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Preface

Surface Science is understood as a relatively young scientific discipline, concerned with the physical and
chemical properties of and phenomena on clean and covered solid surfaces, studied under a variety of
conditions. The adsorption of atoms and molecules on solid surfaces is, for example, such a condition,
connected with more or less drastic changes of all surface properties. An adsorption event is frequently
observed in nature and found to be of technical importance in many industrial processes. For this reason,
Surface Science is interdisciplinary by its very nature, and as such an important intermediary between
fundamental and applied research. Intense world-wide research in this field over the last 50 years has lead
to a considerable degree of maturity, such that a documentation of quantitative results in a single source
seems desirable. Tribute is being paid to this effect by the renowned Series of LANDOLT-BORNSTEIN
whose editor-in-chief Werner Martienssen, Frankfurt/ Main, has initiated several volumes of collected
scientific data in the field of Surface Science.

The beginning has been made with LANDOLT-BORNSTEIN volume I11/24, entitled Physics of Solid
Surfaces. This volume, consisting of four subvolumes, appeared in 1993-96 and covers the properties of
clean solid surfaces. The current volume 111/42 is devoted to Physics of Covered Solid Surfaces and, in
particular, to Adsorbed Layers on Surfaces. It is as such a collection of data obtained for adsorbates on
well-defined crystalline surfaces. "Well-defined" means surfaces of known crystallographic structure and
chemical composition. It was almost clear at the beginning, that the amount of general information and
quantitative data on Adsorbed Layers on Surfaces is enormous, too large to fit into a single book. Hence
several subvolumes had to be planned. Unfortunately, the chapters anticipated for each of the subvolumes
did not arrive synchronously with the production schedule, such that the sequence of chapters actually
printed in the subvolumes deviates from that in the original outline of the whole volume. We apoligize
for this inconvenience, but in the age of electronic information distribution this problem will be solved,
once all volumes are available electronically. Search routines will guide the reader to the data of his/her
desire. Until that time, the index of each subvolume will have to do.

Four subvolumes Al to A4 of volume I11/42 have already appeared in the years 2001-2005. The present
subvolume A5 entitled Adsorbed Molecules on Metal, Semiconductor and Oxide Surfaces 1is the final
one in this sequence.

Finally, it is my great pleasure to thank all authors of this volume for their excellent contributions, and
the editing and production offices of the Landolt-Bérnstein Section of the Springer-Verlag for efficient

cooperation and excellent support.

Jilich, May 2006 Hans P. Bonzel



VI Contributors

Editor

H.P. Bonzel

Forschungszentrum Jiilich

Institut fiir Schichten und Grenzflachen (ISG 3)
52425 Jilich

Germany

Authors

E.I. Altman

Department of Chemical Engineering

Yale University

New Haven, CT 06520

USA

3.4.3 Halogens on metals and semiconductors

M. Bienfait

CRMC2/CNRS

Faculté de Luminy

Physique - Case 910

F-13288 Marseille Cedex 9

France

3.1.2 Noble gases on graphite, lamellar halides, MgO, NaCl

H.P. Bonzel

Forschungszentrum Jiilich

Institut fiir Schichten und Grenzflachen (ISG 3)

52425 Jilich

Germany

1 Introduction to physical and chemical properties of adlayer/substrate systems
3.7.1 CO and N, on metals

W.A. Brown

Department of Chemistry
University College London
London WC1H 0AJ

U.K.

3.7.2 NO, CN, O, on metals

H. Brune

Institut de Physique Expérimentale (IPE)

Ecole Polytechnique Fédérale de Lausanne (EPFL)
PHB-Ecublens

CH-1015 Lausanne

3.3.1 Metals on metals



Contributors VII

K. Christmann

Institut fiir Chemie und Biochemie

Bereich Physikalische und Theoretische Chemie

Freie Universitit Berlin

14195 Berlin

Germany

3.4.1 Adsorbate properties of hydrogen on solid surfaces

R. Denecke

Universitdt Erlangen-Niirnberg

Lehrstuhl fiir Physikalische Chemie 11

Egerlandstraf3e 3

91058 Erlangen

Germany

4.3 Adsorbate induced surface core level shifts of metals

R.D. Diehl

Department of Physics
Pennsylvania State University
University Park, PA 16802
USA

