. Kaisei1, K. Kobayashi2,3, N. Oyabu1,3, M. Ohta3,4, R. Kokawa3,4, Y. Hirata5, H. Yamada1,3
1
Department of Electronic Science and Engineering, Kyoto University, Kyoto, Japan
2
Office of Society-Academia Collaboration for Innovation, Kyoto University, Kyoto, Japan
3
Japan Science and Technology Agency/Advanced Measurement and Analysis, Japan
4
Shimadzu Corporation, Kyoto, Japan
5
National Institute of Advanced Industrial Science and Technology, Tsukuba, Japan
k-kaisei@piezo.kuee.kyoto-u.ac.jp

Frequency modulation atomic force microscopy (FM-AFM) is capable of imaging
biological samples with sub-nanometer resolution even in physiological environments.
However, for further biological applications imaging of samples with large height variations
is required. Three-dimensional (3D) force mapping method is a powerful tool for visualizing
hydration structures formed on various solid surfaces such as muscovite mica. Highresolution topographic images can be also obtained by this technique, where the fast tip
scanning direction is normal to the surface (Z-scan). Since the major problem in imaging of
large structures is an accidental tip collision with large-height side walls of the structures
during the horizontal tip scan, the imaging method using the vertical tip scan is extremely
useful. In this study we applied the 3D force mapping method to imaging of biological
samples with relatively large structures. The Z-scan range in the force mapping method has to
be sufficiently expanded according to the thickness of a sample to be investigated.
A low-thermal-drift FM-AFM based on a commercial AFM apparatus (Shimadzu
SPM-9600) with a home-built low-noise controller was used for the force mapping
measurement. Fibrillar collagens were used in this study. Collagen is the main component of
connective tissue in mammals. Although there have been a large number of AFM studies on
collagen fibrils, high-resolution FM-AFM imaging of the collagens has not been conducted
yet due to their relatively large outer diameters. Collagen fibrils were deposited on a
muscovite mica and the force data was acquired in 0.1 M PBS (pH 7.6) with a Si cantilever
(PPP-NCH-AuD, Nanosensors). Figure 1 shows an image of a collagen fibril reconstructed
from the 3D force mapping data. This image corresponds to a constant frequency shift image
in FM-AFM.



Fig. 1: Collagen fibril reconstructed from the 3D force mapping data.
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Hydration to Hydrophilic Monolayers Visualized by FM-AFM
Takumi Hiasa, Kenjiro Kimura, Hiroshi Onishi
Chemistry Department, Kobe University, Japan
oni@kobe-u.ac.jp
Self-assembled monolayers of mercaptoundecanol (OH-SAM) and mercaptoundecanoic acid
(COOH-SAM) were immersed in an aqueous KCl solution and observed with a modified
Shimadzu SPM9600 microscope. The shift of resonance frequency (f) was determined over
the monolayers as a function of the vertical and lateral coordinates. We found f modulations
caused by uneven density distribution of water molecules hydrogen-bonded to the monolayers.
Water distribution was enhanced over the topographic grooves of OH-SAM, as opposed to
over the protrusions of COOH-SAM. The different distributions are interpreted by the
different numbers of oxygen atoms in the two endgroups which accept hydrogen bonds.
Figure (a) shows a f distribution cross-sectional to OH-SAM. Positive (negative) f is shown
to be bright (dark). In the bottom of the distribution, protrusions and grooves of the brightest
region periodically appeared along the dark trace. The trace represents the topography of OHSAM and the protrusions are individual OH endgroups. f was modulated from the negative
to positive at 0.3-0.4 nm above the SAM surface. Modulated regions periodically appeared in
the f distribution as dark-to-bright changes marked by the dotted lines. Those modulated
regions were always present on the topographic grooves. This suggests that the water density
was modulated from low to high in the regions between adjacent OH endgroups. Based on
this argument, we propose a possible local structure as illustrated in Fig. (b). Water molecules
are hydrogen-bonded to adjacent OH endgroups in a bridge form.
Figure (c) shows a f distribution on COOH-SAM. The trace in the bottom represents the
topography of COOH-SAM with protrusions assignable to individual endgroups deprotonated
in the neutral solution. Double layers of f-modulated regions were found in the distribution
suggesting extended hydrogen-bond networks. First layer of the modulated regions appeared
on the topographic protrusions of the surface. This suggests that water molecules sit on top of
the deprotonated endgroups. If a water molecule were a hard sphere having lost its chemical
nature, it would surely occupy the hollow site on the groove to kill the vacant volume. This
was not the case. Each on-top water molecule is probably hydrogen-bonded to two oxygen
atoms of a deprotonated endgroup, as illustrated in Fig. (d).

Figure. Two-dimensional f distribution over (a) OH-SAM and (c) COOH-SAM immersed
in a 50 mM KCl solution. Oscillation amplitude was (a) 0.2 and (b) 0.1 nm. Regions with f
modulated from the negative to positive are marked by the dotted lines. Possible local
structures of water hydrogen-bonded to (c) OH endgroups and (d) deprotonated COOH
endgroups are illustrated.

 



Visualizing Molecular Arrangements at the Surface of Cylindrical Protein
Structures by FM-AFM in Liquid
Hitoshi Asakawa1, Yukitoshi Katagiri1, Koji Ikegami2, Mitsutoshi Setou2 and Takeshi Fukuma1
1
Kanazawa University, Japan
2
Hamamatsu University School of Medicine, Japan
hi_asa@staff.kanazawa-u.ac.jp
Liquid-environment frequency modulation atomic force microscopy (FM-AFM) has been
used for molecular-scale imaging of various protein structures, including 2D crystals of
bacteriorhodopsins, fibrillar structures of amyloid proteins, GroELs fixed on a substrate and
sheet-like structures of tubulins. In these examples, proteins at the surface are supported by
underlying molecules or a substrate and hence molecular-scale imaging is possible. However,
considerable number of protein structures in their native state cannot be imaged in this way.
One of the examples is a microtubule having a hollow cylindrical structure where surface
molecules (tubulins) are not supported by underlying molecules [Fig. 1(a)]. Although AFM
imaging of microtubules have been performed by fixing them on a substrate as shown in Fig.
1(b), detailed molecular arrangements at their surface have not been visualized. This is not
necessarily due to the insufficient AFM resolution but due to the large fluctuation of surface
molecules that are not directly supported by a substrate. To overcome this limitation, it is
critically important to establish a methodology for molecular-scale imaging of biological
systems having a hollow structure such as tubes and spheres.
In this study, we perform FM-AFM imaging of microtubules fixed on a substrate in various
ways and aim at establishing a model sample that can be imaged with molecular resolution.
Our experiments reveal that such a sample can be prepared by increasing the interaction
between a microtubule and a substrate using a chemically-modified mica substrate. Although
the strong interaction causes deformation of the cylinder structure [Fig. 1(c)], it greatly
suppresses the fluctuation of the surface molecules and allows to visualize the molecular
arrangement at the surface with unprecedented resolution [Fig. 1(d)]. For example, the
repeating units corresponding to DE-tubulin heterodimers are visualized in real space for the
first time [arrows in Fig. 1(d)]. The same methodology should be applicable to other protein
structures having a cylindrical or a spherical hollow structure.

Fig. 1 (a) Structural model of microtubule. (b) and (c) Cross-sectional views of deposited microtubule.
(d) FM-AFM image of microtubule with planular structure in liquid.
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Challenges of non-contact AFM biological samples studies
D. Vobornik, A. Cerreta, G. Dietler
LPMV, Ecole Polytechnique Fédérale de Lausanne, 1015 Lausanne, Switzerland
Corresponding author: dusan.vobornik@epfl.ch

AFM is a widely used tool in biophysics. Fundamental biological molecules have been
studied with AFM such as proteins, DNA, and lipids. However, when applied to biological
systems, the resolution of AFM remains relatively limited and is far from atomic resolutions
achievable on some non-biological systems. Recent studies have shown that it is possible to
obtain atom-resolved images of Pentacene molecules [1] and on the top of single-walled
carbon nanotubes [2] at low temperature with dynamic mode AFM. Inspired by these results
we set out to verify if non-contact AFM (NC-AFM) can be applied in a similar manner to
biological molecules and thus shed new light on some of modern biophysics problems. We
decided to focus primarily on DNA and amyloids as they are very resilient biological
molecules thought to remain stable over a range of temperatures and pressures. This makes
them reasonably good and somewhat rare biological samples well suited for experiments
involving techniques such as NC-AFM, where vacuum and low temperature may be essential
requirements for successful work. We have a home-built NC-AFM setup that uses commercial
cantilevers, is placed in UHV, and that can be cooled to liquid nitrogen or liquid helium
temperatures. Since the structure of DNA is relatively simple and well known it appears to be
a good proof-of-principle molecule to test the actual capabilities of NC-AFM on biomolecules. Amyloids are more challenging and interesting as they encompass a variety of
different molecular assemblies for many of which mechanisms of formation are still unknown.
We are hoping that NC-AFM imaging and force spectroscopy can provide higher resolution
structural information that leads to a better understanding of this problem. There are, however,
several challenges and open questions concerning the successful implementation of NC-AFM.
The first one involves the suitability of NC-AFM and the relevance of the results obtained for
real-life processes taking place in physiological environments very different from UHV and
low temperature ones required by the technique. Work in UHV on samples that carry surface
charge or are zwitter-ionic also poses a challenge, as does the question of eventual hydration
of such samples. We will discuss practical issues concerning the way to deal with spatial drifts
during measurements that take relatively long time (tens of minutes or more). Finally a
discussion of what the optimum way to probe these samples is will be raised, where a
comparison of constant height frequency shift images, force maps, and frequency shift
feedback images will be made.
[1] L. Gross, F. Mohn, N. Moll, P. Liljeroth, G. Meyer, Science, 325, (2009)
[2] M. Ashino, A. Schwartz, T. Behnke, R. Wiesendanger, Phys. Rev. Lett., 93, (13), (2004)





Simulating non-contact AFM imaging of calcite in water
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Molecular-scale charge distribution at an interface between liquid and
surfactant assembly investigated by three-dimensional force mapping
K. Suzuki1, N. Oyabu1, K. Kobayashi2, K. Matsushige1, and H. Yamada1.
1

Department of Electronic Science and Engineering, Kyoto University, Kyoto, Japan
Office of Society-Academia Collaboration for Innovation, Kyoto University, Kyoto, Japan
e-mail: suzuki@piezo.kuee.kyoto-u.ac.jp

2

An electric double layer appears on a charged surface in an electrolyte solution. The
surface interaction force in the solution is expressed as the sum of the electrostatic force due
to the double layer FDL and the van der Waals force FvdW, which is referred to as DLVO
(Derjaguin, Landau, Verwey and Overbeek) force FDLVO , i.e.,
where C, σS, σT, λD and d are constant, a surface charge density of sample, a surface charge

density of tip , double layer thickness (Debyelength)
and probe-to-surface distance, respectively. Both σS and λD are obtained from the DLVO force measurement, which has been mainly performed using a surface force apparatus or a colloidal probe AFM. We recently succeeded in molecular-scale hydration measurement on a mica surface by three-dimensional
(3D) force mapping method based on FM-AFM[1]. In this study, we applied the 3D force
mapping method to the molecular-scale investigations of the DLVO force on a self-assembled
structure of surfactant molecules, SDS (sodium dodecyl sulfate), at a solid-liquid interface.
Figure 1 shows a 3D representation of the frequency shift spatial map obtained near the
interface between SDS-aqueous solution and a graphite surface. Hemicylindrical assembled
structures of the SDS molecules are clearly visualized. A two-dimensional force distribution
across the hemicylinders is shown in Fig. 2(a), where a broken line is a surface of the
hemicylinders. We successfully obtained the
molecular-scale distributions of both surface
charge density and Debye length on the
hemicylindrical molecular assembly, as shown
in Figs 2 (b) and (c), by fitting the force map
data to the DLVO theory.

Figure 1: 3D representation of the frequency
shift spatial map at the interface between SDS
aqueous solution and a graphite surface.

Figure 2: (a) 2D force distribution at the SDS aqueous
solution-graphite interface. (b) Surface charge density
distribution. (c) Debye length distribution.

[1] K. Kimura et al., J. Chem. Phys., 132, 194705 (2010).
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NC-AFM Tip & Surface Species Identification on Oxidized Cu(110)
J. Bamidele, Y. Kinoshita1, R. Turanský, T. Satoh1, S. H. Lee1,
Y. Naitoh1, Y. J. Li1, M. Kageshima1, Y. Sugawara1, I. Štich2 , L. Kantorovich
Department of Physics, King’s College London, The Strand, London, WC2R 2LS, U.K.
1
Department of Applied Physics, Osaka University, 2-1 Yamada-oka, Suita, Osaka 565-0871
2
Center for Comp. Mat. Science, Inst. of Physics, Slovak Acad. of Science, 84511 Bratislava
joseph.bamidele@kcl.ac.uk
Our research has shown, both theoretically and experimentally, that when imaging the
oxidized Cu(110) surface with an NC-AFM tip, it is possible to both distinguish and identify
the surface atomic species and to characterize the tip apex.
From experimental results it has been suggested that, when performing NC-AFM
imaging on Cu(110)/O surfaces with what is believed to be a copper terminated tip, only
copper atoms are imaged and likewise with oxygen terminated tips imaging only oxygen
atoms, whereas silicon terminated tips image both. Due to the arrangement of the copper
atoms on the surfaces being markedly different from that of the oxygen atoms (Fig. 1), it is
possible to distinguish and identify both surface copper atoms from surface oxygen atoms as
well as copper terminated tips from oxygen terminated tips. Most excitingly, it is possible to
manipulate the ‘super Cu’ atoms (cf Fig. 1, right) with atomic precision.
Interestingly, our theoretical results indicate that two tips do in fact only image either
one surface species or the other due to the relative strengths of the chemical bonds forming.
Note that this system is unique in a sense that there’s a clear-cut difference between the two
tip terminations when imaging; this allows for theory, when modelling atomic manipulation,
to narrow down the possible tip models to just two and hence perform simulations knowing
that the correct tip model was used.
So we discuss here both the nature of tip-surface forces for both copper and oxygen
terminated tips above Cu(110)/O copper and oxygen surface sites and the nature of the
transitions that occur during manipulation. In all instances the DFT method is implemented
with the VASP code, using a plane wave basis set and the GGA Perdew-Burke-Ernzerhof
(PBE).
Fig. 1 - left: Two NC-AFM images
of the same region of Cu(110)/O
surface by two different tip
terminations (Cu & O) with
schematic on the left. [1]. Right: Plan
and side view of the c(6x2) atomic
arrangement based on [2,3].

[1]
[2]
[3]

Y. Kinoshita et al. (Unpublished results)
S. Kishimoto et al. Surf. Sci 602, 2175–2182 (2008)
W. Liu et al. Surf. Sci. 339, 151 (1995)

 



Resolving the Atomic Structure of Amorphous Silica
L. Lichtenstein, S. Stuckenholz, C. Büchner, M. Heyde, H.-J. Freund
Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, D-14195 Berlin, Germany
E-mail: lichtenstein@fhi-berlin.mpg.de

The atomic-scale structure of amorphous solids is one of the key unsolved problems in
physics [1]. Amorphous silica is important for many technological applications. An ultrathin
silica film serves as a model system for catalysis [2]. In this study, we investigated a double
layer film of amorphous silica on Ru(0001).
To study the atomic structure, we simultaneously applied frequency modulated dynamic force
microscopy (FM-DFM) and scanning tunnelling microscopy (STM) using a tuning fork
sensor. All experiments were performed at low temperature in ultra-high vacuum.
In 1932, Zachariasen postulated the structure of vitreous silica [3] consisting of a polygon
network of corner sharing SiO4-tetrahedra. We observe the same network on the thin silica
film. Figures (a) and (b) represent one constant height measurement; (a) is a map of the
tunnelling current (IT) and (b) is a map of the frequency shift ('f), which were both acquired
synchronously. Both signals are completely disentangled thanks to a separate IT-wire attached
to the tuning fork tip. Fig. (c) presents a three dimensional frequency shift plot, 'f(x,z), along
a line. Evaluating such 3D-spectroscopy data can provide information on the image contrast
mechanism [4].

Fig.: (a and b) Constant height image, scan range 5u5 nm², bias voltage 100 mV. (a) Map of
the tunnelling current. (b) Map of the frequency shift. (c) 3D-spectroscopy 'f(x,z) along a
line.

[1]
[2]
[3]
[4]

W. Raberg et al. J. Non-Cryst. Solids 351 (2005) 1089
D. Löffler et al., Phys. Rev. Lett., 105 (2010) 146104
W. H. Zachariasen, J. Am. Chem. Soc., 54 (1932) 3841
M. Heyde et al., Appl. Phys. Lett. 89 (2006) 263107
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Step structures on CeO2(111) identified by NC-AFM and KPFM
Hans Hermann Pieper,1 Clemens Barth,2 Michael Reichling1
1
Fachbereich Physik, Universität Osnabrück, Barbarastr. 7, 49076 Osnabrück, Germany
2
CINaM-CNRS UPR 3118, Campus de Luminy, Case 913, 13288 Marseille, France
reichling@uos.de

The morphology and charge state of step edges on the CeO2(111) surface is investigated by
non-contact atomic force microscopy (NC-AFM) and Kelvin probe force microscopy
(KPFM). The surface is prepared by cycles of sputtering and annealing at 1200 K to produce a
terraced surface with equilibrium step structures. Step edges are preferably aligned with
<110> directions, resulting in hexagons as the dominating motif of surface morphology. As
illustrated in the sketch below, any mesa (or pit) on the surface is terminated by alternating
ledges of type I and type II that result from the fluorite crystal structure of ceria. Although,
NC-AFM imaging reveals the direction, straightness and perfection of the steps down to the
atomic level [1], it is most difficult to identify details of the atomic structure of the step sides.
Based on additional evidence from KPFM studies, we propose a model for type II steps where
oxygen is released from the (001) facet while cerium remains what effectively results in a
surface reduction. To maintain overall charge neutrality, it is assumed that electrons localise
at Ce3+ ions that occupy low coordinated sites on the step sides [2]. This results in a polarity
of the step edges that is predicted to have a finite value for all type I steps while it should
increase with step size for type II steps. This proposition is corroborated by our KPFM studies
yielding a strong positive charge for type II steps with a height of more than one triple-layer
but only slightly negatively charged type I steps. Models for the distribution of charges in the
vicinity of the step edges and the origin of the KPFM signals are discussed.

Left panels: NC-AFM and KPFM images of a CeO2(111) surface. The contrast from dark to
bright represents low to high in topography and positive to negative potential for the KPFM
signal. Right panels: Models for type I and type II steps on the fluorite (111) surface.

[1]
[2]

S. Torbrügge, M. Cranney, M. Reichling, Appl. Phys. Lett., 93, (073112), (2008)
C. Loschen, A. Migani et al., Phys. Chem. Chem. Phys., 10, (5730), (2011)





Atom-Specific Interaction Quantification and Identification by 3D-SPM
Mehmet Z. Baykara1,2, Harry Mönig1,2, Milica Todorovi3, Todd C. Schwendemann1,2,4,
Ruben Perez3, Eric I. Altman2,5, Udo D. Schwarz1,2,5
1
Dept. of Mech. Eng. & Materials Science, Yale University, New Haven, CT 06520, USA
2
Center for Research on Interface Structures and Phenomena (CRISP), Yale University, USA
3
Departamento de Física Teórica de la Materia Condensada, UAM, 28049 Madrid, Spain
4
Physics Dept., Southern Connecticut State University, New Haven, CT 06515, USA
5
Dept. of Chemical & Environmental Eng., Yale University, New Haven, CT 06520, USA
mehmet.baykara@yale.edu

Entire scientific disciplines such as mechanics and chemistry are governed by the interactions
between atoms and molecules. On surfaces, forces extending into the vacuum direct the behavior of many scientifically and technologically important phenomena such as corrosion,
adhesion, thin film growth, nanotribology, and surface catalysis. To advance our knowledge
of the fundamentals governing these topics, it is desirable to simultaneously map electron
densities and quantify force interactions between the surface of interest and a probe with
atomic resolution. For example, in the case of a catalytically active surface, this would allow
studying the role and effectiveness of surface defects such as vacancies, steps, kinks, impurities, and domain boundaries as active sites. An ability to discriminate between different
chemical species on the sample surface would offer further insight.
Using the oxygen-reconstructed copper (100) surface as a model system, we demonstrate that
much of this information can be derived from combining three-dimensional atomic force
microscopy (3D-AFM) [1,2] with simultaneous scanning tunneling microscopy. Thereby, we
make use of the fact that the three-dimensional scanning probe microscopy (3D-SPM) variant
resulting from this combination provides complementary information in the various
interaction channels recorded. The surface oxide layer of copper (100) features defects and a
distinct structure of the Cu and O sublattices that is ideally suited for such model
investigations. 3D-SPM data sets enable site-specific quantification of force interactions and
tunneling currents, with drastically different types of contrast in simultaneously recorded data
channels. To further validate the experimental results, DFT total-energy calculations and Nonequilibrium Green’s Function (NEGF) methods for electronic transport have been used to
determine the force interaction and the tunneling current [3-5] for a large set of tip models.
The analysis of our experimental results allows for the identification of atomic species and
defects on the sample surface through the comparison of simultaneously recorded force and
current data, as well as the study of defect-induced stress fields and their influence on local
chemical reactivity and topographical deformation.
[1]
[2]
[3]
[4]
[5]

M. Z. Baykara et al., Advanced Materials, 22, (2838), (2010)
B. J. Albers et al., Nature Nanotechnology, 4, (307), (2009)
Y. Sugimoto et al., Nature, 440, (46), (2007)
P. Jelinek et al., Phys. Rev. Lett., 101, (176101), (2008)
J. M. Blanco, F. Flores and R. Perez, Prog. Surf. Sci., 81, (403), (2006)





Conservative and Dissipative Tip-Molecule Interactions:
Force Spectroscopy Investigations on an Organic Adsorbate
G. Langewisch1, D.-A. Braun1, J. Falter1, H. Fuchs1, A. Schirmeisen1,2 ,W. Kaminskinski3 and
R. Perez4
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4
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Madrid, E-28049 Madrid, Spain
Non-contact atomic force microscopy is an ideal tool to study structural and mechanical
properties of organic layers on solid substrates, which are for instance of high relevance for
nanoelectronic applications. However, the image contrast mechanisms in high resolution
surface scans and also the processes leading to energy dissipation on organic layers are still
under discussion. In previous work [1], we successfully used force field spectroscopy to
analyze conservative tip-sample interactions leading to submolecular features in nc AFM
topography images of 3,4,9,10-perylenetetra-carboxylic-dianhydride (PTCDA) on Cu(111)
[2]. Here, we present force field spectroscopy investigations of PTCDA adsorbed on Ag(111)
where we studied not only conservative but also dissipative interactions. From these
measurements, we extracted force and dissipation spectroscopy curves that can be assigned to
different areas within the molecules. Based on the results, we are able to identify systematic
differences in the tip-sample interactions between end groups and the center of the molecules
(see figure). The results are interpreted based on ab-initio simulations of the PTCDA/Ag
system, giving new insight into the molecular dissipation mechanisms.
In addition to the experiments described above, which were performed at room temperature,
we present first results of 3D force field spectroscopy investigations of the same sample
system obtained with a new low temperature AFM.

Figure 1: Site-specific tip-sample force and dissipation on PTCDA
[1]
[2]

D.-A. Braun, D. Weiner, B. Such, et al., Nanotechnology, 20, (264004), (2009).
B. Such, A. Schirmeisen, D. Weiner, et al., Appl. Phys. Lett., 98, (093104), (2006).





