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Preface

It is time to report another year of fruitful and interesting research and of continued development
of the laboratory. The number of annual users is now well over 800. The geographic breakdown
remains similar as preceding years with a little less than 50% Swedish users and a continued large
number of Nordic and Baltic users.

The user operation develops and there is a continued upgrade of some of the MAX Il and MAX Il
beamlines. During the year there has also been further progress with the test Free Electron Laser (FEL).
The original targets have been reached and exceeded. Coherent Harmonic Generation was obtained
at the 5" and 6™ harmonic of the seed laser, 55 nm and 43 nm, respectively. | want to congratulate
the FEL research team for their excellent achievements.

There has been a rapid increase of the MAX-lab staff. This is motivated by the increased number of
users and the expanding research activities at MAX-lab as well as by the demands set by the start-up
of the MAX IV project.

There have been two evaluations during the year. MAX-lab was evaluated by the Swedish
Research Council (VR) as a follow-up of the previous evaluation of the National Laboratories in 2003.
The conclusions were very positive. The report states: “MAX-lab is a very successful enterprise in
science and technology. Such a conclusion can be reached using international standards, in compa-
rison with the top synchrotron facilities in Europe and in the world” and “MAX-lab has specifically
become a recognized leader in experimental methods based on soft X-rays”. The report further
notes: “MAX-lab has a factual, unmatched record of cost effectiveness both for the construction
and operation of facilities. This is a striking point considering the very high quality of its sources and
beamline instrumentation as well as the continuing attention to the user needs”. The second evalu-
ation concerns the revised design of the MAX IV facility. The previous evaluations have been based
on the design with two rings placed on top of each other. The Swedish Research Council therefore
decided to conduct a review of the revised design, which is based on a large 530 m 3 GeV ring and a
smaller 96 m 1.5 GeV ring. The evaluation panel supports the redesign and concludes that it is tech-
nically feasible. They also conclude that the redesign can be made without significant cost increases.

The establishment of the MAX IV project is continuing. The funders of the base version of MAX IV
(VR, the Swedish Governmental Agency for Innovation Systems (VINNOVA), Region Skane and Lund
University) are finalizing an agreement that will regulate the initial funding and the organization of
the laboratory. The City of Lund has furthermore made significant commitments in connection with
the MAX IV site. The site is decided and is now included in the city plan. The task to build and own
the MAX IV building has been given to the companies PEAB and Wihlborgs.

| would like to take this opportunity to acknowledge the support by VR, the Knut and Alice
Wallenberg foundation (KAW), VINNOVA, the Swedish Foundation for International Cooperation in
Research and Higher Education (STINT), the European Commission, Lund University, Region Skane,
Uppsala University as well as all other agencies and organizations that contribute to the funding
of the laboratory. Finally, | want to thank the MAX-lab staff and all the users for their excellent work
on which the MAX-lab depends so heavily.

Lund June 24, 2010

Nils Martensson
Director MAX-lab
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On April 27t at the Old Bishops House in Lund a Memorandum of Understanding was signed
between the Swedish Research Council (VR), the Swedish Governmental Agency for Innovation
Systems (VINNOVA), Lund University and Region Skane, defining the start of the MAX IV project.
These stakeholders represent a large fraction of the first phase investment costs.

Photo: Annika Nyberg, Bengt-Erik Wingren
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MAX-lab Organization December 2009

Program Advisory Committees Board of MAX-lab Science Advisory Committee

B. Johansson, Chairman Synchrotron Radiation I. Skogé, Chairman S. Lidin, Chairman
B. Hoistad, Chairman Nuclear Physics

Accelerator Physics Synchrotron Radiation Instrumentation

Director
M. Eriksson N. Martensson R. Nyholm
S. Leemann L.-J. Lindgren M. Sjostrom Dep. Director S. Canton R. Sankari
S. Thorin E. Wallén S. Werin M. Eriksson J. Schwenke
N. Cuti¢ T. Friedrich A. Hansson Gerfter AdhieD
A Kvick Safety
Coordinators S. Wiklund, Manager
L. Isaksson
Y. Cerenius, Hard X-ray F Lindau
L.-J. Lindgren, Accellerator Physics l\/l Lumehin
R. Nyholm, Synchrotron Radiation K.lNorén
B. Schroder, Nuclear Physics B SanmesEr
I
. Beamlines . . - .
Machine Design and Installations Administration
R. Nyholm, Manager
M. Eriksson, Manager U. Johansson, Deputy M. Berglund, Manager M. Roxendal, Manager
L.-J. Lindgren, Deput H. Svensson, Deput:
€ P J. Adell F. Lindau Y A. Barthel
J. Ahlback T. Balasubramanian M. Lundin R. Andersson E. Dahlstrom
A. Andersson M. Bjorck A. Mansson E. El Afifi M. Johannesson
L.-G. Johansson S. Carlson B. Nilsson F. Hagneryd C. Nilsson
D. Kgmbaro Y. Cerenius K. Norén C. Levnng'ren A. Nyberg
P. Lilja J. Christensen A. Preobrajenski Martin Nilsson L. Olsson
L. Malmgren A. Engdahl P. Sondhauss B. Persson H. Ullman
J. Modéer H. Enquist B. Svensson B. Sommarin
Mats Nilsson ). Forsberg C. Svensson B.-E. Wingren
R. N\Issqn Y. Gaponov M. Tchaplyguine
J. Schmidt D. Haase J. Thénell
J. Tagger F. Hennies T. Ursby
L. Isaksson A. Vancsa L
B.N. Jensen S. Wiklund MAX Associations for Users
M. Johansson A. Zakharov 1. Persson, Chairman, Synchrotron Radiation
K. Larsson G. Ohrwall J. Annand, Chairman, Nuclear Physics

User Support
K. Hansen, Manager

Beamline Managers
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ORGANIZATION AND STAFF

MAX-lab Personnel
From January 2009 — December 2009

Department of Accelerator Physics

Position
Professor

Lecturer
(Universitetslektor)
Lecturer
(Universitetslektor)
Research Associate
(Forskarassistent)
Researcher
Forskare

Ph.D. student
(Doktorand)

Ph.D. student
(Doktorand)

Ph.D. student
(Doktorand)

Ph.D. student
(Doktorand)

Ph.D. student
(Doktorand)

Ph.D. student
(Doktorand)

Name
Mikael Eriksson

Lars-Johan Lindgren
Sverker Werin

Erik Wallén

Simon Leemann
Roderik Bruce

Nino Cutic

Thilo Friedrich
Anders Hansson
Magnus Sjostrom

Sara Thorin

Area of responsibilities

Head of the accelerator physics department
and deputy director for MAX-lab

Research and development in accelerator physics
and coordinator for accelerator physics research

Research and development in accelerator physics
Research and development in accelerator physics

MAX IV project

MAX-lab and CERN, theses defence 2009-09-18

MAX-lab and KTH

Theses defence 2009-06-03,
now on the MAX IV project

Theses defence 2009-05-19,
now on the MAX IV project

Department of Synchrotron Radiation Instrumentation

Position
Professor

Lecturer
(Universitetslektor)

Research Associate
(Forskarassistent)

Ph.D. student
(Doktorand)

Operating staff

Design and Installations

Position

Research engineer
(Forskningsingenjor)
Research engineer
(Forskningsingenjor)

Name
Ralf Nyholm

Rami Sankari
Sophie Canton

Jérg Schwenke

Name
Magnus Berglund

Hakan Svensson

Area of responsibilities

Head of the synchrotron radiation
instrumentation department

Research and development of beamlines
and instrumentation

Research and development of time-resolved
X-ray methods

Area of responsibilities
Manager

Deputy manager
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Operating staff, cont.

ORGANIZATION AND STAFF

Design and Installations, cont.

Position

Technician
(Instrumentmakare)
Constructor
(Konstruktor)

Electrical technician
(Eltekniker)

Electrical engineer
(Elingenjor)

Technician

(1:e instrumentmakare)
Technician

(1:e instrumentmakare)
Research engineer
(Forskningsingenjor)

Technician
(Tekniker)

Beamlines
Professor

Research engineer
(Forskningsingenjor)
Research engineer
(Forskningsingenjor)
Researcher
(Forskare)

Research engineer
(Forskningsingenjor)
Researcher
(Forskare)

Research engineer
(Forskningsingenjor)
Research coordinator
(Forskningskoordinator)
Researcher
(Forskare)

Research engineer
(Forskningsingenjor)
Researcher
(Forskare)
Researcher
(Forskare)
Researcher
(Forskare)

Research engineer
(Forskningsingenjor)
Researcher
(Forskare)

Name
Robert Andersson

El Sayed El Afifi
Fredrik Hagneryd
Claes Lenngren
Martin Nilsson
Bo Persson
Bengt Sommarin

Bengt-Erik Wingren

Ralf Nyholm

Ulf Johansson
Kurt Hansen
Johan Adell
Thiagaraian
Balasubramanian
Matts Bjorck
Stefan Carlsson
Yngve Cerenius
Jeppe Christensen
Anders Engdahl
Henrik Enquist
Johan Forsberg
Yury Gaponov
Dorthe Haase

Franz Hennies

Area of responsibilities
Workshop, mechanics

Design and construction

Electrical installations

Responsible for electrical installations
Workshop, mechanics

Workshop, mechanics

Installations

Maintenance, service

Manager and coordinator for synchrotron
radiation research

Deputy manager
Head of the user support group

Maintenance of beamlines and experimental stations,
especially beamline 14

Design, installation and maintenance of beamlines,
especially 13 and 14

Design, installation and maintenance of beamlines,
especially beamline 11011

Design, installation and maintenance of beamlines,
especially beamline 1811

Research coordinator for hard X-ray activities

Design, installation and maintenance of beamlines,
especially beamline 1711

Maintenance of beamlines and experimental stations,
especially beamline 73

Design of the short-pulse facility for MAX IV
Design of the new beamline 1511

Software development for hard X-ray beamlines
Maintenance of hard X-ray beamlines and

experimental stations

Design, installation and maintenance of beamlines,
especially beamline I511
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Operating staff, cont.

Beamlines, cont.
Position

Research engineer
(Forskningsingenjor)
Research engineer
(Forskningsingenjor)
Research engineer
(Forskningsingenjor)
Research engineer
(Forskningsingenjor)
Research engineer
(Forskningsingenjor)
Research engineer
(Forskningsingenjor)
Research engineer
(Forskningsingenjor)
Research engineer
(Forskningsingenjor)
Researcher
(Forskare)

Researcher
(Forskare)

Researcher
(Forskare)

Engineer

(Ingenjor)

Research engineer
(Forskningsingenjor)
Researcher
(Forskare)

Research engineer
(Forskningsingenjor)
Research engineer
(Forskningsingenjor)
Computer engineer
(Datortekniker)
Research engineer
(Forskningsingenjor)
Researcher
(Forskare)

Researcher
(Forskare)

Machine
Professor

Lecturer
(Universitetslektor)

Research engineer
(Forskningsingenjor)

ORGANIZATION AND STAFF

Name
Lennart Isaksson

Brian N. Jensen
Mikael Johansson
Krister Larsson
Filip Lindau
Magnus Lundin
Anders Mansson
Bjorn Nilsson

Katarina Norén

Alexei Preobrajenski
Peter Sondhauss
Bertil Svensson
Christer Svensson
Maxim Tchaplyguine
Johan Thanell
Thomas Ursby
Andrés Vancsa
Stefan Wiklund
Alexei Zakharov

Gunnar Ohrwall

Mikael Eriksson
Lars-Johan Lindgren

Jonny Ahlback

Area of responsibilities
Nuclear physics and radiation safety

Design, installation and maintenance of beamlines
Electronics for the experiments

Head of computing services and control systems
FEL test experiments and laser safety

Computers for the experiments and radiation safety
Maintenance of vacuum and cryo systems

Nuclear physics

Design, installation and maintenance of beamlines
and experimental stations, especially beamline 1811
and chemical safety

Maintenance of beamlines and experimental stations,
especially beamline D1011

Design and simulation of X-ray optics

Maintenance of hard X-ray beamlines
and experimental stations

Software development for hard X-ray beamlines

Design, installation and maintenance of beamlines,
especially beamline 1411

Maintenance of beamlines and experimental stations

Design, installation and maintenance of beamlines,
especially beamline 1911

Installation and maintenance of computer systems

Maintenance of beamlines, experimental stations
and safety manager

Maintenance of beamlines and experimental stations
especially the SPELEEM at beamline 1311

Design, installation and maintenance of beamlines,
especially beamline 11011

Manager

Deputy manager and coordinator for accelerator
physics research

Vacuum system design, MAX IV
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Operating staff, cont.

Beamlines, cont.
Position

Researcher
(Forskare)

Research engineer
(Forskningsingenjor)
Research engineer
(Forskningsingenjor)
Research engineer
(Forskningsingenjor)
Research engineer
(Forskningsingenjor)
Project coordinator
(Projektsamordnare)
Research engineer
(Forskningsingenjor)
Research engineer
(Forskningsingenjor)
Research engineer
(Forskningsingenjor)
Research engineer
(Forskningsingenjor)

Administration

Financial manager
(Ekonomichef)

Administrative officer
(Ekonomisekreterare)

Administrative officer
(Enhetssekreterare)

Project assistant
(Projektassistent)

Custodian
(Lokalvardare)

Information officer
(Informator)

Custodian
(Lokalvardare)

Administrative officer

(Personaladministrator)

ORGANIZATION AND STAFF

Name
Ake Andersson

Lars-Gosta Johansson
Dionis Kumbaro

Per Lilja

Lars Malmgren

Jonas Modéer

Mats Nilsson
Robert Nilsson
Jerry Schmidt

Jri Tagger

Mats Roxendal

Ann Barthel
Elisabeth Dahlstrom
Markus Johannesson
Catarina Nilsson
Annika Nyberg
Lisbeth Olsson

Helena Ullman

Area of responsibilities
Maintenance and development of accelerators

High-tension current systems for the accelerators and
coordinator for electronics and electrical installations
Maintenance and operation of accelerators
Maintenance and operation of accelerators

Micro-wave electronics for the accelerator system

Build-up of accelerators, MAX IV

Computers for the accelerator system
RF and diagnostics
Development and maintenance of the accelerator

system, especially insertion devices
Electronics for the accelerator system

Manager

Office work, invoicing

Office work, reception

IRUVX-PP project

Cleaning

Web editor and graphical design
Cleaning

Personnel and executive support

Personnel with administrative assignments at MAX-lab

Professor
Guest Professor
Professor

Nils Martensson
Ake Kvick
Bent Schroder

Director
Senior advisor
Coordinator for nuclear physics research
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Postdoctors and visiting scientists

Position

Ph.D. student
(Doktorand)

Postdoctor

Visiting scientist
(Gastforskare)
Postdoctor
Research engineer
(Forskningsingenjor)
Postdoctor
Research engineer
(Forskningsingenjor)
Researcher
(Forskare)

Ph.D. student
(Doktorand)

Ph.D. student
(Doktorand)

Postdoctor

Ph.D. student
(Doktorand)

Postdoctor
Postdoctor

Researcher
(Forskare)

Postdoctor

Research engineer
(Forskningsingenjor)
Postdoctor

Ph.D. student
(Doktorand)

Postdoctor

Researcher
(Forskare)
Visiting scientist
(Gastforskare)
Ph.D. student
(Doktorand)
Ph.D. student
(Doktorand)

Name
Tomas Andersson

Jason Brudvik
Piotr Goryl

Carsten Gundlach
Maria Hakansson

Iwona Kowalik
Mats Leandersson

Bengt Nelander
May Ling Ng
Jesper Nygaard

Prabir Pal
Andreas Persson

Annette Pietsch
Tomas Plivelic
Janusz Sadowski

Karina Schulte
Keld Theodor

Wimal Ubhayasekera
Intikhab Ulfat

Johan Unge
Per Uvdal

Adriana Wawrzyniak
Nikolay Vinogradov

Chaofan Zhang

ORGANIZATION AND STAFF

Beamline
1411

Nuclear physics
Accelerators

1811

Protein crystallization
facility

11011

13

73
D1011
1711 and 1911

13
11011

1511
1711 and 1911
MBE at 41 and I3

1311
1911

1911
MBE at 41 and I3

1911
73

Accelerators
D1011

1411

Affiliation
Uppsala University

MAX-lab
MAX-lab

MAX-lab
SARomics Biostructures AB

MAX-lab
Chalmers University of Technology

MAX-lab
Uppsala University

University of Copenhagen
and MAX-lab

Uppsala University
Uppsala University

MAX-lab
MAX-lab
MAX-lab

MAX-lab

University of Copenhagen
and MAX-lab

University of Copenhagen
Chalmers University of Technology

MAX-lab
Lund University and MAX-lab

MAX-lab
Uppsala University

Uppsala University
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GENERAL INFORMATION

General Information

Introduction

MAX-lab is a Swedish National Laboratory for research using synchrotron radiation and high-energy
electrons and for research in accelerator physics. The laboratory is based upon a linac injector,
a storage/pulse-stretcher ring, MAX |, and two third generation storage rings, MAX Il and MAX .

During 2009 MAX-lab has accommodated about 850 scientists representing scientific groups from
more than 150 industry, academic and government laboratories from more than 30 countries.

Synchrotron radiation based research at both MAX1and MAX Il'is done in a large variety of disciplines
including surface science, semiconductor physics, materials science, atomic and molecular physics,
chemistry, biology, medicine and environmental science.

At the 550 MeV MAX | storage ring there are four beamlines for synchrotron radiation research in
the infra-red through VUV photon energy range using various spectroscopic techniques. At the 1.5
GeV MAX |l storage ring thirteen beamlines are now in operation. Three planar undulators and one
EPU for the VUV and soft X-ray regions are used for various spectroscopic techniques. Three multi-
pole wigglers, two of which have superconducting magnets, are used for absorption and diffraction
experiments in the X-ray region. In addition to these insertion device beamlines also two bending
magnet ports are utilized. For the MAX lll ring one planar undulator and one EPU are used for spec-
troscopy in the UV and VUV regions.

In the pulse-stretcher mode the MAX | ring is used for experiments in nuclear and hadron physics.
The electron energy range available is at present 145 to 200 MeV, resulting in monochromatic
photons from 15 to 185 MeV. The program used 18 weeks of beam time in 2009.

Prof. Nils Martensson Prof. Mikael Eriksson Reception
Director Deputy Director

Phone: +46-(0)46-222 96 95 Phone: +46-(0)46-222 76 96 Phone: +46-(0)46-222 98 72
Fax:  +46-(0)46-222 47 10

nils.martensson@maxlab.lu.se mikael.eriksson@maxlab.lu.se maxlab@maxlab.lu.se

Mailing address: MAX-lab, Lund University, PO. Box 118, SE-221 00 Lund, SWEDEN
Visiting address: Ole Rémers vag 1, Lund, SWEDEN
Web-site: www.maxlab.lu.se
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GENERAL INFORMATION

Organization

MAX-lab is operated by Lund University (LU) under a contractual agreement with the Swedish
Research Council (Vetenskapsradet, VR). VR is responsible for the main operating budget, the
scientific programs and periodic reviews of the activities. As host university LU is responsible for
employee relations and the conventional facilities.

Since March 1, 2004, until February 28, 2009, MAX-lab has been part in the Integrated Infrastructure
Initiative (13) “Integrating Activity on Synchrotron and Free Electron Laser Science” (IA-SFS). Since
March 1, 2009, this program has been followed by the I3 program “European Light Sources Activity”
(ELISA). This means that a number of European projects within synchrotron radiation research are
sponsored, including support for travel and subsidiary costs for users from EU and other associated
countries.

An outline of the internal organization of MAX-lab is found on page 1 in this report.

MAX-lab is governed by a Board, consisting of six members and a chairperson. The Board is
appointed by LU. Two members of the Board are chosen upon recommendation by VR and two by
the User’s Organization (FASM). The Board appoints the Director of MAX-lab.

The current members of the Board are listed in table I.

The Board of MAX-lab is charged with the responsibility of working towards national and inter-
national use of the laboratory, to prepare and monitor the operating budget, to prioritize the
research programs and facility developments, to appoint personnel, and to promote the overall
growth and development of the laboratory. The MAX-lab Board also decides how to divide the
operating time between research with synchrotron radiation, energetic electrons, accelerator physics
research and system maintenance and development. To facilitate these decisions the Board has
appointed program advisory committees (PACs) and a scientific advisory committee (SAC) to guide
it on matters connected with the scientific programs and facility developments at the laboratory.
The committees consist of national and international scientists whose backgrounds encompass
the various areas of research which are possible at MAX-lab.

The members of the program advisory committees are listed in table Il and the members of the
scientific advisory committee in table IlIl.

Table |

Board of MAX-lab
July 2007 - June 2010

Member Representing
|. Skogo Chairman

A. Borg VR

L. Kloo VR

M. Fahlman Users
S. Svensson Users
B. Soderstréom  Lund University
S. Sérensen Lund University

8 MAX-lab AcTivity ReprorT 2009



Table Il

GENERAL INFORMATION

MAX-lab Program Advisory Committees (in 2009)

Synchrotron Radiation

B. Johansson, Chairman Uppsala, Sweden

H. Aksela

M.C. Asensio
D. Chandesris
R. Feidenhans’|
R. Fourme

M. Gajhede

A. Kvick

L.H. Tjeng

K. Wilson

D.P. Woodruff

Energetic Electrons
B. Hoistad, Chairman
J. Ahrens

D. Phillips

D. Watts

Table il

Oulu, Finland

Paris, France

Paris, France
Copenhagen, Denmark
Paris, France
Copenhagen, Denmark
Lund, Sweden

Kéln, Germany

York, UK

Warwick, UK

Uppsala, Sweden
Mainz, Germany
Ohio, USA
Edinburg, UK

MAX-lab Scientific Advisory Committee

S. Lidin, Chairman
L. Braicovich

C. Nave

B. Schoch

A. Wrulich

Stockholm, Sweden
Milano, Italy
Daresbury, UK
Bonn, Germany
Villigen, Switzerland
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GENERAL INFORMATION

Research

MAX-lab supports three distinct areas of research: Accelerator physics, research based on the use of
synchrotron radiation and nuclear physics research using energetic electrons. The use of the facility
is shared by the groups working in these three research areas as is the responsibility for different
aspects of the facility.

The laboratory is operated primarily in a user oriented fashion. Those interested in making experi-
ments using synchrotron radiation or the electron-beam facility should obtain more information from
the coordinators (see table IV) about requirements for experiments and available equipment. Techni-
cal information on beamlines and experimental stations can also be found on the MAX-lab web-site,
www.maxlab.lu.se.

Table IV
MAX-lab Research Coordinators
Synchrotron Radiation Energetic Electrons Accelerator Physics
Prof. Ralf Nyholm Prof. Bent Schréder Ass. Prof. Lars-Johan Lindgren
Phone: +46-(0)46-222 44 52 Phone: +46-(0)46-222 76 36 Phone: +46-(0)46-222 94 66
ralf.nyholm@maxlab.lu.se bent.schroder@maxlab.lu.se lars-johan.lindgren@maxlab.lu.se

Mailing address: MAX-lab, Lund University, PO. Box 118, SE-221 00 Lund, SWEDEN
Visiting address: Ole Romers vag 1, Lund, SWEDEN

Those who wish to make experiments using synchrotron radiation or energetic electrons should apply
in the form of a research proposal to the appropriate coordinator. Proposals are periodically reviewed
by the MAX-lab Program Advisory Committees (see Table Ill), and scheduling of time on beamlines is
made by the research coordinators based upon user requests.

Most of the beamlines are equipped with experimental chambers, analyzers and detectors available
to all users. In addition some user groups provide their own experimental set-ups. More informa-
tion about the storage ring parameters and the beamlines may be found in the introductions to the
sections on accelerator physics research, synchrotron radiation research and research with energetic
electrons in this report.

The machines are usually operated 24 hours per day, six days per week. Each week one day is devoted
to machine maintenance and development of storage ring instrumentation.

The users should take full responsibility for carrying out their research projects and thus should
become familiar with the experimental equipment and data-taking systems which are available at
the laboratory before they begin the experiments in order to optimize the use of beam time.
User equipment which is used in the ultra-high vacuum environment required for connection to
the storage ring and monochromators must be checked and approved by the laboratory.

Safety guidelines pertaining to samples and experimental procedures must also be followed by users.
Prior to experiments all participating researchers must register their beamtime through our web-
server. Also a declaration of substances and hazardous equipment has to be submitted to MAX-lab
for approval.

Much of the design of monochromators and experimental equipment is the result of collaborations
with research groups outside MAX-lab. If a user group is seeking funding for equipment which
is intended for use at MAX-lab, the proposal should be discussed with MAX-lab so that planning
can be made together with the laboratory personnel. Funding organizations in Sweden may appeal
to the laboratory staff for information on the feasibility of projects connected to the laboratory.
This ensures that new equipment will be compatible with the standards of the laboratory and with
the existing beamline structure.

10 MAX-lab AcTivity ReprorT 2009



GENERAL INFORMATION

User Associations

MAX Association for Synchrotron Radiation Users at MAX-lab — FASM

The 22" annual meeting of the “Foéreningen for Anvéndare av Synkrotronljuset vid MAX-
laboratoriet”/"The association for Synchrotron Radiation Users at MAX-lab”, FASM, took place
November 2-4, 2009, at hotel Scandic Star in Lund, with more than 300 registered attendants.
The meeting was coordinated with a number of small workshops devoted to beamlines at the
planned MAX IV facility, entitled “New Highly Brilliant Coherent X-Ray Sources: Imaging and
Dynamics”, “Macromolecules Crystallography at MAX IV”, “Micro- and Nano Focusing Beamlines:
Prerequisites”, “High-Energy Beamline on MAX V", “Laser Back-scattering at MAX IV", "XAFS Spec-
troscopy at MAX IV”, “Medical Imaging/Therapy Using Synchrotron Radiation”, “Opportunities in
Soft X-Ray Spectroscopy at New Synchrotron Radiation Sources” and “Tomography and Imaging”.

The detailed program of the meeting can be found at:
http://Awww.maxlab.lu.se/usermeeting/2009/index.html

All users of the MAX-lab facility are encouraged to become members of the FASM organization,
which aims to have a broad participation involving all parts of the user community and efficient com-
munication with the MAX-lab broad and management. It is thereby possible to communicate current
and future needs within the user community and the MAX-lab Board. At the same time the associa-
tion disseminates information to the users about MAX-lab plans and prospects. FASM's mission is
increasingly important as the user community is growing rapidly and more scientific disciplines are
actively using the MAX-lab facility. In view of this, FASM will introduce a number of proposals aimed
to strengthen the activities at MAX-lab and be of further aid to new users. Scientists interested in
becoming members of the association for Synchrotron Radiation Users at MAX-lab should contact:

Ingmar Persson

Department of Chemistry, Swedish University of Agricultural Sciences
P.O. Box 7015, SE-750 07 Uppsala, Sweden

E-mail: Ingmar.Persson@kemi.slu.se

Table V
Board of Association for Synchrotron Radiation Users (FASM)
. Persson, Chairman Uppsala, Sweden
L. Arleth Copenhagen, Denmark
K. Barve Bergen, Norway
E. Kukk Turku, Finland
R. Neutze Goteborg, Sweden
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MAX Association for Nuclear Physics Users

The Association of Nuclear Physics Users at MAX-lab met on November 3 at the MAX-lab Annual
User Meeting at Hotel Scandic Star in Lund. The program consisted of status reports from ongoing
experiments and a more general session where the research activities at the tagged photon facility
were discussed. The PAC did not meet this time. The detailed program of the meeting is found on:

http://Awww.maxlab.lu.se/usermeeting/2009/sessions/nuclear_meeting.html

Election of the board of the Association resulted in the following composition: John Annand, Univer-
sity of Glasgow (chairperson), William Briscoe, George Washington University and Lennart Isaksson,
Lund University. Peter Grabmayr, University of Tibingen, remains as election coordinator.

The possibilities for a laser backscattering facility at MAX IV were discussed at a workshop on
November 4. For the electron energy of the MAX IV ring, a 500 MeV polarized photon beam would
be obtained, of large interest for hadronic and nuclear research. Similar existing facilities (although
at different energies) were presented by four invited speakers and the opportunities at MAX IV were
discussed. The detailed program of the workshop is found on:

http://www.maxlab.lu.se/usermeeting/2009/sessions/backscattering.html

The Association for nuclear physics users at MAX-lab has the following composition:

Table VI
Board of MAX Association for Nuclear Physics Users
J.R.M. Annand, Chairman Glasgow, Scotland UK
W. Briscoe Washington, USA
P. Grabmayr, Election coordinator ~ Tubingen, Germany
L. Isaksson Lund, Sweden

Commercial utilization of MAX-lab

MAX-lab is selling synchrotron radiation beamtime as well as consulting services in connection to
this. Several companies are regular customers at the laboratory. MAX-lab can furthermore provide
consulting services in accelerator technology and synchrotron radiation instrumentation. Further in-
formation can be obtained from our director Nils Martensson.

A macromolecular crystallization facility is available at MAX-lab. The facility is operated under a con-
tractual agreement with SARomics Biostructures AB and is at present used approximately equally for
commercial and academic projects.
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Workshops and schools

High Resolution Electron Spectroscopy — Future and Perspectives, SOLEIL, France, February 3-4, 2009.
The workshop High Resolution Electron Spectroscopy — Future and Perspectives was held at the
SOLEIL synchrotron site February 3-4, 2009. The workshop attracted 25 registered attending partici-
pants, from European countries and from the USA. The workshop was organised jointly by the two
clusters of Large Scale Infrastructures; the I3 on Synchrotron and Free Electron Laser Science (IA-SFS)
and the RTRA — Triangle de la Physique in Paris, France. Three commercial firms active in building high
performance electron spectrometers were present and gave their view of the future.

The scope of the workshop was to collect the leading experts and commercial firms and identify
roadmaps for the future development of electron spectroscopy at the upcoming 4" generation ultra
brilliant storage rings, short pulse facilities and FEL's. Applications were presented from experiments
with ultra high resolution and with experience from the FLASH facility. Also plans for other future
sources were presented.

The organizing committee consisted of Prof. Svante Svensson (Uppsala University and SOLEIL)
(Chair and organizer), Prof. Nils Martensson (MAX-lab), Prof. Wolfgang Eberhardt (Helmholtz
Zentrum Berlin (BESSY 1)), Dr. Catalin Miron (SOLEIL) and Dr. Paul Morin (SOLEIL).

The speakers were:

Svante Svensson, Uppsala University, Sweden and SOLEIL, France
Mitsuse Masuki, MB Scientific AB, Sweden
Nils Martensson, MAX-lab, Sweden
Thorsten Kampen, Specs GmbH, Germany
Herrmann Durr, BESSY, Germany

Amina Taleb, SOLEIL, France

Paul Morin, SOLEIL, France

Luc Patthey, SLS, Switzerland

Fulvio Parmigiani, ELETTRA, Italy

Catalin Miron, SOLEIL, France

Peter Johnson, BNL, USA

Gerd Gantefor, Uni-Konstanz, Germany
Oscar Tjernberg, KTH, Sweden

Alexander Fohlisch, Uni-Hamburg, Germany
Mans Lundqvist, VG-Scienta AB, Sweden
John Bozek, LCLS, USA

Material from the workshop is available on:
http:/Avww.maxlab.lu.se/euproject/i3_n2/index.html
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New methods using ultra-high brilliant sources for surface and cluster physics, Summer course for
Nordic and Baltic Research Students, Piihajarve Estonia, May 18-23, and June 7-8, 2009, MAX-lab.

The school has been meant to broaden the PhD students’ outlook in the field of advanced spectro-
scopic methods and tools based on synchrotron and X-ray radiation. Thus the scope of the 2009
school has been somewhat narrower than of those from the previous years. The first part of the
school with lectures given by international experts took place in Estonia at a conference centre on
the bank of a picturesque lake at PUhajarve, the lake deeply connected with the local history and
legends. There were more than 20 participating PhD students from Nordic and Baltic countries, and
from St.Peterburg, Russian Federation. The lectures dwelt on various theoretical and experimental
issues of synchrotron-based spectroscopies utilizing already existing facilities. Also some aspects of
the arising X-ray sources, namely free electron lasers were illuminated. The second part of the school
was arranged as usual at MAX-lab, and included practical measurements at four different spectros-
copy beamlines: 1311, 1411, 1511 and D1011. Also two lectures were given at MAX-lab, with con-
nection to the experimental techniques and equipments used at synchrotron radiation facilities for
producing and utilizing X-ray radiation. At the end of this second part the students presented posters
on their own research.

Lecturers and Organizers:

Arvo Kikas, Tartu University, Estonia Gunnar Ohrwall, MAX-lab, Lund University
Edwin Kukk, Turku University, Finland Anne Borg, Trondheim University, Norway
Svante Svensson, Uppsla University, Sweden Anders Mikkelsen, Lund University, Sweden
Stacey Ristinmaa Sérensen, Lund University, Sweden Stephan Fritzsche, Oulu University

Gordon Robb, University of Strathclyde, Scotland Rami Sankari, MAX-lab, Sweden

Alexander Féhlisch, Institute Methods and Instruments ~ Denis Céolin, Lund University, Sweden

for Synchrotron Radiation Research, Germany Maxim Tchaplyguine, MAX-lab, Sweden

Knut Barve, University of Bergen, Norway

More information is found on:
http:/Awww.maxlab.lu.se/nordforsk/summerschool/index.html
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Course in Small Angle X-ray Scattering, MAX-lab, Lund, August 20 and August 27, 2009.