3.2.1 Alkali metals on metals

W. Eck

Universitit Heidelberg

Angewandte Physikalische Chemie

Abteilung Materialchemie

Im Neuenheimer Feld 253

69120 Heidelberg

Germany

3.8.10 Polyatomic chain-like hydrocarbons on metals and semiconductors

M. Enachescu

Candescent Technologies

6320 San Ignacio Ave.

San José, CA 95119

USA

3.4.4 Adsorption of S, P, As, Sb and Se on metals, alloys and semiconductors

J.E. Fieberg

Department of Chemistry

Georgetown College

Georgetown, KY 40324

USA

3.8.9 Halogen-substituted hydrocarbons on metals and semiconductors

A. Fohlisch

Institut fiir Experimentalphysik
Universitit Hamburg

Luruper Chaussee 149
D-22761 Hamburg

Germany

3.7.1 CO and N, on metals



VIII Contributors

H.-J. Freund

Fritz-Haber-Institut der Max Planck Gesellschaft (MPG)
D-14195 Berlin

Germany

3.9 Adsorption on oxides

H.J. Grabke

Max-Planck Institut (MPI) fiir Eisenforschung GmbH
D-40074 Diisseldorf

Germany

3.5 Surface segregation of atomic species

E. Hasselbrink

Institut fiir Physikalische und Theoretische Chemie
Universitit Essen

D-45117 Essen

Germany

3.8.3 NH; and PF’; on metals and semiconductors

G. Held

University of Cambridge
Department of Chemistry
Lensfield Road
Cambridge CB2 1EW
United Kingdom

3.8.7 Cyclic hydrocarbons

K. Hermann

Fritz-Haber-Institut der Max-Planck Gesellschaft (MPG)
Abteilung Theorie

D-14195 Berlin

Germany

4.1 Surface structure on metals and semiconductors

H. Ibach

Institut fiir Schichten und Grenzflachen (ISG 3)
Forschungszentrum Jiilich

D-52425 Jiilich

Germany

4.4 Surface free energy and surface stress

K. Jacobi

Fritz-Haber-Institut der Max-Planck Gesellschaft (MPG)
D-14195 Berlin

Germany

4.2 Electron work function of metals and semiconductors



Contributors

W. Jaegermann

Fachbereich Materialwissenschaft
Fachgebiet Oberfldchenforschung
Technische Universitit Darmstadt
D-64287 Darmstadt

Germany

3.8.2 H,0 and OH on semiconductors

J. Kim

Department of Chemistry

Lehigh University

6 E. Packer Ave.

Bethlehem, PA 18015-3172

3.8.4 CO,, NO,, SO,, OCS, N0, O; on metal surfaces

B.E. Koel

Department of Chemistry, and

Center for Advanced Materials and Nanotechnology (CAMN)
6 E. Packer Ave.

Lehigh University

Bethlehem, PA 18015-3172

USA

3.8.4 CO,, NO,, SO,, OCS, N0, O; on metal surfaces

H. Kuhlenbeck

Fritz-Haber-Institut der Max-Planck-Gesellschaft (MPG)
Abteilung Chemische Physik

D-14195 Berlin

Germany

3.9 Adsorption on oxides

V.G. Lifshits

Institute of Automation and Control Processes
690041 Vladivostok

Russia

3.3.2 Metals on semiconductors

N. Mirtensson

Department of Physics

Uppsala University

S-751 21 Uppsala

Sweden

4.3 Adsorbate induced surface core level shifts of metals

T. Mayer

Fachbereich Materialwissenschaft
Fachgebiet Oberflachenforschung
Technische Universitdt Darmstadt
D-64287 Darmstadt

Germany

3.8.2 H>O and OH on semiconductors

IX



X Contributors

R. McGrath

Surface Science Research Centre and Department of Physics
The University of Liverpool

Liverpool L69 3BX

U.K.

