
Full document details: EFC 44 2006

http://www.avadocuments.com/doc/efc-44-2006
http://www.avadocuments.com/doc/efc-44-2006


The use of electrochemical scanning tunnelling microscopy
(EC–STM) in corrosion analysis

Full document details: EFC 44 2006

http://www.avadocuments.com/doc/efc-44-2006
http://www.avadocuments.com/doc/efc-44-2006


Full document details: EFC 44 2006

http://www.avadocuments.com/doc/efc-44-2006
http://www.avadocuments.com/doc/efc-44-2006


European Federat ion of Corrosion Publ icat ions
NUMBER 44

The use of 
electrochemical 

scanning tunnelling
microscopy (EC–STM)
in corrosion analysis

Reference material 
and 

procedural guidelines

R. Lindström, V. Maurice, L. H. Klein and P. Marcus

Published for the European Federation of Corrosion
by Woodhead Publishing and Maney Publishing

on behalf of
The Institute of Materials, Minerals & Mining

Cambridge England

CRC Press
Boca Raton Boston New York Washington, DC

Full document details: EFC 44 2006

http://www.avadocuments.com/doc/efc-44-2006
http://www.avadocuments.com/doc/efc-44-2006


Woodhead Publishing Limited and Maney Publishing Limited on behalf of
The Institute of Materials, Minerals & Mining

Published by Woodhead Publishing Limited, Abington Hall, Abington 
Cambridge CB21 6AH, England 
www.woodheadpublishing.com

Published in North America by CRC Press LLC, 6000 Broken Sound Parkway,
NW, Suite 300, Boca Raton, FL 33487, USA

First published 2007 by Woodhead Publishing Limited and CRC Press LLC
© 2007, Institute of Materials, Minerals and Mining
The authors have asserted their moral rights.

This book contains information obtained from authentic and highly regarded
sources. Reprinted material is quoted with permission, and sources are indicated.
Reasonable efforts have been made to publish reliable data and information, but
the authors and the publishers cannot assume responsibility for the validity of all
materials. Neither the authors nor the publishers, nor anyone else associated with
this publication, shall be liable for any loss, damage or liability directly or
indirectly caused or alleged to be caused by this book.

Neither this book nor any part may be reproduced or transmitted in any form
or by any means, electronic or mechanical, including photocopying, microfilming
and recording, or by any information storage or retrieval system, without
permission in writing from Woodhead Publishing Limited.

The consent of Woodhead Publishing Limited does not extend to copying for
general distribution, for promotion, for creating new works, or for resale. Specific
permission must be obtained in writing from Woodhead Publishing Limited for
such copying.

Trademark notice: Product or corporate names may be trademarks or registered
trademarks, and are used only for identification and explanation, without intent to
infringe.

British Library Cataloguing in Publication Data
A catalogue record for this book is available from the British Library.

Library of Congress Cataloging in Publication Data
A catalog record for this book is available from the Library of Congress.

Woodhead Publishing ISBN-13: 978-1-84569-235-3 (book)
Woodhead Publishing ISBN-10: 1-84569-235-7 (book)
Woodhead Publishing ISBN-13: 978-1-84569-256-8 (e-book)
Woodhead Publishing ISBN-10: 1-84569-256-X (e-book)
CRC Press ISBN-13: 978-1-4200-5119-3
CRC Press ISBN-10: 1-4200-5119-9
CRC Press order number: WP5119
ISSN 1354-5116

The publishers’ policy is to use permanent paper from mills that operate a
sustainable forestry policy, and which has been manufactured from pulp which is
processed using acid-free and elementary chlorine-free practices. Furthermore,
the publishers ensure that the text paper and cover board used have met
acceptable environmental accreditation standards.

Typeset by SNP Best-set Typesetter Ltd., Hong Kong
Printed by TJ International Ltd, Padstow, Cornwall, England

Full document details: EFC 44 2006

http://www.avadocuments.com/doc/efc-44-2006
http://www.avadocuments.com/doc/efc-44-2006


Contents

Series introduction vii

Volumes in the EFC series ix

Preface xiii

1 Introduction 1

2 Background to the copper system 3

3 Experimental description 7
3.1 Surface preparation 7

3.1.1 Mechanical polishing 7
3.1.2 Electropolishing 7
3.1.3 Annealing 8

3.2 Experiment preparation 9
3.2.1 Preparation of solutions 9
3.2.2 Preparation of tips 9
3.2.3 Cleaning the cell 11

3.3 Setting the microscope 11
3.3.1 Mounting the head and adjusting the height 12
3.3.2 Setting the cell and adding electrolyte 13

3.4 Running the microscope 14
3.4.1 Tip approach 14
3.4.2 Imaging 15
3.4.3 Electrochemistry 16
3.4.4 Tip withdrawal 17

4 Moiré pattern formation on Cu(111) 19
4.1 Cyclic voltammetry 19
4.2 Imaging at fixed potential 19
4.3 Sweeping the potential during imaging 25

v

Full document details: EFC 44 2006

http://www.avadocuments.com/doc/efc-44-2006
http://www.avadocuments.com/doc/efc-44-2006


vi Contents

5 Problems with imaging 27
5.1 Instability and drift 27
5.2 Poorly resolved images 27

6 References 31

Full document details: EFC 44 2006

http://www.avadocuments.com/doc/efc-44-2006
http://www.avadocuments.com/doc/efc-44-2006


European Federation of Corrosion
Publications: Series introduction

The EFC, incorporated in Belgium, was founded in 1955 with the purpose
of promoting European co-operation in the fields of research into corro-
sion and corrosion prevention.