A practical course for small angle X-ray scattering (SAXS) experiments at beamline 1711 was held at
two occasions in August 2009. The objective was that the predominantly local (Lund / Copenhagen)
students should be able to independently collect SAXS data on the 1711 beamline after the course.
In total more than 20 students participated in the course. The focus was on practical beamline
related advices and measurements on real samples although the initial steps of data treatment using
different software packages were also covered. The experience was that the course gave the staff an
opportunity to explain both the set-up in details and also issues like data collection strategies which
is often difficult to cover during a hectic beamtime shift.

XAFS for beginners, Workshop, MAX-lab, Lund, October 5-4, 2009.

The workshop, XAFS for beginners, is a comprehensive introduction to the field of X-ray absorption
fine structure (XAFS) data collection and analysis. It was organized by MAX-lab and lectured by Prof.
I. Persson (SLU, Uppsala), K. Norén, S. Carlson, S. Werin and S. Wiklund (MAX-lab). The aim of the
workshop was to introduce basic concepts of XAFS experiment design, theory and data analysis.
It was divided into a first three-day part with a more practical orientation, and a second six-day part
for theory and analysis. The first three days were dedicated to synchrotron radiation facilities, insertion
devises, beamlines, safety training and, in particular, the operation of beamline I811. The following
six days were spent mainly on XAFS theory and data analysis using the software EXAFSPAK. Two
evenings (and nights) were used for data collection on samples provided by the workshop partici-
pants. The workshop was truly international with 21 participants from Sweden, Denmark, Germany,
Hungary, Spain and Brazil.

More information is found on:
http:/Awww.maxlab.lu.se/maxlab/workshops/xafs/index.html

Outreach Activities

On August 14, 2009, a study day
was organized, at MAX-lab, for
teachers from local high-schools.
The idea was to promote the
teacher’'s awareness of MAX-
lab activities in general, and the
planned activities for teachers and
their students in particular. Over
40 teachers from five high-schools
visited experimental stations and
learned about synchrotron radia-
tion and its applications. The study
day was highly appreciated by the
participants, and encouraged by
the feedback a three-day workshop
will be organized for physics teachers in collaboration with the National Centre for Education in
Physics (http://Awww.fysik.org/) on June 14-16, 2010. During this workshop 30 teachers nation-wide
have a possibility to test the experiments planned for high-school students at MAX-lab. Plans to
continue with both of these outreach activities (teacher workshop and student experiments) have
also been made. During the fall 2009 preparations were done for the first pilot project with high
school students. The students visited MAX-lab in February 2010 and the activities are described on
page 94-95.

Annette Pietzsch is demonstrating the experimental station at
beamline 1511 during the study day for teachers.
Photo: Annika Nyberg
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Ake Andersson, accelerator physicist, is celebrated on his birthday, January 2009.
Photo: Annika Nyberg

Floor maintenance in the experimental hall, January 2009.
Photo: Annika Nyberg
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List of Users at MAX-lab
January 2009 — December 2009

University of Aarhus, Denmark

Center for Structural Biology

M. Blaise M. Bublitz O. Jensen Hamming R. Kidmose
Department of Chemistry

M. Andersen J. Becker H. Birkedal B. Brummerstedt

T. Cao M. Christensen PR. Christensen J. Rostgaard Eltzholtz
B. Iversen K.M. @rnsbjerg Jensen  T.R. Jensen N. Lock

J.Mi C. Holm Olesen D. Ravnsbak B. Richter

L. Houkjeer Sgrensen C. Tyrsted H. Yin

Department of Inorganic Chemistry

O. Gaarn Larsen B. Jensen U. Jensen M. Krliger Thomsen
J. Skovgaard

Department of Molecular Biology

C.B.F. Andersen G.R. Andersen J.L. Andersen B. Arnou

T. Boesen J.D. Clausen P. Gourdon M. Greftehauge

Y. He A K. Kantcheva M. Laursen X. Liu

S. Midtgaard M. Nyblom S.R. Midtgaard T. Steffensen

S. Thirup D. Vaicaityte I. Vandecaetsbeek A.-M. Lund Winther
Department of Physics

R. Balog L. Merte

Interdisciplinary Nanoscience Center (iNANO)

T. Kollin W. Kudernatsch M. Brix Ley S. Porsgaard

L. Holdt Rude H. Zeuthen

Aberystwyth University, United Kingdom

Institute of Mathematical and Physical Sciences
G.O. Jones N. Poolton

Swedish University of Agricultural Sciences, Alnarp, Sweden

Agricultural Systems, Technology and Product Quality
R. Kuktaite

National Hellenic Research Foundation, Athens, Greece

Institute of Organic and Pharmaceutical Chemistry
S. Zographos

Structural Biology and Chemistry Group
C. Drakou
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Novo Nordisk A/S, Bagsveerd, Denmark

J.K. Jacobsen E. Johansson G. Schluckebier

Indian Institute of Science, Bangalore, India

Department of Physics
D. Choudhury

University of Bergen, Norway

Department of Chemistry

M. Abu-samha K. Bagrve J. Harnes
A. Holme V. Myrseth L.J. Saethre
M. Winkler M. Gundersen Zahl

Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin, Germany

Department of Molecular Physics
Y. Dedkov Y. Rehder M. Weser

Helmholtz-Zentrum, Berlin, Germany

BESSY
J. Bahrdt K. Holldack

Technische Universitat Berlin, Germany

P. Vogt

Bielefeld University, Germany

Department of Physics
A. Helmstedt M. Sacher

Eka Chemicals AB, Bohus, Sweden

M.C. Camerani Pinzani

University of Bologna, Italy

Department of Physics
E. Callini L. Pasquini R. Persiani

MTA — MFA, Budapest, Hungary

Thin Fim and Nanosystems Laboratory
C. Sandor Daroczi G. Peto

University of Cambridge, United Kingdom

Department of Physics
L. De Los Santos Valladares D. Lee J. Seo

Chiba University, Japan

Graduate School of Advanced Integration Science
T. Kuzumaki K. Sakamoto

R. Hatteland
A. Wagner
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University of Coimbra, Portugal

Department of Chemistry
J. Balogh
D. Lundberg

H. Burrows

University of Copenhagen, Denmark

Department of Basic Sciences and Environment
L. Arleth
J. Nygaard

R. Hoeiberg-Nielsen

Department of Biology
J. Gotthardt Olsen

Department of Chemistry

M. Andersson N. Bovet

J.A. Cuesta-Seijo C. Ebbesen Jessen
J. Langholm Jensen M. Johnson

S. Nedel J. Nielsen

J.-C. Poulsen K. Krighaar Rasmussen
E. Shkondin E. Svensson

S. Torpenholt R.W. Andersen

C. Wilkens

Department of Medicinal Chemistry

A. Ceravalls O. de Barrios

K. Frydenvang M. Gajhede

C. Krintel J. Kristensen

M. Mgller P. Naur

R. Venskutonyte B. Vestergaard

Department of Neuroscience and Pharmacology

K. Madsen T. Thorsen
Department of Physics

M. Glyvradal

Niels Bohr Institute

R. Feidenhans’l D. Khakhulin

K. Theodor

Delft University of Technology, The Netherlands

Applied Sciences (TNW-R3-RD&M)
A.J.J. Bos

T. Costa

L. Malik

U. Christensen

C. Hem

V. Karlsson

H. Otten

I. Sdnchez

H. Osholm Sorensen
D. Welner

M. Fiorentini
H. Hald

0. Kristensen
P. Sgrensen

H. Till Lemke

Leibnitz Institute for Solid State and Materials Research, IFW, Dresden, Germany

Electronic and Optical Properties
V. Aristov

IFF
0. Molodtsova

R. Evans

H. Munch

S. Christoffersen
M. Javadi

L. Lo Leggio

C. Schack Pedersen
K. Krarup Sand

M. Thymark

S. Wendel

V. Fodera

J. Sandholm Kastrup
0. Mirza

L. Thomsen

L. Nuccio
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Dublin City University, Ireland

School of Physical Sciences
A. Cafolla C. Doyle S. Krasnikov

Trinity College Dublin, Ireland

School of Physics

D. Cockburn J. Cunniffe B. Kennedy
D. McNally

Duke/TUNL, Durham, NC, USA

Department of Physics
S. Stave

Eindhoven University of Technology, The Netherlands
Chemical Engineering and Chemistry
T. Verhoeven

Department of Applied Physics
A. Dzwilewski

Scheikundige Technologie
H. Gericke K.-J. Weststrate

University of Twente, Enschede, The Netherlands

MESA+ Institute for Nanotechnology
M. de Jong Y. Lee

SKB, Figeholm, Sweden

D. Svensson

Technische Universitat Minchen, Garching, Germany

Department of Physics
P. Feulner

GKSS Research Centre, Geesthacht, Germany

Institute of Materials Research

C. Bonatto Minella U. Bosenberg M. Dornheim
C. Pistidda . Saldan

Hagedorn Institute, Gentofte, Denmark

Receptor Systems Biology Laboratory
N. Kulahin

SOLEIL Synchrotron, Gif sur Yvette, France
M.C. Asensio J. Avila

C. McGuinness

R. Gosalawit
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University of Glasgow, United Kingdom

Physics and Astronomy

R. Al Jebali J.R.M. Annand D. Hamilton
D. MacGregor

Karl-Franzens University, Graz, Austria

Department of Experimental Physics
F. Allegretti Fli F.P. Netzer

ESRF, Grenoble, France
A. Labrador M. Orlova

Goteborg University and Chalmers University of Technology, Sweden

Chemical and Biological Engineering

C. Ekberg K. Larsson K. Rodstrom
S. Westenhoff

Department of Applied Physics
L. llver J. Kanski L. Simonsson

Department of Chemistry
D. Arnlund G. Fischer E. Nazarenko

Department of Energy and Environment
J. Groot

Department of Physics
H. Starnberg

Environmental Inorganic Chemistry
B.-M. Steenari

Nuclear Chemistry

E. Aneheim A. Fermvik A. Knutsson
G. Skarnemark

Universitdt Gottingen, Germany

Institut fiir Physikalische Chemie
M. Nedic R. Wugt Larsen

DESY, Hamburg, Germany

CFEL
J. Schulz

Universitdt Hamburg, Germany

Institut fiir Experimentalphysik
M. Berglund A. Fohlisch

K. Livingston

S. Surnev

W. Wahlgren

|. Ulfat

R. Neutze

T. Retegan
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Universitat Heidelberg, Germany

Angewandte Physikalische Chemie
F. Chesneau S. Rausch

University of Helsinki, Finland

Department of Chemistry
L. Khriachtchev T. Rajala

Hiroshima University, Higashi-Hiroshima, Japan

Graduate School of Science
K. Kanomaru

Hiroshima Synchrotron Radiation Center
K. Miyamoto

Japan Atomic Energy Research Institute, Hyogo, Japan

Synchrotron Radiation Research Center
A. Agui

University of loannina, Greece

Department of Physics
S. Foulias M. Kamaratos

Yeditepe University, Istanbul, Turkey

Department of Chemical Engineering
S. Bucak

Karlstad University, Sweden

Department of Physics
A.S. Anselmo L. Ericsson
E. Moons K. Svensson

Keuka College, Keuka Park, NY, USA

Department of Chemistry
T. Carroll

University of Kiel, Germany

Institute of Experimental and Applied Physics
S. Hellmann E.B. Ludwig

Kiev National T. Shevchenko University, Ukraine

Department of Physics
|. Doroshenko

M. Zharnikov

D. Vlachos

J. Hirvonen Grytzelius L. Johansson

H. Zhang

D. Rahn

K. Rossnagel
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National Kyiv Taras Shevchenko University, Kiev, Ukraine

Experimental Physics Department
V. Pogolerov

Institute for Energy Technology, Kjeller, Norway

Department of Physics
M. Knaapila

Indian Association for the Cultivation of Science, Kolkata, India

Department of Materials Science
S.Jana S. Ray

Universitat Konstanz, Germany

Fachbereich Physik
M. Fonin P. Leicht

Jagiellonian University, Krakéw, Poland

B. Penc P. Starowicz

University of Kentucky, Lexington, KY, USA

Department of Physics
M. Kovash K. Shoniyozov

Link6ping University, Sweden

Department of Physics, Chemistry and Biology (IFM)

M. Ahrén L. Axelsson S. Braun

J. Eriksson M. Fahlman L. Johansson
L. Lindell X. Liu M. Magnuson
H. Muhammad Sohail R. Uhrberg K. Uvdal

C. Virojanadara Y. Zhan

Technical University of Lodz, Poland
Biotechnology and Food Sciences
I. Redzynia

Institute of Technical Biochemistry
A. Bujacz G. Bujacz

University College London, United Kingdom

School of Chemistry
G. Thornton

Polish Academy of Sciences, Lotnikéw, Poland

|. Kowalik

E. Carlegrim
F. Li

J. Osiecki

C. Vahlberg
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Lund University, Sweden

Department of Accelerator Physics

N. Cuti¢ M. Eriksson A. Hansson S. Leemann
L.-J. Lindgren M. SjBstréom S. Thorin E. Wallén

S. Werin

Department of Atomic Physics

C. Erny M. Harb A. Jurgilaitis J. Larsson

E. Mansten H. Navirian R. Nuske C. von Korff-Schmising
Department of Biochemistry and Structural Biology

E.-C. Ahlgren S. Al-Karadaghi K. Fornvik M. Hasan

C. Helgstrand R. Johansson S. Kadhirvel W. Lambert

S. Rajan C. Soderberg C. Soderberg M. Thunnissen
R. Yengo

Department of Cell and Organism Biology
T. Saravanamuthu

Department of Chemical Engineering
A. Andersson R. Haggblad M. Massa

Department of Chemical Physics
P. Uvdal

Department of Combustion Physics
F. Ossler L. Vallenhag

Department of Experimental Medical Science
G. Svensson

Department of Food Technology, Engeneering and Nutrition
O. Borjesson

Department of Geology

J. Lindgren

Department of Nuclear Physics

V. Avdeichikov K. Fissum P. Golubev B. Jacobsson

B. Schroder S. Shende

Department of Organic Chemistry

C.J. Wallentin O. Wendt K. Warnmark

Department of Physical Chemistry 1

A. Abbas V. Alfredsson J. Algotsson M. Asad Ayoubi
A. Bilalov M. Bjorklund J. Carlstedt C. Cenker

T. Garting A. Gonzalez-Perez S. Gustavsson J. Janiak

M. Knitter P. Kn6ds G. Lazzara P. Nilsson

A. Nowacka T. Nylander U. Olsson N.V. Reichhardt
AR. Salah S. Santos S. Schetzberg K. Schillén

B. Silva E. Sunneskar T. Suutari M. Yanez

M. Zackrisson

Department of Polymer & Materials Chemistry
S. Hansen
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Department of Synchrotron Radiation Instrumentation

S. Canton R. Nyholm
Department of Synchrotron Radiation Research
J. Andersen E. Ataman

D. Céolin M. Gisselbrecht

M. Hjort C. Isvoranu

J. Laksman E. Lundgren

H. Qin A. Sankari

R. Timm R. Westerstrom

Department of Theoretical Chemistry
M. Segad

Division of Solid Mechanics

H. Levin P. Stahle

ESS Scandinavia

S. Botegard

Lund Observatory

R. Blackwell-Whitehead H. Hartman
H. Nilsson

MAX-lab

J. Adell A. Andersson
S. Carlson Y. Cerenius
K. Hansen F. Hennies

U. Johansson |. Kowalik

F. Lindau M. Lundin

B. Nilsson R. Nilsson

T. Plivelic A. Preobrajenski
P. Sondhauss C. Svensson
T. Ursby P. Warnicke
G. Ohrwall

Numerical Analysis and Scientific Computing
E. Hansen

SARomics Biostructures AB, Lund, Sweden

M. Hakansson D. Logan

Tetra Pak, Lund, Sweden
J. Wahlberg

University of Liibeck, Germany

Institute of Biochemistry
S. Chen G. Hansen
R. Ponnusamy R. Saleem Batcha

Haldor Topsoe A/S, Lyngby, Denmark

R. Christensen P. Beato
F. Morales Cano A. Puig-Molina

R. Sankari

S. Blomberg

J. Gustafson

A. Ahmad Kirmani
A. Mikkelsen

J. Schnadt

S. Huldt

T. Balasubramanian
A. Engdahl

L. Isaksson

K. Larsson

L. Malmgren

K. Norén

J. Sadowski

M. Tchaplyguine

S. Wiklund

R. Hilgenfeld
H. Schmidt

A. Boubnov
A. Stahl

J. Schwenke

B. Calvet
E. Hilner
J. Knudsen
E. Mansson
S. Sérensen

T. Lennartsson

J. Brudvik
H. Enquist
B. Jensen

P Lilja

B. Nelander
A. Pietsch
K. Schulte
J. Unge

A. Zakharov

J.R. Mesters
R. Wrase

M. HOj
T.V.W. Janssens
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Technical University of Denmark, Lyngby, Denmark

Department of Chemical and Biochemical Engineering

J.-D. Grunwaldt M. Beier
Department of Chemistry

J. Boesen H.E.M. Christensen
C.G. Hartmann M.N. Lavgreen

Department of Micro- and Nanotechnology
A. Berthold D. Snakenborg

Department of Systems Biology
F. Fredslund

Instituto de Ciencia de Materiales de Madrid, CSIC, Spain

Intercaras y Crecimiento
M.E. Davila

Universidad Auténoma de Madrid, Spain

Departemento de Fisica de la Materia Condensada

J.J. de Miguel A.F. Estrada Parra
P. Prieto M.A. Valbuena

Universidad Politécnica de Madrid, Spain

ISOM
M.P. Dominguez

Malmo University, Sweden

BML/BMT; Faculty of Health and Society
J. Engblom V. Kocherbitov

University of Manchester, United Kingdom

Faculty of Life Sciences
K. Pogson

School of Electrical & Electronic Engineering
B. Towlson

School of Physics and Astronomy
W. Flavell D. Graham

Campus de Luminy, Marseille, France

CINaM-CNRS
B. Aufray G. Le Lay

Mersin University, Turkey

Electrical Technologies
O.M. Ozkendir

B. Voss

L. Haahr P. Harris

K. Stahl T. Vognsen
S.S. Nielsen

FJ.L. Gutierrez E. Michel
L. Walczak

Y. Znamenskaya

S. Hardman
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Montgomery College, Montgomery County, MD, USA
M. Litwack

Moscow Engineering Physics Institute, Russia

Physics of Solid State and Nanosystems
A. lvanov

Russian Research Centre, Moscow, Russia

ISSSPH
M. Tsetlin

Ludwig-Maximilians-Universitat, Miinchen, Germany

Department of Earth and Environmental Sciences
A. Laumann

Novo Nordisk A/S, Malgv, Denmark

M. Norrman A. Svensson

Hvitfeldtska Gymnasiet, MolInlycke, Sweden

Fysikinstutitionen
V. Lindén

University of Newcasle upon Tyne, United Kingdom

School of Chemical Engineering and Advanced Materials
R. Little L. Siller

University of Massachusetts Dartmouth, North Dartmouth, MA, USA

Department of Physics
C. Allen J. Lemrise G. O'Rielly

University of East Anglia, Norwich, United Kingdom

School of Chemical Sciences and Pharmacy
Y. Chao K. Wang Q. Wang

University of Nottingham, United Kingdom

School of Physics and Astronomy
A. Britton J.N. O'Shea A. Rienzo
M. Weston

Université d'Orléans, Orléans, France

Centre de Recherche sur la Matiere Divisée
S. Guillot S. Serieye

A. Saywell
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Université Paris Sud, Orsay, France

Laboratoire de Physique des Solides
A. Mougin

LIXAM

M. Gisselbrecht

The Andrzej Soltan Institut for Nuclear Studies, Otwock, Poland

Plasma Physics and Technology
R. Nietubyc K. Nowakowska Langier

University of Oulu, Finland

Department of Biochemistry

P. Kursula V. Majava B. Saligram Prabhakar
K. Koski M. Myllykoski 0.G. Uzodinma
Department of Physical Sciences

H. Aksela S. Aksela A. Calo’

S. Heindsmaki M. Huttula S.-M. Huttula

K. Jankala T. Kantia A. Kettunen

A. Makinen J. Niskanen S. Osmekhin
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Lars Malmgren and Robert Nilsson next to the old modulator, August, 2009.
Photo: Annika Nyberg

Dionis Kumbaro next to the new modulator, August, 2009.
Photo: Annika Nyberg
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Jacek Osiecki preparing experiments at beamline 13, November, 2009.
Photo: Annika Nyberg

Mikael Eriksson, Per Lilja, and Dionis Kumbaro are taking turns supervising the machine in the
control room, August, 2009.
Photo: Annika Nyberg
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Machine and Accelerator Physics

There are three storage rings at MAX-lab: MAX I, MAX Il and MAX Ill. All three rings are used for
synchrotron radiation production and the MAX | ring is also used for experiments in nuclear physics,
working as a pulse-stretcher.

The continuous upgrade of the accelerators is paying off. So is the MAX injector now operating more
smoothly with faster transitions between the different operating modes and the beam current and
beam lifetime in MAX Il has been increased to their theoretical limits.

The studies on the MAX IV facility has been deepened and the work on a Detailed Design Report
has started. Prototypes for critical items like girders, magnets and RF equipment are being built and
characterized.

The FEL experiments at the MAX injector are progressing well. The electron beam has been charac-
terized at the FEL, the gun laser system is upgraded as well as the timing system.

The MAX injector is primarily used for injection into the three storage rings and for free electron
laser (FEL) experiments. One of the klystrons and the FEL gun laser has also been used for condi-
tioning and characterization of the FERMI gun (ELETTRA).

The MAX I ring is injected at 190 MeV and the MAX Il and MAX Il rings at 380 MeV.

This injector consists of an RF gun and two S-band linac sections 5.2 m long equipped with SLED
cavities. A recirculation magnet system is used to double the electron energy. These linacs are now
conditioned to a little more than 100 MeV energy gain each and the maximum energy gain for both
linacs is 210 MeV. By recirculating the electron beam once through the linacs, a maximum electron
energy of 420 MeV can be reached.

The RF electron gun used for injection is equipped with a thermal cathode. This gun is quite reliable,
but the beam quality is rather poor, due to space-charge effects during the early acceleration in the
gun. The performance of this thermionic gun is however quite sufficient for injection into the rings.

For the FEL runs, a photo-cathode has been installed to deliver an electron beam suitable for these
experiments.

A 400 kV DC gun is being developed for injection purposes. The beam from this gun will be chopped
and bunched prior to injection into the linacs.

The MAX injector is now quite reliable and negligible time is lost due to malfunctioning of this
accelerator.

The MAX I ring has been brought up to a higher performance regarding beam lifetime by improve-
ment of the vacuum system.

In the pulse-stretching mode for nuclear physics, the properties of the electron beam are now rather
close to the design values and the ring and injector are working under stable conditions.

The MAX Il ring is now working as well as a low-energy injected storage ring can do. The electron
beam stability is in the micrometer range. Close to 300 mA is injected twice a day and with a beam
lifetime of 5-6 Ah some 160 mA remains at the next injection. The mean current is now exceeding
200 mA. 7% of the total time is spent on injection and ramping of the lattice magnets, undulators
and the superconducting wigglers. The 100 MHz RF system is now equipped with circulators.

The MAX Il ring is now conditioned and delivers beam to the first two beamlines. The beam life-
time has improved to some 1-1,5 Ah, which is what can be expected from a low energy storage ring
with small emittance.
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Machine Parameters

Injector Linac
Max. energy
Pulse current
Pulse length
Energy spread
Emittance

MAX | RING
Storage mode
Max. energy
Max. circ. current
Hor. emittance
RF

Bunch length (FWHM)

Beam lifetime

Pulse-stretcher mode

Electron energy
Duty factor

Stretched pulse current

MAX Il RING
Max. energy
Max. circ. current
Hor. emittance
RF

Beam lifetime

MAX Il RING
Max. energy
Max. circ. current
Hor. emittance
RF

Beam lifetime

ACCELERATOR PHYSICS AND MACHINE DEVELOPMENT

420 MeV
50 mA

50 ns

Not verified
Not verified

550 MeV
300 mA
40 nm rad
500 MHz
80 ps

4h

144, 188 MeV
75 %
20 nA

1.5 GeV
290 mA
8.8 nm rad
100 MHz

5-6 Ah (25-30 h at 200 mA)

700 MeV
300 mA
14 nm rad
100 MHz
1-1.5 Ah

40

MAX-lab AcTivity ReprorT 2009



ACCELERATOR PHYSICS AND MACHINE DEVELOPMENT
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COHERENT HARMONIC GENERATION RESULTS AT
THE TEST FEL AT MAX-LAB

N. Cuti¢, F. Lindau, S. Thorin, S. Werin, MAX-lab, Lund, Sweden, J. Bahrdt, K. Holldack, BESSY
GmbH, Berlin, Germany, C. Erny, E. Mansten, Dep. for Atomic Physics, Lund University, Sweden

With the aim of testing the design and performance
relevant for the proposed seeded FEL light sources a test
facility for a seeded Harmonic Generation (HG)-FEL [1]
has been completed at MAX-lab[2, 5]. The aim is to study
the processes around seeded harmonic generation at
130/88/54 nm, the 2/3/5 harmonic of a Ti:Sapphire laser.
During 2009 the first results have been recorded of
coherent radiation at 133 nm, the second harmonic.

The test FEL is built around the existing linac injector at
MAX-lab. This source can provide 400 MeV electrons
from an RF-gun. A combined laser system both driving
the photo cathode in the gun and, synchronised via an
optical fibre, the seed laser pulse has been installed. An
optical klystron, consisting of two 30 period undulators
and a 4-magnet chicane, has been built by the Helmhotz
Zentrum Berlin (HZB) and installed at MAX-lab. Beam
loss monitors along the optical klystron are in use and a
THz system for additional synchronisation studies
installed. A system to measure the overlap between seed
laser pulses and electron pulses with 1 ps precision,
utilising an Electron optical (EO) crystal has been built.

In December 2009 the first Coherent Harmonic Genration
was achieved at the second harmonic, 133 nm, of the seed
laser.

LAYOUT OF THE FACILITY
A schematic view of the facility can be seen in figure 1.

Accelerator and transport

The MAX-Ilab injector [3] consists of a thermionic gun, a
linac and a beam transport system. Using the gun together
with a 10 ps, 263 nm laser pulse has turned out very well
as a photo cathode gun for injection into the FEL.

The acceleration is done in the two linac structures each
providing 100 MeV and passed twice to give a total beam
energy of around 400 MeV. The magnetic optics in the
recirculator and following chicane and dogleg provide

Gun laser
Linac 1 Linac 2 Dog-leg
N A A ” [
S e e— g —|
N Recirculator

Gun"

enough first and second order momentum compaction for
compressing the beam and producing a short spike of high
current electrons needed for the FEL interaction.

FEL and OK

The main component of the test facility is the optical
klystron [4] which was provided by HZB and consists of
a modulator undulator (A,=48 mm, N=30, K=2.34, planar
type), a radiator undulator (A,=56 mm, N=30, K=1.05)
which is an APPLE Il type undulator plus an intermediate
magnetic chicane.

Laser system

The laser system is a combined system which provides
both the RF gun pulse and the seed laser pulse for the
Harmonic generation. The two parts are placed almost
100 m apart and synchronised via a fibre link.

A laser oscillator (Femtolasers Synergy, 93.71 MHz, 790
nm central wavelength, bandwidth 13 nm FWHM) is
locked to the 3 GHz system with a time jitter less than
400 fs. The oscillator is common for both the seed and the
gun laser.

The gun laser system was also used for the initial tests of
the FERMI@Elettra RF gun, in a temporary set up at
MAX-lab in an Elettra — MAX-lab collaboration.

RESULTS

The commissioning process has been performed
alternating with the routine operation for users of the
MAX-lab facility.

By focusing the seed laser onto the electron beam in the
modulator undulator we create the necessary energy
modulation. This is then transformed into a density
modulation with the same period as the seed laser
wavelength (263 nm) in the chicane. The thus micro
bunched beam enters the radiator undulator, where it can
radiate coherent photons at 263 nm and harmonics of this
wavelength, depending on the gap of the radiator
undulator.

Modulator R adiator
. undulator undulator
Half-chicane
,,,,,,,,,,,,,,,,,,,,,,,,, i Dum
T~ Chicane _ p
Seed laser T

N =

Figure 1. Layout of the MAX-lab test-FEL.
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Figure 2. Spectrum of the radiation around 133 nm. blue-
dashed: only spontaneous radiation, greed-solid:
spontaneous+coherent signal.

Figure 2 shows the signal at the second harmonic, 133
nm, of the seed laser. Here the modulator undulator is
tuned to 263 nm to allow resonance with the seed laser
and thus the imprint of energy spread. The radiator
undulator is tuned to 133 nm, which is then the first
harmonic of the radiator. In Figure 2 the characteristic
linewidth narrowing of the coherent signal relative the
spontaneous is clearly seen. The coherent enhancement is
also seen. The linewidth of the coherent signal is limited
by the spectrometer resolution, and thus the spectral
enhancement in the coherent signal is larger than
recorded.

Figure 3. A series of 50 spectra (from top to bottom) in
the range 260-270 nm (the fundamental). The coherent
signal can be seen as intense peaks, the medium blue is
the seed laser “leaking through” and the spontaneous
radiation is too weak to be visible.

Stability of the system has been studied by recording the
coherent signal at the fundamental (263 nm) see figure 3.
It can be seen that a rather regular jitter is present, which
can probably be referred to energy oscillations in the
electron beam from the linac system.

Temporal overlap between the seed laser and the electron
bunch is crucial for the operation. As both pulses are <
1ps special diagnostics have been installed. An electro
optical crystal system can resolve overlap to 1 ps (figure 4
and 5).

Figure 4. Schematics of the electro-optical technique to
measure the overlap between the seed laser pulse and
electron bunch.

Figure 5. Spectrum of the probe laser pulse with the
enhancement at the time the electron pulse passes.

Conclusion and future work

The work is currently proceeding into the higher
harmonics and also operation in circular polarisation
mode. The stability is also being approached.

Seeding at shorter wavelength by installing a HHG gas jet
chamber is funded [6] and will be initiated in due time
within the Lund Laser Center (LLC) collaboration.
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An electro-optical system for MAX-lab test-FEL facility

Nino éutié, Filip Lindau, Sara Thorin, Sverker Werin, MAX-lab, Lund
Christian Erny, Lund Laser Centre, Lund, Sweden

To get information about arrival of the electron bunch
relative to the laser pulse; electro-optic detection scheme
in near-crossed polarizer configuration was set up and
tested. Electron bunch induced birefringence in ZnTe crys-
tal leaves a polarization footprint in a chirped infrared
pulse. The IR pulse is sampled before third harmonic gen-
eration from the amplifier, stretched and synchronized to
the ultraviolet beam that is used for seeding. We report de-
tails of this setup and preliminary jitter measurements.

To seed a free electron laser good information about the
electron bunch arrival time relative to the seed laser pulse is
needed. Electro-optic effect (in which birefringence is in-
duced by the electric field of electron bunch which is pass-
ing by a crystal) is often used for either timing measure-
ments or for longitudinal bunch profile measurements. [1]
The crystals that are used are those of zincblende structure,
most often ZnTe and GaP (ZnTe usually gives better signal,
but GaP has resonances on higher frequencies than ZnTe
which makes it useful for bunch profile measurements).
Those crystals are not birefringent in the absence of elec-
tric field. Technique (called spectral decoding) that is used
at MAX-lab is using chirped infrared pulse to pass through
the crystal. When electron bunch is passing by the crys-
tal, the crystal becomes birefringent and the polarization of
corresponding part of the infrared pulse is changed. The
infrared pulse is then sent through polarizer which gives
intensity modulation from change of polarization. After
the polarizer, IR pulse is then spectrally decomposed to
determine which part of spectrum experienced change in
polarization. The wavelength corresponds to time (ideally,
with certain limitations [2]), and information about timing
of electron pulse, relative to the electron bunch, is deter-
mined.

The test-FEL at MAX-lab uses two Ti:Sapphire lasers
(Thales Alpha 10) with a common oscillator (Femtolasers
Synergy, 93.7 MHz, locked to 3 GHz RF clock). One of
them (263 nm, 10 ps, 10 Hz, 500 pJ) is used for photo-
cathode operation and the other one (263 nm, 10 Hz, 300
fs, 150 pJ) is used for seeding the FEL. A part of the
beam (about 10%) from the second laser is sampled before
tripling to 263 and used for this electro-optical scheme. [3]
The IR beam is sent to a stretcher (two 1200 I/mm grat-
ings with changeable separation currently giving 10 ps/nm
stretch), focusing lenses (effective focal length 6.5 m) and
a delay stage. After the delay stage, it is combined with
the UV beam (which passed its own focusing lenses) and
they both go through a motorized delay stage (Thorlabs 150
mm) which controls the effective delay between electrons
and the laser beams. Beams are then guided to the vacuum
system and the seed laser insertion mirror.

IR-beam
crystal

electron bunch

spectrometer

Figure 1: Position of the crystal relative to the electron
bunch path. Infrared beam passes through crystal, is re-
flected of the D-mirror (D) and leaves the vacuum chamber.
It is directed with two mirrors onto the quarter-wave plate
(Q), half-wave plate (H), Glan-Thompson polarizer (P) and
finally spectrometer. The reverse biased photo diode is on
the same mount as the crystal (p).

The goal for a seeded FEL is to overlap the UV laser
pulse with the electron pulse. Here we use the stretched
IR as a common reference and separately center both the
UV and electrons on the IR profile. In the setup for UV-IR
overlap both pulses are focused on a glass plate. The high
intensity UV pulse generates a change in refractive index
in the glass, affecting part of IR. Using a spectrometer it is
then possible to position the UV pulse with an accuracy of
2 ps.