3.2.1 Alkali metals on metals

E.G. Michel

Departimento Fisica de la Materia Condensada C-I11

Instituto Universitario de Ciencia de Materiales "Nicolas Cabrera"
Universidad Autonoma de Madrid

28049 Madrid

Spain

3.2.2 Alkali metals on semiconductors

R. Miranda

Departimento Fisica de la Materia Condensada C-III

Instituto Universitario de Ciencia de Materiales "Nicolas Cabrera"
Universidad Autonoma de Madrid

28049 Madrid

Spain

3.2.2 Alkali metals on semiconductors

M. Morgenstern

II. Institute of Physics B

Rheinisch-Westfilische Technische Hochschule Aachen
D-52056 Aachen

Germany

3.8.1 H,O on metals

D.R. Mullins

Oak Ridge National Laboratory

Oak Ridge, TN 37831-6201

USA

3.8.5 Substituted hydrocarbons on metals

B.E. Nieuwenhuys

Gorlaeus Laboratory

Leiden University

NL 2300 Ra Leiden

The Netherlands

3.7.3 Adsorption of diatomic molecules on alloy surfaces

K. Oura

Department of Electronic Engineering
Faculty of Engineering

Osaka University

Osaka 565-0871

Japan

3.3.2 Metals on semiconductors



Contributors

H. Over

Physikalisch-Chemisches Institut

Justus Liebig Universitit GieBen

Heinrich-Buff Ring 58

D-35392 Giellen

Germany

3.4.2 Adsorption of C, N, and O on metal surfaces

C. Panja

Apic Corporation

5800 Uplander Way

Culver City, CA 90230-6608

USA

3.8.4 CO,, NO,, SO,, OCS, N0, O; on metal surfaces

G. Pirug

Institut fiir Schichten und Grenzflachen (ISG 3)
Forschungszentrum Jiilich

D-52425 Jiilich

Germany

3.8.1 H,O on metals

M.A. Rocca

Centro di Fisica delle Superfici e Basse Temperature del CNR
Istituto Nazionale di Fisica della Materia

[-16146 Genova

Italy

4.5 Surface phonon dispersion

G. Rupprechter

Institut fiir Materialchemie

Technische Universitit Wien

Veterindrplatz 1

A-1210 Wien

Austria

3.8.6 Adsorbate properties of linear hydrocarbons

M. Salmeron

Lawrence Berkeley Laboratory
Materials Science Bldg. 66/208
Berkeley, CA 94720

USA

3.4.4 Adsorption of S, P, As, Sb and Se on metals, alloys and semiconductors

E. Samano

Centro de Ciencias de la Materia Condensada-UNAM
22820 Ensenada

B.C., Mexico

3.8.4 CO,, NO,, SO, OCS, N,O, O; on metal surfaces

XI



XII Contributors

D. Sander

Max-Planck Institut (MPI) fiir Strukturphysik
D-06120 Halle

Germany

4.4 Surface free energy and surface stress

A.A. Saranin

Institute of Automation and Control Processes
690041 Vladivostok

Faculty of Physics and Engineering

Far Eastern State University

690000 Vladivostok

Russia

3.3.2 Metals on semiconductors

G.A. Somorjai

Department of Chemistry

University of California at Berkeley

Berkeley, CA 94720

USA

3.8.6 Adsorbate properties of linear hydrocarbons

H.-P. Steinriick

Lehrstuhl fiir Physikalische Chemie 11
Universitdt Erlangen-Niirnberg
D-91058 Erlangen

Germany

3.8.7 Cyclic hydrocarbons

J. Suzanne

Departement de Physique

CRMC2 - Centre National de la Recherche Scientifique (CNRS)
Faculte des Sciences de Luminy

F-13288 Marseille, Cedex 9

France

3.6 Molecules on graphite, BN, MgO (except noble gases)

W.T. Tysoe

Department of Chemistry and Laboratory for Surface Studies
University of Wisconsin - Milwaukee

Milwaukee, WI 53211

USA

3.8.5 Substituted hydrocarbons on metals

Ch. Uebing

Department of Physics and Astronomy
Rutgers, The State University of New Jersey
Piscataway, NJ 08854-8019