NC-AFM and Force spectroscopy applied to H terminated Si(111)7x7
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Kanazawa University, Kakuma-machi, Kanazawa, Ishikawa, 920-1192 Japan
1
Japan Advanced Institute of Science and Technology, 1-1 Asahidai, Nomi, 923-1292 Japan
arai@staff.kanazawa-u.ac.jp

Force spectroscopic techniques developed on nc-AFM can be powerful to clarify electronic
structures with atomic resolution. The atomic scale change in force between a tip and a
sample is dominated by the chemical interaction between a sample surface atom and a tip
apex atom. It is, however, still difficult to apply them to various samples, because the force
depends on experimental parameters including the tip-sample separation and bias voltage to
be optimized and the electronic states of a tip seriously. To elucidate the techniques, chemical
modifications of surface atoms that changes the electronic states is of great interest as tests;
hydrogen termination of silicon is one of them, which makes the dangling bonds at surfaces
unreactive with no significant atomic configuration. In this study we examine a Si(111)7x7
terminated with atomic hydrogen using nc-AFM and force spectroscopic techniques.
A Si(111)7x7 surface was terminated with atomic hydrogen using an H2 gas cracker with a W
filament. Figure 1(a) and (b) show an nc-AFM image under a constant frequency shift (Δf)
and a current image of it, simultaneously observed. Three adatoms in a faulted half, one
corner and two center adatoms in region A, are depicted brighter than three adatoms in region
B. The atoms in region B have larger current than those in region A; this is attributed to the
closer tip-sample separation in region B than in region A in the mode of constant Δ f.
Consequently, the electric conductance in region B is probably of the same order of
magnitude in comparison of that in region A. On the other hand, adatoms in region C of the
faulted half are depicted darker in the nc-AFM image, and lower current than those in region
A and B. According to ref. 1, the adatoms in region A and B are not terminated with H, but
the rest atom in region A are terminated with H, while the adatoms in region C are terminated
with H. Although the adatoms in region D have almost no current, depicted darker in the ncAFM image, partly the current passes over slightly protruded positions different from the
adatom sites. In region D adatoms are missing and partly the rest atom layer are observed as
the underneath layer of adatoms. Based on the above atomic feature on this surface, we will
discuss results of the force spectroscopy to reveal the electronic and chemical properties.
(a)

Fig. 1 (a) nc-AFM image of
Si(111)7x7-H at a frequency shift
of -46 Hz and sample bias of -600
mV., (b) current image obtained
simultaneously with (a).

(b)

D
A

C

B
1 nm
[1]

I. C. Razado, H. M. Zhang, R. I. G. Uhrberg, et al., Phys. Rev. B, 71, 235411(2005)





Quantitative static and dynamic force spectroscopy of atomic-scale forces
and energy dissipation
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An atomic contact studied by small amplitude dynamic force microscopy
Shigeki Kawai, Thilo Glatzel, Sascha Koch, Alexis Baratoff, and Ernst Meyer
Department of Physics, University of Basel, Klingelbergstr. 82, 4056 Basel Switzerland
alexis.baratoff@unibas.ch
Contacts with a NaCl(001) surface were studied in ultra-high vacuum by dynamic force
microscopy and spectroscopy at room temperature. The tip-sample separation was controlled
by keeping a constant positive frequency shift Δf of the second flexural resonance mode of a
commercial non-contact silicon cantilever [1]. In contrast to similar measurements with Δf <
0 and tip oscillation amplitudes A > 400 pm [1-2], the contact is not broken, owing to the
chosen setpoint. While scanning near Δf = 0 using an ultra-small oscillation amplitude A < 50
pm, the short-range interaction force on the tip apex varies between weak attraction and
repulsion. An atomic-scale contact can thus be maintained close to thermal equilibrium and
continuously translated, as previously demonstrated with a soft cantilever in quasi-static
friction force microscopy (FFM), albeit only slightly before jump-off [3]. The average force
on the contact can be continuously tuned by varying Δf on the branch with negative slope with
respect to the tip-sample distance.
Compared to non-contact operation (arrows II in fig. 1b), model calculations assuming a 64ion NaCl tip apex (neglecting relaxation) suggest an improved topographic contrast with
reduced noise in this special mode (arrows III in fig. 1c) The measured two-dimensional
frequency shift map is consistent with recorded images, while extracted normal and lateral
force components suggest growing atomic displacements in both directions with increased Δf.
Stick-slip motion, arising from elastic deformations and instabilities along the fast scan
direction, is first observed near steps (fig. 2), as recently demonstrated in FFM [4]. The
occurrence of slips strongly depends on the variable controlling the topography, however.
Discrete contact rearrangements occur only at intervals of seconds and are preferentially
triggered upon crossing steps, as established in pioneering non-contact investigations [5]. The
contact nevertheless typically returns to a particular stable configuration. At higher frequency
shifts, such rearrangements become more frequent and irreversible.
Fig. 1: Computed variations of force and topography
contrast at representative Δf setpoints (f = 980 kHz,
keff = 1500 N/m, Rtip = 10nm)

[1]
[2]
[3]
[4]
[5]

Fig. 2: Topography and Δf error signal recorded across
a monatomic step together with profiles revealing slips
(f= 978365 Hz, keff = 1418 N/m, Δf = 0, A = 50 pm)

S. Kawai, S.Kitamura, D. Kobayashi et al., Appl. Phys. Lett. 86 193107 (2005)
S. Kawai, Th. Glatzel, S. Koch et al., Phys. Rev. B83, 035421 (2011)
A. Socoliuc, R. Bennewitz, E. Gnecco et al., Phys. Rev. Lett. 92, 134301 (2004)
P. Steiner, E. Gnecco, F. Krok et al., Phys. Rev. Lett. 106, 186104 (2011)
R. Bennewitz, A. S. Foster, L. N. Kantorovich et al., Phys. Rev. B62, 2074 (2000)
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Effect of Orbital Hybridization on Kelvin Probe Force Microscopy Images
M. Tsukada, A. Masago1 and M. Shimizu1
WPI-AIMR, Tohoku University, 2-1-1 Katahira, Aoba-ku, Sendai, Miyagi 980-8577, Japan
1
Advanced Algorithm and Systems, 1-13-6 Ebisu, Shibuya-ku, Tokyo 150-0013, Japan
e-mail; tsukada@wpi-aimr.tohoku.ac.jp
Mechanism of atomic scale resolution of KPFM images i.e., the images of local contact potential difference (VLCPD ), has been a recent controversial issue and attract much attention
because of expected rich information it may provide. We have already demonstrated that
though a nano scale resolution is induced by the electrostatic multi-pole interaction between a
KPFM tip and a sample surface[1], true atomic resolution cannot be realized for semiconductor and metal surfaces. In the present work, we clarify that real atomic resolution of KPFM is
obtained by the chemical interaction, i.e., by the orbital hybridization effect between the tip
and the sample.
In this work, we theoretically simulated KPFM images formed by local contact potential
difference of Si(001)-c(4x2) surfaces with and without embedded impurities with a novel developed theoretical approach[2]. In these images, there found two kinds of spots: one is atom
scale spots located on surface atoms, and the other is a broad spot spread over on top position
above the impurity atom site (see Fig.1 below). The atom scale spots vanish when the tip was
set on a distance beyond the orbital hybridization range from the sample surface. Though the
atom scale spot is induced by the orbital hybridization effect between the tip and the sample,
the nano-meter scale spot is induced by the electrostatic multi-pole interaction. We confirmed
this fact by the newly developed KPFM simulation method, which is based on the partitioned
real space density functional based tight-binding (PR-DFTB) method, augmented with the
perturbation treatment of orbital hybridization terms between the tip and the sample surface.

Fig.1 KPFM image of Si(100) c(4x2) surface including an Al impurity atom substituted
Si atom in the 4th atomic layer from the top. For the tip height of 0.6nm (left), a large bright
spot appears above the impurity, but the top atom cannot be seen. On the other hand for the
tip height of 0.4 nm (right), the individual top Si atoms are imaged as bright spots, as well as
large bright region centered above the Al site. The length scale is Å .
[1]A.Masago, M.Tsukada and M. Shimizu, Phys. Rev. B 82, 195433 (2010)
[2]A. Masago, M.Tsukada, and M. Shimizu, submitted to Appl. Phys. Lett.
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High-resolution surface potential mapping on single-walled carbon nanotubes
using frequency-modulation high-frequency electrostatic force microscopy
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Molecular recognition of single molecules adsorbed on the Si(111)-(7x7)
surface by means of nc-AFM
Z. Majzik1, W. Kaminski2, B. Drevniok3, A.B. McLean3, V. Cháb1, P. Jelínek1
1

Institute of Physics of AS CR, Cukrovarnická 10, Prague, Czech Republic, 162 00
Institute of Experimental Physics, University of Wroclaw, p. Maksa B. 9, Wrocław Poland
3
Department of Physics, Queen's University, Kingston, Ontario, Canada
2

majzik@fzu.cz
The adsorption of alkenes and aromatic molecules on semiconductor surfaces has been
subject of intense study for a long time. On Si(111)-7x7 surface reconstruction, many alkenes
and aromatic molecules attached to the surface via a [4+2]-like cycloaddition reaction in
which the molecule bridges a Si rest atom and a nearest neighbor adatom. Unfortunately, the
formation of C-Si bonds shifts the Si adatom electronic state out of the energy range
accessible to STM. This shift produces the characteristic signature of small molecule
attachment, a depression similar to the signature of a missing adatom or vacancy. This effect
makes difficult to distinguish between Si vacancies and molecular adsorption places using
STM (see Fig. It). In contrast with STM, AFM has already achieved high-resolution images of
individual molecules on surfaces [2, 3].

Here we present a combined experimental and theoretical study of the adsorption of ethylene
and benzene on the Si(111)-(7x7). Using force site spectroscopy and DFT simulation, we
show that it is possible to clearly discriminate between absorbed molecules and Si vacancies
using NC-AFM. This is illustrated in the figure, where a constant height scan of an ethylene
molecule adsorbed on 7x7 is present.
[1] M. N. Piancastelli et al., Phys. Rev. B, 48 (1993) 17892
[2] L. Gross, F. Mohn, N. Moll, P. Liljeroth, G. Meyer, Science 325 (2009) 1110
[3] L. Gross et al., Nature Chemistry 2 (2010) 821





Visualization of atomic scale elasticity on Ge(001) surface with
multifrequency FM-AFM
Yoshitaka Naitoh, Yan Jun Li and Yasuhiro Sugawara
Department of Applied Physics, Osaka University, Suita 565-0871, Japan
e-mail naitoh@ap.eng.osaka-u.ac.jp
Ge(001) surface, which is very similar to Si(001) surface [1], shows buckled dimer
structure and several reconstructed phases. In addition, different interatomic bonding state and
surface stress are distributed on the surface at the atomic scale since the dimerization of
surface atoms favors compressive lattice strain. However, elastic information at the atomic
scale has never been detected experimentally. In this study, we investigated surface elasticity
distribution at the atomic scale on Ge(001) surface by the multifrequency FM-AFM method,
which is a nice tool for probing such elasticity [2].
AFM experiments were performed in our homemade UHV atomic force microscope
operating at room temperature. A tungsten coated Si cantilever was used as the force sensor
[2], which was oscillated at the first and second flexural mode (f1=152.475 kHz and
f2=944.270 kHz). The topography of Ge(001) surface was obtained from feedback signal
maintaining a constant frequency shift of the 1st component ('f1). Based on theoretical
considerations, the surface elasticity is related to the frequency shift of the second component
('f2) signal.
Figures 1(a) and (b) are simultaneously obtained topography and 'f2 mapping of Ge(001)
surface at room temperature using the multifrequency method. In the topography the Ge(001)
surface shows up with symmetric dimer structure (p(2x1) phase) indicating the flipping dimer
state. On the other hand, the 'f2 mapping has a faint contrast difference between adjacent
dimer atoms showing the c(4x2) phase. Line profile analysis reveals that its contrast
difference corresponds to 2Hz. This result is originated from surface elasticity difference
between the adjacent dimers. We will discuss surface elasticity and physical phenomena on
this state.
Figure 1: Simultaneously obtained
(a) topography and (b) 'f2 mapping
of Ge(001) surface maintaining the
1st mode frequency shift constant at
'f1= -29 Hz with oscillation
amplitudes of A1=7 nm, A2=90 pm.
Bottom profiles were taken from
structural equivalent lines indicated
in the upper images.

[1]
[2]
[3]

Y. J. Li, H. Nomura, N. Ozaki, Y. Naitoh, M. Kageshima, Y. Sugawara, C. Hobbs and
L. Kantorovich, Phys. Rev. Lett., 96, 106104, (2006).
Y. Naitoh, Z. Ma, Y. J. Li, M. Kageshima and Y. Sugawara, J. Vac. Sci. Technol. B
28, (6), 1210 (2010).
Y. Naitoh, Y. Kinoshita, Y. J. Li, M. Kageshima and Y. Sugawara, Nanotechnology 20,
264011 (2009).





Dopants & Defects on Si(100): Imaging & manipulation by qPlus NC-AFM
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Tip-induced heating of Co atoms on Cu(110)-O surface with
low-temperature AFM
Yasuhiro Sugawara, Yukinori Kinoshita, Yoshitaka Naitoh, and Yan Jun Li
Department of Applied Physics, Osaka University, 2-1 Yamada-oka, Suita 565-0871, Japan
sugawara@ap.eng.osaka-u.ac.jp
Manipulation of single atoms and molecules is an innovative experimental technique of
nanoscience. Atom manipulation by atomic force microscopy (AFM) has opened up the
possibility of assemble and probe nanostructures even at insulating surface [1]. Atom
manipulation with an AFM is particularly promising, because it allows the direct
measurement of the driving forces involved in manipulation.
In this study, we investigate the dynamics of a single copper (Cu) or cobalt (Co) atom
during lateral manipulation on Cu(110)-O surface. Experiments were performed by using
noncontact atomic force microscopy (NC-AFM) at 78 K. Lateral manipulation for a single Cu
or Co atom was performed by using the pulling mode. After the lateral manipulation for the
Cu atom, the Cu atom was unpertubated at the present imaging parameters and resided on a
binding site on the surface. On the other hand, after the lateral manipulation for the Co atom,
as shown in Fig. 1, the Co atom became unstable at the present imaging parameters, and
hopping of the Co atom between the adjacent binding sites was induced. We for the first time
observed the atom hopping. No bias voltage was applied between the tip and the surface, so
that the hopping of Co atom is not due to excitation by inelastic electron tunneling [2]. We
investigated the life time of the hopping of Co atom. The hopping seems to be due the tipinduced heating of the Co atom.

(a)

(b)

Fig. 1 AFM images of Co atom on Cu(110)-O surface (a) before and (b) after lateral atom
manipulation. After the atom manipulation, Co atom became unstable due to tipinduced heating.
[1] M. Terns et al., Science, 319, 1066 (2008).
[2] J. A. Stroscio and R. J. Celotta, Science, 306, 242 (2004).
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Measurement of tip-sample interaction forces under infrared irradiation
toward high-spatial-resolution infrared spectroscopy using FM-AFM

Yoshihiro Hosokawa          . 
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Exploring short range interactions between two neutral molecules
Martina Corso, Christian Lotze, José Ignacio Pascual
Institut für Experimentalphysik, Freie Universität Berlin, Arnimallee 14, D-14195 Berlin
martina.corso@fu-berlin.de

Typically forces between neutral molecules are weak and extend significantly over large
distances. But what happens when two neutral molecules weakly interacting are approached
so close that chemical forces may build up?
Here we explore the interaction energy landscape when a carbon monoxide (CO) molecule is
brought in the proximity to an acetylene (C2H2) molecule adsorbed on a Cu(111) surface. For
this purpose we use a STM/NC-AFM based on a qPlus sensor design operated in frequency
modulation mode, at 5K and in UHV. By means of tunneling electrons we transfer a CO from
the Cu surface to the STM tip [1] and approach it to close proximity of an acetylene molecule.
We record the frequency shift as a function of the tip-surface distance probing in this way, site
specific interactions between the two molecules and between the CO and the Cu atoms on the
surface. By removing the contribution of long range interactions we are able to access forces
appearing exclusively in a short range regime. In this case, we find that the two molecules
show attractive interactions up to distances where chemical bonds are typically formed, with
maximum interaction energy of ~40 meV. We interpret this as the formation of a weak
chemical bond from the overlapping of C2H2 states with lone pair electrons of the oxygen in
the CO molecule. At closer distances the interaction potential is repulsive. The repulsive
force gradient is not homogeneous though, at distances too small it decreases, presumably due
to the bending of the CO at the tip [2]. Also within the C2H2 molecule the force is not
uniform; the stronger variation occurs at the hydrogen positions where a peculiar dissipation
fingerprint is additionally measured.

[1]
[2]

L. Gross, F. Mohn, N. Moll, P. Liljeroth, G Meyer, Science, 325, 1110, (2009)
Z. Sun, M. P. Boneschanscher, I. Swart, D. Vanmaekelbergh, P. Liljeroth, Phys. Rev.
Lett., 106, 046104, (2011)





Measuring the charge state of a single redox molecule with nc-AFM
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Sub-molecular resolution imaging and orientational control of on-tip C60
Cristina Chiutu1, Andrew Lakin, Andrew Stannard, Adam Sweetman, Samuel Jarvis, Janette Dunn,
Philip Moriarty2
School of Physics and Astronomy, University of Nottingham, Nottingham, NG7 2RD, UK
1
ppxcc2@nottingham.ac.uk 2 philip.moriarty@nottingham.ac.uk
Sub-molecular resolution imaging is now commonplace in scanning tunnelling microscopy. The
fullerene family of molecules has been particularly important in this regard and a number of groups
have reported the observation of intramolecular features arising from the orbital structure of, for
example, C60 adsorbed on metal and semiconductor surfaces [1]. The elegant experiments of Gross et
al. [2] showed that imaging of molecular structure with resolution significantly higher than that
achievable in conventional STM is possible using qPlus atomic force microscopy. Prior to this,
Giessibl’s group had pioneered “sub-atomic” resolution imaging [3], where spatially localized surface
orbitals are used to image tip structure.
We show that it is possible to exploit the relatively narrow spatial extent of dangling bond orbitals on
the Si (111)-(7x7) surface to image the orbital structure of a C60 molecule adsorbed on a tip. After the
transfer of a single C60 molecule from the (7x7) surface to the tip, subsequent dynamic STM
measurements yielded images where the silicon adatoms each show structure (see Fig. 1), arising
from the charge density distribution of the transferred C60 molecule. The size and the shape of the
molecular orbitals vary with the adsorption and rotation angle of the C60 on the tip. Experimental data
are in good agreement with predictions made by Hückel molecular orbital theory calculations.
In addition, qPlus AFM imaging reveals high resolution of intramolecular structure (Fig. 1). We have
also measured the force between the on-tip adsorbed C60 molecule and silicon surface using qPlus
AFM frequency shift-vs-tip displacement spectroscopy.

Fig. 1: Dynamic STM (top row) and
qPlus AFM (bottow row) images of
Si
(111)-(7x7)
with
a
C60
functionalized tip. The differences in
adatom sub-structure clearly arise
from variations in the orientation of
the C60 molecule. (Note, in particular,
the five-fold symmetric structure arising from a “pentagon-down”
orientation of the on-tip C60 - seen in
the image in the lower left corner).
Using lateral manipulation of C60
molecules adsorbed on the surface,
the molecule at the end of the tip can
be rotated. Spontaneous changes are
also observed during scanning (and
are marked by arrows in the dynamic
STM images in the top row).
[1]
[2]
[3]

P. Moriarty, Surf. Sci. Rep., 65, 175 (2010)
L. Gross et al., Science, 325, 1110 (2009)
FJ Giessibl et al., Science 289 422 (2000)





Dynamic Force Spectroscopy at a Single Molecule Junction
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Measuring individual up and down tip forces in Dynamic AFM
L. Kantorovich1, A. Sweetman2, P. Moriarty2
1
Physics Department, King’s College London, The Strand, London, WC2R 2LS, UK
2
School of Physics and Astronomy, University of Nottingham, Nottingham NG7 2RD, UK
lev.kantorovitch@kcl.ac.uk

Measuring the frequency shift as a function of the tip height in Dynamic (Non-Contact)
Atomic Force Microscopy (D-AFM) allows obtaining the average tip force over the whole
oscillation cycle (force spectroscopy). It is known that measuring the dissipation signal
involves the difference of the tip down and up forces, so that one may think that doing this
would help in determining the tip up and down forces separately in spectroscopy experiments.
We explain here that although formally a solution exists for the difference of forces to be
restored from the dependence of the excitation signal on the tip height, the dissipation
information cannot help in practice to obtain both forces because of the specific nature of the
hysteresis phenomenon widely believed to be responsible for the dissipation effects in the DAFM.
Theoretical calculations based on a one-loop hysteresis model show however that it is still
possible to measure experimentally separate down and up tip forces in specially designed
spectroscopy experiments performed at low temperature and sufficiently low oscillation
amplitude. This means that, at least in principle, the whole hysteresis curve can be directly
measured and then compared with theoretical calculations. This method will be introduced
and its main ideas explained. Then we will discuss the theoretical proposal in the context of
qPlus AFM measurements above an adatom of the Si(111)-(7x7) surface.





Chemical identification of surface ions on polar surfaces using metallic tips
and adsorbed molecules
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What role does orbital overlap play in atomic manipulation?
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Properties of Magnetic Tips for Magnetic Exchange Force Microscopy and
Spectroscopy
Rene Schmidt, Alexander Schwarz, Roland Wiesendanger
Institute of Applied Physics, University of Hamburg, Jungiusstr. 11, 20355 Hamburg,
Germany; aschwarz@physnet.uni-hamburg.de
Recently, we demonstrated the feasibility of Magnetic Exchange Force Microscopy
(MExFM) [1,2] and Spectroscopy (MExFS) [3] with atomic resolution. As for all scanning
probe techniques, the tip plays a crucial role in the data acquisition process on the atomic
scale. In this presentation different routes to prepare and characterize atomically sharp and
magnetically sensitive tips in situ are discussed.
To perform MExFM or MExFS experiments, standard silicon cantilevers are coated with
magnetic material. It turns out that usually these coated tips are neither atomically sharp nor
magnetically sensitive at the beginning. Therefore, it is necessary to sharpen the tip and to
make it magnetically sensitive by inducing strong chemical and magnetic tip-sample
interactions to alter the tip apex. Indenting the tip into the surface or scanning at close
distances across step edges eventually produces in most cases the desired tip. However, such
tips sometimes exhibit an increased dissipation signal, which can be interpreted in terms of
adhesion hysteresis. While such dissipative tips are sufficient for simple imaging, a correct
quantitative evaluation of spectroscopy data requires stable non-dissipative tips. It will be
shown how stable and unstable tips can be distinguished from each other, by evaluating the
dissipation signal (see Fig.1).

Fig.1: Non-dissipative (left) and dissipative tip (right). Only in the former case extraction of the
magnetic exchange interaction is possible via subtraction of spectroscopy curves recorded on sites
with opposite spin marked by a blue and a red dot (black curve). Note that the dissipative tip on the
right also exhibits more noise in imaging mode (cf. insets).

[1]
[2]
[3]

U. Kaiser, A. Schwarz, and R. Wiesendanger, Nature 446, 522 (2007).
R. Schmidt, C. Lazo, H. Hölscher, U. H. Pi, V. Caciuc, A. Schwarz, R. Wiesendanger,
and S. Heinze, Nano Lett. 9, 200 (2009).
R. Schmidt, C. Lazo, U. Kaiser, A. Schwarz, S. Heinze, and R. Wiesendanger, Phys.
Rev. Lett. in press.