The chamber in which the crystals are placed is posi-
tioned 30 cm in front of the modulator-undulator and af-
ter the first screen. Figure 1 shows the important part of
timing setup. The crystals are mounted next to each other
on a translatable stage (the distance to electron beam can
be controlled). The stage carries both crystals (ZnTe and
GaP), a D-mirror and a reverse biased photo-diode (which
is used with an oscilloscope for rough time synchroniza-
tion). The crystals are mounted next to each other in front
of the D-mirror. D-mirror is rotated for 45° so that it
sends the IR-laser beam out of the chamber under right
angle. The translation stage is inserted by the amount so
that the crystal is just about to start scraping off the align-
ment beam, and thus the electron beam and the UV-beam
since they are all made to coincide (by use of two YAG-
screens, before and after the modulator). The distance from
the electron bunch to the point at the crystal through which
the IR-laser is passing is approximately 4 mm. The IR-
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beam is coming from the EO-chamber and after passing
one of the crystals it hits the D-mirror positioned behind
the crystals, so that electrons pass next to it and the laser
beam is reflected by it. The IR-beam then continues onto
two silver mirrors, a quarter-wave plate, a half-wave plate,
a Glan-Thompson polarizer, and finally a slit which is the
entrance point to the spectrometer (consisting of a lens, a
grating (1200 mm/l), and a CCD camera). The polarizer
is set so that its trans-polarization plane is s-polarization
for the grating of spectrometer. The quarter-wave-plate is
then rotated so that the signal passing through to the cam-
era (without the electron beam) is minimal. It is possible
to stop anything noticeable to go through (due to high po-
larization ratio, and low residual polarization rotation when
there are no electrons). This is done in order to minimize
any polarization that builds up in the crystals and the whole
system when there are no electrons. Then, the half-wave
plate is inserted. If it is left in minimum-signal position
that would be similar to crossed polarizer setup; instead, it
is a bit rotated off so that it is possible to measure change
in sign of THz polarization flip. The half-wave plate is ro-
tated so that the signal of electrons will still not saturate the
camera and that opposite polarization will not change sign.
This rotation is about two degrees. The background on the
camera when there are no electrons needs to be recorded
and subtracted later in analysis of the data.

IR laser beam that is used for EO was stretched to 50 ps
(FWHM) and focused on the crystal. The wave plates were
positioned and rotated as previously described. The elec-
tron bunch with energy of 400 MeV and estimated charge
of 50 pC that is planned for running of the FEL was used
to induce birefringence in the 1 mm thick ZnTe crystal. A
thick crystal and highly chirped pulse were selected in or-
der to get higher signal and be sure that something will be
observed in initial measurements. The CCD camera in the
spectrometer was triggered on the repetition of the injector
(in this case 2 Hz).
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Figure 2: Colored signal on the spectrometer (x and y axis
both in pixels). Although horizontally the wavelength span
of 5 nm is changing linearly, the corresponding time is due
to non-linear chirp of the IR laser pulse.

Figure 2 shows the signal on the spectrometer. The
horizontal scale is actually frequency (5 nm of bandwidth

mapped). From this image the background still needs to
be subtracted. The image is summed vertically into bins
(corresponding to one pixel).
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Figure 3: Measured signal obtained from one shot, af-
ter background subtraction. The horizontal axis is chirp-
adjusted and translated to the maximum. The origin of the
oscillations with 20ps period is to be investigated. The dip
in signal between 10 and 40 ps is because of spectral insta-
bilities of the oscillator.

The actual timing on the horizontal axis was measured
by shifting the laser in time with delay stage and observing
the electron signal characteristics. Using changes in time
resolution (number of ps per pixel) the non-linearity of the
laser chirp was modeled by a polynome of second order.
The horizontal axis was adjusted to proper time scale. Fig-
ure 3 shows the signal obtained in such a way with adjusted
horizontal scale.

Measurement of the relative jitter between the laser pulse
and the electron bunch was done by acquiring data from the
EO system without changing anything else. The prelimi-
nary results show a root mean square jitter of 2 ps which
would be too high for normal operation of the FEL. Fur-
ther measurements are needed to confirm this initial one,
get more statistics and to test what might be the dominant
underlying cause of this significant jitter.
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Experiences from NEG-coated vacuum chambers at MAX Il

Anders Hansson, Magnus Berglund, Erik Wallén, MAX-lab, Lund, Sweden
Roberto Kersevan, M.Hahn, ESRF, Grenoble Cedex, France

Introduction

Throughout the past 10 years, the use of vacuum chambers coated with thin films of non-evaporable
getter (NEG) materials in particle accelerators and storage rings has steadily increased. To a large
extent the NEG material used for these ultrahigh vacuum applications has been a ternary alloy of
titanium, zirconium, and vanadium. An overview of the properties of thin films of the Ti-Zr-V NEG
alloy is given in [1]. In short, NEG improves the vacuum in the chambers both by direct pumping of
the residual gas and by reducing the electron and photon-induced desorption.

The first storage ring to install a NEG-coated vacuum chamber was ESRF, where a narrow-gap
aluminium insertion device (ID) vacuum chamber was installed in 1999 [2]. Today, a majority of the
ID vacuum chambers in ESRF are NEG coated [3] and NEG-coated vacuum chambers are used at
several light sources, e.g., at ELETTRA [4], Diamond [5], SOLEIL [6], and MAX III [7]. At SOLEIL
56% of the ring circumference is NEG coated, including the quadrupole and sextupole straight sections.
However, MAX 11 is the first light source to also use NEG-coated dipole vacuum chambers. This report
outlines the experiences from NEG-coated vacuum chambers at MAX II. More detailed information is
given in an article published in Journal of Vacuum Science and Technology A [8].

NEG at MAX I

The original vacuum system in MAX II was made of stainless steel. To allow smaller gaps for the
insertion devices, NEG-coated aluminium ID vacuum chambers were installed in the straight section
between cells 4 and 5 and in the straight section between cells 9 and 10. Figure 1 depicts the vacuum
system of cells 2 and 3 in MAX II, where all further installations of NEG-coated vacuum chambers
have been done. Since 2007, two ID chambers have been replaced with NEG-coated aluminium ID
chambers and three dipole chambers have been replaced with NEG-coated copper dipole chambers.
The dipole chambers were installed to test the feasibility of a vacuum system containing NEG-coated

Figure 1: Vacuum system of cells 2 and 3 in the MAX II storage ring from (a) commissioning to July
2007, (b) July 2007 to July 2008, (c) July 2008 to April 2009, and (d) from April 2009 onward.
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dipole chambers. The chambers are 1 mm thick OFHC copper tubes with an inner diameter of 31 mm.
An additional 1 mm thick copper tube, with an inner diameter of 10 mm, is spot welded and soldered
outside the larger tube and it is used for the cooling water supplying the necessary cooling of the
vacuum chamber. The NEG coating of the copper chambers was performed at ESRF.

As Figure 1 shows, the total amount of pumps in cells 2 and 3 (including the ID vacuum chambers)
decreased from six ion pumps and twelve titanium sublimation pumps to only one ion pump and five
titanium sublimation pumps. The NEG-coated vacuum chambers also have a significantly smaller
cross-section. To test how this impacts the storage ring bremsstrahlung and scraper measurements were
performed. The bremsstrahlung measurement intended to measure the bremsstrahlung levels from the
dipole vacuum chambers, but due to difficulties in determining if the detected photons emanated from
brehmsstrahlung losses or other losses it gave rise to large uncertainties. Instead, scraper measurements
were performed to determine the lifetimes and average rest gas pressure in MAX II. The results were
compared to a similar measurement performed in 2003, before any NEG-coated vacuum chambers
were installed [9]. Figure 2 shows the pressure in MAX II from February 2009 to July 2009. The
installation of two NEG-coated dipole chambers in April 2009 can clearly be seen in the figure. By July
2009, less than three months after the installation of the vacuum chambers, the pressure was already
below the level it was in 2003. Further measurements done in spring 2010 showed that the pressure was
down again to the same levels as in February and March 2009.
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Figure 2: Pressure in the MAX II storage ring from February 2009 to July 2009. The solid line
corresponds to the pressure in MAX II in 2003 [9].

Conclusions

Since 2003 four NEG-coated aluminium ID vacuum chambers and three NEG-coated copper dipole
vacuum chambers have been installed in MAX II. Even though the cross sections of the new vacuum
chambers are significantly smaller than for the old chambers and even though there are no extra pumps
connected to the new chambers, the pressure and lifetime in MAX I are still similar to the values from
2003. During a month in early 2009 and again in spring 2010, the average stored current in MAX II
was over 200 mA, the highest average current recorded in MAX II for a 30-day period. Judging by the
experiences from MAX II, NEG-coated vacuum chambers, including dipole vacuum chambers, do not
appear to have any negative impact on the performance and operation of a synchrotron light source.
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The MAX Ill diagnostic beam line
Anders Hansson, Erik Wallén, Ake Andersson, MAX-lab, Lund, Sweden

Introduction

The MAX III synchrotron light source was commissioned in late 2006 and characterized in 2008.
Ref. [1] describes the storage ring and the characterization. A useful tool when characterizing a storage
ring is a synchrotron radiation (SR) monitor. With it is possible to determine the transversal electron
beam size and relative position changes of the beam. This information can be used to determine
important machine properties like the emittance and dispersion. A preliminary set-up was available for
the measurements in Ref. [1], but a better version was needed for precision measurements. This report
describes the new improved diagnostic beam line at MAX III.

There are several different ways to determine the transverse electron beam size in a storage ring.
Among them are imaging methods using visible or X-ray SR and interference methods using visible or
X-ray SR. The MAX III diagnostic beam line utilizes the SR in the visual to ultra-violet (vis-UV) range
to form images of the electron beam. This method has previously been used to determine the beam
sizes at e.g. MAX 1 [2], MAX II [3] and SLS [4].

The MAX lll diagnostic beam line

Figure 1 shows a drawing of the MAX III diagnostic beam line and cell 6 dipole magnet as seen
from the side. The source point of the beam line is the central part of the dipole magnet in cell 6 of
MAX III. Downstream in the beam line, the SR in the vis-UV range is redirected 90 degrees by a SiC
mirror. The SR is focused in a fused silica (FS) symmetric spherical lens, after which the horizontal
acceptance of the beam line is determined by movable aperture restrictions. The SR propagates out of

A

N

Figure 1: Drawing of the MAX Il diagnostic beam line and cell 6 dipole magnet as seen from the side
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Correction coils feed-forward tables for the undulators 11011, I3, and 14

E. Wallén

SUMMARY

The undulators 11011, 13, and 14 are equipped with cor-
rection coils surrounding the magnetic structures of the un-
dulators [1]. The correction coils are excited with DC cur-
rents in order to compensate for the varying first and second
field integral with varying gap and phase of the undulators.

The DC currents depending on gap and phase are inter-
polated from feed-forward tables which are established by
measurements with stored beam in the storage ring. The re-
sponse from the beam position monitors from the individ-
ual coils are measured and then the influence from a chang-
ing gap or phase is minimised by a root mean square min-
imisation routine for obtaining the correct corrector coils
setting for the points in the feed-forward table.

CORRECTION COIL SETTINGS OF THE
11011 UNDULATOR

The correction coils feed-forward table for the I1011 un-
dulator was established on June 15, 2009. The correction
coil values are illustrated in Table 1 and the numerical val-
ues can be found in an XML-table at the MAX-lab web
pages [1].

Table 1: Correction coil values for the 11011 undulator

11011 Correction Coil &I 3

CORRECTION COIL SETTINGS OF THE
I3 UNDULATOR

The correction coils feed-forward table for the I3 undu-
lator was established on November 30, 2009. The correc-
tion coil values are illustrated in Table 2 and the numerical
values can be found in an XML-table at the MAX-lab web
pages [1].

Table 2: Correction coil values for the 13 undulator

CORRECTION COIL SETTINGS OF THE
14 UNDULATOR

The correction coils feed-forward table for the 14 undu-
lator was established on May 18, 2009. The correction coil
values are illustrated in Table 3 and the numerical values
can be found in an XML-table at the MAX-lab web pages
[1].

Table 3: Correction coil values for the 14 undulator

REFERENCES

[1] http://www.maxlab.lu.se/local/UndWeb/UndWeb.html.
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Synchrotron Radiation Research

General

During 2009 the MAX I, MAX Il and MAX Ill storage rings have been operated for synchrotron
radiation research for 22, 40 and 40 weeks, respectively. About 800 scientists have been performing
experiments during this time period. Of these about 50 % came from abroad. The scientific projects
include experiments in atomic and molecular physics, solid state physics, surface physics, material
science, chemistry, biochemistry and environmental science. Reports from the users on recent experi-
mental results are given on the following pages.

Most beamlines on MAX | utilize radiation from bending magnets which provide radiation with a
critical energy of 300 eV. In addition a hybrid undulator (period length 75 mm) covering the photon
energy range 15 to 150 eV is used for a spectromicroscopy beamline. In total there are four beam-
lines in operation. The characteristics of the beamlines are summarized in the table on page 59 and
a short description of each beamline is given below.

The MAX Il storage ring is now equipped with three planar undulators and one EPU for the VUV
and soft X-ray regions and three multi-pole wigglers for the X-ray region. One conventional multi-
pole wiggler beamline is used for small angle X-ray scattering, small molecule crystallography and
powder diffraction. Of the two superconducting multi-pole wigglers, one is used for a materials
science beamline and one for a system of three independent protein crystallography beamlines.
The undulators serve beamlines with a variety of spectroscopic techniques such as X-ray absorption
(including circular dichroism), X-ray emission, X-ray photoemission spectroscopy and photoemission
electron microscopy in the VUV and soft X-ray regions. A fourth spectroscopy beamline is installed on
a bending magnet port where circularly polarized radiation can be used. A bending magnet beamline
is also used for time resolved X-ray diffraction.

Two beamlines are now operational at the 700 MeV MAX lll storage ring: A high-resolution beamline
for the low energy region (5 — 50 eV) utilizing undulator radiation with variable polarization and the
relocated beamline 33 from MAX | to an undulator port at MAX lll. A third beamline for infra-red
microspectroscopy, utilizing bending magnet radiation, is under construction.

More detailed descriptions of these beamlines are found at the end of this chapter and in the tables
on pages 59 — 62.

The synchrotron radiation research program is financially supported by Lund University, the Swedish
Research Council (VR). Also many private foundations contribute with substantial grants for invest-
ments in experimental equipment, among these are the Knut & Alice Wallenberg Foundation,
the Crafoord Foundation, the Carl Tryggers Foundation, and Kungl. Fysiografiska Sallskapet i Lund.
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MAX | Beamlines
(see www.maxlab.lu.se/beamline/index.html for more details).

Beamline 31 utilizes undulator radiation in the energy range 15 to 150 eV for scanning photoelec-
tron microscopy with a lateral resolution in the one micrometer range. The instrument can be used to
obtain chemical information from a surface either by recording photoelectron spectra from selected
areas on the sample surface or by tuning the electron energy analyzer to a specific spectral feature
and then scanning the sample to obtain an image showing the lateral distribution of this atomic
species. The photon energy range and resolution are well suited for measurements of valence bands
and shallow core levels.

The experimental system consists of separate analyzer and preparation chambers accessible via a
transfer arm. The analyzer chamber, which also holds an ellipsoidal focusing mirror, is equipped with
a hemispherical sector electron energy analyzer (VG CLAM2) and a piezo-driven sample scanning
stage. The scanning range is 100 * 100 um? with an accuracy of < 0.5 um. Coarse sample move-
ments, £3 mm, are made manually with micrometer screws. The preparation chamber is equipped
with LEED, ion sputtering gun, sample storage magazine and a number of optional ports for user
owned sample preparation accessories.

Beamline 41 Beamline 41 is used for angle resolved photoelectron spectroscopy on solids in the pho-
ton energy range from 15 to 200 eV using a toroidal grating monochromator (TGM). The beamline
is suited for measurements of both valence bands and shallow core levels.

The experimental station consists of an analyzer chamber with a goniometer mounted electron
energy analyzer (VSW HA50), a sample storage chamber and a sample introduction chamber.
The analyzer chamber is equipped with LEED, ion sputtering gun, gas-inlet system and a number
of optional ports for user owned sample preparation accessories.

In addition to this basic set-up a molecular-beam epitaxy (MBE) system with six Knudsen cells and a
RHEED optics is available for the growth and in situ studies of lll-V compound semiconductors.

Beamline 52 consists of a normal incidence monochromator working in the photon energy range
5to 30 eV. The beamline is equipped with a differential pumping stage that makes it useful for meas-
urements on gases as well as on solids. There is no permanent end-station installed at this beamline;
instead several user owned experimental stations are being used. These cover a variety of experimen-
tal techniques: Mass spectrometry and fluorescence of ions and molecular fragments, angle-resolved
photoemission on solids, low temperature luminescence and gas-phase photoemission.

Beamline 73 Beamline 73 is used for spectroscopy and microscopy in the far, mid and near infrared
region (10-12 000 cm™). It is equipped with two different Fourier transform spectrometers.

A Bruker HR 120 is used for high resolution, 0.001 cm™', spectroscopy. The set up has several options
for introducing gases, liquids and solid samples. A gas cell, usable between 90 and 300 K, with a
variable optical path length (maximum 120 m) is connected to the spectrometer.

A Bruker 66V/S spectrometer along with a Hyperion 3000 microscope is used for chemical imaging
and mapping with a spatial resolution down to the diffraction limit. The microscope can operate both
in transmission and reflection mode. Additional objectives for gracing angle and ATR measurements
are available as well.
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MAX Il Beamlines
(see http:/Awww.maxlab.lu.se/beamline/index.html for more details).

Beamline 1311 is an undulator based VUV, soft X-ray beamline for high resolution X-ray Photoemission
Spectroscopy (XPS) and X-ray Absorption Spectroscopy (XAS) including a future option for scanning
photoelectron and photoabsorption microscopy. The monochromator is a modified SX-700 type PGM
with spherical optics and a movable exit slit, which allows a high flexibility concerning the interplay
between photon flux, resolving power and higher order suppression. Together with the 38-period,
66 mm period length, undulator the photon energy range 30 eV to about 1500 eV is covered.

The experimental station consists of separate analyzer and preparation chambers accessible via a
long-travel manipulator. The preparation chamber includes the usual equipment for preparation and
characterization of surfaces (ion sputtering gun, LEED optics etc.). A hemispherical electron energy
analyzer (SCIENTA SES200) is used for photoelectron spectroscopy and Auger XAS.

A SPELEEM instrument for photoemission electron microscopy is installed downstream from the exist-
ing experimental station. This microscope has a spatial resolution better than 10 nm in the LEEM mode
and 30 nm in the PEEM mode. It can also perform energy filtered XPEEM with a bandwidth of 300
meV in imaging mode, routinely achieving a lateral resolution of 30 nm.

Beamline 1411 is based on an SX-700 type PGM and an undulator source (43-period, 59 mm period
length) that covers the photon energy range 40 eV to about 1500 eV. The end-station has the unique
versatility of being able to handle solid, liquid and gaseous samples. Thus the beamline is well suited
for high-resolution electron spectroscopy on free atoms and molecules as well as for studies of liquid
and solid surfaces.

The experimental system consists of separate analyzer and preparation chambers accessible via a long-
travel manipulator. The analyzer chamber is equipped with a hemispherical electron energy analyzer
(SCIENTA R4000) which can be rotated around the incoming beam for polarization dependent meas-
urements. In front of the experimental station a one-meter long section of the beamline can host other
types of equipment for atomic and molecular spectroscopy, e.g. ion-electron coincidence detectors.

A laser system for two-colour experiments is also available.

Beamlines 1511/1 and 1511/3 are used for XAS, XPS, and X-ray Emission Spectroscopy (XES) in the
VUV and soft x-ray range. The two beamlines utilize a common undulator and monochromator with
a flip-mirror placed immediately after the exit slit to direct the radiation alternately into two experi-
mental stations. The undulator has 49 periods and a 52 mm period length originally giving a photon
energy range of 50 to about 1500 eV. The monochromator is the same type of modified SX-700
monochromator as used on beamline 1311.

Beamline 1511/1 is built for surface studies under UHV and is equipped with a hemispherical electron
energy analyzer (SCIENTA R4000) for XPS. For XAS measurements an electron yield large area detector
based on multichannel plates is used.

Beamline 1511/3 is equipped with a grazing incidence grating spectrometer for XES and can handle
non-UHV compatible solids.

The end stations at both beamlines are built so that the analysis chamber can be rotated around the
incoming beam which makes it possible to utilize the linear polarization of the radiation.

Beamline D611 is a bending magnet beamline dedicated to time-resolved studies. We are exploiting
the fact that MAX Il is a pulsed source operating at 100 MHz. The duration of the pulses has been
measured to be approximately 350 ps using a streak camera. The beamline has a toroidal focusing
mirror and a double crystal mononchromator. A laser providing pulses with durations of 20 — 30 fs has
been synchronised to the ring, and a streakcamera yielding a temporal resolution of about 500 fs is
available. The temporal resolution in the experiments does not depend on the relative jitter between
the laser and the synchrotron (10 ps) but mainly on the jitter between the streak camera and the laser.
The laser operates at a maximum repetition rate of 10 kHz which sets the data accumulation rate.
Experiments can be performed in air or in vacuum (10 mbar). More information about our activities
can be found at: http:/Avww-atom . fysik.Ith.se/txrd
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Beamline 1711 is an X-ray beamline used for small angle X-ray scattering (SAXS), small molecule crys-
tallography and powder diffraction. It utilizes a 13-period, 1.8 T, multipole-wiggler and is designed to
operate in the 0.8 A (15.5 keV) to 1.6 A (7.8 keV) region. The beamline has a vertical focusing mirror
and a focusing single crystal monochromator working in the horizontal plane. This design sacrifices
easy tunability and high energy resolution for high flux at the sample.

The detectors that are available today include a Marresearch 165 mm CCD detector and a Huber
imaging foil Guinier camera for powder diffraction. Depending on the application several different
types of sample environment equipment, i.e. a pressure cell, a furnace, a thermostat and a Cryojet
can be offered.

Beamline 1811 is intended for materials science research using X-ray absorption spectroscopy (XAS)
and X-ray diffraction (XRD). It is based on a super-conducting multi-pole wiggler insertion device that
produces high-flux photons in the energy range 2.4 — 20 keV (0.6 — 5 A). The design is based on
adaptive optics where the beam is collimated and focused vertically by cylindrical bendable first and
second mirrors, respectively. Horizontal focusing is obtained by sagittal bending of the second mono-
chromator crystal. The typical flux ina 1 x T mm? beam spot on the sample is 5 x 10" photons/sec.
One experimental station is used for XAS research with detectors for transmission and fluorescence
yield techniques. A second station is equipped with a diffractometer for surface, interface and thin-
film crystallography.

Beamlines 1911/1-5 are used mainly for macromolecular crystallography. The beamlines use a super-
conducting multi-pole wiggler. The central beamline 1911-3 is tunable in the range 0.7 = 2.0 A and is
optimized for MAD experiments. The beam is vertically collimated by a Rh-coated mirror, monochro-
matized by a Si(111) double-crystal monochromator and focused by a Rh-coated toroidal mirror. The
optics for the four side stations consists of horizontally focusing monochromator crystals and vertically
focusing curved multilayer mirrors providing fixed wavelength beams. 1911-3 is equipped with a ka-
ppa axis diffractometer and 225 mm CCD detector. Two side stations, 1911-2 (wavelength 1.04 A) and
1911-5 (wavelength 0.91 A) are equipped with single axis diffractometers and 165 mm CCD detectors.

Beamline D1011 is a bending magnet beamline covering the energy range 30 to 1500 eV. An adjust-
able local bump of the electron beam provides out of plane radiation. This makes magnetic circular di-
chroism (MCD) possible in addition to photoemission and photoabsorption using linearly polarized light.

The monochromator is a modified SX-700 PGM of the same design as the monochromator on beam-
line 1411. The experimental system consists of separate analyzer and preparation chambers accessible
via a long-travel manipulator. The analyzer chamber is equipped with a SCIENTA SES200 electron
energy analyzer (with a lens of SES2002 type) and an MCP detector for electron yield measurements.
The preparation chamber is equipped with LEED, ion sputtering guns, gas-inlet system and a number
of optional ports for user owned sample preparation accessories.

A second experimental station receives radiation that is let through the first station and re-focused by
a KB mirror system. This station is specifically designed for NEXAFS, XMCD and soft X-ray reflectivity
experiments. Measurements can be performed under static magnetic fields of up to 500 G. One of the
unique features of the station is to offer element specific reflection-based hysteresis measurements.

Beamline 11011 is used for studies of magnetic materials using magnetic circular dichroism and
related techniques. An elliptically polarizing undulator (EPU), with variable polarization (linear and
circular), in the energy range 200 to 2000 eV is the source of the soft X-rays.

The undulator radiation is monochromatized by an SX-700-type of PGM with vertical collimation and
focused into an experimental chamber for magnetic circular dichroism measurements.

There are currently two different chambers available to users. One being a chamber equipped with
an octupole magnet allowing for work under applied magnetic fields in an arbitrary direction in space
with a design goal of producing a field of 1T. The chamber is also designed to conduct soft X-ray
magnetic reflectivity measurements. The second experimental system consists of separate prepara-
tion and analysis chambers. The analysis chamber is equipped with an UHV electromagnet providing
a peak field of 0.1 T in pulsed mode and 35 mT with a continuous field. The preparation chamber
is equipped with a LEED and an ion sputter gun as well as a number of extra ports for user supplied
auxiliary equipment.

MAX-lab AcTivity RerorT 2009 57




SYNCHROTRON RADIATION

MAX lll Beamlines
(see http://Awww.maxlab.lu.se/beamline/index.html for more details).

Beamline I3 is an undulator beamline for the low energy region (5 — 50 eV). It is equipped with a
normal incidence monochromator with a very high energy resolution (resolving power greater than
10°). The undulator is of the “apple-type” providing variable polarization (the undulator is not yet
characterized for circular polarization). There are two branch-lines, one with a fixed end-station for
high resolution angle- and spin-resolved photoemission on solids, equipped with a rotatable Scienta
R4000 analyzer and a Scienta 2D spin detector. Angle resolved photoemission can be made in +15,
+7 and *£3.5 degree mode. An on-line MBE system provides the possibility for studying in-situ grown
samples. The second branch-line, with a differential pumping stage, is designed for an easy exchange
of end-stations for atomic and molecular spectroscopy and luminescence measurements.

Beamline 14 is an SGM beamline previously used at MAX | (beamline 33) now connected to an
undulator source on MAX lIl. The beamline covers the energy range 13 — 200 eV and is used for angle
resolved photoemission.

The end station from beamline 33 is used also at 14 except that the main analyzer chamber is ex-
changed for a new one. This new chamber hosts the old VG ARUPS 10 analyzer and in addition a
new PHOIBOS 100 mm CCD analyzer from SPECS. This analyzer is fixed on the chamber unlike the
VG ARUPS 10. However, by rotating (and in future tilting) the sample one can do a full Fermi surface

mapping.

The SPECS analyzer has an ultimate resolution of less than 3 meV. There are three angular dispersion
modes namely MAD (medium angular dispersion), LAD (low angular dispersion) and WAM (wide
angular dispersion).

The MAD mode has angular acceptance of +3 deg with angular resolution of less than 0.1 deg.
The LAD mode has angular acceptance of =6 deg with angular resolution of about 0.15 deg.
The WAM mode has angular acceptance of £10.5 deg with angular resolution of about 0.4 deg.

Beamline D7. This is an infrared microspectroscopy beamline presently under construction. It will be
attached to a bending magnet port. During the design and construction work for the beamline the
microscope is used at the existing infrared beamline, 73, at MAX |.
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The new SAXS station under construction at beamline 1911-4, February 2009.
Photo: Annika Nyberg
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Intercalation dynamics of well-defined Cs domains on the layered
correlated electron material 1T-TaS,

D. Rahn', S. Hellmann', E. Ludwig', K. Rossnagel', A. Zakarov? and
L. Kipp'

Vinstitute for Experimental and Applied Physics, University Kiel, Germany
2MAX-lab, Lund, Schweden

The layered transition-metal dichalcogenides have been in the focus of numerous scientific studies in the
last decades [1]. Beside their unique variety of electrical properties (supercondutor, metal, semi metal,
insulator) and low dimensional phenomena (charge-ordering) a lot of work focused on the possibility to
intercalate foreign metal ions inbetween the layers [2]. On the one hand the storage of ions could con-
tribute to the development of new long lasting batteries but on the other hand the intercalation provides
a tool for a controlled tuning of the dimension, geometry, band filling and electronic structure of these
compounds [3]. However up to now the question how the metal atoms adsorb or intercalate in an in
vacuo deposition experiment is still under debate. Recent calculations [4] and STM measurements [5]
support the idea that the atoms preferentially intercalate through existing step edges. By contrast, also
the adsorption induced formation of nanowires [6] and nanofolds [7] which could serve as self created
intercalation channels is reported.

To get new insight in the correlation between all these processes we tried to achieve spatially well con-
fined alkali depositions on a liquid nitrogen (LN2) cooled sample surface in order to study the spatial
distribution and dynamic behavior of adsorbed and intercalated alkali atoms during warm up of the sam-
ple.

The two images in Fig. 1(b) show the sample surface (17-TaS;) after a spatially confined Cs deposition
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Figure 1: Spatial distribution of adsorbed and intercalated Cs after a spatially confined deposition of 20 min at

60 A on a LN2 cooled sample surface before (a) and after the warm up (b) of the crystal. The Cs 4d core levels
were used for imaging the different Cs species see Fig. 2.

of 20 min at 6 A. The upper one shows the spatial distribution of the intercalated Cs atoms and the lower
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Figure 2: Temperature dependence of the Cs 4d core level on two different sample sites. a) Sample site where
intercalation has occurred. b) Sample site without intercalated Cs. See Fig. 1(b) for the positions where the spectra
were taken from.

one the distribution of surface adsorbed Cs. The upper image reveals that intercalation only takes place
in a narrow stripe with an lateral extension in the x-direction of round about 350 um. Because this width
fits very well to the size of the aperture which was used to confine the deposition one can conclude that
intercalation only takes place in the directly hit sample region. The lower image (distribution of surface
Cs) show that the stripe shaped sample region of intercalated atoms is surrounded by a corona of surface
Cs atoms which shows a sharply confined boundary to the rest of the sample surface and a width between
60 pm and 100 pm. The two images in Fig. 1(a) show the same sample region after warm up to room
temperature. Again the upper and the lower image show the distribution of intercalated respectively
of surface adsorbed atoms. Obviously, there is no further intercalation in previously non intercalated
sample areas albeit the surface Cs distribution smears out.

Fig. 2 shows the temperature dependence of the Cs 4d core level at the marked positions in Fig. 1(b).

The reduction of Cs signal during the warm up allows the conclusion that the smear out of the surface
distribution is mainly due to desorbtion. In addition Fig. 2(a) reveals that the intercalation doesn’t pro-
ceed through existing channels.
Finally one can draw the following picture for the mechanism. The intercalation starts in the directly hit
sample region through existing or self created channels. Surface Cs diffuses away from the boundaries
of the directly hit sample region without creating new intercalation channels. During the warm up inter-
calation doesn’t proceed through existing channels nor create new channels in Cs covered regions. This
provides the picture, that a threshold of surface Cs atoms is needed for intercalation to occur.
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Observation of a curious spin-split surface band on T1/Si(111)-(1x1)
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Due to the presence of both time-reversal and space-inversion symmetry, the electronic
states of opposite spin orientation are generally considered to be degenerate in nonmagnetic
materials. However, this degeneracy will be lifted by the spin-orbit interaction when one of
these symmetries is broken. At crystal surfaces, the latter symmetry is broken and the
spin-orbit interaction leads to a pair of split bands in the momentum space. This is called the
Rashba-Bychkov (RB) (or simply Rashba) effect [1], and has been observed on clean surfaces
of noble metals [2] and heavy group V elements [3]. Recently the RB effect has been reported
to be enhanced in systems in which heavy element atoms are adsorbed on light element
substrates, such as Bi or Pb on a Ag(111) surface [4]. Since the same phenomenon on
semiconductor surfaces has a technological importance in spintronic devices such as
spin-transistors [5], we have chosen Si as a light element substrate and Tl as the heavy
element adsorbate to study a semiconducting system with enhanced RB splitting.

Figure 1 shows the LEED pattern and the schematic illustration of the T1/Si(111)-(1x1)
surface, and Fig. 2 displays the electronic band dispersion measured using ARPES aong the
—K—M direction. Two bands are observed at binding energies (Eg) of approximately 0.25
eV and 1.6 eV at the T point. Of these two bands, the lower Eg one is located in the gap of
the projected bulk band indicating that this is the surface state band of TI/Si(111)-(1x1). This
surface state band shows a “curious splitting” around the K point (the splitting can be
observed clearly in theinset of Fig. 2 taken at a higher energy resolution). The 6s” electrons of
the Tl atoms are inactive in the TI-Si bonding [6], and thus the observed surface-state band
originates from the hybridization between the single Tl 6p electron and one electron from the
surface Si atom. This means that there is no orbital degeneracy in the observed surface-state
band, and the only possible explanation for the phenomenon at the K point is spin-splitting.
Note that the splitting appears along the energy axis at around K only, while if the split is
due to asimple RB effect it would be observed in the whole surface Brillouin zone except at
high symmetry pointssuch as T and M. By performing a first-principles electronic structure
calculation, we concluded that this curious splitting, which has not been observed on any
other 2D or 3D system so far, isa peculiar RB splitting originating from the “ C3 symmetry” of
the K point[7].
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Fig. 1: LEED pattern and the schematic illustration of the Si(111)-(1x1) surface formed
by the adsorption of 1 ML of TI.