USA

3.5 Surface segregation of atomic species



Contributors

H. Viefhaus

Max-Planck Institut (MPI) fiir Eisenforschung GmbH
D-40074 Diisseldorf

Germany

3.5 Surface segregation of atomic species

J.M. Vohs

Department of Chemical Engineering

University of Pennsylvania

Philadelphia, PA 19104-6315

USA

3.8.8 Oxygenated hydrocarbons on metals and semiconductors

M.A. Van Hove

Lawrence Berkeley National Laboratory

Materials Science 66

Berkeley, CA 94720

and Department of Physics

University of California-Davis

Davis, CA 95616

USA

4.1 Surface structure on metals and semiconductors

P.R. Watson

Department of Chemistry

Oregon State University

Corvallis, OR 97331

USA

4.1 Surface structure on metals and semiconductors

J.M. White

Department of Chemistry and Biochemistry

University of Texas at Austin

Austin, TX 78712

USA

3.8.9 Halogen-substituted hydrocarbons on metals and semiconductors

H. Wiechert

Institut fiir Physik der Johann Gutenberg-Universitét

D-55099 Mainz

Germany

3.6.2 Adsorption of molecular hydrogen isotopes on graphite and BN

Ch. Wéll

Lehrstuhl fiir Physikalische Chemie I

Ruhr-Universitidt Bochum

D-44801 Bochum

Germany

2 Characterization of adsorbate overlayers: Measuring techniques

XIII



X1V Contributors

P. Zeppenfeld

Institut fiir Experimentalphysik Atom- und Oberflichenphysik
Johannes-Kepler-Universitit Linz

A-4040 Linz,

Austria

3.1.1 Noble gases on metals and semiconductors

A.V. Zotov

Faculty of Electronics

Vladivostok State University of Economics and Service
690600 Vladivostok, Russia

Institute of Automation and Control Processes

690041 Vladivostok , Russia

3.3.2 Metals on semiconductors

Landolt-Bornstein

Editorial Office

Gagernstr. 8, D-64283 Darmstadt, Germany

fax: +49 (6151) 171760

e-mail: Redaktion.Landolt-Boernstein@springer.com

Internet
http://www.landolt-boernstein.com



	NEXT DOCUMENT
	 
	LB-Home
	Contents Vol. III/42A5
	Title Page, Authors, Preface
	Title Page
	Preface
	Contributors

	3  Data: Adsorbate Properties
	3.1  Adsorption of noble gases (Vol. III/42A1)
	3.2  Adsorption of alkali metals (Vol. III/42A1)
	3.3  Adsorption of metals (Vol. III/42A1)
	3.4  Non-metallic atomic adsorbates on metals and semiconductors
	3.4.1  Adsorbate properties of hydrogen on solid surfaces
	3.4.1.1  Introduction
	3.4.1.2  Some general principles of the hydrogen Œ surface interaction
	3.4.1.3  The interaction of hydrogen with solid surfaces: experimental data
	3.4.1.3.1  Adsorption kinetics
	3.4.1.3.2  Kinetics of hydrogen desorption
	3.4.1.3.3  The energetics of hydrogen adsorption and desorption
	3.4.1.3.4  The diffusion of adsorbed hydrogen
	3.4.1.3.5  The structure of adsorbed hydrogen phases
	3.4.1.3.6  Vibrational modes of adsorbed hydrogen
	3.4.1.3.7  Electronic states of adsorbed hydrogen and photoemission spectroscopy
	3.4.1.3.8  Hydrogen-induced work function changes

	3.4.1.4  The interaction of hydrogen with solid surfaces: theory
	3.4.1.4.1  General remarks
	3.4.1.4.2  General theories for hydrogen adsorption
	3.4.1.4.3  Theories covering specific interaction systems

	3.4.1.5  List of acronyms
	3.4.1.6  References for 3.4.1

	3.4.2  Adsorption of C, N, and O on metal surfaces (Vol. III/42A4)
	3.4.3  Halogens on metals and semiconductors (Vol. III/42A1)
	3.4.4  Adsorption of S, P, As, Se, and Sb on metals, alloys and semiconductors (subvolume A3)

	3.5  Surface segregation of atomic species (Vol. III/42A3)
	3.6  Molecules on graphite, BN, MgO
	3.6.1  Adsorption of molecules on MgO (Vol. III/42A3)
	3.6.2  Adsorption of molecular hydrogen isotopes on graphite and BN (Vol. III/42A3)