Atomic Scale Magnetic Dissipation from Spin-Dependent Adhesion
Hysteresis
E. Y. Vedmedenko,  "  %! 5 .  06 
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Exploiting transient non-equilibrium structures for the formation of
complex molecular islands on insulating surfaces
Martin Körner1, Felix Loske, Mario Einax1, Michael Reichling1, Philipp Maass1, Angelika
Kühnle
Institut für Physikalische Chemie Johannes Gutenberg Universität Mainz, Germany
1
Fachbereich Physik, Universität Osnabrück, Germany
kuehnle@uni-mainz.de
Deposition of fullerenes on the CaF2(111) surface yields peculiar island morphologies that
exhibit close similarities to previous findings for (100) surfaces of other ionic crystals [1,2].
By means of non-contact atomic force microscopy we find a smooth transition from branched
hexagonal islands to compact, triangular islands upon increasing the temperature. By
developing a kinetic growth model we unravel the microscopic mechanisms of the structure
formation [3]. Based on this model, the formation of both islands types can be understood.
Compared to molecular self-assembly on metal substrates, the island morphologies are
qualitatively different. The key to understand the characteristic morphology of molecular
islands on an insulating substrate is the process of facilitated dewetting. In particular, while a
weak molecule-substrate interaction is a prerequisite for dewetting, we unravel that the island
shapes are governed by the second-layer occupation rather than by the incommensurability
between the structures of molecular islands and the substrate.
Finally, we point out that the complex hexagonal islands originate from a transition of simple
non-equilibrium structures that transform into stable islands with complicated morphology by
dewetting. This work demonstrates that transient non-equilibrium structures might be
deliberately employed for the formation of complex, functional structures on insulating
substrates.

[1]
[2]
[3]

S. Burke et al., Phys. Rev. Lett. 94 (2005) 096102.
S. Burke et al., Phys. Rev. B 76 (2007) 035419.
M. Körner et al., Phys. Rev. Lett. in press (2011)
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Phase transition of a molecular film: Following the rearrangement of a
transient molecular structure on calcite (101̄4)


Markus Kittelmann (0  '  *  *7  %* ~
,~(*  '$  = "# . = 
 ** -+ .

   +            #  
           # ' 1    +  
  ?#     #  
      #                 89 3
        #  5   5#  1         
              5 
   
    5 *  +          
     5 1  # 5  
    5         5        
      5 8 +9
  5          >+ ? .        
 #           + #    +        
    27'+%34 "           >+ ? .   
           &          
            6  #   5        7'+%3
#          D    #      *      
  




3B >+ ? .      2<@4  #     
2 4&   2 4 ##55    2 4    


89
$| %0#('>A D>2 <<D4
8 9
!* $(B'    @ <2 <<:4
89
 (0#} 2 <4

 



 



           

             
    

 !" " #$ %&  !'( ))*+, "%
  .," /.   ,0 % ! 

.11 .231
4. 3, .,/  , /  5   .// 0,  
3  6/ 0 1  73 85 /6.9 ,    . /6.,
.,    .  , /, 3   5   ,   
/ 3  5 31/ 3   '  5  /., . 3 
3   , 5, 3    : 5  .6, ,     60 
&31 ;< , . 1 60, 6 1 , . 3,  , &,  3
 70 =' /6.9  )#+> .&.&, 1. 7::49 , 
= /  4.  3 & ' . 6.  5  3   
.6  .&/ / 7   +?>)@9  3  A( 1B 6.
 .  1,5 11&3 $C@ 7/ 59
,  , &1 6. . /  .6   3 /6., 6., . 5'
A( 1B 6 31   &13  6., 5. D 4    .
/ 3 7-4% / 9 ;< , /   /,   5 3 
A6/B ;)< % 31, 56,   &13  , . . 
  6  ,6    5  . '/    . / ''
, . 1, 1   ::4 , = , , 3 . /,  . 5'
A( B
59
9
9






/ 9  59E  %  1/1.  .  3 ::4  = .6/ . A(B 1  6
 . .&/ /  . 3  1 ' 9 1  .  5 3     . /
3 5 3 D 4   F5F#@ F+)G

;<
;<
;)<

" 60          H  D5 . 11 .
   H . .3   **> 7>>9
 IJ - % . ,H     ">$$ 7**#9
H          +$K 7>>9
  , 4 L .  "'6  )K$>K 7>>K9

 



Adsorption and structure formation of organic molecules on CaCO3(101̄4)
– Impact for molecular self-assembly on insulating substrates
Philipp Rahe, Markus Nimmrich, Jens Schütte1, Markus Kittelmann and Angelika Kühnle
Institut für Physikalische Chemie, Johannes Gutenberg-Universität Mainz, Germany
1
now at: Dr. Eberl MBE-Komponenten GmbH, Weil der Stadt, Germany
rahe@uni-mainz.de
Bottom-up fabrication of molecular devices, beginning at the single-molecule level, provides
utmost control of structure and functionality. Exploiting molecular self-assembly on surfaces
bears the potential for fabricating molecular devices with unique versatility and cost-effective
production. Consequently, molecular self-assembly has been studied extensively using
scanning tunneling microscopy on metallic and semi-conducting surfaces, resulting in wellcontrolled structure formation with two-, one-, or quasi zero-dimensionality [1,2]. For many
applications, however, insulating rather than conducting surfaces are mandatory in order to
reduce electronic coupling to the substrate surface. So far, employing molecular self-assembly
on insulating surfaces has been hampered by high molecular mobility and dewetting
processes, frequently leading to clustering and bulk structure formation at step edges [3,4].
Here, we present a non-contact atomic force microscopy (NC-AFM) study of molecular selfassembly on the (101̄4) cleavage plane of calcite CaCO3. The deposition of different classes
of organic molecules results in a rich variety of ordered, substrate-templated patterns at room
temperature. Most importantly, dewetting processes are only rarely observed on this surface.
Our findings demonstrate advantages of using CaCO3(101̄4) over other insulating surfaces
when studying molecular adsorption. Reasons for this accomplishment will be discussed and
they will be related and adapted to other insulating surfaces.

Figure 1: Self-assembly of different organic molecules on CaCO3(101̄4) surfaces studied by
NC-AFM. (a) C60 fullerene, (b) terephthalic acid, (c) trimesic acid.
[1]
[2]
[3]
[4]

J. Barth et al., Annu Rev Phys Chem 58, 375 (2007)
A. Kühnle, Curr Op Coll Interf Sci 14, 157 (2009)
T. Kunstmann et al., Phys Rev B 71, 121403 (2005)
S. A. Burke et al., J Phys: Cond Mat 21, 423101 (2009)
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Probing Local States with the Phantom Force
Alfred J. Weymouth, Thorsten Wutscher, Franz J. Giessibl
Department of Physics, University of Regensburg, 93053 Regensburg, Germany.
jay.weymouth@physik.uni-r.de

We have recently reported upon an apparently repulsive force when performing simultaneous
AFM and STM above a semiconductor [1]. We described this phantom force in terms of the
voltage drop near the tip-sample junction due to the tunneling current, and thus as a decrease
in the attractive electrostatic force. In our simple model, the effect is highly localized (∼1Å)
and should therefore be able to probe local charging effects in heterogeneous samples.
One of the most common defects on a H-saturated Si surface is a missing H-atom, resulting in
an unsaturated Si dangling bond. It has been previously shown that these dangling bonds on
highly-doped Si(100) can be used as quantum dots to explore the physics of interacting
quantum dots, even at room temperature [2]. Their localized nature makes this surface ideal
for exploring the charge carrier dynamics we are able to probe with the phantom force. We
report upon the local phantom force we are able to observe on this surface, and how it relates
to our model.

When one H atom is missing above a Si
adatom on the hydrogenated Si(100)
surface, a localized electronic state is
created (shown as a white cloud, left).
This state can be easily observed in STM
data (right, with a white box
corresponding to the area shown in the
left figure) and has a distinct Phantom
Force signature observable with
simultaneous AFM/STM.

[1]
[2]

A.J. Weymouth, T. Wutscher, J. Welker, et al., Phys. Rev. Lett., 106, (226801), (2011)
M.B. Haider, J.L. Pitters, G.A. DiLabio, et al., Phys. Rev. Lett., 102, (046805), (2009)







Combined NC-AFM and STM investigations of individual molecules
adsorbed on ultrathin insulating films using functionalized tips
Leo Gross, Fabian Mohn, Nikolaj Moll and Gerhard Meyer
IBM Research - Zurich
lgr@zurich.ibm.com

The contrast mechanisms of noncontact atomic force microscopy (NC-AFM) and
scanning tunnelling microscopy (STM) using functionalized tips are discussed for the
case of individual organic molecules.
Using atomic manipulation, the tip of an AFM or STM can be functionalized in a
controlled manner. As a result the contrast can be increased, and even more important the
interpretation of images benefits from the knowledge of the chemical composition of the
tip apex [1]. On the one hand, by using NC-AFM with CO terminated tips, atomic
resolution has been demonstrated and the contrast mechanism was assigned to the Pauli
repulsion [2,3]. On the other hand, by using STM and by decoupling the molecules from
the metallic substrate by an ultrathin insulating film, the molecular frontier orbitals, i.e.
the highest occupied and the lowest unoccupied molecular orbitals (HOMO and LUMO),
could be mapped and the resolution could be increased by tips functionalized with
organic molecules [4]. Thus, combining AFM and STM, complementary information
could be obtained (see Fig. 1).
We will present results measured with metal and CO terminated tips on pentacene and
naphthalocyanine molecules adsorbed on bilayer NaCl grown on Cu(111) using a tuning
fork STM/AFM system at 5 K.

Figure 1: Pentacene on bilayer NaCl on Cu(111). (a), (b) Molecular orbital images obtained by STM using
a pentacene terminated tip compared to (c), (d) calculated contours of constant orbital probability
distribution [4]. (e) NC-AFM image using a CO terminated tip [2] compared to (f) DFT calculations [3].

[1]
[2]
[3]
[4]

L. Gross, Nature Chem. 3, 273 (2011).
L. Gross et al. Science 325, 1110 (2009).
N. Moll et al. New J. Phys. 12, 125020 (2010).
J. Repp et al. Phys. Rev. Lett. 94, 026803 (2005).







Atomic Force Maps on Epitaxial Graphene
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Investigation of TiO2 (110) by AFM/STM with the Tungsten-Coated Tip
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AFM/STM Simultaneous measurement on Cu (110)-O with metalcoated cantilever
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The charge state of steps on cleaved CaF2 studied by NC-AFM and KPFM
Hans Hermann Pieper,1 Clemens Barth,2 Michael Reichling1
1
Fachbereich Physik, Universität Osnabrück, Barbarastr. 7, 49076 Osnabrück, Germany
2
CINaM-CNRS UPR 3118, Campus de Luminy, Case 913, 13288 Marseille, France
reichling@uos.de, barth@cinam.univ-mrs.fr

Step edges and kinks that are non-equilibrium structures on a cleaved CaF2(111) surface are
investigated by non-contact atomic force microscopy (NC-AFM) and Kelvin probe force
microscopy (KPFM). NC-AFM permits imaging insulating surfaces with atomic resolution
[1] whereas KPFM images the distribution of surface charges and dipoles on insulating
surfaces [2]. Step edges generally form acute angles with each other but do not have uniform
directions. High resolution NC-AFM imaging yields, however, that they are composed of
sections following the <110> directions and, thus, exhibit alternating type I and type II steps.
The surface potential determined by KPFM at ledges having a high amount of type I step
edges exhibits a slightly enhanced potential while the potential of type II ledges is reduced by
70 mV with respect to the potential of the stoichiometric terrace. This points to an overall
positive net charge present at ledges. We propose that the positive charge stems from low
coordinated Ca2+ ions present at type II ledges and confirm this by atomically resolved NCAFM images revealing the Ca2+ ion sub-lattice with repulsive-mode imaging contrast [3].

[1]
[2]
[3]

J. V. Lauritsen, M. Reichling, J. Phys. Condens, Matter, 22, (263001), (2010)
C. Barth, A. S. Foster, C. R. Henry et al., Adv. Mater., 23 (477), (2011)
A. S. Foster, C. Barth, A. L. Shluger et al., Phys. Rev. B, 66, (235417), (2002)







Classification for the NC-AFM contrast formation on CaCO3(101̄4)
Philipp Rahe1, J. Schütte1,2, M. Reichling3, M. Abe4, Y. Sugimoto4 and A. Kühnle1
1
Institut für Physikalische Chemie, Johannes Gutenberg-Universität Mainz, Germany
2
now at: Dr. Eberl MBE-Komponenten GmbH, Weil der Stadt, Germany
3
Fachbereich Physik, Universität Osnabrück, Osnabrück, Germany
4
Graduate School of Engineering, Osaka University, Osaka, Japan
rahe@uni-mainz.de
Calcium carbonate (CaCO3) is one of the most abundant simple salts in nature. It is found in
the shells of mollusks such as slugs or sea shells. Together with an organic phase, it forms
materials with both, outstanding material properties and amazing elegancy. Consequently,
these biominerals have attracted much attention during the last decades, with the goal to
understand and mimic the formation processes [1].
The (101̄4) surface of calcite is the most stable cleavage plane and has been studied by means
of low-energy electron diffraction, X-ray photoelectron spectroscopy and atomic force
microscopy [2,3]. A detailed understanding of the fundamental (101̄4) surface properties is of
great importance in the context of molecular adsorption.
Two surface characteristics, namely row-pairing and the (2×1) reconstruction, have often
been observed and are subject to controversial discussions. Using NC-AFM, we recently
presented distance-dependent data clearly revealing the (2×1) reconstruction [3]. However,
these and other surface characteristics manifest themselves in a large variety of contrast
patterns, depending on the tip condition and the tip-surface distance.
In this study, we present a large number of different contrast patterns observed in NC-AFM
imaging of CaCO3(101̄4) surfaces. A systematic classification scheme is introduced and
relations to surface characteristics are discussed. The distance dependence for some of these
contrasts are analysed using high-resolution NC AFM data acquired in the 3D AFM mode at
room-temperature, using our newly developed atom-tracking system [4].

Figure 1: Some of the NC-AFM contrast patterns observed on CaCO3(101̄4) surfaces. Labels
B to L6 refer to the introduced classification scheme. All images represent NC-AFM
frequency shift ('f) raw data.
[1]
[2]
[3]
[4]

L. Addadi et al., Angew Chem Intern Edt 31, 153 (1992)
S.L. Stipp et al., Geochim Cosmochim Acta 55, 1723 (1991),
F. Ohnesorge et al., Science 260, 1452 (1993)
J. Schütte et al., Langmuir 26, 8295 (2010)
P. Rahe et al., Rev Sci Inst, in print (DOI: 10.1063/1.3600453)
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Changes in Morphology and Electronic Structure of MgO on Mo(001)
S. Stuckenholz, L. Lichtenstein, C. Büchner, M. Heyde, H.-J. Freund
Fritz-Haber-Institute of the Max-Planck-Society, Faradayweg 4-6, D-14195 Berlin, Germany
E-mail: stuckenholz@fhi-berlin.mpg.de

Morphology and electronic structure of oxide surfaces play an important role in surface
reactions. In catalysis oxides are often present either as catalyst or as support. An insight into
the chemical reactions on the oxide surface can be gained by characterizing the local charge
state and morphology of defect sites at the atomic level.
The main tool we use is a dual microscope combining frequency modulation dynamic force
microscopy (FM-DFM) with scanning tunneling microscopy (STM). Since our custom-made
sensor can be operated in both modes simultaneously, the same site can be characterized by
FM-DFM and STM [1]. This provides atomically resolved complementary information about
morphology and electronic properties of local surface sites. The setup is operated at low
temperature and ultra-high vacuum to ensure stable operation conditions.
Our group already investigated the local charge state of individual point defects on thin MgO
films on Ag(001). We were able to characterize the charge state of electron trapping sites, i.e.
color centers and of morphological defects such as divacancies [2].
Following the previous studies we want to use our versatile microscope to characterize the
change in morphology and electronic structure of the oxide surface with respect to the
transition from a thin film to a bulk-system. For this study we use MgO on Mo(001) as a
model system for catalysis. By tuning the metal/oxide interactions with increasing film
thickness we want to understand fundamental phenomena. In this investigation the potential
of FM-DFM, especially in the transition region of the film system, is used to characterize the
model system.
We present results from a preliminary growth study of MgO on Mo(001). Here, the thickness
transition is investigated with low energy electron diffraction (LEED) as well as FM-DFM.

[1]
[2]

M. Heyde, G. H. Simon, H.-P. Rust, H.-J. Freund, Appl. Phys. Lett. 89, 263107 (2006)
T. König, et al., J. Am. Chem. Soc. 131, 17544 (2009)







Stable Contrast Mode on TiO2 (110) Surface Using AFM
with Tungsten-coated Tips
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Scanning Kelvin Probe Microscopy for C60/TiOPc Molecular Interfaces
Kristen M. Burson1,2, Yinying Wei1,3, William G. Cullen1,2, Janice E. Reutt-Robey1,3*
1
Materials Research Science and Engineering Center, University of Maryland, College Park,
MD 20740-4111 USA
2
Department of Physics, University of Maryland, College Park, MD 20742-4111 USA
3
Department of Chemistry, University of Maryland, College Park, MD 20742-4111 USA
*rrobey@umd.edu
One challenge for increasing the efficiency of organic photovoltaics is to understand the
barrier to exciton separation that exists at the interface between organic molecules. Small
molecule organic donor-acceptor heterojunction systems such as C60 and TiOPc present an
ideal system for characterizing interface effects due to their facile deposition and ordered selfassembly.[1,2]
We employ UHV AFM (atomic force microscopy) and KPFM (Kelvin probe force
microscopy) to obtain simultaneous images of the potential and topographic landscapes at the
interface between submonolayer C60, a good electron acceptor, and honeycomb phase TiOPc,
an organic with high hole mobility, on Ag(111). This technique allows for high spatial
resolution of both the potential and the topography. The statistically averaged work function
differences for C60 on Ag(111) and C60/TiOPc on Ag(111) are found to be 27 +/- 11 mV and
207 +/- 66 mV, respectively. Additionally, a direct measurement of the step edge dipole is
made on Ag(111).

Figure 1: AFM topography (a) and KPFM potential (b) for domains of sub-monolayer C60
(right) and sub-monolayer honeycomb phase TiOPc (left) on a Ag(111) surface.
[1]
[2]

M. Brumbach, D. Placencia, N. R. Armstrong, J. Phys. Chem. C, 112, (3142), (2008)
Y Wei, S. W. Robey, J. E. Reutt-Robey, J. Am. Chem. Soc., 131, (12026), (2009)

*Work supported by UMD NSF-MRSEC under DMR 05-20471.







Scanning Kelvin Probe Microscopy of Graphene-Supporting Substrates
Kristen M. Burson1, Alexandra Curtin1, Shaffique Adam2, Michael S. Fuhrer1, and William
G. Cullen1*
1
Department of Physics, University of Maryland, College Park, MD 20742-4111 USA
2
CNST, National Institute of Standards and Technology, Gaithersburg, MD 20899 USA
* wcullen@physics.umd.edu
Many transport properties of graphene on SiO2 are well-described by Coulomb scattering of
charge carriers, if one assumes a (2D) distribution of impurity charges (1011 – 1012 cm-2) at a
distance ~ 1 nm from the graphene [1]. This varying potential from random charges causes
the carriers to arrange into a collection of electron and hole “puddles”, at lengths ~ 20 nm.
However, a definitive measurement of this charge density has been lacking. Earlier results
using a scanning single-electron transistor (SET) [2] were resolution-limited at a length scale
~ 150 nm, and consequently obtained a lower estimate of the potential variation. STM/STS
detects the presence of scattering centers below the graphene [3], but does not probe
electrostatic potential directly and cannot image the bare (insulating) substrate. Here, we
present results of UHV Kelvin-probe microscopy obtained in non-contact mode. We map the
surface potential of SiO2 from few-nm to few-micron length scale, bridging the gap between
STM and SET measurements and revealing rms potential variation ~ 100 mV. This is
quantified using an analytic model of randomly distributed charges of density n, along with
simulation of potentials for random charges with both 2D and 3D distributions. Our results
indicate a (2D) charge density ~ 3 x 1011 cm-2, providing strong evidence for Coulomb
scattering as the dominant influence of electronic transport in SiO2-supported graphene. In
combination with measurements on other substrates, this suggests that measurements of
inhomogeneity in substrate surface potential may be predictive for electronic mobility in
graphene devices.

Figure 1: (a) SKPM potential map of SiO2 surface in UHV, image size 3.128 x 3.128 §m. (b)
Histogram of surface potential, with standard deviation ¨ ~ 100 mV.
[1]
[2]
[3]

S. Adam, E. Hwang, V. Galitski et al., Proc. Nat. Acad. Sci., 104 (18392), (2007)
J. Martin, N. Akerman, G. Ulbricht et al., Nature Physics, 4, (144), (2008)
Y. Zhang, V. Brar, C. Girit et al., Nature Physics, 5, (722), (2009)

*Work supported by UMD NSF-MRSEC under DMR 05-20471 and U.S. ONR MURI.







A NC-AFM and KPFM study of a triphenylene derivative on KBr(001)
A. Hinaut, F. Chaumeton, S. Bataillé, A. Gourdon, D. Martrou and S. Gauthier
CNRS, CEMES, BP 94237, 29 rue Jeanne Marvig, F-31055, Toulouse, France
gauthier@cemes.fr

We have started a program aimed at imaging single molecules on the surface of a bulk
insulator at room temperature. This task is essential to the goal of connecting a molecule to
metallic electrodes in a planar geometry to build a single molecular device [1]. One of the
major difficulties in this task is to immobilize the molecules. The diffusion barrier of most
molecules on usual insulating surfaces is generally quite low making room temperature
diffusion too fast for imaging. In this study KBr(001) was chosen as a substrate for its ease of
preparation and the relative facility for atomic resolved imaging. On this ionic substrate, the
molecule-surface interaction is usually dominated by electrostatic forces.
Our approach consists in equipping a flat, aromatic triphenylene molecular core with different
peripheral polar groups, as shown in fig. 1a. Results on molecule (1) [fig. 1a] are reported in a
recent publication [2]. In the following, we present our results for molecule (4) where 6 oxygen-propyl-nitrile legs are connected to the triphenylene core. It was demonstrated
recently that nitrile groups are suitable for adsorption on KBr(001) due to their strong dipolar
character [3].
Molecule were deposited on the cleaved (001) face at room temperature. The surface was
examined from submonolayer to multilayer coverage and after annealing to increasing
temperature from 350K to 420 K. Different structures are observed:
-isolated molecules or few molecules clusters,
-two types of monolayer structure that are nearly indistinguishable on the topography
but give a strongly different contrast in KPFM (m1 and m2 in fig. 1b and c),
-nanometer high structured 3D islands (3DI in fig. 1b and c).
The complementary between these topographical and Kelvin data will be used to suggest
structural models for these different structures.

(a)

[1]
[2]
[3]

(b)
Figure 1

C. Joachim et al, J. Phys.: Condens. Matter, 22, (084025), (2010)
A. Hinaut et al, accepted to J. Phys. Chem. C. (2011)
B. Such et al, ACS Nano, 4, (3429), (2010)
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Kelvin probe force microscopy on single and bilayer graphene
C. Held, T. Seyller1, and R. Bennewitz
INM-Leibniz Institute for New Materials, 66123 Saarbrücken, Germany
1
Lehrstuhl für Technische Physik, Universität Erlangen-Nürnberg, 91058 Erlangen, Germany
christian.held@inm-gmbh.de

Layers of graphene are grown on SiC(0001) samples by means of thermal decomposition in
Ar [1]. The resulting structure consists of atomically flat terraces of SiC with a width of
hundreds of nanometers, covered with single and bilayer patches of graphene. Zero, single
and bilayer coverage can be identified by Kelvin force microscopy [2]. The correlation
between topography and contact potential will be presented in a novel fashion which allows a
direct analysis of the combined surface structure of substrate and graphene film. Contact
potential contrasts other than the well-known 135 meV between first and second layer will be
discussed with respect to lateral resolution effects.