Fig. 2: Band structures measured alongthe T—K —M direction.
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Photoelectron diffraction from AlAs layers
P. Jiricek!, M. Cukr’, I. Barto$', and J. Sadowski’
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The photoelectron diffraction (PhD) is one of important methods used for determining the
surface atomic structure of solids [1]. The atomic structure of studied sample is obtained by
comparison of the measured polar or azimuthal plots with that modeled by theoretical
simulations [2]. These simulations show that the single electron-atom scattering events can be
used to properly explain behavior of polar plots for higher kinetic electron energy [3-5].
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Fig. 1. Polar plots of Al 2p photoelectron line. Photoelectrons were emitted
from the AlAs monolayer, burried under different number of the top GaAs
monolayers of the GaAs(001)-c(4x4) surface. The excitation energy of the
synchrotron radiation was 105 eV. The arrows show directions of the
highly packed rows of atoms .

From this reason, in the PhD experiments the photoelectrons with kinetic energy higher than
500 eV are applied in most cases for determination of atomic structure of studied samples.
The aim of this contribution is to measure the PhD curves using low energy photoelectrons
excited by synchrotron radiation.
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Three samples with AlAs monolayer burried bellow two, three and four GaAs momolayers were
grown by MBE at the Physical Institute at Prague. The surface of the samples was protected by
As cap. Removing the As cap and preparation c(4x4) reconstruction on the samples surface was
done in the MBE chamber attached to the BL 41. The quality of the reconstructed surfaces was
checked by LEED after sample transport to the photoemission chamber. LEED diffraction
images showed sharp spots in all cases.

The PhD measurements were carried out in the angle scanned mode. The polar plots of Al 2p
photoelectron line are shown in Fig. 1. The plots were recorded in [110] direction by
irradiation the sample surface by synchrotron radiation (hv=105 eV). The arrows in the graph
show directions of the highly packed rows of atoms in the samples.

It is clearly seen that the intensities of the Al 2p core level decrease with increasing thickness
of the top GaAs layer as can be observed at polar plots in Fig.1. Positions of the peaks on the
graph do not coincide with the arrows, which indicate directions with the highly packed
atomic rows. However, for photoelectrons with higher kinetic energy the positions of the
peaks in polar plots correspond to these directions (angles) better [6]. In this experiment the
kinetic energy of Al 2p photoelectrons was 26 eV. At this energy the multiple-scattering
processes dominate (electronic structure has to be taken into account for low energy electrons)
and forward scattering enhancement can be modified. The behavior of polar plots for
photoelectrons emitted from Al layer below two and four GaAs monolayers is very similar in
contrast to angular dependence of Al 2p photoelectrons, which originate from Al layer located
below three GaAs monolayers. The behavior of polar plots in PhD measurement is sensitive
to the geometrical neighbourhood around the emitting atom. The Al atoms in the prepared
layer structures are in position of the Ga atoms in the lattice of the GaAs samples. The
geometrical position of Al atoms in the AlAs layer located below two or four GaAs
monolayers is to be the same but different from the position of the Al atoms below three
GaAs monolayers. To support these qualitative conclusions, the theoretical simulation should
be done.
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Electronic structure of Ge;.,Mn,Te
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The ferromagnetic interaction was observed in several IV-VI-based diluted magnetic
semiconductors. It was governed by the RKKY mechanism and mediated by free holes
occurring due to the presence of native defects. It could be modified by relatively easy
technological measures (like annealing under suitable atmosphere) reducing the density of
defects. The GeTe-based diluted magnetic semiconductors acquired recently particular
interest due to discovered features, advantageous in view of spintronic applications.
Observations of relatively high Curie temperature of Gei;xMnyTe (up to Tc=190 K for
x=0.08") inspire extensive investigations of magnetic properties of this material as well as a
quest for the most suitable preparation methods. However, the set of experimental data
concerning the electronic band structure of Ge;xMnsTe and other GeTe-based diluted
magnetic semiconductors still has to be markedly increased. In particular, detailed
experimental data about the band structure of Ge;.xMn,Te are not available in the literature.

Therefore, we undertook a study, by means of angle-resolved photoelectron spectroscopy,
of the valence band structure of GeygsMng1sTe. The experiments were carried out with use of
the photoelectron spectrometer of the beamline BL 41. The epilayers of Ge;.xMn,Te were
grown on BaF, (111) substrates by means of an MBE method in the Institute of Physics,
Polish Academy of Sciences. The X-ray diffraction measurements at room temperature
showed that the layers had monocrystalline (111)-oriented rhombohedral (a distorted NaCl-
type) structure. The chemical composition of the layers was assessed by the electron probe
microanalysis. The clean and ordered sample surface, suitable for angle-resolved
photoemission experiments, was prepared in situ by cycles of Ar® ion sputtering and
annealing under UHV conditions. Such a procedure was previously applied for preparation of
GeTe samples for angle-resolved photoemission experiments?.

We investigated the valence band of GeggsMng1sTe along the I'-T, T-W-L, and T-K
directions in the Brillouin zone. The band dispersion along I'-T was probed by collecting the
spectra in the normal-emission regime for the photon energy range of 17-50 eV. The spectra
were normalized for the fluctuations of the photon beam intensity. It was proved by the analysis
of the dispersion of the revealed bands that emission from the maximum of the valence band (at
the T point) was observed for hv=20 eV.

The bands along T-W-L and T-K, two non equivalent directions parallel to the sample surface,
were investigated in the off-normal regime. For normal emission (6=0), the photon energy
was kept at 20 eV. For higher emission angles, the photon energy was increased in order to
compensate for the decrease of the normal component of the k vector. Fig. 1 shows the sets of
spectra acquired for T-W-L and T-K. The main features can be ascribed to the bands of GeTe
with rhombohedrally distorted NaCl structure. The dispersion of these bands also corresponds
well to the electronic structure of GeTe.
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Fig. 1. The sets of photoemission spectra collected in the off-normal mode, corresponding to the scans of the
valence band along the T-W-L and T-K directions in the Brillouin zone. The origin of the energy scale was set
at the maximum of the valence band. Spectra taken for normal emission correspond to the T point.

A comparison of the acquired results with previously collected for GeTe and Ge;xMn,Te
surface alloy? enabled us to show that the contribution of Mn 3d states did not modify the top
part of the valence band. Some changes could rather be found in the deeper part of the band —
about 3.5 eV below the valence band edge.

The research leading to these results has received funding from the European
Community's Seventh Framework Programme (FP7/2007-2013) under grant agreement
n°® 226716.
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Core-level shifts of the ¢(8x2)-reconstructed InAs(100) and InSb(100) surfaces
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Producing In-stabilized c(8x2)-reconstructed (100) substrate on the heteroepitaxial I1I-V growth front (e.g.,
InP/InGaAs and InAs/GaSh) has been found to improve the properties of these interfaces for electronics devices [1-
4]. This 111-V(100)c(8x2) surface is also a potential starting substrate for producing insulator/I11-V interfaces for
future metal-insulator-semiconductor (MIS) transistors [5]. To understand reasons for the beneficial effects of the
¢(8x2) reconstructions and to controllably utilize these reconstructions, it is essential to know the properties of the
111-V(100)c(8x2) surfaces.

The 111-V(100)c(8x2) surface has been found to be

composed of unique ¢ building blocks [6,7], which include

dimers in the subsurface rather than top layer, monomer

rows, and partially occupied atomic sites. Their “borderline”

atomic configurations, labeled here ¢ and Ca, with the 0%

(for £) and 100% (for Ca) occupations [7] of the both atomic

sites 1* and 6* are shown in the adjacent figure. The ¢ and

Ca (4x2) cells, of which relative shift along the [011]

direction causes the c(8x2) periodicity, provide an

established basis to model the 111-\V/(100)c(8x2) properties since depending on the surface preparation, both ¢ and Ca
areas have been found without significant disorder related to the partial occupancy. Mainly due to the lack of
theoretical ab initio analysis of surface core level shifts (SCLSs), the number of SCLSs and their physical origins
for the 111-V(100)c(8x2) surface have previously remained unclear. To elucidate these issues, we have studied the
InAs- and InSb(100)c(8x2) surfaces by core level photoelectron spectroscopy at the beamlines 41 and 1511 and by
first-principles calculations [8].

Theoretical SCLS results in Table 1 for InSb(100)c(8x2) provide a clearly different interpretation (i.e., number,
energies, and origins of SCLSs) for the spectra of 111-V(100)c(8x2) surfaces in general, as compared to the previous
SCLS experiments, which typically showed one or two SCLS(s) around -0.4 and +0.4 eV. The calculated SCLSs
for GaAs- and InAs(100)c(8x2) are similar to those in Table 1 [8].

Table 1. Calculated SCLSs (eV) for the InSb(100)c(8x2)-¢ and -Ca structures within the initial-state model. Also complete
screening ¢ SCLSs are shown. Negative values mean smaller BE as compared to the bulk. Numbers in parentheses show atomic
origins of SCLSs in the above atomic models, and numbers in brackets show number of atoms in unit cell contributing to the
SCLSs. The In layer below unit cell drawn in the above figure causes both -0.10 and +0.26 eV shifts of . The Sb sites 9 and 11
and Sb layer below the cell cause ¢ shift of -0.11 eV. This deeper Sbh layer also contributes to +0.11 eV shift of {. Sb 8* (not
shown) is below the In 6*. Sb layer below the cell contributes to +0.06 eV shift of a. The In layer below cell causes both -0.11
and +0.09 eV shifts of Ca.

InSb ¢ (initial-state) ¢ (compl. screen.) Ga

-0.29 (10) [4], -0.10 [4],

-0.32 [4], -0.17 [4], -0.18 (5%) [4], -0.11 [3]
In 4d 1822 S} [ﬂ) 3+c? éﬁ Eg (2 -0.13 [4], 0.05 [2], +0.09 [2],
+0.36 (1) [2] +0.06 [3] +0.21 (1%,3%,6%,7%) [8]
-0.38 (6) [2], -0.26 (4) [2], -0.48 [4], -0.22 [6], . .
Sb 4d -0.11 (9 and 11) [8], -0.12 [6], -0.06 [2], -0.11 (2* and 4*) [8],

011 (2) [8], +0.38 (8) [2] +0.10 2] +0.06 (8%) [6]
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To analyze the measured spectra of the InSb- and InAs(100)c(8x2), we fitted the As 3d, In 4d, and Sb 4d spectra
with the different SCLS sets calculated for the { and Ca structures [8]. The prerequisite for utilizing calculated
SCLSs in the spectral analysis is the knowledge of the atomic structure of a surface studied. Thanks to the previous
structural studies of the 111-V(100)c(8x2) surfaces [6,7], it is now widely accepted that the { and (a or their
combination describes the I11-V/(100)c(8x2) surface. Fittings (e.g., the figure below) were done using the standard
methods with the Voigt-profile peaks and Shirley background subtraction. Lorentzian width (LW), spin orbit
splitting (SOS), branching ratio (BR), and calculated SCLS values were fixed input parameters which we have
previously found to be reasonable.

The presented ab initio surface core-level shifts (SCLSs) for the ¢ and Ca structures yield hitherto not reported
interpretation for the core-level spectra of the technologically important I11-V(100)c(8x2) surfaces, concerning the
number and origins of SCLSs. The fitting analysis of the measured spectra with the calculated ¢ and Ca SCLS sets
shows that (i) the InSb spectra are reproduced by the { SCLSs better than by the {a SCLSs, proposing the formation
of ( areas on the InSh(100)c(8x2) surface, (ii) the (a SCLSs agree with the InAs spectra better than { SCLSs do,
proposing that the (a structure describes better the InAs- than InSb(100)c(8x2) surface, and (iii) the complete
screening { SCLSs do not improve the InSb fittings as compared to the initial state one, proposing the suitability of
the initial state model for describing SCLSs of the I11-V/(100)c(8x2) surfaces.

In general, SCLSs have been discussed with one or more of three common factors: changes in on-site atomic
charges (ionic character), in Madelung potential, and in final state screening, as compared to the bulk. For example,
origins for SCLSs of 111-V(110)(1x1) surfaces have been under an intensive research. The discussion of these
SCLSs has mainly focused on the two initial state factors: differences in the atomic charge state and in the
Madelung potential, which have been two competing explanations in the literature. Our results: the ab initio on-site
charges and test calculations for the Madelung potential effects clearly support the conclusion according to which
changes in the Madelung potential are the dominant factors behind the SCLSs of the I11-\/(100)c(8x2) surfaces [8].
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The ¢(2x6) reconstruction commonly appears on the 111-Sb(100) substrate surfaces in the Sh-rich conditions. The
knowledge of the properties of this particular surface structure is important to understand and control [e.g., with
reflection high energy electron diffraction, RHEED] the epitaxial growth of 111-Sb materials for electronics devices
since the growth usually proceeds via the c(2x6)-reconstructed substrate [1,2]. We have recently found that the
group-V element bismuth (Bi) also induces a c(2x6) reconstruction on the InSb(100) substrate [3]. By combining
photoemission measurements at the beamline 41, STM measurements, and ab initio calculations, we have
elucidated the atomic structure of this InSh(100)c(2x6)-Bi surface [3]. The knowledge of the InSb(100)c(2x6)-Bi
surface properties is essential not only for understanding the detailed formation mechanisms of the technologically
important ¢(2x6) reconstructions but also for understanding the Bi surfactant-mediated growth of 111-V’s. The
Bi/InSh(100)c(2x6) substrate also represents a starting surface to study the growth phenomena of the epitaxial Bi
and MnBi films, which both are almost lattice-matched to the InSb substrates.

FIG. 1: Total energy calculations [3] reveal that depending on
the chemical potentials, two basic geometries: metallic ¢(2x6)
and semiconducting (4x3)a structures, are energetically stable
on InSh(100)c(2x6)-Bi. Indium atoms are shown by black
spheres and the Bi atoms by grey spheres. The first layer
atoms are shown by larger spheres than the second layer
atoms. Atoms in deeper layers are not shown.

Scanning tunneling spectroscopy (STS) results in Fig. 2 show the presence of both metallic and semiconducting
InSh(100)c(2x6)-Bi areas The occurrence of both the metallic and semiconducting areas can be understood with the
formation of areas with the metallic c(2x6) structure and areas with the semiconducting (4x3)a structure (Fig. 1).
The valence band spectra near the Fermi level in Fig. 2 support the existence of metallic areas on the
InSh(100)c(2x6)-Bi surface because its photoemission includes a small signal around the Fermi level, as compared
to the semiconducting InSb(100)c(8x2) substrate. In passing, Bi might be a useful surfactant for the epitaxial
growth of I11-Sb materials since the metallic Bi-stabilized c(2x6)
growth front of 111-Sb substrates can be expected to lead to an
increase in the Ill-atom diffusion on the growing surface and,

therefore, to improved I11-Sh layers [4]. *0 7 o Bimsbtiooece| [ o

InSb(100)c (8x2)

3

—O— BillnSh(100)c(2x6) s
FIG. 2: (a) Current voltage curves measured by STS mode from Mi f
the InSb(100)c(8x2) area and two different areas on the
InSh(100)c(2x6)-Bi surface. (b) Valence band photoemissions
near the Fermi level (vertical line) measured from the 00
InSb(100)c(8x2) and InSh(100)c(2x6)-Bi surfaces. Fermi energy 1°
was determined from a Ta plate connected to the sample holder. 027
The horizontal line is a zero-emission level.
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Also the comparison of the calculated and measured surface core
level shifts (SCLSs) in Table | supports the coexistence of two or
more phases on InSh(100)c(2x6)-Bi. The measured Bi 5d, Sh 4d,
and In 4d spectra of the InSh(100)c(2x6)-Bi surface were fitted by
means of the minimum number of the components. Thus, in the
comparison of measured and calculated SCLSs, an important
criterion is that the calculated maximum and minimum SCLSs
agree reasonably with the measured SCLSs since the smaller shifts

PE intensity

f
155 16.0 16.5
Kinetic energy (eV)
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are most likely unresolved in the experiments. In the case of the Bi 5d
shifts, the separation between different components is a reasonable
criterion since the 0-eV references for the measured and calculated Bi
shifts are not aligned. Table I shows that none of the models alone
describes all the measured SCLSs well. The two-phase combinations of
¢(2x6) and c(2x6)-2 as well as of (4x3)a and (4x3)a-2 do not improve
much the agreement between the calculated and measured SCLSs. The
end number -2 in Table | means that Bi atoms occupy the group-V sites

S1-S2=-0.3%V
S3-S2=+0.24eV ¢

Bi/InSb(100)c(2x6)

5d

512

. GW = 0.54 eV

PE intensity

in the two topmost layers. In contrast, the SCLSs of the c(2x6) and —T T

(4x3)a phases complete each other better and together they improve the Binding energy (eV)

agreement with the measurements and calculations. This agrees well
with our STM and total energy results [3]. Furthermore, the atomic
origins of the Bi shifts S1, S2, and S3 are studied by means of the
calculations. In the c(2x6)-2 structure, the calculated Bi shifts -0.29, -
0.06, and +0.11 eV arise, respectively, from the dimers in the second
layer, from the second layer Bi atoms below the topmost dimers, and
from the topmost dimer. In the (4x3)a structure, the shifts 0, +0.17, and
+0.34 eV are caused by the topmost dimers in the 4x kink site, in the

Bi/InSb(100)c(2x6)

GW=0.34 eV

In 4d

GW=0.40 eV,
g B Sb 4d

Normalized PE intensity
[
R
%)
=

s2' I's1

site next to the kink, and in the middle of the three-dimer stack,
respectively. For the (4x3)a-2 structure, the origins of three highest BE
shifts are similar to those of the (4x3)a, and the lower BE shifts -0.31, -
0.37, -0.53, and -0.65 eV all arise from the second layer atoms, respectively, in the sites below the middle dimers,
in the dimer sites, in the corner sites of the dimer stack, and in the sites below the kink dimer. Combining these
origins, we propose that the highest BE shift S3 arises from the topmost Bi dimers (excluding the 4x kink dimers),
the middle shift S2 is caused by the kink dimers and a part of the second layer Bi atoms below the topmost dimers,
and that the lowest BE shift S1 is caused by the second layer dimers and the other second layer Bi atoms below the
dimers.

B e L B e e B
2 1 0 -1
Binding energy relative to bulk (eV)

The results show that the atomic structure of the measured InSb(100)c(2x6)-Bi sample is not uniform and that the
surface also includes semiconducting areas, which can be understood with the coexistence of areas with the stable
metallic ¢(2x6) structure and areas with the stable semiconducting (4x3) structure. Our calculations reveal that the
existence of the metallic c(2x6) phase, which does not obey the famous electron counting model, is attributed to the
partial prohibition of the relaxation in the direction perpendicular to dimer rows in the competing reconstructions
and the peculiar stability of the Bi-stabilized dimer rows [3].

Table I. Measured surface core-level shifts (eV) and calculated ones (by VASP ab initio code) for the energetically stable
structures of the InSb(100)-Bi surface within the initial state model. Negative value indicates smaller binding energy (BE) as
compared to the bulk BE. For the calculated Bi 5d shifts, the topmost dimer in the 4x kink site of the (4x3)a phase is taken as the
0-eV reference. Calculated shifts smaller than 0.05 eV are not listed.

Calculated

Calculated

Calculated

Calculated

o(2x6) c(2x6)-2 @x3)a (4x3)0-2 Measured
In4d +0.10 -0.09 0.21,+023, +0.48 | 0267010, 4014, -0.33,+0.25
+0.35
-0.37,-0.22,
Sb 4d +0.18, +0.35 +0.19 -0.12, +0.10, -0.12 -0.35,+0.33
+0.38, +0.51
-0.65, -0.53,
. -0.29, -0.06, -0.37,-0.31,
Bi 5d +0.23 o1l 0, +0.17, +0.34 018 011, -0.39,0,+0.24
+0.10
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Photoelectric Properties of Ge-Mn Layer Induced by
Mn ion Implantation onto Ge(100)

G. Pet6, and Cs. S. Daroczi
Research Institute for Technical Physics and Materials Science (MTA MFA),
H-1525 Budapest, P.O. Box 49, Hungary

Introduction: Magnetic semiconductors represent one of the most promising materials in the field of
spintronics. The magnetic behaviour in semiconductors can be achieved by incorporating transition metal
(TM) impurities in a diluted phase. These new class of materials are referred to as diluted magnetic
semiconductors (DMS). The solubility of TM impurities are usually very limited in the generally used
MBE grown I11-V semiconductors. The limitation can be overcome by using 1V-based semiconductors
(Ge or SiGe). The Mn doping of Ge at high concentration (1-10 at%) would be far the most promising
material for DMS application, via TM substitution of Ge atoms by Mn in the lattice. An alternative non-
equilibrium technique for the DMS fabrication is the ion implantation of TM elements into I11-V or V-1V
semiconductors. In this case the surface reconstruction after the ion implantation induced radiation
damage is the main challenge to realise a DMS device. The regrowing of the damaged layer with the
required high doping TM concentration needs a very careful process. Another challenge is to avoid the
intermetallic formation caused by the large TM concentration.

Experimental: We use low temperature regrowth to ensure the substitution of TM atoms into the host
semiconductor. The regrowth was carried out in UHV to avoid the effect of the usual contamination.
Special attention is needed to the damaged-undamaged interface and the surface.

Undoped Ge(100) wafer was implanted with Mn ions at 100 keV and 8x10™ at/cm’® dose at room
temperature (Institute of lon Beam Physics and Material Research, Dresden-Rossendorf, Germany). The
regrowth process was in situ investigated at the surface by photoemission and LEED techniques at BL41
in MAX-lab (Lund University, Sweden). The magnetic properties and structural data were obtained after
the regrowth in MTA MFA.

Photoemission Results: In the spectrum of the as received sample it was seen the oxidized state of Ge 3d
together with some oxygen and carbon 2s contamination were present. After a short Ar" bombardment
(15 min, 0.5 keV), the Ge 3d and the valance band levels were clear, while strong reduction of the
oxidized Ge 3d was obtained. After a much longer sputtering (60 min, 0.5 keV) the Ge 3d emission was
unchanged, and the sample could be regarded as clean. The valence band of this clean sample is given in
Fig. 1 (3.048 and 3.049), where the photon energy was 51 eV and 49 eV, respectively. It is well known
that there is a resonance photoemission at 51 eV photon energy of the Mn 3d valence state. However, the
valence bands obtained at 51 eV and 49 eV are practically equivalent (there was no Mn intermetallic
present). The valence band of the Ge-Mn layer after annealing at 400 °C with simultaneous sputtering (15
min, 0.5 keV) is given in Fig. 2 (3.075 and 3.074) at 51eV and 49 eV photon energies, respectively. Now
the effect of the resonance photoemission of the Mn in the valence band is clearly visible. The
photoemission spectra at the Fermi level of the sputtered-only (cleaned) Ge-Mn sample is given in Fig. 3
(3.018) together with the calibration of the Fermi edge of the sample holder (3.019). We can see a not
very well pronounced Fermi cut off in the case of Ge-Mn sample. The photoemission spectra of the
sputter-cleaned then annealed Ge-Mn sample at the Fermi level is shown in Fig. 4 (3.133) together with
the reference Fermi level of the metal sample holder (3.134), respectively. In this case the existence of the
Fermi cut off and the metallic Fermi level is even much less pronounced than in the case of the sputter-
cleaned sample, and even the existence of the metallic is questionable. However, it is clear that the
valence band edge coincides with the metallic Fermi level, only the metallic characteristics of this Ge-Mn
can not be clearly detected.
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Figure 1. The valence band of the cleaned Figure 2. The valence band of the annealed (15
sample measured at 51 and 49 eV photon min, 400 °C) sample measured at 51 and 49 eV
energies. photon energies.

Figure 3. Fermi level spectrum of the cleaned Figure 4. Fermi level spectrum of the annealed
Ge-Mn sample (3.018) with the sample holder’s Ge-Mn sample (3.133) with the sample holder’s
Fermi edge (3.019). Fermi edge (3.134).

According to transition electron microscopy measurements the structure of the Mn implanted Ge was
amorphous after the implantation and the surface cleaning. The annealing of this structure modified some
grains in the amorphous background. The magnetic properties could be characterised by super-
paramagnetic clusters in the as-implanted case. After the annealing some ferromagnetic ,,material” and
clusters were observable. The LEED pattern was not observable, similarly to the ARUPS spectrum.
Probably the annealing temperature of the thermal budget was too low, and the crystallization has started
only. The pre-crystallization process was not localized to the damaged-undamaged interface, instead the
whole damaged layer was involved. This indicates an unusual regrowing process. The effect of some
possible contaminations was not observed as the source of the experimental data.

Acknowledgements: We would like to acknowledge the help from MAX-lab staff and wish to thank the
financial support from ARI.
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It has been demonstrated previously that in-situ post-growth annealing of (GaMn)As
under As capping is a successful approach to raise the Curie temperature [1]. We have
recently shown that the epitaxial layer formed via solid phase reaction of out-diffusing Mn
with As capping results in formation of a uniform epitaxial continued layer of MnAs with a
1x2 surface reconstruction [2]. The ability to prepare such a surface opens the possibility to
incorporate MnAs layers in a controlled way into an epitaxial composite MnAs/(GaMn)As
structure. There is, however, one problem with this treatment: it is very difficult to control
the deposition of the As and consequently there is always excess As on the surface after the
annealing process is completed. Additional heating at an elevated temperature must,
therefore, be employed to desorb this As. Though the initial annealing is advantageous for
the magnetic properties, it is well known that extended annealing has the opposite effect
and should thus be avoided.

In order to get around this limitation we replaced As with isoelectronic element Sb,
expecting a similar surface reaction with out-diffusing Mn. The advantage with Sb over As
in this context is that dosing can be controlled, so with adequate amount of Sb on the
surface one should get a reacted MnSb monolayer with no need of supplementary
desorption. The interest in introducing epitaxial layers of MnSb in the annealed (GaMn)As
is also motivated by the predicted half-metallic ferromagnetic properties of ZB MnSbh.

The experiments were performed at beamline 41. The samples were grown on epi-ready n-
type GaAs (100) substrates, In-glued on Mo holders. After the usual oxide desorption and
deposition of a GaAs buffer at 560 °C, the substrate temperature was lowered to 230 °C for
the growth of (Ga,Mn)As with 6% Mn. As, was supplied from a cracker source
maintaining the As, / Ga pressure ratio to just about 2. The (Ga,Mn)As surface was then
capped with 2 ML Sb and annealed at 200°C in the MBE chamber. Following the same
scheme a reference sample was made without any Mn (i.e. LT-GaAs), capped with same
amount of Sb and annealed at 200 °C in the MBE chamber.

The photoemission spectra from the two samples were then recorded under the same
conditions, i. e. in normal emission and with 81 eV photons. We focus here on the Sb
4d spectra, where we expect to find one component

reflecting the reacted MnSb layer. For the as- AEso (eV) 1.250
deposited samples the Sb 4d spectra were quite Br. ratio 1.450
narrow, and were con§|d_ered to contain one spectral AELon(eV) 0.495
component characteristic of the disordered Shy AE

e . causs(eV) 0.280
molecules. The fitting parameters for this spectrum
are given in Table 1. Table 1. Fitting parameters for Sb 4d

With annealing the spectra were gradually broadened and shifted towards low Kinetic
energy until saturation, which was reached after about 10 min at around 150 °C. In Fig. la
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we show the spectrum of the Sh/(GaMn)As sample as it appears after 10 min annealing at
200 °C. Using the same fitting parameters as those found adequate for the sample, we find
that three major components are needed to account for the shape of this broadened
spectrum.

Kinetic energy (eV) Kinetic energy (eV)
Fig 1a. Sb4d spectrum from annealed Sh/(GaMn)As Fig 1b. Sb4d spectrum from annealed Sb/GaAs

In order to identify the expected component of the expected MnSh layer, we compare with
the spectrum from the reference GaAs sample, Fig 1b. Unexpectedly we find that the two
spectra are very similar except for a very small component ”D” found for the (GaMn)As
sample. Considering that the total amount of deposited Sb is only 2 ML, it is clear that
component D corresponds to a very small number of Sb sites, far less than expected for a
reacted ML. We must conclude that the expected reaction did not take place. The different
components developed during annealing must be ascribed to other modifications that are
the same on the two surfaces. The identification of the different components is not yet
completed, but we believe that the main component (B) reflects crystallized Sh, while
components A and C represent different interface/surface sites.

It is of course important to clarify why Sh behaves co differently from As in this context.
One possible explanation is that the As that was evaporated from a cracker source, i.e. in
the form of As,, while a conventional Knudsen cell source was used for Sh. It is possible
then that the Sh, clusters are more stable and therefore less likely to react with the out-
diffused Mn. This issue will be investigated in near future by using an Sb cracker source.
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Lead growth on the indium reconstructed Si(111)4x1-In surface at low temperature
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Department of Physics, University of loannina, P.O. Box 1186, GR-451 10 loannina, Greece

Nanostructures on surfaces are of great importance in nanotechnology. This is because the
shape, the size and the symmetry of the developed nanostructures affect and finally determine
the physicochemical and electronic properties of the adsorbate/substrate system. These
properties are strongly related with the quantum size effects, QSE, i.e. the dependence of the
energy of the confined electrons on the structure size) [1]. The QSE leads to the formation of
symmetrical self-assembled nanostructures, especially when deposition takes place at low
temperatures. Unfortunately this prevents the applications of these adsorption systems at room
or higher temperatures. However, it has been recently shown that growth of Pb on the
reconstructed In(4x1)/Si(111) surface at low temperature can preserve the uniform size and
geometry up to the room temperature (RT) [2]. More
Pb/In(4x1)/Si(111) Pb 5d, In 4d specifically, it has been shown that Pb forms mostly
160K uniform 4-layer high islands on the In(4x1)/Si(111) at
180 K which are stable up to RT [2]. The reason for this
is not known. Therefore, in this contribution as a first
step we study the electronic and structural properties of
the developed islands of lead on the silicon
reconstructed by indium silicon surface, In(4x1)/Si(111)
at low (~160 K) temperature. The investigation is based
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In Fig.1 the Pb 5d and In 4d atomic levels are
Figure 1. Pb 5d and In 4d doublets for shown as the Pb coverage increases at 160 K. We note
: . that the In 4d doublet is being gradually covered by the
ztblgeroovafh on the In(4x1)/Si(111) surface Pb 5d one. Although the two doublets overlap each
other, the Pb 5d3;, component is not convoluted and can
be analyzed fruitfully. Thus, the Pb 5ds, and Si 2p peak height intensity variation versus the
coverage indicates the formation of islands on the surface. In addition, LEED observations show
that the 4x1 pattern is lost for dosing at least equal to 2D. It is also found that the FWHM of the
Pb 5d3/2 peak decreases with the coverage by at least ~0.2 eV. This might be due to the
different local atomic configuration in Pb islands between the low and higher coverage.
Actually, scanning tunnelling microscopy (STM) measurements have shown that Pb up to ~2
ML forms a wetting layer which progressively turns into self assembled four layer islands [2].
So it seems that Pb adsorption starts with relatively isolated two dimensional islands, which
progressively forms an amorphous wetting layer and finally end up with the formation of mostly
four layer uniform islands.

Binding Energy (eV)

We tried to follow this morphological transformation of Pb by recording the valence band
(VB) measurements are shown in Fig. 2. At first, we observe the characteristic spectrum of the

92 MAX-lab AcTivity ReprorT 2009



Intensity (a.u.)

Pb/In(4x1)/Si(111) VB

160K Pb (doses)

i\\"ﬂ"“

hv=66 eV

0 8 6 4 2 o
Binding Energy (eV)

N

Figure 2. Valence band for Pb
adsorption on the In(4x1)/Si(111)
surface at 160 K.
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4x1 phase which has a metallic character [3]. Gradual Pb
dosing on the In(4x1) surface induces the population of the
Fermi level. This means that the metallicity of the surface
increases with the coverage of lead. In addition, the overall
VB range also changes drastically. For dosing up to 2D, the
evolution of the sharp emission feature at ~1.3 eV and the
~6.35 eV can be attributed to the wetting layer formation.
The first feature can be considered as interfacial Pb-In
states while the second one is probably related with the Pb
6p atomic orbitals. For dosing >2D, the VB spectra
changes drastically, with the previously mentioned features
to be vanished and two new ones to be developing at ~2.2
eV and 7.3 eV respectively. Also a shoulder at ~0.45 eV
appears progressively stronger as the metallicity increases.
This drastic VB spectral change is attributed to the
morphological transformation of the wetting layer into
uniform island height formation. The 2.2 eV and 7.3 eV
can be considered bulk Pb states as the islands are growing
in three dimensions.

In conclusion, the morphology of the Pb overlayer

seems to affect significantly both the valence band as well as the low core levels of the
adsorbate. Next task will be to investigate how the electronic properties of the Pb overlayer
change, as the temperature increases up to the RT. It will be interesting to correlate these
properties with the morphology of the adsorbate on the In(4x1) reconstructed surface, already

known by STM measurements [2].
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Geochemical Relationships between Organic Compounds and
Sandstone Particles
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Nano-Science Center, Department of ChemistryUniversity of Copenhagen,
Universitetsparken 5, DK- 2100 Copenhagen, Denmark

The demand for energy in the world is ever increasing and renewable sources have not
yet become mature enough to decrease the demand for oil significantly. Most of the
world’s easy-to-produce oil has been extracted, so innovative methods will be required to
reach the more than 60% that is left in depleted reservoirs. The oil industry has made
huge efforts to enhance oil recovery, but trial and error and macroscopic investigations
have failed to provide the insight needed to develop more effective extraction strategies.
Fundamental information about the molecular level processes controlling the composition
of fluids and particle structure is required.

We present here our first results from an infrared microspectroscopic study of a
sandstone sample from an oil reservoir performed at Beamline 73 at MAX-lab. Key
questions we seek to answer are:

Where does oil prefer to adhere? To sand grains? To nanoparticles of clay
attached to the sand? Or in the capillary fringes in the pores between the grains?