	3.7  Molecular diatomic adsorbates on metals and semiconductors
	3.7.1  CO and N2 on metals (Vol. III/42A4)
	3.7.2  NO, CN and O2 on metal surfaces (Vol. III/42A3)
	3.7.3  Adsorption of diatomic molecules on alloy surfaces (Vol. III/42A3)

	3.8  Molecular polyatomic adsorbates on metals and semiconductors
	3.8.1  H2O on metals
	3.8.1.1  Introduction
	3.8.1.2  Electronic structure
	3.8.1.2.1  Valence band orbitals and core levels
	3.8.1.2.2  Molecular vibrations
	3.8.1.2.3  Work function changes

	3.8.1.3  Dissociative versus molecular adsorption
	3.8.1.4  Geometric structure of molecularly adsorbed ice
	3.8.1.4.1  Adsorption geometry
	3.8.1.4.2  Binding energy and desorption temperatures
	3.8.1.4.3  Trapping and sticking
	3.8.1.4.4  Diffusion and formation of small clusters
	3.8.1.4.5  Ice bilayer

	3.8.1.5  Tables for 3.8.1
	3.8.1.6  Figures for 3.8.1
	3.8.1.7  References for 3.8.1

	3.8.2  H2O and OH on semiconductors (Vol. III/42A4)
	3.8.3  Adsorbate properties of NH3 and PF3 on metals and semiconductors (Vol. III/42A3)
	3.8.4  CO2, NO2, SO2, OCS, N2O, O3 on metal surfaces
	3.8.4.1  Introduction
	3.8.4.2  CO2
	3.8.4.2.1  Structure and bonding of CO2
	3.8.4.2.2  CO2 adsorption on metal surfaces
	3.8.4.2.3  CO2 adsorption on chemically modified metal surfaces
	3.8.4.2.4  CO2 adsorption on alloy surfaces

	3.8.4.3  NO2
	3.8.4.3.1  Structure and bonding of NO2
	3.8.4.3.2  NO2 adsorption on metal surfaces
	3.8.4.3.3  NO2 adsorption on alloy surfaces

	3.8.4.4  SO2
	3.8.4.4.1  Structure and bonding of SO2
	3.8.4.4.2  SO2 adsorption on metal surfaces
	3.8.4.4.3  SO2 adsorption on metals with coadsorbed alkali metals
	3.8.4.3.4  SO2 adsorption on alloy surfaces

	3.8.4.5  OCS
	3.8.4.5.1  Structure and bonding of OCS
	3.8.4.5.2  OCS adsorption on metal surfaces

	3.8.4.6  N2O
	3.8.4.6.1  Structure and bonding of N2O
	3.8.4.6.2  Adsorption of N2O on metal surfaces
	3.8.4.6.3  N2O adsorption on alloy surfaces

	3.8.4.7  O3
	3.8.4.7.1  Structure and bonding of O3
	3.8.4.7.2  O3 adsorption on metal surfaces
	3.8.4.7.3  O3 adsorption on alloy surfaces
	3.8.4.7.4  O3 adsorption on metal oxide surfaces

	3.8.4.8  Tables for 3.8.4
	3.8.4.9  Figures for 3.8.4
	3.8.4.10  References for 3.8.4


	3.8.5  Substituted hydrocarbons on metal surfaces (Vol. III/42A3)
	3.8.6  Adsorbate properties of linear hydrocarbons
	3.8.6.1  Introduction
	3.8.6.1.1  General considerations
	3.8.6.1.2  Experimental aspects
	3.8.6.1.3  List of symbols and abbreviations

	3.8.6.2  Reviews
	3.8.6.3  Alkanes
	3.8.6.3.1  Methane CH4
	3.8.6.3.2  Ethane C2H6
	3.8.6.3.3  Propane C3H8
	3.8.6.3.4  Butane C4H10
	3.8.6.3.5  Pentanes C5H12 and higher alkanes
	3.8.6.3.6  Various (Hydrocarbon fragments, Radicals, etc)

	3.8.6.4  Alkenes
	3.8.6.4.1  Ethylene C2H4 and Ethylidyne C2H3
	3.8.6.4.2  Propene C3H6
	3.8.6.4.3  Butenes C4H10
	3.8.6.4.4  Pentenes C5H10 and Hexenes C6H12