[1]
[2]

K. V. Emtsev et al. , Nature Materials , 8, (203), (2009)
T. Filleter et al. , Appl. Phys. Lett., 93, (133117), (2008)







Work function of graphene exfoliated on insulating substrates 
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The influence of the cantilever capacitance on the accuracy of surface
potential measurements in Kelvin probe force microscopy
F. Krok, K. Szot1, J. Konior, P. Piatkowski, M. Szymonski
Institute of Physics, Jagiellonian University, Reymonta 4, 30-059 Krakow, Poland
1
Institut fuer Festkoerperforschung, Forschungszentrum Julich, 52425 Julich, Germany
e-mail: franciszek.krok@uj.edu.pl

We report on studies concerning contribution of the cantilever on the accuracy of surface
potential imaging of heterogeneous surfaces in Kelvin probe force microscopy, working in
frequency modulation mode (FM-KPFM), performed in ultrahigh vacuum. The system under
investigation consisted of a set of electrically isolated Pt nanowires (of 100 nm in width)
lithographically deposited on SiO2/Si substrate. The metallic nanowires were externally
biased, with respect to the Si substrate, with dc voltage (Vext.dc). Then, with the standard FMKPFM imaging of the Pt/SiO2/Si system, the spatial distribution of the contact potential
difference (VCPD) signal as a function of the dc voltage applied to the Pt nanowires, was
measured. A CPD-gradient i.e. (dVCPD/dVext.dc) measured at specific surface location allowed
to evaluate the effect of parasitic capacitance between the cantilever and the sample on the
accuracy of surface potential imaging. For this case, the experimental findings are compared
with the predictions of theoretical calculations based on a realistic model for the cantileversample geometry.







CNT-probes in NC-AFM: Tip broadening and KPFM signature
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Nucleation, growth and shape of Au cluster on CeO2(111)
Hans Hermann Pieper, Michael Reichling
Fachbereich Physik, Universität Osnabrück, Barbarastr. 7, 49076 Osnabrück, Germany
reichling@uos.de

Gold nano-clusters of variable size are deposited on CeO2(111) by sublimation of Au from a
Knudsen cell onto the substrate surface kept at various temperatures during deposition
ranging from 300 K to 1050 K. Samples are investigated by non-contact atomic force
microscopy (NC-AFM) and Kelvin probe force microscopy (KPFM) performed at room
temperature. Measurements of surface topography are complemented by KPFM compensation
to determine the true height of the cluster [1]. The cluster size is determined as a function of
deposition temperature. For small clusters, the shape and their orientation with respect to the
substrate is determined NC-AFM measurements performed in the constant height mode
revealing the top facet [2]. Furthermore, we establish a relation between the KPFM contrast
and the cluster size and demonstrate charging of individual clusters to an equivalent of a few
electrons.

0.7ML Au deposited at sample temperature of 950K.

[1]
[2]

S. Sadewasser, M.C. Lux-Steiner, Phys. Rev. Lett., 91, (266101), (2003)
O. H. Pakarinen, C. Barth, A. S. Foster et al., J. Appl. Phys., 103, (054313), (2003)







Dynamic Force Spectroscopy of Electrostatic Interactions in Aqueous Salt
Solutions of Variable Concentration and Valency
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High-resolution Imaging on Ionic Liquid/Solid Interfaces using Frequency
Modulation Atomic Force Microscopy
Takashi Ichii, Motohiko Fujimura, Masahiro Negami, Kuniaki Murase, Hiroyuki Sugimura
Department of Materials Science & Engineering, Kyoto Univ., Kyoto 606-8501, Japan
ichii.takashi.2m@kyoto-u.ac.jp
Room-temperature molten salts, which are also called “ionic liquids (ILs)”, have superior
properties compared to water and organic solvent, such as high ionic conductivity, nonvolatility, and non-combustibility. They are expected to be adopted as a new electrolyte in
electrochemistry. FM-AFM studies on IL/solid interfaces would provide helpful information
for electrochemical reactions using ILs. However, since ILs have high viscosity (typically 100
times higher than that of water), FM-AFM imaging using Si cantilevers is considered to be
unstable because of extremely low Q-factor in ILs. Recently, we have developed FM-AFM
with quartz tuning fork sensors for the investigations in ILs. The Q-factor in our system was
kept more than 100 even in ILs and stable topographic imaging was successfully achieved [1].
In this study, we demonstrated high-resolution imaging on IL/solid interfaces. Figure 1 (a)
shows a FM-AFM image obtained on an interface of a cleaved mica surface and 1-ethyl-3methylimidazolium acetate (EMI-AcO, viscosity: 93 cP). The tip jumped from Terrace 1 to
Terrace 2 as schematically shown in Fig. 1(b). The height of the jump was 2.0 nm, which are
almost equal to the thickness of 3 layers of EMI-AcO ion pairs. Figures 1(c) and (d) show the
magnified images of Area (1) in Terrace 1 and Area (2) in Terrace 2, respectively. Figure
1(c) clearly shows the molecular-scale contrast, which should correspond the arrangement of
the ions composing the solvation layers. Defects on the solvation layers were also imaged.
The right part of Fig. 1(d) shows a honeycomb-like structure; that is, atomic-resolution
imaging of the mica surface was successfully achieved. The left part of Fig. 1(d) shows
hexagonally-packed brighter spots. These spots should be the ions arranged on the mica
surface. These results indicate that our FM-AFM is capable of visualizing both atomic-scale
contrast of solid surfaces and molecular-scale contrast of solvation layers in ILs.

Fig. 1(a) FM-AFM image obtained on a mica/EMI-AcO interface, 10 nm × 10 nm, Δf = +100
Hz, Ap-p = 100 pm. (b) Schematic illustration for explaining the expected tip trajectory. (c)
Magnified image of Area (1). (d) Magnified image of Area (2).
[1] M. Fujimura, T. Ichii, K. Murase, H. Sugimura, Abstract booklet of NC-AFM2010, P1-3-8







Phase Modulation Atomic Force Microscopy in Ionic Liquids using quartz
tuning folk sensors
Masahiro Negami, Motohiko Fujimura, Takashi Ichii, Kuniaki Murase, Hiroyuki Sugimura
Department of Materials Science & Engineering, Kyoto Univ., Kyoto 606-8501, Japan
ichii.takashi.2m@kyoto-u.ac.jp
Room-temperature molten salts, which are also called “ionic liquids (ILs)”, have superior
properties compared to water and organic solvent, such as high ionic conductivity, nonvolatility, and non-combustibility. They are expected to be adopted as a new electrolyte in
electrochemistry. AFM studies on IL/solid interfaces would provide helpful information for
their application and we have developed FM-AFM using quartz tuning folk sensors for
investigating IL/solid interfaces [1]. Phase modulation (PM) AFM has several advantages
compared to FM-AFM such as high stability and simple experimental setup.
In this study, we demonstrated PM-AFM investigations on IL/solid interfaces. Figure 1 (a)
shows a PM-AFM topographic image of a Si(111) substrate covered with a hexadecyl
monolayer (HD-SAM) obtained in 1-ethyl-3-methylimidazolium bis[(trifluoromethyl)
sulfonyl]amide (EMI-Tf2N, viscosity: 28 cP). The phase shift was kept 90 degree during
imaging and the driving frequency was changed in order to regulate the tip-to-sample distance.
The atomic steps originated from the Si substrate were imaged. In addition, a phase shift vs.
distance curve clearly showed an oscillation with a period of 0.67 nm as shown in Fig. 1(b),
which indicates the presence of multiple solvation layers on the interface. These results
suggest that the PM-AFM using quartz tuning folk sensors can be a powerful technique for
investigating on IL/solid interfaces.

Fig. 1 (a) PM-AFM image of a Si(111) substrate covered with HD-SAM obtained in EMITf2N, 300 nm × 300 nm, Δf = +50 Hz, Ap-p = 1.0 nm. (b) Phase shift vs. distance curve
obtained on a HD-SAM/EMI-Tf2N interface, Ap-p = 0.25 nm.
[1] M. Fujimura, T. Ichii, K. Murase, H. Sugimura, Abstract booklet of NC-AFM2010, P1-3-8







Pulse-response measurement of frequency-resolved water dynamics on a
hydrophilic surface using a Q-damped AFM cantilever
Masami Kageshima
Department of Physics, Tokyo Gakugei University, Koganei, Tokyo 184-8501, Japan
masami@u-gakugei.ac.jp

Water dynamics on hydrophilic surfaces has aroused much controversy as measurement with
atomic force microscopy (AFM) often suggested anomalous time-scales for its response. In
order to circumvent frequency selectivity in AFM measurement magnetic control of the
cantilever was introduced to suppress its resonances and to exert a well-characterized stimulus
onto it. Detail of the experimental setup is described elsewhere [1]. A spherical magnet with a
diameter of ca. 7 §m was attached onto the end of a 0.03 N/m silicon nitride cantilever and
was driven with a small electromagnet and a wide-band constant current driver [1,2]. A
quality-factor (Q-) controller differentiates cantilever’s deflection signal from ca. 2 kHz to 50
kHz and feed it back to the regulation signal so that the 1st and 2nd resonances are suppressed.
With a square pulse with duration of 10 §s applied to the magnet driver, the cantilever
instantaneously deflected toward a mica substrate placed in water by 0.2-0.3 nm and then
relaxed. Figure 1 shows cantilever responses at two positions, ca. at 300 nm from the
substrate (“mild” interaction) and close to the contact (“strong” interaction). With “strong”
interaction the relaxation time of the response seems to be slightly shortened. Fourier-Laplace
transform of these responses gives complex compliances of the cantilever-water system. By
inverting the compliances to the stiffnesses and taking their difference the complex stiffness,
or viscoelasticity, of the confined water can be derived in a frequency-resolved form. Figure 2
shows the real (K’) and imaginary (K’’) parts of the obtained complex stiffness. Although the
data from 4 to 8 kHz is disturbed by slight residual response of the 1st resonance mode, K’
seems to retain a positive value in the entire frequency regime, indicating a solidifying
character. On the other hand K’’ does not undergo significant change in the low frequency
regime whereas it comes to show increase with the frequency over 10 kHz.

Input pulse㻌

Fig. 1 Responses of a Q-damped cantilever
to a pulse signal at two positions.

[1]
[2]

Fig. 2 Real (K’) and imaginary (K’’) parts of
stiffness of confined water in 100 Hz-100 kHz.

T. Ogawa et al., Ultramicroscopy 110 (2010) 612.
M. Kageshima et al., Rev. Sci. Instrum. 80 (2009) 023705.








           
    


! , N    !" #$ % N 5  & N3N +

= !      . 5 "#  N +    . 5 : <+: $ S 
3 !  ) .     . 5 "#  N +    . 5 : <+: $ S 

 +%330'   . 5 "#  N +    . 5 : <+: $ S 
+ B  N - N  . 5 + MS

0  S   3+%3  E          5    
   #  1   #     E  S E   # . +  
24 E           1   5 E  + 
  E      S89 5#    E  +
   E 3+%3  1    E            
S  ?S   &  E         
    5  # S  E  +     ' 3 24   E 3+
%31' 3 24  #E?## E3+%3"|
8 9,       ?S  E5?S 
E    8 90          
 ' 3 24    5   # E S  89 &  ' 3 24   
 E    S #       
3+%31, 5 ##        5 
 ' 3 24 5E  +   
32 4 5 3+%3  NS5 ,   5  
  +    E E    E  <  <
  ?S&    ' 3     
' 2)4     E   5  3 2 4 , <<  S        
 5       ' 2)4   832E49   
     +     5  E E      83 2 49 &
     S       N  S E     ' 3 24  
5E  +      

89
&3N ! &  %#  <<<2 <<4
8 9
%!3  '  %}! 01  0  (0#
%%  >@D2 << 4
89
6 N %}! (0#} &' :;<2 <<4





3  3+%3     ' 3 24    N  2 4 S 5   2E4 <<
S    2 4%      N  2E4







  (Q ! (   () *# 

(+,( 



./"!0    . N )  6   E &      
) 
N N 5 - . MS


$!&%#    %  $ S 

! .' S      $ S 

S  '  E"#  E $ S 

)   S  S #   M          5 SS    
&         . 1+S    ,    Q+ N 
  S    S S   5 S E   S   
5   N    5  3+%32! . !(+:;<<4
( 5  #    5 >;< 5 1#   Q+ N  
'@<A 5  #S+?  <㩩'% S   5 S     #
 S 5  6   # 5  # S     5  5    S 5 
32 4 5    I S  S 5 ( ES 
S S S ?  5   S    &     E  S 5 
  E;E  S   %. + S  S
S  3 2E4% 5 +  I E  5  E#   5  
  2E4   5  2 4 & S        E    I E 
S         S  S &    S    N  E
   #S  5 #E  1  
   #     3  E  
  1 5  #      
  &  S  S   S 5 
S M    1   !   5 E  5    '  ; 
   '@<    Q+ N  &   S     S  S  1
  S  


2E4
2 4
2 4









@>>




8.9


㪈㪇㩷㫅㫄㩷

㪌㪇㩷㫅㫄㩷




 
  DA8.9


3( +  E S5 '  I S  S 2 4><?>< 
S N+ +S N S %S+S<D@ I<. 2E4<?< %S+S<>D I
@A.%5 +  IE  <?A 5  E# 2E4
( #2 #4I 5 EE2 N42 4








  

  

  



Atomic-Resolution Imaging of Clean Lithium Niobate Surfaces in Aqueous
Solution
Sebastian Rode, Stefanie Klassen, Simone Sanna1, Wolf Gero Schmidt1, Angelika Kühnle
Institut für Physikalische Chemie, Johannes Gutenberg-Universität Mainz, Germany
1
Theoretische Physik, Universität Paderborn, Germany
rode@uni-mainz.de
Lithium niobate (LiNbO3) is a superior artificial material with intensive use in electro-optical
applications. The ferroelectric phase of LiNbO3 exhibits a multitude of unusual optical,
piezoelectric, electro-optic, elastic, photoelastic and photorefractive properties [1].
Although LiNbO3 constitutes one of the most thoroughly characterized electro-optic
materials, the microscopic understanding of its surfaces is rather poor [2]. The strong
spontaneous polarization (0.7 C/m2) of LiNbO3 Z-cut precludes the experimental investigation
of the clean surface by high-resolution FM-AFM under vacuum condition.
Recently, high-resolution FM-AFM imaging under liquid conditions became possible making
use of optimized read-out electronics [3,4]. Within liquids, the adsorption of screening
charges onto LiNbO3 surfaces enables high-resolution imaging.
In this contribution, we present first atomic-resolution FM-AFM images of different LiNbO 3
surfaces taken in liquid environment. Our results clearly show that high-resolution FM-AFM
in liquid environment allows for investigating new sample systems that have not been
accessible before. The obtained results are compared to density functional theory calculations,
which predict different surface terminations after high-temperature annealing, a known
method to produce atomically flat surfaces. Interestingly, high-temperature annealing
produces step-structures with pronounced directions, not observed before. High-resolution
imaging enables identifying these directions, after careful drift-correction procedure.

Figure 1: High-resolution images of LiNbO3 Z- (a) and X-cut (b) surfaces in liquid
environment. (c) Step structures after high-temperature annealing, extracted surface unit cell
(inset).
[1]
[2]
[3]
[4]

R. S. Weis, T. K. Gaylord, Appl. Phys. A 37, 191 (1985)
S. Sanna, W. G. Schmidt, Phys. Rev. B 81, (2010)
T. Fukuma, et al., Appl. Phys. Lett. 87, 034101 (2005)
S. Rode, et al., RSI, accepted (2011)

  



Adhesion Analysis of Gecko-Inspired Hierarchical Adhesives Using Atomic
Force Microscopy
Michael Röhrig1, Michael Thiel2, Farid Oulhadj1, Fabian Pfannes1, Matthias Worgull1 and
Hendrik Hölscher1
1
Karlsruhe Institute of Technology, P.O. Box 3640, 76021 Karlsruhe, Germany
2
Nanoscribe GmbH, Hermann-von-Helmholtz-Platz 1, 76344 Eggenstein-Leopolds., Germany
michael.roehrig@kit.edu
Geckos are well-known for their impressive attachment system based on the hierarchical
structures on their toes. Due to this famous design, geckos achieve intimate contact with
smooth and rough surfaces and stick to walls and ceilings with the help of van der Waals
forces. Mimicking the gecko’s micro- and nanostructures leads to artificial dry attachment
systems. We present two Gecko-inspired hierarchical fibrillar adhesives fabricated by two
very different fabrication methods.
The technique of 3D laser lithography [1] allows for the fabrication of arbitrary 3D
nanostructures in suitable photoresists and is based on multiphoton polymerization. By using
this very flexible method, several gecko-mimicking structures have been fabricated varying in
their geometrical parameters. Adhesion analysis based on atomic force microscopy has been
used to study how these geometrical parameters affect the adhesion of the hierarchical
structures.
Hot pulling [2] is a recently introduced hot embossing [3] process, enabling the costeffective large-area fabrication of delicate polymer fibrils with highest aspect ratios and
diameters in the nanometer range. Threefold hierarchical fibrillar structures have been
fabricated by the combination of hot pulling and classical hot embossing. To characterize the
adhesive properties of such attachment devices, the structures have been analysed by atomic
force microscopy as well.

Fig. 1: Hierarchical polycarbonate
structures fabricated by hot
embossing and subsequent hot
pulling.
[1]
[2]
[3]

Fig. 2: Adhesion map of a geckomimicking
attachment
device
fabricated by 3D laser lithography.

M. Thiel et al., Appl. Phys. Lett. 97, 221102 (2010)
Patent WO 2010 /049081
M. Worgull: Hot Embossing - Theory and Technology of Microreplication, Elsevier
Science; William Andrew, ISBN-10: 0815515790 (2009).

 



FM-AFM analysis of dye-adsorbed TiO2 surfaces in pure water
Tetsuya Yoshi, Le Tran Uyen Tu, Akira Sasahara. and Masahiko Tomitori
Japan Advanced Science and Technology, Asahidai, Nomi, Ishikawa 923-1292, Japan
e-mail: tomitori@jaist.ac.jp

Dye-adsorbed titanium dioxide (TiO2) is a representative photo-anode for dye-sensitized
solar cells. The solar cell consists of an electrolyte sandwiched between the photo-anode and
a counter cathode. Photoexcited electrons in the dye molecules are extracted to an external
circuit through the conduction band of the TiO2. The geometric and electronic structures of
individual N3 molecules affect the electron injection to the TiO2. The chemical stability of
dye molecules in the electrolyte determines the lifetime of the photo-anode. Thus, the nanostructures of the dye-adsorbed TiO2 surface in an electrolyte are the key to the improvement
of the photo-anode performance.
The frequency modulation atomic force microscope (FM-AFM), which provides highresolution images of surface nano-structures in liquid, is promising for analysis of the dyeadsorbed TiO2 surface in the electrolyte. We examined a model surface of the photo-anode
prepared by Ru(4,4'-dicarboxy-2,2'-bipyridine)2(NCS)2 (N3) and a rutile TiO2(110) surface
using FM-AFM in pure water.
The TiO2(110) surface was cleaned in ultrahigh vacuum with cycles of Ar+ sputtering and
annealing to show (1×1) structure (Fig. 1). After cooled to room temperature, the TiO2 wafer
was removed from the vacuum chamber and immersed in an acetonitrile solution of the N3.
A commercial intermittent contact mode atomic force microscope (5500 AFM/SPM, Agilent
Technologies) was operated as an FM-AFM by using a phase locked loop detector (easy PLL
plus, Nanosurf AG).
Figure 1(b) shows an FM-AFM image of the TiO2(110)-(1×1) surface in water [1]. The
strings elongated to the [001] direction were assigned to the row of the clusters of H2O
molecules. The corrugation of the image was within 0.2 nm. After immersion in the N3
solution, particles were observed as shown in Fig. 1(c). The particles protruding by 0.7-1.0
nm were assigned to adsorbed N3 molecules. Photostability of the adsorbed N3 molecules
under visible and ultraviolet light irradiation will be presented.

Fig. 1 (a) A ball model of the TiO2(110)-(1×1) surface. (b) The FM-AFM image of the clean
TiO2(110) surface in pure water. Frequency shift (©f) : +440 Hz. (c) The FM-AFM image of
the TiO2(110) surface immersed in N3 solution. ©f: +339 Hz.
[1]
A. Sasahara and M. Tomitori, J. Vac. Sci. and Technol. B, 28, (3), (2010)
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Effect of Ionic Liquid on Immobilizing Au nanoparticle onto TiO2(110)
S. Suzuki, Y. Ohta, T. Kurimoto, S. Kuwabata1,2, and T. Torimoto2
Nagoya University, Chikusa-ku, Nagoya 464-8603, Japan
1
Osaka University, Suita, Osaka 565-0871, Japan
2
JST-CREST, Kawaguchi, Saitama 332-0012, Japan
e-mail shushi@apchem.nagoya-u.ac.jp
Cation of Ionic liquid
Anion of Ionic liquid
Formation of the ionic liquid (IL) layers
formed on mica has recently been investigated
experimentally in several AFM studies,
indicating that the thickness of the layer was
Au NPs
Au NPs
dependent on ILs having a single layer form or a
multi-layered form[1,2]. Ordering of ILs through
Ti on TiO (110)
O on TiO (110)
electrostatic interactions on TiO2(110) was also
Fig.
1
Schematic
drawing
of
IL/NPs/TiO2(110)
predicted[3]. Such rigid layer structures may
provide high fluid resistance environment for nanoparticle (NP) diffusion adsorbed on a
substrate surface, and such ordering of IL may stabilize the NPs on TiO2(110) in a segregated
manner(Fig. 1). Thus, combination of charged surface and molecules has a potential to control
the adsorption states of NPs on ionic solid surfaces through the electrostatic interaction.
Here, we studied the immobilization of Au NPs on a TiO2(110) single crystal surface and
examined how the ILs influenced the immobilization by AFM. Three kinds of ILs including
1-butyl-3-methylimidazolium ([C4MIm]) cation-based ILs of tetrafluoroborate ([BF4]),
hexafluorophosphate ([PF6]) and bis(trifluoromethylsulfonyl)amide ([NTf2]) were used. Prior
to the immobilization by heating at 323 K, Au NPs were synthesized in the ILs by the sputter
deposition[4]. The excess amount of ILs was removed by immersing gently in acetonitrile
solution for 18 h. AM-AFM observation w as carried out at room temperature in atmosphere.
Figure 2 shows a typical result of the sample surface for [C4MIm][NTf2]. We considered
the immobilization from the view point of electrostatic interactions between IL and IL and
between IL and the surface, with assuming that the all the NPs were encapsulated by ILs (Fig.
1). We deduced the influence of these interactions from the increments of NP’s diameter and
the amount of NPs after the immobilization compared to the ones as-prepared in ILs, and
obtained the order as [C4MIm][BF4] ª [C4MIm][NTf2] > [C4MIm][PF6]. Interestingly, the
above orders were no match with the conventional physicochemical
parameters but Kamlet-Taft solvent descriptors and Lewis basicity.
Therefore, the result indicates that the chemical natures might
affect the immobilization of NPs on the surface through hydrogen
bonding or coordination bonding. The trend does not conflict with
the trend in the layer thickness like thin layers of [C4MIm][PF6][1]
and thick layers of [C4MIm][NTf2][2], if the layer provide high
fluid resistance for NP diffusion. We suggested that such trend in
anions was ‘local viscosity’ of ILs in the vicinity of surface.
Fig. 2 A typical AFM image
[1] Y.D. Liu, et al., J Am Chem Soc, 128 (2006) 7456-7457.
of TiO2(110) surfaces treated
[2] S. Bovio, et al., J Phys Chem B, 113 (2009) 6600-6603.
with the [C4MIm][NTf2].
[3] L. Liu, et al., J Phys Chem C, 111 (2007) 12161-12164.
[4] S. Kuwabata, et al., J Phys Chem Lett, 1 (2010) 3177-3188.
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Quantitative study of local electric double layer force by FM-AFM in
aqueous solutions
K. Umeda1, Y. Hirata2, N. Oyabu1, K. Kobayashi3 , K. Matsushige1 and H. Yamada1
1
Department of Electronic Science and Engineering, Kyoto University, Kyoto, Japan
2
National Institute of Advanced Industrial Science and Technology, Tsukuba, Japan
3
Office of Society-Academia Collaboration for Innovation, Kyoto University, Kyoto, Japan
umeda.k@ piezo.kuee.kyoto-u.ac.jp
Significant progress has been made in frequency modulation atomic force microscopy
(FM-AFM) in liquids, which is capable of imaging with atomic/molecular resolution as well
as studying molecular-scale hydration structures. For further applications, especially for
biological applications, local charge information of a sample surface has to be investigated
because it is directly related to various biological interactions. However, since the charge at a
sample surface is dynamically screened by the electric double layer (EDL) in aqueous
solution, the electrostatic force acting on the tip of a cantilever does not simply originate from
the surface charge. For precise analysis of the surface charge it is required to quantitatively
measure the EDL force due to the overlap of EDLs of the probe tip and the sample surface.
For quantitative force measurements in liquids colloidal probes (sQube, CP-NCHSIO)
were used, which allows us to define the interaction area. In addition, we adopted a
photothermal excitation setup. Figure 1(a) shows frequency shift-distance curves obtained on
a muscovite mica surface in KCl aqueous solutions with three different KCl concentrations.
The data was taken with a colloidal probe. The result clearly shows that three measured
curves with an exponential dependence on the tip-to-sample distances agree well with
theoretical-calculation curves (dashed curves). We measured EDL force on a lambda DNA
molecule deposited on a poly-L-lysine (PL) coated mica substrate by force mapping technique
with a normal cantilever (Nanosensors, PPP-NCHAuD). Figure 1(b) shows frequency shiftdistance curves obtained on a DNA molecule, as shown in the inset of Fig. 1(b), in 100 mM
KCl aqueous solution. Both measured curves taken on the PL layer and the DNA molecule
are well fitted to the calculated curves (dashed curves), reflecting each surface charge polarity.
The result indicates that the force mapping technique using FM-AFM is useful for obtaining
local charge information.