In Figure 1 is a reflection image of a cut and polished sample of sandstone, with
the aperture set to about 30x30 umz. This image illustrates that the characteristic sizes of
the various components in sandstone have a suitable length scale for infrared microscopy.
It allows for study of either the sand grains
(bright in Fig. 1), or the intergrain material
(dark in Fig. 1).

In Figure 2, infrared transmission
spectra of two different parts of a single
sand grain clearly demonstrate the chemical
heterogeneity of the grain. The red (top)
spectrum shows strong infrared absorption
around 900-1200 cm™, which is consistent
with Si-O or Al-O stretch vibrations from
quartz or feldspar, the two dominant types of
minerals in this sandstone sample,
determined from X-ray diffraction (data not
included). The peaks in the range 1400-1900
are most likely overtones and combination
bands of the same features, but we have not
yet performed a deta%led analysis of these polished sample of sandstone. The center
p ?:aks.. At 72990 cm”, weak C-H stretch square is the aperture for the infrared
vibrations indicate that hydrocl:arbons are microscopy analysis. All scales are in pm.
present and at 3400-3600 cm™, weak O-H

Figure 1. Microscope image of a cut and
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Figure 2. Infrared spectra from two different sites on a single sand grain. The red
(top) image and spectrum are from the center part of the grain, transparent in

visible light. The blue (bottom) image and spectrum is from the dark edge of the
grain.

stretch vibrations are found, which are probably from water or clays.

In the blue (bottom) spectrum absorption from Si-O and Al-O stretches are much
weaker. At the same time, much stronger infrared absorption for C-H and O-H stretches
are observed. By comparing the spectral appearance in the O-H stretch region to
reference mineral spectra (not shown) we can conclude that the majority of the O-H
stretch vibrations come from the clay type kaolinite. Small amounts of water and the clay
illite are present as well. The spectrum in the C-H stretch region is consistent with
aliphatic hydrocarbons. No aromatic rings are present. These would produce absorption
at ~3050 cm™. Functional groups in the oil are difficult to identify without more detailed
analysis and better statistics. Most functional groups have characteristic spectral features
in regions of the spectrum that are obscured by other spectral details such as Si-O
stretches or O-H stretches.

We have used infrared microspectroscopy to identify various minerals present in
the sandstone as a test for its capability for future studies. Future work will aim at

improving sample statistics so we can quantify and confirm the relationships that these
preliminary studies hint at.
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Temperature controlled kinetics of growing and relaxation of alcohol clusters

in Ar matrix

LDoroshenko', V.Pogorelov ! P.Uvdal?, V.Balevicius’, V.Sablinskas®

'"Department of Physics, Kyiv National Taras Shevchenko University, Kiev, UKRAINE
*MAX-lab, Lund University, Lund, SWEDEN
*Department of Physics, Vilnius University, Vilnius, LITHUANIA

The clustering phenomena and structural peculiarities of partially ordered liquids are of great
interest in the scientific community. This interest is even growing in context of recent trends and
developments in studies on modern multifunctional materials, heterogeneous systems and
nanotechnologies. Monohydric alcohols, that usually build broad variety of H-bond aggregates, are
quite simple and convenient models to investigate properties of molecular systems sized over the
mezoscopic scale ( 1 - 100 nm). The importance of the problems connected with the alcohol
clustering, structure and, in particular, with the mechanisms of the diffuse absorption band formation
reflects in the great number of experimental [1, 2], theoretical [3 -5] and combined works [6, 7]
published in the recent years.

The cause of cluster formation in alcohols is the intermolecular hydrogen bond. The vibrational
spectra of liquid alcohols differ from their spectra in gas phase or in matrix by the absence of the
vibrational band of free hydroxyl group vibrations. Instead of this the red-shifted diffuse band, which is
usually associated with the presence of molecular aggregations (clustering), is observed. There are also
the investigations of the dependence of the O-H stretching vibrations on the concentration of the
alcohols in different solvents, for example in CCly [8, 9] and hexane [10]. In these experiments one can
observe the existence of monomeric molecules at low concentrations and their aggregation with the
increasing of the concentration.

It is necessary to note that in all accessible works on alcohols in matrices, droplets and jets the
spectra were investigated at fixed temperatures. The redistribution in intensities of the bands of H-
bonded and non-bonded alcohols was achieved by changing the concentration of investigated
molecules, or by changing the matrix composition, annealing, irradiation etc. It is obvious that more
respectable challenge it would be to find the tools to trace and to control the processes of molecular
clustering continuously. The softening the matrices by heating, and thus producing more ways
(channels) to get alcohols molecules together, seems to be one of such possibilities.

. 45K

40K

35K
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Fig.1 Temperature evolution of FTIR spectra of methanol (a) and ethanol (b) trapped in Ar matrix.
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We have registered the FTIR spectra of the homologous series of monohydric alcohols
(methanol through hexanol) trapped in Ar matrices and analyzed the changes in spectra at increasing
temperature. The transformation of FTIR bands of free hydroxyl groups (3600 — 3800 cm™) into
diffuse bands (3000 - 3600 cm™), which were assigned to the stretching vibrations of the H-bonded O-
H groups in various clusters, was monitored in its initial stage softening the matrices by heating from
20 K to 50 K. The results of these experiments are presented at Fig.1, 2.

3000 3200 3400 3600 o 3200 3400 3600  om’
(a) (b)
Fig.2 Temperature evolution of FTIR spectra of propanol (a) and hexanol (b) trapped in Ar matrix.

This work provides valuable additional information on the process of cluster formation in
alcohols and on the mechanisms of the diffuse absorption band formation during the phase transition
from gas to condensed matter.
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High-resolution FTIR spectra of methanol in the region of O-H stretch

vibration in gas phase
I.Doroshenkol, V.Pogorelov l, P.Uvdalz, J .Ceponkus3, V.Sablinskas®

'Department of Physics, Kyiv National Taras Shevchenko University, Kiev, UKRAINE
’MAX-lab, Lund University, Lund, SWEDEN
*Department of Physics, Vilnius University, Vilnius, LITHUANIA

It is known (see, e.g. [1 - 7]) that in liquid phase the individual molecules aggregate in larger
formations — so called clusters. The special attention in literature is devoted to the researches of
the structure of liquid methanol. In early 60-th L. Pauling [8] supposed that cyclic hexamer is the
most probable form of molecules aggregation in liquid methanol. The structure of liquid
methanol has been investigated by different methods: neutron [9] and X-ray [10] scattering,
vibrational spectroscopy [11], and femtosecond experiments where the lifetimes of molecular
clusters were calculated [12]. The IR spectra of methanol clusters with the different (fixed)
numbers of molecules in a cluster in helium droplets were registered in [13].

In the present contribution we report the high-resolution infrared absorption spectrum of
gaseous methanol in the region of O-H stretch vibration recorded with the Bruker 120 FTIR HR
Fourier transform infrared spectrometer and the infrared synchrotron radiation component
offered by the MAX-I storage ring. Spectra were registerd at five different pressures from
0,1 torr to 2 torr with resolution 0,1 cm™. In Fig. 1 the recorded spectrum of methanol in
frequency region from 3500 to 3800 cm™, the region of free OH group stretch vibrations (lower
curve) at the pressure 0, 1 torr is presented. For comparison in this figure we also show the
spectrum, recorded for the same region with low resolution — 1 ¢cm™ (upper curve). In both
spectra one can see the rotational structure of the studied vibrational band with P-, Q- and R-
branches.
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Fig. 1 The registered infrared absorption spectra of methanol in gas phase
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Methanol is the smallest organic molecule with large amplitude, low frequency, torsional
motion, which couples to rotation and to the vibrational modes. The analysis of these couplings
requires special treatment of the rotational [14] and rovibrational spectra [15] based on the
existence of torsion-vibration levels. It is evident from the high-resolved infrared absorption
spectrum in the frequency range of the non-bonded hydroxyls groups which are present in
gaseous methanol. In the condensed phase, where the individual molecules aggregate in clusters,
this band is shifted towards lower frequencies and became very broad (with the half-width of
about 200 cm™"). The IR spectrum of liquid methanol is presented in Fig.2.
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Fig. 2 Infrared absorption spectrum of liquid methanol registered using ATR technique

The pressure increasing from the value of 0,1 torr to 2 torr has not shown any changes in
the registered infrared absorption spectra of methanol in this frequency region. It is seen that
such low pressures are not sufficient for the beginning of clusterization at room temperature.
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Microspectroscopic characterization of Cretaceous bone proteins
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Claims of endogenous biomolecules® and still-soft tissues® in fossils millions of years old
have been met with scepticism® and some findings have been reinterpreted subsequently as
artefacts, e.g., modern bacterial biofilms®. In order to test current hypotheses on high fidelity
preservation of labile tissues over deep time, fibrous cortical bone from a 70-million-year-old
mosasaur (a giant, secondarily aquatic reptile allied to extant monitor lizards or snakes®) were,
for the first time, analysed under infrared microspectroscopy (the event took place at beamline
73, MAX-lab I, Lund University). The infrared absorbance spectra of demineralized fibre
bundles exhibited peaks corresponding to proteinaceous materials (Fig. 1A). Typical amide
bands of collagen were found at the frequencies of 3210 (Amide A), 1634 (Amide I, random
coil form), 1556 (Amide Il, a-helix), 1292 (Amide 11, a-helix), and 1251 (Amide I, R-sheet)
cm, respectively. These bands are associated with stretching and bending vibrations of the
peptide (CO-NH) bonds, and their positions and heights are sensitive to structural changes of
the triple-helical conformation of the collagen molecule. Vibrational bands corresponding to
nonproteinaceous materials were also indentified (Fig. 1A), and ascribed to, among other
things, phosphate groups (1040 and 1097 cm™) and A-B carbonate (901, 1338, 1373, 1416,
and 1456 cm™) of hydroxyapatite.

The mosasaur fibre signature was compared with vibrational spectra obtained from
demineralized cortical bone from an extant monitor lizard (Varanus exanthematicus) and type
I collagen. Significant similarities between the three spectra included the characteristic 1630,
1660 and 1690 cm™ peaks, and amide bands located in the same wavenumber regions.
Moreover, the distinctive bands of methyl and methylene groups in the 2800-3000 cm™
interval, which is typical of lipids, were also virtually identical.

In order to substantiate our findings comparisons were made also with bacterial biofilms
(i.e., 3-dimensional aggregations of bacteria within a cohesive exopolysaccharide matrix) and
a bacterial collagen-like protein to assess the possibility of protein contamination from
microbial sources. The biofilms and collagen-like protein had compound signatures that were
markedly different from those of the animal collagens, reflecting disparity in molecular
conformation and discrepancies in the vibrational modes of the component bonds.

This observation was further corroborated by cluster analysis of the spectral regions
1200-1800 and 2785-3730 cm™, corresponding to the Amide I-IIl and lipid intervals,
respectively, with Ward’s algorithm. All spectra were pre-processed using first derivative and
vector normalization, and the spectral distances were calculated using the factorization
method (Bruker OPUS 6.5 software). In Figure 1B, two clusters are clearly distinguished and
the mosasaur sample groups robustly with modern animal collagens.
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Figure. 1. A, Synchrotron infrared spectrum (red) from a mosasaur fibre bundle together with another
spectrum (blue) recorded with a 140 x 140 um aperture (conventional light source) showing the
typical frequencies of collagen components and peaks attributed to phosphate and carbonate bands.
B, Cluster analysis of various bacterial biofilms, a collagen-like bacterial protein, mosasaur and
varanid cortical tissues, and type | collagen based on the spectral regions 1200-1800 and 2785-3730
cm™ (peptide bond and lipid interval, respectively).
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Investigation of the spectroscopic properties of combustion generated
particles from the near to far infrared regions using synchrotron
radiation at MAX-lab, beamline 73.

Frederik Ossler?, Linda Vallenhag?, Sophie E. CantonZ, Anders Engdahl?, Per
Uvdal3

'Division of Combustion Physics, Department of Physics, Lund University, LUND, Sweden;
“MAXIab, Lund University, LUND, Sweden; *Department of Chemical Physics ,Lund
University, LUND, Sweden

The project concerns studies of carbon-based particles formed under different conditions of
combustion and how they interact with the environment, radiation and biological systems.
Structural and chemical information is obtained from the identification and composition of
spectral signatures, which are related to different types of bonds, e.g., C-C and C-H, and C-O.
These studies also show a clear connection with problems related the origin of our universe:
Much of the so called unidentified interstellar bands in the infrared region is believed to
originate from polycyclic aromatic hydrocarbons (PAHSs) [1-3], which also play a key role in
the formation of soot particles in combustion [4]. Very little is known about the spectral
properties below 500 cm™ [5,6], although one PAH publication, which is not related
combustion shows interesting features [7]. In combustion it is also believed that particle
formation may be induced by more polymeric heterogeneous structures including elements of
aliphatic and aromatic units and experiments have shown interesting results [4,6]. Thus the
C/H ratio can be a significant indicator of the history of the soot particles. The oxidation of
soot particles in the atmosphere is also important to understand. The level and the types of
bonds oxygen is bound to the carbon can tell us about the aging history of the soot particles.
The first implications on the level of toxicity can also be obtained from a chemical analysis
based on the IR-spectral properties.

The first sets of experiments have been performed on diffusion-like propane Bunsen and
ethylene flames. The species produced were condensed on CaF, and Si plates inserted at
different heights of the flames. The plates were exposed to the flame gases for different
periods of time ranging from 30 seconds to 2 minutes. They were then extracted and cooled
before being inserted into the spectrograph (FTIR) and then analyzed. The images showed
clearly different pattern-like structures that indicated domains of different solubility or degree
of polarity of the species composition distributed over the plate. In order to increase the
spatial resolution in some of the measurements only a small section the synchrotron beam was
used (~10 um x 10 um). Measurements were also performed on some species standards like
aromatic substances and carbynoid samples containing Cu-terminated polyynes. Data from
these measurements is currently being analyzed and will be presented during 2010.
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Fig. 1: Visible wavelength transmission images of CaF; plates exposed to flames.
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Studies of diffusion of signal substances in bone tissue using
infrared microspectroscopy
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The purpose of this project is to increase the understanding of the interaction between mechanical
load and bone growth in mammals. It is commonly known that physical exercise lead to increase of
the bone mass and that the morphology of the bone changes. Further, a capability of healing when
fractured, as well as altering its shape and structure as a result of imposed strain has been observed
Lanyon and Rubin !, and Isaksson et al.2.

A wide range of various experiments show that mechanical load directly or indirectly promote bone
growth. Models of the phenomena based on an assumed direct influence of load sometimes lead to
confusing results and unexpected load rate dependences. The conclusion has been that the interplay
between mechanical load and transport of nutrients and signal substances play an important role
which is not covered in the existing models. In the proposed project an indirect mechanical influence
is suggested (cf. Banks-Sills et al. 3). The model is based on the hypothesis that the primary condition
leading to bone growth is a change of the chemical environment caused by stress driven diffusion.

The most important substances that are believed to be transported through stress driven diffusion
are the prostaglandins, e.g. prostaglandin E2 (PGE2), which according to results from in vivo studies
stimulate osteoblast activity. An alternative could be nitric oxide (NOS) is a strong inhibitor of bone
resorption through processes which decrease the recruitment of osteoclasts.

The role of stress gradients as driving forces of diffusion or other mechanisms of mass transport is
studied. The long term goal is to improve medical treatment of skeletal bone fractures and disorders
like e.g. osteoporosis. Nutrients and signal substances are known to move through the bone, via so
called Haversian canals and narrow channels, canaliculi, and also through segments of compact bone.
The motion is supposed to be a combined convective flow and diffusion, where both are believed to be
affected by mechanical straining. Thus, experimentally determined diffusivity and its stress sensitivity
is required. Further it is necessary to understand the paths through the bone that are used for the
communication of substances.

A previous study has been undertaken using the escape of ions from saturated bone and measure-
ment of conductivity of the surrounding fluid. Additional investigations show that infrared microspec-
troscopy operating in ATR mode is an efficient tool to measure e.g. water diffusion in bone. In a
pilot study performed in the autumn of 2009 raise and fall of deutrium and normal water was followed

1Lanyon, L.E., Rubin, C.T., 1984. Static vs dynamic loads as an influence on bone remodelling. Journal of Biome-
chanics 17, 897-905.

2Isaksson, H., van Donkelaar, C.C., Huiskes, R., Ito, K., 2006. Corroboration of Mechanoregulatory Algorithms for
Tissue Differentiation during Fracture Healing: Comparison with in Vivo Results. Journal of Orthopaedic Research 24,
898-907.

3Banks-Sills, L., Stahle, P., I. Svensson, and Noam, E., Strain Driven Transport for Bone Modelling at the Periosteal
Surface, Report from Solid Mechanics Div., LTH, Lund Sweden.
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Figure 1: (a) Computed distribution of deutrium after almost 3 hours. The deutrium is injected at the
upper edge of the bone cross section. (b) Computed evaporated deutrium. Here ¢, is a free time scale
parameter that remains to be determined. The concentration referense C, is irrelevant in the present
analysis and remains undetermined.

in time. Deutrium was selected for its visibility in the infrared spectrum. The samples were around
2.5 to 3 mm thick cross-sections of the ulna long-bone of a sheep. Three different experiments were
performed. First, the evaporation rates from the sample surfaces were studied for water and deutrium.
The water and deutrium content at the surface was followed for fully saturated samples, that were
placed in the observation chamber. Three different points were monitored. This gave a background
to the measurements following thereafter. Second, transport of water and deutrium in dry bone was
measured in two different tests. The mechanism of transport, presumably different from diffusion
was measured to provide background data for rewetting of partially dried bone. Third, duetrium was
injected along a part of the bone surface and the diffusive transport of deutrium in the fully saturated
wet bone was monitored.

The result is compared with an analytical result for diffusion in bone. A body with a rectangular
cross section is considered. It occupies a rectangular and is assumed to be very large in one direction.
The flux of C' is therefore confined to a plane. The governing equation for diffusion is as follows:

les
S TVDVC =0 (1)

The analytical solution is obtained as a Fourier series expansion in two dimensions. The result is
compared with an approximate solution for a more realistic geometry computed using a finite element
method. Fig. 1a shows the calculated distribution of deutrium after around two hours. A characteristic
accumulated flux is displayed in Fig. 1b. The curve has the features of an exponential approach of
an upper limit with increasing time. The diffusivity coefficient D, here assumed to be constant in the
entire body, is found after the least square adoption of the computed result to the experimental result.
A preliminary result gives a diffusivity constant of D = 2 x 107° m?/s.
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Colloidal resource AB is a consultant company in the field of chemistry, especially physical
chemistry and surface chemistry. In our work we assist industry and start up companies with
their chemistry related questions and problems. We use the facilities at Lund University
including MAX lab. During 2009 we used the IR facility together with Anders Engdahl and
the X-ray facility with Yngve Cerenius.

IR is used both in transmission mode and with the ATR crystal. IR is used in projects to
determine absorption on filters and the permeability of membranes. It is often the medically
associated products that are studied but during 2009 we also looked at laminated packaging
materials.

X-ray was used only once during 2009 and this was to study a n iron complex for an medical
purpose.

Contact person at Colloidal Resource is Dr. Anna Stenstam
+46 (0)702 599 755

anna@colloidalresource.se

www.colloidalresource.se

Colloidal Resource AB, Kemicentrum, Box 124, 221 00 Lund, +46(0)707 522 031, www.colloidalresource.se
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Anders Engdahl is giving a guided tour around beamline 73 during the Study day for teachers about research
at MAX-lab, August 2009.
Photo: Annika Nyberg
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Structures of 1-butene secondary ozonide- conformers or isomers?

S. Strazdaite, R. Bariseviciute, J. Ceponkus, K. Vaskevicius and V. Sablinskas

Department of General Physics and Spectroscopy, Vilnius University,
Universiteto str. 3, Vilnius-01513, Lithuania

The investigations of chemical reactions between alkenes and ozone have considerable practical
importance in modeling of photochemical smog formation. This reaction starts from breaking down
C=C bond of alkene and goes through a few steps forming intermediate unstable species- primary
ozonide (POZ), Criege intermediates (Cl) and secondary ozonide (SOZ). The SOZ is much more
stable than primary ozonide and CI. Under atmospheric conditions it can stay undissociated up to a
couple of days. During this time it can react with other atmospheric species. Reactivity of the sec-
ondary ozonide depends on various parameters including spatial structure of the compound.
1-butene SOZ can form different structures due to two reasons - (I) different orientation of the ali-
phatic radical in respect to the five membered ring of the ozonide, (I1) different attachment of radi-
cal to the ring. The first reason gives so called gauche and trans structures, while the second one —
equatorial and axial structures. Analyzing reactivity of the secondary ozonides in the atmosphere it
is crucial to know if transitions between different structures are taking place at atmospheric tem-
peratures. It depends on the height of energy barriers separating various staggered structures of the
secondary ozonide.

We have proceeded the ozonization reaction in the infrared gas cell of BL73 and obtained FTIR
absorption spectra of gaseous 1-butene SOZ in the temperature range from 200 K to 300 K. The
spectra in the fingerprint region of the five membered ring are presented in Fig. 1. Combining the
experimental spectra with the spectra of theoretically calculated staggered structures it can be con-
cluded that (I) the gaseous 1-butene SOZ consists from at least four stable structures; (1) according
to the intensities of infrared absorption bands all the structures are abundant at the same level (I11)
change of the sample temperature from 200 to 300 K has no influence to relative concentration of
the staggered structures in the gaseous sample of 1-butene ozonide. In order to explain this experi-
mental fact we have calculated energy differences and transition barriers between various staggered
structures of 1-butene SOZ. The results are presented in Table 1. The energy differences suggest
that amount of the different species should vary with temperature significantly if transitions be-
tween structures are possible. The lowest calculated barrier (7.8 kJ/mol) is the barrier between two
O-0 half chair equatorial conformers gauche | and anti. Even this smallest barrier is much higher
than the thermal energy at 300 K. It means that conformational transitions are not possible at room
temperature gas phase sample, which is in agreement to the experimentally observed fact that the
intensities of the spectral bands attributed to different structures do not change in the very broad
temperature interval.

Our theoretical and experimental studies allows to conclude that 1-butene reaction with ozone in
condensed phase results in 1-butene SOZ formed as two isomers axial and equatorial, more over
equatorial isomer consists from three different conformers gauche I, anti and gauche 1l. The fact
that four structures with significantly different energies are observed in the very similar amounts
suggests that izomerization (and conformation) is possible only in the electronically exited state —
the state of SOZ molecule in the first moments after formation. In order to have detailed picture
about formation of various isomers some theoretical calculations of the potential surface of excited
electronic state should be performed. Such studies are underway in our group.
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Fig. 1. From top to bottom: experimental FTIR absorption spectrum of gaseous 1-butene ozonide at
300 K and 220 K; ab initio at B3LYP 6-311++G (3df, 3pd) level calculated spectra of gauche |
equatorial, anti equatorial, gauche Il equatorial and gauche axial structures of secondary ozonide of

1-butene.

Table 1. B3LYP calculated (6-311++G(3df, 3pd)) relative potential energies (AH) and potential '
barriers for four most stable staggered structures of 1-butene secondary ozonide

Transition barrier from less stable
Staggered structure Tocee AH, kJ/mol
to more stable structure, kJ/mol
O-O0 half chair equatorial -
-66.1° 0
gauche |
O-O0 half chair equatorial 7.8
. -177.5° 0.3
anti
O-O0 half chair equatorial 8.5
56.2° 1.6
gauche Il
0-0 half chair axial 175.5° 21 33.0

IR. Bariseviciute, J. Ceponkus, A .Gruodis, V. Sablinskas, Central European Journal of Chemistry, 4, 578-591 (2006).
?R. Bariseviciute, J. Ceponkus, V. Sablinskas, L. Kimtys, J. Mol. Struct., 844-845, (2007) 186-192.
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Infrared spectroscopy of single micrometer sized droplets

E. A. Svensson', M. S. Johnson?, J. B. C. Pettersson' and P. Uvdal®

'Deparment of Chemistry, Atmospheric Science, Goteborg University
’Copenhagen Center for Atmospheric Research, Department of Chemistry, Copenhagen University
*Department of Chemical Physics, Kemicentrum, Lund University

Aerosol particles and their interaction with clouds are of great importance for the understanding of atmospheric processes.
The uptake of water vapor on aerosol particles play crucial role in cloud formation. Most studies of such processes are
performed on ensembles of particles, but in this experiment we study the hygroscopic behavior and chemical properties of

single droplets.

Figure 1. Polyethylene glycol/water mixture droplet (diameter ~30
um) FPA spectrum integrated between 3050 cm™ and 3500 cm™.

In addition to the studies of single trapped particles we have also
initialized experiments on pollen, which cause allergy to people.
Generally, allergens on the surfaces of pollen particles become
more aggressive when they are exposed to air pollution.

We have continued the development and testing of
the University of Copenhagen electrodynamic
balance (EDB) in the infrared microscope at
beamline 73 at Maxlab. The EDB wuses a
combination of AC and DC electrical fields to trap
single, charged particles or droplets for any desired
time period. Hence, the chemical development can
be followed in detail. Using the infrared microscope
we are also able to get a two-dimensional chemical
map of the particle.

The test system which has been used is a mixture of
polyethylene glycol (PEG) and water. In figure 1, the
results from the Focal Plane Array (FPA) detector is
shown. Each point on the surface corresponds to the
integrated absorption between 3050 ¢cm™ and 3050
cm™ which is the range of the C-H stretch band.
Essentially, this view highlights the distribution of
the PEG in the droplet without showing the water.
We thus have the possibility of determining the
distribution of various substances within a droplet.

Figure 2. Microscope image of birch pollen.
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Balasubramanian Thiagarajan, beamline manager at beamline I3 and 14, November, 2009.
Photo: Annika Nyberg
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High-Resolution Infrared Absorption Spectrum of CH.D"°Br

René Wugt Larsen', A. Baldacci?, P. Stoppa® and S. Giorgianni’

!Department of Chemistry, University of Copenhagen, Denmark
“Dipartimento di Chimica Fisica, Universita Ca' Foscari di Venezia, Italy

Methyl bromide, CH3Br, is classified as a Class | ozone-depleting substance since it is readily
photolyzed to form elemental bromine in the atmosphere which is destructive to Earth's
stratospheric ozone layer. Highly accurate infrared spectroscopic data of regular methyl bromide
and its most abundant isotopomers for the atmospheric spectral windows are therefore crucial to
model the opacity of this compound in the stratosphere.

It has been shown that broadband infrared synchrotron radiation from an electron storage ring
source has several advantages for high resolution infrared gas phase spectroscopy close to the
Doppler limit regime owing to the extremely high brilliance and intrinsic polarization compared
with conventional black body radiation sources. An electron storage ring acts as a source with an
effective temperature of the order of 10 000 K. The radiating electrons are confined to a very small
volume, so that the storage ring acts as a point source and a limiting entrance aperture is not
required to collect high-resolution spectra.

The infrared absorption spectrum of an isotopically enriched CH,D'°Br sample has been recorded
with a resolution of 0.0015 cm™ in the spectral region between 650 and 1100 cm™* employing the
Bruker IFS 120 HR Fourier transform infrared spectrometer and the MAX-I storage ring as an
external radiation source [1]. The studied spectral region is characterized by the 15 (A’, 768.8 cm™)
and w (A”, 930.3 cm™) fundamental bands describing D-C-Br deformation and CH, rocking
modes, respectively. The w fundamental appears as an a/b-hybrid band with predominant a-type
character and the v band shows the typical c-type appearance. The spectral analysis including both
these bands has allowed rovibrational line assignments up to high quantum numbers (J = 72 and K,
= 16) in the P- and R-branches of the congested but still well resolved Q-branch of the s band.
Figure 1 displays the rotational structure of the 9Q«(J) sub-branches of this band. Ground-state
combination differences of unblended P, Q and R lines from the two bands have been employed to
extract the ground-state rotational constants, the five quartic and four sextic centrifugal distortion
constants for the first time adapting Watson’s A-reduced Hamiltonian in the I"-representation. The
upper state parameters have been determined by fixing the fitted ground-state constants in a dyad
model including the higher order a-Coriolis coupling parameter 17'5)?9 as listed in Table 1.

REFERENCES
[1] A. Baldacci, P. Stoppa, S. Giorgianni and R. Wugt Larsen, Mol. Phys. 108, DOI: 10.1080/00268970903567270 (2010)
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Fig. 1. The high-resolution infrared absorption spectrum of the v fundamental band of CH,D”°Br showing the
resolved rotational structure of the a-type Q-branch.

Table 1. Spectroscopic parameters (cm™) for the ground, vs =1 and v, = 1 states of CH,D"*Br?.

Parameters Ground state vs=1 vo=1
Y 768.808516(82) 930.353789(82)
A 3.97445755(114) 3.9862648(39) 4.0006428(31)
B 0.29756678(20) 0.29658963(29) 0.29668616(32)
c 0.29232654(20) 0.29128939(29) 0.29137974(35)
Ay x 10° 0.272868(92) 0.272223(99) 0.273700(104)
Ay % 10° 0.330164(113) 0.31944(31) 0.35180(25)
A x 10 0.562090(102) 0.56476(44) 0.59830(27)
& x 10° 0.47691(84) 0.4290(27) 0.5160(33)
Scx 108 0.5525(154) 0.445(65) 0.617(77)
@y x 101 -0.764(128) -0.914(147) -0.827(160)
Dy x 101 0.347(28) 0.258(67) 0.478(52)
Dy x 10 0.517(38) -0.460(127) 0.902(84)
D x 108 0.2727(28) 0.2288(137) 0.3465(65)
% 0.8182(100)
N° 12462 6765 7070

*The quoted errors are one standard deviation in units of the last significant digits. "The number of observations.
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Adsorption of L-cystine and S-methyl-L-cysteine on rutile TiO,(110)

Evren Ataman, Cristina Isvoranu, Jan Knudsen, Jesper N. Andersen, Joachim Schnadt
Division of Synchrotron Radiation Research, Department of Physic, Lund University, Box 118, 221 00 Lund, Sweden.

As a continuation of our previous study, in which the adsorption of L-cysteine (Figure
1(a)) on TiO,(110) was investigated [1], we have studied the adsorption of two similar molecules
on TiO,(110), namely, L-cystine and S-methyl-L-cysteine (Figures 1(b)-(c)). The goal was to
investigate the effects of different functional groups on the adsorption geometry and intra- and
intermolecular interactions for different molecules.

() (b) (c)

Figure 1. The structures of (a) L-cysteine (b) L-cystine and (c) S-methyl-L-cysteine. L-cysteine has three
functional groups, namely, the carboxylic (~COOH ), amino (-NH, ), and thiol (-SH ) groups. The thiol group is
replaced by the disulfide bond in L-cystine, and in S-methyl-L-cysteine hydrogen atom is replaced by a methyl
group.

In Figure 2, the S 2p photoemission spectra are shown for the three molecules adsorbed
on TiO»(110) at similar (sub-monolayer) coverages. For L-cysteine the doublets at ~164.3
(specified by the binding energy of the 2ps;, component) and ~162.3 eV are attributed to the
intact thiol group of the molecules and to either a thiolate or atomic sulfur species on the surface
bridging oxygen defects, respectively [1]. In the case of L-cystine the binding energy value of the
most pronounced peak at ~163.8 eV is in line with the value reported in literature for disulfide
species. The two peaks at ~166.9 and ~162.8 eV are possible indicators of different adsorption
geometries or a dissociation process. This has not been fully clarified yet. For S-methyl-L-
cysteine the position of the peak at ~164 eV is in line with literature values for the -S—CH,
species. The observation of essentially a single doublet indicates that the largest fraction of all S—
CHj3 bonds are not dissociated. The two weak doublets at high and low binding energies are
indicative of the presence of small fractions of dissociated adsorbates.

(@) (b) ©

Figure 2. S 2p photoemission spectra for (a) L-cysteine, (b) L-cystine, and (c) S-Methyl-L-Cysteine molecules
adsorbed on TiO,(110) surface at similar sub-monolayer coverages.
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In Figure 3, the C 1s and O 1s spectra are shown for the same coverages as in Figure 2.
The contributions to the wide low binding energy peaks of the C 1s spectra are not resolved;
however, a peak at around 288 eV binding energy is seen in the L-cystine spectrum. The peak at
289 eV found in all C 1s spectra is attributed to the carbon atom of the carboxylate group. The
energy agrees with that found for deprotonated carboxylic groups, which bind to the substrate in
a bidentate mode. This has, e.g., been observed for L-cysteine on TiO,(110) [1]. The peak at
around 288 eV found in the L-cystine spectrum is attributed to a non-surface-bonded carboxylate
group., i.e., L-cystine bind to the surface through a fraction of their carboxylate groups, while the
remaining carboxylates are not involved in the surface bond. In the N 1s spectra (not shown) we
observed that the peak characteristic of NH; dominated, which can be a sign of that proton of the
carboxylic group is transferred to the amino group for at least early stages of adsorption. In the O
1s spectra only one peak additional to that of the substrate is observed. It is attributed to the two
equivalent oxygen atoms of the carboxylates.

@) (b)
Figure 3. (a) C 1s and (b) O 1s spectra for L-cystine (top), L-cysteine (middle), and S-methyl-L-cysteine (bottom)
adsorbed on TiO,(110) surface. The spectra were recorded at similar adsorbate coverages. The contributions to the
wide peaks in the C 1s spectra at lower binding energies than 288 eV are not fully clarified. In the O 1s spectra one
molecular peak is observed at 532 eV, and it is attributed to the two equivalent oxygen atoms of the carboxylates.