	3.8.6.5  Dienes
	3.8.6.5.1  Propadiene C3H4
	3.8.6.5.2  Butadiene C4H6
	3.8.6.5.3  Pentadiene C5H8, Hexadiene C6H10

	3.8.6.6  Alkynes
	3.8.6.6.1  Acetylene C2H2
	3.8.6.6.2  Propyne C3H4

	3.8.6.7  Tables for 3.8.6
	3.8.6.8  References for 3.8.6

	3.8.7  Cyclic hydrocarbons on metals and semiconductors (Vol. III/42A4)
	3.8.8  Oxygenated hydrocarbons (Vol. III/42A3)
	3.8.9  Halogen substituted hydrocarbons (Vol. III/42A3)
	3.8.10  Polyatomic chain-like hydrocarbons on metals and semiconductors (Vol. III/42A4)

	3.9  Adsorption on oxides
	3.9.1  Introduction
	3.9.2  Abbreviations used in the text
	3.9.3  Al2O3
	3.9.3.1  CO adsorption
	3.9.3.2  H2O adsorption

	3.9.4  CaO
	3.9.4.1  CO2 adsorption
	3.9.4.2  H2O adsorption
	3.9.4.3  SO2 adsorption

	3.9.5  CeO2
	3.9.5.1  CO adsorption on CeO2(111)
	3.9.5.2  H2O and D2O adsorption on CeO2(001) and CeO2(111)

	3.9.6  alpha-Cr2O3
	3.9.6.1  CO adsorption
	3.9.6.2  NO adsorption
	3.9.6.3  CO2 adsorption
	3.9.6.4  O2 adsorption
	3.9.6.5  H2O adsorption

	3.9.7  CoO
	3.9.7.1  CO adsorption
	3.9.7.2  NO adsorption
	3.9.7.3  H2O adsorption

	3.9.8  Cu2O
	3.9.8.1  CO adsorption
	3.9.8.2  H2O adsorption
	3.9.8.3  CH3OH adsorption
	3.9.8.4  O2 adsorption

	3.9.9  FeO, Fe3O4 and alpha-Fe2O3
	3.9.9.1  Ethylbenzene, water and styrene adsorption

	3.9.10  MgO
	3.9.10.1  H2O adsorption
	3.9.10.2  CO adsorption
	3.9.10.3  CO2 adsorption

	3.9.11  NiO
	3.9.11.1  CO adsorption
	3.9.11.2  NO adsorption
	3.9.11.3  H2O adsorption
	3.9.11.4  HCOOH adsorption on NiO(111)
	3.9.11.5  H2 adsorption on NiO(100)
	3.9.11.6  H2S adsorption on NiO(100)
	3.9.11.7  CO2 adsorption on NiO(111)

	3.9.12  RuO2
	3.9.12.1  CO adsorption

	3.9.13  SnO2
	3.9.13.1  O2 adsorption
	3.9.13.2  H2O adsorption
	3.9.13.3  CH3OH adsorption
	3.9.13.4  HCOOH adsorption

	3.9.14  TiO2
	3.9.14.1  CO adsorption
	3.9.14.2  H2O adsorption
	3.9.14.3  HCOOH adsorption
	3.9.14.4  CH3COOH adsorption

	3.9.15  V2O3
	3.9.15.1  O2 adsorption
	3.9.15.2  H2O adsorption

	3.9.16  V2O5
	3.9.16.1  CO and SO2 adsorption
	3.9.16.2  H2 and H adsorption

	3.9.17  ZnO
	3.9.17.1  CO adsorption
	3.9.17.2  CO2 adsorption
	3.9.17.3  CH3OH adsorption
	3.9.17.4  HCOOH adsorption

	3.9.18  Tables of selected adsorbate properties
	3.9.19  References for 3.9


	4  Data: Adsorbate-induced changes of substrate properties
	4.1  Surface structure on metals and semiconductors (Vol. III/42A2)
	4.2  Electron work function of metals and semiconductors (Vol. III/42A2)
	4.3  Adsorbate induced surface core level shifts of metals (Vol. III/42A4)
	4.4  Surface free energy and surface stress (Vol. III/42A2)
	4.5  Surface phonon dispersion (Vol. III/42A2)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