Fig. 1. (a) Frequency shift-distance curves obtained on a muscovite mica surface and (b) those
obtained on a lambda DNA molecule on a poly-L-lysine layer in aqueous solutions.
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FM-AFM phase analysing on the demixed AgxNa1-xBr system
B. Zhang, F. Güthoff, G. Eckold
Georg-August-Universität Göttingen, Institut f. Phys. Chem.
bzhang1@gwdg.de
Abstract
Quasi-binary ionic crystals like the AgxNa1-xBr system are ideal for the study of
decomposition mechanisms. Different from metallic alloy or polymer systems this phase
separation is completely limited to the fcc cation sublattice while the halide ions provide an
almost rigid frame. The simple phase diagrams with no structural anomalies makes these
systems well suited for detailed investigations on the microscopic mechanism.
The kinetic of decomposition of silver-alkali halides mixed crystals was studied in great detail
by means of inelastic and small angle neutron scattering experiments [1]. The spinodal
decomposition, can be influenced by temperature in the quenching process. This enables us to
control the formation of nano-scaled structures of the quasi binary system.
With FM-AFM measurements (AgxNa1-xBr, x = 0.23, 0.35 and 0.6) we aimed at the
distinction of the two phases at ambient temperatures [2] due to contrast effects. Therefore we
make use of the spectroscopic method, by varying the voltage between tip and surface during
the scan process at equidistant positions. In addition of the evaluation of differences in the
work function [3], we particularly focused on the behavior of the resonance frequency
depending on the applied bias voltage. Even if the tip-sample interaction depends in a
complex way on the tip-size, oscillation, amplitude and frequency-shift setpoint for distance
control, etc. we were able to separate a contribution that depends on the chemical composition
of the surface. This allows us to distinguish between silver and sodium rich phases of the
demixed sample.
Furthermore, we have evidence that tip interactions with compensated bias lead to dynamical
reorganization of surface structure in this system. During a scan with about 2s time resolution,
clusters can appear or disappear. Combined spectroscopic and surface scans show reversible
deformations of the surface with a relaxation time in the order of milliseconds.

Fig. 1) Scan 90 nm on AgNaBr. Du to tip forces, satelites appear and vanish during one scan line

[1]
[2]
[3]

Elter, Eckold Caspary, Güthoff, Hoser, Appl. Phys. A 74 [Suppl.], S1169 (2002)
Bo Zhang, Diplom Thesis 2011, Göttingen
R. Bennewitz et. al., Surf. Interface Anal. 27, 462È466 (1999)
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Structural Phases of the first Co layers on W(001)
Arne Köhler, René Schmidt, Alexander Schwarz, and Roland Wiesendanger
Institute of Applied Physics, University of Hamburg, Jungiusstrasse 11A, 20355 Hamburg
arne.koehler@physnet.uni-hamburg.de

The structure of a substrate strongly influences the growth of a chemically different material
onto it. Very often the deposited material adopts the crystal structure of the substrate at the
interface and only assumes its own crystal structure for a sufficient large film thickness, e.g.,
the Fe/W(001) system.
We have investigated atomically thin highly strained films of a similar system, i.e., Co on
W(001). While the first atomic layer (AL) of Fe on W(001) grows pseudomorphically,
interestingly, three phases are found in the first AL of Co on W(001): a pseudomorphic
p(1x1) phase, a p(2x1) phase and a (5x5)R27° phase. In the second AL, Fe still is mainly
pseudomorphic with only a few stress induced line defects. For Co on the other hand, two
phases have been observed: a pseudomorphic p(1x1) and a (2x2)R45° phase. The origin of
the peculiar different behaviour of Fe and Co, respectively, is their different crystal structure
with respect to bcc W: Fe is a bcc metal as well, while Co crystallizes in an hcp structure. The
variety of observed phases are shown in Fig. 1 for the Co/W(001) system and will be
discussed in terms of lattice mismatch, orientation and packing density.

Fig. 1: Left: On the first ML, the high density (5x5)R27° phase is imaged together with
patches of the p(1x1) phase. Middle: The second ML (left side) exhibits a (2x2)R45°
pattern in multiple orthogonal domains, while the adjoining first ML (right side) shows the
p(2x1)-reconstruction alongside p(1x1) growth. Right: On a fully closed second ML, a patch
of p(1x1) growth alongside the (2x2)R45° reconstruction. The size of all images is
(10nm)².
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Molecular dynamics of Co-Salen on NiO(001) at submonolayer coverages
Josef Grenz, Kai Ruschmeier, Alexander Schwarz, Roland Wiesendanger
Institute of Applied Physics, University of Hamburg, Jungiusstraße 11, 20355 Hamburg
kruschme@physnet.uni-hamburg.de

The Schiff base complex Co-Salen is a planar molecule with a notable oxygen affinity.
Studies of Co-Salen grown on NaCl(001) show bulk-like island growth and step edge
decoration already at very low coverages below 1 monolayer (ML) [1]. The island growth
indicates a strong intermolecular interaction compared to the molecule-substrate interaction.
In contrast, our present study of Co-Salen on NiO(001) reveals a different behavior.
Although the substrate also crystallizes in the rocksalt structure, a layer by layer step-flow
growth is observed at coverages larger than 1 ML, indicating a stronger molecule-substrate
interaction than on NaCl(001). Peculiarly, at coverages below 1 ML we notice step edge
decoration, but hardly any molecules are found on terraces when measuring at room
temperature. Instead, our images show spikes, which are not present when measuring on the
bare NiO(001) substrate. The number of spikes increases with increasing coverage up to 1
ML. When leaving the tip at one position of the substrate with feedback on, we observe
distinct jumps in the z-signal, which are more frequent, if more molecules are deposited onto
the surface.
Since the z-heights of the spikes and jumps approximately correspond to the height of a CoSalen molecule, they most likely stem from mobile molecules, which interact shortly with the
tip. A control experiment at low temperatures (T = 8 K) reveals that under these conditions
molecules become visible on the terraces (see Fig. 1), because thermally activated motion is
inhibited. Our findings regarding the molecular dynamics in the submonolayer regime at
room temperature and the transition to the subsequently observed step-flow growth above one
ML will be discussed.

Fig. 1: Measurements of Co-Salen on NiO(001) carried out at room temperature (left) and at T = 8 K
(right). Both samples were covered with 0.1 – 0.2 ML Co-Salen at room temperature. Both images
exhibit step edge decoration. Excess molecules are mobile at room temperature and hence are only
visible as spikes. At 8 K they are immobile and randomly distributed on the terraces.

[1] S. Fremy et al., Nanotechnology 20, 405608 (2009).

 

 

qPlus Magnetic Force Microscopy in Frequency-Modulation Mode with
milli-Hertz Resolution
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Non-contact atomic force microscopy of individual organic molecules
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Self-assembly of Tetrathiafulvalene-Fused Dipyridophenazine (TTF-dppz)
analyzed by tuning fork based AFM/STM
S. Fremy1, R. Pawlak, S. Kawai1, T. Jung1, S. Liu2, S. Decurtins2, E.Meyer1 and T. Glatzel1
1
Department of Physics, University of Basel, Klingelbergstrasse 82, CH-4056 Basel,
Switzerland
2
Department of Chemistry, University of Bern, Freie Strasse 3, CH-3012 Bern, Switzerland
Sweetlana.Fremy@unibas.ch

Molecular electronics traces the aim of using molecules as active electronic and
optoelectronic components. A main challenge consists in controlling the molecular growth
and self-assembly on a surface, which is a higly complex dynamic process with competing
binding modes, driven by thermodynamic and kinetic selectivity, the substrate conditions and
inter- and intra-molecular interactions.
Here we investigate the self assembly of TTF-dppz (Tetrathiafulvalene-Fused
Dipyridophenazine, Fig 1a) ) [1] on metal substrates and thin films by combined tuning fork
based atomic force and scanning tunneling microscopy at 77K and 5K. The TTF-dppz
molecules were additionally functionalized with cyano-groups which yields in a better
sticking of the molecules, also on insulating substrates [2].
After deposition on Cu(111), the molecules are assembled in a disordered phase. After postannealing of the surface at 100°C (Fig. 1b)) a highly ordered self-assembly can be found,
consisting of molecular wires, a network with six-fold symmetry, small crystallites and step
edge decoration. Most probably the molecules decompose during the post-annealing,
involving Cu-adatoms. The fact, that TTF-dppz molecules do not form such ordered
structures on a Ag(111)-substrate, strengthens our presumption. Further investigations
comprise the study of TTF-dppz on thin films and the adsorption of the two single compounds
dppz and TTF.

Figure 1: a) Schematic drawing of TTF-dppz. b) Overview of the Cu(111)-surface after postannealing at 100°C, showing wire- and network areas.
[1]
[2]

C. Jia et al., Chem. Eur. J., 13 (2007)
T. Trevethan et al., Small, 7, 9 (2011)





 

Systematic measurement of pentacene assembled on Cu(111) by bimodal
dynamic force microscopy at room temperature
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Influence of chirality on molecular structure formation:
Helicene molecules on calcite (101̄4)
Christopher Hauke, Philipp Rahe, Markus Nimmrich, Jens Schütte, Markus Kittelmann,
Irena G. Stara1 , Ivo Starý1, Ji«í Rybá¬ek1 and Angelika Kühnle
Institut für Physikalische Chemie, Johannes Gutenberg-Universität Mainz, Germany
Academy of Sciences of the Czech Republic, Prague, Czech Republic

1

The influence of chirality on molecular self-assembly on surfaces is of great interest within
both, fundamental as well as application-oriented fields, including, e.g., chiral recognition and
enantioselective catalysis [1]. Ever since Luis Pasteur’s famous experiment on the manual
separation of a racemic mixture, the separation into homochiral structures such as twodimensional domains, as well as chiral recognition upon dimer formation have attracted great
interest [1,2].
Here, we present a study of heptahelicene-2-carboxylic acid ([7]HCA) on the (101̄4) cleavage
plane of calcite. The molecules were deposited in-situ from a heated glass crucible onto the
freshly cleaved calcite surface held at room temperature. Both, deposition and non-contact
atomic force microscopy (NC-AFM) imaging was performed under ultra-high vacuum
conditions. For the racemic mixture, uni-directional rows consisting of molecular pairs are
revealed [3]. However, from the NC-AFM images alone, it remained inconclusive whether
these rows constitute heterochiral or homochiral structures. To address this question, we
investigate homochiral [7]HCA molecules ((M)-[7]HCA and (P)-[7]HCA). Upon separate
deposition of the enantiomers, islands are formed on the calcite surface in sharp contrast to
the rows observed from the racemic mixture. Our results clearly indicate that heterochiral
recognition is responsible for the formation of the aforementioned molecular rows.

Frequency shift images taken at room temperature. Deposition of the racemate reveals
unidirectional rows [3] (left). Deposition of homochiral molecules results in island growth
(right).
[1]
[2]
[3]

K.-H. Ernst, Top. Curr. Chem., 265, 209-252, (2006)
A. Kühnle et al., Nature, 415, 891-893, (2002)
P. Rahe et al., J. Phys. Chem. C, 114, 1547-1552 (2010)

 



Dynamic force spectroscopy on individual molecules
Manfred Lange, Dennis van Vörden and Rolf Möller
Fakultät Physik, Universität Duisburg-Essen D-47048 Duisburg, Germany
manfred.lange@uni-due.de

In the last decades organic molecules have gained an increasing interest due to the possible
use of organic molecules for advanced types of electronic devices [1–3]. A large field of
research has emerged, studying the structural and electronic properties of organic molecules
on inorganic substrates. There is a large interest in understanding the growth of such
molecules on various surfaces.
By evaporating silver onto Si(111)7×7 surface, heterogeneous sample can be prepared
showing very different characteristics. In contrast to the bare Si(111)7×7 reconstructed
surface, the silver induce surface reconstructions such as the ¥3×¥3. In addition (111)
oriented silver islands may also be present. These surface structures can be adjusted by the
amount of silver deposited and the temperature during growth and annealing [4]. Organic
molecules have been deposited onto these three different surface structures and a direct
comparison under the same conditions becomes possible.
In the present study, force-distance spectra of individual PTCDA molecules on different
Si(111)7x7-Ag surface reconstructions at 77K are presented. The focus of this work is a
comparative study of different types of surfaces using the same tip in order to understand the
mechanisme of dissipation in non-contact atomic force microscopy.
The experiments are performed using a homebuilt low-temperature dynamic force microscope
with a tuning fork detection [5]. The high spring constant of the tuning fork (8000 N/m)
enables very small oscillation amplitudes in the sub-nanometer regime without risk of snap
into contact.
[1]
[2]
[3]
[4]
[5]

C. D. Dimitrakopoulos, P. R. L. Malenfant, Adv. Mater., 14, (99), (2002)
G. Horowitz, Adv. Mater., 10, (365), (1998)
F. Jäckel, M. D. Watson, K. Mullen, et al., Phys. Rev. Lett., 92, (188303), (2004)
K. J. Wan, X. F. Lin, J. Nogami, Phys. Rev. B, 47, (13700), (1993)
N. Wintjes, M. Lange, et al., J. Vac. Sci. Technol. B, 28, (C4E21) (2010)
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Epitaxial growth of Pentacene thin films on KCl(100)
Julia Neff, Jan Götzen, Enhui Li, Regina Hoffmann-Vogel,
Karlsruher Institut für Technologie (KIT), PI, Wolfgang-Gaede-Weg 1, D-76131 Karlsruhe
e-mail: regina.hoffmann-vogel@kit.edu

Since the electronic properties of molecular materials are closely related to their structural
order a precise control of the molecular packing and crystalline orientation of thin films of the
semiconducting organic molecules like pentacene (PEN C22H14) is of vital interest for an
optimization of organic electronic devices. Of particular interest in this respect is the initial
stage of film formation which is largely governed by the interplay of intermolecular and
molecule-substrate interactions [1]. One approach to control the molecular film structure is
based on substrate mediated growth. In this respect we have investigated by NC-AFM the
structural properties of PEN thin films which were epitaxially grown by molecular beam
deposition onto KCl(100) [2,3].
On KCl(100) PEN forms islands of a height corresponding to the van der Waals length of a
single molecule [2] indicating an upright standing orientation of the molecules with respect to
the substrate. This conformation enables islands to overgrow substrate steps which become
obvious as steps of the height of KCl step edges on the top of the PEN islands. Having a
closer look, images with molecular resolution could be achieved. The right micrograph
exhibits several defects while presuming the expected herringbone packing motive of the PEN
thin film phase. In agreement with diffraction measurements [3] a correlated average of these
molecular resolved image leads to the proposition of a precise arrangement of PEN on
KCl(100).

[1] G. Witte, and Ch. Wöll, J. Mater. Res., 19, (7), (2004)
[2] T. Kiyomura , T. Nemoto, K. Yoshida, T. Minari, H. Kurata, S. Isoda, Thin Solid Films,
515, (2), (2006)
[3] T. Kakudate, N. Yoshimoto, K. Kawamura, Y. Saito, J. Cryst. Gr., 306, (1), (2007)

  



Structure and energetics of fluorinated C60 monolayer on Au(111)
T. K. Shimizu1, J. Jung1,2, T. Otani1,2, Y.-K. Han3, M. Kawai2, Y. Kim1
1
RIKEN Advanced Science Institute, Wako, Saitama, Japan
2
Department of Advanced Materials Science, U. Tokyo, Kashiwa, Chiba, Japan
3
Division of Materials Science, Korea Basic Science Institute, Daejeon, Republic of Korea
ykim@riken.jp
Understanding of structure and energy level alignment at the interface between the organic
molecular film and the metal surface is essential for further advances in organic devices.
Structural homogeneity is a key to the achievement of high carrier mobility and the position
of the highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital
(LUMO) with respect to the metal Fermi level (EF) determines the conduction type. One great
issue is the limited availability of n-type organic materials. Because fluorination increases the
electron affinity of the molecule[1], and thus the LUMO tends to locate closer to EF than the
HOMO, fluorinated molecules are good candidates for the n-type material.
From this perspective, we have studied one of fluorinated fullerene C60F36 (3D structure
shown in Fig. (a)) deposited on Au(111) using scanning tunnelling microscopy (STM), noncontact atomic force microscopy (NC-AFM), and density functional theory calculations. A
well ordered two-dimensional superstructure was successfully formed as shown in STM
images (Fig. (b)). We determined the adsorption orientation and the superstructure model
based on the calculated LUMO distribution and expected intermolecular CF-S interaction [2].
NC-AFM imaging of various modes as well as spectroscopies are performed. Based on
measurements of frequency shift vs. voltage curves obtained on Au(111) and on molecular
islands (Fig. (c)), we found an evidence of increase in work function by molecular adsorption.
This result agrees with the idea that electrons transfer from Au to molecular film, forming the
interfacial dipole. This together with scanning tunnelling spectra, we propose the interfacial
energy diagram of C60F36/Au system.

Figure (a) 3D molecular structure of C3 isomer of C60F36. (b) STM images of molecular island.
Inset is an enlarged image with its structural model. (c) Comparison of frequency shift vs.
voltage curves on Au and molecular island. Data points are fitted using parabolic function.
[1]
[2]

O. V. Boltalina, D. B. Ponomarev, L. N. Sidorov, Mass Spec. Rev. 16, 333 (1997)
T. K. Shimizu, et al., Submitted (2011)

  

 
Electronic grain boundary properties in Cu(In,Ga)Se2
-An orientation-dependent Kelvin Probe Force Microscopy study
Robert Baier, Daniel Abou-Ras, Thorsten Rissom, Martha Ch. Lux-Steiner, and Sascha
Sadewasser
Helmholtz-Zentrum Berlin für Materialien und Energie
robert.baier@helmholtz-berlin.de
Thin film solar cells based on CuIn1-xGaxSe2 (CIGSe) absorbers yield the highest conversion
efficiency of all thin-film photovoltaic devices. It is believed that benign electronic properties
of grain boundaries (GBs) in CIGSe are one reason for this record performance. But in spite
of considerable research activities on this phenomenon, the electronic properties of GBs in
CIGSe are still discussed controversially. One aspect that is neglected frequently in
discussions is the impact of GB symmetry on its electronic properties, as combined
information about structural and electronic properties are hard to obtain on a microscopic
scale.
In the present contribution, we report on combined measurements of structural and electronic
properties of GBs in polycrystalline CIGSe thin films (Fig.1). Electron backscatter diffraction
(EBSD) and scanning electron microscopy (SEM) were employed to obtain information about
GB-orientation on a microscopic scale, while Kelvin probe force microscopy (KPFM) was
applied on the identical locations as EBSD to obtain the corresponding electronic information.
By combination of those techniques, it was possible to study electronic properties of GBs in
CIGSe in dependence of their symmetry. Our investigations revealed that highly symmetric
6 GBs have a higher probability to be uncharged than randomly orientated non-63 GBs.
These results can explain the large scattering of electronic GB properties, as widely found by
KPFM studies [1-3].

[1]
[2]
[3]

Jiang et al., Appl. Phys. Lett. 85, 2625 (2004)
Marron et al., Phys. Rev. B 71, 033306 (2005)
Sadewasser et al., 13th international conference on NC-AFM, Kanazawa (2011)

Fig. 1: 9.0Pm x 11.3Pm images of an identical surface location on a CISe film.
(a) SEM image, (b) KPFM topography image, (c) KPFM work function image, (d) EBSD
pattern quality map, (e) EBSD orientation distribution map.

 

 

NC-AFM observation of Si(111)7x7 terminated with hydrogen
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Junction formation of Cu3BiS3 investigated by Kelvin probe force
microscopy and surface photovoltage
F. Mesa1, R. Baier, Th. Dittrich, S. Sadewasser, M.Ch. Lux-Steiner
Helmholtz-Zentrum Berlin für Materialien und Energie, Hahn-Meitner-Platz 1, 14109 Berlin
1
Universidad Nacional de Colombia, Departamento de Física, Bogotá, Colombia
sadewasser@helmholtz-berlin.de
The large scale fabrication of current high efficiency Cu(In,Ga)Se2 or CdTe thin film solar
cells could evolve into problems regarding the toxicity and limited availability of some
constituents, like In, Se, Cd or Te. In the search for alternative absorber materials, Cu3BiS3
has been recently demonstrated to have a well suited band gap of ~1.4 eV. Preparation of
polycrystalline thin films has been successfully realized using chemical bath deposition and
sputtering [1] or coevaporation [2]. For the application in a solar cell device, the formation of
the pn-junction is critical, especially considering the polycrystalline structure of the Cu3BiS3
thin film.
We present here an investigation of the Cu3BiS3 absorber layer and the junction formation
with CdS, ZnS and In2S3 buffer layers. The surface potential distribution was imaged using
Kelvin probe force microscopy (Fig. 1). Grain boundaries in Cu3BiS3 play an important role
for charge transport and charge separation and their charge state can be influenced by the
buffer layer deposition. Surface photovoltage (SPV) measurements at variable excitation
wavelength indicate the influence of defect states below the band gap on charge separation
(Fig.2) and possible surface defect passivation by the buffer layers [3,4].
Our findings indicate that Cu3BiS3 may become an interesting absorber material for thin film
solar cells, however, for photovoltaic application the band bending at the charge selective
contact should be increased.
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Fig. 1: KPFM measurement on Cu3BiS3/CdS.
[1]
[2]
[3]
[4]

Fig. 2: SPV amplitudes at various
modulation frequencies at -186°C for
Cu3BiS3 and Cu3BiS3/In2S3.
N.J. Gerein and J.A. Haber, Chem. Mater. 18, 6297 (2006).
F. Mesa and G. Gordillo, J. Phys.: Conf. Ser 167, 012019 (2009).
F. Mesa et al., Appl. Phys. Lett. 96, 082113 (2010).
F. Mesa et al., in preparation (2011).