In conclusion, our preliminary analysis of the experimental data show that all three
molecules most likely adsorb on TiO,(110) through their carboxylate group in a bidentate mode.
For L-cystine molecules all carboxylic groups are deprotonated, but not all of them are involved
in the substrate bond. We suggest that the proton is transferred to the amino group. While both
the L-cysteine and L-cystine molecules suffer from dissociation at their sulfur sites, dissociation
is negligible for S-methyl-L-cysteine if present at all.

[1] L-cysteine adsorption on a rutile TiO2(110) surface studied by X-ray photoelectron spectroscopy, E. Ataman, C.
Isvoranu, J. Knudsen, K. Schulte, J. N. Andersen, and J. Schnadt, in manuscript.
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Europium-alloyed Gd,O; nanoparticles studied by PEEM

Linnéa Axelsson!, Linnéa Selegard!, Alexei Zakharov? and Kajsa Uvdal!
' Division of Molecular Surface Physics and Nanoscience, Department of Physics, Chemistry and Biology (IFM),
Linkiping University, SE-581 83 Linkdping, Sweden
2MAX-lab, Lund University, S-221 00 Lund, Sweden

The interest in Gd,O; nanoparticles
have arisen in recent years as a
nanomaterial for contrast enhancement
in Magnetic Resonance Imaging (MRI).
2 Gd,O; nanoparticles are also highly
interesting as host materials for other
lanthanide ions in luminescent nano-
materials.”* The aim of this project is to
acquite  lanthanide-alloyed — Gd,0,
nanoparticles as multifunctional
luminescent and contrast enhancing
nanoprobes for biomedical imaging.

Europium-alloyed Gd,0O; nanoparticles
were investigated by means of
photoelectron  emission  microscopy
(PEEM) at the MAX II synchrotron
storage ring, beamline 1311, at MAX-lab,
Lund. The nanocrystals were
synthesized by the polyol route,™
yielding a nanocrystal suspension in
diethylene  glycol ~ (DEG).  The
nanoparticles sample was then dialyzed
against water to exchange solvents.
Dialyzed Eu:Gd,O, nanoctystals were
spincoated onto a TLl-cleaned Si-
surface with a thin natural silicon oxide
layer.

Figure 1. XPEEM secondary electron
images of 20%FEu-alloyed Gd,0,
nanoparticles on Si-surface with hv =
150 eV, SV= 3V, FoV 50 um.

Figure 2. XPEEM secondary
electron images of 1%FEu-alloyed
Gd,0; nanoparticles on Si-surface.
2) 1%Eu:Gd,0; with SV =-0.1V,
FoV 50 um and b) 1%Eu:Gd,O,
nanoparticles, hv = 150 eV, FoV 25
um.

With XPEEM (X-ray photoelectron
emission microscopy), elemental specific
images are obtained, utilizing the
contrast in the XPEEM images due to
the lower work function of Gd
nanoparticles as compared to the Si
substrate. In this study, the distribution
of gadolinium in 20% and 1% Eu-
alloyed Gd,O; nanoparticles on the Si-
surface is studied by XPEEM secondary
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normally evaporated at 850 °C. When
the oxide layer is removed, the Si is
exposed and the surface becomes very
reactive, forming SiC.

The surface was annealed to remove
catbon in order to image the nano-
crystals, while keeping the annealing
temperature below 850 °C. The sample
was slowly heated and simultaneously
imaged by LEEM images (Figure 3) of
20%Eu:Gd,0O; nanocrystals on  Si-
surface at ~ 185, 230 and 760 °C. As the
temperature increases, crystal growth
starts and larger crystals are formed.

This project is supported by grants from the
Swedish  Research Council (VR), The
Swedish ~ Governmental — Agency  for
Innovation Systems (VINNOVA) and Catl
Tryggers Foundation. The authors are also
grateful for all help from the Max-lab staff
during the measurements.

References:

) Park, J. Y.; Baek, M. J.;
Choi, E. S.; Woo, S.; Kim, J. H.; Kim, T.
J.; Jung, J. C; Chae, K. S.; Chang, Y.;
Lee, G. H. ACS Nano 2009, 3, 3663.

2 Engstrom, M.; Klasson,
A.; Pedersen, H.; Vahlberg, C.; Kall, P.
O.; Uvdal, K. Magn Reson Mater Phy
2006, 79, 180.

3 Bazzi, R.; Flores, M. A,;
Louis, C.; Lebbou, K.; Zhang, W.;
Dujardin, C.; Roux, S.; Mercier, B.;
Ledoux, G.; Bernstein, E.; Perriat, P.;
Tillement, O. J Colloid Interf Sci 2004,

273,191.
Figure 3. LEEM images (FoV 20 4 Petoral, R. M.; Sodetlind,
um) of 20%Eu:Gd,O; at a) 185 °C, F.; Klasson, A.; Suska, A.; Fortin, M. A;
SV =515V, b) 230 °C,SV =74V Abrikossova, N.; Selegard, L.; Kall, P.
and c¢) 760 °C, SV = 7.4 V. O.; Engstrom, M.; Uvdal, K. | Phys Chem

2009, 773, 6913.
electron images (hv = 150 V), see T

Figures 1 and 2.

The surface was annealed by current
heating on the back side to remove
hydrocarbon from the air and remaining
DEG. The oxidized layer on Si-wafers is
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Charge transfer from a gold surface to adsorbed Cgz, molecules: resonant
photoemission and new core-hole decay channels

Andrew J. Britton,! Anna Rienzo,! Karina Schulte,? and James N. O’Shea!

18chool of Physics and Astronomy, University of Nottingham, Nottingham, NG7 2RD, UK
°MAX-lab, Lund University, Box 118, 221 00 Lund, Sweden

Cgo is an ideal building block for molecular devices because electrons can easily be donated to the fullerene cage
from other molecules, atoms and surfaces. The core-hole clock! implementation of resonant photoemission (RPES)
has led to the quantification of charge-transfer dynamics from adsorbed molecules to both semiconductor? and metal
surfaces®*. Nevertheless, in the case of metallic surfaces, where there is the possibility for the core-excited LUMO
to lie below the Fermi edge of the substrate such as gold (111), our RPES data have shown possible evidence for
ultra-fast back donation into a small chemisorbed aromatic molecule (bi-isonicotinic acid) on the timescale of the
core-hole lifetime3.

Experiments were carried out on the I311 beamline at MAX II using the Scienta SES200 hemispherical analyzer.
The gold (111) substrate was a single crystal of dimensions 10mm diameter x 2.5mm. The substrate was cleaned
using cycles of sputtering using 1kV Ar ions and then annealing at 900K by passing a current through the tungsten
wire mount. The cleanliness of the sample was checked by monitoring the disappearance of the C 1s core level.

Cgo was evaporated using a Knudsen cell type evaporator onto the sample at a distance of ~ 20cm. The evaporation
took place at a temperature of ~ 425 °C and the substrate was kept at room temperature during the deposition. A
multilayer of Cgp was produced by depositing it for sufficient time so as to suppress the substrate Au 4f photoemission
signal and to produce the characteristic symmetric lineshape and shake-up features in the C 1s spectrum®. To obtain
a monolayer coverage, the sample was then heated to 300°C to desorb the physisorbed multilayer so as to leave the
chemisorbed monolayer. Again, the monolayer coverage was checked by monitoring the C 1s and Au 4f core-level
peaks and the emergence of the characteristic monolayer C 1s lineshape®.

Two-dimensional resonant photoemission datasets were measured for the clean Au(111) surface, a multilayer of Cgo
and a Cgy monolayer. The monolayer and multilayer datasets are shown in figure 1 and are obtained by measuring
the valence band photoemission from around 16 eV binding energy at a range of photon energies covering the C
1s absorption edge in 0.1 ¢V steps. The clean surface spectrum (not shown) exhibits simply an intense band due
simply to the direct valence band photoemission of the clean Au(111). The faint vertical lines in the background of
the multilayer and monolayer spectra are the direct photoemission peaks of Cgo valence band. At the resonance for
the LUMO (Lowest Unoccupied Molecular Orbitals) there is a strong resonant enhancement of the HOMO (Highest
Occupied Molecular Orbitals). This is known as participator decay, arising from the originally excited electron being
involved in the non-radiative core-hole decay, leading to a final state identical to that of direct photoemission!. In
addition to these participator electrons, there are features that track with constant kinetic energy which arises from
spectator decay of the core-hole. In this case, the originally excited electron is not involved in the decay process,
but merely spectates as an otherwise normal Auger process occurs. The spectator decay features occur in the upper
triangle of the graph where there is a high intensity so they can not be observed easily.

In the RPES spectrum for the Cgp monolayer shown in figure 1b, three low binding energy (high kinetic energy)
features are clearly observed. These are absent from either the clean surface or multilayer spectra. These three
features track with constant kinetic energy and must, therefore, arise from a new Auger-like decay channel available
only to those molecules directly coupled to the metal surface. The spacings and profile of the constant KE features
are reminiscent of the spacings and the profile of peaks in valence band spectra for the Cgp multilayer, suggesting a
connection between them.

As a consequence, it is reasonable to assume that the origin of the three constant kinetic energy features lies
in an Auger-like core-hole decay process involving the HOMO, HOMO-1 and HOMO-2 of the fullerene molecule.
Furthermore, it is clear that the resulting decay process must involve an interaction with the gold substrate since
these features are absent from the multilayer or the clean Au(111) spectra. Calibrated NEXAFS and valence band
spectra of the monolayer show that the LUMO lies partially below the Fermi level of the gold, allowing charge transfer
between the substrate and the LUMO energetically possible.

The highest kinetic energy feature of the three tracks back to the binding energy of the HOMO at the LUMO
position, and hence results in a final state indistinguishable from both direct photoemission of the charge-transferred
molecule HOMO and participator decay in resonant photoemission. The kinetic energy of these features is higher
than can be achieved by the molecule with its ground state complement of electrons, requiring an additional electron
to be transferred from states near the Fermi level of the Au(111) substrate into the LUMO, which can then take part
in the autoionization core-hole decay process. The electron which has come from the substrate acts as a spectator
electron in a core-hole auger decay.
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FIG. 1: Resonant Photoemission spectra for a multilayer of Cgo (a) and monolayer of Ceo (b). The horizontal axis represents
the binding energy and the vertical axis is the photon energy. The multilayer spectrum has been calibrated using the diagonal
2nd order C 1s line in the top right hand corner to take account of steady state charging. Note the three diagonal lines on the
monolayer spectra that represent phenomena with constant kinetic energy.

The observed kinetic energy features do not depend on the timing of the charge transfer, whether it occurs in the
ground state or the core-excited state. However, the additional electron is most likely transferred from the substrate
in the ground state rather than within the core-hole lifetime in the core-excited state. This assertion is based on the
observation of very slow charge transfer in the forward direction from the molecule into the conduction band of the
substrate, certainly outside the core-hole lifetime. ” Corehole clock” analysis calculates the upper limit of the charge
transfer to the surface using the ratios of the normalized intensity of the LUMO peaks in the NEXAFS and RPES
for both the monolayer and multilayer along the lines along the lines of Briihwiler et al.'+.

Charge transfer in the ground state agrees with evidence from angle resolved photoemission in which LUMO-derived
intensity was found where we measure the core-excited LUMO to be located®. In the context of x-ray absorption,
this would suggest that core-excitonic effects do not play a significant role where the molecule is chemisorbed to a
metallic surface in a bonding mechanism largely characterized by charge transfer.

A. Brithwiler, O. Karis, and N. Martensson, Reviews of Modern Physics 74, 703 (2002).
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Corel level photoemission spectroscopy studies of hydrogen intercalated

zerolayer graphene on SiC(0001)
C. Coletti, K.V. Emtsev, T. lwasaki, A. Al-Temimy, S. Forti, and U. Starke
Max-Planck-Institut fir Festkdrperforschung, Heisenbergstr. 1, D-70569 Stuttgart, Germany

During the beamtime of April 2009 our group obtained insightful results concerning hydrogen
intercalated epitaxial graphene on SiC(0001) (see the respective report) which was published
in [1]. In the work performed in December 2009 at beamline 1311 we carried on further
investigations on the nature and evolution upon annealing of the chemical bonds for H-
intercalated zerolayer graphene on SiC(0001). To that end, epitaxial zerolayer graphene
samples were annealed in a chemical vapor deposition (CVD) reactor in hydrogen atmosphere
in the home-lab in Stuttgart as in [1] and transported to MAX-Lab for high resolution core
level photoemission studies (CLPES).

Figure 1. C 1s (a) and Si 2p (b) core level spectra for a H-treated zerolayer graphene sample (bottom
spectra) and the same sample annealed at increasing temperatures.

Fig. 1 shows the Cls and Si2p core level spectra measured for a H-intercalated zerolayer
sample after annealing at stepwise increasing temperatures. Different photon energies were
used to investigate these core level regions so that the vertical position of the different species
could be identified. The energies shown in Fig. 1 are 140 eV and 450 eV for the Si 2p and
C1s spectra, respectively. The components contributing to the spectra were decomposed by a
curve fitting procedure. With the exception of the graphene component, which was realized
through a Doniach-Sunjic profile to account of the metallic behavior [2], all other curves were
Gaussian-Lorentzian line shapes. The energy calibration for each spectrum was performed by
using a reference Ta4f peak measured every time the photon energy was varied. The
experimental data points are displayed in black dots. The gray solid line is the envelope of the
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fitted components. The bottom curve in Fig. 1 shows the Cls spectrum measured after
outgassing the H-treated sample at a temperature of 700 °C. At this temperature according to

[1] and to angle resolved photoemission spectroscopy (ARPES) analysis we obtain neutrally
charged quasi-free standing monolayer graphene thanks to the passivation of the substrate Si
dangling bonds operated by the hydrogen and the consequent lifting of the zerolayer. Hence,
the dominant peak at 284.5 eV (black line) is attributed to the neutrally charged monolayer
graphene while the SiC bulk component is observed at 283.2 eV (red line). The absence of the
S1 and S2 interface components is indicative of a fully successful H-intercalation and hence
zerolayer lifting. Similar to the case of H-intercalated monolayer samples [1], annealing at

temperature higher than 800 °C causes a progressive hydrogen desorption with consequent

appearance of the S1 and S2 interface components (light blue lines) [4]. Their contribution
increases in the Cl1s spectrum for increasing annealing temperatures and concurrently the
monolayer graphene related component decreases in relative intensity, symptom of a
progressive retrieve of the original zerolayer structure. Moreover, the SiC related component

gradually shifts towards higher binding energies (BE). After annealing at 1030 °C, the

hydrogen is completely desorbed. The SiC bulk component is observed at 283.9 eV (total
shift from the bottom spectrum ~ 0.7 eV). A minor contribution from patches of the sample
where monolayer was originally present can be observed (as indicated by the persistence of
the black monolayer line shape in the top C1s spectrum).

After outgassing at 700 °C, the Si2p line shape can only be fitted by using two spin-orbit split
doublets. The one at lower BE originates from the SiC bulk while the one located at higher
BE arises from Si-H bonds. Annealing at a temperature higher than 800 °C leads to a decrease
in the intensity of the Si-H related component, to a progressive shift to higher BE of the SiC
component and to the appearance of two additional doublets. The one at lower BE (light blue

line) is attributed to the Si atoms bonded to the (6V3x6V3 )R30° reconstructed zerolayer while

the very small one at lower BE (green line) to surface defects. The Si-H component
completely disappears after annealing at 1030 °C. The total shift observed for the Si 2p bulk
component amounts to 0.7 eV consistent with the C 1s level and similar with what reported
for H-treated monolayer [1].

In conclusion, the data shows that zerolayer graphene can be completely decoupled from the
SiC substrate via H-intercalation thus becoming a quasi-free standing monolayer graphene.
This is well demonstrated by the absence, after H-treatment and for annealing temperature
below 700 °C, of the S1 and S2 interface components and by the presence of Si-H chemical
bonds. Moreover at those low annealing temperatures the peak location for the decoupled
quasi-free standing monolayer graphene indicates a charge neutrality condition which
confirms a successful electronic passivation of the Si dangling bonds of the SiC(0001) surface
so that negative charge is not transferred to the graphene overlayer. The SiC related peaks
shift of 0.7 eV from H-treated to clean samples confirming that the SiC surface presents
chemical bonding with hydrogen and therefore experiences a band bending. Moreover, the
FWHM of the SiC and graphene peaks present lower values for H-treated than for clean
samples. This might suggest that the H-intercalation relieves the mechanical strain caused in
graphene and SiC by the lattice mismatch.

[1] C. Riedl, C. Coletti, T. Iwasaki, A. A. Zakharov, and U. Starke, Phys. Rev. Lett., 103 (24), 24684
(2009).

[2] K.V. Emtsev , A. Bostwick, K. Horn, et al., Nature Materials 8, 203-207 (2009).

[3] T. Seyller, J. Phys.: Condens. Matter 16, S1755 (2004).

[4] K.V. Emtsev, F. Speck, Th. Seyller, L. Ley, and J.D. Riley, Phys. Rev. B 77, 155303 (2008).
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LEEM studies of quasi-free standing epitaxial graphene on SiC(0001)

obtained by hydrogen intercalation

C. Coletti®, C. Riedl', K.V. Emtsev*, T. lwasaki’, A. Al-Temimy*, S. Forti*, A.A. Zakharov?,
and U. Starke'

"Max-Planck-Institut fiir Festkdrperforschung, Heisenbergstr. 1, D-70569 Stuttgart, Germany
’MAX-Lab, Lund University, Lund, $-22100, Sweden

The preparation of epitaxial graphene on SiC(0001) by high temperature annealing [1,2] is
one of the most promising approaches to exploit the recently discovered spectacular
properties of graphene [3] for applications in carbon based nanoelectronics. However, the
influence of the interface layer between graphene and the SiC(0001) substrate has so far
imposed strong limitations. Recently, we offered a promising solution by the method of
hydrogen intercalation below epitaxial graphene on SiC(0001) [4,5,6]. The hydrogen
passivates the SiC substrate and decouples the epitaxial graphene generating quasi-free
standing graphene on SiC(0001). At beamline 1311 we investigated the morphology of the ex-
situ prepared hydrogen intercalated graphene samples with low energy electron microscopy
(LEEMIII instrument) at different sample temperatures.

LEEM allows to identify the number of
graphene layers on SiC from the
number of dips in the electron reflec-
tivity spectra between 0 and 8 eV [7,8].
In Fig. 1, LEEM micrographs are shown
for an electron energy of 51 eV
measured in the same area of the sample
with (panel (a)) and without (panel (c))
intercalated hydrogen. The electron
reflectivity spectra for the different
surface domains A, B and C as labeled
in panel (a) are plotted in panel (b). The
number of dips in the spectra identifies
region A, B and C as bi-, tri-, and four
layer graphene. The advantage of the
low homogeneity of the sample is that
the effect of hydrogen on patches with
different thickness can be observed.

Fig. 1. (4 4) um? LEEM micrographs recorded with an Atter desprblng the hyd£0gen through
electron energy of 5.1 eV for the same area of (a) a an annealing step at 900°C, the spatial
hydrogen-treated graphene sample after outgassing at  distribution of these domains does not
400°C and (c) annealed at 900°C. The electron reflectivity  change as shown in panel (c). However,
spectra obtained for the regions A, B, and C are plotted in  their LEEM intensity changes and the
panels (b) and (d), respectively, labeled with the number reflectivity spectra as plotted in panel
of graphene monolayers (ML). . . .
(d) identify a complete transformation
of (n+1)-layer thick areas into (n)-layer thick areas (n=1,2,3). Note that the region labeled D
in Fig. 1 displays the same intensity before and after desorption of the hydrogen (and a flat
reflectivity spectrum) and is attributed to surface defects, e.g. from residual polishing damage.
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The powerful combination of hydrogen intercalation and the recently developed atmospheric
pressure graphitization technique (Ref. [9]) leads to the growth of a defined number of quasi-
free-standing epitaxial graphene layers with a homogeneity in the (10 um)? range and could
be groundbreaking for the future implementation of graphene-based nanoelectronics. Figure 2
(a) displays a bright field LEEM image from quasi-free-standing monolayer graphene on an
originally chemically mechanically polished 4H-SiC(0001) sample. The surface shows a state
of the art homogeneity with terrace sizes in the (10 um)? range. An inspection of different
surface areas, which are marked in the LEEM image, clearly identify all regions to be
monolayer graphene (panel (b)) since the intensity curves exhibit one minimum only. The
slight contrast difference between the domains A,B and C, D at around 5.0 eV (panel (a-b)),
is not due to a different number of graphene layers. At a different sample position we
investigated the gray and white area in more detail by micro-LEED. The corresponding
diffraction patterns measured at 111 eV are shown in the insets of panel (a). They exhibit the
threefold symmetry of the SiC-substrate whereas the gray and the white region differ by a
rotation of the substrate of 60°C with respect to each other. This observation just reflects the
two different possible stacking terminations of the 4H-SiC(0001) surface. After hydrogen
desorption monolayer graphene has completely transformed back to zerolayer graphene
without changes in the morphology. Fig. 2 (c) displays the corresponding LEEM image at 2.0
eV of the same surface area as before. The intensity spectra shown in panel (d) for different
surface regions indeed have no pronounced minimum and are of zerolayer character [4].

Fig. 2. LEEM images together with electron reflectivity spectra of the indicated surface areas showing quasi-

free-standing monolayer graphene on a large scale before (panel (a-b)) and after (panel (c-d)) hydrogen

desorption. The slight contrast change between different surface domains in panel (a) is due to SiC substrate

domains with a mutual rotation of 60°C as shown in the micro-LEED patterns in the insets of panel (a).
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Electronic and structural decoupling of epitaxial graphene from SiC(0001)
surface by a germanium buffer layer
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*MAX-Lab, Lund University, Lund, S-22100, Sweden

Due to its unique properties graphene has attracted enormous interest of physicists and
material scientists in the last five years. Epitaxial growth of graphene on single crystal SiC
wafers is considered among the most promising methods for large scale graphene fabrication
[1]. From previous photoemission measurements [2] we know that as-grown epitaxial
graphene on SiC(0001) resides on top of the so-called buffer layer (also referred to as 6v3
reconstruction according to its LEED pattern, see Fig. 1(a)). The latter consists of a carbon
layer with graphene-like topology and bond lengths but with strong covalent bonds to the SiC
substrate. The 6V3 buffer layer plays an important role passivating dangling bonds of the
substrate, so that overlying graphene layers exhibit truly delocalized m-orbitals [2]. The
interface, however, contains a high density of surface states that pin the position of the Fermi
level in graphene at a very high electron doping level of about 1-10** cm™. Interface states
were also suggested to act as scattering centers responsible for the lowered mobility of charge
carriers in epitaxial graphene. An elegant way to circumvent this problem by passivating
interface states with hydrogen was recently demonstrated [3]. In this contribution we show
that the electrically inactive 6v3 buffer layer can be structurally and electronically decoupled
from the SiC substrate by intercalating an atomic layer of germanium at the interface with the
substrate. This results in the formation of a quasi-free standing graphene film that is separated
from the substrate by a Ge buffer layer.

The buffer layer samples were prepared by annealing the SiC(0001) samples in argon at
T=1550°C in our home CVD reactor in Stuttgart. In contrast to conventional UHV annealing
utilized earlier this novel preparation method preserves the very smooth morphology of the
substrate and significantly improves the homogeneity of the buffer layer domains [4].

Fig. 1 presents the LEED patterns, high resolution C1s core level spectra, as well as ARPES
valence band maps of the samples before and after deposition of several monolayers of Ge
followed by subsequent annealing at T=720°C. As evident from the LEED patterns in Fig.1(a,
b) such a treatment result in a complete disappearance of the initial 63 reconstruction. Only
graphene related spots remain visible. Further strong changes can be seen in the Cls core
level spectra in Fig. 1(c, d). Two broad components (s; and s;) of the buffer layer which
reflect different chemical bonding of carbon atoms within the buffer layer (see Ref. [2]) are
now converged into a single sharp graphene-like peak. Note also that the signal of the SiC
substrate is significantly damped in comparison to the initial surface. The above observations
can be reconciled in a model where Ge atoms diffuse underneath the buffer layer, break its
covalent bonds to the substrate and hence structurally decouple the graphene from the SiC
substrate. Furthermore, ARPES valence band maps in the vicinity of the K-point of
graphene’s Brillouin zone in Fig. 1(e, f) demonstrate a complete recovery of the electronic
structure expected for quasi-free standing graphene after the Ge intercalation process.

The microsctucture of the surface before and after decoupling of the buffer layer from the SiC
surface was investigated by means of low energy electron microscopy (LEEM).
Corresponding LEEM micrographs are presented in Fig.2. As can be seen the domains of the
decoupled graphene film are of the same size as on the initial samples, that is, of the order of
several pum in width.
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Initial 63 reconctruction (buffer layer) on SiC(0001)

(@) (© )

Quasi-free standing graphene/Ge/SiC(0001)

(b) (d) (f)

Fig. 1. MicroLEED patterns (a, b), C1s core level spectra (c, d), and ARPES valence band maps in
the vicinity of the K-point of graphene’s Brillouin zone (e, f) taken from the intial 643 reconstructed
surface (upper panel) and after germanium deposition followed by vacuum annealing at T=700°C
(lower panel). In (a, b) the electron energy was 40 eV. Vectors (s1, Sz) and (g1, g2) correspond to
reciprocal lattice vectors of graphene and the SiC lattice, respectively.

€)) (b) (c)

Fig. 2. LEEM micrographs of the initial 6v3 reconctruction (a) and of quasi-free standing graphene
obtained by intercalation of Ge atoms at the interface with SiC (b) as well as their corresponding
reflectivity LEEM I-V spectra (c).
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Surface core-level shiftson clean Si(001) studied with photoelectron
spectroscopy and DFT calculations
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The clean Si(001) surface has a well-established structure consisting of tilted Si-dimers that
form a c(4x2) periodicity, see Fig. 1. This reconstruction affects the binding energy of the S
2p core-level of the atoms in the near surface layers. By applying high-resolution core-level
spectroscopy in combination with calculations of core-level shifts, we are able to make a
one-to-one identification of surface core-level shifts with the unique atoms down to the
fourth atomic layer [1].

The Si 2p data were acquired at BL 1311 using the Scienta SES200 electron analyzer. The
experimental energy resolution was about 30 meV and the acceptance angle was about +
5.5°. The clean Si(001) sample (n-type P, 2 Qcm) was prepared by direct resistive heating up
to 1520 K until no photoemission intensity from the C 1s or O 1s core-levels could be
observed. The quality of the surface reconstruction was assessed by inspection of the low-
energy electron diffraction pattern. Liquid nitrogen was used to cool the sample resulting in a
temperature of 100 K. A Si 2p spectrum is shown by the dots in Fig. 2. The spectrum has
been decomposed into various components that originate from the different unique atoms of
the ¢(4x2) reconstruction, see Fig. 1. The fitting parameters and the information about the
various components are found in table I. To make a one-to-one identification of the
components with a specific type of atom we have here compared with our calculated surface
core-level shifts.

All calculated results were obtained by density functional theory calculations in the
generdized gradient approximation using the full-potential (linearized) augmented plane-
wavetlocal orbitals method within the WIEN2k code [2]. The repeated dabs consisted of
eleven (001)-layers. The dabs had the dimer structure of the c(4x2) reconstruction on one
side, and were H terminated on the other side. Calculated surface core-level shifts were
obtained both with and without final state effectsincluded. Significant core-level shifts were
found within the four outermost atomic layers. In agreement with an earlier study [3] we
conclude that final state effects are important in order to reproduce the experimental core-
level shifts. The final state effect on the core-level Si 2p energy is particularly strong for the
down-atom due very efficient screening, which originates from the fact that the empty
dangling bond band is located on this type atom. Our combined experimenta and theoretical
study has resulted in a very detailed assignment of the surface shifted components of the Si
2p spectrum from Si(001)c(4x2) down to the fourth atomic layer.

[1] P.E.J. Eriksson and R.I.G. Uhrberg, Phys. Rev. B 81, 125443 (2010).
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FIG. 1. Top and side views of the ¢(4x2) reconstruction.

FIG. 2: Normal emission Si 2p core-level spectrum (dots) obtained at 100 K. A bulk (black)
and six shifted surface components (gray), constructed of spin-orbit split Voigt functions, are
used to generate the fit (solid curve). The residua intensity is shown relative to the base line.

TABLE I: Fitting parameters of the S 2p components in Fig. 2. The parameters are binding
energy relative to the bulk (E), Gaussian width (GW) and percentage (%) of the tota
intensity. The Lorentzian width was 0.046 €V. The spin-orbit split was 0.605 eV and the
branching ratios were in the range 0.488-0.511. The last two rows, labeled “Origins’,
summarize the identification of the atomic origins of the various components.

The number that appears as a subscript on the atom label isthe calculated core-level shift.
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Influence of Au Nano Particles on the Self-Propelled Motion of Mesoscopic
Droplets
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Synchrotron Radiation Research, Lund University

A. A. Zakharov
MAX-lab, Lund University

Ga droplets form on the GaP(111)B surface when it is annealed above the maximum temperature
for congruent evaporation. After the droplets have formed they start to move across the surface.
On the clean surface the droplets move perpendicular to and uphill the steps introduced by the
wafer miscut. We have now found that nanometer sized Au particles deposited on the surface can
drastically change the dynamics of the micrometer sized Ga droplets. Instead of the
unidirectional movement seen on the clean surface the droplets on the Au particle covered
surface will move in random directions. We have also found that the Au particles themselves
move during annealing on the GaP(111)B surface and that they act as starting points for oxide
desorption.

Thermal decomposition of 111-V surfaces is well known and has been studied for a long time [1].
Above the maximum temperature for congruent evaporation the group V component
preferentially desorbs and droplets of the group 111 component form on the surface. Traditionally
the droplet formation has been considered a nuisance complicating the growth of perfect
epitaxial interfaces but the droplets also have many useful and interesting properties. One very
interesting property of droplets on surfaces is self-propelled motion. It is found in many different
types of materials systems [2, 3]. Recently self-propelled motion was observed for Ga droplets
on the GaAs(001)[4] and GaP(111)B [5] surfaces. On GaP(111)B annealing at 700°C leads to
the formation of Ga droplets. All droplets move in the same direction across the surface
perpendicular to and uphill the surface steps. A simple mechanism has been proposed recently[5],
based on extensive Spectroscopic PhotoEmission and Low energy Electron Microscopy
(SPELEEM) and Scanning Tunneling Microscopy (STM) measurements.

We have now found using SPELEEM and STM that the presence of nanometer sized Au
particles alter the dynamics of Ga droplets on the GaP(111)B surface. When Au nano particles
are present the droplets do not move unidirectionally, but in random directions.

SPELEEM measurements were performed with the Elmitec LEEM 111 connected to the soft x-
ray beamline 311 at MAX-lab. The STM measurements were carried out with a commercial
Omicron VT STM Xa at a base pressure of 1x10™° mbar. The GaP(111)B samples were cut from
epi-ready substrates. Au nano particles (50-80 nm, 0.5-1/um?) were deposited by an aerosol
deposition method [6] on the whole or on one half of the sample. The surface oxide was
desorbed by annealing at a temperature around 650°C. The oxide desorption was followed live in
with the SPELEEM. It was also observed that at this temperature the Au particles move around
on the surface. When only half the sample was covered by Au particles it could be noted that the
oxide desorption begin at the Au particle covered side since the Au particles act as starting points
for oxide desorption. After further annealing above 700°C the Au particles can no longer be
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observed. An explanation for this could be that the particles dissolve the GaP to form an Au-Ga
compound and thus sink into the surface. At this temperature the Ga droplets also start to form
and move in random directions. It is interesting to note that when Au particles are present on half
the sample the Ga droplets move in random directions only on the Au particle covered side. If
they cross the boundary to the clean side of the sample their movement will become
unidirectional. This suggests that the Au particles have a very local effect. No differences in the
atomic scale structure between the clean and the Au particle covered surface could however be
observed with STM or u-LEED. It is intriguing how the extremely low amount of Au in the
particles can completely change the dynamics of the micrometer sized Ga droplets. It is also
useful since the Au particles could be used as a means to steer the droplet movement.

A) LEEM image of Ga droplets on GaP(111)B. The droplets move in the same direction and have left trails on the
surface.

B) LEEM image of Ga droplets on GaP(111)B with deposited Au nano particles (not visible in the image). The Ga
droplets have moved in random directions on the surface.
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Doped InP Nanowires Studied by SPELEEM
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11I-V semiconductor nanowires (NWs) have long been proposed as future key components within a
wide range of areas, e.g. sensing, (opto)electronics and photovoltaics. Because the nanowires allow
integration of IlI-V materials directly with the existing Si platform used in industry, they enable high
performance at low cost. Much of the research performed so far has been focused on growing
perfect single crystal nanowires, but a prerequisite for most devices is the ability to in a controlled
manner, both spatially and magnitude wise, dope the structures.

We have performed combined Spectroscopic PhotoEmission and Low Energy Electron Microscopy
(SPELEEM) and X-ray Photoemission Spectroscopy (XPS) on doped InP nanowires at beamline i311 at
MAX-lab. The nanowires were grown using Metal Organic Vapor Phase Epitaxy (MOVPE) and an Au-
seed particle was used to define the size of the wires. The precursors for the growth were
trimethylindium (TMI) and phosphine (PH3) while dimethylzinc (DMZn) and tetraethyltin (TESn) were
used as precursors for p- and n-type dopants respectively. In addition to homogenously doped wires,
we have also investigated double pn-junction nanowires where the dopants have been switched
during growth resulting in an n-p-n-p type structure. A detailed description of the growth of pn-
junction NWs have been published previously[1]. After growth the nanowires were transferred to a
HF-etched Si-wafer and put into vacuum. The nanowires were cleaned in an atomic hydrogen
atmosphere at 400°C, removing most of the native oxide.