Membership of the EFC is based upon participation by corrosion soci-
eties and committees in technical Working Parties. Member societies
appoint delegates to Working Parties, whose membership is expanded by
personal corresponding membership.

The activities of the Working Parties cover corrosion topics associated with
inhibition, education, reinforcement in concrete, microbial effects, hot gases
and combustion products, environment sensitive fracture, marine environ-
ments, refineries, surface science, physico-chemical methods of measure-
ment, the nuclear industry, the automotive industry, computer based
information systems, coatings, tribo-corrosion and the oil and gas industry.
Working Parties and Task Forces on other topics are established as required.

The Working Parties function in various ways, e.g. by preparing reports,
organising symposia, conducting intensive courses and producing instruc-
tional material, including films. The activities of the Working Parties are co-
ordinated, through a Science and Technology Advisory Committee, by the
Scientific Secretary.

The administration of the EFC is handled by three Secretariats:
DECHEMA e.V. in Germany, the Société de Chimie Industrielle in France,
and The Institute of Materials, Minerals and Mining in the United Kingdom.
These three Secretariats meet at the Board of Administrators of the EFC.
There is an annual General Assembly at which delegates from all member
societies meet to determine and approve EFC policy. News of EFC activi-
ties, forthcoming conferences, courses, etc. is published in a range of accred-
ited corrosion and certain other journals throughout Europe. More detailed
descriptions of activities are given in a Newsletter prepared by the Scien-
tific Secretary.

The output of the EFC takes various forms. Papers on particular topics,
for example, reviews or results of experimental work, may be published in
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viii Series introduction

scientific and technical journals in one or more countries in Europe. Con-
ference proceedings are often published by the organisation responsible for
the conference.

In 1987 the, then, Institute of Metals was appointed as the official EFC
publisher. Although the arrangement is non-exclusive and other routes for
publication are still available, it is expected that the Working Parties of the
EFC will use The Institute of Materials, Minerals and Mining for publica-
tion of reports, proceedings, etc. wherever possible.

The name of The Institute of Metals was changed to The Institute of
Materials on 1 January 1992 and to The Institute of Materials, Minerals 
and Mining with effect from 26 June 2002. The series is now published by
Woodhead Publishing and Maney Publishing on behalf of The Institute of
Materials, Minerals and Mining.

P. McIntyre
EFC Series Editor
The Institute of Materials, Minerals and Mining London, UK

EFC Secretariats are located at:

Dr B. A. Rickinson
European Federation of Corrosion,The Institute of Materials, Minerals and
Mining, 1 Carlton House Terrace, London SW1Y 5DB, UK

Dr J. P. Berge
Fédération Européenne de la Corrosion, Société de Chimie Industrielle, 28
rue Saint-Dominique, F-75007 Paris, FRANCE

Professor Dr G. Kreysa
Europäische Föderation Korrosion, DECHEMA e.V., Theodor-Heuss-
Allee 25, D-60486 Fankfurt, GERMANY
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Volumes in the EFC series

ix

1 Corrosion in the nuclear industry
Prepared by the Working Party on Nuclear Corrosion

2 Practical corrosion principles
Prepared by the Working Party on Corrosion Education (Out of print)

3 General guidelines for corrosion testing of materials for marine
applications
Prepared by the Working Party on Marine Corrosion
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Corrosion Testing
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Prepared by the Working Party on Microbial Corrosion

10 Marine corrosion of stainless steels: chlorination and microbial
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Prepared by the Working Party on Marine Corrosion
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Prepared by the Working Party on Inhibitors (Out of print)
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Preface

The European Federation of Corrosion’s Working Party on Surface Science
and the Mechanisms of Corrosion and Protection (EFC WP6) has defined,
as one of its objectives, to develop a reference material and reference guide-
lines for the application of electrochemical scanning tunnelling microscopy
(EC–STM) in corrosion science. The great opportunity given by EC–STM,
to be able to study the relationship between surface structure and surface
reactivity in situ on electrodes in contact with an electrolyte, cannot be
overemphasised in corrosion research. This report is aimed at describing
the reference material and providing procedural guidelines. STM-users are
instructed how to obtain high resolution data (i.e. atomic resolution) on a
carefully prepared copper single-crystal surface.

Philippe Marcus
Chairman of Working Party 6

‘Surface Science and Mechanisms
of Corrosion and Protection’
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