 

 

Passivated Ge(001) surface investigated by tuning-fork NC-AFM at 4K
B. Such, M. Kolmer, Sz. Godlewski, M. Wojtaszek, J. Budzioch, M. Szymo®ski
Centre NANOSAM, Inst. of Physics, Jagiellonian Univ., ul. Reymonta 4, PL-30-059 Krakow
Bartosz.Such@uj.edu.pl

The presentation will be focused on the low temperature NC-AFM investigation of a
hydrogenated Ge(001) surface. Adsorption of hydrogen leads to change of both electronic and
geometric structure of the surface. Reaction of the hydrogen atoms with the dangling bonds
present on the clean surface removes buckling of the dimers leading to (2x1) surface structure.
At the same time a surface bandgap is opened rendering the surface semiconducting. Recent
development of self-sensing non-contact atomic force microscopy (NC-AFM) sensors based
on the quartz tuning forks extended applicability of the NC-AFM technique to cryogenic
conditions. Thus, the NC-AFM can now fully benefit from methods such as 3D site specific
spectroscopy, very difficult at room temperature. We will present that thanks to passivity of
the surface it is possible to approach with the NC-AFM probe very close to the surface –
entering the regime where the tip apex experiences strong repulsion, and at the same time
maintain stable operation of the microscope. As the result, the NC-AFM is able to yield
images of much higher resolution compared to STM with individual hydrogen atoms clearly
resolved. 3D force spectroscopy reveals complete force field over the surface. Additionally,
the surface gives a unique opportunity to study isolated Ge dangling bonds always present,
even on the well passivated surface.

 

 


      
          

  

        
   !    
            !
"# $%  %$%&!

'$$ $ ( )   )$ $ " $$! *''+,-  )    ")
) "( !(!    !) "" .  .$  $ (  )$) )   )$ $
$ /0%  )   )$ $ $  )$ $)) "   (  ")) 123(
4 $ )) 5   ")) $  !  !   ! 5  .6$  ")  ) 
! .    !"!) $!$ $ .  $ )$ $ 7)%
  (  . )$)  !)
""  "!   (   )$) )$ $ $ . .$  .$%
; <! " 5 !
."   2= $ "
5    ! .   
 "!) 5
 %
!  *- 5    
    %    !
!    > (
!$    %   
 ) )( . %? = 
*- !(! 
*-  !) ""
.6$ .    23 5
8 ( 9 ''+, "( . $)  *- .$ /:0
!!)  5    ! 
  "!) . $ ( )   )$ $ $ .       .") * - 
 (  " $ * - $"! .   ") ! $ ))  !$ )% 8 (
  5 !(!  *8 (% *-- $6   .$  (   ()    !) "" "
 $ 5 (     !)
( *8 (% *--  "))   ."   ()%
"" !  ( 5 ")    .$ * $)-%  5  !)   $
    (     " .    *-*- .$  ! ) !  @.% /0%
A$ .   "   5  !) "" $  ( .  !   $ ( $) 
  $)  )5 % B   (    ( "!)  .   () 5  "
  % =% ;      5 7 "$ 5  5  !) "" *( $)-
5    (  "!)   ( )  %C =%   !)   $! (    
"      !  8 (% *-%   ..$ 5   5 ( ) ((
    ) () (  5 $ .   "    $$)  ! .    ( )
5  !) ""    .$%
/0 %   %     %   @% $ % B"% "#  *C-%
/0 %    @% 2  D % @% 4% $$ C *-%
/:0 % "  %   !% % !!)% D % *$$!-

 



          
              
 


!         
    ! !" 

    $% & & % & '   $(% )*  + ,-  
& .   $

% & '&&    $& % & '   $(% )   /
 /  00 ,-11*
  / !' .   $

2 & '34
  /& !5 ''/6& 7! /53 8  (245)
% !& +-,9:-:4& .   $
0 +0 ;+ !&
     8& !   &' ' <&(% .)4  (<%.4)8/
8  !  &   !  '       !&   8 
'  $(6)  8  ! +   & &  '& /
    8& !       ! &' +% !! 
   '   8& !  '& !8 =&/  !  '
    +  7 !     8       &!     <&(% .)4 
 &&  $   '&        + ' !  $& /
  & '$ '    '  '' $ !!  &!  
'  0 ' '8 !'  $$   +



6 + >6 &
 &'  &   !  ' <%.4 +
  $ !<?     ) !8)   $(  0 >+@A@+:
B )+    - 8)  $ !'&  ! +

 



Rapid reconstruction of frequency shift vs. distance curves by multiple
lock-in detection
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Coupling of conservative and dissipative forces in frequency modulation
atomic force microscopy – a source of apparent damping


Aleksander Labuda      } ' * (=~
Department of Physics, McGill University, Montreal, Canada, H3A 2T8.
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Investigation of Point Defects at the TiO2(110) Surface by 3D-AFM
Harry Mönig1,2, Mehmet Z. Baykara1,2, Özhan Unverdi1,2, Todd C. Schwendemann1,2,3, Eric
I. Altman2,4, Udo D. Schwarz1,2,4
1
Dept. of Mech. Eng. & Material Science, Yale University New Haven, CT 06520, USA
2
Center for Research on Interface Structure and Phenomena (CRISP), Yale University, USA
3
Physics Dept., Southern Connecticut State University, New Haven, CT 06515, USA
4
Dept. of Chemical & Environmental Eng., Yale University, New Haven, CT 06520, USA
harry.monig@yale.edu

The catalytic properties of surfaces are inherently related to their structural and electronic
properties. In particular, forces extending from surface defects to the surrounding medium
govern the local chemical reactivity and reaction paths at the surface. The recently introduced
three-dimensional atomic force microscopy technique (3D-AFM) [1,2] provides quantitative
surface force information that could advance our understanding of the related catalytic surface
reactions.
We investigated different point defects of the rutile TiO2(110) surface, which is a commonly
studied model catalyst. Our ultrahigh vacuum microscope [3] was operated at liquid nitrogen
temperature using a tuning fork sensor that allows simultaneous measurement of the
frequency shift and tunnelling current in the three spatial dimensions. From these data, we
recover the surface force field experienced by the tip around defects with atomic precision,
which ultimately reflects the defect’s effect on the local chemical activity. To gain
complementary information about the electronic surface properties, the simultaneously
recorded tunnelling current was evaluated. On this poster, we present our preliminary results
as force and current maps at constant tip-sample distances for different types of surface
defects on the TiO2(110) surface.
[1]
[2]
[3]

H. Hölscher et al., Appl. Phys. Lett., 81, (4428), (2002)
M. Z. Baykara et al., Advanced Materials, 22, (2838), (2010)
B. J. Albers et al., Rev. Sci. Instrum., 79, (033704), (2008)

 



Force and Current Spectroscopy with Atomically Defined Tips


William Paul $ + °}    #)#       (=~
  (   ="#  ±  '   
+ B 5-   



!                         
    +    +  +  /           
      23 4  %    + #  2"|4  
   2!&4         2%345    
 89!   %24 %24+';< #   
        #  5  #% &
#         5     ><+ <<7
    

?       5   #       . 
    23,48 9&    '     624
62<45 )   %'       ,2<<4 ' '   5 
.             &   #      # 
5+ <23 4 ,      ,    +  
#      & 5+               
   !&    89










3B!      
      
624%24


89
8 9
89



3 B3,  ,2<<4 6245
  ;    #

!et al. (0D :@<D2 <<>4
%+!}    !  (= (0D  >@ <2 <<>4
6%  %$3  0%6 * 5 (= (0}AD  ;<@2 <<4

 





How do you calculate chemical interactions from Δf(z)?
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Interaction-free measurement with tunnelling microscope
Hiroo Azuma
Advanced Algorithm & Systems Co., Ltd., 1-13-6 Ebisu, Shibuya-ku, Tokyo 150-0013, Japan
Email: h-azuma@aas-ri.co.jp
In this presentation, we propose a method for implementing the interaction-free measurement
(IFM) with the tunnelling microscope. The discussions about the IFM begin to exist and
develop from the following problem stated by Elitzur and Vaidman: “Let us assume there is
an object that absorbs a particle (for example, a photon) with strong interaction if the particle
approaches the object closely enough. Can we examine whether or not the object exists
without its absorption?” The reason why we do not want to let the object absorb the particle is
that it might lead to an explosion, for instance. Kwiat et al. find an experimental method for
realizing the IFM [1]. They put the absorbing object in an interferometer which consists of
many beam splitters, and inject a photon into it to examine whether or not the object exists. In
Kwiat et al.’s scheme, the quantum Zeno effect plays an important role.
In the current presentation, we try to construct Kwiat et al.’s interferometer for the IFM, using
an electron, quantum wires and a probe of the tunnelling microscope. Making use of the effect
of the Coulomb blockade in a tunnelling-barrier, we can let electrons travel along the quantum
wire one by one with a constant time interval. Then, we put the probe of the tunnelling
microscope as the absorbing object into the interferometer, which is formed from the quantum
wires and a potential barrier for splitting a current of electrons.
In our method, we replace the absorbing object with the probe of the tunnelling microscope.
This prescription gives us the following advantage: Varying the distance between a tip of the
microscope and the quantum wire, we can adjust the probability that the probe captures the
electron, at ease. The dependence of the success probability of the IFM on the rate at which
the probe captures the electron is investigated in Refs. [2, 3]. We try to examine this
dependence precisely with referring to the Ref. [4], which shows the simulation method of
Kelvin probe force microscopy.

[1]
[2]
[3]
[4]

P. Kwiat, H. Weinfurter, T. Herzog et al., Phys. Rev. Lett., 74, (4763), (1995)
H. Azuma, Phys. Rev. A, 68, (022320), (2003)
H. Azuma, Phys. Rev. A, 74, (054301), (2006)
A. Masago, M. Tsukada and M. Shimizu, Phys. Rev. B, 82, (195433), (2010)

 



A low temperature AFM tailored for lowest-noise qPlus operation
M. Emmrich, F.J. Giessibl
Department of Physics, University of Regensburg, 93053 Regensburg, Germany
Matthias.Emmrich@ur.de

At low temperatures, the quality factor Q of a qPlus sensor can reach values of around
200,000. At the sensors resonance frequency f0 = 32kHz, an external vibration with an
amplitude znoise will cause an oscillation of the sensor with an amplitude zqPlus = znoise · Q [1].
For amplitudes in the 50pm regime, used for the detection of short range forces [2], znoise has
to be smaller than 25fm. While many commercial microscopes are available in the, home built
microscopes do not need to sacrifice signal to noise ratio (SNR) in order to accommodate a
wide variety of users. The presented microscope is therefore developed with a strong focus on
mechanical stiffness to enable smallest oscillation amplitudes in a high Q environment.
Vertical approach motors are often based on a design idea by Pan [3]. For these microscopes,
the coupling of the moving part of the coarse approach is not constant through the pathway of
the approach. We overcome this by introducing a so called “Inverted Pan Design”.
Furthermore, we have sacrificed the comfort of having an in-situ sensor change in order to
strengthen the connection between the force sensor and the piezo to maximum performance.
The whole Microscope will be implemented into a bottom-loading 4He cryostat from Cryovac
via an eddy-current damping stage.

Fig 1: Schematic of the Coarse Approach
In contrast to the standard design according
to Pan, the slider is much smaller than the
housing around it, assuring a constant
clamping force over the whole pathway.
The sensor (indicated as the blue pin) is
directly mounted onto the tube piezo, sitting
inside the slider

[1]
[2]
[3]

F.J. Giessibl, (2003) Rev. Mod. Phys., Vol. 75, No. 3
J. Welker, et ., (2011) arXiv:1106.3018v1, submitted to Appl. Phys. Lett.
S.H. Pan, (1993), International Patent Publication Number WO 93/19494

 



What are the sources of frequency noise in NC-AFM ?
Sébastien Gauthier
CNRS, CEMES, BP 94237, 29 rue Jeanne Marvig, F-31055, Toulouse, France
gauthier@cemes.fr

It is now well established that frequency noise (as opposed to amplitude noise) is the main
limiting factor for improving the signal to noise ratio in NC-AFM [1]. This noise has been
considered in a number of works [1-4] and the main conclusion was that two sources of noise
have to be considered (excluding environmental noise such as vibrations, thermal drift or
electromagnetic perturbations): (i) The thermal frequency noise that arises from the thermomechanical fluctuations of the cantilever and (ii) the deflection sensor frequency noise that
depends on the method used to measure the oscillation of the cantilever (i.e. beam deflection,
interferometry, piezoelectricity- or piezoresistivity-based methods).
Recently a third frequency noise, called oscillator noise was introduced, in particular to
discuss the noise in situations where the quality factor Q is low [5]. Here, we demonstrate that
this contribution is not necessary. We derive the expression of the frequency noise in an
idealized but still realistic situation and compare the resulting analytical expressions with
numerical simulations performed with a virtual AFM [6]. In all the different cases considered
(high/low Q, large/small measurement bandwidth), the agreement is excellent. It is essential
in these calculations to take into account the closing of the positive feedback loop that drives
the cantilever. This simple analysis is based on well-known results obtained in different
research areas on noisy harmonic oscillators. We hope that it will allow clarifying the
situation in the NC-AFM context.
[1]
[2]
[3]
[4]
[5]
[6]

F. J. Giessibl, Rev. Mod. Phys. 75, (949), 2003
T. R. Albrecht, P. Grütter, D. Horne, D. Rugar, J. Appl. Phys. 69, (668), 1991
U. Dürig, O. Züger, A. Stadler, J. Appl. Phys. 72, (1778), 1992
J. Polesel-Maris, M. A. Venegas de la Cerda, D. Martrou, S. Gauthier, Phys. Rev. B
79, (235401), 2009
K. Koboyashi, H. Yamada, K. Matsushige Rev. Sci Instrum. 80, (043708), 2009
J. Polesel-Maris, S. Gauthier, J. Appl. Phys. 97, (044902), 2005
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Combined TEM and NC-AFM study of Al2O3-supported Pt nanoparticles
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Determination of cantilever stiffness from dimensions and eigenfrequencies
Jannis Lübbe,1 Lutz Doering,2 Michael Reichling1
1
Fachbereich Physik, Universität Osnabrück, Barbarastraße 7, 49076 Osnabrück, Germany
2
PTB, Nano- and Micrometrology, Bundesallee 100, 38116 Braunschweig, Germany
reichling@uos.de

We discuss the non-destructive determination of the stiffness of silicon cantilevers with tips
as used for non-contact atomic force microscopy under ultra-high vacuum conditions from the
knowledge of cantilever dimensions and eigenfrequencies [1,2]. Results are verified by
measurements with a tip-destructive precision method.
The calculation of the stiffness is based on dimensions derived from scanning electron
microscope micrographs (left panel in figure), optical microscopy or interferometry. This
yields stiffness values with an accuracy not better than 30% as the result depends on the
thickness of the cantilever that is experimentally difficult to be determined. The accuracy
margins can be reduced to 9% when the measured fundamental eigenfrequency is included in
the calculation and a tip mass correction is applied. The tip mass correction can be determined
from the eigenfrequencies of the fundamental mode and the first harmonic mode [3].
Spring constants determined by the dimensional analysis are verified by results obtained with
an ultra-precision instrument determining the cantilever stiffness from a force-bending curve.
This method is based on a force measurement with an ultra-precision balance and moving the
cantilever with a nanopositioning device (right panel in figure) and yields an accuracy better
than 5% when operated under well stabilized environmental conditions.

[1]
[2]
[3]

J.P. Cleveland, S. Manne, D. Bocek et al., Rev. Sci. Instrum., 64, 403, (1993)
C.A. Clifford, M.P. Seah, Meas. Sci. Technol., 20, 125501, (2009)
M.S. Allen, H. Sumali, P.C. Penegor, J. Dyn. Meas. Syst. Contr, 131, 064501, (2009)

 



Quantification of noise in NC-AFM systems for UHV applications
Jannis Lübbe,1 Matthias Temmen,1 Sebastian Rode,2 Michael Reichling1
1
Fachbereich Physik, Universität Osnabrück, Barbarastraße 7, 49076 Osnabrück, Germany
2
Inst. für Physikalische Chemie, JGU Mainz, Jakob-Welder-Weg 11, 55099 Mainz, Germany
reichling@uos.de

The total noise in the frequency shift signal Δf of NC-AFM measurements consists of thermal
noise determined by the temperature and cantilever properties and instrumental noise from the
detection and signal processing systems [1]. We investigate the deflection noise spectral
density dz at the input of the PLL demodulator as well the frequency noise spectral density at
the output dΔf in dependence of cantilever properties and settings of the signal processing
electronics. Prerequisite to a quantification of noise figures is the calibration of the cantilever
deflection signal as well as the knowledge of the PLL demodulator transfer function.
Here, we study the transfer function of a RHK PLLpro 2 with different settings for the filter
cut-off frequency and PLL loop gain and time constant settings. To quantify the cantilever
oscillation amplitude and the deflection noise, we use a non-contact method based on the
normalized frequency shift [2]. From the transfer function (upper left panel of figure) and the
measured deflection noise spectral density (lower left panel), we derive predictions for the
frequency noise spectral density (right panels) for various filter settings and different levels
dzds of detection system noise [1]. Predicted frequency spectral noise densities well agree with
measured ones. When operated with appropriate parameters, a fully characterised system with
low noise signal detection allows operation at the thermal noise limit with a significant
bandwidth.

[1]
[2]

K. Kobayashi, H. Yamada, K. Matsushige, Rev. Sci. Instrum., 80, 043708, (2009)
G.H. Simon, M. Heyde, H.-P. Rust, Nanotechnology, 18, 255503, (2007)

 



Measurement of intrinsic cantilever properties from thermal noise
Jannis Lübbe, Matthias Temmen, Michael Reichling
Fachbereich Physik, Universität Osnabrück, Barbarastraße 7, 49076 Osnabrück, Germany
reichling@uos.de

We investigate a method to determine the eigenfrequency f0, the intrinsic quality factor Q0 and
the stiffness k from the cantilever deflection noise density dzth(f) as a function of frequency of
a thermally excited cantilever in an ultra-high vacuum environment [1]. While a fit of the
function of the deflection noise density to the experimental data (left panel in figure) is
straightforward, the precise determination of cantilever properties requires great care in
experimentation. The precision of the f0 value as derived from the peak position is of the order
of 0.1% and solely limited by thermal drift. The Q0 value can be determined from the fit with
a precision of 10 %, however, its reproducibility may strongly be forged by a mounting loss
[2]. Most delicate is the determination of k derived from the fit of the dzth(f) curve. This
measurement requires a calibration of the deflection measurement and utmost care has to be
taken to avoid any excitation of the cantilever other than by thermal noise. Furthermore, the
dynamic analysis of the fundamental resonance yields k0 and has to be corrected to yield the
static stiffness k [3].
As an alternative, we introduce an approach to determine dynamic stiffness that is based on a
measurement of the frequency noise density d±fth(f) at the output of the PLL demodulator.
This approach requires separate measurements of the eigenfrequency and the effective quality
factor but can easily be extended to higher order eigenmodes as the spectral analysis of d±fth(f)
can mostly be restricted to frequencies below 100 Hz and does not require high spectral
resolution. We measure cantilever properties for the first harmonic mode and relate the
respective dynamic stiffness k1 to the stiffness k0 of the fundamental mode and the static value
k [3].

[1]
[2]
[3]

J.L. Hutter, J. Bechhoefer, Rev. Sci. Instrum., 64, 7, (1993)
J. Lübbe, L. Tröger, S. Torbrügge, et al., Meas. Sci. Technol., 21, 125501, (2010).
J.R. Lozano, D. Kiracofe, J. Melcher, et al., Nanotechnology, 21, 465502, (2010).

 



Measuring Wear by Friction Force and Dynamic Force Microscopy
Tobias Meier1, Özhan Ünverdi2, Jan-Erik Schmutz3 and Hendrik Hölscher1
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Karlsruhe Institute of Technology, P.O. Box 3640, 76021 Karlsruhe, Germany
2
Yale University, P.O. Box 208284, New Haven, CT 06520-8284, USA
3
University of Münster, Schlossplatz 2, 48149 Münster, Germany
tobias.meier@kit.edu
In every product, one can observe wear on the moving parts during their lifecycle. The
economic costs of wear are billions of dollars every year. Therefore, reducing the wear is the
goal in every device and production process even though the microscopic origins of wear
process have not been completely understood. With the invention of the friction force
microscope (FFM) 1987, one gets a tool to examine friction and wear on the nano-scale.
While the wear of the sample surface can easily be measured via the change of the sample’s
topography [1], it is not possible to measure the tip’s wear simultaneously in a direct way.
From an experimentalist’s point of view, tip wear is a well-known effect from everyday
experience as a blunted tip reduces the resolution of the microscope. To quantify the tip’s
wear, it is possible to image the cantilevers tip in a scanning electron microscope (SEM), but
this is a very time consuming procedure. For many experiments it is also not practicable,
because the tip has to be transferred from the FFM to the SEM, which rules out the
continuance of the wear experiment.
For measuring nano-scale wear of the tip, we introduce a new technique combining friction
force and dynamic force microscopy. We are using the FFM for “weighing” the cantilevers tip
mass. As the cantilevers resonance frequency depends on mass of the tip, we can measure the
increase (the tip picks up some material from the sample) or decrease (wear of the tip) of the
tip’s worn mass down to some picograms due to the resonance frequency shift of the
cantilever [2]. By attaching a small sphere to the upper end of the cantilever’s tip we can
detect the nano-wear of several material combinations with this approach [3].