In Fig 1 a. a scanning electron micrograph showing a free-standing double pn-junction nanowire can
be seen. No apparent change of the contrast occurs along the nanowire. In the SPELEEM, however, it
is immediately evident that the NWs are comprised of segments, as seen in Fig 1 b. and c. When low
energy electrons are used to image the nanowires, Fig 1 b., both the n- and p-parts are possible to
distinguish as well as the catalytic gold particle in the top. The different segments are even more
apparent if X-rays are incident on the sample and the secondary electrons are analyzed, as is seen in
Fig 1 c. The contrast arises due to a small change in the secondary emission peak between the n and
p part which demands a narrow energy window (0.2eV) when imaging. The magnitude of the
secondary electron emission can be correlated with a specific dope level similar to what has
previously been seen on patterned Si surfaces [2]. With the SPELEEM we also imaged using electrons
from specific core levels and thus became very surface sensitive; in contrast to when secondary
electrons were used which were emitted from many nanometers down in the sample. In Fig 1 d. only
electrons from the In4d core make up the image and no contrast can be seen along the NW
indicating that we still have some In-oxide on the nanowire and therefore we cannot probe the bulk
properties.

[1]M.T. Borgstrom et al., Nanotechnology 19, 445602 (2008)

[2] M. Hovorka et al., Journal of Microscopy 230, 42 (2008)
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Figure:

a) SEM image of a double pn-junction NW. The sample is tilted 30°.

b) Mirror Electron Microscope (MEM) image of a double pn-junction InP NW. The n and p segments
are indicated as well as the Au-particle. Start voltage 0.1 eV.

c) XPEEM image using secondary electrons. The n and p segments are indicated as well as the Au-
particle. Start voltage 0.1 eV, hv 70 eV

d) XPEEM image using In4d electrons. No contrast difference can be seen at the different segments.
Start voltage 47.6 eV, hv 70 eV
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Spin Quench on the Iron 3d States of Iron Phthalocyanine Caused by
Metal-Ligand Bond Formation
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In the present study the interaction between the electron acceptor carbon
monoxide (CO) and nitric oxide (NO) molecules and iron phthalocyanine (FePc)
monolayers on a Au(111) support was studied by means of x-ray photoemission
spectroscopy. Nitric oxide and carbon monoxide are diatomic molecules with unique
and rich chemistry. Nitric oxide molecule has one unpaired electron on the nitrogen
atom, being thus a free radical species, expected to be very reactive. It is a signalling
molecule in many physiological processes in the human body [1] and also an air
pollutant. Carbon monoxide is a highly toxic gas, produced from the partial oxidation
of hydrocarbons. What makes CO chemistry unique is that the negative part of the
dipole is at the carbon end of the molecule, making the carbon atom the reactive part
of the molecule [2].

The results show the formation of FePc(CO) and FePc(NO) complexes. It is
important to notice that the ligand adsorption changes the open shell structure on the
iron atom into a close shell structure, the new FePc(CO) and FePc(NO) complexes
being low spin compounds, as can be seen from the changes involved in the Fe 2p
core levels (Figure 1). Figure 1 shows the Fe 2p core-levels of FePc monolayers
before and after adsorption of an amount of gas which corresponds to 4 Langmuir.
The changes involved are quite similar in both cases. A significant narrowing of the
spectra occurs upon adsorption and also a shift towards higher binding energies is
observed. The broad, multiplet structure characteristic for the Fe 2p spectrum of the
monolayer with a FWHM of 3.7 eV becomes 1.1 eV in the case of CO adsorption,
while NO gives a FWHM of the Fe 2ps, line of 1.3 eV. It is the narrowing of the Fe

2p photoemission line that we attribute to the formation of the low spin complexes.
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Also, a 1.15 eV shift of the low binding energy feature in the spectra occurs in the
case of CO adsorption, while NO causes a shift with the magnitude of 1.35 eV,
consistent with the knowledge that NO is a stronger electron acceptor than CO [3]. In
conclusion, apart from a spin quench, the CO and NO ligands also decrease the
electronic density around the iron atom. Our findings indicate the possibility of
controlling and tailoring the spin state on organic complexes by adsorption of

molecular ligands.

(@) ()

Fe 2p,, XPS Fe 2p,,, XPS HE

FiNasl -

AR TERYT| REWTRE e

T LAARREAMAMY MR T T it

Figure 1 (a) Fe 2ps; photoemission spectra for an FePc monolayer on Au(111) before
and after adsorbing 4 Langmuirs of CO (a) and NO(b). A significant narrowing of the
spectra occurs upon gas adsorption, together with a shift towards higher binding
energy of the low binding energy feature at around 707.8 eV.

L. J. Ignarro, Nitric Oxide — Biology and Pathology, Academic Press, San Diego 2000.

2D, F. Shriver, P. W: Atkins, and C. H. Langford, Inorganic Chemistry 2™ edition, Oxford University
Press, Oxford Melbourne Tokyo 1994.

3 D. F. Shriver, P. W: Atkins, and C. H. Langford, Inorganic Chemistry 2™ edition, Oxford University
Press, Oxford Melbourne Tokyo 1994.
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Because of their unique properties pththalocyanines are among the most
important class of macrocycle compounds. The macrocycles exhibit aromatic
character, due to the planar structure consisting in a conjugated array of = electrons.
As a consequence of their aromaticity, the molecules have high thermal and chemical
stability [1] and they are stable under electromagnetic radiation. In particular,
phthalocyanines on solid supports are are promising candidates for novel catalytic
[2,3,4] and gas sensing applications [5,6,7,8,9].

The adsorption of pyridine on well ordered, flat lying iron phthalocyanine
(FePc) monolayers on Au(111) was investigated by means of x-ray photoemission
spectroscopy and Xx-ray absorption spectroscopy. The adsorption experiments were
carried out at liquid nitrogen temperature. The results show that pyridine coordinates
to the iron site of iron phthalocyanine and that the coordination causes significant
changes in the electronic structure of the iron phthalocyanine molecular network. The
N 1s and Fe 2ps, photoemission spectra before and after adsorbing increasing amount
of pyridine on iron phthalocyanine monolayers on Au(111) are shown in Figure 1. As
proved by the narrowing of the Fe 2p spectra, the ligand field produced by the
pyridine ligand results in a spin quench of the FePc molecule. The saturation coverage
indicated in Figure 1 corresponds to the point where the Fe 2p spectrum shape stops
changing, indicating the coverage where all the iron centres in the monolayer are
coordinated to pyridine molecules. Also, in the N 1s spectra additional peak features
show up on the high binding energy side of the N 1s FePc peak, indicating different
adsorption sites for pyridine. The highest binding energy peak at around 400.2 eV is
due to pyridine molecules coordinated to iron, while the feature at around 399.3 eV is

due to pyridine molecules physisorbed on the FePc macrocycle on other sites than the
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iron. These results fit in well with previous studies, which have shown the possibility
of tailoring the electronic structure of phthalocyanine derivatives by ligand attachment

[10,11] or by atom-by-atom manipulation [12].

Figure 1 (@) N 1s and (b) Fe 2ps/, photoemission spectra before and after adsorption of
increasing amounts of pyridine on FePc monolayers on Au(111). Additional peak
features show up on the high binding energy side of the N 1s FePc peak, indicating
different adsorption sites for pyridine. Also, the Fe 2ps;, spectra get significantly
narrower after pyridine adsorption.
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reduced iron-oxide films
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The development of and research into new and better catalysts for the preferential oxidation of CO
(CO-PROX) immersed in a mixture of H,, CO and O, gases has gained renewed interest due to the
increasing importance of low-temperature fuel cells [1] with operating temperatures between 80 -
100°C. CO poisons the anodes of such fuel cells and thus it has to be removed from the fuel cell feed.
Conventional CO-PROX catalysts (Pt, Ru, Rh supported on alumina) operate at temperatures between
150 - 200°C, too high for low temperature fuel cells, while Au particles on o-Fe,O3 have been
suggested as a new and effective low-temperature catalyst [2].

Here we used X-ray photoelectron spectroscopy (XPS) to study the CO adsorption properties of Au-
particles vapor deposited onto an ultrathin FeO(111) film supported on Pt(111). The iron-oxide film is
very inert and it is thus an excellent support material for UHV studies of gas-adsorption and reactions
on metallic nano-particles.

We found that it is possible to tune the CO adsorption properties considerably by changing the
temperature, at which the Au particles are grown at the FeO(111) film. This is illustrated on fig. 1 (a)
and (b), showing the Au4f;, peak of Au particles deposited at room temperature and 100 K,
respectively. The CO induced shift towards higher binding energies [3, 4] is clearly increased when
Au adsorption is done at 100 K.

Interestingly, we observe an increased CO adsorption on Au-particles deposited at room temperature
on partly reduced FeO(111) film [5, 6] (see fig. 1(c)) as compared to Au particles supported on a
pristine FeO(111) film. Using Scanning tunneling microscopy (STM) we explain the increased CO
adsorption with a decreased Au particle size induced by the defects.

Fig. 2 (a) shows a STM-image of an ultrathin FeO film grown by sublimating Fe in-situ followed by
oxidation. Individual atoms and the characteristic moiré superstructure are clearly observed.
Previously, we have shown how one can make and control the density of dislocations by reduction the
oxide film with atomic hydrogen [5,6]. The dislocations disappear completely after Au-deposition
suggesting that the Au-particles bind close to the dislocations (see fig. 2(b-c)). A tentative model
explaining how the defects are removed by Au adsorption is shown in fig. 2(d).
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Fig. 1: () XPS spectra of Au 4f;, region of Au particles deposited onto a FeO(111) film at RT before (black) and
after (red) CO adsorption(10 L) at 100 K. (b) XPS spectra of Au 4f;, region of Au particles deposited onto a
FeO(111) film at 100 K before (black) and after (red) CO adsorption (10 L) at 100 K. (c) XPS spectra of Au 4f;,
region of Au particles deposited onto a pristine (red) and partly reduced (blue) FeO(111) film at RT after CO
adsorption at 100 K.

Fig. 2.: (a) STM image of the FeO(111) film on Pt(111) shown with atomic resolution. (b) STM image showing
dislocations formed after partly reduction with atomic hydrogen. These dislocations act as anchoring sites for the
Au-particles and they can thus be used to control the size-distribution of the Au-particles. (c) STM images of
Au-particles grown in-situ on the partly reduced FeO(111) film. Clearly, the Au-particles remove the
dislocations. (d) Tentative model explaining how the Au-particles remove the dislocations. O (red), twofold
coordinated Fe (dark-grey), threefold coordinated Fe (black), Pt (light-grey), and Au (orange).
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The interaction of oxygen with transition metal surfaces has long gained significant attention
in both fundamental and applied research, due to its importance in heterogeneous catalysis
and corrosion. For well-defined low-index single crystal surfaces this has established a rather
profound understanding, which ranges from the early stages of on-surface oxygen adsorption
to the formation of surface- and bulk-oxide phases [1]. Recently and as a step towards higher
material’s complexity, the interaction of oxygen with vicinal metal surfaces, consisting of
periodic arrays of atomic steps, has become an intriguing subject of investigation. Here, we
employ a scanning tunneling microscopy (STM) and high-resolution core-level spectroscopy
(HR-XPS) measurements using synchrotron radiation to study the initial oxidation of vicinal
Pd(100) surfaces exhibiting close-packed (111) steps. The XPS data analysis is supported by
detailed surface-core level shift calculations based on density-functional theory (DFT).

Two stepped Pd(100) surfaces have been employed in our experimental investigation, Pd(119)
and Pd(1 1 17) which consist of (100) terraces that are 5 and 9 atom rows wide, respectively,
and separated by {111} faceted steps, 12.6 A and 23.4 A apart. The STM image (Fig. 1)
demonstrate that exposing both surfaces to oxygen at a pressure of 5x10™ mbar and at 520 K
results in the decoration of the Pd steps by a (2x1) zigzag chains, while a p(2x2)
superstructure can be discerned on the larger (100) terraces. Recent cluster-expansion based
density functional theoretical study [2] has predicted that over a wide range of an oxygen
chemical potential oxygen adatoms decorate the alternating sites at the (111) steps of a
stepped Pd(100) surface in a characteristic Pd-O zigzag structure, while the (100) terraces are
covered by a chemisorbed p(2x2) layer (see the model sketched in the right panel of Fig. 2).
To test the validity of this structure model we have performed peak decomposition analysis of
the corresponding experimental Pd 3d core-level shapes according to the calculated surface
core-level shifts (SCLS): the results are displayed in Fig. 2. The computed SCLS for the
various Pd atoms labeled on the structure model in the right panel of Fig.2 are displayed as
bars below the spectrum. They reveal an intriguing complexity beyond what one would
expect from simply accounting for the number of directly coordinated O atoms. In such a
view, the similarly coordinated upper step atoms Pd1 and Pd2 should exhibit roughly similar
SCLSs, while the actually computed values differ by about 150 meV. The same holds for the
difference of atoms Pd3 and Pd4, and in turn their largely different SCLSs compared to those
of the other terrace atoms Pd5 — Pd8. The reason for this symmetry breaking is that the
position of the upper step edge O atom, denoted Thu in Fig. 2, does not really correspond to
the ideal fourfold hollow site. Instead it is better described as a quasi-threefold coordination,
with the Thu O atom much stronger bound to the Pd4 atom with a bond length of 2.01 A than
to the Pd3 atom with a bond length of 2.83 A. As a result, the computed SCLSs divide
roughly into four groups that comprise in parts seemingly inequivalent Pd surface atoms, cf.
Fig. 2: One component at -400+20 meV due to the essentially zerofold O-coordinated atoms
Pd3 and Pd10, one centered around the bulk peak from the terrace atoms Pd5 — PdS8, one
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component at 330+40 meV due to Pd4 and Pd9, and finally an even further shifted component
due to the most strongly O-coordinated Pd1 and Pd2 atoms at the upper step edge. As shown
in Fig. 2 a corresponding deconvolution of the experimental spectrum into four components
yields indeed an excellent fit after only minor optimization of the binding energies to A (-370
meV), B (0 meV), C (+330 meV) and D (+580 meV).

Fig.2: (left panel) Peak decomposition analysis of the Pd
3dsp, line shape of the Pd(119) surface exposed to 5L O,
9 O+
Fig.1: STM images of oxygen dosed (a) at 5x10” mbar. The calcqlated SCLSs for the p(2x2)-O
Pd(119),100Ax100A, +0.4V, 0.InA and zigzag step model are displayed as bars at the bottom,
(b) Pd(1 1 17) surfaces, 100Ax75A, -+4 following the notation for the different Pd surface atoms
mV, 0.1 nA). ’ ’ given in the schematic top view in the right panel.

In conclusion we have presented STM and high-resolution XPS data to address the initial
oxidation of vicinal Pd surfaces exhibiting (100) terraces and close-packed (111) steps.
Supported by a detailed SCLS analysis through DFT calculations our measurements indicate a
rapid oxygen decoration of the (111) steps in a characteristic (2x1) zigzag pattern, followed
by the formation of a p(2x2)-O overlayer on the terraces.

Financial support was provided by the Austrian Science Funds (FWF) within project S90
“Nanoscience on Surfaces”, and the ERC Advanced Grant SEPON. Support during experiments by
MAX-Lab is gratefully acknowledged.
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Graphene is one promising candidate for the next generation of electronic devices [1] with
high temperature annealing of SiC(0001) wafers being the preparation method of choice [2,3].
However, the influence of the (6V3x6V3)R30° reconstructed interface layer between epitaxial
graphene and the SiC(0001) substrate has so far imposed strong limitations. Recently, we
offered a promising solution by the method of hydrogen intercalation below epitaxial
graphene on SiC(0001) [4,5,6]. The hydrogen treatment of the samples was conducted ex-situ
in a chemical vapor deposition (CVD) reactor at temperatures between 600 °C and 1000 °C in
ultra-pure molecular hydrogen at atmospheric pressures. At beamline 1311 we investigated the
C 1s and Si 2p core level spectra of the hydrogen intercalated graphene samples at different
sample temperatures.

The interface layer between graphene and SiC(0001) is a covalently bound initial carbon
layer. Since it does not yet exhibit the typical electronic properties of graphene (i.e. m-bands)
it is often called “zerolayer (ZL) graphene”. As shown in the side view models in Fig. 1 (a)
for zerolayer graphene and in Fig. 1 (f) for monolayer graphene the hydrogen breaks and
saturates the respective bonds of the interface layer and decouples the epitaxial graphene
generating quasi-free-standing monolayer and bilayer graphene, respectively. In angular
resolved photoemission spectroscopy (ARPES) using He Il excitation in the “home
laboratory” the transformation between zerolayer graphene (panel (b)) and quasi-free-
standing monolayer graphene (panel (c)) as well as between monolayer graphene (panel (g))
and quasi-free-standing bilayer graphene (panel (h)) is straight away evident. Note that after
outgassing to 700 °C the samples show conditions very close to charge neutrality. From low
energy electron diffraction (LEED) measured at beamline 1311 a geometrical decoupling is
obvious from the strong suppression of the (6v/3x6V3)R30° related diffraction spots (panel (d)
and (i)). At temperatures around 1000 °C the hydrogen has completely desorbed so that
zerolayer graphene and monolayer graphene, respectively, are re-established as can be seen
from the LEED patterns in panel (e) and (j).

Fig. 1. Hydrogen intercalation below (a-e) zerolayer (ZL) and (f-j) monolayer (ML) epitaxial graphene on
SiC(0001). (a) and (f) Side view models of the hydrogen intercalation process. (b-c) and (g-h) Dispersion of
the graphene n-bands measured before and after hydrogen intercalation plus subsequent outgassing to 700°C,
(d-e) and (i-j) LEED patterns of zerolayer and monolayer graphene before and after hydrogen desorption.
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For detailed information about the
chemical bonds in the near surface
region C 1s and Si 2p core level
spectra for an ex-situ hydrogen-
treated monolayer sample annealed
at different temperatures are plotted
in Fig. 2. Bulk and surface related
species are identified by varying the
incident photon energy; the energy
shown in Fig. 3 is 450 eV for the C
1s and 140 eV for the Si 2p spectra.
The bottom curve in Fig. 2 (a) shows
the C 1s spectrum measured after
outgassing the ex-situ hydro-gen-
treated sample at a temperature of
around 400 °C. The dominant peak

Fig. 2 C 1s (a) and Si 2p (b) core level spectra for a hydrogen at.284'6 eV'is the graphene relat-ed
tre%ted mongliyer grapﬁege) sample (botrt)om spectra) );nd Eihe (bilayer) componer]t G(BL) while
same sample annealed at increasing temperatures. The the broader, less intense peak at
experimental data are displayed in black dots. Different 283.0 eV is the SiC (bulk) related
components, ac_cordingl_y labeled i_n the spectra, are fitted into  component. We emphasize the com-
the_C '1s e}nd Si 2p regions by a line shape analysis. The gray plete absence of the (6\/3X6\/3)R30°
solid line is the envelope of the fitted components. .

reconstruction related components
[7]. At annealing temperatures higher than 700 °C the hydrogen starts to desorb, as indicated
by the appearance of the interface components S1 and S2, which result from the carbon atoms
in the re-establishing interface layer [7]. The hydrogen desorption is accompanied by the
appearance of a second (monolayer) graphene related peak G(ML) (black line), representing
those patches where the hydrogen has left. Eventually, after annealing at 1060 °C, the C 1s
spectrum assumes the shape of normal epitaxial monolayer graphene. The total shift of the
SiC bulk component amounts to 1 eV confirming the presence of hydrogen bonds. which
cause a corresponding band bending.
Further evidence of the existence of Si-H bonds is brought by the Si 2p data. The Si 2p
spectrum obtained after initial outgassing (bottom curve in Fig. 2 (b)) consists of two spin-
orbit split doublets. The binding energies are given with respect to the Si 2ps, component.
The dominant peak at 100.6 eV (dark blue line) can be assigned to the bulk component and
the one at 100.9 eV (red line) to Si-H bonds. After annealing at 730 °C the Si 2p spectrum can
be accurately fitted only by introducing two additional components: the one at higher binding
energy (light blue line) is attributed to the Si atoms bonded to the (6V3x6V3)R30° structure,
the small one at lower binding energy (green line) to surface defects. These components
increase in intensity for increasing annealing temperatures while the Si-H component
gradually vanishes and completely disappears at 1060 °C. The total shift observed for the Si
2p bulk component amounts to 1 eV in agreement with the C 1s bulk peak.
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Chemistry of glycine at the water — Pt{111} interface
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Adsorption of the amino acid glycine
on clean and water-covered Pt{111}
was studied in ultra-high vacuum by
means of X-ray  Photoelectron
Spectroscopy. On the clean platinum
surface glycine adsorbs molecularly in
the first layer giving rise a single peak
in N1s at the binding energy of 399.6
eV (Figure 1 (a)) and two peaks with
similar intensities in O1s region (not
shown here), which is associated with
the intact molecules in its neutral state.
In the second and consecutive layers
glycine adsorbs in its zwitterionic form,
which has a characteristic N 1s peak at
401.1 eV (or higher for multilayers)
and a single O1s peak (not shown). The
observation of neutral glycine on clean
Pt{111} disagrees with earlier XPS
results, where the authors report the
zwittrionic form already at mono- and
submonolayer coverages [1], however
this appears to be due to a disagreement
in the coverage calibration. The
photoelectron spectra shown in [1] are
clearly those that we assign to glycine
multilayers (see Figure 1) by comparing

Sweden

Hy 'N—

(d) 2.3 sat. cov. Gl
330K

— L e
3 e n Ty
= AT
> R A
s .
8 3(c) 0.8 sat. cov. Gly ~ "
> 200 K L~ -,
‘@ wmm_,w" V\‘Mw-w.»/.n
@ I
§ o] -

(b) H,0 / Gly S

145K Pl e
- LA .
B G g RO PRI

(a) Gly / H,0
145 K

hY
e
LR L R L L RN R L R RN R Rl RN R RN RN RRRR RS LAY

I""|‘""I""|""I""|'"'I""|""I""|"""I
404 402 400 398 396
Binding energy (eV)

Figure 1. N 1s photoelectron spectra of (a) glycine adsorbed
on water bilayer at 145 K (black) and 265 K (after complete
water desorption, grey); (b) water adsorbed on glycine
overlayer at 145 K; (c) glycine overlayer on clean Pt{111} in
vacuum at 200K; (d) glycine multilayers annealed to 330 K.

Photon energy 525 eV

the peak intensities with those of known coverages of oxygen and CO.

Annealing multilayers to 330 K leads to the desorption of the third and consecutive layers and a
bilayer of glycine molecules is obtained (Figure 1 (d)). At this temperature glycine molecules in the
first layer appear to re-order on the surface, which leads to the shift in binding energy on N 1s peak

(Figure 1 (a and b)). The second layer is more stable than the multilayers and desorbs at higher
temperature competing with decomposition. The glycine overlayer decomposes completely above

144
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370K. The increased stability of the second layer is in agreement with earlier TPD experiments on
glycine adsorption on Pt{111} and Pd{111} surfaces [1,2].

Adsorption of water on top of glycine overlayers on Pt{111} does not lead to significant changes in
the chemical state of the molecules. Only a small shift of binding energy in the N1s region is observed
implying the formation of hydrogen bonds with water molecules (Figure 1 (b)).

The N1s spectrum of glycine adsorbtion ontop of a water layer on Pt{111} at 145 K is shown in
Figure 1(a) (black data points). Clearly, the majority of glycine adsorbs in its zwitterionic form. This
is in a good agreement with the observation of zwitterionic glycine in the second and following layers
on clean Pt{111}. Figure 2 shows N1s temperature-programmed XPS as a plot of intensity against
binding energy and sample temperature. The spectrum clearly shows continuous transition of
zwitterionic form of glycine to the molecular. The glycine layer left on the surface after annealing to
265 K (Figure 1 (a) grey data points) is spectroscopically indistinguishable from the layer prepared by
adsorption in vacuum (Figure 1 (c).

The experiments show that the presence of water (ice) in UHV at temperatures below 200K, does not
change the chemical state of glycine on Pt{111}. On the other hand, our recent studies of glycine on
Cu{110} [3] showed a dramatic change of the surface chemistry when water is present at room
temperature at near-ambient pressure, which indicates that the higher temperature is required to
overcome the activation barrier for reaction.
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Figure 2. N 1s TP-XP spectrum as a plot of intensity against
binding energy and sample temperature during annealing Gly
/ H,O / Pt{111}. Temperature ramp 0.1 K/s. Photon energy
525 eV.

MAX-lab AcTivity RerorT 2009 145



SYNCHROTRON RADIATION — BEAMLINE 1311

Adsoption of Ca on the TiSe, surface
Hans Starnberg
Department of Physics, University of Gothenburg, SE-412 96 Géteborg, Sweden

The layered transition metal dichalcogenides are of great interest due to their strongly
anisotropic properties. Their properties can be altered by intercalation with e.g. alkali metals,
which has been extensively studied by photoelectron spectroscopy. Intercalation is possible
also with other metals, but few such systems have been significantly explored. Intercalation
with polyvalent metals may result in new interesting phenomena. If some valence electrons
remain on the metal atoms, they may form localized or delocalized states, depending on the
density and ordering of intercalated atom. The aim of this study is to determine the behaviour
of Ca atoms when deposited on the TiSe, surface, and whether intercalation is achieved at
room temperature in this system.

Core level and valence band photoelectron spectra from the Ca/TiSe, system were measured
on the 1311 beamline. A clean and flat surface was obtained by cleaving a TiSe, single
crystal. Ca was deposited onto the surface from a resistively heated evaporator. A quartz
crystal resonator was used to monitor the deposition rate. A series of depositions were done
and photoelectron spectra were recorded before, between and after the depositions. The
sample was kept at room temperature.

Fig 1: Normal emission Se 3d spectra Fig 2: Normal emission Ti 2p spectra
from the Ca dosed TiSe, surface. from the Ca dosed TiSe, surface.
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Fig 3: Normal emission valence band Fig 4: Normal emission Ca 2p spectra from

spectra from the Ca dosed TiSe,, surface. the Ca dosed TiSe, surface. The uppermost
spectrum was obtained from a thick Ca film
deposited with the sample at liquid nitrogen
temperature.

Figure 1 shows that the Ca deposition has a strong effect on the Se 3d emission. Three distinct
components are clearly visible: Peak A is due to pristine TiSe; is , peak B appears during the
early stage of the deposition, and peak C becomes dominant as the deposition continues. The
two latter peaks are possibly due to formation of CaSe and CacTiSe;.

The effect of Ca deposition on the Ti 2p emission, as seen in figure 2, is less dramatic. The
pristine peak D is broadened, but not markedly shifted. The shoulder E could possibly be due
to formation of Ti metal.

The valence band spectra in figure 3 indicate that electrons are transferred from Ca to the Ti
3d band of the host layers (peak F), in analogy with alkali intercalation systems.

Figure 4 shows the Ca 2p spectra, and here the almost constant emission going from 0.3 to 0.6
nm coverage suggests that the Ca deposited at this stage is intercalated rather than building up
at the surface.

In conclusion, this preliminary study suggests that Ca intercalation occurs in in the studied
system, but there are also indications of a competing reaction that break up the host layers.
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One-dimensional oxide-metal hybrid structures: site-specific enhanced
reactivity for CO oxidation
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! Institute of Physics, Surface and Interface Physics, Karl-Franzens University Graz,
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We have employed quasi-one-dimensional (1-D) oxide-metal hybrid structures, which consist of
nickel oxide nanowires attached to the step atoms of a vicinal Rh(553) surface. The decoration of the
Rh steps with monoatomic rows of Ni adatoms followed by selective oxidation generates
pseudomorphically strained 1-D stripes of NiO, stoichiometry [1,2]. Here we report that these
NiO,/Rh nanowires exhibit superior reactivity for the oxidation of CO, as compared to the bare
stepped Rh(553) surface. This reaction has been probed by adsorbing CO onto the O covered surfaces
at 90K followed by stepwise annealing to elevated temperatures to initiate the oxidation reaction. The
reactant species at the surface have been followed experimentally by high-resolution core level X-ray
photoelectron spectroscopy (HR-XPS) with the use of synchrotron radiation, and theoretically by ab
initio density functional theory (DFT) calculations.

The oxidation of CO on the NiO,—Rh(553) surface is illustrated in Fig. 1: the NiO,-Rh(553) surface
has been saturated with CO at 90 K and subsequently flashed to elevated temperatures. The C 1s
spectrum of the CO saturated NiO,-Rh(553) surface is similar to the one from the CO saturated O-
Rh(553) surface, with two main components due to CO molecules adsorbed in on-top terrace (T-t) and
high-coordinated hollow and/or bridge terrace (HC-t) sites. On heating, the C 1s spectra show that the
HC-t component decreases first and vanishes at ~300K, whereas the T-t starts to decrease at T > 250 K
and has disappeared at T 420 K (Fig. la,c). The O 1s spectra reveal a more complex behavior: there
is a transfer of spectral weight from the NiO, component to a new O component, at somewhat higher
BE, with increasing temperature (Fig. 1b). The latter is associated with reduced NiO,. nanostructures.
This reduction of NiO, to NiO, is unambiguously confirmed by the Ni 2p;;, core level shift to lower
BE of the corresponding XPS spectra. The BE shift of the Ni 2ps,, core level line is included in Fig.
1(d): the shift of the Ni core level to lower BE indicating the reduction of the NiO, nanowires follows
closely the trend of the decrease of the intensity of the NiO, component. The Ni 2ps, BE after
completion of the oxidation cycle is close to the calculated DFT value for the NiO zig-zag structures.
The O 1s spectra indicate that the NiO, reduction, and thus the CO oxidation reaction, sets in at T >
150 K, i.e. at much lower temperature than on the O-Rh(553) surface. Three stages can be
distinguished in the evolution of the O 1s spectra with temperature. Stage I between 150 - 250 K,
where the decrease of the intensity of the NiO, component correlates well with the intensity reduction
of the CO HC-t peak, indicating that CO molecules in higher-coordinated (HC) sites react first with
the oxygen atoms of the NiO, nanowires. The NiO,, component appears in the spectra as a result of
this reduction/oxidation reaction. Competitively with the reaction, some desorption of COyc, takes
also place. In stage II, between 250-320 K, most of the COyc molecules have disappeared from the
surface, the NiO, and NiO,., intensities remain approximately constant, but the COr component loses
half of its initial intensity mainly due to thermal desorption. Above 320 K (stage III), the NiO, X
NiO,. reaction is accelerated and is completed after heating to 440 K.

The calculation of the reaction barriers confirms several reaction steps. The lowest energy path of the
initial step is sketched in Fig. 2. Starting from CO in HC-t sites, the CO molecule reacts with O at the
lower NiO, step edge. The highest energy barrier along this path (TS2) is 1.05 eV, which is
significantly lower than the energy barrier of ~1.30 eV on the Rh terraces or on a flat Rh(111) surface.
The second reaction step is the further reduction of NiO, by the reaction of CO with O at the upper
NiO, step edge to yield the NiO zig-zag structures. This step is predicted to happen significantly
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slower, as the TS of this reaction sequence involves O-Rhyyper-step bond breaking with a barrier of 1.30
eV. Therefore the second reaction step is similar to the corresponding reaction at the Rh terraces. The
experimentally observed low temperature onset of the CO oxidation reaction (stage I in Fig. 1) on the
NiO,-Rh(553) surface is in full accord with this reaction scenario. In addition, the oxidation occurring
during stage III in Fig. 1 is then most naturally attributed to the reaction of CO with Opper-siep Of NiO7«
to yield the NiO zig-zag structures. Although the simulations predict again a low barrier of 1.1 eV for
a further reduction of the NiO stripes, this was not observed in the present experiments, because the
CO adsorbed at low temperature had already been removed from the surface by reaction steps 1 + 2
and by desorption.

Fig.2: Energy diagram of the lowest energy
reaction path of the initial step of the CO
oxidation reaction on NiO, - Rh(553)
(involving the reaction of CO with the low-
step oxygen). The geometry models at the top

Fig.l1: C Is (a) and O 1s (b) core level spectra from left to right correspond to the starting

from the NiO, decorated Rh(553) surface exposed statg of adsoirb'ed CO in a HC site, the highest
to CO saturation at 90 K and after heating to the barrler‘ transition state (TS 42)’ and _thSA final
indicated temperatures. Integrated C 1s (c) and O desorbing CO; state, respectively, as indicated

Is (d) XPS intensities of the various spectral by the arro'ws'.(light. grey: Pd; red: oxygen;
components as a function of temperature. dark yellow: Ni; blue: carbon).

In conclusion, we have shown that the 1-D Ni oxide-Rh hybrid system, formed by step decoration of a
Rh(553) surface with pseudomorphic NiO, nanowires, exhibits a superior catalytic reactivity for the
oxidation of CO as compared to the bare stepped Rh surface. The O atoms shared between Ni and Rh
at the 1-D interface support more favourable transition state geometries with lower energy barriers
than on the bare O covered Rh(553) surface. We have demonstrated with a simple model reaction that
low-dimensional nanoscopic hybrid systems, i.e. electronically and elastically coupled oxide-metal
nanostructures, can exhibit a higher catalytic reactivity than single phase systems.

Financial support was provided by the Austrian Science Funds (FWF) within projects Y218 and S90
“Nanoscience on Surfaces”, and the ERC Advanced Grant SEPON. JNA acknowledges financial support by the
Swedish Research Council. Support during experiments by MAX-Lab is gratefully acknowledged.
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Mn304(001) overlayers on Pd(100): structure and thermal reduction
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Terminations of bulk Mn;O, (hausmannite) crystal surfaces belong to the so-called polar surfaces,
which are formally characterised by an uncompensated electrostatic potential giving rise to a non-zero
dipole moment perpendicular to the surface [1]. The stabilisation mechanism of these surfaces is to a
large extent unexplored, in particular when they are prepared in the form of ultrathin films with a
thickness of only few atomic layers, the so-called oxide nanolayers. Here we investigate the structure
nd thermal stability of Mn;O4(001) nanolayers (up to 20 ML thick) supported on a Pd(100) surface by
a combination of LEEM, micro-LEED, PEEM and dynamic atomic force microscopy (AFM)
measurements. Stoichiometric Mn;O,4(001) structures have been prepared by heating MnO(001) films
on Pd(100) in an oxygen pressure of 2x10 mbar at 450°C, as described previously [2].