Fig. 1: Experimental setup

Fig. 2: Frequency shift depending on the mass change

[1] J. Hu, X. d Xiao, D.F. Ogletree, M. Salmeron, Atomic scale friction and wear of mica, Surf. Sci.
327 (1995) 358–370.
[2] Schmutz, Fuchs, Hölscher, Wear 268, 526 (2010)
[3] Schmutz, Schäfer, Hölscher, Rev. Sci. Instrum. 79, 026103 (2008).
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Reflection from diffraction grating etched onto the backside surface of
AFM cantilever increases the force sensitivity
S. K. Sekatskii, M. Mensi, A. G. Mikhailov, and G. Dietler
Ecole Polytechnique Fédérale de Lausanne (EPFL), CH1015 Lausanne, Switzerland
Serguei.Sekatski@epfl.ch
If a reflecting diffraction grating is prepared onto backside of a standard cantilever for atomic
force microscopy, and diffracted light is used to monitor the angular position of the cantilever,
the diffraction grating equation d (sin -  sin -0 ) nO shows that the derivative
d- / d-0 cos -0 / cos - becomes much larger for small angles of incidence -0 and large
angles of reflection of the diffracted beam - . Correspondingly, the force sensitivity can be
improved by few times when an appropriate detection scheme is used [1]: this approach does
not give an improvement for a split detector but is important for position-sensitive
(duolateral) detector, cf. [2]. (Note that the theoretical detection limit for the latter method is a
few times smaller [2]). The first demonstration was performed with a one micron period d
amplitude diffraction grating etched onto the backside of an Al-coated cantilever (see SEM
image in Fig. 1 left), for the experiments in air and an analogous 600 nm-period grating for
the experiments in water; special liquid cell was elaborated for the latter experiment, He-Ne
with the wavelength O nm was used. Further applications of the method include the
preparation of gratings onto very small cantilevers (see Fig. 1 right), where the measurements
with the diffraction-type reflected beam enable to eliminate the background noise signal due
to the reflection of light beam from the sample surface, which is extremely important for these
small efg4cantilevers designed for ultra-fast scanning. Preparation of gratings of special forms
can enable also to get a sensitivity improvement with the exploitation of the most standard
split detectors, and it should be noted that much more cheap grating preparation methods, e.g.
by “nanoprinting”, also exist. Additional advantage is the possibility of the simultaneous use
of different orders of diffraction for the cross-check and noise reduction.

[1] G. Dietler and S. K. Sekatskii, Patent application P2179PC0P, 11.11.2010 “Method and
assembly for measuring the angular position of a surface”.
[2] A. Garcia-Valenzuela, J. Appl. Phys. 82, 985 (1997).

  



Trimodal Tapping-Mode Atomic Force Microscopy
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Silicon AFM probes for dynamic AFM with sub-nanometre amplitudes
T. Sulzbach1, O. Krause1, H.-J. Luedge1, M. Detterbeck2
NanoWorld Services GmbH, Schottkystr. 10, D-91058 Erlangen, Germany
2
NanoWorld AG, Rue-Jaquet-Droz 1, CH-2002 Neuchâtel, Switzerland
sulzbach@nanoworld.com
1

Dynamic AFM with extremely small oscillation amplitudes of the probing tip has shown its
potential for atomic and even sub-atomic resolution [1]. By adjusting the oscillation
amplitude to the regime of short-range forces the impact of long-range forces on the detection
mechanism can be suppressed effectively [2]. This AFM technique requires extremely
sensitive cantilever detection methods capable to resolve changes in the sub-nanometre
oscillation amplitude such as frequency modulation (FM-AFM) techniques. Moreover, for
stable operation the bending forces of the cantilever must be able to overwhelm the attractive
tip-sample forces. An empirically limit for avoiding of such "jump-to-contact" instabilities is
kA > 200nN [3] whereas k is the force constant of the cantilever and A is the amplitude of
oscillation.
Therefore, dynamic AFM with sub-nanometre amplitudes (A < 1nm) requires cantilevers with
a force constant larger than 200N/m. We present the design, realization and characterization
of batch fabricated monolithic silicon cantilever probes with integrated sharp tips with force
constants of 120N/m, 550N/m and 1900N/m enabling a stable operation with amplitudes
down to 1Å. Even in case of the stiffest cantilever the expected frequency shift due to a
0.1N/m constant force gradient of the tip-sample interaction is in the order of 20Hz, well
above the thermal noise of 1.6Hz at a typical measurement bandwidth of 100Hz. Due to small
cantilever dimensions the first resonance frequency is more than one order of magnitude
larger than for previous approaches based on tuning fork probes [1]. As consequence the
sensitivity (frequency shift) is significantly improved.
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[3]

F. J. Giessibl et al., Ann. Phys. 10, 887-910 (2001)
P. M. Hoffmann, Small-amplitude Atomic Force Microscopy (Dekker Encyclopedia of
Nanoscience and Nanotechnology, 2004).
F. J. Gießibl, Progress in Atomic Force Microscopy (Univ. Augsburg, 2000).

 



The effect of different tip preparations on force distance curves
Dennis van Vörden, Manfred Lange, Christian Notthoff1 and Rolf Möller
Fakultät Physik, Universität Duisburg-Essen D-47048 Duisburg, Germany
1
Fakultät für Ingenieurwissenschaften, Universität Duisburg-Essen
dennis.vanvoerden@uni-due.de

An accurately defined scanning tip is of utmost importance in non contact atomic force
microscopy (nc-AFM). Both, the geometric structure tip profile and the tip surface
contamination have an influence to the tip sample interaction. In addition a good working
STM-tip is not necessary a good AFM tip. Therefore we have used different techniques of inand ex-situ tip preparation and compare these by spectroscopy and topography measurement.
The tips (W) are chemical etched with an NaOH-Solution. After the etching process the tip
will be placed into the vacuum system. The tips can be sputtered head on by ion
bombardment with Ar+ ions in situ. In the course of the sputtering process the tip will be
cleaned from adsorbates and oxides. To assure the sharpness of the tip, SEM-images
(scanning electron microscope) were taken before and after the sputtering process. In general
the tips will be further prepared by field emission, in front of Ag(111) surface.
Force spectroscopy measurement with unsputtered and sputtered tips on various substrates
such as the 7x7 reconstruction of Si(111) and the Ag-√3x√3-Si(111) reconstruction reveal
significant different spectra.

 



Design and construction of a 300 mK, 10 Tesla, UHV facility for AFM
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Long Range Tip Sample Forces using a FIM Characterized Tip
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Split quartz tuning fork sensor for enhanced sensitivity force detection
1
M. Labardi, M. Lucchesi
CNR-IPCF, Largo Pontecorvo 3, 56127 Pisa (Italy)
1
Dipartimento di Fisica, Università di Pisa, Largo Pontecorvo 3, 56127 Pisa (Italy)
labardi@df.unipi.it
For application of tuning forks (TF) in atomic force microscopy, it is important to measure
reliably the motion of the prong where the probe tip is mounted, in order to correctly control
tip/sample distance, and at the same time, to obtain the highest quality factor Q, to improve
measurement sensitivity. The first request is not satisfied by a standard TF, motivating for
instance the introduction of the “qPlus sensor” [1] where one of the prongs is immobilized.
The second request, instead, is not satisfied by the qPlus sensor, while it is fulfilled by a
perfectly balanced TF, that is, where the two prongs have the same mass, spring constant and
dissipation coefficient. This condition is hardly obtainable by a TF with a probe applied to
one of the prongs, leading to an increased mass and dissipation coefficient of the prong.
The above considerations have motivated us to explore an approach, already pointed out by
other groups for different purposes [2,3], where a split TF is realized, with the electrical
connection between the two prongs in antiparallel, like produced at the factory, is interrupted,
and piezoelectric signals produced by the two prongs are addressed separately. The device
produced in this way can be modeled in a more accurate way than the original TF, since
interaction between the two prongs becomes purely mechanical, by removal of their electrical
connection. With such device, the signal of each of the prongs, and particularly of the one
supporting the probe, is measured separately in an accurate way.
In this work we show the experimental realization of such approach, as well as how the
obtained result can be correctly described by a dynamical model where it is necessary to
consider energy dissipation associated to the motion of the center of mass. Our analysis has
shown which of the approximation customarily used in TF modeling can be justified or not.
An example of application of this configuration
is represented by a kind of “Q control” realized
by driving one prong by a given frequency and
the other one by the signal produced by the first
one. Depending on the amplification level of
the signal driving the second prong, the
effective Q can be regulated within a wide
interval.
Figure 1: Q factor of a standard TF, of a split
one, with or without a tiny mass on arm 2.
[1]
[2]
[3]

F.J. Giessibl, Appl. Phys. Lett., 73, 3956, (1998)
A. Naber, J. Microsc., 194, 307, (1999)
H. Hida, et al., IEEJ Trans., 4, 378, (2009)
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Ultra-sensitive bias dependence of force-distance curve and
hysteresis measured on single Pb adatom on Pb (111)
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MgO on Ag(100): A simultaneous STM/AFM study
Florian Pielmeier1, Susanne Baumann2, Chris P. Lutz2, Andreas Heinrich2, Franz J. Giessibl1
1
University of Regensburg, Department of Physics, 93040 Regensburg, Germany
2
IBM Research Center Almaden, 650 Harry Road, San Jose, CA 95120, USA
florian1.pielmeier@physik.uni-r.de

MgO is a promising decoupling layer for the study of electronically isolated atoms and
molecules on surfaces. The electronic and structural properties of MgO on Ag(100) have been
studied by STM [1], AFM [2] and KPFM [3]. Here we performed constant height imaging on
small MgO islands to record frequency shift and current simultaneously at low bias voltages.
Frequency shift images show atomic corrugation of the MgO lattice, whereas, as expected,
there is no atomic contrast visible in the current data.
Two different types of islands are normally observed. When MgO is grown on an Ag(100)
crystal with sub-monolayer coverage the islands are usually on top of the Ag surface or
embedded within the Ag lattice. Here we report upon a bias dependent contrast in STM
images within single islands which are embedded in the Ag surface. The two different regions
are also distinguished by STS measurements. Constant height frequency shift images above
both regions show an attractive boundary at the interface between them.

[1]
[2]
[3]

S. Schintke, S. Messerli et al., Phys. Rev. Lett., 87, 276801, (2001)
M. Heyde, M. Sterrer et al., Appl. Phys. Lett., 87, 083104, (2005)
M. Bieletzki, T. Hynninen et al., Phys. Chem. Chem. Phys., 12, 3203, (2010)





 

Development of nc-AFM/STM using a tuning fork quartz force sensor
Toyoko Arai, Tatsuya Sakuishi, Hiroaki Ooe, Masahiko Tomitori1
Kanazawa University, Kakuma-machi, Kanazawa, Ishikawa, 920-1192 Japan
1
Japan Advanced Institute of Science and Technology, 1-1 Asahidai, Nomi, 923-1292 Japan
sakuishi@stu.kanazawa-u.ac.jp

Invention of an easy-to-use force sensor with high sensitivity is one of central issues in ncAFM. Quartz is one of promising materials for it; Giessibl successfully introduced the q-Plus
sensor of a quartz tuning fork [1]. The quartz sensor has advantages in respect to self-sensing
of a change in its resonance frequency in high accuracy with its high Q value, and to its
temperature stability, and furthermore to its high spring constant to avoid jump-to-contact
with a sample surface. In this study we construct an ultra-high vacuum (UHV) microscope
with the quartz force sensor operated in nc-AFM and STM with a field ion microscope/field
emission microscope (FIM/FEM) to evaluate a tip on the force sensor. To excite the sensor in
a straightforward way, we adopt a self-excitation method. To decrease an AC current signal
due to the capacitance of the sensor and the capacitance coupling around the sensor [2], we
construct a compensation circuit to cancel out the signal to attain a better S/N ratio.
We used a quartz tuning fork (Epson Toyotem, f0 = 32.768 kHz), and one prong of the fork
was attached to a ceramic holder with epoxy resin. An electrochemically etched Pt-Ir (8:2) tip
was attached at the end of the other prong. An equivalent circuit of the fork is shown in fig. 1.
In use of inverse piezoelectricity to excite the fork at its resonance frequency, the resonance
curve exhibited asymmetric owing to an AC coupling through capacitance C2, as shown in fig.
2(a). Thus, we used a pulse transformer to generate both of an excitation AC signal and the
AC signal with a phase of 180° to that. We adjusted the output of a current amplifier, placed
near the AFM head in UHV, to be zero by changing the value of a variable capacitor in a
frequency range at off-resonance. As the result, we obtained a symmetric resonance curve
shown in fig. 2(b), and the noise due to the AC coupling was less than the white noise level.
The sensitivity of the senor was 3 ³V/pm at the output of the amplifier, which was evaluated
from the normalized frequency shift with respect to a change in amplitude, and from a noise
spectrum using a lock-in amplifier. Using this system we obtained atom-resolved frequency
shift images in the mode of dynamic STM for a Si(111)7x7 surface, as shown in fig. 3. We
will discuss the imaging mechanism of the Si surface with a metallic tip.
Fig. 1 (a)
equivalent circuit
of a quartz tuning
fork, and
(b)compensation
circuit to cancel
Fig. 2 Resonance and phase curves (a) without
the capacitive
the cancel circuit, and (b)with the cancel circuit
coupling.

[1]
[2]

Fig. 3 (a)Dynamic
STM image, and
(b)f image.

F.J. Giessibl, Appl. Phys. Lett., 76, 1470 (2000)
R.D. Grober, J. Acimovic, J. Schuck, et al., Rev. Sci. Instrum., 71, 2776 (2000)







Small-amplitude FM-AFM using a Si cantilever with very high stiffness
and very high resonance frequency
Masahiro Haze, Yoshitaka Naitoh, Yan Jun Li, and Yasuhiro Sugawara
Department of Applied Physics, Osaka University, 2-1 Yamada-oka, Suita 565-0871, Japan
haze@ap.eng.osaka-u.ac.jp
Smaller amplitude operation of the oscillating cantilever enables higher spatial resolution
in FM-AFM since sensitivity of the frequency shift to the short-range interaction force is
increased. A force sensor with high stiffness (k) should be used to avoid the jump-to-contact
instability and to ensure the small amplitude operation. As force sensors, a quartz tuning fork
(qPlus sensor) [1] and needle sensor (Kolibri sensor) [2] have been used to realize the small
amplitude operation. However, it is a disadvantage for qPlus sensor and Kolibri sensor to be
unable to fabricate those with various stiffness k and/or resonance frequencies f0. As a result,
the force sensitivity is limited by the low resonance frequency f0 in qPlus sensor and by the
extreme high stiffness k in Kolibri sensor.
In this study, we theoretically and experimentally investigate the enhancement of the force
sensitivity by using a Si cantilever with very high k and very high f0. From the theoretical
study, we found that the minimum detectable force gradient for small amplitude operation is
approximately proportional to the ratio of the stiffness to the resonance frequency (k/f0) and
the noise density of the deflection sensor (nds) (Fig. 1). This means that to enhance the force
sensitivity for small amplitude operation, the force sensor with low k (k >1000N/m) [1] and
high f0 as well as the deflection sensor with low nds are required. By the numerical simulation,
as shown in Fig. 1, we found that the Si cantilever (circle ´) (k=2000N/m, f0=1MHz,
nds=60fm/Hz1/2) has very high force sensitivity, compared with the qPlus sensor (triangle µ)
(k=1800N/m, f0=33kHz, nds=20 fm/Hz1/2)
and the Kolibri sensor (rectangle ¶)
(k=540kN/m, f0=1MHz, nds=1fm/Hz1/2).
Then, we experimentally verified the
enhancement of the force sensitivity using a
maicro-fabricated Si cantilever with
k=2000N/m and f0=1MHz. We demonstrated
the stable atomic resolution imaging and the
high
sensitive
force
spectroscopy
measurement with a small amplitude on
Si(111)7×7 surface at room temperature. It
should be also emphasized that the microfabricated Si cantilever has a small tip apex,
which is suitable for enhancing the force
sensitivity to the short-range interaction. Fig. 1 Minimum detectable force gradient as a
Thus Si cantilever with very high k and very
function of the ratio of the stiffness to the
high f0 significantly improves the spatial
resonance frequency. A=0.2nm, Q=10000,
resolution in FM-AFM.
and B=1kHz.
[1] F. J. Giessibl, Appl. Phys. Lett., 76, 1470 (2000).
[2] T. An et al., Rev. Sci. Instrum., 79, 033703 (2008).







The role of van der Waals versus chemical forces in atom identification
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FM-AFM on Epitaxial Graphene in Air with the qPlus Sensor
Elisabeth Wutscher, Daniel Wastl, Franz J. Giessibl
Department of Physics, University of Regensburg, 93053 Regensburg, Germany
elisabeth.wutscher@physik.uni-regensburg.de

Yamada et al. [1,2] have shown that it is possible to obtain atomic resolution on cleaved mica
and calcite in water with frequency-modulation atomic force microscopy (FM-AFM). These
impressive results were acquired with a setup that enabled them to get very low deflection
noise density, which is decisive for atomic resolution.
We have approached the problem of ambient condition imaging with quartz tuning fork based
(qPlus) cantilevers. We tried to simplify our setup by using very stiff cantilevers (spring
constant of 4300 N/m) with small amplitudes (some Ångstroms). Independent of the
cantilever, small amplitudes appear to be necessary for high resolution imaging.
Results made in air with the frequency-modulation force microscopy mode on epitaxial
graphene, grown on SiC (0001) [3], are presented. A previously unreported structure was
imaged on the graphene surface. Domains of wrinkles, spaced uniformly 5.6 nm apart were
found atop the graphene surface and are formed along the lattice directions of the hexagonal
graphene structure.

[1]
[2]
[3]

T. Fukuma, K. Kobayashi, et al., Appl. Phys. Lett. 87, (034101), (2005)
S. Rode, N. Oyabu, K. Kobayashi, et al., Langmuir 25, (25850), (2009)
K. V. Emtsev, A. Bostwick, K. Horn, et al., Nature Materials 8, (203), (2009)







Exploring the Scale of a Tunnel Current Induced Phantom Force
T. Wutscher, A.J. Weymouth, F. J. Giessibl
Department of Physics, University of Regensburg, 93053 Regensburg, Germany
Thorsten.Wutscher@physik.uni-regensburg.de

The phantom force is a repulsive force contribution observed when performing simultaneous
AFM and STM, dependent on sample resistivity, the average tunnel current <I> and the bias
voltage Vbias [1]. The origin of this apparent repulsive force is a reduced electrostatic
attraction due to the current flow and the limited sample conductivity leading to a reduced
voltage across the tunnelling gap. While the model presented in [1] includes a very shortrange decay of the voltage from the point where the tunnel current enters the sample, a longrange decay of the voltage would cause a strong dependence of the phantom force with
respect to the tip radius. In this contribution, we measure the effect of the macroscopic tip
shape on the phantom force.
The macroscopic tip shape was determined by fitting ǻf (z) spectra to a model of a parabolic
tip incorporating only van der Waals forces [2,3]. Then, we recorded constant-height images
to extract a relation between the average tunnel current <I> and the frequency shift ǻf. This
apparently-repulsive linear relation characterizes the phantom force. There was no clear
influence of the macroscopic tip shape on the phantom force, which corresponds well with our
proposed model.

[1]
[2]
[3]

A.J. Weymouth, T. Wutscher, J. Welker, et.al., Phys. Rev. Lett., 106, (22), (2011)
H. Hölscher, U. D. Schwarz, R. Wiesendanger, Appl. Surf. Sci., 140, (344) (1999)
F.J. Giessibl, Phys. Rev. B, 56, (21) (1997)







Huge & Complex Dissipation Signals from Small & Simple NC-AFM Scans
J. Bamidele, H. Nomura1, S. Jarvis2, Y. J. Li1, Y. Naitoh1, M. Kageshima1,
Y. Sugawara1, L. Kantorovich
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1
Department of Applied Physics, Osaka University, 2-1 Yamada-oka, Suita, Osaka 565-0871
2
The School of Physics and Astronomy, University of Nottingham, Nottingham, NG7 2RD
joseph.bamidele@kcl.ac.uk
Our extensive theoretical investigation confirms experimental findings that huge dissipations
(>1eV per cycle) can occur during NC-AFM imaging even at 5K and, along with
experimental results, we conclusively show that even whilst there may be poor (or
misleading) topological contrast, dissipation signals can still provide clear atomic resolution.
The debate as to the cause of dissipation and to whether or not dissipation gives true
atomic resolution has gone on for many years with different models and mechanisms
suggested to explain the 0.1-1eV dissipation signals many experimentalists have recorded
[1,2]. Therefore we present here not a mechanism for dissipation to occur but instead an
interpretation and practical utilization of dissipation signals.
Experimentalists have performed NC-AFM imaging on the Si(001)-c(4x2) surface at
5K and, even at such low temperatures, still recorded dissipation exceeding 1eV per cycle.
Most interestingly, at a frequency set shift in which the topology indicates that dimers are
being manipulated during imaging, the dissipation signal clearly displays the original
structure of the surface. The dissipation signal also has very good contrast of approximately
0.7eV between the smallest and largest signal recorded during a single scan. Fascinatingly,
our results both confirm the experimental findings and uncover a very complex architecture
behind the dissipation signals across the dimers. This means that the dissipation signal could,
in fact, also be use to derive information in situations where the topology (frequency shift)
signals on its own cannot.
So we discuss here the nature of forces between the tip and surface during a line scan
and calculate the dissipation for several points along the dimer over several tip-surface
separations. In all instances the DFT method is implemented with the SIESTA code, using a
localized numerical basis set and GGA Perdew-Burke-Ernzerhof (PBE) density functional.

Fig. 1: Line scan across a Si(001)-c(4x2) dimer (left to right: experimental topology scan [2],
cartoon of scan line, experimental dissipation signal [2], calculated dissipation signal.
[1]
[2]
[3]

N. Oyabu et al. Phys. Rev. Letts. 96, 106101 (2006)
S. Ghasemi et al. Phys. Rev. Letts. 100, 236106 (2008)
H. Nomura et all (Unpublished results)
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Modelling NC-AFM Resolution on Corrugated Surfaces
Kristen M. Burson1, Mahito Yamamoto1, William G. Cullen1*
1
Department of Physics, University of Maryland, College Park, MD 20742-4111 USA
*wcullen@physics.umd.edu
Key developments in NC-AFM have generally involved atomically flat crystalline surfaces.
However, many surfaces of technological interest are not atomically flat. SiO2 grown as gate
dielectric on Si wafers, for example, is amorphous and exhibits stochastic surface roughness.
Precise measurement of this roughness by AFM has become controversial due to the
widespread use of SiO2 as a support for exfoliated graphene, which may be probed with UHV
STM (yielding full atomic resolution by several groups). Controversy arises when STM
measurements of graphene/SiO2 are compared with AFM measurements of the bare SiO2
substrate [1,2], because AFM measurements of SiO2 generally show a much smoother
topography than STM of graphene/SiO2. Motivated by the experimental difficulty in
measuring SiO2 surfaces, we propose a model to gain insight on this issue.
NC-AFM generally represents topography as a contour of constant frequency shift. Here we
discuss the issues which arise when the surface is corrugated at relatively small length scales
(our best measurements of SiO2 yield a correlation length of 8-10 nm). We develop a
continuum model which explicitly accounts for the corrugated substrate (modeled as a
sinusoid) and obtain the response of a spherical tip to van der Waals interactions. As a
function of tip radius, these long-range interactions integrated over the tip volume can
produce significant flattening of the topographic contours. As an extension of the basic model,
we incorporate a “front atom” and consider resolution as the strength of the front atom
interaction is varied in relation to the integrated contribution of the tip. Preliminary results
indicate a strong requirement for small tip radius, and a breakdown of the usually-assumed
Hamaker force law for a sphere interacting with a flat surface (F ~ AHR/z2).