LEEM images of the Mn;04(001) films (Fig. 1a) display typically a fine-grained homogeneous surface,
which does not show any contrast in PEEM. Micro-LEED images (Fig. 1b) exhibit a characteristic
diffraction pattern, which could not be resolved in such a great detail in macroscopic LEED images,
where only broad spots have been observed [2]. AFM Af images (Fig. 1c) show that the surface
consists of atomically flat terraces, displaying striped pattern, with the stripes separated by a distance
of ~ 3nm and running along the two main substrate directions. Atomically-resolved images (inset of
Fig. 1c) reveal that the distance (5.8 A) along the stripes is consistent with the lattice parameter of the
unreconstructed Mn;O4(001) surface. On the basis of the u-LEED image real- and reciprocal-space
models have been derived (Figs. 1d,e), which demonstrate that the extra diffraction spots can be
realised as due to a uniaxial surface reconstruction with one of the unit cell vectors rotated by about
10° with respect to the unreconstructed lattice. This structure transformation generates a one-
dimensional Moiré superstructure (Fig. 1f), which periodicity and topographic appearance are
compatible with those of the experimentally observed stripe pattern in Fig. 1c, thus supporting the
structure model.

LEEM and PEEM experiments (Fig. 2) have been performed during in situ annealing in UHV to
identify thermal decomposition processes within the Mn;O4(001) film. After annealing to 500°C (Fig.
2a) small clusters nucleate on the initially homogeneous surface, which appear in bright contrast in
both LEEM and PEEM (not shown) images, indicating that the clusters exhibit a lower work function
that the pristine surface. The cluster density increases dramatically upon further annealing to 550°C
(Fig. 2b), and eventually after 600°C (Fig. 2c) the surface becomes fully covered with this new phase.
Micro-LEED images (Fig. 2d) of the latter display a completely different diffraction pattern, which is
consistent with a MnO(100) surface.

Financial support was provided by the Austrian Science Funds (FWF) within project S90
“Nanoscience on Surfaces”, the ERC Advanced Grant SEPON and the EU COST D41 programme.
Support during experiments by MAX-Lab is gratefully acknowledged.
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Fig.1: (a) Mirror LEEM image (filed of view 20 um); (b) u-LEED image (E=27.5 eV); and (c) AFM Af
image (250nmx250nm) of Mn;0,4(001) nanolayers on Pd(100). The inset is an atomically resolved
AFM Af image (15nmx6nm); (d) and (e) represent real- and reciprocal lattice models of the
unreconstructed (green lines) and reconstructed (dots) oxide surface unit cells; (f) schematic Moiré

Fig.2: (a)-(c) LEEM images (filed of view 25 pm) obtained after annealing
Mn;04(001) films on Pd(100) in UHV to 500°C, 550°C and 600°C,
respectively; (d) U-LEED image (E=46 eV) of the surface annealed to
600°C .
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Atomic layer deposited high-k oxides on InAs studied by XPS

R. Timm, M. Hjort, A. Fian, E. Lind, C. Thelander, L.-E. Wernersson,
J. N. Andersen, and A. Mikkelsen

Department of Physics, Lund University

During the last years, metal-oxide-semiconductor (MOS) devices based on IlI-V
semiconductors have been of increasing interest, with the possibility of even replacing
Si/SiO; transistors [1]. Although most research has focused on GaAs or GalnAs [2],
InAs is even more promising for high-speed electronic applications. However, for
enabling device performance and in order to compete with Si technology, it is crucial
to improve the quality of the semiconductor-oxide interface [3]. By using atomic layer
deposition (ALD), it became possible to grow very thin films of high crystal quality.
Nevertheless, the role of the native oxide on InAs, its reduction by the high-ik
dielectric material, and the chemical composition of the resulting InAs-oxide interface
still need to be further investigated [4].

For this study, about 2 nm thin films of HfO, and Al,O3, two of the most common
high-x dielectrics, were deposited on etched InAs substrates by ALD. The chemical
composition of these passivation layers, of the oxide-semiconductor interface, and of
the native oxide on reference InAs samples was investigated with core-level XPS. By
thoroughly fitting the data from different samples, prepared under identical growth and
etching conditions, and of different photon energies, bulk doublet peaks and different
oxide components can be distinguished for In 3d [Fig. 1(a)], In 4d [Fig. 1(b)], and
As 3d core-levels. From a comparison of the HfO,- and Al,O3z-containing samples with
InAs reference samples, the ability of these thin high-k dielectric films to reduce the
native oxide and to passivate the underlying InAs substrate is confirmed [Fig. 2(a)]. It
has to be noted that also the surface orientation of the underying InAs substrate is of
significant influence for the formation of a passivation layer, as initial experiments
comparing InAs(100), InAs(111)A, and InAs(111)B surfaces have shown.

Beside InAs bulk substrates, also InAs nanowires with and without ALD-deposited
HfO, and Al,O; films were studied, revealing a much stronger oxide component of the
nanowires as compared with bulk InAs [Fig. 2(b)]. A sufficiently high nanowire
density, leading to a reasonably strong XPS signal, is confirmed by Fig. 2(b). These
spatially averaged XPS data of high energy resolution can additionally be compared
with p-XPS results obtained on single nanowires in the SPELEEM setup.
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Figure 1: Fitted components of (a) In 3d and (b) In 4d core-level XPS spectra of an InAs
substrate with native oxide. The kinetic energy of the photoemitted electrons is about 280 eV.
Beside the doublets of the bulk In-As component, also doublets of (a) one and (b) two strong
In-oxide components at higher binding energy are obtained.
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Figure 2: As 3d core-level XPS spectra of (a) InAs substrates with native oxide (black dots),
with a HfO, layer (blue open diamonds), and with an Al,O3 layer (red open circles) and of
(b) InAs with an Al,O3 layer for bulk substrate (red open circles) compared with InAs
nanowires (green filled diamonds). The kinetic energy of the photoemitted electrons is about
280 eV. Beside the doublet of the As-In component at about 40 eV, a broad oxide component
of significantly different size is obtained at higher binding energy around 44 eV. The shoulder
at the low binding energy side of the As-In bulk peak for the sample with a HfO, layer is due
to a Hf 5p % core-level.
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Palladium and palladium based alloys find important applications in catalytic membrane
reactors due to their high hydrogen permeability and selectivity [1]. To prevent embrittlement
occurring in pure Pd due to formation of hydride phases [2,3] Pd alloys are often chosen. A
commonly used alloy for hydrogen extraction, separation and/or transport has been Pd/Ag.
Alloying Pd with Ag in general increases the permeability and durability of the membrane.
The hydrogen permeability at Pd/Ag alloys reaches a maximum at 23wt% Ag [4]. An
alternative alloy element to Ag is Cu. Recently it has been found that Pd/Cu membranes
consisting of 40wt% Cu have almost similar permeability to that of pure palladium [5].
Furthermore Pd/Cu membranes have high resistance to hydrogen sulfide and sulfurous
constituents in gas mixtures [6]. Both in the case of Pd/Ag [7-9] and Pd/Cu [10] membranes,
heat treatment in air has been reported to enhance the hydrogen permeation. However, a full
understanding of the thermal treatment effects is still lacking.

In the present work, the surface composition and surface oxide formation on Pdg s7Cug.43(100)
at low pressure conditions and the interaction of CO with this surface have been investigated
using high resolution photoemission spectroscopy at beamline 1311 as a step towards a better
understanding of the Pd/Cu membrane system.

The Pdg57Cuo.43(100) crystal was cleaned by cycles of
sputtering, oxygen treatment and annealing to
temperatures in the range 600-800 K. By varying the H/\\\
annealing temperature and time it was possible to
control the relative amount of Pd and Cu in the
surface region, as shown in figure 1. For increased
annealing temperatures, the low binding energy
shoulder in the Pd 3d spectra, due to the Pd surface

core level shift, became less pronounced, indicatinga | j \\ ‘
lower Pd contents at the surface. Also, the position of =~ |~ =====" \\\\J
the bulk peak was shifted towards higher binding =]

energy, indicating compositional changes in the

outermost surface layers. In comparison, the Pd 3ds,

bulk contribution has a binding energy of 335 eV for  Figure 1: Pd 3ds, spectra, normalised to

the pure Pd(100) surface [11]. the same peak intensity to ease the
comparison, for preparations with

A surface oxide was formed by exposing the clean different annealing temperatures for the

surface to ~1500 L O, (p=5-10° mbar) at 600 K, FdosCloas(100) surface.

resulting in a new peak at 530.0 eV binding energy in the O 1s spectrum. Also, the component

in the Pd 3d spectrum due to the surface core level shift, vanished. After oxidation LEED

showed formation of a (v/2 x+/2)R45° structure, as shown in figure 2. Repeating the oxidation

for surfaces with a different Pd/Cu surface composition gave exactly the same oxide. Previous
experiments with oxides on Pd and PdAg surfaces [12] have shown the formation of a Pd
surface oxide that can be reduced with CO, with a reduction rate that depends on temperature
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and CO pressure. The rate has also been found to be much higher for the pure Pd-surface
compared to the PdAg-alloy. In contrast, we found that the oxide on our PdCu alloy, both for
Pd enriched and Cu enriched surfaces, showed very little reduction with CO. This, combined
with the observed LEED pattern, indicate that a Cu-oxide is formed for all surface
compositions investigated.

Figure 3 shows the C 1s spectra after adsorption of CO at different coverages and
temperatures, for a surface prepared by annealing to 600 K. In each case we observed the

same LEED pattern as for the oxide, a (\Exﬁ)R45° structure (Fig. 2). This structure has

previously been seen for CO adsorption on Cu(100), and on Cu/Pd alloy surfaces created by
evaporating Pd on Cu(100) [13]. For low CO coverages and high adsorption temperatures, we
see a clear component at ~286 eV in the C 1s spectra in figure 3. At lower adsorption
temperatures and higher CO coverages, several new CO contributions emerge and the
component at 286 eV turns into a low binding energy shoulder of the new structure at 286.3
eV. The peak at 286 eV can be attributed to CO bonded to Pd [11], while the larger structures
at 286.3 eV, 287.2 eV and 293 eV are due to Cu-bonded CO (the latter two peaks are gigant
shake-up satellites [14]). This assignment is also consistent with the lower relative intensity of
the 286 eV peak seen for preparations with higher annealing temperatures and thus lower Pd
content in the surface region (not shown).

This project has received support through the European Community - Research Infrastructure Action
under the FP6 “Structuring the European Research Area” Program (through the Integrated
Infrastructure Initiative “Integrating Activity on Synchrotron and Free Electron Laser Science”). The
support of the MAX-lab staff is gratefully acknowledged.
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Figure 2: LEED image of the Figure 3: C 1s spectra after adsorption of CO at
(V2x+/2)Ra5° structure after oxidation and different temperatures on the Pdg.s7Cug.43(100)
after CO adsorption, taken at 202 eV. surface prepared by annealing to 600 K.

MAX-lab AcTivity RerorT 2009 155



SYNCHROTRON RADIATION — BEAMLINE 1311

Growth of ultrathin TiOx films on Pt(110) studied by high resolution
photoemission and X-ray absorption spectroscopy

L. E. Walle', I.-H. Svenum®, A. Borg® and A. Sandell®

! Dept. of Physics, Norwegian University of Science and Technology, NO-7491 Trondheim, Norway
2 Dept. of Physics and Materials Science, Uppsala University, P. O. Box 530,
SE-751 21 Uppsala, Sweden

Nanostructured titania has recently gained
considerable research interest because of the
remarkable properties found for new and exotic
phases like nanosheets, nanotubes, nanorods and
nanoclusters [1,2]. Several of these new phases
do not have a bulk counterpart and their
properties are closely related to the surface
structure and to interface effects. Titania
nanosheets are thought to be the building blocks
of titania nanotubes and nanorods calling for
careful investigations of their physical and
structural properties.

It was recently reported that a TiO, double
layer can be assembled on Pt(110) and Pt(111)
surfaces with a geometric structure similar to
that found for unsupported nanosheets [3,4].
Studying such ultrathin films on a single crystal
metal support can hence serve both as a
nanosheet model as well as a new material in its
own right, which properties are determined by
the combination of the oxide film properties and
those of the support.

We have utilized synchrotron based
photoemission (PES) and X-ray absorption
spectroscopy (XAS) at beamline 1311 to study
the formation of an ultrathin TiO, film on the
Pt(110)-(1x2) surface complementing the
detailed structural analysis performed by STM
and LEED by Agnoli et al [5]. The film was
deposited by evaporating titanium from a Ti
wire filament in an oxygen atmosphere (p =
1.10° mbar), followed by a post annealing
treatment in oxygen at 700 K.

Figure 1 shows Ti 2p XAS spectra for
different TiO, coverages. Included are also
results for anatase TiO,(001) and rutile
TiO,(110) single crystals. The Ti 2p XAS
spectrum is sensitive to the local geometry of the
Ti atoms and can be used to fingerprint different
TiO, polymorphs [6]. A complete TiO bilayer
is characterized by a 14x4 LEED pattern [5]. We
were never able to observe the x4 periodicity. A
maximum sharpness of the 14x pattern was
observed after deposition 3, from which we
concluded that this coverage is close to a full
double layer.

Figure 1 shows that deposition 1-3 give
rise to Ti 2p XAS spectra of very similar shape.
The polymorph sensitive doublet structure at
460 eV suggests a structure different from both
anatase and rutile. This is consistent with the

proposed unique lepidocrocite structure model
[5]. That this structure is adopted already at
formation of islands is consistent with the
previous STM study [5]. For coverages higher
than a full bilayer, the peaks broaden and the
LEED patterns become more diffuse and
eventually disappear, due to the loss of order.
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Figure 1. Ti 2p X-ray absorption spectra for five
increasing TiO, coverages, as well as for
anatase TiO»(001) and rutile TiO,(110) single
crystals.

The Ti 2ps;, spectra for deposition 1 to 4
are shown in figure 2, indicating a rather
complex behavior with increasing TiOy
coverage. The intensity maximum undergoes a
positive binding energy shift of 0.28 eV between
deposition 2 and 3, and a shift of 0.68 eV
between deposition 3 and 4. Similar shifts are
found for all TiO related PES structures in the
O 1s and the valence band regions, suggesting a
band bending effect. In the Ti 2pa, spectra, more
than one state are present for all coverages.
While the shift of the maximum is in accordance
with a rigid band model, the low binding energy
onset appears unchanged. We therefore expect
to both have states that shift with coverage, in
addition to at least one state that shifts very
little. The low binding energy of this species
suggests that it is associated with reduced Ti,
that is, Ti of an oxidation state below +4. A
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downshift in binding energy may also be the
result of efficient final state screening from the
Pt substrate. In either case, it is most likely that
this component is related to direct Ti-Pt bonds.

S/ TN

Figure 2. Ti 2ps, spectra for deposition 1 to 4.

In figure 3 valence band photoemission,
after subtraction of the Pt contribution, and O 1s
X-ray absorption spectra for different
depositions, and for a clean anatase TiO,(001)
bulk sample, have been put on the same energy
scale. In this way, the location of the valence
and conduction band edges can be
monitored [7,8]. Changes in the position of the
leading peak in the O 1s XAS spectrum is
expected to reflect changes in the location of the
conduction band edge [7]. We see that the band
alignment after the 4™ deposition, which we
believe has a coverage slightly higher than a full
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double layer, is very similar to that found for
bulk anatase TiO,(001). Also, the shift due to
band bending when going from deposition 2 to
4, is clearly visible.
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Figure 3. Valence band photoemission and O 1s
X-ray absorption spectra on the same energy
scale compared to clean anatase TiO,(001).

In summary the results show that we have
a positive binding energy shift for all TiOy
related PES structures for increased coverages,
most likely due to a band bending effect. Also,
when the coverage exceeds a full double layer,
the LEED and XAS data indicate a structural
change leading to loss of order.
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Studies of graphene growth on different SiC substrate orientation

C. Virojanadara, A. A. Zakharov', R. Yakimova
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Department of Physics, Chemistry and Biology, Link6ping University, S-58183,
Linkdping, Sweden
'Max Maxlab, Lund University, S-22100, Lund, Sweden

Graphene is one of the most advanced two-dimensional materials of today. It has
superior transport properties and high potential for technological applications [1-4]
However, for large scale integration of graphene based nanoelectronics a high quality
graphene sheet on a suitable substrate is needed. Silicon carbide (SiC) is a good
candidate for that since it is a robust wide band gap semiconductor and has a superior
range of properties from inert to bio compatible and is excellent for high temperature
and high power applications. For future applications involving patterning access to
homogeneous large area graphene layers on SiC substrates is crucial. Very recently it
was demonstrated [2-3] that large homogenous layers of graphene are possible to
obtain by furnace growth at higher temperature and in an ambient gas.

Our graphene was grown on nominally on-axis 6H-SiC(0 0 0 1) substrates with a mis-
orientation error within 0.03° and 0.25°[4]. The wafers were production grade n-type
from SiCrystal with chemical and mechanical polishing on the Si face. The graphene
growth was performed in an inductively heated furnace on both substrates at the same
time, i.e. under as identical conditions as possible. The growth was carried out under
highly isothermal conditions at a temperature of 2000 °C and at an ambient argon
pressure of 1 atm [2]. The samples were then characterized [2,4] utilizing the end
stations at beam line 1311.

The LEEM image in Fig.1a) shows that a very large, homogeneous, and flat single
layer of graphene was obtained on the 0.03°-SiC substrate. On the 0.25°-SiC substrate
additional straight lines/steps are observed, as displayed in Fig. 1b). The graphene
layer thickness was determined by measuring the electron reflectivity as a function of
the electron kinetic energy. The reflectivity curve showed only one local minimum,
dip, over essentially the whole surface area from both samples which, in line with
earlier observations [2], reflects formation of monolayer (1 ML) graphene. It is worth
mentioning that no mixture of 2 or 3 ML of graphene could be detected at, or close to,
the step edges, which is opposite to recent findings by Emtsev et al. [3].

Fig. 1. LEEM images taken
from monolayer graphene
grown on a) 0.03°-SiC, the field
of view (FOV) is 25 um and the
electron energy E,c + 4.5€V,
b) 0.25°-SiC, the FOV is 25 um
and By + 2.1 eV
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Different domains of 1 ML graphene appear, however, in the LEEM images and are
marked as areas A—C in Fig. 2a). The u-LEED patterns from these areas, in Fig. 2b),
show 3-fold rotation symmetry and that image A is rotated 120° relative to B and C.
This symmetry and difference in u-LEED patterns we suggest to originate from the
underlying 673 buffer layer and its interaction with the graphene layer.

Fig. 2. a) 0.03°-SiC, the FOV is 25 um
and E, + 2.1 eV. b) Micro-LEED
images collected at E = 16 eV from
the three labeled areas in a) [4].

In summary, we have successfully prepared large sheets of monolayer graphene on
two different 6H-SiC(0 0 0 1) substrates. We demonstrate an effect of the substrate
orientation on the graphene morphology. Significant differences are observed on SiC
substrates with different wafer mis-orientations from nominally on-axis. A larger and
flatter monolayer graphene sheet is obtained on the substrates with a mis-orientation
within 0.03°, and different fractions of domains are detected. On the substrate with a
mis-orientation within 0.25° mainly one domain of monolayer graphene but narrower
terraces and higher steps, i.e. more pronounced step bunching, are revealed. These
findings are of fundamental interest but can also open up possibilities and
opportunities for graphene—SiC based electronic devices.
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Electronic Structure of PTCDA on Sn/Si(111)-2v3x2V'3
H.M. Zhang, L.K.E. Ericsson, and L.S.O. Johansson
Department of Physics, Karlstad University, SE-651 88 Karlstad, Sweden

Interface interactions between organic molecules and semiconductor substrates are especially
important since they affect the electronic structure and modify the growth mode of molecular
films. The planar perylene derivative 3,4,9,10-tetracarboxylic dianhydride (PTCDA) has
been widely used as a model compound for organic thin films since it has promising
electronic and optical properties for organic electronic applications. In this context, a detailed
understanding of the interface interactions between PTCDA molecules and semiconductor
surfaces may therefore be used to optimize organic-inorganic devices.

A series of coverages (0.3-10 monolayer (ML)) of PTCDA were deposited on the
Sn/Si(111)-2v3x2v3 surface at room temperature. As shown by O 1s core-level spectra (Fig.
1), at low coverage there are two major peaks located at binding energies of 530.3 and 532.6
eV. With increasing PTCDA coverage, the largest O 1s peak at 530.3 eV becomes sharp and
shifts dightly towards a higher binding energy (located at 530.6 €V at 10 ML). The second
largest peak roughly stays at a constant binding energy at different coverages. According to
the previous studies [1,2], these two O 1s components should be O atoms in the carboxylic
and anhydride groups. At 10 ML, the O 1s spectrum shows a line shape similar with the ones
from PTCDA thick films on the H-terminated Si(111) and Ag/Si(111)-v3xV3 surfaces [1,2].
But aso at low coverages (0.3-1.0 ML) the O 1s spectra are similar to the bulk one, which is
very different from other cases. This is a clear evidence of a non-chemical interaction
between PTCDA O atoms and the Sn/Si(111)-2v3x2V3 substrate.

Figure 2 shows high-resolution C 1s core-level spectra recorded from the same surfaces. At
10 ML the C 1s spectrum looks like a bulk one in a similar way as the O 1s spectrum. There
isastrong peak at 284 eV, which originates from the perylene core of the PTCDA molecule.
The second peak is located at 288.1 €V, which has previously been assigned to the carboxylic
C. The other two small features at 286 €V and 289 eV in the 10 ML spectrum are mainly due
to shake-up effects. Interestingly, the C 1s spectra at low coverages also look very different
from the ones in the other systems. At 0.3 ML there is an extra peak located at a binding
energy of 286.8 eV. The extra peak is well-defined and becomes saturated around 1 ML
coverage. Judged from its line-shape and intensity, this peak seems to originate from the
carboxylic C. Thisfitswell with the fact that the carboxylic C 1s peak at 288.1 eV behavesin
an opposite way as the extra peak, i.e. it grows with higher coverages. Thus PTCDA
molecules strongly interact with the substrate through the carboxylic C, resulting a splitting
of its C 1s peak. As clearly evidenced by the raw spectra, the O 1s and C 1s core-level
spectra show a complicated, though basically physical, interaction between PTCDA
molecules and the Sn/Si(111)-2v3x2v3 surface. Under such interaction strengths, one could
expect that PTCDA molecules might grow into a layer-by-layer structure. Indeed, NEXAFS
measurements from the norma and 70° incidence angle show clear spectral differences
between the two geometries, which clearly points to a highly-ordered growth model.
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Fig. 1 O 1s core-level spectra for different PTCDA coverages on the Sn/Si(111)-2v3x2v3
surface.
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Fig. 2 C 1s core-level spectra for different PTCDA coverages on the Sn/Si(111)-2v3x2v3
surface.
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Direct experimental determination of atom — molecule — solid binding
energy shifts for Sb and Bi
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Binding energy shifts Bi—Bi,—Bi(solid) and Sb—Shb, — Sh, — Sb(solid) have been measured for
the first time directly for Bi 4f and Sb 4d core levels applying synchrotron radiation exited
photoelectron spectroscopy. Atomic, molecular, and solid state spectra are obtained by varying the
temperature of evaporated metal vapors by means of a special multichamber oven and letting the
vapor to condensate on a cool solid tip. Vapor and solid state spectra are created simultaneously
in similar experimental conditions making direct and accurate shift determinations possible.

Binding energy (BE) shifts of atomic core levels between free atoms, molecules and their solid
samples are very fundamental knowledge for different branches of electron spectroscopy and the
theory of the electronic structures of the molecules, clusters, and solids. Besides their theoretical
importance, the accurate atom—solid binding energies and their shifts are also very useful
reference values in the experimental studies of clusters [1, 2]. The atom—solid BE shifts are,
however, not very accurately known experimentally. The main reason is that for free atoms and
molecules these values are measured using gaseous calibration lines and vacuum level as the
reference energy level whereas the solid state values are measured with respect to the Fermi
level. In order to bring the values to the common energy scale solid state values should be
corrected by the appropriate work function of the sample. The work function is rather difficult to
measure accurately, and it is very desirable to obtain shift values directly from one single
experiment. In the course of our metal vapor studies we have developed a simple method in order
to simultaneously observe both vapor and solid state spectra in

identical experimental conditions. The idea is to locate a

relatively cold needle like surface into the vapor beam and to

simultaneously observe the spectra both from the vapor around

the tip and from the condensed solid layer. The surface of the

solid sample is covered by the negative work function potential

and the vapor atoms are in this potential in the vicinity of the

surface. Therefore the spectra have the same reference energy

level and no work function correction is needed. In this study, we

have measured the 4f photolines of Bi and the 4d photolines of

Sb using this method. These samples are especially interesting

because they are known to evaporate as molecular species

which can be fragmented further pyrolytically with a special

multichamber oven system (Fig. 1). This provides a very

interesting  possibility to experimentally determine the

consecutive atom—molecule—solid shifts.

Fig. 1 Schematic picture of the

Synchrotron radiation from undulator beamline 1411 [3] at MAXIl | 3,6r-solid measurement set up

storage ring was used to ionize the vapor phase samples.

Effusive vapor beam from the inductively heated oven and the synchrotron radiation light crossed
at right angles and electrons were detected at the 54.7° angle with respect to the polarization
vector of the horizontally polarized synchrotron radiation. A modified Scienta SES-100 electron
energy analyzer [4] was used to record the emitted electrons. The electron spectrometer is
equipped with a resistive anode position sensitive detection system making possible the gating of
the detection of electrons during short inductive heating intervals. The energy of the ionizing
radiation was 90 and 220 eV in the measurements of Sb and Bi, respectively.
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Fig. 2 shows the 4f spectrum taken at
220 eV photons simultaneously from
vapor and solid Bi sample. Three
doublets of spin—orbit split 4f;, and 4fs,
components from Bi, Bi, and solid Bi are
well  resolved. Binding  energies
decrease when going from the atom to
molecule and further to the solid as
expected. For atom—diatom shift we
obtain a value of 0.96 eV and for atom—
solid(bulk) shift 3.65 eV.

Fig. 3 shows how the binding energy of
Fig. 2 Bi 4f lines from atomic, molecular, and solid sample the 4d” states evolves when going from
mg;asured simultaneously Wit’h 220 eV [;hotons. P the. solid to atomic Sb. The 4fd PES. of
antimony vapour taken at increasing
temperatures of upper part of the oven in Fig. 3 b) - e) emphasizes how the composition of the
vapor can be varied smoothly. In the lowest temperatures the spectrum consists purely of Sh,, but
increasing temperature enhances the pyrolytic fragmentation, increasing signal from Sh,, and
finally almost atomic spectrum is observed. In the spectrum in Fig. 3 a) there might also be a small
Shb; contribution (<10%), which has been reported in previous studies. One may notice a dramatic
change in the fine structure of atomic spectrum compared with the molecular spectra. The atomic
open shell structure is clearly observable
splitting the 4d lines into their fine structure
components. This makes the determination of
the atom to molecule shifts complicated. The
atomic 4d* PES will be reported in detail
elsewhere [5]. From the energies of the
multiplets we obtained the average energy of
the 4d™ configuration (E,,) of atomic Sb to be
40.88 eV by weighting all the binding energies
of the multiplets with their fitted intensity. This
value is the combined binding energy of all the
4ds, and 4ds, multiplets, and allows us to
determine the binding energy shifts more
accurately if a corresponding average energy is
also used for the spin-orbit split components of
the molecular/solid state spectra. The BE shifts
between E,, of atomic Sb and Sb,, Sb;, and

Sbh, are 1.30, 1.56, 1.87, and 3.97 eV, Fig. 3 Sb 4d spectra taken at the increasing temperatures

respectively. and different vapor compositions with 90 eV photons. a)
Simultaneously measured vapor and solid spectrum. Vapor
consist mainly of Sbs and minor fraction of Sh,. b) Vapor
spectrum consisting mainly of Shs and Sb, components c)
Almost pure Sb, vapor spectrum d) Vapor consists mainly of
Sb and Sh; e) Almost pure atomic Sb spectrum. Dashed
lines connect the positions of the main peaks.
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Photoelectron spectroscopy studies of free CdS clusters
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2MAX-lab, Lund University, Box 118, Lund, Sweden

We have investigated the electronic structure of free CdS clusters by means of
photoelectron spectroscopy. Using a gas aggregation source, which has been described in
ref. 1, a beam of clusters was produced. In a modification of this source, first, a solid CdS
sample was vaporized by magnetron-based sputtering in a way described in detail in ref.
2. Due to the semiconductor nature of the sample however, the DC-power sputtering has
been replaced by an RF-fed process. The vapour atoms were then cooled using a liquid
nitrogen-filled cryostat and condensed into clusters. The clusters in the beam coming out
from the cryostat were ionized by synchrotron radiation crossing perpendicularly the
cluster beam (in the same horizontal plane), and the emitted electrons were detected using
the Scienta R4000 electron energy analyzer of the beamline, which in turn is placed
perpendicularly to both the cluster beam and to the synchrotron radiation.

We probed the valence band and the shallowest core levels of both elements. In figure 1,
the valence band and the Cd 4d level are shown, while the S 2p level is shown in figure 2.

Figure 1. Photoelectron spectrum of the valence band and Cd 4d core level of free CdS
clusters. The Cd 4d and Ar 3p features overlap. The intensity scale has been cut so that
the top part of the Ar 3p feature is missing.

If one compares the spectrum in figure 1 with a photoelectron spectrum of pure Cd in
the same energy region one can see that the 4d feature shows up at about the same
position relative to the vacuum level, while the onset of the valence band in figure 1 is
found at approximately 2 eV higher binding energy (the Cd work function is ~4.1 eV?).
The shift of the onset is thus not due a shift of the whole spectrum. Also, it is probably
not a size-determined shift as our source usually produces clusters of sizes causing shifts
of the order of a few hundreds of meVs or less.

Compared to the photoelectron spectrum of solid CdS, if we align it so that the 4d
features coincide, the valence band onset is found at quite similar energies®. The general
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similarity between the present cluster spectrum and the solid state spectrum suggests that
we are producing CdS binary clusters, with an electronic structure closely resembling the
bulk semiconductor case.

Figure 2. Photoelectron spectrum of S 2p core level of free CdS clusters. Straight
background subtracted. Two doublets, denoted coordinations 1 and 2 are due to different
chemical environments.

The solid state S 2p photoelectron spectrum is known to consist of features from the two
spin-orbit split states, 1/2 and 3/2, each with separate bulk and surface peaks®. Under the
assumption that the structure is similar in our cluster spectrum, the fitting presented in
figure 2 is obtained. The bulk-surface shift is however much larger in our case, 1.1 eV
compared to 0.4 eV for the macroscopic CdS®. It is thus not possible to directly explain
our measured spectrum just from the analogy to the solid state spectrum.
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Fragmentation dynamics of molecular clusters
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While some clusters (like rare-gas clusters) are purely artificial creations, free molecular clusters
exist in nature, especially in the atmosphere where, for example, water clusters are intermediates in
cloud formation and contribute significantly to IR absorption [1]. By combining constituent molecules
in a cluster, one can produce a material with novel functional and structural properties.

“Coulomb explosion” of multiply charged clusters enables studying the various channels of
energy dissipation in matter and reveal new properties. Indeed, our results on atomic clusters
demonstrate that nuclear motion acts actively to reach thermal equilibrium. Such mechanism in
molecular clusters would activate vibrational modes resulting in new fragmentation pathways. Most
molecular clusters are formed by stable molecules, which can have open or closed electronic shells.
The intermolecular forces frequently encountered in the bonding of molecular clusters are: the
dispersion interaction, the dipole-dipole interaction and hydrogen interaction [2-4]. We examined how
the nature and the strength of these intermolecular forces affect the fragmentation using momentum-
imaging technique to measure the mass and the kinetic energy of all fragments,

Figure 1: Mass spectra of (CO,), clusters as a function of the stagnation pressure of the
supersonic expansion. The size of the cluster increases with the pressure accordingly.

We illustrate how (CO,), polar bound clusters fragment after photo-ionisation at 320 eV (above the
Cls-edge). The clusters are produced after supersonic expansion CO, molecules through a nozzle.
Increasing the stagnation pressure from 100 to 300 mbar increases the size of the clusters from a few
molecules to a few tens of molecules. The smallest clusters produce fragments similar to what is
expected for molecules, and the dimer signal is visible. For larger clusters the mass spectra show that
several fragments of the molecular constituent are produced (O, CO"and O,") in addition to the
series of (CO,), cluster ions, and the series of cluster ions augmented by a single O, radical.
Interestingly the intensity of molecular oxygen ion produced via photoionization increases with cluster
size. This indicates that fragmentation of (CO,), clusters enhances the isomerization dissociation
channel in clusters. Note that this channel has a very low probability for free molecules at this photon
energy. The reason for this may lie in the excitation of the bending modes during the break-up.
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Radiation damage and charge migration in atomic van der Waals clusters
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The need to understand soft X-ray induced radiation damage to nanoscale objects is both a
challenge and a necessity in order to design advanced materials. A localized photoexcitation will
dissipate in different ways depending upon the size and geometry of the object. This in turn has an
influence on the collective motion of electrons or nuclei.
Atomic van der Waals clusters are the simplest prototype of 