Figure 1: (a) Schematic of continuum model geometry with sinusoidal surface and spherical
tip. (b) Contours of constant frequency shift, showing attenuation of surface corrugation.
[1]
V. Geringer, M. Liebmann, T. Echtermeyer et al., Phys. Rev. Lett., 102, (7), (2009)
[2]
W. G. Cullen, M. Yamamoto, K. M. Burson et al., Phys. Rev. Lett., 105, (21), (2010)
*Work supported by UMD NSF-MRSEC under DMR 05-20471
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Soft material liquid AFM simulator
Naoki Watanabe†, Naoki Hashimoto††, Akira Masago††
†Mizuho Information & Research Institute, Inc., Kanda Nishiki-cho 2-3, Chiyoda, Tokyo
101-8443, Japan
††Advanced Algorithm & Systems, Co. Ltd., Ebisu1-13-6, Shibuya, Tokyo 150-0013, Japan

We have developed simulator to analyze of cantilever oscillation in liquids, and dynamic
AFM analyses of visco-elastic samples in liquids can be performed. This numerical simulator
calculates an elastic cantilever oscillation combined with fluid dynamics of liquids as well as
the tip-sample interaction force.
When the cantilever is oscillated in liquid, fluid around the lever is stirred, and flow field is
caused. The cantilever receives the fluid pressure and viscosity. Accordingly the cantilever
motion becomes complicated for fluids force and the stress due to elastic deformation of the
cantilever itself. Here, the fluid model is approximated as two dimensional Stokes flow of an
incompressible fluid.
When the cantilever falls down, and a probe at head of lever approaches a sample which is
visco-elastic soft material, it feels a force mediated by molecules. This effect to the cantilever
motion determines. Thus this simulator calculates the motion of cantilever, the frequency shift,
phase images and resonant curves of cantilever can be got.
This simulator is useful to design shape of high sensitive cantilever and to help predict
optimum oscillation modes. It is also possible to infer the physical properties of samples by
understanding changes of cantilever oscillation state.

[1]
M.Tsukada and N.Watanabe, Jpn. J. Appl. Phys., 47 (2009) 035001-1~6
[2]  K. Tagami, M.Tsukada, R.Afrin, H.Sekiguchi, and A. Ikai, e-J. Surf. Sci.Nanotech. 4,
552 (2006).





 

Defect mediated anisotropic nanomanipulation of Au clusters on NaCl
Teemu Hynninen, Gregory Cabailh1, Clemens Barth1, Adam S. Foster
Tampere University of Technology, P.O.Box 692, 33101 Tampere, Finland
1
CINaM-CNRS, Campus de Luminy, Case 913, 13288, Marseille Cedex 09, France.
teemu.hynninen@tut.fi

Metallic nanoclusters adsorbed on insulating surfaces and thin films are promising candidates as next generation catalysts in many industrial processes. Non-contact Atomic Force
Microscopy (nc-AFM) has recently begun to be applied to these systems, potentially
providing atomic resolution of the surface and the adsorbed nanoclusters. Furthermore, atomic
control on the size of deposited nanoclusters and nc-AFM’s ability to manipulate the clusters
on the surface means one can examine the properties of clusters of specific sizes at chosen
sites on the surface.
We study Au cluster manipulation on NaCl (001), a prototype system, by both experiments
and simulations. On the NaCl surface, gold atoms tend to aggregate at steps and form clusters.
The clusters can be detached from the steps using nc-AFM and then manipulated on the
surface. Interestingly, the movement of clusters is seen to be strongly anisotropic, preferring
[110] surface directions. By calculating the energy landscape of Au clusters on the surface
using density-functional methods it is found that clusters are mobile on a pure NaCl surface
but they bond strongly in the presence of vacancies. The anisotropy in minimum energy paths
is also found to depend on the type of vacancy the clusters attach to. The anisotropic
movement is likely due to the clusters attaching to a row of Cl ions in the presence of Na
vacancies. Since the clusters can slide along rows of Cl ions on the surface, they prefer to
move in the [110] direction. The results demonstrate how the behavior of metallic clusters on
insulators during manipulation can be dominated by the interaction between the clusters and
the defects found on the surface.







Numerical Analysis of Band Excitation Signals in Atomic Force Microscopy


CHIRP

Adam Kareem !   !  
      "#    ' ( * "!%

  -


6    ?   %32+%34 89 55 
#? 5  1     1  
 &   ?      chirp sinc
       5   ?   #   1    
           6  *      +
1        #  234&
chirp  5 1       5    ?
      5       ?    1   ,    
  +         5     #       
   *     ? 1  
     &       #} . 
                        & sinc   
#     ?              
 * #  } .   5#    5 
            ) 5
  ?    5         5
  ?          %3

SINC

Time

Time

Frequency

Frequency

Frequency

Frequency

Frequency

Frequency

Frequency

Frequency


Figure 1. +%3 ?    24 +1  2 4 
# 24
89

!$ !|  0( *    7      A 2@4 2 <<D4









        

      
    
! "# 
$%&  #'   (   )## 
  *+ &#,#   
,      # #  #                 
 # &#   ! # +   + -  
  +     +      *  .-    ,      
 # * /() - #+ #   & 
-  + -  0##+  
* /(+) - # 1/23  #  +-#
+ -       #  #  4 # 5
#         +        #       #'  &     
    &        +           -      
, &      +&  +
#+ 16%3 +#  +,   -!  
#  +-   + +&  + 
# *+  #   -     4 
 0##+ -      +
 *    +#  % #%* 
#  #                &  (894 )     
 (*/( ):()) 4 -  -   /;;<+ 
 #  # # 

1/3=9 >9 %$  4 ? ##    @;(//)(2;;A)
123$ >0 ?*  2/(2;/;)
163BB ?   = ##   /;2(6)(2;;A)
13 C4 >9= >8 *   = ##   E;(A)(/@@F)







Charge Alteration in Si(111)-DAS Surface by Atomic Force Microscopy
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Theoretical analysis of relation between force and current in the tunnelling
regime
M. Ondrá%ek, F. Flores1, P. Jelínek
Institute of Physics, Academy of Sciences of the Czech Republic, Prague, Czech Rebublic
1
Departamento de Física Teórica de la Materia Condensada, UAM, 28049 Madrid, Spain
ondracek@fzu.cz
Increasing number of precise simultaneous AFM/STM measurements has been reported last
years (see e.g. [1]). The possibility of combining the powerful tools provided by scanning
tunneling (STM) and atomic force microscopy (AFM) in a single instrument brings an
opportunity to correlate directly tip-surface short-range chemical forces with simultaneously
measured tunneling currents at the atomic and molecular scale.
Here, we discuss a simple numerical model describing the relation between the current and
the chemical force in the tunneling regime (see Figure). Based on this model, two
characteristic regimes can be identified according to quantum degeneracy of electronic states
of tip and sample involved in the interaction process. In addition, this model will be supported
by the total energy DFT simulations combined with transport Green’s function calculations
[3].

Fig. shows the relation between the current and force with the distance as a function of
electronic state for a simple two-level model (right).
[1]
[2]
[3]

F.J. Giessibl, Appl. Phys. Lett., 76, (1470), (2000)
W. A. Hofer et al., Phys. Rev. Lett., 91, (036803) (2003) and Reply in by C. J. Chen
M. Ternes et al., Phys. Rev. Lett., 106, (016802), (2011)
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Dependence of the most probable and average bond rupture force on the
force loading rate: first order correction to the Bell – Evans model
S. K. Sekatskii, F. Benedetti, and G. Dietler
Ecole Polytechnique Fédérale de Lausanne (EPFL), CH1015 Lausanne, Switzerland
Serguei.Sekatski@epfl.ch
The Bell–Evans model which predicts the linear dependence of the most probable bond
.
.
k BT
k T § 'x ·¸
ln F  B ln¨
rupture force Fprob on the force loading rate F , Fprob
, is
'x
'x ¨© koff k BT ¸¹
usually used to discuss the dynamic force spectroscopy experiment data. This model is
consistent
with
the
Kramers’
theory
of
the
bond
dissociation
rate
O CZ min Z max exp('E / k B T ) [1] only if one presupposes an independence of the preexponential factors Z min , Z max in the Kramers relation on the acting force F and a linear

decrease of the dissociation barrier height 'E on this same force, and for this to be true a
rather special shape of the interaction landscape is required. (Above x is a reaction coordinate,
'x is an effective barrier width, k BT is a thermal energy, and koff is the dissociation rate in
no-force conditions). By this reason, different attempts to generalize the model have been
undertaken and, for example, Dudko et al. model [2, 3] based on the dissociation rate
O ( F ) CH 1 / 2 exp( AH 3 / 2 ) , where H 1  F / Fc with Fc being some critical force value,
became rather popular. This model, however, can be used only when the most probable
dissociation force is rather large and approaches such value of the force when the function
'E 'E0  Fx or similar does not contain a minimum any more. Correspondingly, this and
similar models can not be used for discussion of experiments with relatively small values of
the most probable rupture force – a lot of experiments actually fall exactly into this range.
Here we present a first order correction to Bell-Evans model where the first terms of
corresponding Taylor expansions for Kramers’ dissociation rate are taken into account. We
show that if the shape of the interaction landscape in the vicinity of its minima and maxima is
U min a min x 2  bmin x 3  O( x 4 )
and
given
respectively
by
relations
2
3
4
U max a max ( x  x0 )  bmax ( x  x0 )  O( x ) , the most probable rupture force is
3b
3bmin
F x0
k BT
Ek T
Ek T
(1  B )(ln
 B ) , where E
 2max may be negative or
Fprob
2
x0
x0
k off k BT
x0
4a min 4a max
positive. In addition to the most probable bond rupture force, an average rupture force values
are also calculated. All approximations made and the range of applicability of the obtained
results are carefully described and compared with those for some other models in the field as
well as with the experimental data.

[1] P. Haenggi, P. Talkner, and M. Borkovets, Rev. Mod. Phys. 62, 251 (1990).
[2] O. K. Dudko, G. Hummer, and A. Szabo, Phys. Rev. Lett. 96, 108101 (2006); PNAS 105,
15755 (2008).
[3] Y. Suzuki, O. K. Dudko, Phys. Rev. Lett. 104, 048101 (2010).
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Development of integrated GUI for SPM simulator
Shuji Shinohara, Naoki Hashimoto
Advanced Algorithm & Systems, Co. Ltd., Ebisu1-13-6, Shibuya, Tokyo 150-0013, Japan
We have ever developed four SPM simulators to understand experimental images:
Geometrical Mutual AFM, Soft Material Liquid AFM, Classical Force Field AFM [1][2] and
Quantum Dynamics SPM [3][4]. Although there are a lot of common points about I/O among
the simulators, their user interfaces were quite different because they had been developed
independently.
We have developed integrated GUI software for the simulators. There are two main features
in this software. One is to provide a common platform for each simulator. Thereby users can
operate all simulators in the same way. The other is to lump all of the information used in our
simulators as a project file, which is written by xml-format and includes tip and sample
information, experimental setup conditions, parameter values for each simulator and result file
paths and so on. It facilitates user’s information management.
This software visualizes the contents written in a project file. Users can change the tip and
sample layout and the range of scan area by directly manipulating the objects with mouse and
keyboard. This feature helps users, especially beginners to create and edit project files.
A project file becomes the input into the simulators and each simulator outputs the calculated
data to the file paths assigned in the project file. The software visualizes the data as 2D and
3D images and helps users to interpret the numerical results. Furthermore, the simulator
visualizes tip motion and deformation of sample during simulation. The animation would
have educational effects for students and beginner unfamiliar to SPM simulation.
Integrated GUI Software

Simulators
Create/Edit

Project file

Geometrical
Mutual AFM
Soft Material
Liquid AFM

Display
Classical Force
Field AFM
Result files

[1]
[2]
[3]
[4]

Quantum
Dynamics SPM

K. Tagami, M. Tsukada, R. Afrin, et al., e-J. Surf. Sci. Nanotech. 4, 552 (2006)
K. Tagami, H. Sekiguchi, A. Ikai, e-J. Surf. Sci. Nanotech. 7, 825 (2009)
A. Masago, S. Watanabe, K. Tagami, et al., Jpn. J. Appl. Phys. 48,025506 (2008)
A. Masago, M. Tsukada, M. Shimizu, Phys. Rev. B, 82, 195433 (2010)

 

 

Computational insights into nanotribology: Antimony on HOPG
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Simulation NC-AFM Imaging and Contrast Change on Cu(111) Surface
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DFT analysis of combined 3D NC-AFM and STM imaging of Cu(100)-O
Milica Todorovi1, Mehmet Z. Baykara2,3, Harry Mönig2,3, Todd C. Schwendemann2,3,4,
Eric I. Altman3,5, Udo D. Schwarz2,3,5 and Rubén Pérez1
1
Dpto. de Física Teórica de la Materia Condensada, UAM, 28049 Madrid, Spain
2
Dept. of Mech. Eng. & Materials Science, Yale University, New Haven, CT 06520, USA
3
Center for Research on Interface Structures and Phenomena (CRISP), Yale University, USA
4
Physics Dept., Southern Connecticut State University, New Haven, CT 06515, USA
5
Dept. of Chem. & Environmental Eng., Yale University, New Haven, CT 06520, USA
milica.todorovic@uam.es

Investigation of novel catalytically active surfaces requires a comprehensive experimental
method for the identification and rapid characterization of prospective catalytically active
sites. The powerful method of three-dimensional atomic force microscopy (3D-AFM) in noncontact mode [1] has been combined with scanning tunneling microscopy (STM) to study the
oxygen-terminated copper (100) surface. Complex 3D data sets, obtained by simultaneously
recording the tunneling current and the AFM frequency shift, allow for site speciﬁc
quantiﬁcation of forces and tunneling currents. The wealth of information obtained is
promising for future applications, but the interpretation of the wide range of contrast modes
requires a thorough characterization of the sources of contrast in AFM and STM imaging.
We combine DFT total-energy calculations with Non-equilibrium Green's Function (NEGF)
methods for electronic transport to determine the tip-surface interaction and tunnelling current
[2,3,4] for a large set of tip models in order to clarify the different contrast modes obtained in
the experiments. At the outset, we obtained a stable Cu(100)(2¹2x¹2)R45˚-O surface
reconstruction model. Surface features were found to be in good agreement with experimental
data, and the analysis of surface electronic properties enabled us to identify prospective
reactive sites. The effect of tip changes on contrast modes was explored by considering tips of
different reactivity. Our simulations, in comparison with AFM experimental images,
identified a contaminated tip with a Cu-terminated experimental configuration. Charge
density and current calculations further helped to investigate the STM imaging mode and
explain the lateral shift between surface features identified separately in AFM and STM
images. Consideration of different atom defect species and geometries helped us to
understand detailed STM image features. The combination of conductance calculations with
total energy methods provides insight into (1) the fundamentals of contrast formation in this
novel experimental technique and (2) into the correlation between tip-sample forces and local
chemical reactivity, factors that are essential for the further development and application of
this approach to characterise catalytic activity.

[1]
[2]
[3]
[4]

B. J. Albers, T. C. Schwendemann, et al., Nature Nanotechnology, 4, (307), (2009)
Y. Sugimoto, P. Pou, M. Abe, et al., Nature, 446, (64), (2007)
P. Jelinek, M. »vec, P. Pou, et al., Phys. Rev. Lett., 101, (176101), (2008)
J. M. Blanco, F. Flores and R. Pérez, Prog. Surf. Sci., 81, (403), (2006)
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Variable temperature liquid AFM reveal change in coverage of water on
mica
Hideki Kawakatsu, Shuhei Nishida, Dai Kobayashi, Miao-Miao Wang, and K. Ohashi
Institute of Industrial Science, Univ Tokyo, Komaba 4-6-1, Meguro-ku, Tokyo, Japan
kawakatu@iis.u-tokyo.ac.jp
A variable temperature liquid AFM [1]operating in the torsional mode[2] at 1.1 MHz,
revealed opening of holes on a flat ‘surface’ of mica immersed in pure water when the liquid
cell temperature exceeded ca. 15 ºC. The coverage of holes increasd with temperature,
eventually resulting in removal of a single layer 2.5 å in thickness. In light of former results
were “ice-like” features were seen, but with low reproducibility, the phenomena observed
above may be attributed to change in the layers of structured water molecules on mica at a
certain ambient temperature.
A variable temperature liquid AFM with a temperature range of below freezing to boiling
point was implemented. With the torsional mode at 1.1 MHz, the microscope captured an icelike structure on mica immersed in water at room temperature. However, such images were
very difficult to reproduce. When imaged with a larger scan size of around 500 nm square,
opening of holes on a flat surface was observed on mica at around 15 ºC. The hole depth was
ca. 2.5 å. The holes increased in number and size with temperature, and a single layer
disappeared within a few degrees. The ice-like structure matched very well the ice I-h
structure, were the step height is 2.5 å and the lattice pitch is 4 å. The fluctuating nature of the
images implied that the features observed were not that of mica, but more likely to be that of
structured water. The depth of the holes matches the step height of ice I-h, and the
temperature dependent removal of an entire layer strongly suggests that it was not “peeling’ of
a layer of mica, but a change in the layers of structured water molecules existing between the
substrate and the tip. However, we do not know as yet the number of water layers present
within the tip and the substrate. At other temperature ranges, the surface of mica immersed in
pure water also revealed an unexpectedly active change in morphology, neucleation and
change of coverage. We will try to identify the structure of terraces and holes, and discuss
when and how ice-like structures or the substrate itself are imaged.

[1] S. Nishida, D.Kobayashi, T. Sakurada, T. Nakazawa, Y. Hoshi, and H. Kawakatsu, Rev.
Sci. Instrum. 79, 123703 (2008)
[2] S Kawai, N. Sasaki and H. Kawakatsu, Phys. Rev B, 195412 (2009).
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Design of a Low-Temperature Ultra-High Vacuum Non-Contact Atomic
Force Microscope
N. Nicoara, B. de la Torre, M. M. Ugeda, J. Gómez-Herrero, O. Custance1 and J. M. GómezRodríguez
Dept. Física de la Materia Condensada, Univ. Autónoma de Madrid, 28049-Madrid, Spain
Advanced Nano Characterization Center, NIMS, 305-0047 Tsukuba, Japan
bruno.delatorre@uam.es
1

Abstract
With the aim to find new routes to investigate complex surface systems, the noncontact
atomic force microscope (NC-AFM) has evolved as a complementary technique in the field of
scanning probe microscopy and demonstrated to be a successful surface sensitive tool with
remarkable achievements such as: atomic resolution imaging on various metallic,
semiconductors and also insulating surfaces [1], atomic manipulation [2] and chemical
identification of individual atom on surfaces [3].
In this contribution we present the design of a low-temperature (LT), ultra-high vacuum
(UHV), NC-AFM using frequency modulation (FM) detection mode. Optical fiber
interferometery is used for the cantilever dynamics detection. The microscope assembly
consists of two distinct parts. A fixed base, directly coupled at the bottom of a liquid helium
cryostat, and a mobile base suspended by springs and decoupled from the fixed base, which
comprises coarse approach elements for sample and optical fiber [4].
The operation of the microscope at LT is enabled by the top bath cryostat and additional
thermal shields directly connected to the helium and nitrogen reservoirs that completely
surround the microscope. The integrated shutters and optical windows in the thermal shields
allow in situ sample and cantilever exchange, molecular/atomic deposition and also the
possibility of monitoring the coarse approach of optical fiber and sample even at low
temperature. Special attention is paid to the vibration isolation system and to the materials
used in the construction of the microscope.
References:
[1] S. Morita, R. Wiesendanger, E. Meyer, Noncontact Atomic Force Microscopy (Springer,
Berlin, 2002).
[2] Y. Sugimoto, M. Abe, S. Hirayama, N. Oyabu, O. Custance, S. Morita, Nature Mater. 4
(2005) 156.
[3] Y. Sugimoto, P. Pou, M. Abe, P. Jelinek, R. Pérez, S. Morita, O. Custance, Nature 446
(2007) 64.
[4] N. Suehira, Y. Tomiyoshi, Y. Sugawara, S. Morita, Rev. Sci.Instrum. 72 (2001) 2971.
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Measurement of atomic-scale potential variations near a LiF step


! 5  F. Federici Canova2,3 &= . %!3   

 (  "#     A @<>;  !5. 
 (  & "# &    () ?;: D<&  3 

 %(  %  "# () ?<< <<<D;%  3 
  -

"   #             
              5        ,    
                        
 89
6  #     }32<<4       
   5?           #&? 
     # +   5     
       !               +
        ?  #          #   8 9 )
 24 5 #   15 *   
   5      +      
'      1  '&0  5  *       5  
2¯;4        #  
,     5        5
    }32<<4 5     ;<<<   
  } 3              
     5       5     5      # 5
         #  5  5
   * 
  5  #% ?  
  #   5#    '      ¼  
   ?6      
    .   2 4



3  3!   3 '          .  

89!    %'!7  4 @ :2 <<4
8 9! 5    (0#81 <A>@ <2 <<4

 

PROCEEDINGS

Dear conference participant,
Every year, the organizing committee of the NC-AFM Conference Series arranges for a possibility to publish results
presented at the conference in a high-quality journal. The
goal is that the NC-AFM community is provided annually with
a collection of papers assembled in one issue that give a comprehensive overview over the current state-of-the-art of this
rapidly developing field. Due to the high visibility of these
Speical Issues in the NC-AFM community, paper published in
this series are highly cited.
In order to continue this tradition, the organizing committee
has this year teamed up with the Beilstein Journal of Nanotechnology. This new, peer-reviewed, open access journal
publishes high-quality original articles on all aspects of
nanoscience and nanotechnology. It provides a unique platform for rapid publication, highest visibility, and worldwide
impact, and I am cordially inviting you to contribute an article
to the planned special NC-AFM 2011 issue. I know that many
of you will have reservations publishing in an open-access
journal, especially if it is new, but there are good reasons why
I hope you will support this effort:

Udo Schwarz, Associate Editor
Beilstein J. of Nanotechnology

In recent years, many of the established scientific journals have
dramatically increased their subscription fees charged
to libraries and universities with the effect that many smaller institutions had
to discontinue their subscriptions to select journals. For the Beilstein
Journal of Nanotechnology, however, there are no fees for authors
and readers and no page charges or charges for color - the Journal is
completely funded by the Beilstein-Institut, a German non-profit
foundation, as a service to the scientific community.
Traditional open-access journals on the other hand require authors
to pay often hefty page charges and are only available online,
whereas the Beilstein Journal of Nanotechnology appears both
online and in print for free. If you would like to have a paper version
of the journal available in your university’s library, please let your
librarian know to contact Beilstein and we will be glad to send him
hardcopies of the journal for display and archiving.

When you submitted a contribution to this conference, you should have already
received a printed copy of a recently published Thematic Series (the issue
“Preparation, properties and applications of magnetic nanoparticles”) that was
send to you by regular mail. This was done so that you are able to convice yourself about the quality and the high standards of Beistein’s Thematic Series. More
details about the aims and scope of the Journal and the Editorial and Advisory
Boards can be found at the Journal’s web site at www.bjnano.org, where you can
also find the instructions for authors and a description of the submission process. Articles for the special issue can be submitted any time (please address
your cover letter to the editor-in-chief Thomas Schimmel and indicate that your
submission is for the NC-AFM 2011 Special Issue so that he can forward it to me),
but the official deadline is set to two months after the end of the conference, on

Tuesday, November 22, 2011
On behalf of the NC-AFM 2011 Organizing Committee, I cordially invite you to
submit a manuscript. Take full advantage of true Open Access Publishing to
disseminate your results with maximum impact and contribute to progress in
the NC-AFM community. Of course, we hope that you will continue to send us
your most exciting results in the future for publication so that we can make this
non-profit, free service to the scientific community a success for the years to
come. If you have any questions, don’t hesitate to ask me during the conference.
Yours sincerely,

Udo D. Schwarz
Associate Editor, Beilstein Journal of Nanotechnology
Editor NC-AFM 2011 Special Issue

PROCEEDINGS

While articles submitted to the NC-AFM Special Issue will be published online on
an ongoing basis (i.e., no wait once your article has been accepted), they are additionally viewable as a group (i.e., a “virtual special issue”), allowing a series to develop with time. When the series is finalized, we will print it as a hardcopy special
issue that we will distribute to all authors, all conference participants, and a large
number of scientists working in this field. For broadest dissemination of your
results, you can even provide us with further names and addresses we may not
have on file when you submit your article (please include them into your cover
letter) and we will send additional hardcopy issues to these individuals free of
charge.
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